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Abstract

Objective: This study aims to construct a “imaging-molecular” dual-modal model using the random
forest algorithm to predict pregnancy outcomes after hysteroscopic adhesiolysis. Methods: Thirty-
five patients with intrauterine adhesions (IUA) who met the criteria and underwent transcervical
resection of adhesions (TCRA) were enrolled. Four-dimensional ultrasound parameters (endome-
trial thickness and blood flow grading) and immunohistochemical parameters (estrogen receptor
and progesterone receptor expression) were collected. A predictive model was developed using the
random forest algorithm, with the data divided into a training set (26 cases) and a test set (9 cases)
at a 7.5:2.5 ratio to evaluate the model’s predictive performance and feature contribution. Results:
The training set showed sensitivity of 100%, specificity of 40%, accuracy of 77%, and AUC = 0.81;
the test set demonstrated sensitivity of 86%, specificity of 50%, accuracy of 78%, and AUC = 0.79.
Feature contribution analysis revealed the following descending order of importance: blood flow
grading 1, low progesterone receptor, endometrial thickness B, endometrial thickness C, low estro-
gen receptor, high estrogen receptor, high progesterone receptor, blood flow grading 3, and blood
flow grading 2. Conclusion: The random forest algorithm demonstrates promising potential in pre-
dicting pregnancy outcomes after IUA surgery, with an AUC of 0.81 in the training set and 0.79 in
the test set, validating the effectiveness of “imaging-molecular” dual-modal integration. However,
the current model’s generalization capability is limited by small sample size and feature sparsity.
Expanding sample size and optimizing feature engineering may enable it to become an effective tool
for clinical individualized decision-making.
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1. 531§

B ek % (intrauterine adhesion, 1UA), XX Asherman & 1E, &1 5 W IEIL R EH45 S 8075 i
Iy BUE AR A ZE B — PP ERAS[1], XFPRGERIR T IEW S S, SETEREERYE /N AL
AR, MG KRG RGERE, 51 RAZ . R RSG5 7w S [2]. EIRRE, CLEEE
K7y BEAR(TCRAVE A MHTAYT IUA I EEFB, (ARG FERT) ik 62.5%. MEYRINZ M
22.5%~33.3% [3], HmMIAR G FUCRE R B2 RN G RPN FZEEH, AR EERE, =i
bRt b IS 7 787 S L s s E TS =

DU Bl R TAE A, T T E 22 i 75 B S R 4, 22 U T o A R M e VA ol e 0 ) A A s
JERE[4], (BARER K ML) ) S8 73 T BRCGAE,  AnEIR R 52 74k (estrogen receptor, ER). & 2 14
(progesterone receptor, PR). CD138 5[ iA/KF[1]. MK, ER. PR KR ZARRELKTFER
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JEUEURSE Ry Z VM 5%, CD138 Xif R R 2 K SR ORI B A B AN EL[5], SR B A I PR BT FH S 452 4
REEABEEGH ThHREV SIS MRSEELEEE, SN EEEE W, ™2 TGRSR
R o

AW FCAE BHBENLAR AR 72 (Random Forests, RF)FEK AP w4 JE 20 2, Hytid il & ae /9, wA]
FHAR SR R RFAE HEAT B PR AR5 [6], MR “SAK - 077 KUY T & Jas e A 5 i) S iR
GEFR, R B ARSI A B S ME VA AN R IR . MU O TS, Bt ER. PR 0 IR AL AR,
REME SR HE D S 7 B A OMDIRAS, AR RS TR . T AR R M 05 B4R, AT B T
HERR I AN TSP . DRSS BY B Q1T 2 AL TE TR 1 o — RS BRI PR YE, 5245 T 5 3001 2 W 485 KA e i
50 TR AT R O TRV G, SEIL T X B SRR G IR R 2 4R IRZE IRV, HES)
IUA RJGE NG IR TT W B IS RS AE By AU AR, f 28 SEILAE e B SR R i D) 22 (I K H

[71-
2. BRI SR
2.1. MIRIR
9N 2025 4 6 JJ & 2026 4F 3 HAERE BORFH —MBERGHE H A M REERE)T TCRA JGITH)
IUA ¥ .

