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Aims and Scope

Journal of the Turkish-German Gynecological Association is the official, open access publication of the Turkish-German Gynecological 
Education and Research Foundation and Turkish-German Gynecological Association and is published quarterly on March, June, September 
and December. The publication language of the journal is English. Manuscripts are reviewed in accordance with “double-blind peer review” 
process for both reviewers and authors.

The target audience of Journal of the Turkish-German Gynecological Association includes gynecologists and primary care physicians 
interested in gynecology practice. It publishes original works on all aspects of obstetrics and gynecology. The aim of Journal of the Turkish-
German Gynecological Association is to publish high quality original research articles. In addition to research articles, reviews, editorials, 
letters to the editor, diagnostic puzzle are also published. Suggestions for new books are also welcomed. Journal of the Turkish-German 
Gynecological Association does not charge any fee for article submission or processing.

Journal of the Turkish-German Gynecological Association is indexed in PubMed, PubMed Central, Clarivate Analytic – Emerging Sources 
Citation Index, EMBASE, Scopus, CINAHL, EBSCO, ProQuest, DOAJ, ARDI, GOALI, Hinari, OARE, J-GATE, TÜBİTAK ULAKBİM TR Index, Türk 
Medline, Gale, IdealOnline and Turkiye Citation Index.

Open Access Policy
This journal provides immediate open access to its content on the principle that making research freely available to the public supporting 
a greater global exchange of knowledge.
Open Access Policy is based on rules of Budapest Open Access Initiative (BOAI) http://www.budapestopenaccessinitiative.org/. By “open 
access” to [peer-reviewed research literature], we mean its free availability on the public internet, permitting any users to read, download, 
copy, distribute, print, search, or link to the full texts of these articles, crawl them for indexing, pass them as data to software, or use them 
for any other lawful purpose, without financial, legal, or technical barriers other than those inseparable from gaining access to the internet 
itself. The only constraint on reproduction and distribution, and the only role for copyright in this domain, is right of authors to retain control 
over the integrity of their work and the right to be properly acknowledged and cited.

Subscription Information
Journal of the Turkish-German Gynecological Association is distributed free of charge to all physicians, specialists in gynecology field. For 
subscription please contact Turkish-German Gynecological Education and Research Foundation at www.jtgga.org. The access to tables of 
contents, abstracts and full texts of all articles published since 2000 are free to all readers via the journal’s webpage. Visit the journal’s home 
pages for details of the aims and scope and instruction to authors.

Permission
Permission, required for use any published under CC BY-NC-ND license with commercial purposes (selling, etc.) to protect copyright owner 
and author rights, may be obtained from the Editorial Office:
Editor: Cihat Ünlü, M.D.
Address: Abdi İpekçi Cad. 2/7 34367 Nişantaşı-İstanbul-Türkiye 
Phone: +90 212 241 45 45 Fax: +90 212 241 44 08
E-mail: tajev@tajev.org

Advertising
Enquiries concerning advertisements should be addressed to Editorial Office:
Editor: Cihat Ünlü, M.D.
Address: Abdi İpekçi Cad. 2/7 34367 Nişantaşı-İstanbul-Türkiye 
Phone: +90 212 241 45 45 Fax: +90 212 241 44 08
E-mail: tajev@tajev.org
Instructions for Authors
Instructions for authors page at the journal is available in the journal content and at www.jtgga.org.

Disclaimer
The statements and opinions contained in the articles of the Journal of the Turkish-German Gynecological Association are solely those of 
the individual authors and contributors not of the Turkish-German Gynecological Education and Research Foundation, Turkish-German 
Gynecological Association, Turkish Society of Reproductive Medicine, Editorial Board or Galenos.
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The ‘’Journal of the Turkish-German Gynecological Association’’ 
(E-ISSN 1309-0380; Abbreviated as “J Turk Ger Gynecol Assoc”) is the 
official, open access publication of the Turkish-German Gynecological 
Education and Research Foundation and the Turkish-German 
Gynecological Association. Formerly named “ARTEMIS”, the journal is 
published quarterly (March, June, September, December) in English and 
publishes original peer-reviewed articles, reviews, and commentaries 
in the fields of Gynecology, Gynecologic Oncology, Endocrinology & 
Reproductive Medicine and Obstetrics. Case reports are not accepted 
for publication. Reviews will be considered for publication only if they 
are prepared by authors who have at least three published manuscripts 
in international peer reviewed journals and these studies should be 
cited in the review. Otherwise only invited reviews will be considered 
for peer review from qualified experts in the area.

The “Journal of the Turkish-German Gynecological Association” is a 
peer reviewed journal and adheres to the highest ethical and editorial 
standards. The Editorial Board of the journal endorses the editorial 
policy statements approved by the WAME Board of Directors. The 
journal is in compliance with the Recommendations for the Conduct, 
Reporting, Editing and Publication of Scholarly Work in Medical Journals 
published by the International Committee of Medical Journal Editors 
(updated December 2016, www.icmje.org). The editors also adhere 
to the Committee on Publications Ethics (COPE) recommendations 
(http://publicationethics.org).

Preprint

A preprint is a paper that is made available publicly via a community 
preprint server prior to (or simultaneous with) submission to a 
journal. Submission of manuscripts previously available as preprints 
is not accepted by the Journal of the Turkish-German Gynecological 
Association.

Submission of Manuscripts
All manuscripts must be submitted via the self explanatory online 
submission system which is available through the journal’s web page 
at www.jtgga.org. Manuscripts submitted via any other medium will not 
be evaluated. During the submission please make sure to provide all 
requested information to prevent any possible delays in the evaluation 
process.

The main document and the tables, should be prepared with “Microsoft 
Office Word software”. Times New Roman font (size 12) should be 
used throughout the main document with 1.5 line spacing. The side 
margins of the main document should be set at 25 mm from all sides.

The ORCID (Open Researcher and Contributor ID) number of the 
all authors should be provided while sending the manuscript. A free 
registration can be done at http://orcid.org.

The figures should be submitted separately through the submission 

system in .JPG of .TIFF format. Please do not embed the figures in 
the main document. Make sure that the minimum resolution of each 
submitted figure is 300 DPI.

A cover letter and a title page should be provided with all submissions. 
It should be stated in the cover letter that the manuscript was not 
previously published in any other publication, that it is not accepted 
for publication in another publication and that it is not under review for 
possible publication elsewhere.

Before completing your submission, please make sure to check the PDF 
proof of your manuscript which will be generated by the manuscript 
submission system and make sure that all items of the submission are 
displayed correctly.

Editorial Policies
All manuscripts will be evaluated by the editorial board for their 
scientific contribution, originality and content. Authors are responsible 
for the accuracy of the data presented in their manuscript. The 
journal retains the right to make appropriate changes on the grammar 
and language of the manuscript when needed. When suitable the 
manuscript will be send to the corresponding author for revision. The 
manuscript, if accepted for publication, will become the property of 
the journal and copyright will be taken out in the name of the journal. 
All manuscripts submitted to the journal for publication are checked 
by Crossref Similarity Check powered by iThenticate software for 
plagiarism. If plagiarism is detected, relevant institutions may be 
notified. In this case, the authors might be asked to disclose their raw 
data to relevant institutions.

Peer-Review Process
Each manuscript submitted to Journal of the Turkish-German 
Gynecological Association is subject to an initial review by the editorial 
office in order to determine if it is aligned with the journal’s aims and 
scope, and complies with essential requirements. Manuscripts sent 
for peer review will be assigned to one of the journal’s associate 
editors that has expertise relevant to the manuscript’s content. All 
accepted manuscripts are sent to a statistical and English language 
editor before publishing. Once papers have been reviewed, the 
reviewers’ comments are sent to the Editor, who will then make 
a preliminary decision on the paper. At this stage, based on the 
feedback from reviewers, manuscripts can be accepted, rejected, 
or revisions can be recommended. Following initial peer-review, 
articles judged worthy of further consideration often require revision. 
Revised manuscripts generally must be received within 3 months of 
the date of the initial decision. Extensions must be requested from the 
Associate Editor at least 2 weeks before the 3-month revision deadline 
expires; Journal of the Turkish-German Gynecological Association will 
reject manuscripts that are not received within the 3-month revision 
deadline. Manuscripts with extensive revision recommendations will 
be sent for further review (usually by the same reviewers) upon their 
re-submission. When a manuscript is finally accepted for publication, 
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the Technical Editor undertakes a final edit and a marked-up copy will 
be e-mailed to the corresponding author for review and to make any 
final adjustments. 

Full text of all articles can be downloaded at the web site of the journal 
www.jtgga.org.

Preparation of Manuscripts
The “Journal of the Turkish-German Gynecological Association” 
follows the “Recommendations for the Conduct, Reporting, Editing, 
and Publication of Scholarly Work in Medical Journals” (International 
Committee of Medical Journal Editors - http://www.icmje.org/). Upon 
submission of the manuscript, authors are to indicate the type of trial/
research and provide the checklist of the following guidelines when 
appropriate:

CONSORT statement for randomized controlled trials (Moher D, Schultz 
KF, Altman D, for the CONSORT Group. The CONSORT statement 
revised recommendations for improving the quality of reports of 
parallel group randomized trials. JAMA 2001; 285: 1987-91) (http://
www.consort-statement.org/),

PRISMA for preferred reporting items for systematic reviews and meta-
analyses (Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses: 
The PRISMA Statement. PLoS Med 2009; 6(7): e1000097.) (http://www.
prisma-statement.org/),

STARD checklist for the reporting of studies of diagnostic accuracy 
(Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig LM, 
et al, for the STARD Group. Towards complete and accurate reporting 
of studies of diagnostic accuracy: the STARD initiative. Ann Intern Med 
2003;138:40-4.) (http://www.stard-statement.org/),

STROBE statement-checklist of items that should be included in reports 
of observational studies (http://www.strobe-statement.org/),

MOOSE guidelines for meta-analysis and systemic reviews of 
observational studies (Stroup DF, Berlin JA, Morton SC, et al. Meta-
analysis of observational studies in epidemiology: a proposal for 
reporting Meta-analysis of observational Studies in Epidemiology 
(MOOSE) group. JAMA 2000; 283: 2008-12).

