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Abstract

Objective: To investigate factors associated with postoperative recurrence of intrauterine adhe-
sions and to construct and evaluate a postoperative recurrence risk prediction model based on clin-
ical data and preoperative ultrasound features. Methods: A total of 348 patients who underwent
transcervical resection of adhesions between February 2023 and June 2025 and had evaluable 6-
month postoperative recurrence outcomes were retrospectively included, comprising 143 patients
with recurrence and 205 without recurrence. Clinical data and preoperative ultrasound features
were collected. Candidate predictors with alow proportion of missing data were handled using mul-
tiple imputation. Univariate and multivariate Logistic regression analyses were performed to con-
struct the prediction model, followed by internal validation using 1000 bootstrap resamples. The
performance of the full model was further compared with that of a simplified model excluding pre-
operative endometrial thickness. Results: Significant differences were observed between the recur-
rence and non-recurrence groups in adhesion duration, number of TCRA procedures, American Fer-
tility Society (AFS) score, preoperative endometrial thickness, and endometrial continuity. Multi-
variate analysis showed that AFS score, poor preoperative endometrial continuity, and number of
TCRA procedures were independent predictors, while preoperative endometrial thickness showed
a negative association with recurrence risk. Bootstrap internal validation yielded an AUC of 0.777
(95% CI: 0.774~0.780), a sensitivity of 0.648, a specificity of 0.829, and a calibration slope of 0.930.
Comparison between the full and simplified models showed that the full model performed slightly
better in terms of AUC and AIC. Conclusion: The prediction model incorporating AFS score, poor
preoperative endometrial continuity, number of TCRA procedures, and preoperative endometrial
thickness demonstrated a certain degree of discrimination and calibration after internal validation
using retrospective data from this center and may provide a preliminary reference for postopera-
tive recurrence risk assessment and individualized follow-up management in patients with intrau-
terine adhesions. Compared with the simplified model, the full model showed slightly better dis-
crimination and goodness of fit. Preoperative endometrial thickness was therefore retained be-
cause of its clinical interpretability.
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1. 5]

B JEE AL IZ (intrauterine adhesions, IUA)ZE ¥ & W IRE: R JZ 0040 5 5 54y s A 28 . 5 BEAH BLAL
B — R, PR Asherman ZR&1E, SERNE WV EEHME[1] [2]. HREZ S EEEE HIRMHEX
B LB WK R R E R3] [4]. BIEMER SR &ERD . W&, A% BRMER™
ST URIFRAESE, P s R A B R AN AR VS R[5, 4 30U i R 43 B A (transcervical resection of
adhesions, TCRA)& H IR B BEREM EEZ 75, (H2 RS EREEE . NS V6 AR5 1R 687155
B2, ¥4 B ARG Pl R A BRI, 0 DA Hp B BRGSO R 6] [7]. DRI, T RATAI 3R
FEVUNE RN 8, IHRFARE MR & HEA EZIGIRE L.

BEFERIE 78 22 B R P2 B R . WA o s Ve sl R Y [ LA R S Bl Bh ey T S5 R I R J5 &2
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RGP Z[8] [9]. 1 Lefff 7t B % S W B IR B ZERE AT 1 5 [10] [11]. (EXARSE B RS
REEAEIRE . T8 BB & RIFEE A A A BR[12] [13]. ARATZ B8 o) /5 F AR AT
ST NRE R S S50 e AR SR, TS A P AN 78 DA P 52 5 R 5 R i S
AN, HHEATA. WTEE. MWK RMESREMRA[14] [15]. Kk, BIGKRER SR AT RELS S,
A BEBC L —FR bR BT A T b S S R IR JE 2 R R [16] [17]6

EURT, 16 B il AR S5 52 5 1 DRSS DAk 73 DL SR TR 2R T S 3, R[] B 8 5 1 PR DR 3 R0 A AT
FEREAE A AR AL T30 T AHXS AN 2 [16] [17]0 FEF 2R3 Logistic BRI & nl WAL TS, H BT &1k
BERGE R, $Em A2 2 10 BV ARG R T B E v . ASHIF 03 T 5 i Rl e B 3 (I PR Bk R
AR RRIE, TRIEAR G R RIRER, WA E I REA B R R TR, DA I R B 15
TR IS

2. ERERE
2.1. —f&ER

EEL 2023 4F 2 H & 2025 45 6 H TN K225 H B R B R B s b 8252 B I Bt T 0 B AR & ikl
EBE 348 B, WRIEARG 6 NMHEREREELSR, KIS NERAH0143 B)HFIRE K205 6).