INARHE: (1) Fl4 25~35 % (2) A ERHEMIZATEE IUA; (3) KRGk =6 MH: (4) H&5%
HEPU LA P 7 A I g AL B

HebrbriE: (1) GIFTFENREA. FEIVE. FEIRVUE: 2) BAREISECRS: (3) KujsduRE
NAx, BN RFEAR 35 .

22. BIERE

(1) ESE(ULERETS): E BT 5 IR B (endometrial thickness, ET) AL 2 25 5 K4 -

(2) TS H (i) FEWLE ER. PR 4 Fhric).

(3) Z¥Nsr:

M 459 0. 1. 20 34k, Hrh 3Z&MimmF-5E[8][9]: EENEREESH A(9~14mm). B (7~8
mm). C(<7 Bi>14 mm)AY, Hr A BUNHE[10]; ER. PR ZAKFIA AR R s A vE . hpafE. K
B, BHYEE S EAER T FEABMEERE, FITIGERLL] [12]; AMER ARG 6 4~ H AIlEREE IR
H5REAEBEAEIANEN2A5), AR “27 , TERECH “8R7 .

2.3. BERWESITE

S BENLARMR 2545

BARKI 5. R BIREARREU/INN = 35) 1 1), Ak o B R B AT 20 SR AR AR 1, AT FEAE AR ALY
SRR R 5-47 28 XIS T AR AR AR 8 PR EAT VEAL, A BR AR BENLRI 2 5 554, BRREL 4 RIS
. VOENRAIFSE, FE 5K, BT EIRIESE L Fl-score, 2 LL 5 ¥k Fl-score (13 AbREZ X
WRB TR ()R PERIZ AL 17 REALLL 7.5:2.5 LU R 2 I 258 5 IR AR T T e X MR REAR 7 .

PEAGFEbR: HERfZE (Accuracy). R B (Sensitivity). 4557 /5 (Specificity). F1-score. AUC (ROC HiZk T~
) FAAETTRREE o

24, GIHEFALE
RFEAEATRAE 3. O $ZFARZEEAT 0 H; @ K DMSAS Ffinf B RpAE A7 20 7] 22 74k
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G @ KA B B B T7 00 Bt S rh i SR RURFIEBEAT B AL AR . BT T30 H b, M B s R
FARIGITEE RPN, GEitBEHUARAR SR P (KRR AL 3 2 0 4

3. &R

(—) “BB - T RS

1. WEFERT GRS IRFHAE

AR FEILINNFF S ARAERIAT TCRA VRIT I IUA (8 35 9, 4% 7.5:2.5 LLBIBaNLRI 7 il 254 (26 i,
74.3%) FIIALE (9 1], 25.7%). IZREEF Uk 16 51(61.5%), AKRUEHR 10 151(38.5%); MLtk 7 4
(77.8%), RIFUR 2 411(22.2%) . & FINRFAELE VI 25 5 WA A A i 40 A L& 1

Table 1. Distribution of patient characteristics in training and testing sets (%)

= 1 ONEESMREBEFES (%)

FHIE YZR4E(n = 26) MikEE(n=9)
ER Z A4k 50.0 33.3
ER 24k 26.9 11.1
ER Zfi & 231 55.6
PR SZA&R{% 53.9 33.3
PR Z Ak 23.0 0.0
PR k& 231 66.7
M5 2% 0 115 0.0
MRtsr4% 1 53.9 55.6
M54k 2 19.2 44.4
MLt 5> 4% 3 15.4 0.0
PR B A 19.2 223
WIREE B 26.9 33.3
W JERE C 53.9 44.4

2. FERLTI R A

(1) MZRERA R

BATEBEHLER 23 1) 26 B SR T BENLARMR SRR LI SRR, TETRIERIFE (e 2)hml . %Y
TR 9 AGE YR 4 9] 430 S PR AR UE YR, FEHIE Sy 100%; 22 IS UEgR, Sehriiii A 16 /2 B 9eit
Uz, A 6 P& ARIEUR(RMEFATE), AT A3 2R AR O S AR (9 T 2R 72.7%, kb TFEimKF.
A IR @A VR4l (2 3) TP I BE /T LA, precision (F572), recall (7 [813) LA & Fl-score (J& A5 #E Al
P e 2 (AP35, P DAZE G e B 1 R o AR RN 1) TR B 77 B HON 1 BT I R0 1) 2 2 3R 1X
= [ accuracy (HERfE) A Fik 0.7692, Z3aRW], 2RI @ BERAR B Ab T b 45l Bk