Human and Animal Studies
Manuscripts submitted for publication must contain a statement to the 
effect that all human studies have been reviewed by the appropriate 
ethics committee and have therefore been performed in accordance 
with the ethical standards described in an appropriate version of the 
1964 Declaration of Helsinki, as revised in 2013. It should also be stated 
clearly in the text that all persons gave their informed consent prior 
to their inclusion in the study. Details that might disclose the identity 
of the subjects under study should be omitted. Experimental animal 
studies should be presented with the disclosure of the appropriateness 
to the institutional/national/international ethical guides on care and use 
of laboratory animals.

In experimental animal studies, the authors should indicate that the 
procedures followed were in accordance with animal rights as per 
the Guide for the Care and Use of Laboratory Animals (http://oacu.
od.nih.gov/regs/guide/guide.pdf) and they should obtain animal ethics 
committee approval.

The editors reserve the right to reject manuscripts that do not 
comply with the above-mentioned requirements. The author will be 
held responsible for false statements or for failure to fulfil the above 
mentioned requirements.

In a cover letter the authors should state if any of the material in the 
manuscript is submitted or planned for publication elsewhere in any 
form including electronic media. The cover letter must contain address, 
telephone, fax and the e-mail address of the corresponding author.

Conflict of Interest
Authors must state whether or not there is the absence or presence 
of a conflict of interest. They must indicate whether or not they have 
a financial relationship with the organization that sponsored the 
research. They should also state that they have had full control of all 
primary data and that they agree to allow the Journal to review their 
data if requested. Therefore manuscripts should be accompanied by 
the “Conflict of Interest Disclosure Form.” The form can be obtained 
from the journal webpage (www.jtgga.org).

Copyright
The author(s) transfer(s) the copyright to his/their article to the 
Journal of the Turkish-German Gynecological Association effective 
if and when the article is accepted for publication. The copyright 
covers the exclusive and unlimited rights to reproduce and distribute 
the article in any form of reproduction (printing, electronic media or 
any other form); it also covers translation rights for all languages and 
countries. For U.S. authors the copyright is transferred to the extent 
transferable.

Submissions must be accompanied by the “Copyright Transfer 
Statement”. The form is available for download on the journal’s 
manuscript submission and evaluation site. The copyright transfer form 
should be signed by all contributing authors and a scanned version of 
the wet signed document should be submitted.

COPYRIGHT TRANSFER FORM

Manuscript Specifications

Submissions should have the following parts.

Title Page
A separate title page should be submitted with all submissions and 
should include the title of the article, name(s), affiliations and major 
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degree(s) of the author(s) and source(s) of the work or study, a short 
title (running head) of no more than 50 characters. The name, address, 
telephone (including the mobile phone number) and fax numbers and 
e-mail address of the corresponding author should be listed on the title 
page.

Abstract

All manuscripts should be accompanied by an abstract. A structured 
abstract is required with original articles and it should include the 
following subheadings: Objective, Material and Methods, Results and 
Conclusion. A structured abstract is not required with review articles. 
The abstract should be limited to 250 words for original articles and 
review articles.

Keywords
Below the abstract provide 3 to 5 Keywords. Abbreviations should not be 
used as Keywords. Keywords should be picked from the Medical Subject 
Headings (MeSH) list (www.nlm.nih.gov/mesh/MBrowser.html).

Original manuscripts should have the following sections.

Introduction
State concisely the purpose and rationale for the study and cite only the 
most pertinent references as background.

Material and Methods	
Describe the plan, the patients, experimental animals, material and 
controls, the methods and procedures utilized, and the statistical 
method(s) employed. In addition to the normal peer review procedure, 
all randomized controlled trials (RCTs) submitted to the journal are 
sent to members of a team of professional medical statisticians for 
reviewing.

Address “Institutional Review Board” issues as stated above. State 
the generic names of the drugs with the name and country of the 
manufactures. Provide information on informed consent and ethics 
committee approval.

Results
Present the detailed findings supported with statistical methods. 
Figures and tables should supplement, not duplicate the text; 
presentation of data in either one or the other will suffice. Emphasize 
only your important observations; do not compare your observations 
with those of others. Such comparisons and comments are reserved 
for the discussion section.

Discussion	
State the importance and significance of your findings but do not repeat 
the details given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your finding with 
those of others. Provide information on the limitations and strengths of 
the study. No new data are to be presented in this section.

Reviews should conclude with a critical appraisal of the evidence and 
highlight current gaps or inefficiencies to inform future research.

References
Number references in Arabic numerals consecutively in the order in 
which they are mentioned in the text starting with number “1”. Use 
the form of the “Uniform Requirements for Manuscript Submitted to 
Biomedical Journals” (http://www.amaassn.org/public/peer/wame/
uniform.htm). If number of authors exceeds seven, list first 6 authors 
followed by et al.

Journal titles should conform to the abbreviations used in “Cumulated 
Index Medicus”.

Examples:
Journals;
Harrington K, Cooper D, Lees C, Hecher K, Campbell S. Doppler 
ultrasound of the uterine arteries: the importance of bilateral notching 
in the prediction of preeclampsia, placental abruption or delivery of 
a small-for-gestational-age baby. Ultrasound Obstet Gynecol 1996; 7: 
182-8.

Book chapter;
Ertan AK, Tanriverdi HA, Schmidt W. Doppler Sonography in Obstetrics. 
In: Kurjak A, Chervenak FA, editors. Ian Donald School Textbook of 
Ultrasound in Obstetrics and Gynecology. New Delhi, India: Jaypee 
Brothers; 2003. p. 395-421.

Book;
Kohler G; Egelkraut H. In Kohler G and Egelkraut H (edts).Munchener 
Funktionelle Entwicklungsdiagnostik im zweitem und drittem 
Lebensjahr. Handanweisung. Munchen: Uni Munchen, Institut fur 
Soziale Paediatrie und Jugendmedizin; 1984.

Review Article: Review articles are comprehensive analyses of specific 
topics in medicine. All review articles will undergo peer review prior 
to acceptance. Review articles must not exceed 5000 words for the 
main text (excluding references, tables, and figure legends) and 400 
words for the abstract. A review article can be signed by no more than 
5 authors and can have no more than 80 references. Also there should 
be references to authors’ own two works. 

Editorial: Editorials are a brief remark on an article published in 
the journal by the reviewer of the article or by a relevant authority. 
Most comments are invited by the Editor-in-Chief but spontaneous 
comments are welcome. It must not exceed 700 words (excluding 
references). An abstract is not required with this type of manuscripts. It 
can have no more than 15 references and 1 figure or table.

Letter to the Editor: Letters in reference to a journal article must 
not exceed 500 words (excluding references). Letters not related to a 
journal article must also not exceed 500 words (excluding references). 
An abstract is not required with this type of manuscripts. A letter can 
be signed by no more than 4 authors and can have no more than 5 
references and 1 figure or table.
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Tables and Figures
Tables should be included in the main document after the reference 
list. Color figures or gray-scale images must be at minimum 300 DPI 
resolution. Figures should be submitted in “*.tiff ”, “*.jpg” or “*.pdf” 
format and should not be embedded in the main document. Tables 
and figures consecutively in the order they are referred to within 
the main text. Each table must have a title indicating the purpose or 
content of the table. Do not use internal horizontal and vertical rules. 
Place explanatory matter in footnotes, not in the heading. Explain 
all abbreviations used in each table in footnotes. Each figure must 
have an accompanying descriptive legend defining abbreviations or 
symbols found in the figure. If photographs of people are used, the 
subjects must be unidentifiable and the subjects must have provided 
written permission to use the photograph. There is no charge for color 
illustrations.

Units of Measurement and Abbreviations
Units of measurement should be in Systéme International (SI) units. 
Abbreviations should be avoided in the title. Use only standard 
abbreviations. If abbreviations are used in the text, they should be 
defined in the text when first used.

Revisions
Revisions will be sent to the corresponding author. Revisions must be 
returned as quickly as possible in order not to delay publication. Deadline 
for the return of revisions is 30 days. The editorial board retains the right 
to decline manuscripts from review if authors’ response delays beyond 
30 days. All reviewers’ comments should be addressed and a revision 
note containing the author’s responses to the reviewers’ comments 
should be submitted with the revised manuscript. An annotated copy 
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Editorial

Dear Colleagues, 

It is my great pleasure to introduce the third issue of the “Journal of the Turkish-German Gynecological 
Association (J Turk Ger Gynecol Assoc)” in the publishing year of 2026. This issue is consisted of six articles 
that we hope you will read with interest. Also you may have the oppurtunity to read two quizzes. Here we 
share some of our favorite articles that were published in this issue of the journal.

One of the most commonly performed surgical procedures involving the female reproductive system in 
gynecologic practice is the hysterectomy. Both patients and surgeons can benefit from robotic-assisted 
hysterectomy in a number of ways. Improved ergonomics, tremor filtration, increased instrument 
articulation, and improved three-dimensional imaging enable precision surgical procedures with less 
tissue damage. A study comparing the safety and efficacy of unidirectional barbed (V-Loc) sutures versus 

conventional polyglactin 910 (Vicryl) sutures for robotic vaginal vault closure, will be available for you to read.  

