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Editorial on the Research Topic Uterine fibroid surgery in gynecology and obstetrics and reproduction: lights and shadows


The most prevalent benign tumors in women of reproductive age are uterine fibroids. The mainstay for treating symptomatic fibroids that don't respond to less invasive or medicinal treatments is still surgery. Myomectomy, which entails surgically removing fibroids while leaving the uterus intact, is the recommended course of action for women who want to preserve their fertility. Nevertheless, it doesn't stop new fibroids from growing (1–5). Women who have severe disease or no desire for conception may benefit from a hysterectomy, the final therapy that involves removing the uterus and resolves symptoms permanently. The benefit of a hysterectomy is that there is no subsequent recurrence of fibroids, despite the risks involved with major surgery (3, 6). Minimally invasive alternatives include uterine artery embolization (UAE), which deprives fibroids of their blood supply causing shrinkage but may carry pregnancy-related risks. Other noninvasive options such as magnetic resonance-guided focused ultrasound (MRgFUS) or high-intensity focused ultrasound (HIFU) offer thermal ablation of fibroids with symptom relief and uterine preservation. These modalities exhibit low complication rates and suit patients seeking uterus-sparing treatments (1, 3, 7).

Given the prevalence of uterine fibroids and the serious complications they can cause, this research topic consists of excellent, thought-provoking studies that are primarily focused on improving the diagnosis and treatment of these conditions. This work is essential and extremely valuable to both clinical practice and scientific research.

It has long been recognized that acupuncture exerts positive effects on human health and symptoms of various diseases, including uterine fibroids. Chen et al. demonstrated that traditional acupuncture and Chinese herbal medicine are more effective than herbal therapy alone; they reduce uterine and fibroid size, relieve symptoms, improve hormone balance, and improve general quality of life (8).

Enhanced recovery after surgery (ERAS) protocols aim to reduce perioperative discomfort and accelerate recovery. A clinical trial by Mao et al. applied acupuncture as an integral component of ERAS, finding it safe and well tolerated, effectively controlling visceral, incisional, and shoulder pain, and exerting anxiolytic effects when applied preoperatively. These benefits reduced opioid requirements and adverse effects, shortened hospitalization, and lowered treatment costs (9).

The clinical appearance and fibroid features dictate the unique indications for each therapy approach. Optimizing efficacy and safety requires careful monitoring of fibroid characteristics and how they respond to treatment. Xue et al. identified predictive factors for successful HIFU ablation, noting higher ablation rates—and thus lower resistance—in larger, highly echogenic, irregularly shaped fibroids, as well as those with attenuation bands, anterior wall lesions, or subserosal locations. Conversely, fibroids with necrotic foci exhibited greater resistance to ablation.

Furthermore, tracking fibroid pathogenesis-related biomarkers both before and after surgery is essential for assessing results and recurrence risk. The protocol proposed by Aimagambetova et al. explores correlations between angiogenic factors (e.g., VEGF), fibrotic growth factors (e.g., TGF-β), and clinical parameters such as menorrhagia score and quality of life following organ-preserving uterine artery embolization (10).

Cesarean myomectomy may present certain risks, potentially deterring clinicians. However, research by Güler et al. indicates that cesarean myomectomy, performed via either transendometrial or serosal approaches, does not significantly differ in obstetric, perinatal, or surgical outcomes compared to cesarean section alone. This supports its safety and efficacy as a durable management option for fibroids at delivery.

The advent of new technologies significantly enhances fibroid diagnosis and decision-making by reducing subjectivity. Chen et al. introduced an AI algorithm based on machine and deep learning that improves MRI interpretation objectivity, procedural planning, reduces hysteroscopy duration, intraoperative blood loss, and accelerates postoperative recovery.

Five fascinating case studies that highlight uncommon and difficult clinical situations are included in this edition. There are significant risks for both the mother and the fetus in a twin pregnancy after laparoscopic adenomyomectomy, such as placenta accreta spectrum and uterine rupture. With careful patient screening, Ota et al. reported a successful dichorionic diamniotic twin pregnancy delivered by elective cesarean at 32 weeks.

Dong et al. presented a rare and severe case of a giant 27 cm fibroid causing prolapse through the cervix, deep venous thrombosis, pulmonary embolism, cardiac and renal failure, and shock. Following inferior vena cava filter placement and extensive hysterectomy, the patient fully recovered.

Bićanin-Ilić et al. described a smooth muscle tumor of uncertain malignant potential (STUMP) progressing rapidly to high-grade leiomyosarcoma with uterine rupture, hemoperitoneum, and widespread metastases, highlighting risks of malignant transformation.

Huang et al. reported a case initially diagnosed as a benign leiomyoma that was later identified as endometrial stromal sarcoma with mixed grades and a rare mutation, underscoring how malignancies may masquerade as benign lesions; metastases were found in the pelvis and inferior vena cava.

Hu et al. encountered a rare benign metastasizing leiomyoma with metastases to the anterior abdominal wall involving fascia and muscle, illustrating that histologically benign tumors can sometimes display unusual metastatic patterns.

The collection of material included in this issue shows how uterine fibroids are being managed, from non-invasive, holistic approaches to innovative therapeutics and careful oncologic evaluation. Even though there is a lot of hope due to advancements, problems including imprecise diagnosis, risky surgery, and possible malignant transformation still exist. Future studies must keep improving tailored strategies that strike a compromise between safety, efficacy, preserving fertility, and incorporating new technology.


Author contributions

RS: Methodology, Conceptualization, Project administration, Supervision, Formal analysis, Investigation, Writing – original draft, Resources. AT: Conceptualization, Writing – review & editing, Investigation. SH: Resources, Conceptualization, Writing – review & editing.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issue please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References


	1. Zhang J, Go VA, Blanck JF, Singh B. A systematic review of minimally invasive treatments for uterine fibroid-related bleeding. Reprod Sci. (2022) 29(10):2786–809. doi: 10.1007/s43032-021-00722-z


	2. Strong SM, Sideris M, Magama Z, Rouabhi S, Odejinmi F. Surgical intervention for uterine fibroids. Our 4-year experience and literature review: is it time to centralise care provision via specialist fibroid centres? In Vivo. (2020) 34(2):695–701. doi: 10.21873/invivo.11826


	3. Micić J, Macura M, Andjić M, Ivanović K, Dotlić J, Micić DD, et al. Currently available treatment modalities for uterine fibroids. Medicina (Kaunas). (2024) 60(6):868. doi: 10.3390/medicina60060868


	4. Lazaridis A, Hirsch M, Pistofidis G, Odejinmi F. Surgical management of uterine fibroids. Curr Opin Obstet Gynecol. (2023) 35(5):440–5. doi: 10.1097/GCO.0000000000000903


	5. Cianci S, Gulino FA, Palmara V, La Verde M, Ronsini C, Romeo P, et al. Exploring surgical strategies for uterine fibroid treatment: a comprehensive review of literature on open and minimally invasive approaches. Medicina (Kaunas). (2023) 60(1):64. doi: 10.3390/medicina60010064


	6. Gurusamy KS, Vaughan J, Fraser IS, Best LMJ, Richards T. Medical therapies for uterine fibroids - A systematic review and network meta-analysis of randomised controlled trials. PLoS One. (2016) 11(2):e0149631. doi: 10.1371/journal.pone.0149631


	7. Morris JM, Liang A, Fleckenstein K, Singh B, Segars J. A systematic review of minimally invasive approaches to uterine fibroid treatment for improving quality of life and fibroid-associated symptoms. Reprod Sci. (2023) 30(5):1495–505. doi: 10.1007/s43032-022-01120-9


	8. Liu T, Yu J, Kuang W, Wang X, Ye J, Qiu X, et al. Acupuncture for uterine fibroids: protocol for a systematic review of randomized controlled trials. Medicine (Baltimore). (2019) 98(8):e14631. doi: 10.1097/MD.0000000000014631


	9. Chen Y, Fu M, Huang G, Chen J. Effect of the enhanced recovery after surgery protocol on recovery after laparoscopic myomectomy: a systematic review and meta-analysis. Gland Surg. (2022) 11(5):837–46. doi: 10.21037/gs-22-168


	10. Navarro A, Bariani MV, Yang Q, Al-Hendy A. Understanding the impact of uterine fibroids on human endometrium function. Front Cell Dev Biol. (2021) 9:633180. doi: 10.3389/fcell.2021.633180








ORIGINAL RESEARCH

published: 08 December 2023

doi: 10.3389/fonc.2023.1325179

[image: image2]


Revolutionizing hysteroscopy outcomes: AI-powered uterine myoma diagnosis algorithm shortens operation time and reduces blood loss


Minghuang Chen 1†, Weiya Kong 1†, Bin Li 2, Zongmei Tian 3, Cong Yin 1, Meng Zhang 4, Haixia Pan 4* and Wenpei Bai 1*


1 Department of Obstetrics and Gynecology, Beijing Shijitan Hospital, Capital Medical University, Beijing, China, 2 Department of Magnetic Resonance Imaging (MRI), Beijing Shijitan Hospital, Capital Medical University, Beijing, China, 3 Information Center, Beijing Shijitan Hospital, Capital Medical University, Beijing, China, 4 College of Software, Beihang University, Beijing, China




Edited by: 

Andrea Tinelli, Veris delli Ponti Hospital, Italy

Reviewed by: 

Michael Stark, New European Surgical Academy (NESA), Germany

Moamar Al-Jefout, United Arab Emirates University, United Arab Emirates

*Correspondence: 

Wenpei Bai
 baiwp@bjsjth.cn 

Haixia Pan
 haixiapan@buaa.edu.cn


†These authors have contributed equally to this work and share first authorship



Received: 20 October 2023

Accepted: 24 November 2023

Published: 08 December 2023

Citation:
Chen M, Kong W, Li B, Tian Z, Yin C, Zhang M, Pan H and Bai W (2023) Revolutionizing hysteroscopy outcomes: AI-powered uterine myoma diagnosis algorithm shortens operation time and reduces blood loss. Front. Oncol. 13:1325179. doi: 10.3389/fonc.2023.1325179






Background

The application of artificial intelligence (AI) powered algorithm in clinical decision-making is globally popular among clinicians and medical scientists. In this research endeavor, we harnessed the capabilities of AI to enhance the precision of hysteroscopic myomectomy procedures.





Methods

Our multidisciplinary team developed a comprehensive suite of algorithms, rooted in deep learning technology, addressing myomas segmentation tasks. We assembled a cohort comprising 56 patients diagnosed with submucosal myomas, each of whom underwent magnetic resonance imaging (MRI) examinations. Subsequently, half of the participants were randomly designated to undergo AI-augmented procedures. Our AI system exhibited remarkable proficiency in elucidating the precise spatial localization of submucosal myomas.





Results

The results of our study showcased a statistically significant reduction in both operative duration (41.32 ± 17.83 minutes vs. 32.11 ± 11.86 minutes, p=0.03) and intraoperative blood loss (10.00 (6.25-15.00) ml vs. 10.00 (5.00-15.00) ml, p=0.04) in procedures assisted by AI.





Conclusion

This work stands as a pioneering achievement, marking the inaugural deployment of an AI-powered diagnostic model in the domain of hysteroscopic surgery. Consequently, our findings substantiate the potential of AI-driven interventions within the field of gynecological surgery.





Keywords: artificial intelligence (AI), submucosal myomas, instance segmentation, hysteroscopic myomectomy, magnetic resonance imaging (MRI)




1 Introduction

Uterine fibroids, also known as myomas, are the most common benign tumors affecting the female reproductive system. They are most prevalent among patients aged 30-50 years (1). By the age of 50, the cumulative incidence of myomas in women can reach up to 70%—80%. Among all myomas, submucosal myomas account for approximately 5.5%-10% (2). Submucosal myomas often lead to abnormal uterine bleeding, infertility, recurrent pregnancy loss, and pelvic pain (3).

Submucosal myomas were divided into three subtypes. In 1993, Wamsteker et al. introduced a classification system for submucosal myomas based on the degree of intramural extension during hysteroscopic myomectomy (4). According to this system, submucosal myomas are categorized as type 0, 1, or 2. This classification system was adopted by the European Society of Hysteroscopy and served as the basis for the myoma subclassification system established by the International Federation of Gynecology and Obstetrics (FIGO) (5). Hysteroscopic myomectomy is considered the optimal method for type 0 myomectomy, and the slicing technique is now widely accepted as the standard approach (6). However, the International Society for Gynecologic Endoscopy (ISGE) suggests intrauterine morcellation (IUM) as an alternative option due to its advantages in terms of learning curve and operative time (7, 8).

However, the FIGO subclassification system also has clinical limitations. Uterine myomas will usually distort uterine structure. It will increase the difficulty to distinguish the extent of myometrial invasion, reducing the accuracy of FIGO system (9). Magnetic resonance imaging (MRI) has become an essential imaging modality for assessing myomas. In the clinical management of myomas, MRI T2-weighted images, particularly sagittal images, are commonly utilized. MRI has demonstrated significant advantages in terms of accurately determining the number, size, and location of uterine myomas (10). Conventional MRI can clearly differentiate from uterine myomas, myometrium, and endometrial layers. Myomas exhibit low signal intensity in T2-weighted images, allowing for a clear demarcation of their boundaries from the surrounding myometrium. Study by Wilde, S. and S. Scott-Barrett has indicated that MRI exhibits higher sensitivity in detecting small submucosal myomas measuring less than 5 mm (11). And MRI images were obtained in a more objective way, not dependent on the operator’s experience.

Traditional imaging diagnosis heavily relies on the expertise and experience of physicians. However, artificial intelligence (AI), based on machine learning and deep learning techniques, offers significant advantages in terms of image feature extraction, repeatability, and objectivity, thus aiding in decision-making process (12).

The approaches powered by AI can enhance the efficiency and reliability of diagnoses, ultimately benefiting patient care and outcomes. AI has demonstrated promising results in the diagnosis of breast cancer (13), prostate cancer (14), and brain glioma (15) using MRI. However, its application in the diagnosis of gynecological tumors is still in its early stage. Robin Wang et al. conducted a study that they utilized AI and MRI data to differentiate between benign and malignant ovarian tumors (16). They developed a deep learning model that outperformed primary radiologists in terms of accuracy and specificity. Moreover, the AI model enhanced the specificity of diagnosis for both junior and senior radiologists. Tang et al. proposed a new segmentation network using deep learning based on T2-weighted sagittal MRI data, exhibiting high sensitivity and specificity in the diagnosis of uterine diseases (17). They modified a convolutional neural network to achieve automatic segmentation of uterine MRI images based on T2-weighted signatures, covering uterine endometrial cancer, uterine cervical cancer, and uterine myomas. This approach demonstrated the feasibility of diagnosing uterine myomas through a deep learning approach (17, 18). But the existing studies mostly focused on the semantic segmentation, limiting the identification among the myomas, uterine wall and uterine cavity.

Our team has successfully constructed a large-scale uterine myoma MRI dataset that covers all FIGO types. This dataset comprises a substantial number of T2-weighted sagittal images of myomas, along with corresponding annotation files. Additionally, we have developed an instance MRI segmentation model based on deep learning, which significantly contributes to myoma classification and facilitates surgical decision-making through precise instance segmentation of myomas, uterine wall, and cavity (19).

This research represents the first endeavor to introduce AI technology into the realm of operative decision-making for submucosal myomas. By utilizing AI model based on MRI, surgeons could be better prepared. Consequently, patients can benefit from various advantages, such as less bleeding and shorter operation duration, highlighting the potential of AI applications in hysteroscopic myomectomy.




2 Methods



2.1 Participants and study design

Participants in this study were enrolled from January 2022 to January 2023 at Beijing Shijitan Hospital. 56 patients were included with age ranging form 39 to 46 years old and in size 2.43± 0.77 cm. This study was conducted in accordance with the World Medical Association’s Declaration of Helsinki. And it was approved by the scientific research ethics committee of Beijing Shijitan Hospital, Capital Medical University (code: sjtkyll-lx-2022 (1)). This study would not violate the rights and interests of patients. The ethics committee clearly stated that specific consent procedures were not required for this study.

Participants met the followed inclusion criteria: 1) with symptoms such as abnormal uterine bleeding, infertility, and recurrent pregnancy loss; 2) diagnosed with submucosal myomas by magnetic resonance imaging (MRI); 3) The postoperative pathology was submucosal myoma. The exclusion criteria were as follows: 1) with severe comorbidities; 2) acute stage of pelvic inflammation and vaginal inflammation, or body temperature >37.5°C; 3) uterine active massive bleeding, severe anemia; 4) normal pregnancy status; 5) history of uterine perforation within 3 months; 6) invasive cervical cancer; 7) genital tuberculosis without anti-tuberculosis treatment; 8) with MRI contraindications, such as febrile convulsions, active foreign bodies in the eyes, cardiac pacemakers, metal intrauterine devices, metal joints and metal dentures; 9) postoperative pathology excluded uterine myomas.

All eligible subjects underwent MRI examination. All eligible subjects were equally divided into 2 groups with the method of random number table. Half of them were divided into group MRI-AI, and the other half were divided into group MR. Bipolar electrosurgical system was employed and intrauterine pressure was set at 100 mmHg during hysteroscopic myomectomy in this study. The surgical procedure in both groups was performed by the same surgeon with abundant experience.




2.2 MRI image acquisition

MRI examination in this study was completed in the PHILIPS INGENIA magnetic resonance imaging system with 3.0T ultra-high field. The MRI scan parameters were as follows: repetition time 4200ms, echo time 130ms, voxel 0.8x0.8x4.0cm3, field of view 24x24cm, reverse angle 90°. MRI provided multiple images from the sagittal, coronal and axial scans and from various sequences including T1W, T2W, mDIXON and DWI. The image resolution was larger than 512x512 pixel. T2W sagittal images were finally collected for the followed image processing.




2.3 MRI image instance segmentation

MRI image was processed based on the instance segmentation model which has been published by our team (19).

MRI images are characterized by the presence of offset fields, low contrast and blurred uterine tissue boundaries, which increasing difficulty in AI automatic segmentation. In order to solve this problem, adaptive histogram equalization was used to adjust the contrast between uterine tissues, especially for uterine myomas and uterine wall with slightly similar signal intensity. The N4ITK method was used to correct the offset field problem, and the Z-Score method was used to normalize the MRI images to the same range.

A specialized network architecture was designed for image processing. Firstly, HRNetv2p was used for high-resolution feature extraction and multi-scale feature fusion operations in the backbone section, so that small scale targets in the uterine region can also be extracted effectively. And DCN was used to address the issue of diverse organ shapes, to extract true feature information from different shapes, and to reduce the loss of shape information. CBAM modules were used to assist in feature extraction, filter out irrelevant and interfering feature information, and enhance the feature expression ability of the AI model. An anchor-based approach was used to assist in target localization.

The size of the myoma, uterine wall and uterine cavity within the uterine region varies considerably so that conventional size settings are no longer suitable. Our previous work conducted distribution statistics on the length, width, and aspect ratio of the target minimum peripheral bounding box on our dataset, providing reference for MR image processing. K-Means clustering method was used to calculate the number of clusters in the target bounding box and output the box size. Simultaneously, it is applied to different feature layers for better detection of small-scale targets in the shallow layer and large-scale targets in the deep layer. Finally, the PointRend module was introduced in the segmentation task to continuously optimize the segmentation edges between adjacent targets using an iterative segmentation strategy. This algorithm reduced jaggies and rough edges, resulting in smoother and more detailed edges for various objects within the uterine region. Since the model contains multiple subtasks, the loss function also consists of multiple parts. The classification loss function tested the accuracy of target classification by using cross entropy loss. The bounding box loss function detected the accuracy of target localization by using smooth L1. The segmentation loss function consists of two parts, CoarseMaskHead and MaskPointRend, which are mainly calculated by binary cross-entropy loss.




2.4 Measurement methods

The clinical data, including age, weight, height, pregnancy times, abortion times, clinical symptoms, preoperative hemoglobin value, operation time, bleeding, and fluid deficit, were analyzed in this study. The size, type and position of submucosal myomas were measured using MRI and AI models we built. And the final hysteroscopic myomectomy was the gold standard according to the FIGO system. A graduated plastic bag was placed under the participant to collect the effluent fluid during operation, contributing to get the fluid deficit. Cervical dilatation time was not included in the operation time.




2.5 Statistical analysis

Statistical analysis was realized using the SPSS software (version 29.0, SPSS Inc., Chicago, IL, USA). Quantitative data that conform to normal distribution were expressed as mean ± standard deviation (SD). Comparisons between the data were performed with t test. Quantitative data that do not fit a normal distribution are expressed as percentiles. Comparisons between the data were performed with Mann-Whitney U test. Qualitative data were expressed as number and percentage. And chi-square test was performed to analyze the difference of the two groups. Probability values of p<0.05 were considered significant.





3 Results



3.1 General clinical characteristics

The clinical characteristics were similar in both groups MRI and MRI-AI. No significant differences in terms of age, height, weight, BMI, time of pregnance, and the level of hormone (p>0.05, Table 1) were found. The symptoms, such as abnormal menstruation and anaemia, caused by myoma were also similar in the two groups(p>0.05). Besides, there are no significant differences in the size (2.44 ± 0.64cm vs. 2.43 ± 0.90cm, p=0.99) and type ((type 0:10[35.71%] vs. 8[28.57%], p=0.39; type 1: 13[46.43%] vs. 14[50.00%], p=0.50; type 2: 5[17.86%] vs.6[21.43%], p=0.50) of each myoma between group MRI and group MRI-AI.

Table 1 | General clinical characteristics.


[image: A table compares medical data across three groups: Total (56 patients), MRI (28 patients), and MRI-AI (28 patients). It includes metrics like age, height, weight, BMI, pregnancy history, medical conditions, and hormone levels. Associated p-values indicate statistical comparisons.]



3.2 MRI image instance segmentation

Figure 1 showed the results of the instance segmentation of AI model. MRI images of submucosal myomas, including type 0, type 1 and type 2, were segmented by AI model. Inference masks were covered on the original MRI images, representing myomas, uterine cavity and uterine wall. The left side represents original MRI image, and the middle side represents the inference masks generated by our AI model. And the right side represents the intraoperative view. The inference masks clearly showed the position of myomas, uterine cavity and uterine wall in relation to each other. And it was verified by the intraoperative view. A, B and C showed that the myoma is attached to the lower part of the uterine cavity by a stalk(green narrow), representing the type 0 myoma. D, E and F showed that the intrauterine penetration of myoma exceeded 1/2, which represented it is type 1 myoma. G, H and I showed the bigger myoma is <50% submucosal and≥50% intramural, representing the type 2 myoma.

[image: MRI images and surgical views of three types of conditions. Type 0 (A and B) shows a circular highlighted area in red and yellow in the MRI, with a surgical image (C) indicating the operation site. Type 1 (D and E) displays similar highlights with its surgical view (F). Type 2 (G and H) shows MRI highlights with the corresponding surgical viewpoint (I).]
Figure 1 | Visualization of the instance segmentation of our AI model. The left side represents original MRI image, and the right side represents the inference masks generated by our AI model. In the masks of model inference, yellow represents myomas, red represents the uterine wall, green represents the uterine cavity. (A, B) and (C) represents type 0 myoma. (D, E) and (F) represents type 1 myoma. (G, H) and (I) represents type 2 myoma.




3.3 Myoma type matching and perioperative data

Table 2 showed the myoma type consistency and perioperative data in group MRI and group MRI-AI. The type consistency rate in group MRI-AI was higher than that in group MRI, but not statistically significant (24[85.71] vs. 26[92.86], p=0.34). Although no significant differences in terms of fluid in, fluid out and fluid deficit were found(p>0.05), the difference in operation time (41.32 ± 17.83min vs. 32.11 ± 11.86min, p=0.03) and bleeding (10.00(6.25-15.00) ml vs. 10.00(5.00-15.00) ml, p=0.04) was reported to be statistically significant.

Table 2 | Type matching and Perioperative data.


[image: Table comparing parameters across Total, MRI, and MRI-AI groups. It includes type consistency, operation time, and fluid measurements. P-values indicate statistical significance, particularly in operation time and bleeding, with values of 0.03 and 0.04 respectively.]




4 Discussion

The application of AI powered algorithm in clinical decision-making is globally popular among clinicians and medical scientists (20). Artificial intelligence, especially machine learning, reinforcing repetition learning and deep learning, are particularly well-suited to deal with challenges in healthcare industry. Decision trees are common tools used by clinicians, which aim to make accurate decision in daily practice (21). Convolution neural networks, role as a deep learning model, aim to decipher various clinic images to help make diagnosis (22). Some machine learning models that can risk-stratify patients in preparation for surgery will help clinicians identify high-risk factors and optimize the healthcare progress (23, 24). There are still many challenges. The adoption of AI has the potential of making unsound decision and inadvertent bias, which means the training curricula renewal and the update of knowledge are necessary (25). Moreover, the black-box process which most AI models present make it hard for clinicians to trust and explain to the patients, which restrict their application in healthcare practice. In this article, to make it more acceptable in practice, we explain our AI algorithm in detail rather than simply give out the figure and data. We are willing to construct an accurate, locally calibrated and clinically accessible AI powered algorithm to risk-stratify patients with submucosal uterine myoma and to optimize patients’ care process.

Uterine myomas, occurring in 70% of women in their reproductive years, are the most common benign, solid, pelvic tumors in women. The minimally invasive operations choice for uterine myomas includes laparoscopy and hysteroscopy, which is the common indication for the submucosal myomas. A meta-analysis showed that, compared with infertile women without submucosal myomas, those who are infertile women with submucosal myomas showed significantly lower pregnancy and delivery rates (26). Consequently, the resection of submucosal myomas led to a significant increase in the pregnancy rate. Research also indicates that the operation effectively decrease the patients’ blood loss (27). Submucosal myomas, which grouped as type0,1 and 2, are almost removable only with hysteroscopy, which means the preoperative recognition and classification of myoma is meaningful and decisive in clinical practice.

In a retrospective cohort study designed by Mayo Clinic, preoperative MRI FIGO myoma staging read by experts is not completely consistent with surgical description, the variation of which is clinically significant. The author concluded that additional validation of FIGO staging is needed, however, in the other way, it means that even experts’ ability to map the lesion is not always stable and liable (9).

However, only preoperative myoma mapping is not enough. The image character also make difference. In a prospective study, according to the signal intensity of T2-weighted MR images, myomas are classified into 3 types: low intensity; intermediate intensity; high intensity, which kinds of classification method is totally different from the method we mentioned before which is classified by the positional relationship between uterine myoma and myometrium (28). In conclusion, the researchers assumed that the myomas with the high intensity in T2-weighted MR images should be exempted from a kind of specific myoma surgery, the magnetic resonance-guided focused ultrasound surgery, because the postoperative outcome is unfavorable. It hints us that not only the positional relationship between uterine myoma and myometrium is meaningful, the MR signal intensity also makes the difference, which our AI algorithm will take into account.

The time of operation influence the preoperative recovery, as well as the loss of blood. Our data firmly proved that the AI algorithm group experienced shorter operation time and less loss of blood. The concept of prehabilitation or enhanced recovery after surgery (ERAS) is frequently mentioned and quoted by the clinicians, which aim to speed up the progress of postoperative recovery. The AI algorithm can also help to make the patients who experienced hysteroscopy recover faster, because its application shortens the operation time. In a prospective randomized controlled trail, researchers reported that intracervical vasopressin injection during hysteroscopy reduces intraoperative bleeding (29). In another RCT study, oxytocin drip during hysteroscopy showed the similar effect. However, hypotension, arrhythmia, hyponatremia, might occur after administration of oxytocin and vasopressin, which seriously restrict the medication administration. The AI algorithm help to showed the same result but not lead to any side effect.

In addition to fluid overload and hyponatremia, hysteroscopy is associated with several other immediate complications, including uterine perforation, air embolism, transient blood oxygen desaturation, hypercapnia, and coagulopathy (29–31). However, it is noteworthy that none of these complications were observed among the participants in our study. The absence of these complications could be attributed, in part, to the relatively modest sample size of our study.

Our prior research introduced a deep learning-based instance segmentation model capable of automatically generating output encompassing the class, location, and masks related to the uterine wall, uterine cavity, and uterine myomas (19). Although MRI has been proved to be a useful technique to diagnose uterine myoma and enable clinicians to select appropriate management (32, 33), there are few similar studies with limited transformation and application. In 2017, Korean researchers proposed a 3D reconstruction method with uterine MRI templates enables 3D visualization of myomas (34). This article exclusively focuses on the methodology aspect, without delving into real-world applications or providing a comparison with operative foundations. As a result, its practical applicability might be viewed with skepticism. Furthermore, three dimensional printed uterine model from MRI was constructed to guide the operation and choose the uterine incision in a pregnancy woman, at the same time with caesarean section (35), which is just a case report with restricted clinical evidence. The author asserts that the expense and complexity associated with producing the three-dimensional model were comparatively modest. This emphasizes the attainability of employing 3D models within the realm of myoma operations. In another research, a 3D MRI model was drawn preoperatively and taken into application in clinical practice (36). The deduction that the present study surpasses conventional 2-dimensional MRI in accurately identifying the locations of uterine myomas and endometrium was based on a web-based survey distributed to gynecologists. However, this conclusion lacks precise data on factors such as blood loss or operation time. Based on our current accomplishment, our future research endeavors will extend beyond refining the methodology of 3D reconstruction. In addition to methodological advancements, we aim to harness the visual representations derived from MRI images of uterine myomas for widespread clinical applications. We intend to explore advanced algorithms, machine learning techniques, or innovative image processing methodologies that could further elevate the quality of our 3D models.

Our goal is to bridge the gap between research and practical clinical applications. To achieve this, we plan to collaborate with healthcare institutions and practitioners to implement our 3D uterine myoma models in various clinical scenarios.

This integration will encompass a wide range of applications, including but not limited to:

Preoperative Planning: We aim to provide surgeons with comprehensive 3D models that assist in surgical planning and decision-making. This includes the precise localization of myomas, estimation of surgical complexities, and selection of optimal incision sites.

Intraoperative Guidance: We will explore the real-time use of 3D models during surgeries, particularly in scenarios such as cesarean sections and myomectomy procedures, to aid surgeons in navigating complex anatomical structures.

Patient Education: We intend to develop educational tools that utilize 3D models to communicate with patients, helping them understand their condition and the proposed surgical interventions.

In summary, our forthcoming research endeavors will encompass a multifaceted approach, encompassing methodological enhancements, clinical integration, and rigorous validation. We aspire to translate our current achievements into tangible benefits for both patients and healthcare providers in the realm of uterine myoma diagnosis and treatment.




5 Conclusion

This study, applying an AI-powered uterine myoma diagnosis algorithm created by our team based on MRI, revealed a promising prospect on improving the efficiency of hysteroscopic myomectomy. The further stage needs more patients to refine the diagnosis algorithm and realize the achievements in clinical widely application.
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Objective

Endometrial stromal tumors are rare and complex mesenchymal tumors that often present with clinical symptoms similar to uterine leiomyomas. Due to their atypical nature, they are prone to be misdiagnosed or overlooked by healthcare professionals. This study presents a case report of an incidentally discovered endometrial stromal sarcoma with venous metastasis, which was initially misdiagnosed as a uterine leiomyoma. In addition, this study reviews previously documented cases of similar tumors.





Case report

During a routine medical examination in 2016, a 50-year-old woman was diagnosed with uterine fibroids. In June 2020, she began experiencing moderate, irregular vaginal bleeding. Nevertheless, a histopathological examination indicated an endometrial stromal sarcoma with a striking amalgamation of both low-grade and high-grade features. Molecular analysis identified a rare MED12 gene mutation. The patient underwent total hysterectomy, bilateral salpingectomy, and resection of the metastatic lesions. Postoperative management included radiotherapy, chemotherapy, and hormone therapy. After completion of chemotherapy, the patient was followed up for 27 months with no evidence of tumor recurrence.





Conclusion

This case report highlights the importance of pathological, immunohistochemical, and molecular aspects of this rare tumor involving the inferior vena cava and showing the presence of atypical gene mutations. The successful treatment outcome further emphasizes the importance of advances in diagnostic modalities for managing rare tumors like this.





Keywords: high-grade endometrial stromal sarcoma (HG-ESS), MED12, venous metastasis, unexpected uterine sarcoma, low-grade endometrial stromal sarcoma (LGESS)




1 Introduction

Endometrial stromal and associated neoplasms are a rare and complex group of mesenchymal tumors that develop within the uterus. Endometrial stromal sarcoma (ESS) is an aggressive tumor arising from endometrial stromal cells, representing about 1% of uterine malignancies and <10% of uterine stromal tumors (1). Most patients with uterine sarcoma have no specific symptoms, with approximately 25% of the patients being asymptomatic or presenting with symptoms similar to uterine fibroids (2). In some cases, uterine sarcoma is found during intraoperative frozen section examination or postoperative pathological diagnosis after myomectomy or total hysterectomy, which is known as “unexpected uterine sarcoma” in some academic circles (3). In the most recent classification by the World Health Organization (WHO, 2020), endometrial stromal and associated tumors have been classified into four distinct groups: endometrial stromal nodule (NST), low-grade endometrial stromal sarcoma (LGESS), high-grade endometrial stromal sarcoma (HGESS), and undifferentiated uterine sarcoma (UUS) (4). This classification is based on gross morphological characteristics, histological observations, immunophenotype, and the expression of genetic abnormalities associated with the tumor.

The patient was diagnosed with uterine fibroids during a routine medical examination in December 2016. Because of the absence of any discomfort or irregular vaginal bleeding, the patient did not maintain regular follow-ups or seek further medical consultation. In June 2020, the patient attributed the irregular vaginal bleeding to menopausal manifestations and opted to forego medical attention. In December 2020, the patient finally sought care at our institution, where she underwent a diagnostic hysteroscopy. The postoperative diagnosis was LGESS which was an incidental finding of uterine sarcoma. The National Comprehensive Cancer Network (NCCN) guidelines (5) recommend advancing imaging modalities to gain a more thorough understanding of the lesion and its anatomical relationship with surrounding pelvic and abdominal organs. This helps to assess the lymph node involvement and the presence of suspicious extrauterine metastases. In this case, unsuccessful removal of the intrauterine device because of the adhesions contraindicates the use of magnetic resonance imaging (MRI) for the investigation. Therefore, we adopted a combination of plain and contrast-enhanced computed tomography (CT) scans as an alternative. An abdominal CT scan of the woman showed adenomyosis involving both adnexa, multiple leiomyomas with partial cystic changes, and significant dilatation of the bilateral uterine arteries and veins. Furthermore, dilation was noticeable in the inferior vena cava, left iliac vein, and pelvic veins, indicating the possibility of venous leiomyoma. Two weeks following the hysteroscopic biopsy, she underwent major abdominal surgery including total hysterectomy, bilateral salpingectomy, and resection of tumor from the inferior vena cava, the left common iliac vein, and the left internal iliac vein. The conclusive pathological diagnosis revealed the presence of an HGESS with intravascular metastases.

The patient was diagnosed with uterine fibroids during a routine medical examination in December 2016. Despite the absence of any discomfort or irregular vaginal bleeding, the patient did not maintain regular follow-ups or seek further medical consultation. It was not until June 2020 when irregular vaginal bleeding occurred that the patient attributed this symptom to menopausal manifestations and opted to forego medical attention. Only in December 2020 did the patient finally seek care at our institution, where she underwent a diagnostic hysteroscopy. The postoperative diagnosis was low-grade endometrial stromal sarcoma (LGESS), which was an incidental finding of uterine sarcoma. The National Comprehensive Cancer Network (NCCN) guidelines (5) recommend enhancing imaging examinations to gain a more thorough understanding of the lesion and its anatomical relationship with surrounding pelvic and abdominal organs. This helps to assess lymph node involvement and the presence of suspicious extrauterine metastases. In this case, due to the unsuccessful removal of the intrauterine device caused by adhesions, magnetic resonance imaging (MRI) is contraindicated. Therefore, we have chosen a combination of plain and contrast-enhanced computed tomography (CT) scans as an alternative. Abdominal CT scan of the woman showed adenomyosis involving both adnexa, multiple leiomyomas with partial cystic changes and significant dilatation of bilateral uterine arteries and veins. Furthermore, dilation was noticeable in the inferior vena cava, left iliac vein and pelvic veins, indicating the possibility of venous leiomyoma. Two weeks following the hysteroscopic biopsy, she underwent major abdominal surgery including total hysterectomy, bilateral salpingectomy, resection of tumor from the inferior vena cava, resection of tumor from the left common iliac vein and resection of tumor from the left internal iliac vein. The conclusive pathological diagnosis revealed the presence of a high-grade endometrial stromal sarcoma (HGESS) with intravascular metastases.