2.2. PYANSHBRIRE

2.2.1. ANERE
(1) F#% 2045 %5 (2) A FEHELHIANTE BERIEF SR T BEMESBEAR; 3) Rir&HEsEG
B, TN T E N ER RN (4) BERE 6 M EREEEEICHEI T HEL RS R

2.2.2. HiRR#RfE

(1) RATEZWERIGIT: (2) A IFATREm 75 N IS B sl RIS 50R, SFREMR . T e
. BN BRI ATES . M E R RO i AR AR, (3) A R I A RS
BRI LI, (4) REEIMTHSEEUX 5 ERE S S ARA GRS, (5) KEFREL
BEEILFEH
23. EREN

FHEEFARE 6 MHEREEENMHEMERMEER. K5 6 MH EEEREFR RHREIE
ki & NE R BIERAE B W VCORES & SCARE R . 1% 18] 50 T30 R 5 I e
PR
2.4. 3k

2.4.1. RETHBERE

i/ SAMSUNG WS80A F il A2 Wi, & WHRLMIZE N 5.0~9.0 MHz. B HE2 55 bt J5 HUA Eb ik
AL, fTEEREERE, BN TEREREES, WERWTENREE. TENBRESE. 75
PR ES) SIPE B A T B AR 18] [19] T 5 PR JELBETE 7 B S R SRR DI TR &, B 3 R~y fl . s
R K BB R 2 L B 10 FELL LIARHERS TAERKEITSER, #548 RAMENE, Mb5 1 ZEE
AR 75 BT 5 4 4 [20] [21].

2.4.2. RETERRE
T T RGN B IR TR, SRR A R AT USRS . AR S BEAE A 78 K I PR S B mT 3R
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BRG] BE 5 B IR AR S5 5RO 5K A Il R B2 R SOR i 75 4R PR R (i A2 &, B4 4E NS . BMIL
MpE. ALESRE. 54, KNEFFEN . TCRA RE. Wir=H. &lERE. EEAE %2 (American
Fertility Society, AFS)&7r ARFIFH WIRIERE . RT3 ARSI KT+ 5 ABHES M. Rl
AR A MR A S 9k B2 40 LY AEL (neutrophil-to-lymphocyte ratio, NLR)+ IIL/MR 5 bk 241 g LEAE (platelet-
to-lymphocyte ratio, PLR) A 5.4% 41 ffl -5 9% E=. 41 i LE4E (monocyte-to-lymphocyte ratio, MLR). AFS &3 H T+
TR S IR AT . AFS K78 TCRA IREURHT T8 WIEE AR ES AR AN RATTE
WRGELNE P4 BA 10 G 0L EERHE S ARSI B INFE & P — 4K it /5 R85 1B Rk
DI Bz e, DB AR SR ERIEW . BRI o, BT EANRELIES R, BoRiERE, W
WA 0; HA W ENEL P S, ANIESEATERE, Wdk 1, & SONESE 2. KT+ 5 WIEY
S S S B R R AR JF GG R R S N i i, H R R SR RIRAE R 0, AR EL
AR 1. H WA ERITHREE A W 58 =44 S 5 R 75 R i 4 0 -

2.4.3. GREC(ENLIE

JRaIEsRSE 367 B, HA 19 BIRARSE 6 NH R R FRE TR, SEGN 348 Bildk4T A5
T o oF 5 325 TN AR B S A1 SR FH 22 S AR AN TR, A2 B 20 ME AN B £, JEHRHE Rubin vE 0 & [9)1)9 25k
FrifEiRs OR MK 95% B F X ],

2.4.4. TOMERHIR ST

DUARSE 6 MHERMELSGERANLE, SRRERN 1, REKBEN 0. LURKTRE AT A
FHIEAE ik B2 R, HRHEEE Logistic BIH WL &Rk AR/ SR EE KM KR, 5
SEE R A R PR AT R E . A2 B A I SR fa il P, A SR BN N Z K 3R Logistic 814
N, FFRAHTE AFS B4 Rl FENBESNEZE . TCRA KRB AR 75 P4 FR JE 5 4 2 A 2
FEASRT, FE AR (13 A8 BE(AFS 5% . TCRA VKU AR T 25 PRI 138 )R FH BR A1) 1 57 7 B 2R A B L
5455 logit i 2 MR R B ARRIMH RIS R, WORE RMGESIE AR, FERYE
[\ A RZE x5 e . BT X 43 B R F 3243 AEHFE (receiver operating characteristic, ROC) BH 28 & il £k
"N #R (area under the curve, AUC)PEAT[22] [23]. RAERE R HEMIZE . KHERIZE . #iE X Hosmer-Leme-
show I8 PPAT o I AR 3 FH P K FH 4 5 1 2893 AT (decision curve analysis, DCA) VAT, F:#E4T 1000 X bootstrap
HRAENERISIE, 226 ROC. K#EfhZ:. DCA JAEHiZ - H 18 2 (precision-recall, PR) 1 & 1F A 45 7 b il
AT DL T BIFN VAN [24] [25] AV ARHT T 5 9B E BERHSE R VR s, dE— PR BB ix L &
HITEIAGIE AL, 7R 2 BG4 S R AR b S8 B A 5 AL L AL 1) [X 43 5 (AUC) S U A ILFE(AIC . BIC)
HEAT EURL

