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Objective: The postoperative prognosis (ie pregnancy and recurrence) of patients with intrauterine adhesions(IUA) has always been
a concern for women of childbearing age, and there is a lack of prevention and treatment strategies. This study aimed to develop an
IUA pregnancy and recurrence (IUA-PR) prediction model to guide clinical decision-making.

Materials and Methods: A retrospective analysis was conducted on 387 patients diagnosed with IUA between January 2021 and
December 2023. Radiomic features were extracted from ultrasound images using manually designed feature sets, and peripheral blood
parameters were integrated with these radiomic features to construct a classification model. The least absolute shrinkage and selection
operator (LASSO) combined with the Bayesian information criterion (BIC) was employed to identify nonzero-coefficient features
from the radiomic dataset. The predictive efficacy of the developed model was systematically evaluated via the area under the receiver
operating characteristic curve (AUC) and decision curve analysis (DCA).

Results: A total of five peripheral blood inflammatory indices and six ultrasound radiomic parameters were finally used to construct
the IUA-PR prediction model. Among them, the nomogram constructed based on platelet/lymphocyte ratio(PLR), neutrophil/
lymphocyte ratio(NLR), aggregate index of systemic inflammation(AISI), ultrasound radiomic score (Rad-score), and postoperative
menstrual status showed an AUC of 0.886 for predicting pregnancy outcomes. Additionally, the recurrence prediction model
established with systemic inflammatory response index(SIRI), systemic immune-inflammation index(SII), Rad-score, and postopera-
tive menstrual status achieved an AUC of 0.720 in the testing set.

Conclusion: We have successfully developed the IUA-PR prediction model constructed based on peripheral blood inflammatory
parameters and ultrasound radiomics. Renowned for its convenience and low cost, this model, particularly the generalized linear
regression model, exhibits superior predictive performance in forecasting postoperative pregnancy and recurrence, thereby assisting
patients in guiding their postoperative fertility decisions.

Keywords: intrauterine adhesions, transcervical resection of adhesion, pregnancy, recurrence, ultrasound radiomics, peripheral blood
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Introduction

Intrauterine adhesions(IUAs), also known as Asherman syndrome, are a benign disease characterized by damage to the
basal layer of the endometrium and adhesions between the uterine walls, leading to partial or complete occlusion of the
uterine cavity and cervical canal.'” At present, the incidence rate of female infertility is about 17.5%, and 8% of
infertility is secondary to IUAs.>** Intrauterine procedures during pregnancy are one of the main causes of IUAs, but with
the popularity of hysteroscopy and the increasing number of curettage surgeries, the detection and incidence of ITUAs are

also increasing every year.”°
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In clinical practice, transcervical resection of adhesion(TCRA) is the main method for IUAs.” Although there are
various postoperative adjuvant treatments, the efficacy is still unsatisfactory, mainly manifested as low pregnancy and
high recurrence rate after surgery, which brings serious psychological burden to women of childbearing age.** Given this
situation, it is particularly crucial to identify high-risk factors for TCRA postoperative infertility and recurrence, and
develop individualized comprehensive treatment plans for patients before surgery.

In numerous studies, inflammatory response is recognized to play an important role in [UAs, and typical inflammatory factors
such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and lymphocyte-to-monocyte ratio (LMR)
can effectively reflect the severity of inflammatory response in the body.” ! Besides, surgery is a traumatic procedure that can
interrupt the secretion of inflammatory factors and interfere with the regeneration and repair of the endometrium.'? In view of
this, systemic inflammatory biomarkers may be referred to as postoperative evaluation indicators after [UAs surgery, but there
has been a lack of reports specifically addressing inflammatory factors in patients with [UAs. Up to now, transvaginal ultrasound
has been widely used in early screening and diagnosis of TUAs and other gynecological diseases.'* With the rapid development of
ultrasound-based radiomics, extracting image information from ultrasound images, realizing feature extraction and prediction
model construction, has important guiding value for disease diagnosis and prognosis evaluation.'*'> However, the application of
ultrasound-based radiomics in postoperative prognosis evaluation of IUAs has not been fully explored.

In view of this, this study will combine ultrasound-based radiomics and peripheral blood cell indices to predict
pregnancy and recurrence risks using interpretable machine learning model (ie [IUA-PR) in patients receiving TCRA, and
ultimately guiding clinical decision-making.

Materials and Methods

Study Design and Population

We retrospectively selected 387 patients with [TUAs who received TCRA treatment in the Obstetrics and Gynecology
Department of Enshi Tujia and Miao Autonomous Prefecture Central Hospital from January 2021 and December 2023.
Inclusion criteria: (1) Female patients of childbearing age; (2) Patients diagnosed with [UA through hysteroscopy examina-
tion; (3) Patients without contraindications for TCRA surgery; (4) Patients without contraindications for postoperative
adjuvant drugs. Exclusion criteria: (1) Patients who require hysterectomy (such as malignant endometrial lesions, etc).; (2)
Patients with infertility and amenorrhea caused by other reasons; (3) Patients with severe abnormalities in the reproductive
tract; (4) Patients with infertility caused by male infertility; (5) Patients who have communication barriers and mental illnesses
that prevent follow-up. The specific screening process and prediction model construction are shown in Figure 1.
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Figure | Flow chart of the study design.
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Ethic Statement

Due to the retrospective nature of this study, we strictly adhered to the Declaration of Helsinki. All patient data were
anonymized and encrypted to protect privacy, with data processing methods reviewed for compliance with privacy
regulations. For ethical review, we submitted the study to the Medical Ethics Committee of the Central Hospital of Enshi
Tujia and Miao Autonomous Prefecture for approval as a retrospective study. The study uses existing anonymized data
without interfering with patient treatment or posing additional risks, and after review, the committee granted approval
(Approval Document Number: [2025-099-01]) and agreed to the study’s implementation. Regarding informed consent,
as the study is a retrospective analysis of existing medical records with fully anonymized patient information, the above
Ethics Committee approved a waiver. This was justified by the use of retrospective anonymized data (no direct patient
contact or harm to rights), and the difficulty in obtaining consent from all patients due to the long study timeline.