2 Methods and results



2.1 Case presentation

The patient, a 50-year-old female, was diagnosed with uterine fibroids during a routine medical examination in 2016. In June 2020, she experienced moderate-intensity irregular vaginal bleeding, occasionally accompanied by dark red blood clots. In December 2020, the patient came to our hospital for consultation and underwent a gynecological ultrasound examination. The ultrasound revealed an anteverted uterus measuring approximately 10.5×8.3×9.0 cm. Multiple hypoechoic lesions were found within the myometrium. The largest fibroid, approximately 2.6×1.4 cm in size, was found in the anterior wall. Additionally, a 7.3×5.5×7.0 cm solid cystic echo was observed in the anterior wall muscle. These findings suggest the presence of multiple uterine fibroids and possible changes in the endometrium. Moreover, it was noted that the intrauterine contraceptive device had descended. During the gynecological examination, a significant amount of dark red blood clot tissue was found in the vagina of the patient, accompanied by a foul-smelling discharge. The cervix was difficult to expose, and the uterus appeared to be the size of a 4-month-old pregnancy. It had a firm consistency, irregular shape, and was mobile. No tenderness was observed upon palpation, and no abnormalities were detected in the bilateral adnexa. The patient denied any family history of similar diseases. The findings of auxiliary examinations revealed the levels of tumor markers as follows: carbohydrate antigen 125 (CA125) 22.48 U/mL (normal range: 0-35 U/mL), carbohydrate antigen 19-9 (CA19-9) <0.600 U/mL (normal range: 0-27 U/mL), and human epididymis protein 4 (HE4) 73.69 pmol/L (normal range: 0-140 pmol/L). Owing to the enlarged uterus and poor exposure of the cervix, diagnostic dilation and curettage was difficult to perform, severely reducing the accuracy of the biopsy. Therefore, on December 21, 2020, an intrauterine mass biopsy was performed on the patient after a comprehensive evaluation. The postoperative pathological examination revealed a “spindle cell tumor of the uterine cavity,” with immunohistochemistry indicating a tendency toward an LGESS. To further assess the interplay between the lesion and adjacent tissues, the patient underwent chest and abdominal CT scans. The abdominal CT revealed adenomyosis along with multiple leiomyomas, some of which exhibited partial cystic degeneration. There was substantial thickening of the bilateral vasculature, including the arterial and venous systems. In addition, there were lesions within the uterine cavity (Figure 1A), and there was evident dilation of the inferior vena cava, left iliac vein, and pelvic veins, indicative of venous leiomyoma (Figure 1C). The chest CT did not reveal any major abnormalities. The preoperative diagnosis revealed “LGESS” and “Intravascular tumor”. After a comprehensive evaluation of the patient’s condition, on January 4, 2021, she underwent a “complete abdominal hysterectomy with bilateral salpingo-oophorectomy and tumor resection from the inferior vena cava, left common iliac vein, and left internal iliac vein.” The diagnosis of “HGESS with intravascular metastases” was established based on the postoperative pathology findings.

[image: Composite image showing abdominal X-rays and CT scans. The X-rays display the front view of the abdomen. CT scans labeled A and B show cross-sectional views with small circular highlights marking areas of interest. Scans C and D also show cross-sections, with C featuring a large highlighted area and D showing a typical anatomical section. The highlighted areas could indicate abnormal findings for medical examination.]
Figure 1 | Abdominal CT scan. (A) Preoperative image of the inferior vena cava: The inferior vena cava was observed to be dilated, suggestive of smooth muscle leiomyoma. (B) Follow-up image of the inferior vena cava: Following the completion of chemotherapy after 27 months, no abnormalities were detected. (C) Preoperative image of the uterus: Multiple smooth muscle leiomyomas are present in the uterus and bilateral adnexa, with partial cystic degeneration. (D) Follow-up pelvic examination: 27 months after chemotherapy, changes indicative of postoperative alterations in the uterus were observed.




2.2 Gross examination

In surgery, tumor emboli were palpable within the left common iliac vein and inferior vena cava, with margins extending approximately 2 cm above the renal veins. Grayish-white tumor tissue measuring 5 x 3.5 x 1 cm was successfully extracted from within the blood vessels (Figure 2A). Upon dissection of the enlarged uterus and adnexa (Figure 2B), the following findings were observed: the uterine volume measured 14.5 x 10 x 7 cm, the cervical length was 8.5 cm, the external cervical uterine diameter was 5 cm, and the internal cervical uterine diameter was 2.5 cm. The uterine wall anteriorly showed hypertrophy, measuring approximately 3 cm in thickness. The uterine cavity contained an elevated mass, which appeared grayish-white in cross-section and measured 8 x 4 x 4 cm. Additionally, multiple grayish-white nodules, ranging in diameter from 0.5 to 1.5 cm, were observed within the uterine wall. No significant abnormalities were identified in the bilateral adnexa.

[image: Surgical image showing two panels labeled A and B. Panel A displays a removed anatomical specimen, alongside surgical scissors on a green drape. Panel B shows a more dissected view of a similar specimen, featuring a scalpel placed below. Both images suggest a clinical or anatomical context.]
Figure 2 | Gross examination. (A) Intravascular tumor tissue: a mass of grayish-white tissue measuring 5 × 3.5 × 1 cm in volume. (B) Uterus and bilateral adnexal tissue: The uterus has a volume of 14.5 × 10 × 7 cm, with a cervical length of 8.5 cm. The external cervical orifice is 5 cm in diameter and the internal cervical orifice is 2.5 cm in diameter. The anterior uterine wall is approximately 3 cm thick. A protruding mass with a total volume of 8 × 4 × 4 cm is present within the uterine cavity. The dimensions of the left ovary are 4 × 3 × 1.5 cm, and the fallopian tube has a length of 5 cm and a maximum diameter of 1 cm. The right ovary measures 3.5 × 2.5 × 1 cm, and the fallopian tube has a length of 6.5 cm and a maximum diameter of 0.8 cm.




2.3 Microscopic examination of tumor cells

An Olympus (CX43) optical microscope was used for observation. Localization of the intracavitary mass showed distinct borders (Figure 3A X40). In certain areas, the cells were densely packed and showed active growth. The tumor tissue invaded the deep muscular layer of the uterine wall, reaching the serosal surface, and extended into the cervical canal. In addition, tumor tissue was present at the cut end of the cervix with evidence of neural invasion and intravascular tumor thrombi. Cancer cells are abundant but irregular in size and shape, with most of them appearing ovoid (Figure 3B X200). The cytoplasm is either sparse or vacuolated and the nuclei are enlarged with an increased nuclear to cytoplasmic ratio. Moderate-to-severe anisokaryosis was observed with visible nuclear division (8/10 high-power fields) (Figure 3C X400). Within the mass, small arteries, thin-walled vessels, and numerous thick-walled vessels were observed. In addition, within the vasculature, the tumor was wrapped around the small arteries in a vortex-like pattern (Figure 3D X200). The results indicate conformity with HGESS (Figure 3E X400).

[image: Five-panel series of microscope images labeled A to E. Panel A shows a large section with a layered structure. Panels B to E display increasingly detailed views of a tissue sample, highlighting varying densities of cells and connective fibers, with the magnification progressively increasing from B to E.]
Figure 3 | Under the microscope: (A) Localization of the intracavitary mass revealed distinct borders (X40). (B) Most of the cells appeared ovoid (X200). (C) Visible nuclear division with moderate-to-severe anisokaryosis (X400). (D) Tumor wrapped around small arteries in a whirlpool-like pattern (X200). (E) Consistent with high-grade endometrial stromal sarcoma (X400).




2.4 Immunohistochemistry

On December 21, 2020, the results of the biopsy of tumor tissue demonstrated partial positivity for CD10 and a Ki-67 proliferation index of 20-30%. They further exhibit positivity for Wilms Tumor 1 (WT-1) and smooth muscle actin (SMA), but negativity for h-Caldesmon staining.

On January 4, 2021, the tumor cells located within the uterine cavity displayed positive CD10 immunohistochemical staining results (Figure 4A X400), with an approximate 40% positive rate of Ki-67 (Figure 4B X400). In addition, the cells demonstrated positive SMA (Figure 4C X400), negative h-Caldesmon (Figure 4D X400), positive estrogen receptor (ER) (Figure 4E X400), and weakly positive progesterone receptor (PR) (Figure 4F X400) and cyclin D1 (Figure 4G X400). The WT-1 and Vimentin markers were positive whereas EMA and HMB45 were negative.

[image: Seven circular microscope images labeled A to G, showing various tissue samples. A has dense brown staining, B has sparse staining, C has several dark brown spots, D and E show uniform light brown distribution, F appears to have elongated structures, and G displays a pattern similar to D and E but with slightly darker areas.]
Figure 4 | Immunohistochemical staining results (X400): (A) Immunohistochemical staining revealed CD10 positivity. (B) Ki-67 demonstrated a positive rate of approximately 40%. (C) SMA shows positivity. (D) h-Caldesmon staining is negative. (E) ER staining is positive. (F) PR staining exhibits weak positivity. (G) Cyclin D1 shows weak positivity.




2.5 Next-generation sequencing testing

Next-generation sequencing (NGS) is used to extract and sequence tumor samples that are embedded in paraffin wax. The raw sequencing data is filtered and then subjected to bioinformatic analysis. The reference sequence used for NGS testing was GRCh37/hg19 (Supplementary Figure 1: Gene mutations). The detected types of gene variants included fusion mutations, point mutations, insertion/deletion mutations, and copy number variations. A frameshift mutation, p. T920Lfs*36, was discovered in the 20th exon of the MED12 gene. The mutation identified was c.2757del (p. T920Lfs*36) and had a variant abundance of 40.38%. Furthermore, the RB1 gene experienced a loss in copy number (CN) with a CN of 0.39. Finally, a missense mutation, p.Y251C (c.752A>G), was observed in the 3rd exon of the VEGFA gene with an abundance of 1.26%. Moreover, a heterozygous polymorphism, namely c.313A>G (p.I105V), was present in the GSTP1 gene. However, the fusion genes associated with HGESS, including YWHAE-NUTM2A, YWHAE-NUTM2B, and ZC3H7B-BCOR were not detected in this case.




2.6 Treatment and follow-up results

According to the 2023 International Federation of Gynecology and Obstetrics (FIGO) staging criteria and treatment recommendations for uterine sarcoma (6, 7), the patient in this case was classified as stage IVB. The treatment involved a total abdominal hysterectomy with bilateral salpingo-oophorectomy, as well as the removal of a tumor from the inferior vena cava, the left common iliac vein, and the left internal iliac vein. Following the surgery, the patient is taking letrozole orally 2.5 mg daily. Moreover, one month after the surgery, the patient underwent intensity-modulated radiotherapy (IMRT) for a total of 25 times with a dose of 2 Gy each time, followed by post-loading radiotherapy for a total of 6 times with a dose of 5 Gy each time. The patient underwent six cycles of chemotherapy with ifosfamide (2 g on days 1-3 every 21 days), etoposide (60 mg on days 1-2 every 21 days), and cisplatin (30 mg on days 1-3 every 21 days) simultaneously. After completing systemic treatment, the patient will undergo routine physical examinations and repeat serum CA125 testing every 3 months for 3 years. The chest, abdomen, and pelvic CT scans will be conducted every 6 months. In case of suspicion of tumor metastasis, a comprehensive positron emission tomography (PET)-CT examination will be performed for further evaluation. As per the most recent follow-up, which occurred 27 months after the completion of chemotherapy, the echocardiography assessment indicated the absence of any focal mass within the ventricle. Furthermore, a follow-up CT scan of the abdomen and pelvis, enhanced with contrast, revealed no abnormal masses (Figures 1B, D).





3 Discussion

Endometrial stromal sarcoma is a rare tumor type, comprising only 0.2% of all malignant uterine tumors. Nevertheless, ESS represents approximately 7-25% of all uterine sarcomas (8). The annual incidence rate is 0.19 cases per 100,000 females, showing a gradual increase over the past decade. ESS is regarded as the second most prevalent uterine mesenchymal tumor after uterine leiomyoma (9),. The worldwide median age for the diagnosis of ESS diagnosis is 55 years (10). Most of the patients do not experience specific symptoms, and up to 25% of the patients may remain asymptomatic (2). Owing to the absence of clear clinical manifestations and the resemblance of symptoms to uterine fibroids, most patients with ESS are initially misdiagnosed to have uterine fibroids, leading to the term “unexpected uterine sarcoma” being applied in these cases. The diagnostic challenges associated with ESS are related to its morphological features, clinical behavior, and genetic abnormalities. The condition is categorized into two types based on these characteristics: LGESS and HGESS. According to a large-scale study, 86% of all ESS cases are LGESS, whereas the remaining 14% are categorized as HGESS (11). Nevertheless, the complexity and heterogeneity of these tumors go beyond this diagnostic classification.

LGESS is the dominant subtype of ESS. It is characterized by late recurrence and has an indolent nature. The tumor grows slowly and has a favorable prognosis. LGESS is typically identified within the uterus during an investigation of hysterectomy specimens (9). In this case report, the clinical presentation together with abdominal ultrasound and CT scans suggested the presence of uterine fibroids. However, postoperative pathology revealed the coexistence of both LGESS and HGESS. LGESS commonly presents in perimenopausal women and is rarely reported in young women and adolescents (12). Risk factors shared among these age groups include obesity, diabetes, early menarche, and the use of tamoxifen and estrogen medications (9, 13, 14). The woman in this case study had a BMI >28 kg/m2, indicating an obesity level, and a 7-year history of diabetes.

Pathologically, LGESS comprises uniform tumor cells with features resembling proliferative endometrial stroma. Its histological features include uniform and densely packed stromal cells accompanied by mild nuclear atypia (<5 per 10 high-power fields) and occasional mitotic activity. Immunohistochemically, positive staining can be observed for CD10, WT-1, vimentin, interferon-induced transmembrane protein 1 (IFITM1), ER, androgen receptor (AR), and PR. Nevertheless, Cyclin D1 and desmin yield negative or focally positive results. Some researchers have pointed out that the immunohistochemical profile of LGESS is characterized by positive staining for CD10, ER, and PR (15). LGESS can be distinguished based on the presence of IFITM1, providing a level of specificity in its detection (16). CD10 as a marker of mesenchymal tumors exhibits high sensitivity and is the most commonly used immunohistochemical antibody for distinguishing LGESS from HGESS (1). However, it is worth noting that in clinical practice, a few cases of LGESS may be negative, weakly positive, or focally positive for CD10. Therefore, positive CD10 staining alone does not suffice as a specific marker for LGESS. The diagnosis of LGESS requires a combination of CD10, cyclin D1, ER, PR, h-Caldesmon, SMA, and desmin. In certain cases, molecular genetic alterations can also establish a definitive diagnosis. Common fusion genes identified in LGESS comprise JAZF1-SUZ12, JAZF1-PHF1, EPC1-PHF1, and MEAF6-PHF1 fusions. Other fusion genes, including MBTD1-CXorf67, BRD8-PHF1, EPC2-PHF1, and EPC1-SUZ12, have been detected in LGESS (17). Nevertheless, it is worth noting that approximately one-third of LGESS cases, including this case, do not exhibit any identified fusion genes. This implies the possible presence of other undefined genetic molecular alterations (18).

Compared with LGESS, HGESS has a worse prognosis and more aggressive biological behavior. It has a recurrence rate of one year. Clinically, it has similarities with LGESS. Pathologically, HGESS has a uniform population of round and/or spindle-shaped cells, occasionally including low-grade spindle cells, displaying moderate-to-severe nuclear atypia (>10/10 high-power fields). In addition, focal components of LGESS may be observed. In immunohistochemistry, HGESS typically does not exhibit expression of CD10, ER, PR, and smooth muscle markers. Nevertheless, cyclin D1, a cell cycle protein, displays a diffuse marked positivity (>70% of cell nuclei). Furthermore, HGESS shows a high Ki-67 proliferation index. One study demonstrated that approximately half of HGESS cases may have a low-grade spindle cell component (19). In addition, there are some instances where HGESS can exhibit positive staining for ER, PR, and CD10 (18). HGESS cases without YWHAE gene rearrangement may show weak or even negative staining for cyclin D1 (20). Research suggests that positive nuclear staining of the β-catenin protein may serve as an immunohistochemical marker for HGESS (21). As for molecular diagnostics, fusion genes such as YWHAE-NUTM2A, YWHAE-NUTM2B, ZC3H7B-BCOR, and BCOR ITD have been observed. No fusion genes associated with HGESS were detected in this particular case.

Compared with LGESS, HGESS has a worse prognosis and more aggressive biological behavior. It has a recurrence rate of one year. Clinically, it has similarities with LGESS. Pathologically, HGESS has a uniform population of round and/or spindle-shaped cells, occasionally including low-grade spindle cells, displaying moderate-to-severe nuclear atypia (>10/10 high-power fields). In addition, focal components of LGESS may be observed. In immunohistochemistry, HGESS typically does not exhibit expression of CD10, ER, PR, and smooth muscle markers. Nevertheless, cyclin D1, a cell cycle protein, displays a diffuse marked positivity (>70% of cell nuclei). Furthermore, HGESS shows a high Ki-67 proliferation index. One study demonstrated that approximately half of HGESS cases may have a low-grade spindle cell component (19). In addition, there are some instances where HGESS can exhibit positive staining for ER, PR, and CD10 (18). HGESS cases without YWHAE gene rearrangement may show weak or even negative staining for cyclin D1 (20). Research suggests that positive nuclear staining of the β-catenin protein may serve as an immunohistochemical marker for HGESS (21). As for molecular diagnostics, fusion genes such as YWHAE-NUTM2A, YWHAE-NUTM2B, ZC3H7B-BCOR, and BCOR ITD have been observed. No fusion genes associated with HGESS were detected in this particular case.

This patient sought medical attention for uterine fibroids and was unexpectedly diagnosed with ESS (Supplementary Figure 2: Development of the disease). The tumor displays highly invasive behavior, infiltrating the deep muscle layer near the serosal surface and involving the cervical canal. Its biological behavior is consistent with that of HGESS in terms of invasiveness. Cytologically, the tumor exhibits a coexistence of low-grade spindle-shaped cells and high-grade round cells. Furthermore, the presence of pathological nuclear division (8/10 high-power fields) is more consistent with the characteristics of HGESS. Immunohistochemically, the tumor is positive for CD10 and ER and weakly positive for PR (15). These findings are consistent with immunological expression of LGESS. However, it should be noted that in certain cases, HGESS can also exhibit positive staining for ER, PR, and CD10 (18). Considering the concurrent immunohistochemical expression of HGESS, such as low positivity for cyclin D1 and a Ki-67 proliferation index of approximately 40%, the diagnosis of HGESS with concurrent LGESS is plausible. Further precision of the diagnosis can be achieved by genetic profiling for validation.

Although fusion genes associated with HGESS were not detected in this case, a frameshift mutation in exon 20 of the MED12 gene was identified in the patient. This mutation differs from most of the previously reported MED12 mutations, which predominantly occur in exon 2 and intron 1 (22, 23). MED12 is a constituent of the mediator complex, which acts as a key regulatory factor for the transcription of numerous genes (24, 25). Somatic mutations in MED12 have been identified in approximately 70% of uterine leiomyomas and 10% of leiomyosarcomas (26). Studies have shown that MED12 mutations in fibroadenomas are associated with dysregulation of estrogen signaling (27). This suggests that MED12 mutations may play a crucial oncogenic role in estrogen-related ESS (28). The study reveals that mutations in exon 2 of MED12 have been identified in ESS carrying the JAZF1-SUZ12 or JAZF1-PHF1 fusion genes. These mutations may confer additional oncogenic advantages (28).

The MED12 mutations identified in ESS are novel and lack distinct pathological characteristics. There is no evidence of an adverse prognosis associated with the mutation status. In this case, the presence of partially high-grade areas within a low-grade ESS in combination with the MED12 gene mutation is considered. Thus far, there has been no recurrence observed during follow-up. Given the existence of other rare types of ESS with genetic features that are not yet widely recognized, continuous monitoring of the patient is necessary to further gain experience and knowledge.




4 Conclusions

This study presents a case report of incidentally discovered ESS, which was initially misdiagnosed as uterine leiomyoma with tumor metastasis to the inferior vena cava. The pathological diagnosis was a combination of both LGESS and HGESS. Surprisingly, molecular analysis did not reveal any mutations commonly associated with LGESS or HGESS but instead identified a rare MED12 mutation within the ESS. The patient underwent total hysterectomy, bilateral salpingectomy, and resection of the metastatic lesions after consulting the gynecological and surgical specialists. Postoperative management included radiotherapy, chemotherapy, and hormone therapy. Currently, the patient shows no signs of recurrence, and her condition is being closely monitored during follow-up.
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Benign metastasizing leiomyoma (BML) is a rare disease that results from metastasis of uterine leiomyoma to distant sites with benign pathologic features. The lung is the most common metastatic site for BML. This report describes the case of a 49-year-old woman who presented with a mass in the abdominal wall with a surgical history of uterine myomectomy. Ultrasound and Magnetic resonance imaging (MRI) revealed multiple mass lesions. The histopathology of the mass specimen indicated BML. The imaging and clinical features of BML are discussed based on the characteristics of this case and related literature reports.
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Introduction

BML is a rare disease, first described by Steiner in 1939 (1). Although the disease appears benign in histomorphology, the biological behavior of the tumor is invasive. The most commonly involved organ is the lung, and others include lymph nodes, heart, skeletal muscle and pelvic cavity (2–4). BML is usually associated with a history of hysterectomy or myomectomy (5). A patient with BML in the abdominal wall is described in this study.





Case presentation

A 49-year-old woman, gravida 1 para 1, accidentally presented with an egg-sized abdominal mass. Symptoms of fever, abdominal pain, and weight loss were not present, and she had previously undergone myomectomy. Physical examination revealed a rigid mass, with moderate motion and no tenderness.

Ultrasound examination showed multiple hypoechoic masses in the subcutaneous fascia layer. The two larger ones are approximately 41 x 25mm and 20 x 16mm with clear boundaries that were connected (Figure 1A). Color Doppler flow imaging (CDFI) showed a punctate blood flow signal within the mass (Figure 1B), and resistance index of 0.74. Contrast-enhanced ultrasound (CEUS) was performed using the contrast agent SonoVue. Simultaneously, an ultrasound-guided abdominal wall mass core needle biopsy was performed on the two masses. The larger mass showed relatively high enhancement in both arterial and venous phases. The smaller mass showed relatively no enhancement in the arterial phase and low enhancement around in venous phase (Figure 1C). An MRI was performed, which showed similar circular abnormal signal shadows on the anterior abdominal wall and abdominal cavity, with sizes of 29 x 16mm and 31 x 21mm, a slightly longer T1 and slightly longer T2, limited diffusion, and progressive enhancement after enhancement (Figures 2A–F). Chest Computed Tomography (CT) examination showed no abnormality. CEA, AFP, CA724, CA199 and CA125 markers were all normal.

[image: Panel A shows an ultrasound image with highlighted areas and measurements of tissue. Panel B features another ultrasound with a red arrow indicating a specific region. Panel C presents a dual ultrasound view, with yellow arrows and a white arrow pointing to distinct dark areas within the tissue.]
Figure 1 | Abdominal ultrasonography, contrast-enhanced ultrasound (CEUS) of case. (A) Gray scale ultrasound showed a hypoechoic mass in the abdominal wall; (B) color Doppler flow imaging (CDFI) showed the mass with little blood flow signal; (C) CEUS showed hyper-enhancement of the large mass (yellow arrow) and no enhancement of the small mass (white arrow) in the arterial stage.

[image: Six MRI images labeled A to F showing different cross-sectional views of the abdominal area. Each image has an arrow pointing to a specific area, suggesting areas of interest or abnormalities. The images vary in clarity and contrast, indicating the use of different MRI sequences.]
Figure 2 | Contrast-enhanced magnetic resonance imaging (CE-MRI) of case. (A–D) MRI showed a slightly high signal in T1-weighted imaging, and a slightly high signal in T2-weighted imaging, diffusion-weighted imaging (DWI) and apparent diffusion coefficient (ADC); (E, F) CE-MRI showed that the mass progressive enhancement in the arterial phase and the delayed phase (see arrows).

Pathology of the biopsy suggested a spindle cell tumor, and combined with the patient’s surgical history, a fibromatosis in the abdominal wall was considered. The patient underwent the elective resection of the abdominal wall and abdominal cavity tumors. Two masses of 4 x 3cm and 2 x 2cm were observed during the operation, the larger one protruding into the abdominal cavity and the smaller one located in the anterior sheath of the rectus muscle. Two masses, about 2/3 of the rectus abdominis muscle and part of the posterior sheath, were removed completely. The surgeon performed tension-free repair of an abdominal wall hernia, inserting the patch into the abdominal cavity under the incision, fixing it on the abdominal wall, and suturing the rectus abdominis muscle and anterior sheath of the rectus abdominis muscle.

The histopathological examination showed spindle cells. Immunohistochemical staining showed that smooth muscle actin (SMA), desmin, estrogen receptor (ER) and progesterone receptor (PR) were positive, and cell proliferation antigen Ki-67 was less than 1% (Figures 3A–F). Based on these findings, the tumor was diagnosed as BML.

[image: Histological images labeled A to F display tissue samples with varying staining patterns. Image A shows a densely packed pink and purple texture. Images B and C exhibit brownish staining with different concentration patterns. Images D and E have lighter staining, with fine brownish specks. Image F shows a predominantly light blue staining with minimal contrasting elements. Scale bars indicate 100 micrometers for each image.]
Figure 3 | Pathology of case. (A) mass stained with hematoxylin and eosin (original magnification x 10); (B–F) SMA (+), DES (+), PR (+), ER (+), Ki-67 (<1%) was detected by immunohistochemical staining (original magnification x 10).





Discussion

The mechanism of BML has been reported in various reports and remains controversial. Most instances of BML occur after uterine myomectomy or hysterectomy. The mechanism may be that surgery increases surgically induced hematogenous spread. In this case, iatrogenic peritoneal seeding theory seems to be a more reasonable explanation for the occurrence of BML (6, 7). Immunohistochemistry showed that ER and PR of tumor cells were positive, suggesting that BML may also be induced by hormone stimulation. Chromosomal abnormalities such as 19q, 22q, 1p, 13q deletion and 6p21 rearrangement can be found in these tumors (8). Other possible mechanisms include mesothelial metaplasia and misdiagnosed low-grade uterine leiomyosarcoma metastasis (9).

The clinical symptoms of BML are related to the affected sites. The most common site of metastasis is the lung, and the patients have no obvious clinical manifestations in the early stage, with a few having cough, chest pain, dyspnea and other symptoms (10, 11). In patients with BML involving the spine, leg pain and paresthesia have been reported (5). Patients with metastasis to the femur and muscles may have difficulty walking (12). BML involving the uterus, heart, and lymph nodes may be asymptomatic. Multiple abdominal wall metastases are rare, as reported in this case. BML with abdominal wall metastases has been reported in the literature (Table 1). Although most cases of BML occur following myomectomy or hysterectomy, some cases of BML are not related to prior surgical history (22). Studies have shown that BML can occur in premenopausal or postmenopausal women, and up to 30% of cases may have respiratory symptoms (23).

Table 1 | Summary of BML cases with abdominal wall metastasis.


[image: Table detailing patient data on metastasis location, age, gynecologic surgery history, and surgical treatment. Includes details such as metastasis in the abdominal wall and pelvic cavity, ages ranging from thirty-three to fifty-four, histories of myomectomy or hysterectomy, and various surgical treatments like extirpation of tumors and bilateral oophorectomy. Some entries include "N/A" for surgical treatment.]
BML is radiographically characterized as a benign mass. On ultrasound, BML can be manifested as multiple hypoechoic masses in the abdominal wall or pelvic cavity, and blood flow signals can be seen inside. It can be shown as multiple nodules with clear boundaries on CT, with no significant enhancement on enhanced CT (24). Notably, fluorodeoxyglucose (FDG) -positron emission tomography (PET)/CT showed that FDG uptake by tumors was all within the physiological range (12). According to the review of the FDG-PET/CT examination results of BML, the FDG uptake level of more than 90% of BML patients is lower than the medium level (25), which can be used as one of the crucial bases for the differentiation of benign and malignant tumors. Therefore, physicians must maintain heightened awareness and index of suspicion when approaching a woman with a mass in any region of the abdomen or pelvis. Further investigation with abdominal and pelvic ultrasonography and magnetic resonance imaging or computed tomography is necessary. Benign lesions can be found even in patients presenting with giant masses and higher CA125 than normal levels (26). CA125 and CA199 are considered to be important gynecological tumor indicators, which are commonly seen in malignant tumor diseases, and their elevated levels do not represent absolute malignancy (27, 28).

Regarding pathological diagnostic criteria for BML, BML presents as an extra-uterine smooth muscle cell proliferation with histological features similar to those of primary benign uterine fibroids. Uterine leiomyoblastoma can also exhibit some malignant features, making it difficult for physicians to distinguish (29). Immunohistochemistry is also very helpful in differentiating leiomyoma from leiomyosarcoma. Studies have shown that the positive rate of ER/PR in MBL patients is over 90%, and only 4.4% are negative at the same time (30). ER/PR positivity is specific for uterine leiomyomas and may be helpful in diagnosing BML. In the present case, the abdominal mass was excised, and immunohistochemistry confirmed that the patient’s ER/PR was positive.

There is currently no standardized treatment for BML. Due to the behavioral characteristics of the slow growth of BML, most lesions do not change in size after long-term follow-up, and regular follow-up and periodic imaging examinations can be chosen. Since BML can be hormone-dependent (ER and PR-positive), hormone therapy such as GnRH-a, progesterone antagonists (Mifepristone), selective estrogen receptor modulators (SERMs, tamoxifen) and aromatase inhibitors may be considered, or even surgery to remove the ovaries, particularly for patients with symptomatic lung involvement (24, 30, 31). Although bilateral oophorectomy is commonly used, unilateral oophorectomy is sufficient to promote the reduction of lung BML mass (2). In addition, surgical removal of the tumor is an effective treatment.





Conclusion

The characteristics of low specificity and incidence rate of BML can lead physicians to be unfamiliar with the disease, enabling it to be misdiagnosed as a malignant tumor. Asking operation history of myomectomy or hysterectomy can help us diagnose BML. Pathological diagnosis plays an essential role in determining the follow-up treatment. Obtaining part of the specimens through ultrasound-guided tissue core needle biopsy is effective and safe and can be used as one of the recommended methods.
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Case report: A case of perineal prolapse of giant uterine fibroids complicated by multiple pulmonary embolisms and deep venous thrombosis
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A 43-year-old woman with a history of uterine fibroids, anemia, and deep vein thrombosis presented with a chief symptom of prolapse of tumor from the perineum, complicated by infection. The case was further complicated by bilateral pulmonary multiple embolism, deep vein thrombosis, acute cardiac insufficiency, acute renal insufficiency, and shock. The patient was treated with preoperative placement of an inferior vena cava filter, open hysterectomy, and perioperative anticoagulation with low-molecular-weight heparin. She smoothly navigated the perioperative period and recovered completely.




Keywords: giant uterine fibroids prolapse from vagina complicated infection, intravascular leiomyomatosis, pulmonary embolism, deep vein thrombosis, inferior vena cava filter





Case presentation

In December 2022, a 43-year-old woman was hospitalized with a chief complaint of having had uterine fibroids for four years and experiencing irregular menstruation for the past three months. She had a history of uterine fibroids for four years and had a history of blood transfusion because of anemia. The patient had a menstrual cycle of 30 days, menstrual period of 4 days, moderate menstrual flow, and no dysmenorrhea. She had an obstetric history of G3P1 and had never used oral short-acting contraceptives. Pelvic examination showed a smooth cervix and a 3-cm tumor protruding from the cervical canal, which was polypoid and irregular in shape. Pelvic and abdominal examination suggested a tumor comparable in size to a 5-month gestational uterus, with a clear boundary and no obvious tenderness. Pathological examination of cervical neoplasia showed endometrial polyps. Transvaginal ultrasound did not show a normal uterine structure but identified a 20.6 cm × 17.7 cm × 10.7 cm hypoechoic mass with an irregular shape and uneven echo in the pelvic and abdominal cavities, which protruded downward out of the cervical canal over an area of 2.6 cm × 2.0 cm. Around this mass, another hypoechoic mass measuring 18.3 cm × 14.3 cm × 8.3 cm was detected. Lower limb vascular ultrasound showed a left lower limb intermuscular venous thrombosis measuring approximately 4.1 cm in length, with a D-dimer level of 1340 ng/mL, suggesting a new thrombosis. The patient had not got the COVID-19 immunization. She was infected with COVID-19, got a fever, and a chest CT revealed lung inflammation; therefore, her operation was postponed. After discharge, the patient stopped oral anticoagulant therapy with rivaroxaban and did not seek further medical consultation.

On December 14, 2023, the patient returned to the outpatient clinic complaining of a vaginal prolapse tumor appearing two days prior. She explained that the tumor had prolapsed from her vagina after coughing and could not be repositioned, accompanied by slight vaginal bleeding. The patient described feeling weak, experiencing slight chest tightness and suffocation, considerable abdominal and lumbosacral pain. She had difficulty urinating but had no chest pain, or swelling and pain in her lower limbs. Physical examination showed that the abdomen was distended, with a palpable hard mass in the lower abdomen ranging about 25 cm. The upper edge of the mass reached 4 cm above the navel. Mild edema was observed in the left lower limb. Pelvic examination showed that the vaginal prolapse tumor measured approximately 8 cm in length; it was columnar in shape and obstructed the vaginal opening. The tumor was purple-red in color, extending upward along the vagina, and was associated with a significant amount of pale yellow vaginal fluid with an unpleasant odor. The cervix was not palpable. In the pelvic and abdominal cavity, tumors comparable in size to more than six months’ gestational uterus were palpable, but these had no tenderness.

The patient was admitted to the hospital for emergency treatment. The admission diagnosis included possible uterine fibroids, vaginal prolapse tumor complicated with infection, and a history of deep vein thrombosis. Transvaginal ultrasound revealed a solid hypoechoic mass in the pelvis and abdominal cavity, measuring at least 27 cm × 24 cm × 14 cm. The internal echo was uneven, showing multiple irregular cystic cavities, with a ring-shaped strong echo observed at the edge of the mass. The upper part of the mass reached under the xiphoid process, and the lower part protruded outside the vaginal opening. After admission, the vaginal prolapse tumor continued to grow, although its color became ruddy. The patient was treated with indwelling catheterization, and vaginal secretions were collected for bacterial culture. Empirical anti-infection treatment was initiated with an intravenous drip of cefoperazone sodium and sulbactam sodium at a dose of 3.0 g every 8 hours.

Subsequent diagnostic tests revealed the following. D-dimer levels were considerably elevated at 14620 (reference range 0–500) ng/mL; prothrombin time and activated partial thromboplastin time of hemagglutination were normal; the white blood cell count was elevated at 15.25 × 109/L (reference range 3.5–9.5 × 109/L); hemoglobin levels were low at 84 (reference range 115–150) g/L; C-reactive protein levels were significantly increased at 61.55 (reference range 0–5) mg/L; procalcitonin levels were slightly elevated at 0.068 (reference range 0–0.05) ng/mL, and CA125 levels were elevated at 106 (reference range 0–47) U/mL. A lower-extremity vascular ultrasound revealed solid hypoechoic fillings in the left common femoral vein, popliteal vein, posterior tibial vein, peroneal vein, calf intermuscular vein, great saphenous vein, and small saphenous vein, leading to a diagnosis of deep venous thrombosis of the left lower extremity. Cardiac ultrasound showed a pulmonary artery pressure of 66 mmHg, indicating severe pulmonary hypertension, along with enlargement of the right atrium and right ventricle, reduced right heart function, and severe tricuspid regurgitation. CT angiography of the pulmonary artery showed multiple filling defects in various segments of both the left and right pulmonary arteries, including the left pulmonary artery, left upper pulmonary artery, left lower pulmonary artery, right pulmonary artery, right upper pulmonary artery, and right lower pulmonary artery, suggesting the presence of multiple thromboembolism in both pulmonary arteries, as shown in Figure 1. Fortunately, CT angiography of the inferior vena cava showed no thrombosis. During the examination, the patient experienced slight chest tightness, slight breath-holding symptoms, slight shortness of breath, and considerable abdominal pain. Measures were taken to manage her symptoms and potential complications; the patient was advised to elevate her left lower limb and lie in bed while restricting activities. Continuous ECG monitoring and oxygen inhalation were also initiated.