Adolescents with mental disorders (MD) virtually always become pregnant inadvertently. This risk is increased by impulsivity, a 
lack of planning and behavioral control, and the challenge of consistently utilizing contraceptives. The quarterly injectable depot 
medroxy-progesterone acetate (DMPA) and long-acting reversible contraceptives, which include hormonal and non-hormonal 
intrauterine devices (IUD) and subcutaneous implants, are among the most popular methods of birth control among teenagers with 
MD. You will also have the opportunity to read a study evaluating the continuity and satisfaction rate with the use of hormonal IUD 
and quarterly DMPA for 12 months in adolescents with MD.

Dear Participants, 

I would also like to invite you to join us for our prestigious 16th Turkish-German Gynecology Congress which will be held in Antalya 
between 28 April-2 May 2027. As of before, our congress will be held to the highest scientific standards with a rich scientific program 
and pre-congress courses. 

The XVI. Turkish German Gynecology Congress will reward the best 3 abstracts. The purpose of this reward is to show our colleagues 
our appreciation for their productivity and also motivate our young colleagues for the forthcoming years. Also the best presentation 
which will be elected by the Scientific Committee will receive “Dr. Aysun - Cihat Ünlü Special Reward” of 50000 TL.

Dear Esteemed Readers, Authors and Reviewers, 

The Scopus CiteScore of the J Turk Ger Gynecol Assoc was announced as 2.4 in 2024 and 2.5 in 2025. The 2024 CiteScore was 
calculated based on 340 citations received by 143 documents published between 2021 and 2024, while the 2025 CiteScore was 
calculated based on 316 citations received by 124 documents published between 2022 and 2025. Based on these data, the journal’s 
CiteScore increased slightly but positively from 2.4 to 2.5. This increase indicates that, despite the decrease in the number of 
documents within the evaluation period, the journal maintained its citation performance and sustained its visibility within Scopus. In 
terms of category performance, the journal ranked #113 out of 210 journals and was placed in the 46th percentile in the Obstetrics 
and Gynecology category in 2024. In 2025, it ranked #116 out of 218 journals and was placed in the 47th percentile. This result shows 
that the journal largely maintained its visibility within the category and achieved a slight improvement in percentile ranking. The 
2026 CiteScoreTracker is currently 1.9. This is an interim indicator calculated based on 180 citations and 97 documents recorded to 
date. Since the Tracker value is updated monthly throughout the year, it should not be considered the final CiteScore result; it may 
change as new citations are received during the year.

Visit us online at www.jtgga.org, and follow us on Twitter at @JtggaOfficial to stay in contact.

We are looking forward to receiving your valuable submissions, thank you in advance for your contributions.

Sincerely,

Prof. Cihat Ünlü, M.D. 

Editor in Chief of J Turk Ger Gynecol Assoc 

President of TGGF

http://www.jtgga.org
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Original Investigation

Abstract

Objective: Successful vaginal cuff suturing remains a major challenge in robotic hysterectomy. This study compared the vault closure time by 
using Vicryl (polyglactin 910) and barbed (V-Loc) sutures.

Material and Methods: This retrospective study included patients undergoing robotic hysterectomy for benign disease over three years. 
Patients were grouped according to the suture used for vaginal vault closure. Surgical videos and hospital records were reviewed to obtain 
operative details, perioperative outcomes, and postoperative complications.

Results: A total of 297 patients were included in final analysis with 106 (35.7%) patients in the Vicryl group and 191 (64.3%) patients in the 
barbed suture group. In the barbed compared to Vicryl group, the robotic vault closure time (6.84±1.42 vs. 9.93±2.77 minutes), average number 
of stitches used for vault closure (5.02±0.57 vs. 5.61±0.75), and time taken per stitch (1.36±0.3 vs. 1.75±0.43 minutes) were significantly lower. 
Operative time, anesthesia duration, and hospital stay were also significantly lower in the barbed group. On multivariable linear regression 
analysis, barbed suture use remained independently associated with shorter vault closure time (β =8.47 minutes, 95% confidence interval 5.46-
11.48; p<0.001), while age, body weight, body mass index, parity, and preoperative anemia were not independently associated with vault closure 
time. On sexual function assessment, the overall score of female sexual function index in barbed (29.02±4.85) was significantly higher than the 
Vicryl (27.39±7.35) suture group (p=0.049).

Conclusion: Barbed sutures may represent a feasible and time-efficient option for robotic vaginal vault closure; however, prospective 
randomized studies with longer follow-up are required to confirm their safety, and impact on functional outcomes. [J Turk Ger Gynecol  
Assoc. 2026; 27(3): 157-64]

Keywords: Minimally invasive, robotic surgery, hysterectomy, vault closure time

Introduction

Hysterectomy represents one of the most commonly performed 
operative procedures involving the female reproductive tract in 
gynecologic practice. Data from the World Health Organization 
indicate that approximately 1.54 million hysterectomies were 

performed worldwide in 2016. In India, the prevalence of 
hysterectomy is estimated to be around 11.35%, with abnormal 
uterine bleeding (AUB) and uterine fibroids being the 
predominant indications (1). The procedure is most frequently 
undertaken for excessive menstrual bleeding (28.94%), fibroid 
uterus (24.29%), uterine prolapse (15.99%), uterine disorders 
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(8.30%), postpartum hemorrhage (4.59%), malignancy (2.15%), 
and other causes (9.02%).
A major advance in gynecologic surgery over recent decades 
has been the shift from open surgery to minimally invasive 
techniques. The introduction of the da Vinci Surgical System 
and its approval by the US Food and Drug Administration (FDA) 
in 2005 marked a significant milestone in this evolution (2,3). 

Initially adopted in specialties such as urology and cardiac 
surgery, robotic-assisted techniques have gained widespread 
acceptance in gynecology. Despite ongoing concerns regarding 
cost and healthcare resource utilization, robotic surgery has 
seen rapid expansion due to its technical advantages and 
favorable patient outcomes (4,5).
Robotic-assisted hysterectomy offers several benefits for 
both surgeons and patients. Enhanced three-dimensional 
visualization, tremor filtration, improved ergonomics, and 
greater instrument articulation allow for precise surgical 
maneuvers with reduced tissue trauma. These features 
contribute to decreased intraoperative blood loss, lower 
postoperative pain, faster recovery, shorter hospitalization, and 
improved quality of life. Consequently, robotic platforms have 
been approved and widely utilized for a variety of gynecologic 
procedures, including hysterectomy, myomectomy, radical 
hysterectomy, prolapse repair, tubal anastomosis, and surgery 
for endometriosis (5-7).
Despite these advantages, closure of the vaginal cuff remains 
one of the technically demanding steps in robotic hysterectomy. 
Minimally invasive approaches are associated with a higher 
incidence of vaginal cuff-related complications, particularly vaginal 
cuff dehiscence, compared with abdominal or vaginal routes (8). 
Vaginal cuff dehiscence is defined as a full-thickness separation 
of the vaginal cuff and has been reported in 1.0-4.1% of minimally 
invasive hysterectomies performed using conventional suturing 
techniques (9,10). Several patient-related factors, including 
smoking, diabetes mellitus, advanced age, immunosuppression, 
and gynecologic malignancy, have been implicated in increasing 
this risk (10). In addition, the use of thermal energy during 
colpotomy may result in tissue necrosis, delayed healing, cuff 
cellulitis, and subsequent dehiscence (11-13).
Barbed sutures, characterized by unidirectional barbs along the 
suture line, maintain tissue approximation without the need for 
knot tying. Emerging evidence suggests that barbed sutures 
are comparable to conventional sutures in terms of safety and 
tolerability, while potentially reducing operative time during 
minimally invasive vaginal cuff closure (14). The present study 
aimed to compare the safety and efficacy of unidirectional 
barbed (V-Loc) sutures versus conventional polyglactin 910 
(Vicryl) sutures for robotic vaginal vault closure, using a single-
layer continuous suturing technique performed by the same 
surgeon.

Material and Methods

Study design

This was a retrospective study done in patients who underwent 
robotic hysterectomy for benign disease at our institution over 
three years from March 2018 to July 2021. This retrospective 
study was conducted after approval from the Institutional 
Ethics Committee of All India Institute of Medical Sciences, 
Rishikesh (approval no.: AIIMS/IEC/19/1165; date: November 
29, 2019). As all data were collected from existing records, the 
requirement for individual informed consent was waived by 
the committee, and all patient information was anonymized 
to ensure confidentiality. Records were obtained from the 
surgical videos (for various surgical timings) and hospital 
database, comparing unidirectional barbed suture (V-Loc) and 
polyglactin 910 (Vicryl) suture for the closure of the vaginal 
vault in patients with total robotic hysterectomy for benign 
pathologies (Figure 1).
As per the standard closure technique using two different 
materials, patients were segregated and divided into two 
groups, a barbed group and a Vicryl group, depending on type 

Figure 1. Flowchart of the study population
HPE: Histopathological examination, PAP: Papanicolaou smear/
test, SWD: Satisfaction with decision
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of suture used for vault closure after robotic hysterectomy. 
Technique and material by necessity were not blinded to the 
surgeon. Any record lacking vital information was excluded. 
Through the hospital database records, operative notes, 
discharge summaries, the entire details of intraoperative and 
postoperative complications were obtained. All data and 
records generated during this study were anonymized and kept 
confidential as per Institutional policies on subject privacy and 
data and records would not be used for any purpose other than 
conducting the study. Every record was reviewed to ascertain 
whether the subject was eligible for the study, “enrolled” and 
met the enrolment criteria and had the necessary data to be 
included in the analysis was “evaluable.”