Table 2. Confusion matrix: training set

2. CRBEHEME: L&

SR TR A UT- P TR AT YR
BLS AR R 4 6
FUSAE YR 0 16
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Table 3. Training set modeling evaluation

= 3. GERRITE

Precision Recall F1-score Support
0 1.0 0.4 0.5714 10.0
1 0.7273 1.0 0.8421 16.0
accuracy 0.7692 0.7692 0.7692 0.7692
macro avg 0.8636 0.7 0.7068 26.0
weighted avg 0.8322 0.7692 0.738 26.0

(2) DRI R e

FEAF IR TR Z S5, A5TRR 0T 9 BIMNRSEAN, AT eI R, P45 R AL YR 5
N 50%, BEARTINIAIE 85.7% (W4 4). MNRAEEBLTAL b (G S)FERAAL, [BIHZ, F1 %L SRR
TREHRAET 78%, TMN/K-FHGE RAF, WIS, SR TRERDAE I, B — & SEbr Bl
fE.

Table 4. Confusion matrix: test set
= 4. BB MiEE

LS TR A U U T 4T Ui
HYCR IR 1 1
B R 1 6

Table 5. Test set modeling evaluation

5. MK BRI

Precision Recall F1-score Support
0 0.5 0.5 0.5 2.0
1 0.8571 0.8571 0.8571 7.0
accuracy 0.7778 0.7778 0.7778 0.7778
macro avg 0.6786 0.6786 0.6786 9.0
weighted avg 0.7778 0.7778 0.7778 9.0

(3) ROC HiZk5 AUC

AWFFETIN ROC i 28 A i 28 R T AR (AUC) SR B I B AZ RN 20 U 25 %6 U iR 435 SR 1) T i
HAREE(FPR): RFHMESR = SEBRBAMER RPN LLE], BARERLT . HUH(TPR): SEFRFH VS EAf IR
BRI ], ERERRAT . X AR BENUE AL LR (AUC = 0.5), I 2RI 291X 4% 2R P 0k R AT
AUC: £k R, RfRiReikX 768 J s bait .

SEREIR, WE 1 E 2 fion, BAEIZET R AUC 4 0.81, 7EMIREEH AUC H 0.79, & T
BEHLAEMZKF-(AUC = 0.5) (ZFhrifE: 0.7~0.9 NEULF, 0.9~1 AT RIIZ IS HA T B EREAR G
YRS R B RIFHIX 206 11, ESGE TEAT WUA FilJa (O F50000 BE F7 5o, R 7 28 0 3000 v 1k 8 2 v
(AUC > 0.7), (B0 UER R (1) T AE R FE BIR(AUC < 0.7) [13]. FALZE I ZREE 5K 58] 1) AUC Z1E N
0.02, ARILRUIELME, RUEMAA RIFHZIRE
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Figure 1. ROC curve of bimodal model training set
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Figure 2. ROC curve of bimodal model test set

& 2. WESEBNRE ROC #hiLk

“RAR - T BBSIAE 5-47 A8 X IGE F1 2804l 0.889. 0.750. 0.857.

0.857. 0.750, P13 F1 4 0.821, FruE2 N 0.066. FiE #TH) FL{E KT T 0.75, #IEN 0.82, HirdE
ERUN, PR R R BOE T B AR R B S m B TR, KRB E G, BAR

UF Rz 7T

Table 6. 5-Fold cross validation
= 6. 5- I X X IIIE

EX IR

K

5>

a b~ W N P

0.8889
0.7500
0.8571
0.8571
0.7500
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4. BRI LR

Nk 5 BRI XSS B AT LAR MRAR IR TR0 14 BE 1R G 27 8 3 AT 9004 K FH B 364056 (100 YR BB AL 2 462,
L 5 758 XIGHIF [1)°F-¥) Fl-score JPEAlifabr) (FEARERUDN, TR p EFRHTE, 547 LA 1000 &
W ATIRAE), 25 RN% 7 Fiow, RS SL BRI B¢ 73 F1 8 0.8206, 1EE A b b TR K, p
=0.0396 (<0.05), FHE HO i (FHIE-SUEURES RiAH BAAr), X R IIBERHIE BIMRHIE - 245/ RBR A &
TR ENE, HWER R LR R TR