[image: CT scan images in four panels labeled A through D. Panel A shows a coronal view with an arrow pointing to a region in the chest. Panel B displays an axial view highlighting an area with an arrow. Panel C provides a further coronal view showing abdominal sections. Panel D offers a sagittal view of the torso including the spine.]
Figure 1 | Preoperative CT evaluation of the patient. (A, B) CT angiography of the pulmonary artery shows multiple pulmonary emboli, and the arrow indicates the thrombus in the right pulmonary vessel. (C, D) A huge tumor can be seen in the pelvis and abdomen, with uneven density. Calcium density shadow can be seen, and the tumor protrudes downward out of the perineum.

A myocardial enzyme test showed elevated levels of high-sensitivity troponin T at 0.333 (reference range 0–0.014) µg/L, suggesting acute myocardial injury. The patient had symptoms of oliguria, including decreased food intake, vaginal discharge, sweating, and only 50 mL of urine in 12 hours. Acute renal insufficiency was considered due to the patient’s inadequate intake, the urine volume not increasing substantially even after rehydration, and an increase in creatinine levels from 45.9 µmol/L to 89.6 (reference range 41.0–73.0) µmol/L. The patient’s left leg was obviously swollen, and she showed a progressive drop in blood pressure, with values between 85–90/45–60 mmHg. Blood oxygen saturation levels were maintained at 95%–99% with nasal tube oxygen inhalation at 3 L/min and dropped to 90%–95% in a non-oxygen inhalation state. The patient’s body temperature ranged from 36.0°C to 36.5°C, and her heart rate fluctuated between 85 and 95 beats/min. Blood gas analysis in an oxygen inhalation state revealed a pH of 7.39 (reference range 7.35–7.45) increased partial pressure of oxygen of 139 (reference range 83–106) mmHg, decreased partial pressure of carbon dioxide at 26 (reference range 35–45) mmHg, and elevated lactic acid levels at 4.6 (reference range 0.5–1.6) mmol/L. The patient had persistent hypotension and hyperlactatemia, indicating shock and circulatory failure. Consequently, she was transferred to the ICU for further treatment.

The patient was administered norepinephrine and other vasoactive drugs via an intravenous pump, and imipenem–cilastatin sodium at a dosage of 1 g every 8 hours for anti-inflammatory purposes. To improve oxygenation, red blood cell infusions were administered, and efforts were made to correct hypoproteinemia. The medical team carefully controlled the rate and volume of fluid infusion and provided appropriate diuretic treatment. During the treatment, a multidisciplinary team (MDT) consultation (imaging doctors, vascular surgeons, ICU doctors, anesthesiologists, cardiologists, respiratory doctors, and gynecologists) was arranged. The consensus from the consultation was that the pelvic and abdominal cavity tumors with infection were likely uterine tumors. Given the severity of the pain and indications for emergency surgery, the consultation highlighted the patient’s critical state, including the challenges posed by bilateral pulmonary multiple embolism; extensive deep venous thrombosis in the left lower limb; rapid disease progression; and severe comorbidities such as acute cardiac insufficiency, acute renal insufficiency, shock, circulatory failure, and hyperlactatemia. The risk of circulatory instability and respiratory and cardiac arrest during surgery was noted, considering the patient’s right ventricular dysfunction, which significantly increases the risk of mortality. Considering that the patient had symptoms of vaginal bleeding and a need for emergency surgery owing to the prolapsed huge tumor, low-molecular-weight heparin was selected for anticoagulation treatment. It was recommended that an inferior vena cava filter be placed before the operation to prevent the dislodgement of lower-extremity thrombi that could aggravate the pulmonary embolism. Therefore, the patient was administered low-molecular-weight heparin therapy, with instructions to stop the drug 12 hours before surgery, and efforts were intensified to improve the circulatory state of the patient.

After 12 hours of ICU support and treatment, the overall condition of the patient improved. Preoperative evaluation revealed that her body temperature had returned to normal, heart rate had stabilized at 80–90 beats/min, blood pressure had improved to 100–105/60–65 mmHg, with low-dose norepinephrine being administered intravenously, oxygen saturation was 100% with high-flow humidified oxygen therapy (FiO2 at 40%, flow rate 20 L/min), and the 12-hour urine volume had significantly increased to 1200 mL. Although the vaginal prolapse tumor had further increased in size, measuring about 25 cm × 20 cm × 20 cm, symptoms of abdominal compression had improved. However, the left lower limb remained obviously edematous. Laboratory examination showed that the D-dimer levels had decreased to 3960 ng/mL, white blood cell count had increased to 21.71 × 109/L, hemoglobin level had dropped to 72 g/L, CRP level had decreased to 17.64 mg/L, PCT had increased to 0.170 ng/mL, N-terminal pro-B-type natriuretic peptide had increased significantly from 43.04 to 1733 (reference range 0–125) pg/mL, high-sensitivity troponin T had decreased to 0.075 µg/L, creatinine had decreased to 50 µmol/L, blood gas had returned to almost normal levels, and lactate had decreased to 1.4 nmol/L.

The patient underwent emergency surgery on December 18, 2023, while minimizing traction on the tumor to avoid causing vagus nerve reflex that could aggravate the burden of circulation. The inferior vena cava filter was initially placed through the right femoral vein, positioning the filter at the L2–3 vertebral body level, and the blood flow to the inferior vena cava was unobstructed after the operation. The gynecological surgery was performed as an open procedure. During the operation, the uterine body was found to be comparable in size to a 5-month gestational uterus. A lobulated mass was palpable on the right side of the uterine body, measuring approximately 20 cm × 15 cm × 10 cm, protruding to the right broad ligament with a surface rich in blood vessels. The right accessory was pushed to the right rear of the uterine body by the right parametrial mass. There were abundant vascular bundles under the right infundibular ligament. The right ovary was deformed and elongated, and could not be retained. A decision to perform a hysterectomy, right adnexectomy, and left salpingectomy was made. The dissected uterus showed prolapsed tumor like submucosal fibroids, with edema and degenerative tissue changes, irregular boundaries in cotton-wool shape, and abundant blood vessels in the tumor, as shown in Figure 2. White, worm-like tissue growths were observed along the blood vessels, which could be pulled out, suggestive of endovascular leiomyomatosis. No tumor involvement was observed in the parametrial or mesosalpinx vessels of the resected uterine specimens. Intraoperative exploration of the parauterine and bilateral internal iliac vessels showed no obvious thickening or stiffening, and no intraluminal strip tumor bodies were palpated. Despite the surgical challenges, the operation proceeded smoothly with precise hemostasis. The intraoperative bleeding amounted to 100 mL, with an infusion volume of 3060 mL. The patient received four units of red blood cells and 290 mL of plasma. The excised uterine specimen weighed 5620 g. Initial rapid frozen section analysis suggested a diagnosis of leiomyoma. The intraoperative diagnosis included prolapsed uterine leiomyoma with infection, endovascular leiomyomatosis, bilateral pulmonary embolism, deep vein thrombosis, circulatory failure, acute cardiac dysfunction, acute renal dysfunction, severe pulmonary hypertension, severe tricuspid regurgitation, anemia, hypoproteinemia, and hyperlactatemia. Postoperative pathological examination revealed a smooth muscle-derived tumor with hemorrhage and infarction, with a huge tumor volume but without obvious atypia of tumor cells. Some areas showed degeneration and edema, and the specimen was rich in blood vessels. Tumor thrombus structures were observed in the focal large blood vessels of the uterine muscle wall, as shown in Figure 3.

[image: Two-panel medical image. Panel A shows a large, reddish mass protruding from the groin area of a patient lying on a surgical drape. Panel B displays the excised mass on a drape with a ruler for scale, revealing an irregular, fleshy texture.]
Figure 2 | Intraoperative investigation of the patient. (A) The tumor prolapsed from the perineum measured about 25 cm × 20 cm × 20 cm. Parts of the tumor showed necrosis, while the majority was ruddy and had an unpleasant odor. (B) Dissection of the uterus.

[image: Microscopic comparison of two tissue samples at 100x magnification. Image A shows a stained section with visible cell structures in shades of pink and purple. Image B presents a less stained section with pale tones, highlighting internal cell details.]
Figure 3 | Pathology of the uterine tumor. The figure shows the lumen of the uterine vein, which contains tumor tissue derived from smooth muscle. Abundant blood vessels can be seen inside. (A) H&E staining (B) CD31 immunohistochemical staining shows tumor blood vessels.

The patient was treated in the ICU after the operation, where she continued to receive anti-infection and anticoagulation treatments. Anticoagulation therapy was resumed 12 hours after the operation with low-molecular-weight heparin, administered at a dose of 5000 IU subcutaneously every 12 hours. Efforts were also made to improve her anemia and provide nutritional support. After releasing the brake of the right lower extremity, the patient was treated with an intermittent pneumatic pressure device and antithrombotic pressure bandages. On postoperative day 1, ventilator support was discontinued, and vasoactive drugs were gradually reduced. On postoperative day 3, the patient was transferred back to the gynecological ward. Her symptoms of chest tightness and suffocation had resolved, and the swelling in her left lower limb had gradually improved. A CT angiography of the pulmonary arteries conducted seven days postoperatively showed that the pulmonary embolism was only seen in some branches of the bilateral lower pulmonary arteries but had significantly reduced. On postoperative day 10, the patient was successfully discharged from the hospital. She was prescribed oral rivaroxaban anticoagulant therapy (15 mg bid).

One month after the operation, CT angiography of the pulmonary artery revealed no thrombus. Vascular ultrasound identified a strip-like hyperechoic area at the beginning of the left deep femoral vein, measuring approximately 0.19 cm in width, which was interpreted as an old thrombus. The patient’s D-dimer levels decreased to 200 ng/mL, and other test results were normal. The patient had no symptoms such as chest tightness, suffocation, or lower-limb edema. In light of her recovery and stabilization, the anticoagulation therapy with rivaroxaban was adjusted to a maintenance dose of 20 mg once daily. Pulmonary artery CT angiography and lower limb vascular ultrasonography were reexamined three months following the initial surgery, and the findings were in concordance. The patient had no bleeding events and a D-dimer reading of 280 ng/mL. After successfully removing the inferior vena cava filter on March 29th, she resumed taking 20 mg of rivaroxaban once per day. After a month, she was planned to lower the dosage and discontinue taking rivaroxaban. We will follow up with the patient closely.





Discussion

Intravenous leiomyomatosis (IVL) is a rare smooth muscle tumor that arises from the growth of uterine fibroids into blood vessels or from the proliferation of leiomyoma tissue in blood vessel walls. It initially develops in the uterine blood vessels; however, the lesion can grow beyond the uterus, along the pelvic veins to the inferior vena cava, and even invade the heart to cause pulmonary embolism, which can be life-threatening in severe cases (1). Venous thromboembolism (VTE) includes deep venous thrombosis (DVT) and pulmonary embolism (PE). Perioperative venous thrombosis is one of the causes of serious complications and death in patients (2). For DVT, the 30-day mortality rate ranges from 2% to 5.5%, while for PE, it ranges from 3.9% to 33%. The mortality rate of surgical patients has increased by over six times due to the development of VTE (3). The dense network of female pelvic veins, combined with venous plexus traffic between organs, exacerbated by factors such as anesthesia, immobility due to surgery, estrogen, and preoperative fasting, creates a hypercoagulable state. In addition, the specific position required for pelvic surgery (head low and feet high) increases the risk of DVT formation and detachment. If the thrombus falls off, it could pass through the inferior vena cava and the right heart into the pulmonary arteries, causing pulmonary embolism, which could be fatal in severe cases. Studies have reported that the probability of VTE is fourfold higher in cases of uterine fibroids weighing more than 1000 g compared to small fibroids (4). Another research reported that the median uterine volume of women who developed VTE was 2715 mL (5).

The patient had been diagnosed with venous thrombosis in the left lower extremity in 2022. The absence of formal anticoagulant treatment aggravated her condition. The huge tumor in the pelvic and abdominal cavity compressed the pelvic vein and inferior vena cava, leading to reduced blood flow. The tumor, combined with the patient’s anemia, caused a hypercoagulable state. The left common iliac vein was located between the right common iliac vein and the lumbosacral vertebra, making it susceptible to compression, resulting in slow blood flow in the veins of the left lower extremity. Furthermore, the infection of the vaginal prolapse tumor and the release of inflammatory factors worsened the situation. The above factors accounted for the filling of the deep and superficial veins of the patient’s left lower extremity with thrombi. The dislodgement of these venous thrombi led to multiple pulmonary embolisms in both pulmonary arteries. In this case, the intravascular leiomyoma was confined to the uterus, and the DVT and PE were not considered to be caused by intravascular leiomyomatosis.

The patient had multiple emboli in both pulmonary arteries, but the symptoms were not obvious. There were no typical pulmonary embolism manifestations such as chest pain, hemoptysis, or dyspnea. This discrepancy between clinical symptoms and diagnostic findings made pulmonary embolism difficult to identify without specific examinations such as cardiac ultrasound and pulmonary artery CT angiography. The patient’s symptoms were not consistent with the results of the auxiliary examination. Considering that the patient’s pulmonary embolism could be a combination of chronic and acute episodes, her cardiopulmonary function was in the compensatory stage at the time of admission. As her condition progressed, the mechanical obstruction caused by the thrombus and the pulmonary artery contraction caused by hypoxia led to severe pulmonary hypertension. This increased the afterload on the right ventricle, causing it to enlarge and leading to acute right heart dysfunction. Due to the limitation of pericardial volume, the left ventricular diastolic volume further reduced, and combined with pulmonary circulation disorder, reduced left cardiac output, causing acute renal dysfunction (prerenal). A large amount of fluid was retained in the tissue space, leading to significant edema in the lower limbs, decreasing venous return and aggravating circulatory and shock symptoms.

The expert recommends that surgical management of large uterine fibroids is contraindicated for a minimum of 4 weeks following diagnosis of acute DVT, and ideally delayed for 3 months to allow for thrombus stabilization (6). However, our patient’s situation was complex and was changing rapidly. The treatment of giant uterine fibroids prolapse complicated with DVT and PE was challenging and conflicting. There were two main goals of treatment, one was to stabilize and treat DVT and PE, and the other was to eliminate the predisposing factors, the tumor (7). According to the literature, there have been cases of giant uterine fibroids complicated by DVT and PE treated successfully; however, the majority of these patients received gynecologic surgery once the pulmonary embolism situation had stabilized (8–15), as shown in Table 1. None of these cases guided the emergency treatment of vaginal prolapse with a large tumor and infection. In order to assess the potential risks of various forms of therapy and the anticipated benefits for the patient, we arranged multidisciplinary discussions. We then discussed the treatment plan with the patient and ultimately made treatment decisions. The patient experienced a massive prolapse of uterine fibroid that was deteriorated by bleeding and infection, bilateral numerous emboli, and widespread thrombosis of the left lower extremity’s deep and superficial veins. Therefore, thrombolytic therapy, interventional therapy, or pulmonary thrombectomy were all restricted. Performing pelvic surgery in the state of acute pulmonary embolism was associated with a high risk and mortality rate. From the perspective of medical treatment of pulmonary embolism, low molecular weight heparin anticoagulation for at least 2 weeks was recommended before gynecological surgery, the patient has already developed circulatory failure, so timely surgical treatment was implemented. Relieving strain on pelvic and lower leg blood vessels, improving circulation significantly, and removing the restrictions of medication-assisted anticoagulant therapy could only be achieved by surgical intervention (16). Surgery should be performed after a short-term of preoperative anticoagulation, but anticoagulant therapy brings challenges to surgical treatment and increases the risk of bleeding before, during and after surgery. Furthermore, when pulmonary embolism was combined with circulatory insufficiency, the risk of anesthesia increased significantly. During patient transportation and surgery, the movement and compression of tumors protruding from the external genitalia and large tumors in the pelvic cavity may increase the risk of thrombosis and thrombus detachment, exacerbating pulmonary embolism. The key issue during the perioperative period was how to avoid new pulmonary embolism. Fortunately, the patient had no thrombus in the inferior vena cava. It was very necessary to place an inferior vena cava filter through interventional surgery before gynecological surgery to prevent further shedding of lower limb thrombus. Given that the patient is 43 years old and had no fertility requirements, open hysterectomy was chosen over uterine fibroid resection to minimize intraoperative bleeding, shorten the surgical time, and prevent recurrence of fibroids. After intraoperative wound hemostasis was verified, an abdominal drainage tube with a large diameter was inserted to get prepared to receive postoperative anticoagulant therapy. Under the guidance of an MDT consultation, a strategy was adopted that involved short-term active anticoagulation before surgery, rapid improvement of the circulation state of the patient, and placement of an inferior vena cava filter before the operation to prevent further dislodgement of the lower limb thrombus. An open hysterectomy was performed, along with careful bleeding management, and postoperative care in the ICU centered on stabilizing circulation, maintaining low-molecular-weight heparin anticoagulation, and administering anti-infection treatments. The patient smoothly navigated the perioperative period. One month following the procedure, a pulmonary artery CT angiography showed no thrombus and just a small amount of residual thrombus in the lower leg veins. The patient’s D-dimer levels went back to normal, and she denied any discomfort, which suggests a full recovery. Three months following surgery, the inferior vena cava filter was successfully removed.

Table 1 | The summary of literature review.


[image: Table summarizing studies on pelvic vein compression related cases. Columns include author, number of cases, age, diagnosis, etiology, therapies, weight of resected uterus, and size of uterus. Diagnoses involve DVT and PE with varying implemented therapies such as heparin and warfarin. Resected uterus weights vary, with some instances of missing data. Uterus sizes are listed in centimeters.]
This patient was a middle-aged woman with a huge uterine fibroid prolapsed from the vagina and complicated with infection, along with the presence of multiple pulmonary emboli and lower limb venous thrombosis. This case highlights the urgent need for early surgical intervention in patients with uterine fibroids when there are clear indications for such treatment. Moreover, it brings to light the importance of distinguishing IVL from more typical presentations of uterine fibroids. Gynecologists should pay attention to the early detection and management of potential complications associated with giant uterine fibroids, such as lower-extremity venous thrombosis, to reduce the incidence of pulmonary embolism and consequent mortality.
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Case report: Spontaneous rupture of leiomyosarcoma uteri 8 months after primary laparoscopic surgery of STUMP
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Introduction: Leiomyosarcoma (LMS), together with smooth muscle tumors of uncertain malignant potential (STUMP) and benign leiomyomas, belongs to a heterogeneous group of uterine neoplasms. According to the World Health Organization, tumors originating from uterine smooth muscle fibers are the second most frequent tumors. It is challenging to distinguish between STUMP and LMS because of an overlap of symptoms, lack of a precise definition, and unequivocal information obtained using imaging diagnostic methods. Following myomectomy or hysterectomy with laparoscopic or laparotomy surgery and a definitive histological diagnosis of STUMP, the course of treatment is determined by the need to preserve fertility. In 2014, the U.S. Food and Drug Administration published an alert that unprotected laparoscopic morcellation is correlated with a 3-fold higher likelihood of dissemination of malignant cells and disease progression. Unprotected morcellation was independently associated with a higher risk of disease recurrence after demolition or conservative surgery, with a relative risk of 2.94.
Conclusion: Hematoperitoneum resulting from the spontaneous rupture of a uterine tumor is a rare gynecological emergency, with very few cases reported in the last decade.
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1 Introduction

Leiomyosarcoma (LMS), together with smooth muscle tumors of uncertain malignant potential (STUMP) and benign leiomyoma, belongs to a group of heterogeneous mesenchymal uterine neoplasms (1). This group of tumors originating from uterine smooth muscle fibers is the second most frequent tumor category, affecting 70% of women in their lifetime and causing significant quality of life and economic problems (2, 3). The common symptoms caused by this group of tumors include dysmenorrhea, abnormal uterine bleeding, back pain, pelvic pressure, urinary urgency, anemia, and infertility (1, 3, 4). These tumors are classified into three groups according to mitotic activity, proliferative capacity, cytological atypia, and tumor necrosis or coagulation. The Stanford criteria, proposed by Bell et al., are an attempt to objectivize the pathohistological diagnosis of malignant smooth muscle tumors. By these criteria, LMS must satisfy at least two of the three diagnostic indicators: diffuse moderate-to-severe atypia, a mitotic count of at least 10 mitotic figures (MFs)/10 high power fields (HPFs), and tumor cell necrosis (5). In contrast, STUMP usually only exhibits one indicator (2, 6, 7). Diagnosis should be obtained by a dedicated pathologist with a high level of experience in gynecological oncology. It is challenging to distinguish between STUMP and LMS because of an overlap of symptoms, lack of a precise definition, complexity of pathophysiological findings, and unequivocal information obtained using imaging diagnostic methods. According to the World Health Organization definition, any uterine smooth muscle tumor with features indicating a potential malignancy that does not fulfill the criteria for LMS or leiomyoma may be diagnosed as a STUMP (8). LMSs are rare malignant tumors, representing 1–3% of all malignant uterine tumors, with an unfavorable prognosis, early metastases, and high rates of recurrence (9, 10). Total en bloc hysterectomy is the treatment of choice for LMS (without morcellation), while adjuvant radiotherapy is not recommended. There is no consensus on the use of adjuvant chemotherapy (10). The clinical symptoms and morphological characteristics of malignant and benign uterine tumors widely overlap, making preoperative diagnosis difficult (11). There is also a significant overlap in terminologies, such as STUMP, atypical leiomyoma, atypical leiomyoma with a low risk of recurrence, and atypical leiomyoma with low malignant potential, which contributes to confusion and unequivocal diagnosis (11). Usually, patients with symptom onset require surgical intervention that depends on the patient’s age, fertility requirements, tumor type, and surgical skill. Although imaging studies can provide useful information, they are not sufficient to distinguish between the malignant and benign nature of the tumor. Therefore, histopathological STUMP or LMS diagnosis is most often determined by a pathologist postoperatively (3, 8, 9). Diagnoses are usually made incidentally after patients have undergone fibroid surgery (12). There are no specific postoperative management protocols for STUMP, as they are extremely rare tumors. Data regarding recurrence and metastasis are obtained from case studies, and there is a lack of data regarding their biological behavior and long-term outcomes. Additionally, there is heterogeneity in histopathological and imaging features (4, 13).

After patients undergo laparoscopy or laparotomy (myomectomy or hysterectomy) and a definitive histopathological STUMP diagnosis is made, further medical treatment depends on the requirements for fertility preservation (4). Myomectomy is an acceptable choice for patients who want to preserve fertility, but surgical radicalization should be proposed when childbearing is completed (3, 11). The reported recurrence rate after primary surgical resection varies from 7 to 36.4%, and recurrence can present as STUMP or LMS (14). A literature review reported that 5 of 76 (6.6%) patients who underwent myomectomy experienced a relapse, with a follow-up interval ranging from 0.1 to 18 years. Regular follow-ups and monitoring are required if patients decide to undergo conservative treatments. Ultrasonography of the minor pelvis and abdomen, chest radiography, and a gynecologic examination should be performed to rule out new masses and signs of hemorrhage (14). Annual whole abdominal computed tomography should be performed together with magnetic resonance imaging (MRI), especially in patients who undergo unprotected laparoscopic morcellation. In 2014, the U.S. Food and Drug Administration published an alert that this specific procedure is correlated with a 3-fold higher likelihood of dissemination of malignant cells and disease progression (4, 14). Unprotected morcellation was independently associated with a higher risk of disease recurrence after demolition or conservative surgery, with a relative risk of 2.94 (4).

Hematoperitoneum resulting from the spontaneous rupture of a uterine tumor is a rare gynecological emergency, with very few cases reported in the last decade (1). Gynecological hematoperitoneum is usually caused by an ectopic pregnancy, ruptured ovarian cysts, torsion, or trauma (15, 16).



2 Case report

A 49-year-old Caucasian woman was admitted to the Clinical Center Kragujevac, Department of Gynecology and Obstetrics. She was referred by a private practice gynecologist and presented with symptoms of prolonged metrorrhagia and severe anemia. The patient denied taking any medications, food allergies, or previous surgical interventions. She was diagnosed with multiple sclerosis. She had been prescribed corticosteroid therapy but avoided taking medications and follow-up visits; she was symptom-free at the time. Family history: Her mother had a malignant ovarian tumor. Personal history: Our patient had menarche at the age of 13 years, with regular periods every 30 days lasting 7 days. The last period started 1 month prior and was still ongoing. The patient had two vaginal deliveries and no miscarriages.

Clinical findings on the first day of hospitalization: The patient had abnormal uterine bleeding.

Abdominal probe ultrasound findings: The entire minor pelvis was filled with an isoechogenic non-uniform myometrial lesion 133 × 119 × 120 mm in diameter that involved more than 50% of the myometrium, with moderate acoustic shadowing and a circumferential vascular pattern of the lesion.

Laboratory findings on admission day: leukocytes, 8.8 × 109/L; erythrocytes, 2.12 × 109/L; hemoglobin, 50 g/L; hematocrit, 0.162 L/L; mean corpuscular volume, 76.6 fL; mean corpuscular hemoglobin, 23.7 pg.; mean corpuscular hemoglobin concentration, 309 g/L; red cell distribution width, 18.6%; and platelets, 716 × 109/L.

The patient was treated at the hospital with three doses of red blood cells and resuspended erythrocytes for moderate anemia.

Laboratory findings after therapy/hematology: leukocytes, 8.61 × 109/L; erythrocytes, 3.36 × 1012/L; hemoglobin, 89 g/L; and hematocrit, 0.297 L/L; mean corpuscular volume, 88.4 fL.

Considering the patient’s age (49 years) and size and ultrasound image characteristics of the tumor, together with no desire for fertility, our surgeon proposed open hysterectomy as surgical treatment.

The patient agreed to the proposed abdominal hysterectomy; however, she reconsidered her decision and sought a second opinion. The patient was discharged from the hospital for personal reasons. Our patient underwent laparoscopic myomectomy (unprotected) in a private surgical clinic performed by an expert gynecological surgeon. Histopathological findings showed that the tumor removed laparoscopically was a STUMP. The patient was advised by her surgeon to undergo another surgery—a hysterectomy; however, she did not accept the treatment proposal.

During the first and second postoperative follow-up visits, ultrasonography revealed an isoechoic lesion at the postoperative scarring site on the uterus, which was described by the radiologist as a hematoma. The patient received conservative treatment with antibiotics and anti-anemia therapy.

Eight months after the laparoscopic surgery, the patient was admitted to the hospital by a gynecologist because of severe abdominal pain, nausea, and vomiting.

Gynecological examination revealed that the entire minor pelvis and lower and middle abdomen were filled with a painful solid tumor mass with limited mobility.

Abdominal ultrasonography revealed a large hyperechogenic tumor with an unclear anterior surface and free fluid in the abdominal cavity.

Urgent multidetector computed tomography (MDCT) of the abdomen and pelvis showed an enlarged uterus with a tumor mass of 110 × 100 mm in diameter, a lobulated contour, and disruption of the anterior wall of the uterine contour (consistent with uterine rupture), which caused hematoperitoneum. A cystic lesion in the liver with small solid parts and a septum 38 mm in diameter were also found. A few cyst-like focal lesions up to 20 mm in size were found in the lungs (Figure 1).

[image: CT scan showing a large abdominal mass in sagittal and coronal views. The mass is marked with yellow arrows in the left image, indicating its size and position relative to surrounding organs and the spine.]

FIGURE 1
 Large uterine tumor rupture (yellow arrows) with hemoperitoneum. Metastases in the lung and liver.


The patient was informed about the urgency of the medical condition and the need for surgical intervention. After the patient provided signed informed consent and adequate preoperative preparation, an open laparotomy was performed.

Intraoperative findings revealed an enlarged uterus with a tumor mass, anterior wall rupture with focal necrosis, and hemorrhage with multiple urinary bladder peritoneal adhesions. Both the adnexa were morphologically unremarkable. A total abdominal hysterectomy with bilateral adnexectomy and omentectomy was performed (Figure 2).

[image: Medical surgical procedure showing gloved hands handling exposed tissue and organs. The setting includes surgical instruments, a blue drape, and significant blood and tissue matter, indicating an intensive operation.]

FIGURE 2
 Infraumbilical laparotomy and exploration of the abdominal cavity, discontinuity of the anterior uterine wall with a large hematoma on the rupture spot.


Histopathological macroscopic findings showed both adnexa with a deformed uterus, 200 × 110 × 120 mm in diameter, weighing 1,200 g. On the right lateral anterior uterine wall, a 30 mm long defect of uterine tissue with rough edges was yellowish-red in color, distinctly softened, and 102 mm in diameter. On the uterine surface, there was a subserosal nodule, 83 mm in diameter, soft in consistency, with a ring-shaped field on the cross-section. The cavum was dislocated, and the endometrium was up to 3 mm thick in the uterine body section. The adnexa and cervix appeared normal. Processing methods: hematoxylin and eosin staining and immunohistochemistry (IHC).

The front uterine wall was infiltrated by a necrotic tumor mass with extensive fields of hemorrhage, mostly a swirling appearance, a very thin stroma, and markedly proliferated blood vessels. The tumor showed a fascicular-solid morphology, composed of strikingly polymorphic cells, mostly spindle-shaped and eosinophilic cytoplasm, with hypertrophic-hyperchromatic, partly bizarre nuclei, including visible multinucleated giant cell elements, with clearly visible increased mitotic activity. Tumor tissue with the same characteristics was seen in separately delivered tissue fragments and in tissue fragments labeled as “small intestine changes biopsy.” The blood vessel invasion was multifocal. Remnants of a benign mesenchymal smooth cell tumor were observed in the surrounding tissue. Immunohistochemically, tumor cells were diffusely positive for smooth muscle actin, desmin, caldesmon, calponin, p16, and cytokeratin AE1/AE3; approximately 30% of cells expressed p53 (measured twice), approximately 10% of cells expressed estrogen receptors (10%++, score 4), and were negative for CD10 and progesterone receptors. The proliferation index was remarkably high, and Ki-67 was expressed in approximately 75% of the cells (Figure 3).

[image: Medical specimens on a blue surgical drape. Two images show bloody tissue samples being handled with gloved hands. The specimens vary in size and appear to be organic matter.]

FIGURE 3
 Uterus with both salpinges and tumor on the anterior wall, with a hematoma on the rupture spot with parts of the tumor.


Pathologist’s conclusion: The pathohistological picture of the tumor, along with the obtained immunophenotype, corresponded to malignant mesenchymal proliferation, which is a classical variant of uterine LMS with a high degree of malignancy.

Radiologists performed multiple diagnostic imaging studies that revealed lung, liver, colon, and peritoneal metastases. There was a right-sided neck colliquative mass (most likely metastasis), 75 × 40 × 35 mm in diameter, with C5 and C6 vertebral destruction and propagation to the spinal canal (Figure 4).

[image: CT scan images showing a side view and a cross-sectional view of the cervical spine. The images highlight the vertebrae and surrounding tissues, with variations in tissue density visible in grayscale.]

FIGURE 4
 Right-sided neck mass.


The patient was then referred to a multidisciplinary oncology advisory board. The patient had distant metastases; hence, the disease was classified as an IVB stage as per the International Federation of Gynecology and Obstetrics classification. The Oncology Advisory Board proposed chemotherapy, including adriamycin monotherapy.



3 Discussion

The strength of our study is the report of the unwanted outcome of the STUMP misdiagnosis and surgery outcome. This study has potential limitations: the effect estimates in the model are based on a retrospective observational study. There is also a lack of available data (from private clinic surgery and pathophysiological examination). Considering that the study is a case report, there is a lack of data that can lead to a conclusion that could be generalized. Therefore, future studies on this delicate topic are necessary.

This paper presents a 49-year-old woman with STUMP with non-specific symptoms, such as abdominal pain, pelvic pressure, abnormal uterine bleeding, and anemia (17). She had non-specific symptoms and belonged to an age group in which STUMP and LMS mostly occur (18). Our Clinical Center’s diagnostic imaging protocol for uterine tumors includes ultrasonography, MDCT, and MRI.

Ultrasound examination is the first step in the evaluation of uterine tumors; however, a limited field of view is a problem with large tumors. Some sonographic features, such as gross tumor size (>5 cm), highly vascularized mass, irregular outline, and necrotic areas, are more often linked to LMS and STUMP (11). Morphological uterine sonographic assessment (MUSA) has been proposed by consensus to describe the ultrasonographic features of the myometrium and uterine mass. According to the MUSA, STUMP shows higher color Doppler enhancement than that in benign masses due to higher intralesional and perilesional vascularization (11).

MDCT of the abdomen and pelvis is the first choice for urgent diagnostic imaging. It provides information on tumor size, extension, margins, structure (necrosis and hemorrhage), potential ascites, lymphadenopathy, and metastasis.

The absence of ionizing radiation, visualization of the uterine zonal anatomy, and multiparametric protocols make MRI the most useful imaging modality for evaluating uterine tumors (19).

There should be no difficulty for experienced radiologists to differentiate between typical leiomyoma (sharp, smooth margins, diffuse transverse relaxation time-weighted image hypointensity, no diffusion restriction–low diffusion-weighted imaging/apparent diffusion coefficient of water “blackout phenomenon,” and mild postcontrast enhancement) and LMS (irregular ill-defined margins, areas of necrosis and hemorrhage, diffusion restriction, and heterogeneous postcontrast enhancement) (19–21).

However, there is a large overlap between variant leiomyomas (atypical and degenerative), STUMP, and LMSs.

There are a few examples of malignancy scoring systems and MRI models for uterine tumor evaluation that assess tumor margins, transverse relaxation time, diffusion-weighted imaging/apparent diffusion coefficient of water (apparent diffusion coefficient of water value below a threshold), and contrast enhancement (22–25).

Thus far, there has been an average predictive value in the difference between these two groups, and a larger series of cases is necessary to confirm the reliability of the MRI models and scoring systems (21).

After the first laparoscopic surgery, the diagnosis of STUMP was made on the specimen after morcellation. Morcellated tumors can often be overdiagnosed or underdiagnosed by the pathologist because of the limitations of histological evaluation (26). Because of those limitations and the lack of exact pathological criteria, the combination of IHC and clinicopathological findings can be more helpful in determining the final diagnosis and risk of recurrence in STUMP (18).

In a previous study, IHC played a significant role in the differentiation between smooth muscle tumors and endometrial stromal tumors based on positive h-Caldesmon expression and CD10 negative expression; p16 and p53 were diffusely positive, indicating a poor prognosis (7).

Late molecular studies have focused on finding solutions for the preoperative diagnosis of LMS and STUMP and their differential diagnosis of benign uterine fibroids, seeking possible biomarkers based on molecular variations (3, 9). Analyses of gene mutations and chromosomal abnormalities revealed 21 upregulated genes and 74 downregulated genes with possible roles in LMS development (3, 27). These findings are not yet clinically applicable. However, in the era of omics, they are promising starting points, together with technical improvements in imaging diagnostics. Investigating the involvement of the PD1/PD-L1 axis checkpoint in the pathogenesis of mesenchymal tumors is another promising research field. Some studies have shown tumor PD-L1 expression in 70% of LMSs and 14% of atypical leiomyomas; however, no cases of STUMP or benign leiomyomas have shown PD-L1 expression (28).

All of these efforts to achieve a preoperative diagnosis of STUMP and LMS are very important in individualizing therapeutic approaches for each patient. The treatment of choice for STUMP is surgery, myomectomy, or hysterectomy with or without bilateral salpingo-oophorectomy (3, 6, 29). The surgical approach should be tailored based on the patient’s age, fertility-sparing wishes, and the size and location of the tumor. The laparoscopic approach is an acceptable choice if performed with “in bag” morcellation because of the peritoneum dissemination of malignant cells (3, 11, 30). It results in shorter hospitalization, less postoperative pain, less morbidity, and less adhesion formation (3, 30, 31). Total hysterectomy is the golden standard treatment, and preservation of ovaries could be considered in perimenopausal women, especially in stages I and II of the disease (2, 32).