25. GtFERE

$edE 43 B R SPSS 26.0 Al Python 3.9.6 5El. ELLAF &L M(P25,P75)3K 7w, #1A LLE KA Mann-
Whitney U #5565 7088 LAFI(%)Ron, HIAIELECR o2 #0505k Fisher B UIEZ% . HIRPE 40 1 S 4 1)
LB S bR A U B AT « SR BRI M Z [ Z Logistic [BIHAM T BHGER G E RIS K, LA
FUAE L (OR) A e 95% A5 IX A 7 UM it o A [X 43 SR FH 523 TARARRAE M 248 T I A(AUC) PN, AUC
) 95%E A5 X [A]3E 1T 1000 X bootstrap FRALIRAF . XM P <0.05 HERAGHFE L.
3. R
3.1. PRLRIERFTR R R BTB A FHELL

AHFFILMANRTE 6 N H KGR HERf) 348 4], ok 143 f, KEK 205 B, HREN

DOI: 10.12677/acm.2026.1672752 2226 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1672752

DL, SR

41.1%. PHAEFER . BMI. M. HAERE. B4, W/, SIE B, Rule R M 20k e
bR T ZER LG L. B RAFGERFLE Al TCRA RE M AFS B E T ARERA, RiTFEN
JEEERTARE KA, R FENRESHEENLGIETRERA, EZRE5IHHFE LI P<0.05). I
% 1.

Table 1. Comparison of clinical data and preoperative ultrasound features between the recurrence and non-recurrence groups

* 1. ERASRE X BIRKRER AR E RS

B gE| HRM143 ) KE K205 1) 7l E P{H
() 36 (33, 39) 35 (32, 38) 1.91 0.056
BMI (kg/m?) 23 (20.76, 25.08) 23 (21.31, 24.35) 0.17 0.863
14 (mmol/L) 4.67 (4.31, 4.99) 4.49 (4.17, 4.87) 1.79 0.074
H&5 5% n (%)] 1.00 0.318
i 10 (7.0) 22(10.7)
= 133 (93.0) 183 (89.3)
152 [n (%)] 1.68 0.195
% 125 (87.4) 189 (92.2)
= 18 (12.6) 16 (7.8)
RIERFSE RI(F) 24 (6, 60) 12 (6, 36) 3.05 0.002
TCRA KHE(IX) 1(0,2) 0(0, 1) 3.35 <0.001
W= IR AR 2(1,3) 2(1,3) -0.58 0.554
5 RER) 2(1,3) 2(1,2) 0.36 0.708
AFS B4 (47) 8 (8, 10) 6 (6, 8) 8.17 <0.001
RETFE PR (mm) 2.90 (2.30, 3.76) 3.60 (2.88, 4.80) -5.00 <0.001
ANHF B WIS R 5 [0 (%)) 241 0.120
& 29 (20.6) 58 (28.6)
& 112 (79.4) 145 (71.4)
RETFE NS Z 0 (%)] 10.55 0.001
e 73 (51.8) 142 (69.6)
e 68 (48.2) 62 (30.4)
RHTE AR (%)] 0.00 1.000
I 118 (83.7) 171 (84.2)
A 23 (16.3) 32 (15.8)
NLR 2.25(1.73, 3.52) 2.39 (1.88, 3.50) -1.23 0.217
PLR 127.27 (100.56, 157.76)  123.39 (101.82, 151.63) 0.48 0.630
MLR 0.18 (0.14, 0.24) 0.19 (0.16, 0.25) -1.81 0.070

e PR BURIBL M(01,03)% 7R, 4LIE LLECR A Mann-Whitney U £ 56: THEUBRILA n (%) &R, ALIRLECRA o2 Rl
B Fisher MVIBERE; — 0 RAED “fR7 8“7 NS HoREAEIE, B0 28 hra 8 #ot
5o
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3.2. BAZE Logistic B354

IR JGEZ R AT, K 17 MEEA T AT Logistic FIAM . 455K SR, MEREint
[E(OR=1.013,95%CI: 1.006~1.020)» TCRA {X%{(OR =1.360, 95%CI: 1.135~1.629). AFS K& 53(OR =1.692,
95%CT: 1.474~1.943) S AR Hl 15 A BREIE S 22(OR = 2.092, 95%CT: 1.335~3.279) 5 A J5 &2 K& KU I AH ¢ ;
RETF 5 WIREE S5 ARG E K XS FEKAH IS (OR = 0.950, 95%CT: 0.878~1.028). L7 2.