Outcome measures 

The primary objective analysed was the measurement of cuff 
closure time by use of unidirectional barbed (V-Loc) suture vs 
polyglactin 910 (Vicryl) sutures for vaginal vault closure. Various 
secondary objective measures analysed included intraoperative 
measures such as average blood loss, operative time, number 
of stitches, and hospital stay, and postoperative measures like 
vaginal vault dehiscence, vault hematoma, and also sexual 
function assessment at three months postoperatively, using the 
female sexual function index (FSFI) tool.
Duration of anesthesia was defined as the duration from 
induction of anesthesia until reversal from anesthesia and it 
included docking time, console time, vault closure time, and 
time required for specimen extraction and skin suturing and 
reversal from anesthesia. Operative time was the duration from 
incision time until port closure time and was the time taken for 
the hysterectomy procedure. Vaginal spotting was defined as 
bloody vaginal discharge that resolves spontaneously without 
requiring special interventions. In contrast, vaginal bleeding 
was defined as postoperative bleeding from the vaginal stump 
necessitating extra outpatient visits, transfusions, or additional 
sutures. Vaginal cuff dehiscence as a visually confirmed opening 
of the vaginal stump, potentially with or without herniation of 
visceral organs. The 3-month post-operative sexual function 
assessment was elicited. The satisfaction with the decision 
was assessed using the satisfaction with decision (SWD) score.

Statistical analysis

Data were entered into Microsoft Excel, and statistical analysis 
was performed using the Statistical Package for Social Sciences 
(SPSS), version 21.0 (IBM Inc., Armonk, NY, USA). Categorical 
variables are summarized as frequencies and percentages. 
Continuous variables are expressed as mean ± standard 
deviation (SD) or as median with interquartile range, as 
appropriate. Comparisons of continuous variables were carried 
out using the independent t-test, while categorical variables 

were analyzed using the chi-square test or Fisher’s exact test. 
To account for baseline differences and potential confounding 
due to the retrospective and non-randomized design, a 
multivariable linear regression analysis was performed. 
Adjusted beta coefficients with 95% confidence intervals (CIs) 
were calculated. A p-value <0.05 was considered statistically 
significant.

Results

Baseline characteristics

The present study was conducted at a tertiary care centre and 
302 patients who had undergone robotic total hysterectomy 
without any other simultaneous procedure for a benign cause 
with uterine size <12 weeks meeting inclusion criteria were 
retrospectively analysed. Five cases were excluded as they 
were converted to laparotomy. Thus 297 cases were included 
in the final analysis (Figure 1). Surgical details regarding the 
type of suture and time required for surgery were obtained by 
the video database. Various demographic details of the study 
population are presented in Table 1.
In the majority [191 (63.25%)] of patients, the type of suture 
used was barbed, with 106 (35.10%) patients in the Vicryl group, 
and for five patients’ surgery was converted to laparotomy. A 
significant difference was seen in weight (kg) between the 
barbed group and the Vicryl group [64.33±8.66 and 61.87±9.1 
(p=0.017)]. No significant difference was seen in the mean 
age, height, body mass index (BMI), menopausal status, parity, 
and previous history of cesarean deliveries between the two 
groups. The proportion of patients with anemia was significantly 
higher in the barbed group compared to the Vicryl group 
[15.71% vs. 6.60% respectively (p=0.023)]. The distribution 
of other significant co-morbidities was comparable between 
the two groups. Moreover, the distribution of indication for 
hysterectomy and final histopathology were comparable 
between barbed group and Vicryl groups. The most common 
indication for hysterectomy in our study was AUB due to fibroid 
uterus (n=145) followed by adenomyosis (n=66) and adnexal 
masses (n=28) (Table 2). 

Outcome measures

The mean ± SD of vault closure time (minutes) in the Vicryl 
group was 9.93±2.77 which was significantly higher when 
compared to the barbed group (6.84±1.42) (p<0.001). The 
mean ± SD of the number of stitches taken for vault closure 
in the Vicryl group was 5.61±0.75 and was also significantly 
greater compared to the barbed group (5.02±0.57) (p<0.001). 
Mean ± SD of time taken per stitch (minutes) in Vicryl group 
was 1.75±0.43 and significantly longer compared to barbed 
group (1.36±0.3) (p<0.001). Mean operative time, duration of 
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anesthesia, and length of hospital stay were also significantly 
longer in Vicryl group compared to the barbed group, whereas 
mean blood loss and blood transfusion rates were not different 
between two groups (Table 3).
On multivariable linear regression analysis, barbed suture use 
was independently associated with vault closure time (β =8.47 
minutes, 95% CI 5.46-11.48; p<0.001). Age, body weight, BMI, 
parity, and preoperative anemia status were not independently 
associated with vault closure time.
Various perioperative (intraoperative and postoperative) 
complications in both the groups are given in Table 4. There 

was no significant difference in perioperative complications 
between the two groups.
On sexual function assessment using the FSFI at three months 
postoperatively, a significant difference was seen in the 
lubrication score, pain score, and total score in favor of barbed 
sutures between the barbed group and Vicryl group (p<0.05) 
(Table 5). Mean ± SD of SWD scale at post-operative three 
months in the barbed group was 27.58±4.46 and Vicryl group 
was 26.9±3.21 with no significant difference between them 
(p=0.165). However, preoperative baseline sexual function 
data were not available for comparison.

Table 1. Demographic characteristics of the study population

Demographic characteristic
Barbed
n=191
n (%)

Vicryl
n=106
n (%)

Total
n=297
n (%)

p-value

Age (years)* 45.14±6.15 45.16±6.5 45.15±6.27 0.98

Weight (kg)* 64.33±8.66 61.87±9.1 63.45±8.88 0.017

Height (cm)* 156.06±6.02 155.75±4.72 155.95±5.58 0.58

Body mass index (kg/m2)* 26.5±3.85 25.58±4.15 26.17±3.98 0.055

Menopausal status 0.329

Premenopausal 172 (90.05) 99 (93.40) 271 (91.25)

 Postmenopausal 19 (9.95) 7 (6.60) 26 (8.75)

Parity* 2.93±1.39 3±1.25 2.95±1.34 0.652

Previous cesarean section 0.488#

None 180 (94.24) 102 (96.23) 282 (94.95)

One 7 (3.66) 4 (3.77) 11 (3.70)

 Two 4 (2.09) 0 (0) 4 (1.35)

Co-morbidities

Anemia 30 (15.71) 7 (6.60) 37 (12.46) 0.023

Diabetes mellitus 8 (4.19) 6 (5.66) 14 (4.71) 0.566

Hypertension 17 (8.90) 8 (7.55) 25 (8.42) 0.687

Hypothyroidism 13 (6.81) 9 (8.49) 22 (7.41) 0.595

 Others 3 (1.52) 6 (5.66) 9 (3.03)

Indications for hysterectomy 0.177**

 Leiomyoma 94 (49.21) 51 (48.11) 145 (48.82)

Adenomyosis 45 (23.56) 21 (19.81) 66 (22.22)

Adenomyosis with leiomyoma 1 (0.52) 2 (1.89) 3 (1.01)

Endometrial polyp 10 (5.24) 6 (5.66) 16 (5.39)

Postmenopausal bleeding 13 (6.81) 5 (4.63) 18 (6.06)

AUB (E) 5 (2.62) 8 (7.55) 13 (4.38)

Adnexal mass 17 (8.90) 11 (10.38) 28 (9.43)

 UV descent 6 (3.14) 2 (1.89) 8 (2.69)

Procedures performed <0.001#

 TRH 20 (10.47) 21 (19.81) 41 (13.80)

 TRH + bilateral salpingectomy 103 (53.93) 30 (28.30) 133 (44.78) 

 TRH + bilateral salpingo-oophorectomy 68 (35.60) 55 (51.89) 123 (41.41)

*Mean ± SD, **Fisher’s exact test, #chi-square test, TRH: Total robotic hysterectomy, SD: Standard deviation, AUB: Abnormal uterine bleeding, UV: 
Uterovaginal 
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Discussion

This retrospective analysis evaluated patients who underwent 
robotic hysterectomy for benign indications at our institution 
between March 2018 and July 2021. The findings demonstrate 
that the use of barbed sutures for vaginal vault closure was 
associated with a significant reduction in vault closure time, 
overall operative duration, anesthesia time, and length of 
hospital stay when compared with conventional Vicryl sutures. 
The association between suture material and vault closure 
time remained significant after adjustment, suggesting an 
independent effect. Nonetheless, residual confounding cannot 
be completely excluded. In addition, postoperative sexual 
function outcomes appeared more favorable in the barbed 

suture group, however these findings should be considered 
exploratory. The higher postoperative FSFI scores observed in 
the barbed suture group may reflect differences in postoperative 
recovery or unmeasured baseline factors rather than a direct 
effect of suture material.
Several published studies have examined vaginal cuff closure 
following robotic or laparoscopic hysterectomy, primarily 
focusing on complications, such as vaginal cuff dehiscence 
(8,10-13). However, literature specifically analyzing the impact 
of different suture materials on vault closure time and its 
contribution to total operative duration remains limited. In our 
study, barbed sutures reduced vaginal vault closure time by 
approximately 3.09 minutes compared with Vicryl sutures, a 
finding that aligns with previously published reports.