4 Conclusion

STUMP are extremely rare and are mostly diagnosed in perimenopausal women, at an average age of 44 years (29, 33). Hematoperitoneum due to spontaneous rupture of a uterine tumor is even rarer (16). Our patient had no desire for fertility preservation but refused open surgery during her first hospitalization. There was no convincing preoperative evidence obtained by imaging studies, laboratory investigations, or clinical examination of the malignant potential of her uterine tumor. Therefore, the patient was unable to obtain adequate information about the potential risk of not accepting the proposed surgical treatment. Even after surgery, when a histopathological diagnosis of STUMP is obtained, a detailed explanation of the unpredictable course of the disease should be provided to the patient. For patients who have achieved fertility or have no desire to become pregnant, total hysterectomy with or without bilateral salpingo-oophorectomy should be the treatment of choice to avoid possible recurrence (4, 34–36). In our case, recurrence and malignant progression occurred within a short period. This could be linked to cellular diffusion in the peritoneal cavity owing to unprotected electrical morcellation (4). Although there is no established follow-up protocol for patients with STUMP, follow-up may include a physical examination and blood tests every 6–12 months with additional imaging tests on an as-needed basis (37).



5 Patient perspective

My first doctor told me that I most likely had leiomyoma, and when I came to the Clinical Center for the first time, there was no convincing evidence of the malignant nature of the tumor; therefore, I decided to undergo minimally invasive surgery instead of open hysterectomy. Even after the first surgery, there was no strong evidence to convince me to undergo another radical surgery. I was worried about the long hospital stay, pain after surgery, and scarring.
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Objectives: The safety of cesarean myomectomy has been proven by previous studies. Our study aimed to reveal the long-term perinatal, obstetric, and surgical outcomes of cesarean myomectomy (CM) by comparing different CM techniques.



Material and methods: This retrospective multicentric case–control study involved 7 hospitals and included 226 singleton pregnancies that underwent repeated cesarean section (CS) between 2015 and 2020. Among these pregnancies, 113 of 226 cases had CM (Group A), and 113 had only CS (Group B). Of the 113 cases in which CM was performed, 58 underwent endometrial myomectomy (EM) (Subgroup A1) and 55 underwent serosal myomectomy (SM) (Subgroup A2). The groups were compared in terms of obstetric, perinatal, and surgical outcomes, and fibroid recurrence, myomectomy scar healing rate, and adhesion formation were noted.



Results: There was no significant difference between the groups in terms of maternal age, body mass index, gravidity, parity, and fibroid diameter in previous CS (p > 0.05). In the perinatal and obstetric evaluation of the groups, there was no significant difference between the groups in terms of neonatal weight, Apgar score, fetal growth restriction, preterm premature rupture of membranes, preterm delivery, hypertension in pregnancy, and diabetes mellitus (p > 0.05). The fibroid recurrence rate was 28.3%, and the myomectomy scar good healing rate was 99.1%. There was no difference between the groups in terms of CS duration, preoperative and postoperative hemoglobin levels, perioperative blood transfusion rates, febrile morbidity, and prolonged hospitalization (p > 0.05). In terms of adhesion formation, although the adhesion rate of the SM group was higher than that of the EM group, no statistically significant difference was detected between the groups.



Conclusion: This study showed that in pregnancies following CM, obstetrical, perinatal, and surgical outcomes were unaffected. Obstetricians can safely use CM, either the trans-endometrial or serosal technique, as it is a safe and effective method with long-term results.
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Introduction

The most common benign tumors in the female reproductive system are fibroids or myomas, which can pose a significant health risk, especially to expectant mothers (1). Since childbearing is becoming more and more of a worldwide trend, this load has grown in importance in recent decades (2). Although estimates of the prevalence of fibroids in pregnant women vary, a conservative estimate for those found during regular second-trimester ultrasounds is 2.7%. When a woman is having in vitro fertilization (IVF), this incidence rises to 12.6%, and it may even reach 25% in older women who are doing IVF with an ovum donor (3).

Most fibroids do not cause any major problems during pregnancy, delivery, or puerperium; however, they are linked to several perinatal issues, including miscarriage, early pregnancy bleeding, premature labor and rupture of membranes, placental abruption, malpresentation, labor dystocia, postpartum hemorrhage, and retained placenta (4).

Cesarean myomectomy (CM), a procedure involving myomectomy performed during cesarean delivery, was first reported in 1913. For an extended period, it was considered a hazardous operation due to the pronounced risk of massive perioperative hemorrhage, which often necessitated a hysterectomy to achieve hemostasis (5). However, since the last decades of the previous century, CM has gained increasing support, attributed to its numerous advantages over interval myomectomy (6). Despite initial reservations, five meta-analyses published in the past decade have not demonstrated significant complications associated with myomectomy during cesarean section (CS), compared to CS alone (7–10). Traditionally, CM is performed using a serosal uterine incision hysterotomy. Yet, recent reports have indicated that CM can be effectively conducted via an endometrial incision in suitable cases, yielding favorable outcomes (11).

There is a lack of data on the long-term outcomes of CM, with only a limited number of reports available in the existing literature (12, 13). Additionally, none of the meta-analyses published to date have included data on this aspect (7–10). The primary aim of this study was to investigate the perinatal and perioperative complications during pregnancy and delivery in women subjected to CM during previous delivery. The secondary aim was to determine if there is a difference in the frequency of these complications according to the CM technique used.



Material and methods

This study was designed as a retrospective, multicentric case–control investigation conducted across seven hospitals, comprising four tertiary-level and three secondary-level facilities. The study population consisted of women who underwent repeated CS in singleton pregnancies over a 5-year period from 2015 to 2020. Ethics committee approval was obtained for all the participating hospitals, and the study was registered at clinicaltrials.gov, with No. NCT04766567. Informed consent was obtained and signed by all the patients included in the study. The enrolled women were categorized into two groups: (1) Group A comprised patients who have had CM during previous CS. The inclusion criteria for CM included patients expressing a desire for the procedure after being informed about its risks and benefits before delivery. The exclusion criteria for CM included patient refusal, uterine hypotony, and/or atony, cervical myomas that cannot be reached from the abdomen, and women with bleeding disorders due to medical or obstetric causes. (2) Group B comprised patients who have had CS only. Due to the large number of potential participants in Group B, patients who matched Group A in terms of age and BMI were identified. Subsequently, an equal number of patients to Group A were selected from this pool, using an online random picker tool. Then, further subdivision of Group A was conducted into the following: (3) Subgroup A1, all patients who underwent endometrial myomectomy (EM), and (4) Subgroup A2, all women who underwent serosal myomectomy (SM). We excluded women who have had any other intra-abdominal surgery except CS (with or without CM), those having more than one previous CS, those having any coagulopathy, and cases of repeated CM. Patients with a history of malignancy, pelvic inflammatory disease, and endometriosis were also excluded from the study. No anti-adhesion materials were used during previous CS and CM of the cases. All CSs were performed according to the technique previously described by Stark (14). SMs were performed in all the cases according to the technique previously described by Tinelli et al. (15). EMs were performed in all the cases according to the technique previously described by Hatirnaz et al. (11). The medical charts were reviewed, and the following sociodemographic and clinical data were extracted: age at repeated CS, gravidity and parity, gestational age at delivery, time interval since previous CS, type of previous laparotomy, neonatal weight, and Apgar score at 1 and 5 min. The following pregnancy complications were registered for all the participants: fetal growth restriction (FGR), intrauterine fetal demise, diabetes mellitus (DM), hypertensive disorder in pregnancy, preterm premature rupture of membranes (PPROM), preterm delivery, placenta previa, placental abruption, abnormally invasive placenta (AIP), uterine rupture, and venous thromboembolism. Perioperative characteristics were also recorded for all the patients, including the kind of relaparotomy used for the repeated CS, duration of the CS (from skin incision to skin closure in minutes), preoperative and postoperative serum hemoglobin levels, transfusion frequency, postoperative intestinal sub-occlusion/occlusion, febrile morbidity, and prolonged hospitalization (≥2 days longer than the institutional average). Postoperative serum hemoglobin levels were measured 12 h after the CS. Febrile morbidity was defined as temperature ≥38 °C measured at least twice at an interval of at least 6 h between the two measurements, except within the first postoperative 24 h. Healing of the previous CM scar in Group A was evaluated by intraoperative inspection and with palpation, and the findings were classified into three categories, namely, good healing (scar thicker than 50% of the surrounding uterine wall), poor healing (scar thinner than 50% of the surrounding uterine wall), and scar dehiscence. The recurrence rate of fibroids in Group A was determined from the presence of fibroids during the repeated CS. In cases of fibroid presence, the diameter of fibroids was registered from the operative records. Surgical complications associated with the repeated CS were evaluated according to Clavien–Dindo classification (16), in all cases, as absent, Grade I (any deviation from the normal postoperative course: drugs as antiemetics, antipyretics, analgesics, diuretics, electrolytes, physiotherapy, and wound infections opened at the bedside), Grade II (drugs other than such allowed for Grade I complications, blood transfusions, and total parenteral nutrition), and Grade III and above.

The presence of postoperative adhesions registered during repeated CS was evaluated according to the peritoneal adhesion index (PAI) (17). In the PAI system, the human abdomen is divided into nine equal anatomical regions. The grade score of peritoneal adhesions in these regions is defined as 0, no adhesions; 1, filmy adhesions; 2, strong adhesions; and 3, very strong vascularized adhesions. The sum of the adhesion grade scores of nine regions results in PAI.

The data in the study were analyzed using IBM SPSS Statistics for Windows v 21.0 (IBM Corp, Armonk, NY, USA). The quantitative data are presented as the median (minimum–maximum) values. The categorical data are presented as frequencies (n) and percentages (%). Kruskal–Wallis's test and Mann–Whitney U test were used to compare the independent groups, and Pearson's chi-square test, Fisher's exact test, and Fisher–Freeman–Halton test were used to compare the categorical variables. Logistic regression analyses were conducted to calculate the odds ratios to explore the relationship between surgical techniques and both long-term postoperative complications and the incidence of intraoperative adhesions. The regression models were constructed in two phases for the entire study population. Initially, univariate models were developed. Subsequently, multivariate models were adjusted for age, BMI, gravidity, parity, and the time interval between operations. These analyses were replicated exclusively within the CS myomectomy group to assess the impact of myoma diameters in the initial CS/myomectomy operations. Initially, univariate models were established. This was followed by the development of multivariate models, which were adjusted for age, BMI, gravidity, parity, time interval between operations, and myoma diameter at the initial operations. Data were determined at the 95% confidence level, and a p-value of <0.05 was accepted as statistically significant.



Results

A total of 226 women submitted for repeated CS were included in the study. Participants were divided into two main groups: Group A comprising 113 patients who have had either serosal myomectomy (SM) or endometrial myomectomy (EM) and Group B comprising 113 patients who have had CS only. Group A was further subdivided into two subgroups: Subgroup A1 consisting of 58 patients who have had EM and Subgroup A2 consisting of 55 patients who have had SM. Myomas enucleated in Subgroup A1 were G1, G2, G3, G4, G5, and G6 [by the International Federation of Gynecology and Obstetrics (FIGO) leiomyoma subclassification system] myomas. The myomas enucleated in Subgroup A2 were G4, G5, G6, and G7 myomas. The clinical characteristics of patients within the two primary groups (Group A and Group B), as well as the two subgroups (Subgroup A1 and Subgroup A2), are shown in Table 1.


TABLE 1 The comparisons of the clinical characteristics of the study cohorts.
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All participants had a history of transverse laparotomy in their previous CS. The analysis revealed no statistically significant differences across the groups in terms of median age, BMI, gravidity, parity, and time interval since the previous CS. The median diameter of the fibroid enucleated during previous CS was 20 mm (range, 20–110) in Subgroup A1 and 55 mm (range, 20–110) in Subgroup A2, without statistically significant difference between the subgroups. There was no statistically significant difference between the groups in terms of newborn weight, Apgar scores, premature birth frequency, PPROM, diabetes, and hypertension.

There was an isolated case of complete uterine rupture in Subgroup A1. It occurred in a 34-year-old woman (gravida 3, para 1) who had EM of a 45 mm FIGO type 2 fibroid localized at the posterior wall of the uterus. Her previous CS was 17 months prior to the presentation. She was admitted to the hospital with the chief complaint of abdominal pain at 37 weeks of a previously uneventful pregnancy. The patient was delivered by emergency CS, due to non-reassuring fetal heart rate. On laparotomy, complete uterine rupture at the site of previous LUS incision. A live 3,050 g neonate with an Apgar score of 5/7 was delivered. The patient's preoperative and postoperative hemoglobin levels were 12.6 g/L and 6.5 g/L, respectively, after receiving 1,000 ml of packed red blood cells. The postoperative recovery was unremarkable, and the patient was discharged from the hospital on the second postoperative day.

One patient in Subgroup A1 underwent a repeated CS through a median laparotomy due to complete placenta previa. The patient was a 37-year-old woman (gravida 4, para 1) who had EM of a 100 mm FIGO type 4 fibroid localized at the fundal anterior wall of the uterus. The previous CS was 26 months prior to presentation. The patient was delivered by emergency CS due to excessive vaginal bleeding at the 35th week of pregnancy, the newborn was 2,600 g with an Apgar score of 7/9. Hysterectomy was not required, and 1,000 ml of blood was transfused. No intensive care unit was required for both the mother and baby. The patient was discharged on the third postoperative day. All other patients throughout the study had a transverse relaparotomy.

There was no discernible difference in the length of repeated CS across the groups. The preoperative hemoglobin (Hb) levels in the two main groups were examined, and the results showed no significant differences. In a similar vein, these group's postoperative hemoglobin levels were similar. Subgroup analysis showed that preoperative hemoglobin levels did not differ across the groups. Median postoperative Hb levels also did not reveal significant differences between Subgroups A1 and A2 and Group B [102 (range, 64–127); 104 (range, 79–126); 99 (range, 63–126), respectively] (p = 0.051). However, there was an observable trend suggesting a disparity, attributable to the relatively lower Hb levels in Group B. The underlying cause of this trend can be primarily attributed to the disproportionate influence of patients with hemorrhage in Group B. In terms of perioperative transfusion, 6.9% of patients in Subgroup A1, 5.5% of patients in Subgroup A2, and 1.8% of patients in Group B received transfusions, without significant differences between the groups.

The preoperative, intraoperative, and postoperative characteristics of the patients are shown in Table 2.


TABLE 2 The preoperative, intraoperative, and postoperative characteristics of the study cohorts.
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The myomectomy scars of all patients in Group A were mostly evaluated as good healing (99.1%), while poor healing was determined in only one patient (0.9%). This poor healing case was a 34-year-old woman with two gravida and one parity (CM). Elective CS was performed at the 39th week of pregnancy, the fetal weight was 3,100 g, and the Apgar score was 8/9. The previous CM was performed 15 months ago. It was determined from the patient records that, in the previous CM, a FIGO type 6 fibroid of 65 mm diameter located in the anterior wall of the uterine corpus had been excised using the serosal myomectomy technique. Preoperative and postoperative Hb levels were 11.9 g/L and 11.1 g/L, respectively. There were no intraoperative or postoperative complications. If we evaluate myomectomy scar healing between subgroups, all cases in Subgroup A1 exhibited good healing outcomes. In Subgroup A2, most of the cases exhibited good healing outcomes (98.2%), while poor healing was determined in only one patient (1.2%). These differences between the subgroups were not statistically significant.

Regarding fibroid recurrence, recurrent myoma locations were different from the previous myomectomy site. The myoma recurrence rate was 28.3% (n = 32) in Group A. Within the subgroups, the recurrence rates were 36% (n = 21 cases) in Subgroup A1% and 20% (n = 11 cases) in Subgroup A2; however, this difference was not statistically significant. Notably, the median diameter of recurrent fibroids in Subgroup A1 was significantly smaller at 30 mm (range, 20–60 mm), compared to Subgroup A2, where the median diameter was 60 mm (range, 30–80 mm) (p > 0.001). Febrile morbidity was mostly detected in cases of membrane rupture lasting longer than 12 h or in cases of emergency CS. All patients with febrile morbidity received broad-spectrum antibiotics, and their fever decreased. Regarding febrile morbidity, no discernible variations were seen between the groups. A minimum of 1,000 ml of blood transfusion, severe headaches following a spinal puncture, uterine rupture, midline laparotomy, and extended febrile morbidity were among the patients who required a protracted hospital stay. There were no discernible differences between the groups in terms of extended hospital stays. None of the individuals had any symptoms of ileus or venous thromboembolism.

Surgical complications associated with repeated CS were evaluated according to the Clavien–Dindo classification (16) (Table 3). Most of the patients in the study did not have any of the complications (n = 134, 59.3%). Grade I complications were determined in 83 (36.7%) patients. All of these include the additional use of analgesics and antiemetics. No other therapeutic agent was used, and no case of wound infections opened at the bedside was detected. Grade II complications were determined in 9 patients (4.0%), all of whom required blood transfusion. No higher-grade complications were observed. When subgroup analysis was performed, no complications were observed in 32 patients in Subgroup A1 (55.2%), 30 patients in Subgroup A2 (54.5%), and 72 patients in Group B (63.7%). Similarly, Grade I complications were observed in 22 patients in Subgroup A1 (37.9%), 22 patients in Subgroup A2 (40.0%), and 39 patients in Group B (34.5%). Finally, Grade II complications were observed in four patients in Subgroup A1 (6.9%), three patients in Subgroup A2 (5.5%), and two patients in Group B (1.8%). Statistical analysis indicated no significant differences among the groups.


TABLE 3 Evaluation of the long-term postoperative complications (Clavien–Dindo classification) (16).
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Upon evaluating the intraoperative adhesion values of the patients according to PAI 2013 (17) (Table 4), no adhesions were detected in 70 patients in Group A (61.9%) and 80 patients in Group B (70.8%). Subgroup analysis revealed that 40 patients (69.0%) in Subgroup A1 and 30 patients (54.5%) in Subgroup A2 had no adhesions. Adhesions were determined in 45% of Subgroup A2 and 31.1% of Subgroup A1. The comparison between Group A and Group B revealed no statistically significant difference in the sum of scores per patient (p = 0.119). Additionally, within Group A, Subgroups A1 (n = 58) and A2 (n = 55) showed no significant difference compared to each other as well as Group B in terms of the sum of scores per patient (p = 0.074).


TABLE 4 Evaluation of intraoperative adhesions (PAI 2013) (17).
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Logistic regression analysis investigated the relationship between different surgical techniques and long-term postoperative complications, categorized according to the Clavien–Dindo classification (complications were considered based on their presence or absence, without accounting for grades).


Univariate analysis for whole study groups (n = 226)

In the univariate model, comparing Group B (used as the reference group) to Subgroup A2 (OR = 1.463; p > 0.05) and Subgroup A1 (OR = 1.427; p > 0.05), the results suggest that neither serosal nor endometrial myomectomy significantly increased the risk of long-term complications when added to cesarean section.



Multivariate analysis for whole study groups (n = 226)

Adjusting for age, body mass index, gravidity, parity, and the time interval between the operations, the multivariate model yielded similar odds ratios (1.494 and 1.382 respectively). However, these adjusted odds ratios were not statistically significant (p > 0.05), indicating that the additional risk factors adjusted for did not substantially alter the relationship between surgical techniques and postoperative complications.



Univariate analysis for the myomectomy groups (n = 113)

When focusing solely on the myomectomy groups, using Subgroup A2 as the reference, the odds ratio for Subgroup A1 was 0.975 (p > 0.05), indicating no significant difference in the risk of postoperative complications between the two myomectomy techniques.



Multivariate analysis for the myomectomy groups (n = 113)

Further adjusting for age, body mass index, gravidity, parity, the time interval between the operations, and the myoma diameter at the first operation, the multivariate model for the myomectomy groups showed an OR of 0.835 (p = 0.664) for Subgroup A1 compared to Subgroup A2. This result also did not reach statistical significance, suggesting that the type of myomectomy performed does not significantly impact the likelihood of long-term postoperative complications. These findings underscore that neither serosal nor endometrial myomectomy significantly alters the risk of long-term complications when performed alongside cesarean section, regardless of the patient's age, body mass index, gravidity, parity, or time interval between operations (detailed in Table 5).


TABLE 5 Relationship between surgical techniques and long-term postoperative complications (according to the Clavien–Dindo classification)a.
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Logistic regression analysis also assessed the relationship between surgical techniques and the incidence of intraoperative adhesions, as classified by PAI 2013 (adhesions were considered based on their presence or absence).



Univariate analysis for the whole study groups (n = 226)

The univariate model indicated that cesarean section combined with serosal myomectomy was associated with significantly higher odds of intraoperative adhesions compared to cesarean section alone (OR = 2.020; 95% CI: 1.036–3.940; p = 0.039). In contrast, cesarean section combined with endometrial myomectomy did not show a significant increase in the odds of adhesions (OR = 1.091; 95% CI: 0.548–2.171; p > 0.05).



Multivariate analysis for the whole study groups (n = 226)

After adjusting for age, body mass index, gravidity, parity, and the time interval between operations, the odds ratio in Subgroup A2 increased (OR = 2.327; 95% CI: 1.157–4.680; p = 0.018), further supporting a significant association with higher adhesion rates. However, the association in Subgroup A1 remained non-significant (OR = 1.062; 95% CI: 0.522–2.158; p > 0.05).



Univariate model for the myomectomy groups

Within the groups undergoing myomectomy, using Subgroup A2 as the reference, Subgroup A1 showed reduced, though not statistically significant, odds of adhesions (OR = 0.540; p > 0.05).



Multivariate model for the myomectomy groups

When further adjustments were made for age, body mass index, gravidity, parity, the time interval between the operations, and the myoma diameter at the first operation, the results for Subgroup A1 indicated lower but not significant odds of adhesions (OR = 0.457; p = 0.062). These analyses suggest that serosal myomectomy in conjunction with cesarean section significantly increases the likelihood of intraoperative adhesions, whereas endometrial myomectomy does not significantly alter this risk (detailed in Table 6).


TABLE 6 Relationship between surgical techniques and the existence of intraoperative adhesions (according to PAI 2013)a.
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Discussion

Since its initial introduction into obstetrics practice, CM is a surgical treatment that is being performed by an increasing number of surgeons. Because of the significant risk of perioperative complications, such as severe bleeding, the need for blood transfusions, the potential for cesarean hysterectomy, and extended hospital stays, CM was avoided in the past (18). Although rare, massive hemorrhage can lead to maternal death (19). It has been stated in many articles that even fibroids <8 cm can be safely removed during cesarean delivery (20), longer recovery times and lower hemoglobin levels are unavoidable (7, 8).

Complications may also arise if fibroids are not removed after a CS because of surgical inexperience or the fibroid's placement. If fibroids are not removed during CS, certain issues could arise. It was formerly believed that fibroids prevented the uterus from involution, which resulted in heavy bleeding during the early puerperal phase (21) or prolapsed from the cervix to the vagina, which led to an infection and myomectomy during this time. Fibroids were suspected of causing infertility, miscarriage or preterm birth of the fetus, excessive monthly flow, and symptoms connected to surrounding organ pressure, late after the delivery. Pregnant women who experience severe pain that is unresponsive to medical intervention may be more inclined to choose CM (22).

During CS, eliminating fibroids has several benefits. Due to increased myometrial elasticity during pregnancy, it will be easier to distinguish healthy and fibroid myometrial tissue, and myoma removal becomes easier. During pregnancy, uterine expansion is more noticeable than fibroid growth. This reduces tissue damage when surgeons remove fibroids from smaller incisions. Significant contractions following CS and uterine involution reduce the quantity of bleeding from the fibroid bed. It saves the patient from myoma symptoms and possible subsequent myomectomy. The serosal technique has been used for a very long time to accomplish myomectomy during CS. SM can remove easily accessible fibroids that are near the serosal surface (G7, G6, G5, G4, G3, G2-5 fibroids). By using an endometrial approach, fibroids that are deeply ingrained (G4, G5, G6 fibroids) in the myometrium and near the endometrium (G1, G2, G3, G2-5, fibroids) can be removed. The application of hysteroscopic myomectomy served as the model for EM. The EM can also be performed for fibroids located in the posterior uterine wall or fibroids located in isthmic or cornual regions that cannot be removed by SM (23). Moreover, the EM can be combined with SM for the removal of all fibroids present during CS, and those fibroids located on the incision line can be removed by the trans-incisional route.

There are no internationally established guidelines for my myoma management during the CS. Most of the classical textbooks and internationally established opinions advise against performing myomectomy during CS except in very few situations (24). On the other hand, literature data provide a lot of publications promoting CM ( 6, 11, 12, 20, 23, 25). Moreover, five available meta-analyses failed to document any major complications of CM and documented its safety and feasibility in properly selected cases (8, 9, 10, 22, 26).

Although short-term outcomes were reported in many publications, studies and meta-analyses of long-term outcomes of CM are lacking (9, 10, 26). In their recent review, Sparic et al. evaluated six studies comparing the short-term results of CM according to the myomectomy technique. This study, which once again demonstrates the reliability of CM, states that none of the techniques is superior to the other and well-designed studies are needed for long-term outcomes (27). Akkurt et al. (12) evaluated 32 out of 91 women who had CM for their pregnancies after CM for preterm delivery, uterine rupture, and placental adhesion abnormalities, detecting a very low maternal morbidity rate for those factors (9.3%). Adesiyun et al. (28) reported that CM has no negative impact on the obstetrical outcomes of 29 women who had previous CM. Yıldırım Karaca et al. (29) compared obstetrical and neonatal outcomes (Apgar score, neonatal birthweights, birth weeks) after EM and SM in two groups, reporting no statistically significant difference in both groups.

In our study, we evaluated long-term obstetrical outcomes of women who had previous CM and for neonatal Apgar scores, birthweights of babies, fetal growth restrictions, diabetes mellitus, PPROM, and preterm delivery, and our results showed no significant difference in both methods.

We found a uterine rupture in one of the cases assigned to Subgroup A1; however, the ruptured site was from the lower uterine segment (LUS) and not the prior CM site, demonstrating that the rupture and CM are unrelated. The incidence of placenta previa in the general population ranges from 0.28% to 1.5% (30). In our 113 cases, we only recorded one case with placenta previa. However, Akkurt et al. and Adesiyun et al. reported higher rates of placenta previa, understandably due to a very low number of studied populations (12, 28). Contrary to their report, Huang et al. performed EM to 63 cases and then performed CS to the same 63 cases, and the rate of placenta previa was determined to be the same in both groups. The author concluded that EM does not cause an increase in the risk of placenta previa (31).

The length of CS, preoperative and postoperative hemoglobin levels, the need for blood transfusions, febrile morbidity, and extended hospital stays were among the perioperative data that we did not observe to differ significantly from one another during our analysis. It is possible to identify no discernible change because both groups had CS.

According to the study of Fauconnier et al. (32), the rate of fibroid recurrence following abdominal myomectomy ranges from 15.4% to 62% if transvaginal ultrasound examination is the recommended approach to assess it. Kotani et al. followed women with previous open myomectomy for fibroid recurrence and found 5.3%, 34.2%, 46.9%, and 63.4% in their 1, 3, 5, and 8 years of follow-up, respectively (33). From the publication, the mean recurrence rate was expected 40% during follow-up. Our study revealed a 28% recurrence rate, and the mean time for second CS was 3.9 years. The low recurrence rate in our study may be explained by the removal of palpable and visualized fibroids during CS instead of transvaginal ultrasound examination. The disadvantage of EM is that we cannot determine small fibroids. Literature is lacking about the long-term outcomes of healing of CM scar. Cobellis et al. published two consecutive articles in the same year. In their first article, they compared ultrasonographic findings of myomectomy scars in both the CM and myomectomy groups, while in the second publication, they compared myomectomy scar healing of previously evaluated patients during CS (34, 35). Both studies showed that scar healing is much better in the CM group. Moreover, Adesiyun et al. (28) evaluated 29 women with previous CM, with 13 women who delivered by vaginal route and 16 women who had CS. In both groups, none of the cases had uterine dehiscence or uterine rupture. In our investigation, we detected a good healing rate in 99.1% of patients, where we evaluated the scar healing by palpation during CS. Our findings are matched with the limited data present in the literature.

Myomectomy scar pregnancy is one of the rarest myomectomy side effects. Zhu et al. (36) published their case along with a review study that featured seven myomectomy scar pregnancies. Out of the eight myomectomy scar pregnancies, three cases were noted following laparoscopic myomectomy, and five were the consequence of abdominal myomectomies. Although it is theoretically feasible, none of the few documented cases of myomectomy scar pregnancy were caused by CM (37, 38).

An inevitable complication after all abdominal surgeries is adhesion formation. The adhesion rates after abdominal myomectomy range from 28.1% to 81% (39, 40). Adhesion formation after CS was 24%–46%, 43%–75%, and 83% in second, third, and fourth CS, respectively (41, 42).

Turgal et al. (13) stated the adhesion rate in CS after serosal myolysis and SM performed during previous CS as 19% and 41%, respectively. When these rates were compared with the CS after CS group (21.1% adhesions), no statistically significant difference was detected. This finding was further supported by Akkurt et al., where they reported a 25% adhesion rate during CS in 32 women who had previous SM (12).

In our investigation, Group B had a rate of adhesion development of 29.2% compared to Group A's 38.1%; nevertheless, this difference was not statistically significant. Mercorio et al. (43) in their recent review evaluated adhesion formations after myomectomy and stated that the size of the uterine serosal incision is related to adhesion. Based on this result, since the uterine serosa is not damaged in the EM technique, less adhesion is expected compared to the SM technique. Moreover, women with prior SM during CS were observed to have higher adhesion development in their second CS as opposed to women with EM during CS, according to Yıldırım Karaca et al. (29). We realized that Subgroup A1 had a 31% adhesion rate and Subgroup A2 had a 45.5% adhesion rate in the multiple group comparisons. Although Subgroup A2 had a higher rate, this difference was not statistically significant. However, further evaluation through logistic regression analysis to assess the risk of adhesions across different surgical groups revealed a different pattern. The analysis showed that the likelihood of intraoperative adhesions was significantly higher between Subgroup A2 and Group B (OR = 2.020; 95% CI: 1.036–3.940; p = 0.039). This association was found to strengthen further when adjusted for demographic and preoperative variables (OR = 2.327; 95% CI: 1.157–4.680; p = 0.018). Conversely, there was no significant increase in the risk of adhesions between Subgroup A1 and Group B (Table 5). The results obtained in this evaluation seem to be consistent with the literature. To draw any conclusions on adhesion formation following myomectomy, a more extensive series should be examined in future research.

The growing incidence of CS globally raises awareness of the risks associated with the procedure, with heavy bleeding during CS being the most common consequence (7%) (44). The range of intestinal blockage is 0.05%–0.2% (45). There were incredibly few other organ injuries. Delporte et al. (46) examined 882 women who had CS, 17% of whom had repeated CS, and assessed the problems associated with the procedure using the Clavien–Dindo classification. In accordance with this classification scheme, problems were noted in Grades I, II, and III at 89.2%, 8.7%, and 2.0%, respectively. We added severe postoperative pain, analgesic use, and antiemetic use due to severe nausea and vomiting to Grade I and reported a 36.7% Grade I complication rate using the same classification approach. In 4% of the instances, we found bleeding and the need for blood transfusions because of the bleeding, classifying them as Grade II.

We did not uncover any Grade III complications in our investigation. While the Grade I complication rate was lower than the literature, the Grade II complication rate was comparable. Regarding surgical complications, there does not appear to be a statistically significant difference between the groups and subgroups. Further investigation into the relationship between surgical techniques and long-term postoperative complications across different groups showed no significant differences. The results from both univariate and multivariate analyses indicated non-significant odds ratios among Group A1, Group A2, and Group B, demonstrating that different myomectomy procedures together with CS do not substantially alter the risk of long-term complications comparing CS alone. Adjustments for factors such as age, body mass index, and time intervals between operations did not change these findings (Table 6).

This study's first strength was its ability to consistently disclose both short- and long-term obstetric and surgical outcomes through comparative analysis of groups similar in terms of case numbers and fundamental features. The sample size was adequate for a thorough analysis of the primary and secondary outcomes, which is the study's second strength. There are various restrictions on this study. We conducted a multicentric, retrospective investigation. Furthermore, standardizing and avoiding bias in the gathering of data on adhesion and scar healing is a challenging task. The standardization of the data is limited by the various follow-up periods (1–10 years) when evaluating the long-term outcomes of our investigation. Data comparing the long-term effects of SM and CM are scarce. There are not many reports and few cases in the literature yet that can be compared to the findings of our investigation.



Conclusion

This study demonstrated that obstetrical and perinatal outcomes were unaltered in pregnancies that followed CM. Surgical problems from CS after CM are similar to those from multiple cesarean sections. This applies to both categories of CM techniques. Repetitive CS and CM are comparable in terms of how long-term adhesions are created. However, because there is no serosal incision in EM, there is less adhesion formation than in SM. Both the trans-endometrial and serosal techniques of CM are safe, effective, and produce long-lasting outcomes, thus obstetricians can safely utilize them.
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Uterine leiomyoma is a common condition affecting women that occurs in more than 70% of females. Women with leiomyomas overall have lower quality of life and deficiency in many specific spheres of life including work-related productivity, sexuality, relationships, social–emotional health, and physical well-being that might be present even in pre-and extended throughout early postmenopausal life. Choices for symptomatic fibroid management include medical, interventional radiology procedures, surgical, and expectant management. The uterine artery embolization (UAE) procedure has gained justified popularity for myoma management. Growth factors, vascular endothelial growth factor (VEGF) and tumor growth factor β (TGF-β), hold an important role in leiomyoma progression. However, blood levels of VEGF and TGF-β in patients before and after UAE are not fully investigated and the possible relationship with myoma shrinkage has not been evaluated. Therefore, this study aims to assess menorrhagia score and quality of life improvement after UAE for uterine fibroids and compare blood levels of VEGF and TGF-β in patients with uterine leiomyoma before and after UAE. This cross-sectional study will be performed at the University Medical Center, Astana, Kazakhstan. Women undergoing the UAE procedure for uterine leiomyoma will be involved in the study following the precisely defined inclusion/exclusion criteria. Uterine leiomyoma nodules’ structural changes after UAE will be assessed along with the blood levels of growth factors (VEGF and TGF-β), menorrhagia score, and quality of life. An important outcome of this project will be an investigation of the blood levels of growth factors (VEGF and TGF-β) before and after the procedure and their association with leiomyoma shrinkage in correlation with the menorrhagia score and quality of life alterations among patients undergoing UAE.
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1 Introduction

Uterine leiomyoma (myoma or fibroid), is the most continual benign mass of the uterus, which occurs in more than 70% of women (1). Hysterectomy is still the most frequently offered and performed intervention to treat uterine leiomyoma (2). However, surgical management may lead to complications and negatively affects the patients’ quality of life (3, 4). Over the past three decades, a minimally invasive approach has been acquiring popularity. Uterine fibroids embolization became a typical option for many patients who are looking for an organ-sparing procedure (5–7). Since the implementation, strong evidence has been constructed presenting safety and efficacy of this approach and low rates of complication and side effects (5, 8).

Uterine artery embolization (UAE) was initially defined as a therapeutic option for symptomatic uterine fibroids in 1995 and became very popular in the last two decades (9). The advantages of UAE over surgery are a short hospital admission period, a quick return to normal life activities (usually 1–2 weeks), a low rate of major complications, the opportunity for uterine/fertility-sparing procedure, and the overall better quality of life in most of the cases (5, 10). The goal of UAE is to decrease blood flow to fibroid nodules that will cause ischemia/infarction and shrinkage of the uterine leiomyoma nodes (fibroids). It is an efficient and effective method as it reduces uterine bleeding in up to 85% of the cases and decreases pain in up to 80% of the patients treated with this method.

The latest Royal College of Obstetrics and Gynecology (RCOG) and American College of Obstetricians and Gynecologists (ACOG) guidelines recognized UAE as effective as surgery for control of symptoms and recommended the procedure for patients with symptomatic uterine leiomyoma (11, 12). The Cardiovascular and Interventional Radiological Society of Europe (CIRSE) standards of practice also recognized UAE as a “true alternative to hysterectomy in women who wanted to preserve their uterus” (13). However, previous studies confirmed that within the following 5 years after UAE due to the uterine leiomyoma relapse, 10% of patients may require a hysterectomy, 3% - myomectomy, and 2% will require repeating the UAE procedure (14–17).

Uterine leiomyoma development is associated with the involvement of a variety of growth factors. Those are proteins or polypeptides, which are produced by several cell types (18). They have a variety of biological functions/effects and generally act via an autocrine and/or paracrine pathway. Growth factors effects on target cells by targeting specific receptors on a cell surface. The subsequent signaling transmits the effects of growth factors in the cell (14). The most important markers for uterine fibroid growth are vascular endothelial growth factor (VEGF) and transforming growth factor β (TGF-β) (14, 19, 20).