Classification Criteria for [UAs Diagnosis

We referred to March, the American Society for Reproductive Medicine, the European Society for Gynecological
Endoscopy, and the China Society of Gynecology Endoscopy scores. Among them, ESGE scores I-II are defined as
mild, III as moderate, and IV-V as severe (As shown in Supplementary Table 1).

Surgical Procedure

Contraindications for TCRA surgery include acute pelvic inflammation, severe cervical stenosis that cannot be dilated,
severe cardiac, hepatic, renal, or hematological diseases that cannot tolerate surgery, and active genital tract infections.
Contraindications for postoperative adjuvant drugs include allergies to estradiol valerate, progesterone, or other compo-
nents of the drugs, and a history of hormone-dependent tumors (such as breast cancer, endometrial cancer, etc).

The patient underwent bladder lithotomy, and after general anesthesia, routine vaginal disinfection and drape were
performed, followed by dilation of the cervix with dilation strips. After the surgery begins, a hysteroscope is used to
comprehensively explore the cervix and uterine cavity, clarify the location, nature, area, fallopian tube opening, uterine
angle, and endometrial condition of the adhesion zone, and evaluate the severity of the adhesion. Select the surgical
method based on the degree of adhesion, blunt separation of membranous adhesions, and electric knife resection for
dense adhesions, and stop the surgery until the uterine cavity returns to normal shape. Finally, hyaluronic acid was
injected into the patient’s uterine cavity and a Foley balloon catheter was placed, with 5-10 mL of physiological saline
injected into the balloon. The above surgeries are all performed by the deputy chief physician or chief physician.

Routine antibiotics are given to prevent infection for 3 days after surgery. Within 3—7 days after surgery, the balloon is
removed under hysteroscopy guidance and the uterine cavity is re examined. On the third day after surgery, 2mg/d
estradiol valerate was administered continuously for 28 days, and 100mg/d progesterone was administered on the last 14
days of the cycle, for a total of 3 cycles.

Clinical Data Collection and Follow Up

We collect clinical data from all patients, including age, disease duration, reproductive history, menstrual status, previous
history and frequency of intrauterine procedures, preoperative estrogen and progesterone pretreatment, preoperative
endometrial thickness, preoperative fallopian tube opening, uterine angle, preoperative adhesion, and adhesion proper-
ties; Postoperative recurrence of IUAs, menstrual recovery, postoperative endometrial thickness, fallopian tube opening
and uterine angle, as well as postoperative adhesion range, nature, and pregnancy status. In addition, we also collected
the patient’s admission auxiliary examination report values, including blood routine, coagulation function, liver and
kidney function electrolytes, and vaginal three-dimensional ultrasound reports, etc.

Follow up will be conducted through telephone, outpatient, disease course, uterine adnexal ultrasound, and hystero-
scopy reports. Pregnancy outcomes: Record the patient’s pregnancy outcomes and placental abnormalities within 6
months, 7~12 months, 1~2 years, and 2 years after surgery. If the patient confirms pregnancy, the follow-up period will
be extended to 42 days after delivery. If the patient is not pregnant, the follow-up period will be until December 31, 2024.
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Postoperative recurrence: Record the diagnosis of IUAs recurrence based on ultrasound imaging at 3 months, 4~6
months, and 7~12 months after surgery.

Acquisition of Ultrasound Image

We used the GE Voluson E10 ultrasound diagnostic instrument and a vaginal ultrasound probe with a frequency of
3.0-9.0MHz. We instructed the patient to take a lithotomy position, continuously scan the uterine adnexa and pelvic
cavity, observe the uterine cavity and endometrial lines in multiple sections, and store the images. Finally, we exported
them in DICOM format.

Radiomics Feature Extraction and Analysis

Two obstetricians and gynecologists with over 5 years of work experience used 3D Slicer software to draw regions of
interest on 3D ultrasound images, and used the built-in Radiomics plugin to extract radiomics features, including shape
features, first-order statistical features, second-order statistical features, and high-order statistical features, from the
original images and wavelet filtered images. As shown in Supplementary Table 2, to ensure consistency in feature

extraction between two physicians, 20 ultrasound images were randomly selected and independently sketched and feature
extracted by two physicians, followed by consistency analysis. Finally, all extracted radiomics features undergo Z-score
normalization to eliminate scale differences, followed by feature dimensionality reduction and screening using minimum
absolute shrinkage and selection operators, and a radiomics scoring formula is listed.

Construction of [UA-PR Prediction Model

All candidate variables included in the study were regularized, and Pearson correlation coefficients between variables
were calculated. Then, LASSO logistic regression algorithm and ten fold cross validation were used to adjust the penalty
parameters. Finally, after selecting the key feature factors from the candidate variables through feature screening,
a logistic regression model and random forest were used to construct the IUA-PR prediction model. Draw the working
characteristic curve and area under the curve of the subjects, and use DeLong test, calibration curve, and decision curve
analysis to evaluate the predictive performance of the prediction model in the testing sets.

Statistical Analysis

All data analysis and visualization are implemented using R software (version 4.3.2). Quantitative data that conforms to
a normal distribution are expressed as mean + standard deviation and independent sample #-test is used. Measurement
data that do not conform to normal distribution are represented by M (Q1, Q3), and Mann Whitney U-test is used for
inter group comparison. Categorical data is presented as percentages (%), using chi square test or Fisher’s exact
probability method. We calculate the AUC values of each prediction model to evaluate its predictive performance in
the training and validation sets, and compare the differences between the prediction models using DeLong test. P<0.05
indicates a statistically significant difference.