Table 2. Distribution of final histopathology of the study population

Final histopathology
Barbed
n=191
n (%)

Vicryl
n=106
n (%)

Total
n=297
n (%)

p-value

Leiomyoma 92 (48.17) 43 (40.57) 135 (45.45)

0.087*

Adenomyosis 40 (20.94) 21 (19.81) 61 (20.54)

Proliferative endometrium 18 (9.42) 10 (9.43) 28 (9.43)

Endometrial polyp 11 (5.76) 8 (7.55) 19 (6.40)

Endometriosis 9 (4.71) 7 (6.60) 16 (5.39)

Leiomyoma + adenomyosis 2 (1.05) 7 (6.60) 9 (3.03)

Simple endometrial hyperplasia 3 (1.57) 3 (2.83) 6 (2.02)

Atrophic endometrium 4 (2.09) 1 (0.94) 5 (1.68)

Hemorrhagic cyst 2 (1.05) 2 (1.89) 4 (1.35)

Disordered endometrium 0 (0) 3 (2.83) 3 (1.01)

Cystic teratoma 3 (1.57) 0 (0) 3 (1.01)

Normal endomyometrium 3 (1.57) 0 (0) 3 (1.01)

Adenocarcinoma endometrium 2 (1.05) 0 (0) 2 (0.67)

Cystic glandular hyperplasia 0 (0) 1 (0.94) 1 (0.34)

Mucinous cystadenoma 1 (0.52) 0 (0) 1 (0.34)

Benign Brenner tumor 1 (0.52) 0 (0) 1 (0.34)

*Fisher’s exact test

Table 3. Various intraoperative parameters of two study groups

Perioperative parameters (mean ± SD)
Barbed
n=191

Vicryl
n=106

Total
n=297

p-value

Vault closure time (in minutes) 6.84±1.42 9.93±2.77 7.95±2.49 <0.001

Number of stitches taken for vault closure 5.02±0.57 5.61±0.75 5.23±0.7 <0.001

Time taken per stitch (minutes) 1.36±0.3 1.75±0.43 1.5±0.4 <0.001

Operative time (minutes) 60.81±13.44 66.26±19.28 62.75±15.96 0.011

Duration of anesthesia (minutes) 90.43±13.01 107.98±17.15 96.7±16.85 <0.001

Average blood loss (mL) 65.42±36.8 65.94±24.15 65.61±32.81 0.883

Blood transfusion rate 0.31±0.74 0.17±0.58 0.26±0.69 0.074

Length of hospital stay (days) 3.87±1.34 4.79±1.26 4.2±1.38 <0.001

SD: Standard deviation
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Kim et al. (14) reported significantly shorter cuff closure 
times using V-Loc sutures compared to Vicryl in laparoscopic 
hysterectomy patients (8.84±2.18 vs. 11.66±1.74 minutes). 
Similarly, Ardovino et al. (15) demonstrated a marked reduction 
in closure time with bidirectional barbed sutures compared 
to conventional sutures (3.9 vs. 6.2 minutes). In contrast, 
Einarsson et al. (16) found no statistically significant difference 
in vaginal cuff closure time between the two suture types in a 
randomized study. A systematic review by Smith and Caceres 
(17) reported reductions in both total operative time and vault 
closure time with barbed sutures, suggesting that time savings 
may offset their higher cost.
The observed reduction in suturing time with barbed sutures 
can be attributed to the elimination of knot tying and the 
absence of a need for constant traction to maintain suture 
tension. However, proper handling of barbed sutures, including 
passage of the needle through the terminal loop, requires 

specific technical proficiency and may involve a learning 
curve that influences operative efficiency. Given that vaginal 
cuff closure is a critical step in robotic hysterectomy, multiple 
techniques and materials have been explored to optimize 
outcomes and minimize complications. Unlike conventional 
sutures, barbed sutures do not require an assistant to maintain 
tension and allow uniform tissue approximation without knots.
In the present study, patients in the Vicryl group experienced 
a significantly longer hospital stay compared with those in the 
barbed suture group. Similar reductions in length of hospital 
stay with barbed sutures have been reported by Kim et al. (14) 
and Nawfal et al. (18). Although the median difference between 
groups was approximately one day, hospital stay is influenced 
by multiple factors, including baseline comorbidities, operative 
duration, and postoperative recovery.
Due to the retrospective design of this study, preoperative sexual 
function could not be assessed. Nevertheless, postoperative 

Table 5. Comparison of female sexual fertility index (after three months postoperatively) between the two 
groups
Female sexual fertility index 
(mean ± SD)

Barbed
n=191

Vicryl
n=106

Total
n=297

p-value

Desire score 4.7±1.03 4.42±1.33 4.59±1.16 0.072

Arousal score 4.45±0.96 4.45±1.15 4.45±1.03 0.996

Lubrication score 4.61±0.8 4.22±1.28 4.47±1.02 0.007

Orgasm score 4.78±1.06 4.59±1.4 4.71±1.2 0.203

Satisfaction score 5±0.73 4.9±1.22 4.97±0.94 0.46

Pain score 5.48±0.71 4.81±1.47 5.23±1.1 <0.001

Overall score 29.02±4.85 27.39±7.35 28.43±5.93 0.049

No preoperative baseline FSFI data were available. Results should be interpreted with caution and regarded as hypothesis-generating only
SD: Standard deviation, FSFI: Female sexual function index

Table 4. Various perioperative complications of the study groups

Complications 
Barbed
n=191
n (%)

Vicryl
n=106
n (%)

Total
n=297
n (%)

p-value

Intra-operative complications

Bladder injury 2 (1.05) 1 (0.94) 3 (1.01) 1.000

Uterine perforation 2 (1.05) 0 (0) 2 (0.67) 0.539

Rectosigmoid injury 1 (0.52) 0 (0) 1 (0.34) 1.000

Post-operative complications

Fever 5 (2.62) 7 (6.60) 12 (4.04) 0.095

Urinary tract infections 2 (1.05) 4 (3.77) 6 (2.02) 0.191

Vaginal spotting/discharge 3 (1.57) 5 (4.72) 8 (2.69) 0.139

Vaginal bleeding 0 (0) 0 (0) 0 (0) -

Vaginal dehiscence 0 (0) 1 (0.94) 1 (0.34) 0.357

Post-op ureterovaginal fistula 0 (0) 1 (0.94) 1 (0.34) 0.357

Subcutaneous emphysema 1 (0.52) 0 (0) 1 (0.34) 1.000

Readmission rate 2 (1.05) 4 (3.77) 6 (2.02) 0.191
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evaluation at three months using the FSFI demonstrated 
significantly higher overall scores in the barbed suture group. In 
contrast, Einarsson et al. (16) found no significant differences 
in sexual function outcomes between barbed and conventional 
suture groups when assessed both pre- and post-operatively. 
These discrepancies highlight the need for prospective studies 
with baseline assessments to better understand the relationship 
between vault closure technique and sexual function.
Robotic surgery has become an integral component of 
contemporary gynecologic practice since the FDA approval of 
the da Vinci system in 2005 (3). Compared with conventional 
minimally invasive approaches, robotic platforms provide 
enhanced dexterity through seven degrees of freedom, 
surpassing the natural range of human hand movements (2). 
This improved maneuverability contributes to greater surgical 
precision, reduced surgeon fatigue, and improved operative 
efficiency. From a patient standpoint, robotic surgery is 
associated with less blood loss, reduced postoperative pain, 
shorter hospitalization, faster recovery, and improved cosmetic 
outcomes.

Study limitations

A key strength of this study is the precise measurement of 
suturing times using surgical video recordings rather than 
operative notes, enhancing the accuracy of intraoperative 
data. In addition, all procedures were performed by a single 
experienced surgeon proficient in both suturing techniques, 
minimizing inter-operator variability. The primary limitation 
remains the retrospective design, with reliance on medical 
records for perioperative and postoperative data. The 
retrospective design and surgeon-dependent choice of suture 
material introduce the possibility of selection bias. Although 
multivariable regression was used to adjust for measurable 
confounders, unmeasured variables may still influence 
outcomes. The imbalance in concomitant procedures between 
groups, particularly bilateral salpingo-oophorectomy, may have 
influenced operative outcomes. As procedure type was not 
included in the multivariable analysis, residual confounding 
remains possible. A key limitation of this study is the absence 
of preoperative FSFI assessment. Consequently, the observed 
postoperative differences in FSFI scores should be interpreted 
cautiously and cannot be conclusively linked to the type of 
suture used. Another important limitation of this study is the 
relatively short follow-up duration of three months. This limits 
the ability to evaluate longer-term outcomes, such as delayed 
vaginal cuff dehiscence, sustained vaginal cuff integrity, and 
long-term sexual function. Therefore, conclusions regarding 
safety and durability are restricted to the early postoperative 
period.

Conclusion

The findings of this study suggest that the use of unidirectional 
barbed sutures for vaginal vault closure during robotic 
hysterectomy was associated with shorter vault closure time, 
reduced duration of anesthesia, and a shorter hospital stay 
when compared with conventional Vicryl sutures. Barbed 
sutures may represent a feasible and time-efficient option for 
robotic vaginal vault closure. However, prospective randomized 
studies with longer follow-up and appropriate adjustment for 
confounders are required to confirm their safety, durability, and 
impact on functional outcomes.
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Original Investigation

Abstract

Objective: To evaluate the continuity and satisfaction rate with contraceptive methods over 12 months in female adolescents with mental 
disorders (MD).

Material and Methods: Prospective cohort study carried out at a reference center for care for adolescents with MD. Adolescents with mild and 
moderate MD who opted for the hormonal intrauterine device (IUD) or a quarterly injectable contraceptive were included. Sociodemographic 
data were collected, such as age, education and gynecological data. Follow-up was quarterly for 12 months, with assessment of symptoms, 
desire to continue and satisfaction with the use of the quarterly injectable or hormonal IUD.