VEGF is a cytokine, which possesses multiple effects: increases microvascular permeability, and stimulates endothelial cells’ growth and angiogenesis. VEGF is synthesized and secreted by various tumor cells and tumors in humans. It is an essential growth factor that supports the vascular endothelial cells proliferation, promotes cell migration and proliferation, and regulate angiogenesis (14, 21). Thus, VEGF plays a significant role in the growth of uterine fibroids (22). Although uterine leiomyoma is a benign mass, angiogenesis is also critical for its existence and development. UAE procedure could induce uterine fibroids’ tissue ischemia and hypoxia via the blood supply obstruction. In the next step, hypoxia can prompt VEGF gene transcription, thus, elevating the expression level of VEGF and invigorating leiomyoma-related angiogenesis (14, 21, 23). According to the literature data, it is not clear and has to be elucidated further whether VEGF blood levels could be used as a prognostic factor for patients with uterine leiomyoma following UAE treatment (23).

TGF-β is known as a versatile cytokine with a dimeric polypeptide structure. TGF-β has three different isoforms and belongs to a large family of proteins entitled TGF-β superfamily (24). TGF-β regulates multiple inflammation mediators, cell division, and extracellular matrix production (24). Moreover, it plays a major part in cellular migration within a tumor, stimulates tumor growth, and enhances metabolism. Therefore, the synthesis and release of TGF-β in a fibroid nodule are increased, and results in excessive extracellular matrix production and deposition. According to available data, TGF-β substantially contributes to the growth and development of uterine leiomyoma by at least two mechanisms: (1) acts as an intermediary for sex steroid hormones, and (2) involvement in the processes of cell proliferation and migration, progression of fibrosis, and angiogenesis. TGF-β has meaningfully higher expression in uterine fibroid tissue than in normal myometrium (17). Furthermore, it has been specified that elevated levels of serum TGF-β are complemented by an elevated likelihood of uterine leiomyoma incidence (25). Recent investigation confirmed that inhibitors of VEGF and TGF-β can be used as therapeutic agents for uterine leiomyoma (19).

Currently, there is no data about the levels of VEGF and TGF-β in the peripheral blood of patients undergoing UAE, and their relationship with the uterine fibroid shrinkage. Moreover, blood levels of these growth factors in patients before and after UAE are not systematically investigated and eventual relationship with myoma shrinkage has not been evaluated. Therefore, this project aims to (1) assess menorrhagia score and quality of life improvement after uterine artery embolization for uterine fibroids and (2) compare blood levels of VEGF, and TGF-β in patients with uterine fibroids before and after UAE and to investigate their association with myoma shrinkage.



2 Methods


2.1 Study design and study setting

This study will utilize a three-year prospective cross-sectional study, including an 18-month recruitment period, data collection, laboratory processing, and post-study analysis. The study population will be drawn from women between the ages of 18–45 years with a history of uterine leiomyoma seeking UAE treatment, strictly following the inclusion and exclusion criteria. The patients will be recruited for the study from the gynecology and outpatient departments of the Clinical Academic Department (CAD) of Women’s Health, University Medical Center (UMC), Astana, Kazakhstan.



2.2 Study subjects


2.2.1 Sample size justification

UMC outpatient department has an average of 2,000 outpatient visits per month and the Interventional Radiology Department performs 20–25 UAE per month (overall more than 250 procedures per year). To assess whether changes in blood levels of growth factors after UAE are correlated with alterations in the uterine fibroid’s volume, the required sample size is 120 patients. Using this desired sample size and formula indicated below, we computed achieved statistical power by setting Cohen’s d at 0.5, and significance level at 0.05. Calculations resulted in a statistical power of 99.97% for a two-tailed paired t-test. Null hypothesis: no statistical significance will exist in a set of given observations in blood levels of growth factors (VEGF, TGF beta) in patients before and after uterine artery embolization.

[image: The image is a mathematical formula for sample size calculation: n equals the square of the fraction where the numerator is two times the square of the sum of Z sub alpha over two and Z sub beta, and the denominator is d squared.]

[image: Symbol \( Z_{\alpha/2} \) representing a critical value from a standard normal distribution, commonly used in statistics for confidence interval calculations.] – Z score that corresponds to significance level ([image: Please upload the image or provide a URL so I can assist you in generating the alternate text.] for a two-tailed test.

[image: Mathematical expression showing "Z" with a subscript beta (β).] – Z score that corresponds to the desired statistical power [image: The LaTeX code represents the mathematical expression "1 minus beta" enclosed in parentheses.] for the test.

[image: The image contains the lowercase letter "d" in a serif font in grayscale.] – denotes the desired effect size (Cohen’s d), for which a moderate standardized difference (0.5) was taken.



2.2.2 Patients evaluation

All patients scheduled for UAE will be evaluated by a gynecologist, an interventional radiologist, and an anesthesiologist. A detailed general and menstrual history and a thorough clinical evaluation will be performed to exclude other causes of menorrhagia. Magnetic resonance imaging (MRI) is proven to be the best imaging modality for evaluation of patients before and after UAE. MRI allows an accurate pre-procedure delineation of the vascular anatomy. Ultrasound (US) is an available and fast imaging modality to evaluate uterine fibroids. Both transvaginal and abdominal US scans will be required for a complex evaluation of the patient before the procedure. Although US imaging is a less sensitive modality for complete fibroid designation and delineation of possible concurrent pathologies within the uterus and adnexal regions, it allows a rapid evaluation, is less expensive, and is more feasible for patients’ selection.



2.2.3 Inclusion and exclusion criteria

This project will strictly follow the inclusion and exclusion criteria.


2.2.3.1 Inclusion criteria

Patients of 18–45 years old; history of symptomatic uterine intramural fibroids, or multiple symptomatic fibroids confirmed by visualization methods (ultrasound, magnetic resonance imaging) with severe menstrual bleeding and/or mechanical complaints/symptoms (pain, abdominal pressure, urinary urgency/frequency, dyspareunia); patient agrees with the method of treatment of uterine myoma – UAE.



2.2.3.2 Exclusion criteria

Patients not fulfilling the inclusion criteria; asymptomatic women with uterine fibroids; women with isolated adenomyosis, cervical leiomyoma, pedunculated subserous and/or submucous leiomyoma, intraligamentous leiomyoma; leiomyoma larger than 10 cm in diameter; endometrial polyps and/or hyperplasia or presence of any malignancy; pregnant or breastfeeding women; the presence of any disease or medical condition that could worsen the patient’s safety and compliance in the study [chronic hypertension, cardiac insufficiency, renal insufficiency, diabetes mellitus (Type I or Type II), untreated hyper/hypothyroidism, hyperprolactinemia, chronic kidney disease, non-treated congenital of acquired cardiac pathology, multiple sclerosis, active vasculitis, uncontrolled coagulopathies]; pelvic irradiation history; contrast material allergy; concomitant use of GnRH analogs.





2.3 Basic angiographic and embolization techniques

Transcatheter embolization will be performed in an operating room with angiographic equipment in the Department of Interventional Radiology, UMC. Moderate sedation will be administered intravenously by an anesthesiologist to prevent pain and anxiety. The procedure for uterine artery embolization will be as follows: under local infiltration of anesthetic (Sol. Novocain 0.5% −20.0 mL/Sol. Lidocaine 1.0% −20.0 mL) puncture and catheterization of the right/left common femoral/radial artery by Seldinger will be performed. A 4- or 5-F selective angiographic catheter will be utilized for evaluation of the internal iliac artery, and a 2- or 3-F microcatheter will be used for super-selective catheterization of the uterine artery. The uterine artery originates from the internal iliac artery (anterior division), and it is well seen on the contralateral oblique projection. Robert’s Uterine Catheter (RUC) will be used to hook both uterine arteries. For embolization, microspheres and/or microparticles with a diameter of 500–1,100 μm will be used.



2.4 Growth factors analysis

The blood samples from the cubital vein will be centrifuged (15,000 r/m) and subject to deep freezing at –80°C (25). Storage of samples will be carried out in conditions of deep freezing. Transportation of blood samples to the laboratory of the Republican Diagnostic Center (part of UMC) will be carried out in a special container with refrigerants. The test values (TGF-β and VEGF) will be determined via the enzyme-linked immunosorbent assay (ELISA) using standard sets Multiplex MAP Human Cytokine/Chemokine Magnetic Bead Panel, Merck according to the manufacturer’s protocol on a Bio-Plex 3D flow cytometer. The expected values are given in the instructions attached to the kits. For the cohort of recruited patients (120), 480 blood samples will be analyzed (4 samples for each patient, overall 960 results for 2 growth factors) (Table 1).



TABLE 1 Timeline of procedures and investigations in the project.
[image: Table displaying data on various assessments conducted before and after UAE: UFS-QOL and Menorrhagia score questionnaires show changes from positive to negative. VEGF and TGF-β remain positive initially, then fluctuate. Ultrasound scans and MRI results vary over time from positive to negative to positive.]



2.5 Data collection procedures’ sequence

Before embolization of the uterine arteries, patients will be asked to fill out the questionnaire on quality of life and menorrhagia score. Also, before embolization coagulation analysis will be done and prophylactic antibiotics given. Prophylactic antibiotics will be given via intravenous access 30 min before the UAE procedure. A Foley catheter will be installed for patients before the UAE procedure to keep the bladder empty and prevent obscuration of the uterus by a contrast-filled bladder.

After embolization of uterine arteries, patients will be provided with painkillers, prophylaxis of thromboembolic complications, and encouraged for early activation. Blood sampling for investigation of growth factors will be performed according to the protocol of the study: before the procedure (1), at 1 week (2), 1 month (3), 3 months (4) after the procedure of UAE in the CAD of Women’s Health, UMC. After discharge from the hospital, the members of the study group will observe all patients for the entire study period on an outpatient basis. Ultrasound and/or magnetic resonance imaging will be performed at the Interventional Radiology Department of UMC on the same equipment, by the same physician. MRI will be performed before the procedure in UAE and one year after it, while US scans will be done 1 week after the procedure, and repeated 1 month and 3 months after the UAE procedure on the same US device, by the same physician (Table 1).


2.5.1 Study instruments (questionnaires)

Uterine Fibroid Symptom Health-related Quality of Life Questionnaire (UFS-QOL) and Menstrual Assessment Chart (Menorrhagia score questionnaire) will be utilized for the study.

The UFS-QOL is a tool specifically created to assess the symptoms associated with uterine leiomyoma (26, 27). It was developed by the SIR Foundation and validated in many languages (28). The UFS-QOL tool is currently in use by many researchers. The UFS-QOL contact information and permission to use: Mapi Research Trust, Lyon, France, https://eprovide.mapi-trust.org, No 98290.

The UFS-QOL is a self-reported questionnaire utilized to measure a patient’s objective “pre-treatment and post-treatment symptoms” (e.g., bleeding, cramping) and subjective experience (e.g., a patient feeling “blue” or “less productive”). Information reported in the questionnaire might indicate a patient’s condition without more invasive measures.

Menstrual Assessment Chart (Menorrhagia score questionnaire) is a pictorial method to assess heavy menstrual bleeding (Supplementary material) (29), which was used by many studies assessing blood loss (30).

Both questionnaires will filled by patients before the UAE procedure and repeated 3 and 12 months after the procedure (Table 1).



2.5.2 Blood sampling for growth factors investigation

The blood sampling procedure will be performed for identification of growth factors of interest according to the protocol of the study: before the procedure (1st sample), at 1 week (2nd sample), 1 month (3rd sample), 3 months (4th sample) after the UAE procedure.



2.5.3 Magnetic resonance imaging

The MRI procedures will be performed before the procedure of UAE – initially and one year after UAE (10).



2.5.4 Ultrasound scans

US examination will be done 1 week after the procedure (first control), and repeated 1 month (second control) and 3 months (third control) after the UAE procedure.




2.6 Statistical analysis

Descriptive statistics will be used to analyze the study variables (e.g., proportion, mean and standard error, median and interquartile ranges). Statistical methods will include checking assumptions and selecting appropriate tests to compare point estimates and frequencies. Bivariate associations between exposure factors and outcome will be determined by statistical tests (repeated measures ANOVA or Friedman’s test, Pearson’s or Spearman’s correlation coefficients). A linear regression analysis will be used to analyze the associations further to determine which factor best explains the resulting outcome. To adjust for confounders, we will examine associations of all covariates with primary exposure factors and the outcome variable and apply potential confounders to a regression model. Statistical processing of data will be carried out in the software Stata 16.1 (31).



2.7 Ethical considerations

The study will follow the standards of the Helsinki Declaration and was approved by the Institutional Ethical Committee of the UMC, protocol#2, date of approval – November 14, 2022.

Participants of the study will be informed about the study’s aims, benefits, possible outcomes, and eventual complications. After the detailed explanation, patients will be asked to sign an informed consent. Support and counseling will be provided throughout the study period. Participation in the study is voluntary, and the study participant will be allowed to leave the study at any stage. If the patient refuses to participate in the study, she will be treated according to the clinical guidelines approved by the Ministry of Health and the UMC clinic. Each patient has the right to refuse to participate in the study without explaining the reasons.




3 Anticipated results


3.1 Study outcomes

The study hypothesizes that a statistically significant association between blood levels of growth factors (VEGF, TGF-β) in patients before and after UAE will be found.


3.1.1 Primary outcome measures

	1. Identify changes in menorrhagia score and Quality of life after uterine artery embolization for uterine fibroids;
	2. Define the role of blood levels of growth factors (VEGF, TGF-β) in patients with fibroids before and after uterine artery embolization.



3.1.2 Secondary outcome measures

1. Define the correlation between menorrhagia score and quality of life and blood levels of growth factors (VEGF, TGF-β) before and after the procedure;

2. Outline the correlation between blood levels of growth factors (VEGF, TGF-β) before UAE and fibroid volume;

	3. Shape the correlation between fibroid volume after UAE and blood levels of growth factors (VEGF, TGF-β) during follow-up.




3.2 Variables to be measured


3.2.1 Study subjects socio-demographic and clinical characteristics

Based on patients’ socio-demographic and clinical data collected during the study subjects’ recruitment, descriptive statistics will be calculated and presented (Table 2). Specific details of Uterine leiomyoma type, nodules count and size (volume), as well as the indication(s) for the UAE procedure, will be analyzed.



TABLE 2 Study subjects’ socio-demographic and clinical characteristics.
[image: Table listing variables on the left column, including age, ethnicity, place of residence, education, marital status, BMI, menarche, gynecological conditions, surgeries, infections, pelvic inflammatory disease, cervical cytology, uterine leiomyoma type, nodule size, nodule count, and indications for UAE. The right column is labeled "Absolute numbers and percentages" but contains no data.]



3.2.2 Analysis of data on patients’ follow-up after the UAE procedure

A specific schedule for study subjects’ follow-up is created to measure anticipated study results (Table 1). UFS-QOL results and menorrhagia scores will be analyzed before, 3 months after, and 1 year after the UAE procedure. Moreover, the structural changes of uterine leiomyoma nodules after UAE will be monitored via a series of US and MRI procedures as presented in Table 3.



TABLE 3 Patients’ follow-up after UAE procedure to register uterine leiomyoma structural changes.
[image: Table showing variables for clinical follow-up measurements. Variables include overall number of myomas, localization versus number of myomas, leading myoma nodule metrics, uterine volume, and uterine artery Doppler flow. Measurements are taken initially, after one year, and post-UAE on day seven, one month, and three months.]

Along with the uterine leiomyoma measurements, blood levels of VEGF and TGF-β will be measured. Possible correlations and associations between (1) changes in UFS-QOL results and menorrhagia scores, (2) structural changes in the uterine leiomyoma nodules, and (3) blood levels of growth (VEGF, TGF-β) factors will be defined and analyzed (Table 4).



TABLE 4 VEGF and TGF-β measurements.
[image: Table displaying variables VEGF and TGF-β across follow-up measurements taken Before UAE, Day 7 after UAE, 1 month after UAE, and 3 months after UAE. Includes a column for T-test results. Data fields are empty.]





4 Discussion

Considering that uterine leiomyomas present a significant healthcare problem for women and society; the treatment of uterine fibroids is the subject of close attention to both world and national gynecology societies. The pragmatism of radical surgical intervention in situations with an acute clinical picture or gigantic dimensions of fibroids is beyond doubt (32). At the same time, justification for its high frequency in current practice is sometimes questionable. According to experts, even in the US, the number of organ-preserving myomectomies does not exceed 10% among all hysterectomies, and the vaginal approach was identified as the most appropriate whenever feasible (3, 33–36). On the other side, a recently published review evaluated myomectomy done in infertile patients and found that, due to its extremely high adhesiogenic potential, this procedure has been confirmed more harmful than good. Therefore, when myomectomy is performed as an infertility treatment, attention should be drawn to whether the benefits offset the risks (37). Therefore, minimally invasive procedures are of paramount interest.

Furthermore, after the organ-saving operations, the risk of relapse remains high. A recently published retrospective cross-sectional study compared the rates of reappearance and the effect on the quality of life between myomectomy and uterine fibroid embolization in patients diagnosed with uterine leiomyoma (38). The authors reported that there was no notable statistical difference between the two groups, which indicates that both UAE and myomectomy were reasonably successful in preventing uterine fibroid recurrence. These results in line with prior studies that reported similar outcomes for both treatment modalities (39, 40).

Nowadays, it would seem that most practitioners should strive to keep the female reproductive organs. One of the hopes of modern gynecology is the embolization of uterine arteries, which has been widely practiced in modern gynecology since the mid-1990s of the 20th century (41–43). This high-tech surgical procedure is certainly preferable to hysterectomy since it preserves both the organ and its function.

Although UAE was confirmed to be preferable to surgical treatment in patients with symptomatic uterine fibroids (11, 44, 45), it might be accompanied by specific side effects (5) and extremely rare, but life-threatening complications (6).

Embolization of uterine arteries for management of uterine leiomyomas was introduced into Kazakhstani gynecological practice in 2008 at the National Research Center for Maternal and Child Health, Astana. During this period, significant clinical experience was accumulated, and the UAE procedure was proven to be successful. Thus, it can be considered an effective and reliable procedure for leiomyoma treatment (7).

Uterine leiomyoma development is a complex process that involves variety of cytokines and different growth factors; among them, the most important are VEGF and TGF-β (14). Molecular mechanisms of their action are not completely understood and the relationship between their blood levels and fibroid volume is not defined. Currently, many studies on the UAE in women with uterine leiomyomas have been performed worldwide (39, 42, 46). However, blood levels of VEGF and TGF-β in patients before and after UAE are not systematically investigated and the eventual relationship with myoma shrinkage has not been evaluated.

The results of this project will assess menorrhagia score and quality of life improvement after the UAE procedure, and define the association of VEGF and TGF-β blood levels with fibroid shrinkage in patients undergoing UAE, thus, improving knowledge of biochemical markers’ role and approach to clinical management of women with uterine fibroids. The results of this project may become a serious scientific argument for justifying the patient’s choice of UAE as a preferable treatment for uterine fibroids.


4.1 Study strengths and limitations

This is the first study comparing blood levels of growth factors (VEGF, TGF-β) with the fibroid volume before and after UAE. Moreover, this study is the first one that links blood levels of VEGF and TGF-β before and after UAE with menorrhagia score and the QoL. This study will assess the value of UAE for myoma shrinkage, menorrhagia score, and QoL of patients undergoing UAE in the local clinical setting. Moreover, this study logistics will allow us to have full insight into patients’ past medical history and clinical data that will facilitate the research outcomes. However, this study has some limitations. Although justified, it has a relatively small sample size. Moreover, the study has a follow-up period of 1 year, which increases the risk of incomplete data collection or missing data in some cases. The third limitation is a relatively short follow-up period of one year, which might limit insight into some parameters/factors that could appear 3 or 5 years after the procedure.
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Objective

This study aimed to identify the sonographic indicators that predict the ablation rate and efficiency of uterine fibroids during high-intensity focused ultrasound (HIFU) treatment.





Methods

In this retrospective study, we analyzed the clinical data of patients with uterine fibroids who underwent HIFU treatment at Fujian Provincial Hospital between April 2019 and April 2022. Routine abdominal ultrasound examinations were performed to observe potential indicators before the HIFU treatment. After the treatment, enhanced magnetic resonance imaging (MRI) examination was performed within 2 weeks. The fibroid and non-perfused volumes (NPV) were determined, and the ablation rate and energy efficiency factor (EEF) were calculated.





Results

A total of 75 patients (124 uterine fibroids) were included in this study. Uterine fibroids with a larger volume, high echogenicity, elliptical/diffuse leaf shape, and a posterior attenuation band had a higher HIFU ablation rate (p<0.05). Uterine fibroids with a larger volume and high echogenicity and without necrotic areas had a lower EEF (p<0.05). Multiple comparisons between fibroid types revealed statistically significant differences in EEF between subserosal and submucosal fibroids (p < 0.05) and between subserosal and mixed-type fibroids (p < 0.05). However, no statistically significant difference was observed between mixed-type and submucosal fibroids. The HIFU ablation rate and EEF showed no significant differences based on location within the wall and blood flow within the fibroids.





Conclusion

Sonographic features of uterine fibroids can predict the rate and efficiency of HIFU ablation, providing useful guidance in selecting appropriate treatment for patients.





Keywords: uterine fibroids, sonographic features, high-intensity focused ultrasound, ablation rate, energy efficiency factor




1 Introduction

Uterine fibroids, the most common benign tumors of the female reproductive system (1), affect 25-40% of women of childbearing age (2). While many patients are asymptomatic, others experience severe symptoms, such as heavy menstrual bleeding, prolonged menstruation, and pelvic pain. Other symptoms may be related to the compression caused by the mass, including frequent urination, urgency, constipation, and a sensation of pelvic pressure. Larger fibroids may also negatively affect fertility. Treatment is necessary for clinically symptomatic uterine fibroids. However, fibroids often regrow to their pre-treatment size even after intervention (3).

The definitive treatment for uterine fibroids is hysterectomy; however, it is unsuitable for patients who desire pregnancy. Myomectomy is an alternative treatment for those aiming to retain uterine function and fertility, but it is invasive and increases the risk of uterine rupture in subsequent pregnancies. High-intensity focused ultrasound (HIFU) ablation offers a non-invasive alternative with proven safety and efficacy for treating uterine fibroids (4–7). Nevertheless, some fibroids exhibit a suboptimal response to HIFU, emphasizing the need for an improved preoperative assessment to select suitable candidates. Magnetic resonance imaging (MRI) is an option for preoperative fibroid evaluation for response to HIFU (8–10). However, the preoperative use of MRI has limitations, including limited availability, prolonged examination time, high cost, and exclusion of specific patients. Therefore, a more economical, straightforward, and widely applicable preoperative test is crucial to guide the selection of uterine fibroids for HIFU treatment.

With advances in technology and the rapid development of medical devices, ultrasound has become increasingly sophisticated, offering excellent tissue contrast and image reproducibility. Ultrasound examinations are convenient, fast, accurate, safe, non-invasive, and highly reproducible. Consequently, ultrasound imaging is promising as a preoperative assessment of uterine fibroids for HIFU treatment. However, research investigating whether the sonographic features of fibroids can predict effective HIFU treatment is lacking. This study aimed to explore sonographic characteristics of uterine fibroids to identify parameters that can predict the ablation rate and efficiency of HIFU treatment.




2 Materials and methods



2.1 Study population

A retrospective analysis was conducted on the clinical data of 361 patients with uterine fibroids who underwent HIFU ablation at the ultrasound department of Fujian Provincial Hospital between April 2019 and April 2022.




2.2 Inclusion and exclusion criteria

The inclusion criteria were as follows: 1) patients who underwent ultrasound examination the day before or on the day of HIFU treatment and 2) patients who underwent follow-up enhanced MRI within 2 weeks of HIFU treatment. The exclusion criteria were as follows: 1) patients who underwent special interventions before or during HIFU treatment (e.g., local ethanol injection or transcatheter arterial embolization), 2) patients with pedunculated subserosal fibroids and fibroids in specific locations such as the cervix or broad ligament, and 3) patients with incomplete data.

This study was approved by the Ethics Committee of Fujian Provincial Hospital (Approval No: K2021-04-038). All participants signed standard informed consent forms during their medical treatment, agreeing that their data could be used for research purposes.




2.3 Instruments and equipment

The treatment utilized a JC200-focused ultrasound tumor therapy system (Chongqing Haifu Technology Co., Ltd.). This system performs real-time ultrasound positioning, HIFU three-dimensional scanning, and treatment. Controlled by a computer, it automatically locates the predetermined tumor target area, determines the treatment range, conducts three-dimensional conformal scanning, monitors, and analyzes the treatment effects in real-time, and provides feedback control for the treatment dosage. The main treatment parameters were as follows: 1) treatment frequency of 0.97 MHz; 2) focal width of 3 mm; 3) focal length of 8 mm; 4) focal distance of 162 mm; and 5) maximum power of 400 W for a single-point treatment.

For ultrasound examinations, the SIEMENS S3000 Color Doppler Ultrasound Diagnostic Instrument with a 6C1 convex array probe (frequency: 2.0–5.0 MHz) was employed. MRI examinations were conducted using Philips Achieva 1.5T and 3.0T MRI systems.




2.4 Examination methods, procedures, and treatment



2.4.1 Ultrasound examination

On the day before or the day of the HIFU treatment, two-dimensional grayscale and color Doppler flow ultrasound imaging of the uterine fibroids were performed, and the images were stored. All patients underwent an ultrasound examination with an empty bladder. The examinations were conducted transabdominally with the patients in a supine position. The ultrasound was adjusted to achieve optimal resolution by scanning the pelvic cavity, uterus, and bilateral adnexal areas in longitudinal, transverse, and oblique sections. Fibroid location, size, morphology, number, internal echo characteristics, presence of necrotic areas, boundaries, attenuation zones, blood flow, and their relationship with the endometrium and surrounding organs was noted. Measurements of the three axes of the uterine fibroids were obtained from the maximum cross-sectional and vertical-sectional images. Subsequently, SonoVue ultrasound contrast was injected intravenously for contrast-enhanced ultrasound evaluation of fibroid perfusion.




2.4.2 Observational parameters in ultrasound examination

(1) Uterine fibroid location was classified into three types: anterior wall, lateral and fundal wall, or posterior wall.

(2) Uterine fibroids were classified into nine types using the International Federation of Gynecology and Obstetrics (FIGO) (11) classification system. Types 7 and 8 were excluded according to the exclusion criteria. The remaining seven types were grouped based on the location of the fibroids in the uterine wall. Types 0, 1, and 2 were classified as submucosal, types 3 and 4 as intramural, and types 5 and 6 as subserosal. Fibroids exhibiting characteristics of both types 2 and 5, protruding into the submucosa by ≤50% and the serosa by ≤50%, were classified as mixed-type fibroids.

(3) Uterine fibroid size was measured using three axes on maximum cross-sectional and vertical-sectional images. The volume of each fibroid was calculated using the formula V=0.5233×D1×D2×D3 (12).

(4) Uterine fibroids were categorized into two shapes, round or irregular (elliptical/diffuse or leaf-shaped).

(5) To assess the internal uterine fibroid echo, a comparison was made with the normal uterine muscular layer in the same horizontal plane, with consideration for abdominal wall thickness and interference from the intestines. Fibroids with internal echoes that were predominantly higher than the muscle layer were classified as hyperechoic, whereas those with lower internal echoes were classified as hypoechoic, and those with equal internal echoes were classified as isoechoic (Figures 1A, B). Fibroids with similar proportions of hypoechoic and isoechoic areas were grouped as hypo/isoechoic fibroids and the others as hyperechoic fibroids.

[image: Ultrasound images labeled A, B, C, and D display various abdominal structures highlighted by red arrows. Each panel shows clear patterns in grayscale indicating different anatomical features or possible anomalies.]
Figure 1 | Different ultrasonic image features of uterine fibroids. (A) Fibroid is elliptical with high echogenicity; (B) Fibroid has a round shape with low echogenicity; (C) Fibroid with five attenuation bands; (D) Fibroids with no attenuation band and low echogenicity.

(6) The presence or absence of necrotic areas within the fibroids was determined based on the presence or absence of hypoechoic regions, thereby categorizing the fibroids into groups with or without necrotic areas, respectively.

(7) The number of posterior attenuation bands of the fibroid on the maximum cross-sectional image excluding lateral shadowing was counted (Figures 1C, D).

(8) Using the Adler grading system (13), blood flow was categorized into four levels: grade 0, grade 1, grade 2, and grade 3.




2.4.3 Treatment method

Patients were placed in a prone position, and their vital signs and mental status were monitored. The patients underwent preoperative catheterization, bladder filling, and injection of midazolam (1 mg), sufentanil (10-40 μg), flurbiprofen ester (50 mg), and tropisetron (5 mg). During treatment, flurbiprofen ester (100 mg) and oxytocin (80U + 500 ml saline) were intravenously infused.

A preoperative scan was performed to formulate the HIFU ablation plan and adjust the focal point position. A layer-by-layer scanning approach was implemented throughout the ablation, sequentially progressing from point to line, line to plane, and plane to volume. This was done using a water cushion to displace the intestines. Ablation was conducted at a single point with a power of 400 W, applying continuous irradiation for 1 s, followed by a 1-s pause. Node spacing, pitch, irradiation time, and pause time ratios were adjusted based on real-time changes in the ultrasound images and patient responses. An immediate assessment using contrast-enhanced ultrasound was performed, and the absence of contrast agent perfusion indicated effective ablation.

After treatment, the patient’s conditions were observed, and the treated area of the skin and sensory-motor function in both lower limbs were examined. The patients were discharged after a 2-h rest period.




2.4.4 MRI examination and observation parameters

The HIFU ablation rate was defined as the ratio of the volume of the ablated portion after HIFU treatment to the initial volume of the fibroid. It served as the primary indicator for evaluating the efficacy of HIFU, with a higher ablation rate indicating better effectiveness.

The energy efficiency factor (EEF) is the ultrasound energy required for HIFU ablation of 1 mm3 of tumor tissue. It acts as an index for measuring HIFU ablation efficiency and ease of ablation, with lower EEF values indicating higher ablation efficiency and easier ablation.

Contrast-enhanced MRI was conducted within 2 weeks before and after HIFU treatment. Routine spin echo (SE) sequence T1-weighted imaging (T1WI) and turbo spin echo (TSE) sequence T2-weighted imaging (T2WI) were performed in the cross-sectional, coronal, and sagittal planes, along with fat-suppressed sequences. The maximum cross-sectional images of the fibroids in the sagittal and transverse planes were analyzed postoperatively to measure the size of the targeted fibroids and non-perfused area. The volumes of the nonperfused area and fibroid were calculated in three dimensions (Figure 2): longitudinal (D1), anteroposterior (D2), and transverse (D3), using the formula V=0.5233×D1×D2×D3 (12). The ablation rate was computed as follows:

[image: MRI scans showing a large pelvic mass with distinct tissue differences. The left image is a sagittal view, and the right is a transverse view. Red and green arrows indicate various features and boundaries of the mass.]
Figure 2 | Enhanced MRI image after HIFU treatment of uterine fibroids. The sagittal plane is shown on the left, and the cross-section is shown on the right. The inner arrow indicates the size of the non-perfused area, and the outer arrow indicates the fibroid size. HIFU, high-intensity focused ultrasound; MRI, magnetic resonance imaging.

[image: Equation showing the nonperfused volume ratio (NPVR) formula: NPVR equals nonperfused area volume divided by targeted fibroid volume, multiplied by one hundred percent.]	

Finally, the time taken for ablation was recorded to calculate the EEF using the following formula:

EEF = [image: EEF equals the product of eta, P, and t divided by V, measured in joules per cubic millimeter.]  (J/mm3)

Where η is the focusing factor (=0.7), P is ultrasound power (W), t is the duration of ultrasound exposure, and V is the non-perfused volume (mm3) (14).

HIFU ablation is often performed in patients with multiple uterine fibroids; thus, non-target fibroids may partially absorb energy. To obtain accurate EEF data, we only calculated the EEF for single fibroids.

The sonographic features of the uterine fibroids, including position, classification, size, morphology, echogenicity, presence of internal necrotic areas, attenuation bands, and blood flow were recorded. The correlation between these features and the ablation rate, as well as the EEF of HIFU were analyzed.





2.5 Statistical analysis

All data were analyzed using IBM SPSS Statistics for Windows, version 26 (IBM Corp., Armonk, NY, USA). Categorical data are presented as frequencies, whereas continuous data are expressed as means ± standard deviations. Pearson’s correlation coefficient was used to assess the correlation between two continuous variables. The values ranged from -1 to +1, with higher values indicating a stronger relationship. Negative values denoted a negative correlation; positive values indicated a positive correlation, and zero values indicated no correlation. The significance level was set at p< 0.01.

Homogeneity of variance analysis was conducted to assess the overall distribution consistency for variables with count data and dependent variables with continuous data. If the homogeneity of variance was met, a one-way ANOVA (F-test) was performed to analyze whether the differences were statistically significant, assessing whether different levels of the same influencing factor impacted the dependent variable. If the homogeneity of variance was not met, Tamhane’s T2 test was used for multiple comparisons. Differences were considered statistically significant at p< 0.05. The results were illustrated through bar graphs and scatter plots with fitted curves for a more intuitive representation.





3 Results

A total of 75 patients with 124 uterine fibroids met the inclusion criteria and were included in the study. Among them, 41 patients had solitary fibroids, and 34 patients (83 fibroids) had multiple fibroids. Their ages ranged from 27 to 52 years, with a mean age of 43.5 ± 4.29 years. The maximum diameter of the fibroids ranged from 20 to 119 mm, with an average of 47.90 ± 19.54 mm.



3.1 Correlation between the sonographic features of uterine fibroids and the HIFU ablation rate

The analysis revealed a significant positive correlation between uterine fibroid volume and ablation rate (p < 0.01) (Table 1). Figure 3 illustrates a positive correlation between uterine fibroid volumes and ablation rates.

Table 1 | Results of correlation between fibroid volume and HIFU NPV ratio.


[image: Table showing the relationship between fibroid volume and ablation rates. The Pearson correlation coefficient is zero point two eight seven, with a P value of zero point zero zero one, indicating a significant linear relationship.]
[image: Scatter plot showing the relationship between fibroid volume in cubic millimeters and ablation rates in percentage. Data points are scattered, indicating a weak positive correlation with a trend line equation of y equals 61.66 plus 5.06E-5 times x. The coefficient of determination is R-squared equals 0.082.]
Figure 3 | Scatter plot + fitting curve of myoma volume and HIFU NPV ratio. HIFU, high-intensity focused ultrasound; NPV, non-perfused volume.

The ablation rate in hyperechoic fibroids was higher than that in hypoechoic or isoechoic fibroids, and the difference between the two groups was statistically significant (p < 0.05) (Table 2, Figure 4). A comparison of HIFU ablation rates between the two groups based on morphology revealed that the elliptical/diffuse leaf-shaped fibroid group had a significantly higher HIFU ablation rate than the round fibroid group (p < 0.05) (Table 2, Figure 5).

Table 2 | Correlation analysis between ultrasound features of fibroids and NPV ratio.


[image: A table displays ultrasound features of fibroids with categories including echo, morphology, attenuation bands, location, type, necrosis internally, and blood flow signal levels. It shows example counts, mean ablation rates with standard deviations, F values, and P values. Notable differences are statistically significant at P < 0.05.]
[image: Bar chart comparing ablation rates between hyperechoic and hypo-/isoechoic groups. The hyperechoic group shows lower rates around 60%, while the hypo-/isoechoic group is slightly higher. The difference is statistically significant with p-value less than 0.05.]
Figure 4 | Statistical comparison of HIFU ablation rates of fibroids with different echo characteristics. HIFU, high-intensity focused ultrasound.

[image: Bar graph comparing ablation rates for different shapes. Round-shaped has a lower ablation rate compared to elliptical or diffuse leaf-shaped. Elliptical or diffuse leaf-shaped bars show a higher mean. P-value is less than 0.05, indicating statistical significance.]
Figure 5 | Statistical comparison of HIFU ablation rates for fibroids of different shapes. HIFU, high-intensity focused ultrasound.

A comparison of the HIFU ablation rates based on the presence or absence of attenuation bands revealed that the group with attenuation bands had a significantly higher HIFU ablation rate than the group without attenuation bands (p < 0.05) (Table 2, Figure 6).