Results

Population Characteristics and Postoperative Pregnancy and Recurrence Outcomes
As shown in Tablew 1 and 2, a total of 387 patients diagnosed with I[UAs were included in the final analysis. Among
them, the duration of illness for patients diagnosed with [UAs ranges from 1 month to 10 years, with a median duration
of 9.7 months, and the median age of patients is 31.44 + 4.26 years. 75 patients achieved successful pregnancies after
treatment, with 65 naturally conceived and 10 conceived through assisted reproduction. The postoperative pregnancy
rates for mild, moderate, and severe adhesions were 73.68%, 52.13%, and 20.7%, respectively, and decreased with the
severity of adhesions. The pregnancy rate for moderate to severe IUAs was higher in the 7~10 months after surgery
compared to other time periods, while the pregnancy rate showed a decreasing trend at 1 year after surgery. In addition,
the overall postoperative recurrence rate was 10.85%, with 24 cases, 16 cases, and 2 cases experiencing mild, moderate,
and severe adhesions, respectively. The highest recurrence rate was 23.8% at 4~6 months after surgery.
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Table | Comparison of Baseline Data Between Pregnancy and Non-Pregnancy Groups

Variables Training Cohort P-value Testing Cohort P-value
Overall (N=270) Pregnancy (N=47) Non-Pregnancy Overall (N=117) Pregnancy (N=28) Non-Pregnancy

(N=223) (N=89)
Age (median [IQR]),year 32.00 [29.00, 36.00] 31.00 [28.00, 34.00] 33.00 [29.00, 36.00] 0.053 31.00 [29.00, 35.00] 30.50 [28.00, 35.25] 31.00 [29.00, 35.00] 0.35
BRI (median [IQR]) 228.33 [223.25, 227.14 [222.87, 22841 [223.53, 233.00] 0.248 227.57 [222.83, 225.98 [220.00, 228.25 [224.21, 233.34] 0.557

232.73] 231.84] 234.14] 234.78]
Smoking (%)
Yes 1 (0.4) 0 (0.0 1 (0.4) | 117 (100.0) 28 (100.0) 89 (100.0) NA
No 269 (99.6) 47 (100.0) 222 (99.6) 16 (13.7) 0 (0.0) 16 (18.0) 0.036
Drinking (%)
Yes 33 (122) 0 (0.0) 33 (14.8) 0.0l 101 (86.3) 28 (100.0) 73 (82.0)
No 237 (87.8) 47 (100.0) 190 (85.2) 97 (82.9) 28 (100.0) 69 (77.5) 0.014
Married (%)
Yes 220 (81.5) 46 (97.9) 174 (78.0) 0.003 20 (17.1) 0 (0.0) 20 (22.5)
No 50 (18.5) 1(2.1) 49 (22.0) 1 (0.9) 0 (0.0) 1 (1)
HPV Infection (%)
Yes 13 (4.8) 3(6.4) 10 (4.5) 0.859 116 (99.1) 28 (100.0) 88 (98.9)
No 257 (95.2) 44 (93.6) 213 (95.5) 100 (85.5) 27 (96.4) 73 (82.0) 0.114
Sexual partner (%)
Yes 230 (85.2) 46 (97.9) 184 (82.5) 0014 17 (14.5) I (3.6) 16 (18.0)
No 40 (14.8) 1 (2.1) 39 (17.5) 3.00 [1.00, 4.00] 3.00 [1.75, 4.00] 3.00 [1.00, 4.00] 0.373
Pregnant (median [IQR]) 3.00 [1.00, 4.00] 2.00 [1.00, 3.00] 3.00 [1.00, 4.00] 0.171 1.00 [0.00, 1.00] 1.00 [0.00, 1.00] 1.00 [0.00, 1.00] 0.815
Childbirth (median [IQR]) 1.00 [0.00, 1.00] 0.00 [0.00, 1.00] 1.00 [0.00, 1.00] 0.004 95 (81.2) 26 (92.9) 69 (77.5) 0.125
Reproductive technology (%)
Yes 228 (84.4) 44 (93.6) 184 (82.5) 0.091 22 (1838 2 (7.1) 20 (22.5)
No 42 (15.6) 3(64) 39 (17.5) 92 (78.6) 26 (92.9) 66 (74.2) 0.066
History of miscarriage (%)
Yes 220 (81.5) 44 (93.6) 176 (78.9) 0.032 25 (21.4) 2 (7.1) 23 (25.8)
No 50 (18.5) 3(64) 47 (21.1) 6 (5.1) 2 (7.1) 4 (4.5) 0.95
History of uterine cavity operations (%)
Yes 17 (6.3) 2 (4.3) 15 (6.7) 0.762 111 (94.9) 26 (92.9) 85 (95.5)
No 253 (93.7) 45 (95.7) 208 (93.3) 5.70 [4.70, 5.90] 5.70 [4.92, 5.95] 5.70 [4.70, 5.70] 0.734
Preoperative endometrial thickness (median [IQR]), 5.70 [4.30, 6.20] 5.60 [4.20, 6.00] 5.70 [4.30, 6.25] 0.57 2.00 [2.00, 3.00] 2.00 [1.00, 2.00] 3.00 [2.00, 3.00] <0.001
mm
WBC (median [IQR]),1079/L 9.86 [8.62, 11.65] 7.04 [5.68, 9.06] 10.30 [9.05, 11.79] <0.001 3.55 [3.34, 3.64] 3.55 [3.45, 3.55] 3.55 [3.11, 3.82] 0.617
NEU (median [IQR]), 10A9/L 3.55 [3.00, 3.55] 3.55 [2.83, 3.67] 3.55 [3.10, 3.55] 0.806 0.35 [0.31, 0.35] 0.35 [0.35, 0.35] 0.35 [0.29, 0.35] 0.141
MONO (median [IQR]), 1079/L 0.35 [0.33, 0.35] 0.35 [0.26, 0.36] 0.35 [0.34, 0.35] 0.257 2.92 [2.61, 3.33] 2.34 [1.73, 2.67] 3.15 [2.81, 3.45] <0.001
LYM (median [IQR]), 1079/L 3.04 [2.67, 3.45] 2.12 [1.54, 2.63] 3.23 [2.82, 3.53] <0.001 15.30 [13.80, 16.70] 15.05 [13.88, 16.47] 15.30 [13.50, 16.90] 0.855
RDW (median [IQR]) 15.20 [13.70, 16.90] 15.10 [13.95, 16.45] 15.20 [13.50, 16.95] 0.937 226.00 [212.00, 226.00 [226.00, 226.00 [209.00, 235.00] 0.542
235.00] 228.75]
(Continued)
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Table 1 (Continued).