Results: One-hundred and three adolescents participated in the study, 34 (33%) of whom chose to use the hormonal IUD and 69 (67%) the 
quarterly injectable with depot medroxy-progesterone acetate (DMPA). After 12 months, 26 adolescents (76.5%) continued to use the IUD and 
34 (49.3%) maintained the use of DMPA. During IUD follow-up, one teenager (2.9%) wanted to have it removed after three months, three (8.8%) 
developed spontaneous expulsion of the IUD and four (11.7%) were lost to follow-up. Regarding satisfaction after 12 months of use, of the 30 
who maintained the method, 29 (96.6%) adolescents were satisfied. Among the 69 adolescents who chose to use DMPA, after 12 months of 
follow-up, 34 (50.7%) said they were satisfied. Among the 30 (44.7%) who discontinued use, the most frequent causes were irregular bleeding 
and weight gain. When comparing the two methods, a significant difference was demonstrated for IUD users in terms of continuity (p=0.0001), 
and satisfaction (p=0.00002).

Conclusion: Adolescents using the IUD exhibited significantly higher rate of continuity and reported greater satisfaction at 12 months compared 
to DMPA users. This result corroborates evidence of the preference for long-acting reversible methods for adolescents, especially for those who 
are most vulnerable. [J Turk Ger Gynecol Assoc. 2026; 27(3): 165-72]

Keywords: Adolescent, mental disorders, contraception, hormonal intrauterine device, depot medroxy-progesterone acetate, satisfaction 

Introduction

Teenage pregnancy is a complex phenomenon, which involves 
multiple dimensions of human life and is directly related to the 
sociocultural, economic and political context, as well as ethnic-

racial and gender dimensions (1). In clinical practice, health 
professionals may encounter adolescents and young people 
with physical, intellectual and developmental disabilities in 
approximately 8.4% of consultations. For young people with 
physical and developmental disabilities, puberty and the 
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beginning of menstruation can be accompanied by complaints 
such as abnormal bleeding, dysmenorrhea and premenstrual 
syndrome, in addition to difficulties with managing menstrual 
hygiene (2).
Pregnancy in adolescents with mental disorders (MD) occurs 
unintentionally almost all of the time. The presence of 
impulsivity, the lack of planning and behavioral control, added 
to the difficulty in regularly using contraceptives, makes this 
risk even greater (3). Furthermore, drug interactions may occur 
between hormonal contraceptives and some psychotropic 
drugs, which reduce the contraceptive effectiveness (4). The 
use of some of these medications during pregnancy may have 
a teratogenic effect, increasing the risk of prematurity and other 
fetal disorders (5).
Patients with MD may exhibit specific difficulties that increase 
the risk of failure or discontinuity in the use of contraceptive 
methods, such as dependence on another person to remember 
or the need for psychiatric hospitalization, which can lead to 
the interruption of contraceptive practice (6). Among the most 
used contraceptive methods in adolescents with MD are the 
quarterly injectable depot medroxy-progesterone acetate 
(DMPA), and long-acting reversible contraceptives (LARCs), 
such as hormonal and non-hormonal intrauterine devices 
(IUD) and subcutaneous implants (2). Surgical methods 
(sterilization) and the use of male condoms by the partner are 
also used (6).
LARCs are safe and appropriate contraceptive methods for 
most women and adolescents, including those with MD. 
Guidance suggests the use of these methods as the first choice 
for this population due to their high effectiveness, with failure 
rates of less than 1% per year. These contraceptives have the 
highest satisfaction and continuity rates among all reversible 
contraceptive methods (7). Currently, the literature has few 
studies regarding reproductive planning/contraception in 
this group (8). Therefore, this study sought to contribute to 
discussions about primary care for this population, helping to 
fill this knowledge gap.
The main objective of this study was to evaluate the continuity 
and satisfaction rate with the use of hormonal IUD and quarterly 
DMPA for 12 months in adolescents with MD.

Material and Methods

A prospective cohort study was carried out with adolescents 
with MD, followed for 12 months in a reference center for care 
for adolescents with MD, in Brasília, Federal District, DF, Brazil. 
Ethics committee approval was obtained from the Research 
Ethics Committee of UNIFESP - Hospital São Paulo - University 
Hospital, São Paulo, Brazil (approval no: 2.659.135; CEP/UNIFESP 
project no: 0286/2018; date: May 16, 2018). Adolescents with 
MD who were being monitored, who had started sexual activity, 

in need of contraception and who agreed to participate in the 
study were included. All the adolescents who participated 
had MD of mild to moderate intensity, including: depression; 
anxiety; bipolar mood disorder; mild to moderate cognitive 
impairment; obsessive-compulsive disorders; and others. 
The authorization of guardians and adolescents was carried 
out through the terms of consent and assent respectively. 
All adolescents participated in an information group about 
contraceptive methods and, in this way, were able to freely 
choose the method they preferred. Those who chose the 
hormonal IUD and the quarterly DMPA injectable were invited 
to participate in the study. An initial questionnaire was applied 
collecting sociodemographic and gynecological data at the 
reference center, as well as information regarding the MD and 
medications being used.
The hormonal IUD used was the one containing 52 mg of 
levonorgestrel. The IUD insertion in the adolescents occurred at 
the gynecology outpatient clinic by an experienced examiner, 
without the use of sedation or local anesthesia, in accordance 
with the manufacturer’s technical recommendations. The 
adolescents were previously prepared for the insertion 
procedure and showed good tolerance to pain or discomfort. 
There were no difficulties or complications during the 
procedures. The quarterly injection with 150 mg of DMPA was 
administered every 3 months by the examiner, concomitantly 
with mental health follow-up consultations at the reference 
center.
Adolescents using both methods were instructed to return 
every 3 months for 12 months. At each consultation, symptoms, 
satisfaction and willingness to continue using the method were 
assessed using a follow-up questionnaire and simple and 
direct questions. Patient weight recording and gynecological 
examination were also carried out during follow-up. Previous 
data concerning continuity of use and satisfaction with the 
DMPA method have been published previously by our group 
(9). 
Although cohort studies are a quantitative method, no 
specific previous studies were found on the use of these two 
contraceptive methods in an adolescent population with 
MD receiving outpatient care, which gives the research an 
exploratory character, which justifies the sample size. 

Statistical analysis

Statistical analysis was performed using the SAS platform 
(Cary, NC, USA). Initially, descriptive analyses were applied 
to characterize the sample. Categorical variables were 
expressed as absolute and relative frequencies (n and %), 
while continuous variables were described using measures of 
central tendency (mean) and dispersion (standard deviation), 
according to the data distribution. The normality of continuous 
variables was verified using the Kolmogorov-Smirnov test. 
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For comparison between groups (IUD and injectable) regarding 
categorical variables, Pearson’s chi-square test was used or, 
when necessary, Fisher’s exact test. For continuous variables, 
Student’s t-test for independent samples (in the case of normal 
distribution) or the Mann-Whitney U test (for non-parametric 
distributions) were used. The analysis of the continuity rate of 
contraceptive methods over 12 months was performed using 
the Kaplan-Meier survival analysis technique, with comparison 
between groups using the log-rank test. The significance level 
adopted was 5% (p<0.05).

Results

One hundred and three sexually active adolescents who 
needed some safe contraceptive methods were included in the 
study. Of these, 69 (67%) adolescents chose to use the DMPA 
and 34 (33%) the hormonal IUD. During the study, 30 (88%) of 
those who chose the hormonal IUD and 57 (82.6%) of those 
who chose DMPA used psychiatric medications.
The age of the 103 adolescents, when they started using the 
method, varied between 14 and 18 years old, with an average 
of 15.8 years old. Among the 69 DMPA users, the average age 
was 15.5 years and those who used hormonal IUD (n=34) was 
16.5 years, which represents a significant difference between 
the two groups (p=0.02). 

The average age at menarche of all adolescents was 11.6 years 
and that of sexual initiation was 14.2 years, and comparing the 
two groups, there was no difference for either variable (p=0.65 
and p=0.19, respectively) (Table 1).
Among the data collected, we observed a high rate of academic 
delay (lag between year completed and age), represented by 
the low number of years of study. The two groups were similar 
in relation to this characteristic. Another notable fact was the 
high incidence of sexual violence in both groups, identified in 
49.5% of all adolescents and similar between the two groups 
(p=0.17). Previous pregnancy in patients who chose the IUD 
was significantly higher (p=0.0001) than in patients who chose 
the DMPA (Table 1).
The most frequent MD in the studied population were 
depression 41 (39.8%), anxiety 19 (18.4%), intellectual disability 
16 (15.5%), attention-deficit/hyperactivity disorder 14 (13.6%), 
bipolar affective disorder 13 (12.6%), and attempted self-
extermination and self-mutilation 13 (12.6%). It is important 
to highlight that 73% of the adolescents had two or more 
psychiatric diagnoses, and their treatment included more than 
one type of psychiatric medication. Medications were used by 
87 girls (85.4%), similarly between the two groups, with the 
most frequent medications being fluoxetine, valproic acid, 
methylphenidate, lithium, escitalopram and carbamazepine. 