[image: Bar graph showing ablation rates as percentages, comparing the presence and absence of attenuation bands. The presence of attenuation bands shows a slightly higher ablation rate than absence. Significance indicated with P<0.05. Legend differentiates solid and patterned bars.]
Figure 6 | Statistical comparison of HIFU ablation rate with or without attenuated fibroids. HIFU, high-intensity focused ultrasound.

No statistically significant differences were seen in the ablation rates among anterior, lateral and fundal, and posterior wall fibroids (p > 0.05) (Table 2). The anterior wall fibroid group had the highest average ablation rate, slightly higher than the average ablation rates of the posterior, lateral, and fundal wall fibroid groups (Figure 7).

[image: Bar graph showing ablation rates for three wall types: anterior, lateral and fundal, and posterior. Rates for all walls show no significant difference, with P-values over 0.05. Error bars indicate variability. Legend displays wall patterns.]
Figure 7 | Statistical comparison of HIFU ablation rate of uterine fibroids at different locations. HIFU, high-intensity focused ultrasound.

No statistically significant differences were seen in the ablation rates among the four different types of fibroids based on the FIGO classification (Table 2, Figure 8). Furthermore, no statistically significant differences were seen in the ablation rates between uterine fibroids without internal necrotic areas and those with necrotic areas (p > 0.05) (Table 2, Figure 9).

[image: Bar graph comparing ablation rates of different fibroid types. Categories include mixed, intramural, subserosal, and submucosal fibroids, with rates around fifty percent. Statistical comparison indicates P-values greater than 0.05 for all pairs.]
Figure 8 | Statistical comparison of HIFU ablation rates for different types of uterine fibroids. HIFU, high-intensity focused ultrasound.

[image: Bar graph comparing ablation rates with and without necrosis presence. Both bars show rates around 60 percent with overlapping error bars. A p-value greater than 0.05 indicates no significant difference between the groups.]
Figure 9 | Statistical comparison of HIFU ablation rate of uterine fibroids with or without necrotic areas. HIFU, high-intensity focused ultrasound.

Analysis of the ablation rates among the four groups with different blood flow signal levels showed no statistically significant differences (p > 0.05). However, fibroids with a blood flow grade of 3 exhibited the lowest average ablation rate, significantly lower than those of the other groups (Table 2).




3.2 Correlation between sonographic features of uterine fibroids and the EEF

A significant negative correlation was observed between uterine fibroid volume and the EEF (p < 0.01) (Table 3). The scatter plot with a fitted curve also demonstrated an overall negative correlation, indicating that larger uterine fibroid volumes required lower ultrasound energy per unit volume for ablation (Figure 10), indicating a higher ablation efficiency.

Table 3 | Results of correlation analysis between fibroid volume and EEF.


[image: Table displaying the correlation between fibroid volume and energy efficiency factor. The Pearson correlation is negative zero point four six four, and the p-value is zero point zero zero two. EEF stands for energy efficiency factor.]
[image: Scatterplot showing a negative correlation between fibroid volume (x-axis, millimeters cubed) and EEF (y-axis, joules per millimeter cubed). Data points are scattered with a trend line and equation (y = 8.25 - 2.3E-5*x). The R-squared value is 0.216.]
Figure 10 | Scatter plot + fitting curve of fibroid volume and EEF. EEF, energy efficiency factor.

Analysis of the EEF between low or equivalent echogenic uterine fibroids and high-echogenicity uterine fibroids revealed a statistically significant difference (p < 0.05). Fibroids in the low or equivalent-echogenicity group exhibited a higher EEF than those in the high-echogenicity group (Table 4, Figure 11).

Table 4 | Correlation analysis results between different ultrasonic characteristics of uterine fibroids and EEF.


[image: Table displaying ultrasound features of fibroids, including echo, necrosis, location, attenuation bands, morphology, and blood flow signal levels. It lists EEF value, F value, and P value for each feature. Statistically significant differences are noted at P < 0.05.]
[image: Bar chart comparing energy expenditure factor (EEF) between two groups: hypo/isoechoic and hyperechoic. The hypo/isoechoic group shows higher EEF around 10 J/mm³, while the hyperechoic group is around 5 J/mm³. Error bars indicate variability. Statistical significance is noted with p<0.05.]
Figure 11 | Statistical comparison of EEF of uterine fibroids with different echoes. EEF, energy efficiency factor.

Multiple comparisons between fibroid types revealed statistically significant differences in EEF between subserosal and submucosal fibroids (p < 0.05) and between subserosal and mixed-type fibroids (p < 0.05). However, no statistically significant difference was observed between mixed-type and submucosal fibroids (Table 5). Subserosal fibroids exhibited a significantly lower EEF than submucosal and mixed-type fibroids (Figure 12). The EEF for fibroids without internal necrotic areas was lower than in those with internal necrotic areas (Figure 13), and this difference was statistically significant (p < 0.05) (Table 4).

Table 5 | Multiple comparisons of EEF of different types of uterine fibroids.


[image: Table comparing energy efficiency factor (EEF) for uterine fibroids: subserosal fibroid (3.93 ± 2.27), mixed-type fibroid (8.06 ± 5.68*), submucosal fibroid (7.83 ± 5.04*). Asterisk denotes significant difference from subserosal fibroids (p < 0.05).]
[image: Bar chart comparing EEF values for different fibroid types: submucosal, mixed, and subserosal. Submucosal and mixed-types have higher EEF values around 10-15 J/mm³, while subserosal types are lower around 5 J/mm³. Statistical significance indicated as P < 0.05 for subserosal versus other types.]
Figure 12 | Statistical comparison of EEF of different types of uterine fibroids. EEF, energy efficiency factor.

[image: Bar graph comparing energy expenditure factor (EEF) in joules per cubic millimeter for absence and presence of necrosis. Absence shows a lower mean EEF around 5, while presence shows a higher mean around 10. Error bars indicate variability, and a significant difference is noted with P less than 0.05.]
Figure 13 | Statistical comparison of EEF in fibroids with or without necrotic areas. EEF, energy efficiency factor.

No statistically significant difference (p > 0.05) was observed in the EEF among the three groups based on fibroid location (Table 4). The average EEF value was lower in the anterior wall fibroid group, followed by the lateral and fundal wall fibroid groups. In contrast, the posterior wall fibroid group showed a relatively higher EEF (Figure 14).

[image: Bar chart showing EEF values for the anterior, lateral and fundal, and posterior walls, with error bars. All comparisons have p-values greater than 0.05, indicating no significant differences. A legend indicates fill patterns for each group.]
Figure 14 | Statistical comparison of EEF of uterine fibroids at different locations. EEF, energy efficiency factor.

The EEF comparison between the two groups based on the presence or absence of attenuation bands revealed no statistically significant differences (p > 0.05). However, the group with attenuation bands exhibited a lower average EEF than those without attenuation bands (Table 4). The EEF comparison between the groups with round and elliptical/diffuse leaf-shaped fibroids showed no statistically significant differences (p > 0.05) (Table 4).

The EEF differences among the four groups with different blood flow signal levels were not statistically significant (p > 0.05). However, the mean EEF in the group with a blood flow signal level of 3 was notably higher than that in the group with a blood flow signal level of 0 (Table 4).





4 Discussion

The study found a positive correlation between the volume of uterine fibroids and ablation rate and a negative correlation with EEF. This shows that larger fibroids were easier to ablate. In vitro experiments indicated that the EEF for ablating a segment of tissue was less than that for ablating linear tissue but more than the EEF for ablating a cubic tissue (15). This may be because larger fibroids occupy a larger acoustic pathway area, allowing more ultrasound energy to be delivered in the same amount of time while preventing cooling of the treatment area. The “damage-damage” interference effect may also explain this phenomenon. The dynamically changing area of necrotic tissue during ablation in the fibroid alters the “acoustic environment.” The high temperature reached during ablation changes the tissue properties (16), the destruction of blood vessels in the ablated tissue leads to a poor blood supply, indirectly preventing heat dissipation and thereby enhancing the ablation effect (17).

Our study observed higher ablation success in fibroids with greater echogenicity compared to those with lower echogenicity. This echogenicity disparity stems from variations in fibroid composition, such as the smooth muscle cells to fibrous tissue ratio, cellular attributes, and degenerative traits (18). Compared to fibroids with low or moderate echogenicity, those with high echogenicity present a significant difference in acoustic impedance between the components owing to their higher fibrous scaffold content and woven arrangement of smooth muscle cells (19). This results in increased ultrasound interfaces, making it more challenging for the ultrasound beam to penetrate, thus facilitating the deposition of ultrasound energy and consequently achieving better ablation outcomes.

We observed a difference in EEF values between fibroids with and without internal necrotic areas. Fibroids with necrotic areas exhibited higher EEF, suggesting that they may be more resistant to ablation. Increased free water content in fibroids undergoing degenerative necrosis facilitates ultrasound penetration but impedes energy disposition, affecting ablation outcomes. Additionally, a study revealed that tissues with a higher water content exhibited better thermal conductivity (20). Consequently, ultrasound energy deposition becomes more challenging, making ablation more difficult. Although no significant difference in ablation rates was found, prolonged procedure time and increased ultrasound dose may compensate for the resistance in fibroids without necrotic areas.

We noted a significant difference in ablation rates between fibroid groups exhibiting elliptical/diffuse leaf-shaped morphology and those with round morphology. The irregular elliptical/diffuse leaf-shaped fibroids displayed a higher ablation rate, possibly due to their larger size and intricate fibrous structure hindering ultrasound penetration. Consequently, ultrasound energy deposition was more effective, enhancing ablation efficacy. While the EEF did not significantly vary between different morphologies, the elliptical/diffuse leaf-shaped group exhibited a lower average EEF compared to the circular fibroid group, implying a higher susceptibility to ablation for fibroids with irregular shapes.

The presence of an attenuation band positively impacted ablation rates, attributed to the vortex-like structures, increased fibrous content, and denser smooth muscle cell arrangement associated with such fibroids. This led to enhanced ultrasound interface echo, facilitating energy deposition and subsequently higher ablation rates. Despite no statistically significant difference in EEF between groups with and without an attenuation band, the correlation between fibroid size, morphology, and ablation efficacy suggests that larger fibroids with irregular shapes or more attenuation bands are more amenable to HIFU treatment. Increasing sample size and employing controlled variable methods can provide more accurate insights into these relationships.

We observed no significant variation in HIFU ablation rates across different types of uterine fibroids, including submucosal, intramural, subserosal, and mixed-type fibroids. Clinicians tend to prolong the procedure time for a more thorough treatment of relatively resistant fibroids, thereby minimizing ablation rate differences. However, we noted a statistically significant difference in EEF between the subserosal fibroid group and the submucosal/mixed-type fibroid group. The subserosal fibroid group exhibited a notably lower average EEF, possibly due to their farther location from the endometrium and reduced amount of surrounding uterine tissue. This finding corresponds with Cheng Hailing’s observations (21) regarding the relationship between various MRI characteristics of uterine fibroids and HIFU efficacy.

In our study, anterior wall fibroids exhibited the highest ablation rates compared to posterior and lateral/fundal wall fibroids. This may be explained by minimal ultrasound attenuation as anterior wall fibroids are situated farther from the intestines and sacrum. Conversely, posterior wall fibroids are located near the sacrum and surrounded by abundant nerves and connective tissue, with severe ultrasound attenuation, making ablation more challenging (22, 23). However, this finding lacked statistical significance. It’s worth noting that certain studies have reported significantly higher ablation rates for anterior wall fibroids compared to lateral and posterior wall fibroids. These differences could stem from factors not accounted for, such as patient body mass index, subcutaneous fat thickness, body shape, and position, or limited sample size.

We found no significant correlation between ablation rates and the EEF in fibroids with different levels of blood flow. Some researchers suggest that fibroids with abundant blood flow may respond less to HIFU due to energy dispersion (22). Moreover, fibroids with more blood vessels are easier for ultrasound to penetrate, making energy deposition challenging. However, in our study, ablation efficacy did not notably vary based on blood flow conditions, likely due to the consistent use of oxytocin in all HIFU treatments. Oxytocin induces sensitive fibroid contraction, reduces perfusion, and mitigates blood flow’s impact during treatment (24). Nonetheless, our study’s limited sample size may have influenced these results, emphasizing the need for a larger sample size and controlled variables for more accurate future research.

This study has limitations as a retrospective analysis, where confounding factors like patient weight, subcutaneous fat thickness, and body shape may have impacted outcomes differently. Furthermore, variations in treatment efficacy could arise from HIFU procedures being performed by different physicians.




5 Conclusion

A higher HIFU ablation rate is associated with fibroids with larger volume, hyperechoic appearance, elliptical/diffuse leaf-shaped, and the presence of a posterior attenuation zone. A higher HIFU ablation efficiency is associated with fibroids with larger volume, hyperechoic appearance, subserosal location, and absence of internal necrotic areas. This study confirms that ultrasound imaging characteristics associated with uterine fibroids can predict the ablation rate and efficiency of HIFU treatment. It provides essential guidance for clinically assessing and selecting suitable cases for HIFU therapy, further assisting in the judicious selection of energy levels for treatment. Future research should explore the correlation between the ablation efficacy among different fibroid types and their origin from distinct clone cells. Furthermore, a large-scale multicenter prospective study with a standardized protocol and a larger sample size is warranted to confirm these findings.
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Case Report: The first case of successful pregnancy and live birth following laparoscopic resection of adenomyosis under real-time intraoperative ultrasound elastography guidance
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Objective: Adenomyosis-related infertility is increasingly being diagnosed, and surgical intervention has been suggested to improve fertility. Elastography, a noninvasive ultrasound technique, is promising for diagnosing and guiding the resection of adenomyosis. This report presents the first case of successful delivery after twin pregnancies achieved with IVF following intraoperative elastography-guided laparoscopic adenomyomectomy.
Case report: A 35-year-old Japanese woman with uterine adenomyosis received a gonadotropin analog before surgery. Preoperative MRI revealed a 5.0 × 7.0 cm adenomyoma, leading to scheduled laparoscopic adenomyomectomy with intraoperative elastography. During surgery, elastography ensured the complete resection of the adenomyotic tissue while preserving the endometrium. Postoperative MRI confirmed the absence of residual adenomyosis. The patient underwent in vitro fertilization and embryo transfer, leading to a successful twin pregnancy after double blastocyst transfer. Despite a stable perinatal course, she required hospitalization to prevent preterm labor. At 32 weeks, an elective cesarean section delivered healthy twins. The intra- and post-operation was uncomplicated, and the patient and infants had an optimal health.
Conclusion: This is the first reported case of a twin pregnancy resulting from vitrified-warmed embryo transfer after elastography-guided laparoscopic adenomyomectomy, culminating in a successful delivery via cesarean section. This technique allows precise resection and mitigates the risks of uterine rupture and placenta accreta spectrum disorders. Although promising, further studies are required to validate the safety and efficacy of this innovative surgical approach.
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1 Introduction

Patients with infertility are increasingly diagnosed with adenomyosis (1, 2). The mechanisms of infertility in patients with adenomyosis include intrauterine abnormalities such as adenomyomas, which May obstruct the tubes and distort the uterine cavity (2, 3). However, emerging evidence suggests that surgical intervention improves fertility (4–8). Focal adenomyosis refers to localized adenomyotic lesions or nodules, while diffuse adenomyosis involves more widespread involvement of the myometrium (8, 9). Hysterosalpingography studies have shown uterine cavity distortion in 78% of patients with diffuse adenomyosis compared to 54% with focal adenomyosis (10). Therefore, diffuse adenomyosis uteri requires aggressive infertility treatment such as the surgical intervention because the impact on fertility May differ, with diffuse adenomyosis potentially having more widespread effects on uterine function. Concretely, diffuse adenomyosis uteri tends to be treated with laparotomy or laparoscopy because the adenomyotic lesion cannot be directly palpated (11, 12). Laparoscopic adenomyomectomy is associated with the risk of too little or extensive resection since the boundary between the adenomyoma and myometrium was ill-defined, resulting in upregulating recurrence rates of adenomyosis or the rate of uterine rupture depending on the extent of excision (13, 14).

Elastography, a medical imaging procedure that is capable of measuring tissue mechanical properties and elasticity, is expected to be a noninvasive diagnostic ultrasound for uterine adenomyosis (15). A recent meta-analysis found that elastography had high sensitivity and specificity for adenomyosis diagnosis, and its findings correlated with histopathological results (16). In 2020, we developed a surgical technique that allows complete resection of adenomyotic lesions using intraoperative elastography (17). To date, only a few have reported that laparoscopic excision of an adenomyotic lesion using intraoperative ultrasound elastography is a feasible technique to completely resect adenomyotic lesions (17–19).

We report the first case of successful twin delivery after two vitrified-warmed embryo transfers and intraoperative elastography-guided laparoscopic adenomyomectomy. Two neonates were delivered by elective cesarean section at 32 weeks following perinatal management.



2 Case presentation

A 35-year-old nulliparous Japanese woman had no past medical history or family history, had suffered from dysmenorrhea for several years, and was diagnosed with transvaginal ultrasound as having uterine adenomyosis at the previous gynecology outpatient clinic. She received gonadotropin analog agonist (leuprorelin acetate®, 1.88 mg, ASUKA Pharmaceutical Co., Ltd) for 6 months and following continuously taking dienogest (Dinagest tab®, 2 mg/day Mochida Pharmaceutical Co., Ltd.) with the same protocol (20). The medications were discontinued after the patient decided to conceive. After that, she underwent the program for in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI) because she did not conceive after three ovulation induction cycles combined with intrauterine insemination. After adequate hormonal stimulation of ovarian follicles, she had transvaginal oocyte retrieval of 6 mature oocytes and underwent conventional IVF or ICSI resulting in preserving 4 high-quality frozen blastocysts as evaluated using Gardner’s classification (21). She underwent three times of vitrified-warmed blastocyst transfers using hormone replacement therapy as previously described (22), and all transfers failed unfortunately. Therefore, the reproductive medicine specialist advised her to treat adenomyosis as the causal factor of implantation failure, she visited our department for uterine adenomyosis surgery. Thereafter, the reproductive medicine specialist and we discussed the therapeutic strategy, and she decided to undergo laparoscopic adenomyomectomy with intraoperative elastography initially, and subsequently retrieve oocytes in the IVF program to transfer embryos following completely healing the myometrial wounded after the enucleation.

Preoperative T2-weighted magnetic resonance imaging (MRI) mainly showed diffuse thickening of the junctional zone in the posterior wall, leading to the diagnosis of a 5.0 × 7.0 cm intramural solid adenomyoma (Figures 1A,B). Therefore, we scheduled a laparoscopic adenomyomectomy with intraoperative elastography for a more accurate resection. This technique has been previously described (17, 18). Briefly, the intraoperative course of this case combined with this surgical technique was described below. Laparoscopy revealed a 12-week gestation-sized enlarged uterus with obliteration of the pouch of Douglas due to endometriosis; adhesions were promptly dissected. Vasopressin (1 IU/70 mL normal saline) was injected into the uterine wall to minimize bleeding (Figure 2A). A no. Eleven scalpel was introduced into the abdomen after removing the trocar, and a longitudinal incision was made over the uterine fundus (Figure 2B). Adenomyotic lesions in the posterior uterine wall were meticulously excised. After initial enucleation, a laparoscopic ultrasound probe was used to detect any remaining tissue. A posterior 1–2 cm transverse colpotomy was performed in the midline of the posterior fornix, marked with a Vagi-Pipe® (Hakko Medical, Nagano, Japan). An ultrasound probe (ARIETTA 850, Hitachi, Ltd., Tokyo, Japan) inserted through the colpotomy identified the residual adenomyosis as bright blue areas (Figure 2C). Tissues were resected using scissor forceps (Figure 2D). Subsequent real-time elastography confirmed the complete removal of the adenomyosis, preserving the endometrium (Figure 2E). The resected specimens were extracted via colpotomy. The uterine incisions were repaired in multiple layers using barbed sutures (0 Stratafix® Symmetric PDS® Plus, Ethicon Endo-Surgery, Tokyo, Japan) (Figure 2F). After myometrium reapproximation and hemostasis, an adhesion barrier (Interseed®, Ethicon Endo-Surgery, Tokyo, Japan) was placed. The surgery was completed without complications and lasted 188 min, with an estimated blood loss of 100 mL (Supplementary Video S1). The resected lesion weighed 102.5 grams. The patient’s postoperative recovery was uneventful. A 12-week postoperative MRI showed sufficient myometrial thickness and no residual adenomyotic lesions in the resected area (Figures 3A,B).
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FIGURE 1
 The preoperative T2-weighted magnetic resonance imaging (MRI). (A) Sagittal T2-weighted preoperative pelvic MRI showed diffuse adenomyosis with thickening of the junctional zone in the posterior wall and severe adhesion on the pouch of Douglas. (B) Axial T2-weighted postoperative pelvic MRI showed intramural solid adenomyosis.
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FIGURE 2
 Surgical technique of laparoscopic adenomyomectomy. (A) Vasopressin was injected into the uterine wall. (B) The uterus was longitudinally incised with the scalpel to directly access the adenomyotic tissue, and the nucleation was resected in a wide wedge shape. (C) The probe of the elastography was applied on the dissected uterine wall to detect the residual adenomyotic tissue, indicated by the bright blue areas (white-dotted circle). (D) The residual adenomyotic tissues were resected by scissors forceps. (E) After complete resection, the bright blue areas were changed to bright green areas, which indicated the normal layer of the myometrium (white arrow), and the endometrium was indicated by the bright red areas (white dotted circle). (F) The uterine incisions were repaired in multiple layers using barbed sutures.
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FIGURE 3
 The preoperative T2-weighted magnetic resonance imaging (MRI). (A) Sagittal T2-weighted postoperative pelvic MRI showed o adenomyotic lesion and the complete resection macro-imagingly. (B) Sagittal T2-weighted postoperative contrast-enhanced pelvic MRI showed incomplete blood flow in the posterior wall of the uterine (white arrow), and the normal repair process of the myometrium. (C) Two embryos with heartbeats at 8 weeks 0 day were observed with M-mode (white dotted line) (D) T2-weighted MRI revealed that the uterine wall remained circumferentially thick.


Five months after surgery, she began an in vitro fertilization and embryo transfer (IVF-ET) program and successfully preserved multiple high-quality frozen blastocysts as evaluated using Gardner’s classification (21). She underwent vitrified-warmed blastocyst transfer using hormone replacement therapy with same protocol of hormone replacement therapy (22). After three failed attempts with single blastocyst transfers, she consented to a double blastocyst transfer due to recurrent implantation failures, was informed of the risks, such as placenta accreta spectrum (PAS) and uterine rupture, and obtained permission for maternal–fetal invasive care unit (MFICU) monitoring. At 5 weeks, transvaginal ultrasonography revealed a dichorionic diamniotic twin pregnancy, with gestational sacs measuring 9.4 and 8.3 mm. By 8 weeks, the crown-rump lengths were 15.7 mm and 13.8 mm, with detectable fetal heartbeats (Figure 3C). Despite a stable perinatal course at 26 weeks, she was admitted for magnesium sulfate infusion to prevent preterm labor due to a short cervical canal (5 mm) with funneling membranes and uterine contractions. This treatment was effective and no further preterm labor was observed. At 27 weeks, MRI showed no placenta accreta or significant thinning of the muscle layer because the placenta was on the anterior wall (Figure 3D). An elective cesarean section was scheduled at 32 weeks to prevent uterine rupture, and betamethasone (12 mg every 24 h, 2 doses) was preoperatively treated to promote the maturity of the fetal lung. The procedure at 32 weeks and 0 days resulted in the delivery of healthy twins: one weighing 1,650 g with Apgar scores of 8 (1 min)/ 9 (5 min) and 7.346 of umbilical artery pH, and the other weighing 1,466 g with Apgar scores of 4 (1 min)/ 7 (5 min) and 7.244 of umbilical artery pH (Figure 4A). There were postnatal abnormalities such as respiratory distress syndrome or intraventricular hemorrhage in both neonates. The placenta was removed manually without complications. Upon exteriorizing the uterus for myometrial suturing, adhesions to the posterior uterine wall and a thin myometrium were confirmed (Figures 4B,C). The operation lasted 87 min, with an estimated blood loss of 2,164 mL. The patient recovered without complications and was discharged on postoperative day five. The infants were discharged on day 28 in excellent condition, requiring no oxygen or feeding tubes.
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FIGURE 4
 (A) Healthy neonates were delivered. (B) There was one adhesion between the lower margin of the posterior uterine wall wound and mesenteric fat at the pouch of Douglas (white arrow). (C) The thumb-sized thin myometrium on the posterior wall was slightly confirmed (white circle), although there was no sign of uterine rupture.




3 Discussion

Here, we reported the first case of a twin pregnancy conceived through vitrified-warmed embryo transfer after intraoperative elastography-guided laparoscopic adenomyomectomy, resulting in the delivery of two neonates by elective cesarean section at 32 weeks with careful perinatal management. Despite the high risk of uterine rupture and PAS after adenomyomectomy, this novel fertility-sparing technique using intraoperative elastography enabled successful live births.

The prevalence of uterine rupture during pregnancy following adenomyomectomy is reported to be 2.8–12.5% (23–25). The risk of uterine rupture in twin pregnancies after laparoscopic adenomyomectomy is unknown, with only three reported cases (26–28). The first case reported that spontaneous uterine rupture at 30 weeks of gestation occurred after a monochorionic twin pregnancy following IVF-ET 12 months post-surgery (26). The second case reported successful delivery at 31 weeks of gestation with an elective cesarean section for a monochorionic twin pregnancy 30 months after IVF-ET (27). The third case reported that the uterine was already ruptured and two babies expired before the patient was emergently transferred to the hospital at 30 weeks of gestation (28). In particular, Kweon et al. reported a case–control study of five cases of twins after adenomyomectomy, all of which resulted in emergency cesarean section due to preterm delivery, but the most successful pregnancy course was at 33 weeks of gestation, and the earliest stage was at 28 weeks of gestation (28). To our best knowledge, there have been no cases of successful planned delivery after 34 weeks of gestation in twins after adenomyomectomy. Hence, we consulted with pediatricians in MFICU to decide on plan delivery at least at 32 weeks of gestation, with mature fetal lungs by predelivery betamethasone, thus avoiding prematurity and related complications of perinatal morbidity and mortality. Consequently, live birth was achieved at 32 weeks without uterine rupture, despite a slight myometrial defect undetected by perinatal ultrasound.

Several reports have been published regarding the prevention and prediction of uterine rupture after adenomyosis enucleation. Some studies recommend using a cold scalpel instead of electrocautery during uterine incision to prevent rupture (29–31). Additionally, electrosurgery and multilayered myometrial closures should be avoided because they May predispose the wound to rupture owing to poor healing characteristics (30, 32). Otsubo et al. examined uterine wall thickness in patients undergoing abdominal adenomyomectomy for diffuse adenomyosis and found that a uterine wall thickness of less than 7 mm increased the risk of uterine rupture (33). Kwak et al. recommended regular monitoring of uterine contractions and wall thickness to prevent rupture (27). In this case, postoperative and prenatal MRIs confirmed myometrial preservation, and the patient successfully delivered at 32 weeks without rupture; however, we attributed our success to our adherence to previously reported methods of preventing uterine rupture.

Patients with a history of uterine surgery, including adenomyomectomy, have a higher likelihood of preterm delivery. After undergoing adenomyomectomy, patients have shorter cervical lengths upon admission and a significantly higher rate of cervical length shortening (34). Extensive myometrial removal, particularly from the caudal uterus, May have contributed to this issue. Kwak et al. performed an elective cesarean section at 31 weeks in a twin pregnancy after laparoscopic adenomyomectomy for cervical shortening (27). Given these risks, we recommend scheduling an elective cesarean section at an appropriate time in consultation with a pediatrician and the MFICU rather than waiting until term, although the exact mechanism of uterine contraction and cervical shortening post-adenomyomectomy remains unclear.

Another serious pregnancy complication after adenomyomectomy is PAS, which can lead to uterine rupture. Recently, Sayama et al. conducted a retrospective study to evaluate the impact of adenomyomectomy on pregnancy outcomes in women with adenomyosis. The results revealed that while adenomyomectomy reduced the incidence of complications such as preterm prelabor rupture of membranes, preeclampsia, and small-for-gestational-age infants, it also increased the risk of PAS (35). Embryo implants at the myometrial incision site can cause PAS and rupture during pregnancy. Sumigawa et al. noted that the incidence of PAS after uterine surgery May depend on the suture method used for myometrial closure (36). In this case, we speculate that the placement outside the adenomyomectomy site and the use of barbed sutures for closure May have prevented PAS. Further studies are required to evaluate whether surgical techniques using barbed sutures reduce the incidence of PAS. However, it is also possible that our technique is uniquely superior because elastography can easily depict the hardness and softness of the tissue and detect the endometrium indicated by the bright red areas. Areas (Figure 2E), although Wada et al. concluded that one of the risks of PAS is intraoperative uterine cavity breach (37). Therefore, perforation of the uterine cavity May be avoided with elastography.

Adenomyotic lesions May disturb the process of spiral artery remodeling in the myometrial junctional zone from the onset of decidualization, causing defective placentation (38, 39), and consequently, the risk of fetal growth restriction (FGR) May increase due to placental blood flow during pregnancy (40).In retrospective cohort study, Ono et al. concluded that the laparoscopic adenomyomectomy had a significantly lower prevalence of FGR compared to the no surgery group (41). In this case, we did not diagnose FGR, albeit at the lower end of the normal range of fetal weight due to twin, and we speculated that elastography ensured resection of the adenomyosis foci, which promoted normal placentation.

In conclusion, to the best of our knowledge, this is the first report of dichorionic twin delivery without uterine rupture after laparoscopic adenomyomectomy under elastography guidance. Adenomyomectomy is a uterus-preserving surgical treatment for adenomyosis that offers symptom relief and potential fertility preservation but comes with risks of recurrence, surgical complications, and potential uterine rupture in future pregnancies (42). Hence, the success of adenomyomectomy heavily depends on surgical expertise, with experienced surgeons better equipped to handle the procedure’s complexity, select appropriate cases, manage complications, and implement evolving techniques (43). While adenomyomectomy can be effective if the selection of case was correct, its use requires careful consideration of individual patient factors, and ongoing research is needed to optimize long-term outcomes and refine patient selection criteria. On the other hand, Elastography, particularly shear wave elastography, has emerged as a valuable tool for improving diagnosis, surgical planning, and treatment monitoring. This technique May have the possibility to allow precise resection and mitigate the risks of uterine rupture and PAS, although adenomyomectomy is not strongly recommended, and meticulous surgical techniques are important to minimize uterine defects. The use of elastography in this context lacks robust evidence and is currently evolving through clinical research. Further studies involving larger cohorts are required to establish the safety and efficacy of laparoscopic elastography-guided adenomyomectomies.
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Background: Pain and gastrointestinal dysfunction after laparoscopic myomectomy (LM) are significant issues that prevent this procedure from being classified as a “Day Surgery.” This study aims to assess the effectiveness and safety of thumbtack needle acupuncture (TNA) combined with patient-controlled intravenous analgesia (PCIA) for promoting enhanced recovery after LM.
Methods: A total of 52 patients were enrolled in the study, divided into a treatment group receiving TNA and a control group. Both groups were administered PCIA without background sufentanil. For rescue analgesia or antiemetic needs, a bolus infusion of flurbiprofen axetil (50 mg) or intravenous metoclopramide (10 mg) was provided. The primary outcomes measured were the Visual Analog Scale (VAS) scores at awakening, as well as at 36 h, 48 h, and 60 h after LM. Secondary outcomes included VAS scores at 6 h, 12 h, 24 h, and 72 h after LM, total sufentanil consumption, the number of PCIA analgesic requests (attempts), the number of doses of rescue flurbiprofen axel analgesia required, preoperative anxiety scores, gastrointestinal function recovery assessment, first ambulation time, length of hospital stay, and patient satisfaction. Adverse events were also recorded.
Results: Compared to the control group, the treatment group showed significantly lower VAS scores, fewer analgesia attempts, reduced total sufentanil consumption, and a smaller number of rescue analgesia doses after LM, along with lower preoperative anxiety scores and higher satisfaction with pain management (p < 0.05). Gastrointestinal function recovery was enhanced in the treatment group, as indicated by earlier flatus and defecation, a lower incidence of postoperative nausea and vomiting (PONV), and a smaller number of metoclopramide doses required (p < 0.05). Additionally, ambulation occurred earlier, and the length of hospital stay was shorter in the treatment group (p < 0.05). No adverse events were observed in patients receiving TNA.
Conclusion: TNA is a safe intervention that effectively alleviates postoperative pain, decreases the total consumption of sufentanil, reduces preoperative anxiety, enhances the recovery of gastrointestinal function, and shortens the duration of hospitalization, making it an ideal adjunct treatment for postoperative recovery after LM. Further research is required to understand the mechanisms underlying this intervention.
Clinical trial registration: www.chictr.org.cn, ChiCTR2300069015.
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Introduction

China, with the largest population in the world, has been facing a shortage of medical resources. Therefore, the concept of enhanced recovery after surgery (ERAS) (1) has gained widespread acceptance among the majority of medical professionals in the country.

Laparoscopic myomectomy (LM) has replaced conventional laparotomy for decades due to its advantages, including less influence on ovarian function, lower oxidative damage, and a higher successful pregnancy rate after operation (2, 3). This procedure is now proficiently performed by many gynecologists and is expected to transition into daytime surgery. However, postoperative pain and gastrointestinal dysfunction prolong hospital stays and escalate medical costs, which prevent it from becoming a “Day Surgery.”

Despite advancements in the prevention and control of postoperative pain over the past 20 years, insufficient analgesia remains a common issue in China. Comprehensive, goal-directed perioperative analgesia (4) is essential to mitigate patients’ traumatic stress responses, especially during often-overlooked phases of preoperative prophylactic analgesia, early postoperative analgesia, and pain management after the withdrawal of patient-controlled intravenous analgesia (PCIA). It is worth noting that preoperative anxiety (5, 6) can also influence the intensity of postoperative pain, anesthesia, and analgesia requirements. Additionally, gastrointestinal dysfunction, including postoperative nausea and vomiting (PONV) and intestinal paralysis caused by anesthesia and analgesics, plays a significant role in affecting postoperative recovery (7, 8).

Thumbtack needle acupuncture (TNA) is a specialized acupuncture therapy that has been used to promote rehabilitation after LM in China. It has attracted clinical attention due to its ease of application, minimal invasiveness, and positive therapeutic effects, although existing evidence supporting its effectiveness remains limited. This study aims to evaluate the effects of TNA during the perioperative period of LM, with the aim of establishing a safe ERAS pathway for this procedure.



Methods


Aim

This study aims to assess the efficacy and safety of TNA combined with PCIA without background sufentanil infusion in supporting patient rehabilitation after LM.



Study design

This prospective, single-center, randomized, participant-blinded, controlled clinical trial was conducted at The First Affiliated Hospital of Zhejiang Chinese Medical University (Zhejiang Provincial Hospital of Chinese Medicine) from 1 October 2023, to 30 May 2024, in accordance with the Declaration of Helsinki and the Medical Research Involving Human Subjects Act.



Setting

All eligible patients scheduled for LM were considered for participation in this study, unless they met the exclusion. The exclusion criteria were as follows: pedunculated subserosal myomas, broad ligament, cervical, or submucosal myomas identified through preoperative ultrasound examination, malignant lesions, use of analgesics within 48 h before surgery, preoperative administration of agents affecting gut motility (e.g., tricyclic antidepressants, opioids, or butylscopolamine), history of preoperative chronic pain, history of gastrointestinal diseases or surgery, previous severe cardiopulmonary disease, liver or kidney dysfunction, history of mental illness, pregnancy or lactation, language and self-expression disorders, limb disability, or smoking habits. The postoperative exclusion criteria were as follows: re-operation exploration, hemodynamic instability, including systolic blood pressure (SBP) <90 mmHg, complications of intervention procedure (fainting when exposed to needles, pain, bleeding, or infection at the needle location), pedunculated subserosal myomas or broad ligament myoma identified through surgery, malignant lesions identified through pathological confirmation, and postoperative complications (severe arrhythmia, hemorrhage, postoperative confusion, urinary tract infection, or reproductive system infection).



Sample size calculation

In a preliminary trial that evaluated pain scores evaluated using the Visual Analog Scale (VAS) at awakening, as well as at 36 h, 48 h and 60 h, as the main index, it was found that VAS scores at awakening was significantly lower in the treatment group. The treatment group recorded a score of 2.57 ± 0.81, compared to 3.61 ± 1.5 in the control group. This difference achieved the minimal clinically important difference (MCID). Therefore, the sample size calculation was based on VAS scores at awakening. At a two-sided significance level of 0.05 and 90% power, a sample of 104 women was needed (52 per group), accounting for a 15% increase.