Variables

Training Cohort P-value Testing Cohort P-value
Overall (N=270) Pregnancy (N=47) Non-Pregnancy Overall (N=117) Pregnancy (N=28) Non-Pregnancy
(N=223) (N=89)
PLT (median [IQR]), 1079/L 226.00 [218.00, 226.00 [211.50, 226.00 [218.00, 228.50] 0.572 97.84 [74.68, 117.99] 118.97 [106.10, 86.67 [62.28, 108.38] <0.001
233.75] 242.50] 164.95]
AlSI (median [IQR]) 90.58 [67.74, 110.88] 128.29 [87.40, 190.56] 87.75 [63.74, 106.17] <0.001 128.00 [127.00, 128.00 [128.00, 128.00 [127.00, 130.00] 0.511
130.00] 130.00]
Hb (median [IQR]),g/L 128.00 [125.00, 128.00 [127.50, 128.00 [124.00, 128.00] 0.06 1.25 [0.98, 1.48] 1.57 [1.31, 2.06] 1.17 [0.94, 1.38] <0.001
130.00] 135.00]
NLR (median [IQR]) 1.18 [0.95, 1.39] 1.67 [1.28, 2.32] 1.11 [0.92, 1.31] <0.001 8.23 [7.20, 10.49] 6.78 [4.93, 7.62] 891 [7.74, 10.86] <0.001
LMR (median [IQR]) 8.68 [7.34, 10.38] 6.52 [4.81, 8.41] 9.09 [7.69, 10.59] <0.001 77.93 [64.39, 88.98] 96.61 [84.48, 134.24] 71.57 [60.43, 83.70] <0.001
PLR (median [IQR]) 75.21 [63.77, 88.23] 112.15 [85.33, 140.97] 70.83 [62.22, 82.33] <0.001 10.14 [9.62, 10.36] 10.14 [9.45, 10.14] 10.14 [10.00, 10.88] 0.071
NMR (median [IQR]) 10.14 [8.76, 10.14] 10.14 [8.46, 11.23] 10.14 [8.86, 10.14] 0451 0.31 [0.27, 0.36] 0.33 [0.29, 0.44] 0.30 [0.27, 0.35] 0.047
LWR (median [IQR]) 0.31 [0.26, 0.36] 0.34 [0.23, 0.41] 0.31 [0.27, 0.35] 0.351 0.43 [0.34, 0.52] 0.55 [0.45, 0.72] 0.40 [0.32, 0.46] <0.001
SIRI (median [IQR]) 0.41 [0.32, 0.49] 0.56 [0.42, 0.81] 0.38 [0.31, 0.47] <0.001 276.66 [218.02, 384.68 [309.82, 250.59 [207.85, 299.37] <0.001
342.21] 465.10]
Sl (median [IQR]) 264.88 [212.86, 376.67 [273.36, 251.50 [197.43, 299.37] <0.001 5.12 [4.41, 6.05] 6.72 [5.54, 9.21] 4.84 [4.32, 5.67] <0.001
312.18] 541.58]
RPR (median [IQR]) 4.99 [4.44, 5.97] 7.09 [6.12, 9.84] 481 [4.32,5.29] <0.001 7.00 [7.00, 7.20] 7.00 [7.00, 7.62] 7.00 [7.00, 7.20] 0.856
Depth of uterine cavity (median [IQR]),cm 7.00 [7.00, 7.20] 7.00 [7.00, 7.00] 7.00 [7.00, 7.20] 0.039 20 (17.1) 0 (0.0) 20 (22.5) 0.048
Location of IUA (%)
Upper segment of uterus 39 (14.4) 0 (0.0 39 (17.5) 0.003 2 (1.7) 1 (3.6) 1 (1.1)
Lower segment of uterus 4 (1.5) 2 (43) 2 (0.9) 32 (27.4) 7 (25.0) 25 (28.1)
Middle segment of uterus 81 (30.0) 15 (31.9) 66 (29.6) 2 (1.7) 1 (3.6) 1 (1.1)
Cervix 6(2.2) 3 (64) 3 (1.3) 61 (52.1) 19 (67.9) 42 (47.2)
Mixed adhesion 140 (51.9) 27 (57.4) 113 (50.7) 2(1.7) 0 (0.0 2(22) 0.407
Post rAFS (%)
Normal 2(0.7) I (2.1) 1 (0.4) 0.535 59 (50.4) 12 (42.9) 47 (52.8)
Mild 131 (48.5) 20 (42.6) 111 (49.8) 44 (37.6) 14 (50.0) 30 (33.7)
Moderate 103 (38.1) 20 (42.6) 83 (37.2) 12 (10.3) 2(7.1) 10 (11.2)
Severe 34 (12.6) 6 (12.8) 28 (12.6) 30 (25.6) 28 (100.0) 2(22) <0.001
Post menstrual (%)
Normal menstrual cycle 51 (18.9) 46 (97.9) 5(22) <0.001 87 (74.4) 0 (0.0) 87 (97.8)
Irregular 219 (81.1) 1 (2.1) 218 (97.8)

Abbreviations: IQR, interquartile range; BRI, Body roundness index; HPV, Human papillomavirus; rAFS, Revised American Fertility Society; NEU, Neutrophils; PLT, Platelets; MONO, Monocytes; LYM, lymphocytes; RDW, Red blood cell
distribution width; AlSI, aggregate index of systemic inflammation; NLR, Neutrophil/lymphocyte ratio; LMR, Lymphocyte/monocyte ratio; PLR, Platelet/lymphocyte ratio; NMR, Neutrophil/ monocyte ratio; LWR, Lymphocyte/WBC ratio;

RPR, Red blood cell distribution width /platelet ratio; SIRI, Systemic Inflammatory Response Index; Sll, Systemic immune-inflammation index.
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Table 2 Comparison of Baseline Data Between Postoperative Recurrence and Non-Recurrence Groups

234.00]

239.00]

233.00]