Table 2. Univariate Logistic regression analysis of factors associated with postoperative recurrence of intrauterine adhesions

2. BEIEMEREELTWERAER Logistic @IS

B EVEES FrifEiR Wald {5~ ORI 95%E(E XA P1H

FW (D) 0.038 0.025 225 1.039 (0.989~1.090) 0.140

BMI (kg/m?) 0.018 0.034 0.29 1.019 (0.953~1.088) 0.591

14 (mmol/L) 0.120 0.165 0.53 1.128 (0.816~1.556) 0.467
Ras5% 0.474 0.398 1.42 1.606 (0.736~3.507) 0.234

152 0.552 0.373 2.18 1.736 (0.835~3.609) 0.140
RERFEERAI(F) 0.012 0.003 13.48 1.013 (1.006~1.020) <0.001
TCRA KE(IX) 0.307 0.092 11.78 1.360 (1.135~1.629) <0.001
W= IR E(IK) -0.004 0.071 0.00 0.996 (0.868~1.144) 0.958

B R EIK) 0.052 0.073 0.51 1.053 (0.913~1.216) 0.477
AFS S50 (43) 0.526 0.070 56.59 1.692 (1.474~1.943) <0.001
ARHETFE P (mm) -0.051 0.040 1.62 0.950 (0.878~1.028) 0.202
ARATF 5 WE S5 0.408 0.261 2.45 1.503 (0.902~2.505) 0.118
ARG 8 A R 2= 0.738 0.229 10.39 2.092 (1.335~3.279) 0.001
AT E AR 0.031 0.294 0.01 1.032 (0.579~1.837) 0.916
NLR 0.025 0.044 0.31 1.025 (0.939~1.118) 0.581

PLR 0.002 0.002 0.91 1.002 (0.998~1.007) 0.307

MLR -0.894 1.150 0.60 0.409 (0.043~3.897) 0.437

H: ZRERU R B L NS

3.3. ZEAE Logistic EIET R

SEERRERITER . GRTTREME BRI S SRR v, R4 AFS B0 RiTFH
PRSI 22 . TCRA B AR BT 75 W E R 2 &R Logistic [FIABAEY, S AR EERK LI 3.
Z BIHANG RIS Rubin VAN G IHSHUGTHEE R, S5 ER, AFS 247 (OR = 1.638, 95%CI: 1.416~1.895, P
<0.001). ARHTFE WNIESANEZ(OR = 1.931, 95%CI: 1.158~3.220, P = 0.012) /2 TCRA X%{(OR = 1.218,
95%CI: 1.012~1.467, P = 0.037) WA J5 SR AL TN R 25 o AR RT 55 P9 B BEAE 22 B4 A G AR R A 12
B A A 3E RIE G 24 B2 (OR = 0.841, 95%CI: 0.695~1.017, P = 0.074), A1E NIk IR AT fifks B 5 $-458 1
ARHTEE A FRAROR B T TR . W36 4.

RN RN logit(P) = —3.912503 + 0.493658 x AFS F7 + 0.657971 x ARy 15 P % 4:
PEZ +0.197613 x TCRA {R#L —0.173114 x RETFENEEE. K, PAREERITIEEZR, Kii1
EANBESEERE = 1. & =0 IE.
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Table 3. Variable assignments for the prediction model of postoperative recurrence of intrauterine adhesions

3. BIEMHEREELNETNREEEME

A Mg E 5t B
AFS 553 (41) RIS IN 7 T
ARHTT 8 WBESAEZ H=0; 2 =1
TCRA RE (1K) R IR E S BN
AT 8 AR (mm) R IRIEBHAAI NI T, AN mm

Table 4. Multivariate Logistic regression analysis of factors associated with postoperative recurrence of intrauterine adhesions