Randomization and masking

Eligible participants were randomly assigned to receive either TNA or control measures using an interactive web response system (IWRS) for clinical research in a 1:1 ratio. Group assignment was conducted exclusively by the acupuncturist (Nurse Weijie Meng), who performed the intervention procedure. Clinicians, ward nurses, participants, outcome assessors, and statisticians were all blinded to the treatment allocation.



Perioperative management and surgery

To minimize bias, we defined standard patient management protocols for all participants in the perioperative periods.

Preoperatively, the patients fasted for 6–8 h before surgery and received an enema in the morning of the surgery.

All LM procedures were performed by our surgical team (consisting of Doctor Huadi Yang, Peiyu Mao, Xuelu Jiang, and Xuqun Xu), according to standard operating procedures. These surgeries involved the use of a 12-mm, a 10-mm, and two 5-mm laparoscopic trocars and maintenance of intra-abdominal pressure of 11–12 mmHg during the procedure to remove uterine fibroids. A single-shot antibiotic prophylaxis was administered. Sufentanil (0.4 μg/kg), propofol (2–3 mg/kg), and rocuronium (0.6–0.8 mg/kg) were administered intravenously to induce anesthesia. Propofol (3 mg/kg/h), remifentanil (0.1–0.3 μg/kg/min), and sevoflurane (1.0–2.5%) were administered to maintain the depth of anesthesia after tracheal intubation. The bispectral index value was maintained between 40 and 60.



Intervention procedure

Once the vital signs were stable, the PCIA pumps were connected in the post-anesthesia care unit. Each pump was prepared with 2 μg/kg sufentanil (Yichang Humanwell Pharmaceutical Jiangxi Province, China) diluted in 100 mL of physiological saline, set for no background infusion and locked for 6 min. After the setup was complete, the patients were sent back to their wards. The PCIA pumps were discontinued after 36 h for all participants, with sufentanil replenished if depleted within that timeframe. The participants were instructed to use the PCIA pump and were told to press the button (delivering 0.5 mL) whenever they felt pain. For rescue analgesia, a bolus infusion of 50 mg flurbiprofen axel was available if patients reported intolerable pain, which could be repeated as necessary to ensure that analgesia failure was ruled out. Additionally, intravenous metoclopramide 10 mg was administered as a rescue antiemetic upon patients’ request. If severe nausea persisted after two consecutive doses of rescue antiemetics, the PCIA was paused for 2 h and restarted after the symptoms subsided.

TNA (Huatuo) used in this study is produced by Suzhou Medical Supplies Factory Co., Ltd., China. Its packing box and the packing of TNA itself are showed in (Figure 1a–c). Figure 1d showed the operation steps through images and Figure 1e showed that TNA consists of a tiny needle (measuring 2 × 9 mm) and a circular adhesive tape with a radius of 5 mm. The night before surgery, Nurse Meng performed the intervention for both groups. The acupoints Hegu (LI 4) (9), Sanyinjiao (SP 6), Zusanli (ST 36) (10), and Zhongji (RN 3) were pressed for 10 s, and the superficial skin at these points was disinfected with 75% alcohol. Then, the thumbtack needle was inserted vertically into each acupoint according to the instructions for the treatment group (Figures 1d, 2). In contrast, the control group received only a single acupuncture shot, and an adhesive tape without the tiny needle was placed at the same acupoints for the control group. The intervention procedure was maintained for 48 h. In both groups, Nurse Meng reminded the participants to move their limbs normally and to avoid washing or tearing the adhesive tape. To ensure safety, we removed the TNA and immediately reinserted it after the surgery. Postoperative mobilization was standardized in both groups.

[image: a) Packaging of sterile press needles for single use with Huato branding in Chinese characters. b) Back of the box showing instructions and specifications of the product in Chinese, with illustrations. c) Blister packs of needles and adhesive patches, shown in a grid layout. d) Illustrated instructions on using the press needles, with steps numbered one to five, showing a series of hand actions. e) Close-up of a tiny needle attached to a circular adhesive tape, with annotations indicating the needle and tape size in millimeters.]

FIGURE 1
 A comprehensive introduction of TNA. (a) Front of packing box of TNA; (b) back of packing box of TNA; (c) packing of TNA in the packing box; (d) the introduction of procedure of TNA on the back of packing box; (e) the TNA consists of a tiny needle and an adhesive tape.


[image: Three images show acupressure points. a) Hands forming a triangle indicate Hegu (LI 4) on both hands. b) A torso highlights the Zhongji (RN 3) point below the navel. c) Lower legs display Zusanli (ST 36) below the knee and Sanyinjiao (SP 6) near the ankle.]

FIGURE 2
 TNA of the marked acupoints. (a) TNA on Hegu (LI 4) of both sides; (b) TNA on the Zhongji (RN 3); (c) TNA on Zusanli (ST 36) and Sanyinjiao (SP 6) of both sides.


Patients with successful defecation, good tolerance to solid meals, no fever in the last 24 h, VAS ≤ 3, full mobilization, no evidence of complications, and who completed the trial were discharged from the hospital.



Outcome measures


Patient characteristics

We collected data on baseline demographics (including marital status, gravidity, parity, previous abdominal operations, age, and body mass index) and surgical characteristics (including the number and size of myomas, pelvic adhesions, operation duration, blood loss, and infusion volume).



Primary observation items

VAS scores at awakening, 36 h, 48 h, and 60 h after LM for different types of pain, including visceral pain, incision pain, lower back pain, and shoulder pain, were recorded at awakening, 36 h, 48 h, and 60 h after LM as primary observation items. The intensity of pain was recorded using a 10-point VAS, which ranged from 0 (no pain) to 10 (the worst pain imaginable).



Secondary observation items

VAS scores at 6 h, 12 h, 24 h, and 72 h for different types of pain, the total amount of sufentanil consumed, the number of PCIA analgesic requests (attempts), and the number of doses of rescue flurbiprofen axel analgesia required were recorded as secondary pain assessment.

Preoperative anxiety scores assessed using the Hospital Anxiety and Depression Scale (HADS) were recorded.

The first flatus time, the first defecation time, and the incidence of PONV during 48 h after surgery (i.e., nausea refers to an uneasy feeling in the stomach, while vomiting refers to the forceful expulsion of gastric contents (11)), and the number of metoclopramide doses required were recorded to assess gastrointestinal function recovery. PONV is assessed using a four-point verbal scale (none = no nausea, mild = nausea but no vomiting, moderate = vomiting one attack, severe = vomiting > one attack).

First, the ambulation time and the length of hospital stay were recorded as part of the postoperative recovery assessment. Upon discharge, we evaluated patient satisfaction based on four aspects: health education provided by health workers, nursing care, availability of drugs and supplies, and pain management.



Adverse events

Adverse events were recorded by Nurse Meng and forwarded the information to Doctor Mao, who then sent a report to the medical ethics committee to evaluate the case.




Statistical analyses

Statistical analysis was performed using SPSS® (v. 22.0; IBM Corp., New York, NY) and GraphPad Prism (version 8.0; San Diego, CA, USA) for Windows. Continuous variables are presented as x ̅± S. Comparisons between pre-treatment and post-treatment were performed using Student’s t-test. Proportions between groups were compared using chi-squared tests, with Fisher’s exact test used as appropriate because of the small sample sizes.




Results


Patient characteristics

A total of 111 patients were assessed for eligibility, of which 7 were excluded due to non-compliance with the study protocol. Thus, 104 patients were randomized and completed the trial, with 52 patients in each of the treatment and control groups (Figure 3).

[image: Flowchart depicting a clinical trial enrollment process. Out of 111 assessed for eligibility, 7 were excluded (5 declined, 2 had randomization failures). 104 were randomized, with 52 allocated to the treatment group and 52 to the control group. Both groups had 52 analyzed for outcomes.]

FIGURE 3
 CONSORT flow diagram of the randomized trial.


As shown in Table 1, there was no significant difference in baseline demographics and surgical characteristics between the two groups. The postoperative pathology of all participants was confirmed to be benign.



TABLE 1 Preoperative and clinical/surgical characteristics of patients.
[image: Table comparing treatment and control groups across various variables, including marital status, gravidity, parity, previous abdominal operations, age, BMI, number of myomas removed, diameter of myomas, pelvic adhesion, operation duration, blood loss, and infusion volume. P-values are provided for significance testing, using Fisher's exact test, Student's t-test, and Chi-Squared test.]



Primary outcome measures

Table 2 shows that compared with the control group, the treatment group had significantly lower VAS scores for incision and shoulder pain at awakening, shoulder pain at 36 h, and all pain types at 48 h and 60 h (p < 0.05). In both groups, incision pain was the highest at awakening, visceral pain was the highest at 36 h and 48 h, and shoulder pain was the highest at 60 h.



TABLE 2 VAS scores at awakening time, 36 h, 48 h, and 60 h after surgery for two groups.
[image: Table comparing VAS scores for various pain types between treatment and control groups at different times: awakening, 36, 48, and 60 hours. Scores and p-values indicate differences in visceral, incision, lower back, and shoulder pain. Statistical significance is marked with an asterisk in the p-value column.]



Secondary pain assessment

As shown in Tables 3, 4, the treatment group exhibited significantly lower VAS scores for shoulder pain at 6 h, 12 h, and 24 h, as well as for all pain types at 72 h, compared to the control group. Additionally, the treatment group had fewer attempts, reduced total sufentanil consumption, and a fewer doses of rescue analgesia (p < 0.05).



TABLE 3 VAS scores at 6 h, 12 h, 24 h, and 72 h after surgery for two groups.
[image: Table displaying VAS scores comparing treatment and control groups across four time intervals (6h, 12h, 24h, 72h) for different pain types: visceral, incision, lower back, and shoulder pain. Each cell contains mean scores with standard deviations. P-values indicate significance levels, with values calculated using Student's t-test.]



TABLE 4 Attempts, total sufentanil consumption, and number of rescue analgesia/antemetic, preoperative anxiety, time of flatus, defecation and ambulation, and hospital stay for two groups.
[image: A table comparing treatment and control groups (n = 52 each) on various medical variables, with P values indicating statistical significance. Variables include attempts, total sufentanil consumption, number of rescue analgesia, HADS scores of anxiety, time to first flatus and defecation, incidence of PONV, number of metoclopramides required, time to ambulation, and length of hospital stay. Significant differences (P < 0.05) are marked with superscript letters. Data is presented as mean ± SD or number (percentage).]



Preoperative anxiety assessment

As shown in Table 4, the HADS scores for anxiety were significantly lower in the treatment group (p < 0.05).



Gastrointestinal function recovery assessment

As shown in Table 4, gastrointestinal function recovery was enhanced in the treatment group with earlier flatus and defecation (p < 0.05), a lower incidence of PONV, and a fewer doses of metoclopramide required (p < 0.05).



First ambulation time and hospital stay assessment

As shown in Table 4, the time of ambulation was earlier and the length of hospital stay was shorter in the treatment group (p < 0.05).



Patient satisfaction assessment

As shown in Table 5, there was no significant difference in satisfaction with the health education provided by health workers, nursing care, and availability of drugs and supplies. However, the satisfaction score for pain management in the treatment group was significantly higher than that in the control group (p < 0.01).



TABLE 5 Participants’ satisfaction outcomes.
[image: Table comparing satisfaction levels between treatment and control groups across four variables: health education, nursing care, drug supply, and pain management. Each variable is rated from "Very satisfied" (5) to "Very dissatisfied" (1), with means and p-values. Pain management shows significant difference with a p-value of less than 0.0001, while others are not statistically significant.]



Adverse events

No significant intraoperative or postoperative complications were observed in both groups. TNA therapy was well tolerated. No complications such as skin allergies, fainting when exposed to needles, pain, bleeding, or infection at the needle location were noted.




Discussion

This study aims to investigate the benefits and safety of TNA combined with PCIA for patients after LM. According to the American Pain Society postoperative guidelines (12), the use of background infusion is not required due to the potential aggravation of PONV. Therefore, PCIA was administered without a background infusion of sufentanil in this trial.

Although PCIA pumps are commonly used to manage postoperative pain, pain during the awakening period and after PCIA discontinuation is frequently overlooked due to healthcare providers’ busy schedules. Even if a ward nurse or surgeon provides rescue analgesic treatment at the patient’s request, the effect is often unsatisfactory, followed by constant complaints. Inadequate pain management has emerged as a primary cause of dissatisfaction among postoperative patients and their families. It is also an important cause of postoperative acute pain evolving into chronic pain and an important blind spot that has not yet been taken seriously by surgeons and anesthesiologists. Besides, although opioids can control incision and visceral pain, they cannot effectively control post-laparoscopic shoulder pain (13). A previous study (14) reported that TNA combined with PCIA obtained better analgesic effects on incision dynamic pain and uterine contraction pain in patients after cesarean section. In this trial, we confirmed that TNA not only significantly alleviates postoperative incision and visceral pain but also alleviates shoulder pain. The application of TNA can cover the analgesic blind spots: preoperative prophylactic analgesia, early awakening analgesia, and pain after withdrawal of PCIA. Milder pain levels result in lower sufentanil use, reducing opioid-related adverse events (15), especially respiratory depression and postoperative ileus.

Preoperative anxiety is another factor that influences the intensity of postoperative pain and analgesia requirements. Our findings indicate that patients receiving TNA reported lower HADS anxiety scores. It is reported (6) that patients with preoperative anxiety could benefit from multimodal analgesia, including non-pharmacological methods. Therefore, relieving anxiety may be another analgesic mechanism of TNA.

PONV and constipation are classical side effects of opioids (7, 16), which are other difficulties that need to be solved in the ERAS context. With the return of patients’ water intake and upcoming PONV pathophysiological climax (24 h postoperatively), PONV occurs more frequently and intensively (17). In this trial, we also found that the first flatus time and first defecation time were shorter, and the incidence of PONV during postoperative 48 h was lower in patients with TNA, showing enhanced recovery of gastrointestinal function, which is related to the less consumption of sufentanil and may relate to the mechanism of TNA itself. A pragmatic randomized controlled trial study (18) of TNA on functional constipation has shown that compared with mosapride citrate, TNA produced a greater improvement in complete and spontaneous bowel movement scores, consistent with this study’s results.

Earlier ambulation was also observed in the treatment group, which is related to better pain control. It is reported (19) that early ambulation can reduce stress response and pain and accelerate patients’ recovery, creating a good mutually reinforcing cycle.

Notably, the outcomes of TNA therapy largely depend on the patient’s cooperation. In this study, the patients showed good tolerance to the treatment. The TNA procedure was brief, caused minimal discomfort, and showed no adverse reactions, demonstrating its safety. In addition, as a non-drug treatment, it is widely accepted by patients with liver and kidney dysfunction. Reduced pain and faster recovery led to better pain control, shorter hospital stays, and lower medical costs.

Traditional Chinese medicine views postoperative pain (20) as a result of “meridian obstruction, which can alleviated by clearing the meridian pathways (21). Stimulating acupoints serves as a method to facilitate this process, regulating the cerebral cortex and calming the nerves, thereby reducing swelling and alleviating pain (22).

TNA maintains continuous acupoint stimulation, promoting the flow of “Qi,” a Chinese concept representing vitality or energy while relieving tension and alleviating associated symptoms (23). Several trials have demonstrated the effectiveness of TNA in various contexts, including pain management during obstetric delivery (24), chronic pain conditions (25), nausea and vomiting (26), and dysmenorrhoea (27). Our study confirmed its efficacy in managing pain and enhancing gastrointestinal function recovery after LM.

Multimodal analgesia is currently highly valued in the ERAS era. However, its implementation can be challenging for surgeons and anesthesiologists in China due to the demands of a busy medical environment. Therefore, TNA, performed by nurses, can serve as an integral component of multimodal analgesia to enhance recovery after LM.



Conclusion

TNA is a safe intervention that effectively alleviates postoperative pain, reduces the total consumption of sufentanil, relieves preoperative anxiety, improves the recovery of gastrointestinal function, and shortens hospitalization duration, making it an ideal adjunct treatment for the postoperative recovery of LM. Further research is required to understand the mechanisms underlying this intervention.
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Objective

The objective of this study was to evaluate the clinical efficacy of acupuncture combined with Chinese herbs versus Chinese herbs alone in treating uterine fibroids.





Methods

A literature search of eight databases identified nine randomized controlled trials (RCTs) evaluating the clinical efficacy of acupuncture combined with Chinese herbs compared to Chinese herbs alone for treating uterine fibroids. Subsequently, data extraction and analysis were conducted to assess the methodological quality and risk of bias in the studies, followed by an analysis of the data from the randomized controlled trials.





Results

Nine randomized controlled trials involving 640 women were included. The results indicated that acupuncture combined with Chinese herbs significantly increased the overall clinical efficacy rate [Z=5.00, P=0.74, relative risk(RR)1.20, 95%CI 1.12 to 1.30, P<0.00001, I²=0%] and reduced the size of uterine fibroids [Z=2.95, P=0.003, SMD=-0.82, 95%CI -1.36 to -0.27, P<0.00001, I²=90%].





Conclusions

Studies have shown that acupuncture combined with Chinese herbs reduces uterine size, lowers hormone levels, and improves quality of life. According to the findings of this study, acupuncture combined with Chinese herbs has a more positive effect on the treatment of uterine fibroids than Chinese herbs alone. However, due to the limited number and quality of the included studies, these conclusions need to be validated by further high-quality research.





Systematic review registration

https://www.crd.york.ac.uk/PROSPERO/#myprospero, identifier CRD42024507248.
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Introduction

Uterine fibroids (uterine smooth muscle tumours, fibroids, or uterine fibroma) (1) are the most common type of benign tumour in the female reproductive system (2). Several factors can trigger the development of fibroids, with the primary ones being race, increasing age, family history, obesity, number of births, smoking, and lifestyle (2–5). Uterine fibroids can occur at various ages, but in China, they are most common in women between the ages of 30 and 50, with the highest incidence between 40 and 50 years old. Approximately 66% of women at the age of 50 are affected by the condition (6). Statistically, the cumulative incidence of uterine fibroids by the age of 50 is as high as 80% in African-American women and about 50% in white women (7). However, the condition is rare in women under 30, and it is extremely uncommon in women under 20. The incidence of uterine fibroids continues to rise with changes in lifestyle habits.

Most patients with uterine fibroids do not exhibit clinical symptoms (8) and require pelvic or ultrasound examinations to confirm the diagnosis, as well as to assess the location and size of the fibroids (9). However, some patients may experience symptoms such as abnormal uterine bleeding, pelvic pressure, bowel dysfunction, or genitourinary issues (10–12), which can severely affect their quality of life and daily activities. Currently, the most commonly used treatments are surgery and medication. Surgical options include myomectomy, laparoscopic dissection, uterine artery embolization, and magnetic resonance-guided focused ultrasound surgery, among others (13–15). However, these procedures often result in unavoidable side effects such as pain, fever, fertility complications, and a high likelihood of recurrence (16, 17). Pharmacological treatments include high-dose progesterone injections, oral contraceptives, and mifepristone (18), but long-term use of these medications can lead to estrogen deficiency. Both surgical and pharmacological treatments consume significant social and medical resources, placing a heavy burden on individuals and the healthcare system.

raditional Chinese Medicine (TCM) is becoming increasingly popular worldwide as a complementary and alternative treatment for uterine fibroids, with acupuncture being used to treat the condition by stimulating specific acupuncture points (19). Various methods can be used to stimulate these points, including acupuncture, electroacupuncture, warming needles, transcutaneous electrical nerve stimulation (TENS), acupoint injections, and moxibustion. Acupuncture can regulate pelvic nerves, balance female sex hormone levels, and improve blood circulation (20). Numerous clinical and animal studies have demonstrated that acupuncture can help alleviate symptoms such as heavy menstruation (21), abdominal pain, and lower back pain, as well as reduce the size of fibroids (22) in patients with uterine leiomyomas. Additionally, high-frequency TENS has been shown to reduce blood flow to the ovaries in rats (23). Other studies have indicated that using TCM or Western medicine alone has limited effectiveness in treating uterine fibroids due to the presence of numerous complications (24). Therefore, acupuncture is a reasonable alternative treatment for fibroids.

There are no detailed, high-quality, systematic methodological evaluations on the treatment of uterine fibroids using acupuncture combined with Chinese herbs. Therefore, the main objective of this study was to assess the efficacy and safety of acupuncture combined with Chinese herbs in improving the symptoms of patients with uterine fibroids. To achieve this, a systematic review and meta-analysis were conducted to compare the efficacy of acupuncture combined with Chinese herbs versus Chinese herbs alone in alleviating the symptoms of uterine fibroids, providing new evidence for the use of acupuncture combined with Chinese herbs as a treatment for uterine fibroids.





Materials and methods

This study was conducted under the Preferred Reporting Items for Systematic Evaluation and Meta-Analysis (PRISMA) (25). The study was published in the Prospective Registry for Systematic Evaluation (PROSPERO) on February 20, 2024, under the registration number CRD42024507248.




Data sources

This study searched eight databases from January 1, 2020, to January 1, 2024 [PubMed, Embase, Cochrane Central Register of Controlled Trials (CENTRAL), Web of Science (SCI), China Biomedical Database (CBM), China National Knowledge Infrastructure (CNKI), Wanfang Data Knowledge Service Platform and VIP Journal Integration Platform (VIP)], which it contains four English databases and four Chinese databases. The keywords used in the PubMed search included acupuncture, traditional Chinese medicine, leiomyomas, and randomized controlled trials. For specific search strategies, please refer to the hyperlink. PubMed retrieval type.txt.





Study selection and data extraction

Two researchers (HW and MXJ) independently screened the retrieved literature, reviewed titles and abstracts, and excluded duplicate and irrelevant studies. Based on the inclusion and exclusion criteria, eligible studies were identified, and data were extracted and cross-checked. Ambiguities were resolved through discussion. If consensus could not be reached, a third researcher (CX) was consulted to make the final decision. All excluded studies were recorded. The experimental group received acupuncture (including needling, moxibustion, electroacupuncture, and catgut implantation at acupoints) in combination with traditional Chinese medicine, while the control group received only traditional Chinese medicine. The inclusion criteria were as follows: (a) Patients definitively diagnosed with uterine fibroids through clinical and ultrasound or gynecological examinations, with no restrictions on age, gender, or source of the case; (b) the experimental group was treated with acupuncture combined with traditional Chinese medicine, and the control group was treated with traditional Chinese medicine alone; (c) The study was a randomized controlled trial. The exclusion criteria were: (a) Subjects receiving treatments other than acupuncture and Chinese herbal medicine; (b) Duplicate publications; (c) Non-randomized controlled trials or studies with multiple control groups; (d) Reviews, systematic evaluations, animal studies, dissertations, case reports, theoretical investigations, conference abstracts, and literature not aligned with the study’s purpose; (e) Studies with poorly designed trials or mismatched methodologies; (f) Studies with apparent errors or omissions; (g) Studies with incorrect or unavailable data. (Table 1).

Table 1 | Characteristics of the studies included in this systematic review (acupuncture + Chinese herbs vs. Chinese herbs).


[image: Table summarizing nine studies on acupuncture combined with Traditional Chinese Medicine for uterine fibroids. It includes publication details, patient demographics, fibroid duration, interventions, control methods, treatment periods, side effects, and outcomes such as clinical efficiency and fibroid volume. All studies report no adverse events.]




Risk of bias assessment

The Cochrane tool was used for the risk of bias assessment (26). This tool evaluates seven key aspects: 1) Baseline comparability—whether participants in different groups are similar in key characteristics (e.g., age, sex, disease severity); 2) Random allocation method—whether participants were randomly assigned, giving each participant an equal chance of being placed in any group; 3) Concealed allocation—whether the researcher and participant were unable to predict the group assignment prior to the allocation; 4) Blinding—whether the participant, researcher, or outcome assessor was unaware of the type of intervention the participant received; 5) Completeness of outcome data—whether outcome data for all participants were fully reported; 6) Selective reporting—whether the researcher selectively reported only certain outcomes (e.g., reporting only significant results while ignoring non-significant outcomes); 7) Other sources of bias—for example, potential conflicts of interest in the study’s funding, representativeness of participants, or unintended interventions or changes during the study’s implementation. The results of the risk of bias assessments were entered into Review Manager 5.4 statistical software, and the risk of bias for each of the seven aspects was categorized as “low risk,” “high risk,” or “unclear risk.”Two researchers (HW and MXJ) independently assessed these factors, and a third researcher (CX) was consulted to resolve any disagreements (Figures 1, 2).

[image: Bar chart illustrating the risk of bias in various categories: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias. Green bars show low risk, yellow bars show unclear risk, and red bars show high risk. A legend indicates the color coding for risk levels.]
Figure 1 | Risk of bias summary.

[image: Risk of bias summary chart for multiple studies from 2010 to 2019. Green circles indicate low risk; yellow circles indicate unclear risk; red circles indicate high risk across different bias types such as selection, performance, detection, attrition, and reporting biases. Specific biases include random sequence generation, allocation concealment, blinding, incomplete outcome data, selective reporting, and other biases.]
Figure 2 | Risk of bias graph.





Outcomes

Primary outcome measure: The degree of reduction in uterine fibroid size.





Statistical analysis

The I² test and Q test were first applied to evaluate whether there was heterogeneity among the studies, and then an appropriate effect model was selected. When P > 0.05 and I² < 50%, it indicates no statistical heterogeneity among the effect sizes of the studies, and a fixed-effect model was used; When P ≤ 0.05 and I² ≥ 50%, it indicates statistical heterogeneity among the effect sizes, and a random-effects model was selected. If statistical heterogeneity was present, the potential sources of heterogeneity were explored, and sensitivity analysis was used to assess the stability of the results if necessary. Risk Ratio (RR) was used as the effect size for categorical data and expressed as 95% confidence intervals (CI), while Mean Difference (MD) or Standardized Mean Difference (SMD) was used for continuous data in the calculation of combined statistics. Results of the meta-analysis were represented using forest plots, funnel plots, and other graphical methods.






Results




Studies retrieved

A total of 1,149 relevant papers were initially identified, and after multiple rounds of screening, nine studies (27–35) met the inclusion criteria. These nine randomized controlled trials included 640 patients who received either acupuncture or acupuncture combined with Chinese herbs for the treatment of uterine fibroids (Figure 3).

[image: Flowchart illustrating the identification of studies through databases and other methods. It shows the process from identification, screening, eligibility assessment, to inclusion. Records identified: 1,149 from databases, none from other methods. After removing duplicates (433), 716 records screened, 676 excluded for reasons like dose and intervention mismatch. Forty reports sought for retrieval, with 40 assessed for eligibility, and nine studies included.]
Figure 3 | Flowchart of the study selection process.





Quality of the evidence: summary of findings table

We created a “Summary of Results” table using the GRADE method to assess the quality of evidence for the outcome measures (size of uterine fibroids and overall clinical efficacy rate) in studies comparing acupuncture combined with Chinese herbs to Chinese herbs alone. The quality of evidence was evaluated using GRADE criteria, which include factors such as study limitations, inconsistency, indirectness, imprecision, and publication bias. Two investigators (HW and CTY) independently assessed the quality of the evidence (categorized as high, moderate, low, or very low) and resolved any differences through discussion. The results indicated that the quality of evidence for the reduction in uterine fibroid size was rated as “very low,” while the quality of evidence for the overall clinical efficacy rate was rated as “low” (Figures 4, 5).

[image: Quality assessment table for a study on uterine fibroid volume with acupuncture and traditional Chinese medicine. Eight randomized trials show serious risk of bias, very serious inconsistency, no serious indirectness, and serious imprecision. No other considerations were noted. There were 288 patients in the uterine fibroid group and 285 in the control group. The study notes a standard mean difference (SMD) of 0.82 lower, with a quality rating of very low and critical importance.]
Figure 4 | Quality of evidence assessment scale for uterine fibroid volume.

[image: Quality assessment table comparing acupuncture combined with traditional Chinese medicine versus traditional Chinese medicine alone for uterine fibroids. Eight randomized trials are evaluated. There is serious risk of bias due to unclear allocation concealment and imprecision due to small sample size. No serious inconsistency or indirectness is reported. Total effective rate shows 91.8% effectiveness compared to 76.1% for control, with a relative risk of 1.2. Absolute effect indicates 152 more per 1000 benefit. Quality is rated low, and the importance is marked as important.]
Figure 5 | Quality of evidence assessment scale for total effective rate.





Results of the risk of bias assessment using the Cochrane tool

The results of the Cochrane risk of bias assessment showed the following: 1) Baseline comparability was satisfied and judged as low risk of bias. 2) The studies by Huang Qing (27) and Yang Zhen (31) used randomized allocation with random numbers, and the study by Zhou Qinglian (34) used a completely randomized allocation method. The other studies stated that they were randomized controlled trials but did not describe the specific randomization methods; these were judged as low risk of bias. 3) All studies did not explicitly report on allocation concealment, so they were judged as having unclear risk of bias. 4) All studies were non-blinded due to the limitations of the interventions and were judged as high risk of bias. 5) The outcome data were complete, so they were judged as low risk of bias. 6) None of the studies selectively reported results, so they were judged as low risk of bias. 7) None of them had any other sources of bias, judged as low risk of bias. (Table 2).

Table 2 | Cochrane risk of bias assessment.


[image: A table lists nine studies with details on publication year, baseline comparability, random allocation, allocation concealment, blinding, integrity of results, selective reporting, and other bias sources. All exhibit baseline comparability and integrity, but have inaccurate allocation concealment and non-blind procedures. Selective reporting and other bias sources are present in all studies. Random allocation methods vary from defined, unspecified, and totally random.]





Main results




Size of uterine fibroids

Eight studies used fibroid volume to assess the effectiveness of treatment, involving a total of 573 participants, with 288 in the treatment group and 285 in the control group. After treatment in both groups, fibroid volume was used as the joint effect measure. The heterogeneity test revealed substantial heterogeneity, so the random-effects model was selected for the meta-analysis [Z=2.95, P=0.003, SMD= -0.82,95%CI - 1.36 to -0.27, P<0.00001, I²=90%] (Figure 6), Sensitivity analyses were performed by excluding the studies by Zhang X (2015) and Zhou QL (2018), which resulted in P = 0.14 and I² = 40%. To further explore the cause of heterogeneity, we excluded the two aforementioned studies and conducted a subgroup analysis based on the publication year of the studies. The results showed P = 0.41 and I² = 0% for studies published before 2017, and P = 0.13 and I² = 46% for those published after 2017. We found that the heterogeneity for studies published before 2017 (I² = 0%) was significantly lower than the overall heterogeneity (I² = 40%). Therefore, the source of heterogeneity may be related to the publication year of the studies (Figure 7).

[image: Forest plot showing the standardized mean difference between experimental and control groups across seven studies, with means, standard deviations, and confidence intervals. The overall effect size is -0.82, with a 95% confidence interval from -1.36 to -0.27. Heterogeneity is high (I² = 90%). The plot displays each study's weight and confidence intervals, with a summary diamond at the bottom.]
Figure 6 | Meta analysis results of acupuncture combined with traditional Chinese medicine in the treatment of uterine fibroid volume reduction.

[image: Forest plot comparing standardized mean differences between experimental and control groups from various studies. It includes two subgroups: articles before 2017 and articles after 2017. Data points display mean differences with corresponding confidence intervals. The overall effect is shown with a diamond symbol. Heterogeneity statistics are provided for each subgroup and the total, indicating variation across studies.]
Figure 7 | Subgroup analysis of uterine fibroid volume.





The overall clinical efficacy rate

Eight studies used the overall clinical efficacy rate to evaluate treatment outcomes. These studies included 576 participants, with 291 in the treatment group and 285 in the control group. A test for heterogeneity was conducted, revealing low heterogeneity and statistical significance, allowing for meta-analysis using a fixed-effects model [Z=5.00, P=0.74, relative risk(RR)1.20,95%CI 1.12 to 1.30, P<0.00001, I²=0%]. To ensure the accuracy and stability of the results, a sensitivity analysis was performed, which showed that none of the studies significantly affected the results of the meta-analysis. This indicates that the study had good stability and suggests that the overall treatment effect in the experimental group was better than that in the control group (Figure 8). A funnel plot was generated, which appeared symmetrical, suggesting no significant publication bias in the included studies. However, some data points were located on the lower right side of the funnel, which may indicate that the relative risk (RR) of some findings was higher than the average. While the funnel plot did not show obvious serious bias, this does not completely rule out the possibility of publication bias. Funnel plots provide only a preliminary visual assessment and cannot guarantee the absence of potential bias. For example, studies with non-significant results may not have been published, leading to a bias favoring studies with positive outcomes. Additionally, the shape of the funnel plot may be influenced by the sample size of the included studies. The relatively small number of studies included in the plot reduces its statistical power. (Figure 9).

[image: Forest plot showing studies comparing experimental and control groups. Each study lists events, totals, and weights, with risk ratios and 95% confidence intervals. Overall, the risk ratio is 1.20 with a 95% confidence interval of 1.12 to 1.30. The heterogeneity test indicates Chi² = 4.36, P = 0.74, I² = 0%. The overall effect test shows Z = 5.00, P < 0.00001. A diamond-shaped marker indicates the pooled estimate.]
Figure 8 | Forest map of total efficiency of acupuncture combined with traditional Chinese medicine in the treatment of uterine fibroids.

[image: Funnel plot displaying the standard error of the log relative risk (Y-axis) against the relative risk (X-axis). Seven data points are scattered, with dashed lines forming a symmetrical triangle, indicating no publication bias.]
Figure 9 | Funnel map of total effective rate of acupuncture combined with traditional Chinese medicine in the treatment of uterine fibroids.





Other outcome indicators

Only a few studies mentioned uterine volume, hormone levels, clinical symptoms, quality of life, and adverse effects, but these will not be analyzed due to incomplete data.






Discussion




Summary of main results

The meta-analysis included data from nine randomized controlled trials and 640 participants to compare the efficacy and safety of acupuncture combined with Chinese herbs versus Chinese herbs alone in the treatment of uterine fibroids. The results showed that acupuncture combined with Chinese herbs significantly increased the overall clinical effectiveness for uterine fibroids compared with Chinese herbs alone [Z=5.00, P=0.74, relative risk(RR)1.20,95%CI 1.12 to 1.30, P<0.00001, I²=0%] (27–34), and also reduced the size of uterine fibroids [Z=2.95, P=0.003, SMD= -0.82,95%CI - 1.36 to -0.27, P<0.00001, I²=90%] (27, 29–35). Additionally, a few studies have shown that acupuncture combined with Chinese herbs can reduce uterine size (30), lower hormone levels (E2, FSH, LH, P) (28), and improve quality of life (31).

Subgroup analysis of uterine leiomyoma volume indicated that the source of heterogeneity was related to the publication date of the studies. Several factors may account for this. First, the increased heterogeneity between studies conducted before and after 2017 may be related to changes in diagnostic and treatment standards. In China, the diagnostic criteria and treatment protocols for uterine fibroids have evolved in recent years due to advances in medicine and updated guidelines. For example, starting in 2017, new diagnostic equipment and techniques, such as more precise ultrasound and MRI, were widely adopted, likely leading to more accurate measurements of fibroid volume. This suggests that studies conducted after 2017 reported more accurate data on fibroid volume, whereas pre-2017 studies relied on more basic measurement techniques, resulting in a wider range of data and reducing comparability. Second, earlier treatments primarily involved surgery and traditional Chinese medicine, while newer combination therapies, such as acupuncture, moxibustion, and acupoint catgut embedding, have gradually become more prevalent in clinical studies over time. The introduction of these newer therapies may have introduced additional variables between studies. For instance, acupoint catgut embedding combined with Chinese herbal medicine significantly reduced leiomyoma size, whereas Chinese herbal medicine alone had a relatively weaker effect. These differences in treatment regimens likely contributed to increased heterogeneity in outcomes, particularly as newer therapies became more commonly studied after 2017. Finally, studies conducted before 2017 may have employed simpler statistical methods, while more recent studies, benefiting from advancements in study design and statistical analysis—such as the wider use of random-effects models—are better able to capture data variability. As a result, post-2017 studies may display greater heterogeneity due to the use of more sophisticated analytical methods.

These findings are consistent with previous systematic reviews and randomized controlled trials. Additionally, several studies have demonstrated that acupuncture, either alone or in combination with traditional Chinese medicine, can more effectively improve various clinical symptoms in patients with uterine fibroids. These studies further validate our results.