227.50]

Variables Training Cohort P-value Testing Cohort P-value
Overall (N=270) Recurrence (N=31) Non-Recurrence Overall (N=117) Recurrence (N=11) Non-Recurrence

(N=239) (N=106)
Age (median [IQR]),year 32.00 [29.00, 35.00] 33.00 [29.00, 35.50] 32.00 [29.00, 35.00] 0.305 32.00 [29.00, 37.00] 29.00 [28.00, 31.00] 32.50 [29.00, 37.00] 0.148
BRI (median [IQR]) 22841 [222.74, 229.12 [222.94, 22841 [222.77, 233.02] 0.29 227.87 [224.69, 228.94 [226.72, 227.66 [224.12, 232.57] 0.604

233.62] 235.34] 232.29] 230.98]

Smoking (%)
Yes 1 (0.4) 0 (0.0) 1 (0.4) | 0 (0.0 0 (0.0) 0 (0.0)
No 269 (99.6) 31 (100.0) 238 (99.6) 117 (100.0) 11 (100.0) 106 (100.0) NA
Drinking (%)
Yes 37 (13.7) 7 (22.6) 30 (12.6) 0.211 12 (10.3) 2(18.2) 10 (9.4) 0.698
no 233 (86.3) 24 (77.4) 209 (87.4) 105 (89.7) 9 (81.8) 96 (90.6)
Married (%)
Yes 221 (81.9) 22 (71.0) 199 (83.3) 0.155 96 (82.1) 8 (72.7) 88 (83.0) 0.664
No 49 (18.1) 9 (29.0) 40 (16.7) 21 (17.9) 3(273) 18 (17.0
HPV Infection (%)
Yes 12 (4.4) 2 (6.5) 10 (4.2) 091 2(1.7) 0 (0.0) 2 (1.9) |
No 258 (95.6) 29 (93.5) 229 (95.8) 115 (98.3) I'1 (100.0) 104 (98.1)
Sexual partner (%)
Yes 228 (84.4) 23 (74.2) 205 (85.8) 0.158 102 (87.2) 9 (81.8) 93 (87.7) 0.932
No 42 (15.6) 8 (25.8) 34 (142) 15 (12.8) 2 (18.2) 13 (12.3)
Pregnant (median [IQR]) 3.00 [1.00, 4.00] 3.00 [0.50, 4.00] 3.00 [1.00, 4.00] 0.984 3.00 [1.00, 4.00] 2.00 [1.00, 2.00] 3.00 [1.00, 4.00] 0.028
Childbirth (median [IQR]) 1.00 [0.00, 1.00] 1.00 [0.00, 1.00] 1.00 [0.00, 1.00] 0.962 1.00 [0.00, 1.00] 0.00 [0.00, 1.00] 1.00 [0.00, 1.00] 0.11
Reproductive technology (%)
Yes 224 (83.0) 22 (71.0) 202 (84.5) 0.102 99 (84.6) 9 (81.8) 90 (84.9)
No 46 (17.0) 9 (29.0) 37 (15.5) 18 (15.4) 2(18.2) 16 (15.1)
History of miscarriage (%)
Yes 219 81.1) 22 (71.0) 197 (82.4) 0.197 93 (79.5) 9 (81.8) 84 (79.2)
No 51 (18.9) 9 (29.0) 42 (17.6) 24 (20.5) 2(18.2) 22 (20.8)
History of uterine cavity operations (%)
Yes 1 (4.1) 132 10 (4.2) | 12 (10.3) 0 (0.0) 12 (11.3) 0.512
No 259 (95.9) 30 (96.8) 229 (95.8) 105 (89.7) 11 (100.0) 94 (88.7)
Preoperative endometrial thickness (median [IQR]), 5.70 [4.30, 6.00] 5.70 [4.40, 7.10] 5.70 [4.30, 6.00] 0.433 5.70 [4.70, 6.30] 5.70 [4.80, 6.00] 5.70 [4.70, 6.27] 0.981
mm
WBC (median [IQR]),1079/L 9.86 [8.64, 11.78] 10.24 [9.27, 11.90] 9.81 [8.53, 11.75] 0.084 9.68 [8.53, 11.18] 10.53 [8.93, 11.41] 9.67 [8.51, 11.16] 0.51
NEU (median [IQR]), 10A9/L 3.55 [3.19, 3.56] 3.55 [3.04, 3.72] 3.55 [3.20, 3.55] 0.66 3.55 [2.94, 3.55] 3.33 [2.63, 3.55] 3.55 [3.07, 3.55] 0.376
MONO (median [IQR]), 1079/L 0.35 [0.33, 0.35] 0.35 [0.34, 0.35] 0.35 [0.32, 0.35] 0.887 0.35[0.31, 0.35] 0.32 [0.29, 0.35] 0.35 [0.32, 0.35] 0.239
LYM (median [IQR]), 109/L 2.99 [2.66, 3.38] 3.20 [2.88, 3.56] 2.95 [2.62, 3.36] 0.026 3.12 [2.61, 3.48] 3.46 [3.12, 3.66] 3.09 [2.57, 3.43] 0.044
RDW (median [IQR]) 15.00 [13.50, 16.80] 14.40 [12.95, 16.10] 15.00 [13.60, 16.80] 0.22 15.70 [14.10, 17.00] 16.00 [15.00, 16.60] 15.70 [14.10, 17.08] 0.859
PLT (median [IQR]), 1079/L 226.00 [218.00, 226.00 [208.50, 226.00 [218.00, 233.00] 0.845 226.00 [216.00, 226.00 [203.50, 226.00 [217.25, 234.50] 0.522

(Continued)
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Table 2 (Continued).