4. BEMERGELFWERLER Logistic EYASHT

B EYEES FrifER Wald {8 ORMERI 95%E/5/X/  P1E
5 H -3.913 0.740 27.95 <0.001
AFS B35 0.494 0.074 4423 1.638 (1.416~1.895) <0.001
ARATF 5 W EESE 2 0.658 0.261 6.36 1.931 (1.158~3.220) 0.012
TCRA RHE(K) 0.198 0.095 435 1.218 (1.012~1.467) 0.037
ARG 8 AR (mm) -0.173 0.097 3.18 0.841 (0.695~1.017) 0.074

E: ZRERE R NS,

3.4. BHELEN RYILERE

BT RAZHE Logistic BB THE TN AT PPM B IERE . 78 348 BIRJG 6 N H B RE R
HIEAEAH, 1000 VX bootstrap WIHIGIEEREAL AUC N 0.777 (95%CI: 0.774~0.780), HAEEWEH AN
0.499, BUKFE N 0.648, FiFJEN 0.829, PRMBAEA —E X rae/), HA ke B R m UK E b T
K, WE 1(A)e RRAEHTIZR BRI TN AL % 5 S bR R R A AR — 8, AR N-0.019, &2
YR 0.930, Brier 1434 0.184, Hosmer-Lemeshow #:56 P=0.393, $E- AR e 1w, WIE 1(B).
PSRRI 28 b o, TEBUEREZR 0.15~0.87 JEH N, BERE RN T “A8Fm” M AT %
W&o DAREMERE AE], SREMES BN 020, 0.50 A1 0.70 BF, FERLEFREE 0514 0.276. 0.162 F
0.095, T X RI “AET 7 SRnG, P&z RAEAN [F] S i 35 B — @ Im RS ANME, LA
1(C). PR #1Z NHAA 0.735, #t—BHRRBEAN &R 45 R BA —ERnlee s, WE 1(D). WK 1. £T
42 R 3 Logistic 8] Y R AR J5 52 5 RS T 41) 2 BT, AR 4% T000 A% 52 11 [l )3 2 400 7 A0 B2 VP 4
I S T AMAR 5 R, WLIE 2.

3.5. SERERMEHUERELEER

NP AT B N R BRI R M R e, D@ LB R BRI, IR e R A
ITH AL S5 EIR, SERBTY 5 AR ) AR PR R 22 /N o SE BRI (1) 58 SUIGHIE AUC 24 0.782, AIC
N 386.21, BIC A 405.47; faifb A (158 EGAIE AUC N 0.778, AIC A 387.68, BIC A 403.09. 52 %44
A AUC B AIC BEAK, T IAGEEY BIC B&AIK, (HPE SEZERAIR, KAAFLS . ZEHMX S
FE WEDLRE SIS IR PT g Rett, IAOREEAARTT T 5 NI BN NI 48, B LR A R4 5.

Table 5. Comparison between the full model and the simplified model

® 5. EREBSEUERLLR

et AR AUC AIC BIC
SEHLAEAY 4 0.782 386.21 405.47
[ERAA L] 3 0.778 387.68 403.09
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Figure 1. Bootstrap internal validation of the postoperative recurrence prediction model for intrauterine adhesions

B 1. Bootstrap PIERILIE S A MR fF 2 & KBS FUMARBY TN
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Figure 2. Nomogram for predicting postoperative recurrence of intrauterine adhesions
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4. g

K T8 T R I KR RO R TR B AR TR PR AR A, {035 TN A% i R SR A R FH % B4 A AL 2
FERIEEAR J5 B R RS TIIAR R . £8 1000 IX bootstrap P E#BIEIE & » B2 AUC 4 0.777 (95%CI: 0.774~0.780),
BHER I A-0.019, FAERIZ N 0.930, Brier £y 0.184, Hosmer-Lemeshow &% P=0.393, #/xiH
FEA L B B REAS T BAT — 58 X BERIRSHERE . IR S IR, BkiEAR G =R IR d i — R &Rk
SE, MR B WS BIE 5 ARET 5 NSRS LR FIEIRE = 5 RATE
FERHERAT RS, W AR S R A PRl 4R A B A A

AFS B0 R E kol i R A A EsEG T EAR R, 2 S R VAL o ) A
BFR[26] [27] AWFICEIR, AFS @arbkaE, REERREEE, SEEET L REA—. nTREE FAE
¥, AFS Vi A B SR RET T R S B B H SR, SO A R
AR R . SRR R SE B A 7 B8, RS AT T Re DR N BT AR B AN R 0 T EEHT G P A
ERESMEANT M EAETRE. Fik, AFS SO ARA T ARE ™ ERLEZTR, HafEAREER
P53 2 B AR . KT AFS PR 3, IR B B G & TR A A A IS S AR 0L, &Y
Tns B VA f 52 R T A B
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