Table 7. Replacement inspection
F 7. BRI

Model Score p_value
0 rf 0.8206 0.0396

5. $FIETTER

=

Feature Importance

178 | Bar_Plot

125

)

100

Percent (%

75t

50+t
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EREf i EREH S  PREAE  PREAE  ORSE1  BRSR2  MRSS3  AREEB  AREEC

Figure 3. Feature contribution map

[ 3. FESTRRE

NHE—IBRNT “RA& - T IS TIR R K A FEZ A, HE— BT RAHIE ST 0, B0
TG R AL S YR 45 ) T P TR . ] 3 AT LI A 70 2% 1 S AR v ik P e v R RFALE s PR 3244
i WBERE B. WHRIERE C ik, =FHTTRBOvIE, MR B iR, HARRH L ER %
MK ER 324 PR 24K R . M2 3 MIDTikEE Ab T rh & kK- TMILiAt 7 2% 2 BT ik FE e fIk
BUEEKR, BEAZHADH 1)50 T ZH(PR M) I F T TR TN RRE, & N RIE STk
ZIMIFAERIR, BRI AR - 0T WS R B R 4 A

() “RB7 PELISER

NTHBAE “PR - 077 WS R A R, @57 R PEESEA, (NEEmfiis %, WRE
FEPIAN AR AL . 2B 5 XU A R A 7 A Ml IR B Bl 2307 3K, i RN SR8 A AE 0 1
FHIERX — A28 AR, ™ R h =X H

SRR, PSS RURTE YIRS vh 1) RS Jy 93.75%. FF 5 ¥ 30%. 2% 4141 0.2375, X 4 713,
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AUC=0.74; MR SEd REUY 85.7%. $5 5% 50%. £)&4#5%0.3571, H4 5743, AUC=0.64. 55
YHSUEF F1 5004 5)°A 0.8889. 0.7500. 0.8571. 0.6667. 0.7500, F1 “F-#{E A 0.783, #r#fEZ A 0.090,
HE 447 FL{K% 0.667, REIBAFEE R . BEHf p 5 =0.0495, Wi#F/hT 0.05, FhaEdh4s HO
W, HIRARIE S 55 R B 2 M RBCR A S e, B TIRFKT, RN RRA. b
REERIER, R BB BTN R FE 2 0 I, ANE AL T IR Rk .

ROC Curve (AUC = 0.74)
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Figure 4. ROC curve of single modal model training set
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ROC Curve (AUC = 0. 64)
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Figure 5. ROC curve of single modal model test set
[ 5. BIESHEENI S ROC %k

4. Wig
1. OUBEASBIR M A S IR X
AU TN VU LB 75 5 4 0 LA SO OB LR AR h T8 2% T P BREE R . ThARE 540 T

BE=HEVEAl, R TR BRT R IR YE s FEE R BEALARMRSRA AT DOHAT b B, S aadtid WG
RES1; BABGRTAERL; M H AR AN R R AR AT B B VP4l b B e, AR VR R AE IR AR
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AR fase R kg . MAEE AUC =0.79 R IR H & s &l L IIIX 20 RE 77, B8E T2 AL
AT . WIRERMIRIKRE SCRE, APHTURIIEIL T “HB - 077 SRS EIR MRS B2, RfaeH
KEEA . Z R OBCATE IR UL 7Tk At WP RO T 5T 2B EE 1) TN AR LE 5 R TR S U
R TII  VETE AN AR

2. “UB-AT7 SR SES BT PSRN LA b

ARFFRTLT “RB7 PSS “AR - T SUSSER TN MEE . B ATE I 2548
HRE S G 30%, A7 7E S E R, EREASIINTEEZ R, BT FAaEYIERPR)IINN, BALH
FRREE R THRTE, PRSI “EBHMER” R OGS R T s, AR, SRS RN, U
A AUC i 0.79 & T A5 0.64 (AUC Z{E°M 0.15), B & B IFHIIRIRIX 206871, H Sl g4
AUC=0.74, MHREEVIZEE AUC Z1E = 0.1 AFTERCH)™ 5 (1 T ey 55 ek 0045 XU, 8k S7 I PR e 35
SR, AN TEHEE, 128 AUC = 0.81, MIREETIZEE AUC Z1H = 0.02, RILRHE
RALA, BEOE AT VPN T8 IR SZ M, RARTE IUA RIGEEGRES /W M RE A 0s e, NEZEE
RS TIINASRY AT IG PR L A B AL 1 IR SEAR RS