Variables Training Cohort P-value Testing Cohort P-value
Overall (N=270) Recurrence (N=31) Non-Recurrence Overall (N=117) Recurrence (N=11) Non-Recurrence

(N=239) (N=106)
AISI (median [IQR]) 93.20 [74.12, 110.55] 90.58 [72.26, 123.80] 93.60 [74.44, 110.55] 0.772 87.75 [58.16, 127.92] 72.75 [44.72, 95.88] 91.48 [60.09, 134.66] 0.117
Hb (median [IQR]),g/L 128.00 [127.00, 128.00 [124.00, 128.00 [127.00, 129.00] 0.656 128.00 [123.00, 128.00 [124.50, 128.00 [123.00, 130.00] 0.904

129.75] 131.00] 130.00] 130.00]
NLR (median [IQR]) 1.22 [0.99, 1.40] 1.17 [0.95, 1.35] 1.22 [0.99, 1.40] 0.286 1.11 [0.87, 1.41] 0.92 [0.72, 1.23] 1.14 [0.89, 1.43] 0.114
LMR (median [IQR]) 8.49 [7.34, 10.30] 8.86 [8.09, 10.57] 843 [7.27, 10.26] 0.235 8.79 [7.23, 10.72] 10.22 [9.52, 11.28] 8.67 [7.18, 10.51] 0.032
PLR (median [IQR]) 76.31 [64.71, 87.94] 69.14 [62.33, 77.13] 77.40 [65.22, 88.42] 0.076 74.34 [62.60, 89.68] 61.10 [56.73, 77.19] 76.28 [63.75, 91.13] 0.065
NMR (median [IQR]) 10.14 [9.40, 10.17] 10.14 [8.60, 10.93] 10.14 [9.43, 10.14] 0.862 10.14 [8.69, 10.14] 10.07 [8.74, 10.14] 10.14 [8.76, 10.14] 0.59
LWR (median [IQR]) 0.31 [0.27, 0.36] 0.29 [0.26, 0.34] 0.31 [0.27, 0.36] 0.548 0.30 [0.27, 0.37] 0.30 [0.30, 0.36] 0.30 [0.27, 0.37] 0.455
SIRI (median [IQR]) 0.42 [0.34, 0.49] 0.41 [0.34, 0.48] 0.42 [0.33, 0.49] 0.557 0.40 [0.27, 0.51] 0.32 [0.23, 0.42] 0.41 [0.28, 0.54] 0.073
SIl (median [IQR]) 269.45 [220.54, 258.81 [209.95, 271.97 [221.22, 315.87] 0.361 258.81 [188.79, 207.85 [148.18, 263.91 [200.68, 323.52] 0.112
315.87] 289.30] 318.37] 285.62]

RPR (median [IQR]) 5.03 [4.45, 5.98] 4.75 [4.34, 4.92] 5.10 [4.46, 6.04] 0.005 5.02 [4.38, 6.08] 4.62 [4.31, 5.60] 5.02 [4.41, 6.18] 0.164
Depth of uterine cavity (median [IQR]),cm 7.00 [7.00, 7.20] 7.20 [7.00, 7.20] 7.00 [7.00, 7.20] 0.264 7.00 [7.00, 7.20] 7.00 [7.00, 7.35] 7.00 [7.00, 7.20] 0.852
Location of IUA (%)
Upper segment of uterus 42 (15.6) 8 (25.8) 34 (14.2) 0.477 17 (14.5) 2(182) 15 (14.2) 0.979
Lower segment of uterus 5(1.9) 0 (0.0) 5(2.1) 1 (0.9) 0 (0.0) 1 (0.9)
Middle segment of uterus 75 (27.8) 7 (22.6) 68 (28.5) 38 (32.5) 3(273) 35 (33.0)
Cervix 7 (2.6) 1(3.2) 6 (2.5) 1 (0.9) 0 (0.0) 1 (0.9)
Mixed adhesion 141 (52.2) 15 (48.4) 126 (52.7) 60 (51.3) 6 (54.5) 54 (50.9)
Post rAFS (%)
Normal 3 (L1 0 (0.0) 3(1.3) 0.907 1(0.9) 0 (0.0) 1 (0.9) 0.955
Mild 133 (49.3) 16 (51.6) 117 (49.0) 57 (48.7) 6 (54.5) 51 (48.1)
Moderate 103 (38.1) Il (35.5) 92 (38.5) 44 (37.6) 4 (36.4) 40 (37.7)
Severe 31 (11.5) 4 (12.9) 27 (11.3) 15 (12.8) 1(9.1) 14 (13.2)
Post menstrual (%)
Normal menstrual cycle 59 (21.9) 0 (0.0) 59 (24.7) 0.004 22 (18.8) 1 (9.1) 21 (19. 0.645
Irregular 211 (78.1) 31 (100.0) 180 (75.3) 95 (81.2) 10 (90.9) 85 (80.2)

Abbreviations: IQR, interquartile range; BRI, Body roundness index; HPV, Human papillomavirus; rAFS, Revised American Fertility Society; NEU, Neutrophils; PLT, Platelets; MONO, Monocytes; LYM, lymphocytes; RDWV, Red blood cell
distribution width; AlSI, aggregate index of systemic inflammation; NLR, Neutrophil/lymphocyte ratio; LMR, Lymphocyte/monocyte ratio; PLR, Platelet/lymphocyte ratio; NMR, Neutrophil/ monocyte ratio; LWR, Lymphocyte/WBC ratio;

RPR, Red blood cell distribution width /platelet ratio; SIRI, Systemic Inflammatory Response Index; Sll, Systemic immune-inflammation index.
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Selection of Candidate Features for [UA-PR Prediction Model

As shown in Supplementary Figure 1, we conducted Pearson correlation analysis on all candidate feature factors with

pregnancy and recurrence outcomes. The results showed that peripheral blood inflammatory parameters, and pregnancy
and recurrence outcomes were significantly correlated (r>0.7). In view of this, we used LASSO to screen for the optimal
Lambda coefficient and determine the candidate variables for the minimum penalty coefficient combination. As shown in
Figure 2, when the Lambda value was seven and five, the optimal threshold can be determined. As shown in
Supplementary Figure 2, six ultrasound radiomic parameters were finally used to construct the I[UA-PR prediction

model. The Rad-score formula for predicting pregnancy based on ultrasound radiomics calculations is as follows: Rad-
score=0.06*Logarithm RunLengthNonUniformityNormalized+0.87*Wavelet LLL ngtdm_ Coarseness