Secondly, acupuncture works to reduce the size of fibroids by selecting appropriate acupuncture points based on the patient’s specific symptoms. While acupuncture therapy does not directly cause fibroids to disappear, it can help shrink them by regulating the body’s endocrine system, improving the circulation of qi and blood, and exerting an inhibitory effect on fibroid growth.

Clinical trials have shown that acupuncture has a positive effect on endometriosis, significantly reducing pain levels, shortening the duration of pain, relieving anxiety and depression, and improving patients’ quality of life, as indicated by the Visual Analog Scale (VAS) score. However, its efficacy diminishes once treatment is stopped (36). Additionally, acupuncture has been shown to reduce the size of ectopic cysts, lower serum carbohydrate antigen 125 (CA125) levels, regulate serum sex hormones, improve ovarian reserve function, increase pregnancy rates, and reduce recurrence rates and adverse effects. The mechanisms of acupuncture primarily involve the inhibition of angiogenesis, suppression of estrogen and its receptors, regulation of immune function, and pain relief (37). Animal experiments have demonstrated that electroacupuncture promotes the transition of the uterus to the active phase in late-pregnant rats by altering hormone levels in serum and uterine tissues, and it enhances coordinated uterine contractions by increasing the expression of uterine gap junction proteins (38).

Overall, these findings suggest that acupuncture provides more effective treatment for uterine diseases compared to herbal medicine alone.





Overall completeness and applicability of evidence

None of the nine studies reported follow-up or withdrawal data, making it difficult to assess the long-term effects of treatment and relapse rates. Additionally, no violations of assigned treatments were noted. None of the studies specified whether the trial investigator and outcome assessor were the same person, which introduces potential bias. Bias may arise when the trial investigator also assesses participants’ outcomes. Furthermore, only one study reported adverse effects (31). Although the benefits of acupuncture appear to outweigh its drawbacks, we are not entirely confident about its safety. The total sample size of 640 patients across nine trials results in a small average sample size per trial, which may have led to a lack of statistical power and an increased likelihood of false-negative results. Even if the treatment effect is significant, the study may not detect it due to insufficient sample size. Trials with small sample sizes are more susceptible to the influence of individual data points, leading to unstable results. For example, an individual patient’s response may disproportionately impact the overall findings, making conclusions vulnerable to being skewed by outliers. Additionally, rare adverse reactions may go undetected due to the limited statistical data. The limited number of randomized controlled trials and participants means that the available evidence on the effectiveness of acupuncture combined with Chinese herbs for treating uterine fibroids remains incomplete. Future research should focus on conducting multicenter randomized controlled trials to increase sample sizes and improve statistical power. Multicenter studies can cover broader regions and populations, enhancing the generalizability of the results. For instance, recruiting patients from different racial and geographic backgrounds—such as populations in Asia, Europe, and Africa—could help validate the treatment’s applicability across diverse groups. International collaborations could also expand patient recruitment and facilitate resource sharing. Collaborating with hospitals and research institutions in other countries would help validate the global efficacy of acupuncture and herbal medicine for uterine fibroids.





Quality of the evidence

Overall, this meta-analysis had a low risk of bias (Figures 1, 2), but was rated as high risk in terms of blinding, as all trials were unblinded. This lack of blinding may lead to several issues: (1) When researchers know which treatment participants received, they may unintentionally influence their evaluation or recording of the results; (2) When participants know they are receiving a particular treatment, their expectations and attitudes may influence the results. This phenomenon is known as the placebo effect or the nocebo effect (anti-placebo effect); (3) Participants’ compliance may be affected when they are aware of receiving either a new drug or a control treatment. If participants know they are assigned to the control group, they may lose motivation to continue participating, leading to decreased adherence or even withdrawal. This may affect data integrity and the accuracy of the analysis; (4) In some cases, non-blinded trials are designed for ethical reasons, such as ensuring participants are fully informed. However, researchers, aware of the treatment allocation, may unintentionally alter their care or treatment of participants, affecting the objectivity of the trial; (5) Bias may lead to overestimation or underestimation of effect sizes. It becomes difficult to discern whether the observed effects are genuine results of the treatment or artifacts of the researchers’ and participants’ expectations. While statistical models can adjust for potential bias, they cannot entirely eliminate its effects. Moreover, none of the studies mentioned whether allocation concealment was implemented. The source of bias may also be related to participant characteristics (e.g., age, diagnostic criteria, severity of uterine fibroids), the method of acupuncture (e.g., needling, electroacupuncture, moxibustion, or acupoint catgut embedding), the selection and dosage of Chinese herbs, specific symptoms, and the course of treatment. Some studies also had limited reporting due to small sample sizes and differences in interventions. Therefore, the results of this meta-analysis should be interpreted with caution.





Potential biases in the review process

We conducted an extensive search across multiple databases to reduce the likelihood of missing relevant studies. We also recognized the potential for publication bias, as this systematic review did not include trials with negative results. However, all the randomized controlled trials included in this study were conducted in China, with the study population primarily consisting of Chinese women. These participants were treated with acupuncture and herbal medicine, both of which are traditional Chinese therapies. This geographic and demographic limitation may affect the generalizability of the findings, particularly when applying them to non-Asian populations. Different ethnic groups and regions may exhibit significant variations in genetics, environment, lifestyle, and disease manifestation. As a result, the applicability and effectiveness of acupuncture combined with Chinese herbal treatments for uterine fibroids in non-Asian populations remain uncertain, necessitating further research across diverse regions and ethnicities to validate the broader relevance of these findings. Despite our efforts to search both Chinese and English databases, all the eligible studies were conducted in China, and the trial reports were brief, with some critical information either unclear or missing. Additionally, we were unable to obtain further clarification from the trial investigators despite attempts via email and phone. These factors may introduce bias into the current review.





The actual contribution and impact of clinical practice

The contribution of this meta-analysis to clinical practice lies in its provision of systematic, quantitative evidence supporting the effectiveness of acupuncture combined with Chinese herbs in treating uterine fibroids. Compared with Chinese herbs alone, the combination of acupuncture and Chinese herbs enhanced the overall treatment effectiveness and significantly reduced the size of uterine fibroids. This finding serves as an important reference for physicians when selecting appropriate treatment options in clinical settings.

First, for clinicians, integrating acupuncture with Chinese herbs offers a more comprehensive treatment option for patients with uterine fibroids. Based on the results of this study, clinicians can consider acupuncture combined with herbal medicine as a safe and effective non-invasive treatment option for patients who prefer to avoid surgery or are not eligible for surgical interventions.

Secondly, for patients with large fibroids or severe symptoms, acupuncture combined with Chinese herbs can help reduce the size of fibroids by regulating the endocrine system and improving blood circulation, thereby alleviating associated symptoms and enhancing overall quality of life. This approach allows the therapy to play an active role in symptom management and long-term treatment.

In conclusion, the findings of this study provide a strong scientific basis for the integration of Chinese and Western medicine in the treatment of uterine diseases. Specifically, for uterine fibroids—a chronic condition—acupuncture combined with Chinese herbs offers a more comprehensive therapeutic option, underscoring the importance of individualized treatment. Selecting the appropriate acupoints and herbal formulas based on clinical symptoms can further improve the precision and effectiveness of treatment.

Despite the positive findings of this study regarding the effectiveness of acupuncture, clinicians should remain mindful of its limitations, such as the small sample size and insufficient follow-up data. Therefore, in clinical practice, it is recommended that patient symptom changes be regularly monitored when incorporating acupuncture into treatment, and that other conventional therapies be combined to maximize efficacy. Additionally, more high-quality clinical trials with long-term follow-up are needed to strengthen the reliability and broader applicability of the evidence.






Conclusion




Implications for practice

We cannot rule out the possibility of clinically relevant differences between acupuncture combined with Chinese herbs and Chinese herbs alone in terms of overall clinical efficacy, reduction in the size of uterine fibroids, levels of E2, FSH, LH, and P, as well as improvements in clinical symptoms and quality of life. Compared with Chinese herbs alone, acupuncture combined with Chinese herbs was found to improve overall clinical efficacy, reduce fibroid size, and positively affect hormone levels (E2, FSH, LH, P), clinical symptoms, and quality of life. However, due to the low quality of evidence in this field and the limited number of clinical trials available, we could only conclude that acupuncture combined with Chinese herbs appears more effective than Chinese herbs alone in treating uterine fibroids.





Implications for research

It is hoped that acupuncture combined with Chinese herbs will improve the overall clinical outcomes for patients with uterine fibroids. Under unified diagnostic criteria, a standardized set of acupoints and stimulation methods should be used, and the control group should receive the same herbal treatment as the acupuncture group.
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Subtotal (95% Cl) 64 62 33.0%  -0.96[-1.33,-0.59]
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Hu JP 2018 27 08 43 35 09 43 198% -0.93 [-1.38, -0.49]
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Settings:

Bibliography: . Acupuncture combined with traditional Chinese medicine versus traditional Chinese medicine for uterine fibroids. Cochrane Database of Systematic Reviews [Year], Issue [Issue].
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education group
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provided by the | Control
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Treatment
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Availability of  group
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abdominal wall and 37 myomectomy 10 extirpation of the

pelvic cavity (13) years earlier abdominal and pelvic
tumors and partial
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abdominal wall and 46 hysterectomy 8 extirpation of the

pelvic cavity (14) years earlier abdominal and pelvic
tumors and
bilateral oophorectomy

abdominal wall 33 myomectomy 13 extirpation

and pulmonary (15) years earlier partial tumors

abdominal wall 42 mysterectomy 8 extirpation of

(16) years earlier the tumors
abdominal wall 44 hysterectomy extirpation of
(17) the tumors

abdominal wall 44 myomectomy N/A

and pulmonary (18)

abdominal wall and 49 myomectomy 12 N/A

pelvic cavity (18) years earlier

abdominal wall, 47 twice N/A

pelvic cavity (19) myomectomy

and pulmonary and hysterectomy

abdominal wall 44 myomectomy and extirpation of the

and pulmonary (20) abdominal tumors in pulmonary

hysterectomy

multiple metastasis 37 twice hysterectomy and

(abdominal wall, (21) myomectomy resection of the

ventricle wall, lungs, nodules in the

liver, muscles, and mesosalpinx,

pelvic cavity) mesenterium, and
abdominal wall

abdominal wall, 54 abdominal extirpation of

abdominal and 9) hysterectomy and the tumors
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Study, publication No. of Age: mean + Duration of uterine Intervention Side effects Type of outcomes

year (country) patients SD or fibroids: mean + SD or and
(O/A) range (years) range (years) treatment adverse
events
1 Huang Q, 2019 (27) 130730 14219 + 382 (27 1243 £ 031 Acupuncture + | Traditional | 3 months NR total clinical efficiency, the volume of
(China) C30730 s1) C252+034 Traditional Chinese uterine fibroids
G273+ 394 Chinese medicine | medicine
(28-52)
2 Fu Y, 2014 (28) T41/41 1415 £ 82 (22-50) 1:3 months-6 years Acupuncture + | Traditional |6 months NR total dlinical efficiency,
(China) CH0/0 | C408 £7.9 (21-49) C: months-5.5 years Traditional Chinese E2, FSH, LH, P
Chinese medicine | medicine
3 Zhang Y, 2018 (29) 13535 1384 + 25 (31-45) 13006 Acupuncture + | Traditional | 3 months NR total clinical efficiency, the volume of
(China) C3333 | C38525(3147) C31206 Traditional Chinese uterine fibroids
Chinese medicine | medicine
1 Zhang X, 2015 (30) 1:40/40 L4481 £ 566 (20- NR Acupuncture + | Traditional | 3 months NR total clinical efficiency, the volume of
(China) Cu0/40 60) Traditional Chinese uterine fibroids
C:A7.49+ 436 Chinese medicine | medicine
(20-60)
5 Yang 7, 2019 (31) 1:30/30 1478 £ 5.1 (NR) L1504 Acupuncture + | Traditional | 1.4 months NR total clinical efficiency, the volume of
(China) C30730 C482 + 4.5 (NR) Cl9+05 “Traditional Chinese uterine fibroids, Clinical symptoms,
Chinese medicine | medicine Quality of life
6 Peng Y5, 2010 (32) 132732 1386 £ 7.1 (30-57) NR Acupuncture + | Traditional | 2 months NR total clinical efficiency, the volume of
(China) C3030 | €379+ 68 (3159) Traditional Chinese uterine fibroids
Chinese medicine | medicine
7 Hu JP, 2018 (33) L43/43 1437 + 32 (30-62) NR Acupuncture + | Traditional | 2 months NR total clinical efficiency, the volume of
(China) C43M3 | C437£32(30-62) Traditional Chinese uterine fibroids
Chinese medicine | medicine
8 Zhou QL, 2018 (34) 1:40/40 1:37.69 £ 2.14 EL7 £027 Acupuncture + | Traditional | 3 months NR total clinical efficiency, the volume of
(China) C40/40 (2351) CL6 024 Traditional Chinese uterine fibroids
C:35.88 + 226 Chinese medicine | medicine
(19-54)
9 Wan LX, 2013 (35) 132132 38.5(30-49) NR Acupuncture +  Traditional | 3 months NR total clinical efficiency, the volume of
(China) caun ‘Traditional Chinese uterine fibroids
Chinese medicine | medicine

1s estradio (E2); 2: follicle-stimulating hormone (FSH); 3: Lut

'g Hormone (LH); 4: Progesterone ().
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year comparability allocation concealment of reporting sources
results of findings  of bias
data

NO.I  Huang Q 2019 v @ Inaccurate Non-blind v x x
NO.2 FuJY 2014 v ® Inaccurate Non-blind V x x
NO3 = ZhangY 2018 v @ Inaccurate Non-blind v x x
NO4 = Zhang X 2015 v ® Inaccurate Non-blind R x x
NO5 = YangZ 2019 v @ Inaccurate Non-blind y x x
NO.6 = PengYS 2010 v ® Tnaccurate Non-blind v x %
| NO7 = HuJP 2018 v ® Inaccurate Non-blind ¥ x x
NO.8 | Zhou QL 2018 v ® Inaccurate Non-blind R x x
NO9 = WanLX 2013 v ® Inaccurate Non-blind y x x

1: Random number—@; Randomized control methods, but no specific random assignment method described—@; Totally random—@.
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tal MRI

patients(n) 56 28 28 =

Age 43(39-46) 43.50(39.25-47) 42(38.25-45) 0.13
height(cm) 161.43 + 4.89 160.93 + 5.29 161.93 + 4.49 0.45
weight(kg) 62(56-67) 62.50(55.25-71.75) 62.00(56.25-66.50) 0.94
BMI(kg/m?) 23.73(21.47-26.16) 23.97(21.10-26.48) 23.20(21.54-25.82) 0.86
pregnance 2(1-3) 2(1-3) 2(1-3) 0.72
vaginal delivery 1(0-1) 1(0-1) 1(0-1) 0.29
cesarean section 0(0-0) 0(0-0) 0(0-0.75) 0.81
aborion 1(0-2) 1(0-2) 1(0-2) 0.84
prolonged menstruation(n[%]) 22[39.29 10[35.71] 12[42.86] 0.55
‘menorrhagia(n[%]) 31[55.36] 16(57.14] 15[53.57] 0.50
anaemia(n[%)]) 10[17.86 4[14.29] 6[21.43] 0.36
giddy(n[%]) 20[35.71 8[28.57] 12[42.86] 0.20
HGB(g/l) 121.50(93.75-130.50) 122.50(97.00-130.00) 122.00(84.00-130.50) 0.56
myoma size(cm) 243 +£0.77 244 + 0.64 243 +£0.90 0.99
type-0(n[%]) 18[32.14] 10[35.71] 8[28.57] 0.39
type-1(n[%]) 27[48.21 13[46.43] 14[50.00] 0.50
type-2(n[%]) 11[19.64 5[17.86] 6[21.43] 0.50
progesterone(ng/ml) 0.88(0.31-4.56) 0.58(0.31-5.48) 1.23(0.31-2.74) 0.90
estrogen(pg/ml) 83.33(57.75-156.06) 78.79(30.21-175.32) 93.06(63.67-135.85) 0.59
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Variable/EEF Pearson

Correlation (p)

Fibroid volume (mm?) -0.464 0.002

EEF, energy efficiency factor.
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Ultrasound features of fibroids EEF value ( P value
Echo 5.535 0.024
Hyperechoic fibroids 732 £ 4.11
Hypol/isoechoic fibroids 458 +297
Necrosis internally 5.545 0.024
Absence of necrosis I 525 + 3.80
Presence of necrosis 10.81 + 5.90
Location 0.350 0.705
Anterior wall 4.02 331
Lateral and fundal wall 426 +3.04
Posterior wall 4.60 + 3.53
Attenuation bands 0.769 0.386
Absence of attenuation bands 6.45 + 3.75
Presence of attenuation bands 525+ 436
Morphology 0.000 0.987
Round-shaped 5.66 + 3.99
Elliptical/diffuse leaf-shaped 5.64 471
Blood flow signal levels 0463 0711
0 3.99 +0.80
1 5.83 + 4.07
2 5.50 + 434
3 7.64 = 5.00

Differences are statistically significant at p< 0.05. EEF, energy efficiency factor.
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type consistency(n[%])
operation time(min)
fluid in(ml)

fluid out(ml)

fluid deficit(ml)

bleeding(ml)

Total
50(89.29]
3671 + 15.70
2000.00(1000.00-3000.00)
1600.00(762.50-2500.00)
392.86 + 179.76

10.00(5.00-15.00)

MRI
24(85.71]
41.32+17.83
2250.00(1500.00-3000.00)
1850.00(1100.00-2650.00)
408.93 + 182.09

10.00(6.25-15.00)

MRI-AI
26(92.86]
32.11+11.86
2000.00(1000.00-2750.00)
1400.00(712.50-2325.00)
37679 + 179.24

10.00(5.00-15.00)

0.03

0.16

0.11

0.04
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Types of Subserosal = Mixed- Submucosal

uterine fibroid type fibroid  fibroid
fibroids/EEF

EEF 393 £227 8.06 + 5.68* 7.83 £ 5.04*

*Indicates a statistically significant difference compared to subserosal fibroids (p < 0.05).
EEF, energy efficiency factor.
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Variable/Ablation rates (%) Pearson P value

Correlation (r)

Fibroid Volume(mm?®) 0.287 0.001

p< 0.01 indicates a significant linear relationship. HIFU, high-intensity focused ultrasound;
NPV, non-perfused volume.





OPS/images/fonc.2024.1451626/table2.jpg
Ultrasound features of fibroids Examples Mean ablation rate(%) F value P value
Echo 4.145 0.044
Hyperechoic fibroids 65 68.30 + 14.07
Hypo-/isoechoic fibroids 59 62.87 + 15.63
Morphology 5.621 0.019
Round-shaped 93 6391 + 15.04
Elliptical/diffuse leaf-shaped = 31 71.15 £ 13.81
Attenuation bands 6296 0.013
St s & RASEIE
Presence of
attenuation bands ot 6909 %1431
Location 1128 0.327
Anterior wall 61 67.78 + 12.16
Lateral and fundal wall 25 63.76 £ 17.76
Posterior wall 38 63.71 £ 17.08
Type 2379 0073
Submucosal 29 66.84 + 13.90
Intramural 9 54.24 + 16.39
Subserosal 41 68.42 + 12.81
Mixed 45 64.83 + 16.56
Necrosis internally 0.139 0710
Absence of necrosis 118 65.83 + 14.64
Presence of necrosis 6 63.49 + 23.01
Blood flow signal levels 2.510 0.086
0 14 68.58 + 15.53
1 45 61.78 + 14.67
2 55 69.69 + 10.97
3 10 57.64 = 26.47

Differences are statistically significant at p < 0.05. NPV: non-perfused volume.
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Variable Treatment  Control

group group
(n="52) (n=52)
Attempts 13.85+4.43 16.27+541 0.014*
“Total sufentanil consumption 0.12£0.04 0.15£0.07 0.013*
(vg)
Number of rescue 1 4(6.7%) 1(9.1%) 0.035"
analgesia 2 2(33.3%) 7(63.6%)
23 0(0.0%) 3(27.3%)
HADS scores of anxiety 340£1.0 3.79+0.80 0.032*
“Time to first flatus (h) 13.67+3.92 15.18+3.06 0.022*
“Time to first defecation (h) 23.08+3.75 24.86+3.24 0.014*
“The incidence of PONV 6(11.5%) 15 (28.8%) 0.049"
Number of L] 4(80.0%) 2(6.7%) 0.044"
metoclopramides 2 1(20.0%) 9(75%)
R 23 0(0.0%) 1(8.3%)
me to ambulation (h) 15.76+2.29 17.27£3.62 0.014*
Length of hospital stay (d) 4.00+0.89 5004099 0.030°
after LM

Students t-test. Continuous data are shown as mean:+ SD, enumeration data are shown as
number (percentage).
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Assessed for eligibility

n=111

Excluded, n = 7
+ Declined, n = 5
 Failure during randomization process, n = 2

Randomized

n =104

Allocated to treatment group Allocated to control group
n=52 n=52
Analyzed for outcome Analyzed for outcome

n=52 n=5
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Variables Dimensions

Marital status Married
Single and divorced
Gravidity Means £ SD
Parity Means £ SD
Previous abdominal operation(s) 0
1

22
Age Means £ SD
Body mass index (kg/m’) Means + SD
Number of myomas removed 1-3

4-5

>5
Diameter of myomas, cm Means £ SD
Pelvic adhesion YES

NO
Operation duration, h Means + SD
Blood loss (range), ml. Means + SD
Infusion volume intraoperatively Means + SD

(range), ml.

‘Fisher’s exact test, "Student’s t-test, ‘Chi-Squared test.

Treatment group
48 (92.3%)
4(7.7%)
2374147
1162064
24 (46.1%)
25 (48.0%)
3(59%)
442590
206043.41
32(61.5%)
15 (28.9%)
5(9.6%)
7.25£172
29(55.8%)
23 (44.2%)
233073
531441257

1064.71£154.69

Control group
50 (96.1%)
2(3.9%)
298+1.86
1.29£0.76
24 (46.1%)
22 (42.3%)
6(11.6%)
45£743
23.8343.67
33 (63.5%)
13 (25%)
6(11.5%)
7.41£1.51
28 (53.8%)
24 (46.2%)
2.44+092
531421257

1064.71£154.69

p value

0,163

0.092"
0327

0.551°

0.601"
0212

0.883°

0.626"

50999

0.583"
0.940"

>0999"
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Pain types VAS scores P value

Treatment group (n = 52) Control group (n =52)
Awakening time Visceral pain 281056 294£064 0257
Incision pain 388078 4214072 0029°
Lower back pain 269054 2884047 0,057
Shoulder pain 2774058 3004056 0.042"
36h Visceral pain 260£098 2904080 0.081°
Incision pain 2564083 2854078 0.070"
Lower back pain 250£073 2714064 o1
Shoulder pain 237060 2624057 0.030"
a8h Visceral pain 2545118 2984090 0034
Incision pain 2294200 2624063 0.020"
Lower back pain 227060 2564075 0033
Shoulder pain 2274093 2624069 0034
60h Visceral pain 1832068 2154070 0017
Incision pain 1752062 2024064 0032
Lower back pain 167058 194061 0.010°
Shoulder pain 2042082 2354062 0033

‘Student’s t-test. Values are given as means  SD.
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Pain types VAS scores Pvalue

Treatment group (n = 52) Control group (n = 52)

6h Visceral pain 2754076 3004066 0.077*
Incision pain 2464061 2654059 0.105*
Lower back pain 267+068 2874056 ons
Shoulder pain 256064 2874069 0.020°
12h Visceral pain 2384069 2624066 0,085
Incision pain 2354068 2584067 0,084
Lower back pain 2174076 2384069 0140
Shoulder pain 2124068 2384063 0,038
24h Visceral pain 2236073 248061 0061*
Incision pain 2135071 2354059 0103
Lower back pain 2004069 2234061 0.074
Shoulder pain 2524078 2884088 0,027
72h Visceral pain 165£0.68 198075 0022
Incision pain 1774073 2104087 0.040°
Lower back pain 156£0.61 1832068 0035
Shoulder pain 1484058 1754065 0.028*

‘Student’s t-test. Values are given as means  SD.
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Variables

Absolute numbers an

percentages

Age

Ethnicity

Place of residence

Education

Marital status

BMI

Menarche

Gynecological condition(s)
Gynecological surgeries
Infection(s)

Pelvic Inflammatory Disease
Cervical cytology

Uterine leiomyoma type

Uterine leiomyoma nodule(s) size
Uterine leiomyoma nodules count
Indications for UAE

Total
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Variables

MRI procedure

[EN After
lyear

Overall number of myomas
localization vs. numbers of myomas

Leading myoma nodulés localization

Leading myoma nodules size (diameter and volume)
Leading myoma nodule’ vascularization

Volume of the uterus

Uterine artery Doppler flow

Follow-up measurements

Day 7
after UAE

US procedure

1month after
UAE

3months after
UAE
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Item/factor/procedure  Before UAE 1month after 3 months aftel

UAE UAE UAE
UFS-QOL questionnaire + - . + -
Menorrhagia score questionnaire + - - + .
VEGF + + + + -
TGE-p + + + + =
US scan + + + + -

MRI + - R = +
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Characteristic Group A | Group B P Subgroup | Subgroup
n=113 | n=113 |(Group A Al A2

P
(Subgroup Al vs.

vs. n=58 n=55 Subgroup A2 vs.
Group B) Group B)
Age, years [median 34 (24-44) | 35 (24-44) | 33 (22-44) 34 (25-42)" 35 (24-44)" 33 (22-44)"
(Min.-Max.)]
BMI, kg/m® [median 28 (20-38) | 28 (20-37) | 28 (22-38) 282 (20-37.7)" | 28 (237-35)" | 28 (22-38)"
(Min.-Max)]
Gravidity [median 2(1-5) 2(1-5) 2(2-5) 202-5)" 2(1-5) 205"
(Min.-Max)]
Parity [median 1(1-4) 1(1-4) 1(1-4) 10-4" 10-3)° 1(-4)"
(Min.-Max.)]
‘Time interval since previous | 45.5 (13- | 46 (13-132) | 44 (15-108) 45(17-106) | 47 (13-132) | 44 (15-108)"
CS, months [median 132)
(Min.-Max.)]
Myoma diameter in NA. | 50 (20-110) A 20 (20-110) 55 (20-110)
previous CS, mm [median
(Min.-Max.)]
Apgar score first 8(5-9) 8(5-9) 8(5-9) 8(5-9)" 8(5-9) 8(5-9)"
[median
(Min.-Max.)] 9 (7-10) 9 (7-10) 9 (7-10) 9 (7-10)" 9 (7-10) 9 (7-10)"
Neonatal weight, g [median | 3210 3,200 3,260 3205 (2050~ | 3,200 (2480~ 3,260
(Min.-Max.)] (2,050 (2,050 (2,080 4,520)" 4,620)"
4,800) 4,620) 4,800)
FGR [n (%)] 9 (4.0%) 5 (4.4%) 4 (3.5%) 2 (34%)" 3 (5.5%)"
Diabetes mellitus [n (%)] 17(7.5%) | 10 (8.8%) 7 (6:2%) 4 (6.9%)" 6(10.9%)"
Hypertension in pregnancy | 20 (8.8%) | 11 (97%) | 9 (8.0%) 6 (103%)" 5(9.1%)"
[n (%))
PPROM [n (%)] 9 (4.0%) 5 (44%) 4 (3.5%) 1.000" 2 (3.4%)" 3 (5.5%)" 4(35%)" 0.823°
Preterm delivery [ (%)] 14 (62%) 7 (6.1%) 7 (6.1%) 1.000° 5 (8.6%)" 2 (3.6%)" 7 (6.1%)" 0.554°

BMI, body mass inde; CS, cesarean; FGR, fetal growth restriction; PPROM, preterm premature rupture of membranes.
Gravidity and parity were calculated before repeated CS.

"Mann-Whitney U test.

“Fisher's exact test.

Fisher-Freeman-Halton test.
FAe diffecent syimbiolshove the Gpper dhamcter oo this “dete Tndicates thet this aroup b statistially diffarsat: froc the ofliex groups with: o< 0.05.
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Characteristic

Duration of the repeated
CS, min [median
(Min.-Max.)]

35 (12-135)

Group A | Group B
n=113 n=113

35 (12-135) | 36 (17-106)

P
(Group A
vs.
Group B)

Subgroup
Al
n=58

35 (18-120)"

Subgroup
A2
n=55

33 (12-135)"

Group B P
n=113 | (Subgroup Al
Vs,

Subgroup A2
Vs,
Group B)
36 (17-106)"

Preoperative Hb, g/L
[median (Min.-Max.)]

118 (93-144)

119 (95-144) | 117 (93-144)

1185 (95-139)"

119 (119-144)"

117 (93-144)"

Postoperative Hb,
L [median
(Min.-Max.)]

102 (63-127)

102 (64-127) | 99 (63-126)

102 (64-127)"

104 (79-126)"

99 (63-126)"

Perioperative transfusion
[n (%)]

9 (4.0%)

7(6.2%) 2 (1.8%)

4(69%)"

3(55%)"

2(18%)"

Myomectomy

112 (99.1%)

58 (100%)

54 (98.2%)

NA.

scar healing poor

1(0.9%)

0

1 (1.8%)

NA.

[n %) dehiscence

0

0

0

NA.

Myoma recurrence [n (%)]

32 (28.3%)

21 (36%)

11 (20%)

NA.

Recurrent myoma diameter®,
mm [median (Min.-max.)]

55 (20-80)

30 (20-60)

60 (30-80)

NA.

Febrile morbidity [ (%)]

11 (4.9%)

7 (6:2%) 4 (3.5%)

4(69%)"

3 (55%)"

4(35%)"

Prolonged hospitalization
[n (%)

11 (49%)

6 (5.3%) 5 (4.4%)

2(34%)"

4 (73%)"

5 (4.4%)"

CS, cesarean; Hb, hemoglobin.
‘Fisher's exact test.
"Mann-Whitney U test.
‘Pearson z° test.
*Fisher-Freeman-Halton test.
‘Fisher's exact Test.
Kruskal-Wallis Test.

“The subgroup is formed by cases of recurrent myoma.
"*$The different symbol above the upper character on the *data” indicates that this group is statistically different from the other groups with p <0.05.
Pairwise p-values (Group Al vs. Group A2).
The value expressed in bold font indicates statistical significance.
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Weight of
resected
uterus (g)

[\[-%
of cases

Size of uterus
(em)

Implemented
therapies

Diagnosis Etiology

heparin+warfarin; IVC
pelvic vein compression

r DVT(L)+PE e COMPISROn  heparinswarfrins IVC; — 2x88x14
Satti MA et al.2016 (5) 3 60 DVT(L+R)+PE. P‘Iv:: ;:" z‘;’“"zz;zn hysterectomy 3010 235x14x21.2
41 PE B P! massive PE; expired — 18x13x14.9
+blood transfusion
before surgery
DVT(L)sinferior low-weight heparin; IVC;
Cirbunaru A et al2016 (9) 1 0 vena pelvic vein compression  hysterectomy(2 wecks 4500 2521520
cava thrombus after IVC)
low-weight heparin twarfarin; Gepestamyoma.
Fernandes FL et al 2014 (10) 1 2 DVT(R)+PE pelvic vein compression  hysterectomy (4 months after | —— i ofw A
thrombolytic therapy)
pelvic vein compression  streptokinase+warfaring
Khademvatani K et 12014 (11) 1 2 DVT(L)+PE M Hpsmeciomy —_ 20-week size uterus
medroxyprogesterone (3 months after
acetate thrombolytic therapy)

heparin and tissue plasminogen
activator under PCPS
Kurakazu M et al 2012 (12) 1 40 PE pelvic vein compression treatment; hysterectomy 2700 2x12x11
(12 days after
thrombolytic therapy)

heparin+warfarin; IVC;
Nishikawa H et al 2000 (13) 1 51 DVI(L+R}+PE  pelvic vein compression | hysterectomy s -
(7 days after IVC)

Bonito M et al.2007 (14) 1 9 DVT(L)}+PE pelvic vein compression  heparin; IVC; hysterectomy 5000 —_—

pelvic vein compression
+extreme obesity+ pulmonary thrombectomy
‘myomatous IVG; hysterectomy
erythrocytosis syndrome

Unosawa $ et al.2009 (15) 1 53 DVT+PE 2714 —

DVT, deep venous thrombosis; PE, pulmonary embolism; L, lef; R, right; PCPS, percutancous cardiopulmonary support; IVC, inferior vena cava filter.
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Cases without
adhesion [n (%)]

Total
n=226

150 (66.4%)

Group A
n=113

70 (61.9%)"

Group B
n=113

80 (70.8%)"

P
(Group A vs.
Group B)

Subgroup Al | Subgroup A2 | Group B
8

n=>5

40 (69.0%)"

n=55

30 (54.5%)"

n=113

80 (70.8%)"

P
(Subgroup A1 vs.
Subgroup A2 vs.

Group B)

Cases with 76 (33.6%) | 43 (38.1%)" | 33 (29.2%)" 18 (31.0%)" 25 (45.5%)" 33 (292%)"
adhesion [ (%))
Sum of scores per 0(0-6) 0(0-6) 0(0-4) 0.119" 0(0-6) 0(0-6)" 0 (0-4)° 0.074°

patient [median
(Min.-Max)]

PAI peritoneal adhesion
‘Pearson chi-square fest.
"Mann-Whitney U test.
Kruskal-Walls Test.

index.

Syt diffesint ivnbol above thi uppts chisscier on fhis “dets” ndicites Wit this sroon 1 sttisically it G tha ot groaps withi p < 0,05:
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Variable

Univariate model for Group B (reference) 5 ,
whole study groups Subgroup A2 1.463 (0.760-2.817) | 0.254
Subgroup Al 1427 (0.749-2717) | 0.279

OR (95% Cl)

P

Multivariate model for

Group B (reference)

1.494 (0761-2.932)

(0243

whole study groups® Subgroup AZ
Subgroup Al 1.382 (0.712-2.683) | 0.339
Univariate model for the | Subgroup A2 (reference) - -
myomectomy groups Subgroup Al 0.975 (0.465-2.046) | 0.947
model for the | Subgroup A2 (reference) = =
myomectomy groups® Subgroup Al 0.835 (0.370-1.885) | 0.664

OR, odds ratio; CI, confidence interval.

‘Logistic regression analysis.

"Adjusted for age, body mass index, gravidity, parity, and time interval between  the

operations.

“Adjusted for age, body mass index, gravidity, parity, time interval between the operations
i Trnis sater 5f St bostition.
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Variable

OR (95% Cl) | p

Univariate model for

Group B (reference)

whole study groups

Subgroup A2

2020 (1.036-3.940)

Subgroup Al

1.091 (0.548-2.171)

Multivariate model for
whole study groups”

Group B (reference)

Subgroup A2

2327 (1.157-4.680)

Subgroup Al

1.062 (0.522-2.158)

Univariate model for the | Subgroup A2 (reference) -
myomectomy groups Subgroup Al 0540 (0.250-1.165)
Multivariate model for the | Subgroup A2 (reference) -
myomectomy groups’ | Subgroup Al 0457 (0201-1.039)

PAL peritoneal adhesion index; OR, odds ratio; CI, confidence interval.

*Logistic regression analysis.

®Adjusted for age, body mass index, gravidity, parity, time interval between the operations.
“Adjusted for age, body mass index, gravidity, parity, time interval between the operations,
and myoma diameter at first operation.
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Total
n=226

Group A | Group B

n=113

n=113

No 134 62 (54.9%)" | 72 (63.7%)"
complication (59.3%)

Grade I [n (%)] | 83 (36.7%) | 44 (389%)' | 39 (34.5%)"
Grade T [n (%)] | 9 (4.0%) | 7(62%)" | 2 (1L8%)"

P
(Group A vs. Group
B)

Subgroup
Al

n=58

Subgroup
A2

n=55

Group B
n=113

32 (55.2%)" 30 (54.5%)" 72 (63.7%)"
22 (37.9%) 22 (400%)' | 39 (345%)"
4(6.9%) 3 (55%) 2 (18%)"

(Subgroup Al

Subgroup A2 vs.
Group B)

*Fisher-Freeman-Halton test.

5 et svnbol abiove Hhis sppes dhimctir o The e Tadteas ik this wron S alstieticaly aiffaect Gom this ollier ptoens. wilki B2 0,05,