Table 1. Sociodemographic, gynecological, and mental disorder characteristics of adolescents using depot 
medroxyprogesterone acetate (DMPA) and hormonal intrauterine device (IUD)

Feature
Total 103 DMPA: 69 IUD: 34 Probability

Mean SD Mean SD Mean SD p-value

Menarche (age) 11.6 1.46 11.3 1.18 11.1 0.23 0.659 (ST)

Sexual initiation (age) 14.2 1.65 13.8 0.18 13.6 0.32 0.1982(ST)

Start of use of the method (age) 15.8 1.10   15.5 0.1 16.5 0.2 0.0206(ST)

Feature
Total: 103 DMPA: 69 IUD: 34

p-value
n (%) n (%) n (%)  

Education

≤9 years of study 43 (40.2%) 31 (44.9%) 12 (35.2%)

0.9331(QS) >9 to 12 years of study 60 (59.8%) 38 (55.1%) 22 (64.8%)

Previous pregnancy

 None 89 (80.1%) 68 (98.5%) 21 (61.7%)

0.0001(EF)  One 14 (19.8%) 1 (1.5%) 13 (38.2%)

Sexual violence                                                                                                     

 Yes 51 (49.5%) 34 (49%) 17 (50%)

0.1716(QS)  No 51 (49%) 35 (51%) 16 (47%)

  Data ignored 1 (1.5%) 0 (0%) 1 (3%)

Treatment of mental disorder

 Medicated 87 (85.4%) 57 (82.6%) 30 (88.3%)

0.8113(EF) Psychotherapy only 16 (14.5%) 12 (17.4%) 4 (11.7%)

ST: Student’s t-test, QS: Chi-square test, EF: Exact of Fisher test, SD: Standard deviation
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In the present study, adolescents presented significantly 
different bleeding patterns between the two groups. These 
differences were probably due to the higher rate of unfavorable 
bleeding (prolonged or frequent) in the group of DMPA users. 
Amenorrhea was recorded in 56.7% of the adolescents in 
both groups and changes in the bleeding pattern, such as 
amenorrhea and improvement in dysmenorrhea, were well 
accepted by the adolescents and their caregivers (Table 2).
The other side effect was weight gain, which occurred in a 
significantly higher proportion of DMPA users after 12 months 
(n=36; 53.7%), while in adolescents with hormonal IUD the 
gain was recorded in only 4 (11.7%) (Table 2). The average 
weight gain was 6.8 kg for the first group and 5.5 kg for the 
second. This was another reason that generated dissatisfaction 
and contraceptive cessation by many adolescents using DMPA.
After 12 months, of the 103 adolescents, 60 (62.6%) continued 
to use one of the methods (Table 3). Comparing continuation 
rates after this period, the number of adolescents who 
maintained the hormonal IUD was significantly higher than 
the number who continued to use DMPA. Only 1 (2.9%) of the 
group that opted for the hormonal IUD wanted to remove it 
after 3 months. Of this same group, 3 (8.7%) had their hormonal 
IUD expelled twice (they had a new attempt), and there was a 
loss to follow up of 4 adolescents (11.8%) who did not return 
for appointments. Regarding continued use of DMPA, 33 

adolescents (47.8%) stopped using it and 2 (2.9%) abandoned 
the study.
In terms of user satisfaction after 12 months, of the 103 
adolescents, 66 (64%) of them were satisfied (Table 3). 
Regarding the use of DMPA, approximately half of the 
adolescents (37=53.7%) were satisfied. Among those who 
stopped, the most common reasons for stopping were irregular 
bleeding and weight gain. With the use of the hormonal IUD, 
most of them (29=85.3%) were satisfied and, of these, 22 
(64.7%) mentioned the desire to keep it for the duration of 
its validity (8 years) due to its convenience, reduction of 
dysmenorrhea and menstrual flow. The three adolescents who 
experienced early expulsions reported their satisfaction and 
their desire to maintain the method. Of the 34 who started the 
study, only one teenager reported dissatisfaction and wanted to 
withdraw before 3 months.

Discussion

Our data demonstrate a delay between start of sexual activity 
and the introduction of contraception use in this population. 
The average age of sexual initiation for the adolescents in the 
studied group was 14.2 years and the start of using contraceptive 
methods was after 1 to 2 years. The literature, similarly, also 
reports that adolescents with MD, despite undergoing many 

Table 2. Characteristics of the bleeding pattern according to the classification of Belsey and weight changes 
after 12 months of use of depot medroxyprogesterone acetate (DMPA) and hormonal intrauterine device 
(IUD) and comparison between the two groups

Signs and symptoms
Total
97

DMPA
67

IUD
30 p-value

 
n % n % n %

Bleeding pattern 
(chi-square test)

          <0.0001(QS)

Amenorrhea 55 56.7 37 55.2 18 60

Infrequent bleeding* 15 15.4 8 11.9 7 23.3  

Prolonged or frequent bleeding** 24 24.7 22 32.8 2 6.6

Standard bleeding*** 5 5.8 2 2.9 3 10  

Data unavailable 6 5.9 2 2.9 4 11.8  

Weight increase
(exact of Fisher test)

n % n % n % <0.0001(EF)

Number of teenagers 40 41.2 36 53.7 4 13.3

<2 kg 9 22.5 9 22.5 0 0

From 2 to <5 11 27.5 8 20 2 5

From 5 to <10 kg 12 30 11 27.5 1 2.5

>10 kg 8 20 7 17.5 1 2.5
QS: Chi-square test, EF: Exact of Fisher test
*Infrequent bleeding: 2 or fewer times in 90 days. **Prolonged or frequent bleeding: more than 5 times or lasting 14 days or more in 90 days. ***Standard 
bleeding: 3 to 5 times in 90 days (29)
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medical and psychological consultations, do not receive 
guidance on contraception (10,11).
The difference in the number of adolescents between the 
groups is mainly due to respect for the universal right to choose 
a contraceptive method granted to individuals. Several factors 
may have influenced the choice of method, such as lack of 
information, fear of IUD insertion, and the myth that it should 
not be used in women who have not been pregnant. This can 
be observed by the higher frequency of previous pregnancies 
(38.2%) among the teenagers who opted for the IUD, in 
addition to the higher average age in this group, which may be 
associated with a greater perception of risk and the need for a 
safe and long-lasting contraceptive method.
Considering the increased impulsivity and impairment of 
criticism, which frequently occur in a series of psychiatric 
disorders and neurological diseases, the reproductive risk is 
increased for this group of adolescents, often associated with 
some sexually transmitted disease (12,13). During the study 
there were no pregnancies, but five teenagers who stopped 
using the methods early became pregnant without planning. 
A Brazilian study with 255 women, including adolescents and 
adults with MD, found that 94.2% were not receiving specific 
medical attention about contraception. In this evaluation, 91% 
of women reported an active sexual life and among those who 
used some contraceptive method, 77.2% did it incorrectly (6). 
An American cohort study with 13,059 adult and adolescent 
women with intellectual or developmental disabilities, only 

4.1% used LARCs and 29.8% used other moderately effective 
methods (14).
Women with MD present with specific problems that increase 
the risk of failure or discontinuity in the use of contraceptive 
methods (6). Therefore, contraceptive methods that do not 
require the woman’s control are the most effective for them, 
with the most widely recommended being the hormonal 
IUD, subcutaneous implants and DMPA (2). DMPA has been 
indicated for women with MD due to its high efficacy, ease of 
dosing, improvement of dysmenorrhea and other symptoms 
(15). There is also a possible benefit in relation to the reduction 
of epileptic seizures (2). In this study, most adolescents opted 
for the quarterly injectable (67%). 
Regarding the continued use of the methods, of the total of 
69 adolescents who started using DMPA, only 49.3% of them 
maintained the use of the injectable for one year or more. 
This rate was also confirmed by adolescents without MD, 
participants in the CHOICE Project, where it was observed that 
among those who used DMPA for 12 months, the continuation 
rate was 47.3% (16). In our study, the most common reasons of 
early abandonment of this method among adolescents were 
menstrual irregularities (43.4% of adolescents) and weight gain 
(50.7%), similar to data observed in the literature (16-20). 
The fact that half of the adolescents discontinued DMPA use 
impacted the study’s results, which concluded, after 12 months 
of follow-up, that the number of participants in both groups 
was similar. These data support the recommendation of LARCs 

Table 3. Continuity and satisfaction rates in the use of depot medroxy-progesterone acetate (DMPA) and 
hormonal intrauterine device (IUD) after 12 months of follow-up and comparison between the two groups
Continuity rate  
Kaplan-Meier test*

Months of use of the method Total DMPA  Hormonal IUD Comparison

  n % n % n % p-value

3 92 89.3 59 85.5 33 97.1

6 85 82.4 57 82.6 28 82.3

0.000181(KM)
9 72 72.3 45 65.2 27 79.4

>12 60 62.6 34 49.3 26 76.6

Drop out*** 6 7.45 2 2.9 4 12

Satisfaction rate
Fisher’s exact test**

n % n % n % p-value

Satisfied 63 64.9 34 50.7 29 96.6
0.0000164(EF)

Dissatisfied 34 35 33 49.3 1 3.3

Drop out*** 6 6.1 2 2.9 4 11.7

*Kaplan-Meier test (KM) was applied, with significance level adopted was 5% (p<0.05)
**Fisher’s exact test (FE) was applied, which presented evidence that the satisfaction rates of both groups are different, with a significance of 99%, in favor 
of the group that opted for the hormonal IUD
***Adolescents who abandoned the study (drop out) were not considered in the satisfaction assessment
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as the first option for adolescents, especially those with mental 
health disorders.
According to other studies, weight gain may be more 
pronounced in women with pre-existing obesity/overweight 
before treatment initiation (21-24). The literature reports that 
women with MD using DMPA, when compared to those treated 
with non-hormonal contraceptives, may experience a greater 
increase in weight and body fat, which can be a major problem 
for those using psychotropic medications also associated with 
this effect (15). Logistic regression analysis was performed for 
the relationship between weight change and the medications 
used, but no significant differences were identified in our 
cohort. 
Regarding bleeding patterns, a similar percentage was 
observed between the two methods, as well as the psychiatric 
medications used, which were similar in both groups. The 
report of depression, present in both groups, was evaluated 
by the mental health team and was not directly related to the 
use of contraceptive methods, but rather to the pre-existing 
psychiatric condition.
The incidence of amenorrhea among adolescents who used 
DMPA in this study was 54%, considered a positive effect by 
both them and their caregivers, due to the difficulties in 
managing menstrual hygiene. The literature points to different 
results, as it shows that among adolescent users with special 
needs, DMPA suppresses menstruation and provides effective 
contraception, leading to amenorrhea in up to 90% of women 
after the fourth dose (12 months) (2). The incidence rate of 
amenorrhea among adolescents who used the hormonal IUD 
was similar (52.9%). Studies investigating its use in adolescents 
with developmental disabilities have reported amenorrhea 
rates of up to 70% and low rates of expulsion and removal 
due to bleeding or pain (2). On the other hand, a study over 5 
years, with 300 adolescents with intellectual disabilities and an 
average age of 12.1 years, reported a gradual decrease in the 
use of DMPA, which went from 59% to 17.8%, while there was 
an increase in the use of hormonal IUD, increasing from 2.8% 
to 19.2% (25).
Considering the presence of MD and the average age of the 
participants (16.1 years), the 76.6% rate of continuity of use in 
12 months of hormonal IUD use in this study can be evaluated 
as good. A similar result was found in a recent systematic 
review with women and adolescents without other diseases 
(26). In another study, published in 2020, which evaluated the 
use of hormonal IUD in 159 nulliparous patients with physical, 
intellectual or developmental disabilities, a high rate of 
continuity (95%) of the method within 1 year was also reported. 
In this study, it was noteworthy that the majority of insertion 
procedures (96%) were performed in a surgical center (27). 
Some studies reported that one of the disadvantages of using 