+0.19*Wavelet LLH glszm SmallAreaHighGrayLevelEmphsis+0.79*Wavelt HHH glszm ZonePercentage
+0.25*Wavelet HHH glecm JointAverage+0.90*Logarithm_glrlm GrayLevelNonUniformity.The Rad-score formula for
predicting  recurrence based on ultrasound radiomics calculations is as  follows:  Rad-score
=1.22*Logarithm RunLengthNonUniformityNormalized+1.01*Wavelet LLL ngtdm_ Coarseness

+1.02*Wavelt HHH_glszm ZonePercentage+1.12*Wavelet HHH glcm JointAverage.Consistent with the results, as
shown in Table 3, we also demonstrated through multivariate logistic regression analysis that peripheral blood inflam-
matory parameters and ultrasound radiomics scores were independent risk factors for predicting postoperative pregnancy
and recurrence of IUAs (P<0.05). Finally, we sorted the candidate feature variables based on Shapley value, which are
platelet/lymphocyte ratio(PLR), neutrophil/lymphocyte ratio(NLR), aggregate index of systemic inflammation(AISI),
systemic inflammatory response index(SIRI), systemic immune-inflammation index(SII),ultrasound radiomic score (Rad-
score), and postoperative menstrual status.

Construction of Predictive Model for Postoperative Pregnancy Outcomes

As shown in Table 3, through regression analysis of risk factors for pregnancy outcomes, we included candidate variables
in the nomogram and assigned quantitative scores (Figure 3). Among them, nomogram displays in detail the quantitative
scores of ultrasound radiomics, PLR, NLR, AISI, Rad-score and postoperative menstrual status, and based on the sum of
the risk factor scores mentioned above, the multiplier value of pregnancy risk can be directly calculated. At the same
time, the random forest also relied on ultrasound radiomics and peripheral blood inflammatory indicators to construct
visual prediction models, with low value AUC of 0.549 in the validation set.

Construction of Postoperative Recurrence Prediction Model

After integrating ultrasound radiomics and peripheral blood inflammatory parameters, we also conducted machine
learning algorithm analysis on the risk of postoperative recurrence of I[UAs. The nomogram included selected parameters
such as SIRI, SII, NLR, AISI, and Rad-score, as shown in Figure 4, with AUC of 0.720 in the validation sets. However,
the recurrence prediction model based on random forest has low value AUC of 0.540 in the validation set.

Evaluation of the Efficiency of IUA-PR Prediction Model

As shown in Figure 5, the calibration curve analysis of two types of machine learning prediction models showed that the
C-index of nomogram, RFM in the training set was 0.812, and 0.628, respectively, while the C-index in the validation set
also reached 0.799, and 0.613, respectively. We further confirmed this result through DCA. As shown in Supplementary
Figure 3, when setting the horizontal axis (ie probability threshold) to distinguish whether events occur, we set the risk
threshold probability ranges of 15%~76% and 75~84%, respectively. By using nomogram to predict pregnancy and
recurrence outcomes, we can infer that patients benefit clinically, which also confirms the optimal net benefit obtained by
the [IUA-PR prediction model in DCA.

Discussion
As an organic lesion of the uterine cavity, the main cause of [UAs is fibrosis of the damaged endometrium, which leads to
occlusion or partial occlusion of the uterine cavity or cervical canal.'®'” In clinical practice, patients may have no
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Figure 2 Screening of predictive variables. (A) Pearson correlation analysis between pregnancy outcomes and predictive factors. (B) Lasso regression for screening optimal
subsets of pregnancy predictors.(C) Pearson correlation analysis between recurrence outcomes and predictive factors. (D) Lasso regression for screening optimal subsets of
recurrence predictors.

obvious symptoms, or may have reduced menstrual flow, amenorrhea, periodic lower abdominal pain with cervical
adhesions, infertility, miscarriage, and even an increased risk of placental implantation, placenta previa, and postpartum
hemorrhage after surgery.'® So far, TCRA has been the main method for treating TUAs, combined with postoperative
adjuvant therapy such as intrauterine barrier therapy, treatment to promote endometrial regeneration, drugs to increase
endometrial blood flow, anti bioelectric stimulation therapy to improve blood circulation, and traditional Chinese
medicine treatment.' %> Undoubtedly, there are numerous measures to prevent [IUAs from reattaching, but due to current
treatment outcomes, the expected pregnancy and cure rates for patients are still unsatisfactory. Previous studies have
shown that for moderate to severe IUAs, the recurrence rate after comprehensive treatment is as high as 62.5%, and the
successful pregnancy rate is only 22.5% to 33.3%.2"*? In view of this, we realize that minimizing the secondary damage
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Table 3 Univariate

and Multivariate Logistic Regression Results for Pregnancy and Recurrence

Variables Pregnancy Variables Recurrence
OR (Univariable) P-value OR (Multivariable) P-value OR (Univariable) P-value OR (Multivariable) P-value

AlS| 1.01 (1.00-1.01) <0.01 0.94 (0.88-1.00) <0.05 AlSI 0.99 (0.98-1.00) <0.05 0.89 (0.79-1.01) <0.05

NLR 13.70 (5.60-33.53) <0.01 4.70 (1.48-16.08) <0.05 NLR 0.32 (0.11-0.96) <0.05 0.23 (0.13-1.34) <0.05

PLR 1.07 (1.05-1.09) <0.01 1.10 (1.01-1.20) <0.05 SIRI 1.14 (0.01-4.38) <0.05 3.53 (1.14-12.60) <0.05
NI 1.00 (0.99-1.00) <0.05 1.05 (0.62-3.10) <0.05

Rad score 0.99 (0.31-3.41) <0.01 0.98 (0.26-3.59) <0.05 Rad score 1.01 (1.00-1.01) <0.01 1.01 (1.00-1.01) <0.05

Post menstrual Post menstrual

Irregular Ref Irregular Ref

Regular 0.62 (0.22-1.46) <0.01 0.59 (0.16-0.91) <0.01 Regular 0.60 (0.25-1.45) 0.26
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Figure 3 Nomogram for predicting postoperative pregnancy. (A) Visualization of the nomogram; (B) Cross-line diagram of the prediction mo. (C) ROC curve of the
prediction model.

caused by surgery to the uterine cavity and seeking alternative high-quality therapies are crucial for improving the
pregnancy outcomes and reducing the recurrence rate of IUAs.