3. 5-47 38 A6 gk ik

5-P1A8 WA IR HE— P IR T “FA% - 0 77 RSB A . XSS FL TE R 0.821 KT
RS 1P EME 0.783, HXUBEAHAR F1 bR 22y 0.066 /T BB SR F1 FpifE 22 0.090, A1 #4
S FAREDE BTN R e . FEDZHAE R EAE RN, BBSEIRESS 4 97 FL{EA
0.667 &35 TR, XU HIALE A b FLAESORFECE 0.75 LA b, ARILHAEAR R 748 F I PERED
BN, R . 1X— 45 R NAE RIS BEFRIRERAE T “FeM8 - 017 XU SR (AR Rk

4. 'FFAE TR FE

FHETTEREE T R, MR 1 R BIERS R E ZR R, fn “ M RMREE DR X
—FEARSHE IR AL AT SB35 TR ST A A P R M R B Ve IR R PR IR B I A — 5. PR %2
WARRIAAL RS =, PR ZER G 5 e MRS HIE IR R B G G E T (K PR RIAmTRENHISS T
BN 2R M RIRE )T, SRR AN A, NI NI 2 . IR B 24(7~8 mm) il C
(<7 mm 35>14 mm) 7R TRRE 0 B P TS i 8 B ARV [l 2 BRI AT R R . I o 2% 2 AN 3 [ BTk
FERA, AT REAE RN RE A B L 5785 (213 %) S LBl /DA oG, LR R I I PR IS AE R & fis 2 o
PR T B .

5. “RA% - 4T USSR 7 e BR

AW FAE KL T BEATLARIR 20 2 R e AR 5 S R 25 = TROMSE BY (y ad FR v, ARAE— 8 R PR, Ak
DAE=ANHTH . BAETT, AR TG REBIEFE AR DN RIESR—, OISR E, 2SI H 50
PRI, B9 B S AL FEAR AR 5 8, SRR CD138 X — E B4R bs; MR T, FEHPLARMRE
B B R, RADIANNMERERE R, RS NN, SCIRAEMEARYE: IRRRIH 7, (L RE
BT, REEEE T REERE R RS, TELMNIERST, KEEOH, REERE.

6. AR T

BEX FIRAN G, AR =7 TR AL 53

BB, KR RO, KEEAR, ATIEVEIRIRITT R, @5 2 KEBRMILFREIE, @bk
AR, AT NG S KIABEEEE, e IMREIE; BRI T, M A AR I, B
BHEHSE, 9IN CD138 SHFIRHIE, et By al iRt 5 AR T GE s WWIRFE T T, FFREA K
FRLTRN T B, AN TR SEREE RS, SR S TIN5 XS5 2, 454 T g5 a4t~
T, FRENIE R TRR YL, SRR I R VA Hh B
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5. &g

AT RINR R T 3T RENUARM AR “SMR - 0 77 RUBSTINRY,  BEfsA R & s i &
BEARJFIEYRE R, AUC i5 0.79, BARGSMIRRSCHME, H 5-#r e ks R F1-FH{EN 0.821, #r
#EZE 7y 0.066, SCHAIE VAR ENE . AMRCRIEE 2 &1, ShAMWE S SRR ARt dit, 3
B HAE N R B R SR R G P IS

B B
AT LRGBS EYI R G B T 2 Atb e (IS - ISDX-2025-0120, & H 1. 2025 4 11 ),

AT B EBEREZENIGE . PR RE (MREERES) & (L NA Rl B 20 7T
e & ML) (H TRV (2023) 4 5) A LE -

E&WE

WA K2 AN 2R R SRR 0 H (S202510531050); I 78 M AHs: 48 S 41+ %1 39 H (20222 DJIH0014,
2022ZDJH0021).
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