In this study, we focused on the high-risk factors of IUAs and explored the prognostic factors, in order to construct
a predictive model that can help patients avoid risk factors and provide individual assessment and treatment. Increasing
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Figure 4 Nomogram for predicting postoperative recurrence. (A) Visualization of the nomogram; (B) Cross-line diagram of the prediction mo. (C) ROC curve of the
prediction model.

studies demonstrate that [UA may be closely related to the inflammatory cascade that occurs after severe damage to the
endometrium.'®?*-** In theory, after local tissue damage occurs in the body, downstream inflammatory cascade reactions
are rapidly induced under the mediation of inflammatory factors. Various peripheral blood cells, represented by
neutrophils, lymphocytes, platelets, etc., gather through the vascular wall under the action of various chemokines to
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Figure 5 Robustness evaluation of the prediction models. (A) Calibration curve for pregnancy prediction in the test set; (B) Calibration curve for recurrence prediction in
the test set.

engulf pathogens, tissue fragments, and foreign objects at the site of tissue damage, while releasing multiple inflamma-
tory mediators to exert immune effects.”> >’ Consistent with previous research findings, we plotted independent
combined ROC curves for inflammatory markers. The results suggest that all of these inflammatory markers have
a certain predictive power for postoperative recurrence and pregnancy outcomes of [IUAs (AUC>0.6). Among them, SIRI
and AISI have the greatest predictive value for postoperative recurrence of IUAs. We speculate that this may be due to
their inclusion of more peripheral blood cell parameters compared to other inflammatory indicators, which can more

comprehensively reflect the immune inflammatory status of the body.
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In addition, excessive inflammatory activation of the endometrium not only leads to inflammatory and damaging
changes in the endometrium, but also alters inflammatory factors in the endometrium, thereby affecting pregnancy
outcomes.”®*° Interestingly, our study also found that SIRI and SII can be candidate parameters for predicting post-
operative pregnancy in [UAs. Previous studies have shown that the impact of damaging changes in endometritis on
fertilized egg implantation may be divided into two types: one is that the diseased endometrium receives embryo
implantation, followed by normal pregnancy or miscarriage; The second reason is that the embryo does not adhere to the
diseased endometrium, which directly leads to pregnancy failure.>*>*Collectively, our use of peripheral blood cell
indicators to predict pregnancy outcomes has reference value in terms of predictive efficacy. However, the potential
molecular mechanisms underlying the combination of other classic indicators and inflammation with IUAs, as well as
pregnancy or infertility, still require further exploration in the future.

Radiomics has opened up new horizons and provided new means for early, quantitative, and non-invasive prediction
of IUAs.In this study, we attempted to mine high-throughput quantitative information from ultrasound imaging images to
establish a predictive model for predicting postoperative prognosis of IUAs, in order to support clinical decision-making.
All radiomics features extracted from the images were selected through feature selection, and the final feature set used for
the predictive model was called the “radiomics label”. Interestingly, based on the optimal combination of ultrasound
radiomics labels and inflammatory indicators, the nomogram prediction model achieved AUC values of 0.886 and 0.720
for predicting postoperative pregnancy and recurrence of [UAs in the training set, respectively. This indicates that the
feature factors provided by ultrasound radiomics have irreplaceable predictive power.

Previous studies have shown that transvaginal three-dimensional ultrasound can accurately describe the echo
intensity, evenness, lesion, and muscle layer relationship of endometrial lesions, especially the classification of color
Doppler blood flow signals and vascular morphology of lesions.>** It has now been used for clinical evaluation of
preoperative staging of endometrial malignant tumors.***> However, using grayscale extraction values from ultrasound
radiomics to construct a co-occurrence grayscale matrix for predicting IUAs is still a pioneering approach in endometrial
lesions. We have repeatedly iterated and analyzed the predictive model, and the results are robust and confirm that the
grayscale values of ultrasound radiomics are reliable. Moreover, 3D slicer based capture is easy and convenient. In the
future, we will focus on the 3D reconstruction of IUAs uterine cavity imaging images in clinical applications, in order to
capture more imaging information from a stereoscopic perspective and apply it to clinical prediction models to improve
the effectiveness of IUA-PR prediction models.

Our research still inevitably has the following shortcomings that urgently need to be improved.Firstly, although we
have collected clinical and ultrasound imaging data from single center patients as much as possible, the population cohort
still requires a large sample for promotion and debugging. Therefore, in the future, we need to focus on prospective
multi-center large sample studies to further improve; Secondly, we retrospectively collected ultrasound radiomics data, as
well as blood routine and other indicators. There are inevitably selection biases and missing values in data quality
control, so prospective studies are still needed in the future to obtain more objective and comprehensive clinical data.
Meanwhile, we will also conduct ultrasound 3D reconstruction technology to obtain a wider range of ultrasound
radiomics data for predicting model feature factor screening; Thirdly, the data we collect is mainly clinically accessible.
For future screening of candidate feature prediction parameters, multi-omics fusion features, and high-precision algo-
rithms, significant investment is still needed, especially in Al based optimization algorithms, which are crucial for
improving the predictive performance of IUAs prognosis. Nevertheless, the IUA-PR prediction model we constructed is
still very inspiring, and further extrapolation and generalization of the prediction model are needed in the future to
continuously improve its overall performance.

Conclusion

In summary, the radiological features based on ultrasound combined with peripheral blood inflammatory parameters may
be used to accurately predict the risk of postoperative pregnancy and recurrence in patients diagnosed with IUAs.
Especially the use of generalized linear model can improve the performance of [IUA-PR prediction model. These findings
suggest that these models may reduce invasive diagnostic procedures and aid in selecting appropriate treatment
strategies, thereby improving the management of patients diagnosed with ITUAs.
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