hormonal IUD is their cost and the need for hospitalization 
for insertion, with general anesthesia (25,27). However, in the 
present study, the insertion was carried out in an outpatient 
clinic and without sedation, which appears to be a major 
difference. During or after insertion of the hormonal IUD, 
there were no complications or mention of severe pain by the 
patients. Outpatient insertion minimizes costs and makes this 
method much more accessible, even facilitating logistics for 
the healthcare team, family and caregivers. It is possible that 
reassurance prior to insertion, in a simple and understandable 
way for the adolescents who opted for this method, in addition 
to the environment, which was the gynecology outpatient 
clinic with which they were already familiar, contributed to 
facilitating the process. In any case, it is important to highlight 
that training professionals for the correct and safe insertion of 
the device is necessary to care for this population.

The results of this study with adolescents with MD demonstrated 
higher rates of continuity of contraceptive use and satisfaction 
among hormonal IUD users. This result is in line with the data 
presented by a study carried out with women with bipolar 
disorder, which compared the rates of continuity, complications 
and psychiatric hospitalizations between the methods used. 
The authors reported that women with an IUD (TCu 380-A, 
86%; hormonal IUD, 87%) had a continuation rate of use 31% 
(p<0.0001) higher than those who opted for the quarterly 
injectable. Furthermore, no differences were observed in the 
number of hospitalizations for bipolar disorder or depression 
between the contraceptive groups evaluated (28).
The data from the present study corroborate those in the 
literature, in which a hormonal IUD is considered as the first 
option for adolescents with MD due to its effective, comfortable, 
safe, long-term contraception and good bleeding control. 
There were no limitations to its use related to drug interactions 
and the multiple comorbidities frequently associated with it, 
such as endocrine and metabolic diseases, obesity, attention 
and cognitive deficits, factors that make the use of other 
contraceptive methods difficult.
Considering depot DMPA, which, despite the widely proven 
adverse consequences in the literature, has been widely used 
for decades, in contrast to the various benefits and few adverse 
effects of the hormonal IUD, there is a perceived need to make 
this technology available for reproductive planning in the public 
health system, especially in vulnerable populations.
Based on our results, and considering those existing in the 
literature, a protocol proposal will be developed so that the 
hormonal IUD can be offered to the adolescent population 
with MDs in the public health system, when there is a need or 
risk of unplanned pregnancy. Given the lack of recognition of 
their needs by health professionals and reproductive planning 
services, we realize the importance (and urgency) of expanding 
care, including information on the sexual and reproductive 
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specificities of these adolescents. In addition, expanding 
access to modern contraceptive methods, in cases where safe, 
reversible and long-lasting contraception is indicated and can 
benefit many people with MDs, as well as their families and 
society should also be promoted.
Offering the IUD among the available contraceptive options 
and incorporating practical strategies into care, such as 
careful explanations about the method, as well as about the 
IUD insertion procedure, combined with good follow-up of 
adolescents, will allow for better adherence to contraceptive 
use and acceptance of the discomfort of outpatient insertion. 
Furthermore, routine counseling and resolution of potential 
adverse events may increase continuation rates and satisfaction 
among adolescents who are new users of LARC methods.

Study limitations

This study has limitations in relation to the fact that some 
adolescents with MD may have difficulties expressing 
themselves and understanding which contraceptive method is 
most appropriate for them. This fact could explain the higher 
discontinuation rate after 12 months. 
Another limitation was the difficulty in evaluating outcomes by 
subgroup of MDs, mainly due to the fact that most adolescents 
had two or more psychiatric diagnoses, and their treatment 
included more than one type of psychiatric medication.
The limitations for replicating this experience in the public 
health system, both in services that serve adolescents with 
MDs and in Basic Health Units, lie in the unavailability of the 
hormonal IUD for insertion as a contraceptive option for this 
vulnerable population.

Conclusion

There was a notable delay in the introduction of the use of 
contraception after start of sexual activity for the population 
of adolescents with MD, which demonstrated a lack of 
specific attention in terms of reproductive planning for this 
group. Considering the features of female adolescents with 
MD and the greater difficulty in using contraceptive methods, 
we concluded that there was a good rate of continuity and 
satisfaction after 12 months with the use of the hormonal IUD 
compared to the use of the quarterly injectable. The presence 
of irregular bleeding and weight gain were the most common 
causes of abandonment of the injectable method.  
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Original Investigation

Abstract
Objective: To investigate the prognostic significance of lymphovascular space invasion (LVSI) and its relationship with other prognostic factors 
in patients with endometrial cancer. 

Material and Methods: Patients with stage 1a/1b endometrial cancer who underwent hysterectomy and/or staging surgery between January 
2016 and December 2020 at a tertiary referral center were retrospectively analyzed. Pathological data including histological type, stage, grade, 
LVSI (lymphatic invasion, vascular invasion), tumor size, depth of myometrial invasion, cervical involvement, lymph node evaluation (pelvic, 
paraaortic), and peritoneal wash cytology were analyzed using univariate and multivariate methods.

Results:  The study included 304 patients. Non-endometrioid tumors were associated with a 6.35-fold higher risk of LVSI. Each 1 mm increase 
in tumor size raised the risk by 1.03-fold. LVSI was present in 53.3% of cases with lymph node metastasis and was 7.2-fold more frequent in 
deceased patients (odds ratio: 7.209; 95% confidence interval: 3.137-16.570; p<0.001). Multivariate analysis identified tumor grade and survival 
as independent predictors of LVSI: grade 3 tumors had a 4.88-fold higher risk (p=0.014), and mortality was associated with a 4.16-fold higher risk 
(p=0.007). Survival was significantly linked to LVSI, tumor size ≥35 mm, and recurrence, but not to age, histological type, lymph node status, or 
peritoneal cytology.

Conclusion: Our results demonstrated that LVSI was significantly associated with histological grade and survival. Furthermore, LVSI, tumor 
diameter ≥35 mm, and recurrence were found to significantly affect survival, highlighting their prognostic relevance for risk assessment and 
postoperative management. [J Turk Ger Gynecol Assoc. 2026; 27(3): 173-86]
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Introduction 

Endometrioid carcinoma is the most common type of uterine 
malignancy, with abnormal uterine bleeding as the main 
symptom. Unopposed estrogen exposure is a key factor 

in its development (1). Risk factors include nulliparity, late 
onset of menopause, obesity, polycystic ovary syndrome, 
diabetes, estrogen-secreting tumors, estrogen therapy without 
progesterone supplementation during menopause, tamoxifen 
use, and Lynch II syndrome (2). 
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Prognostic factors in endometrial cancer guiding surgery 
include histological type, grade, tumor size, myometrial 
invasion depth, cervical involvement, peritoneal fluid 
cytology, lymphovascular space invasion (LVSI), and lymph 
node metastasis (3).

LVSI is typically defined as the presence of tumor cells in 
endothelial-lined channels outside the primary uterine 
tumor, though its precise definition is still debated (4). LVSI 
has been demonstrated in several studies as an independent 
adverse prognostic factor for recurrence and survival (5-7). 
Tumor spread to vascular and lymphatic spaces is believed 
to enhance metastasis to pelvic and paraaortic lymph nodes, 
indicating a more aggressive disease course (7,8). 

The aim of this study was to determine the prognostic 
significance of LVSI in endometrial cancer and evaluate its 
relationship with other prognostic factors.

Material and Methods

This study includes endometrial cancer cases (stage 1a-
4b) who underwent hysterectomy and/or staging surgery 
at a tertiary referral center between January 1st, 2016, and 
December 31st, 2020. Retrospective data were collected 
from patient files and electronic records. Pathological data, 
including histological type, stage, grade, LVSI, tumor size, 
myometrial invasion depth, cervical involvement, lymph 
node evaluation, and peritoneal fluid cytology, were analyzed 
according to the 2009 FIGO criteria. Uterine sarcoma cases, 
those with synchronous primary tumors, and those without 
LVSI data were excluded.

LVSI was defined as tumor cells or cell clusters attached to 
the walls of lymphatic and vascular vessels within sections 
that included both the tumor and surrounding healthy tissue. 
Tissue samples obtained from the material were transferred 
to paraffin blocks for LVSI detection. Sections were then 
cut from these blocks, mounted on slides, and stained with 
hematoxylin and eosin (H&E). The presence of LVSI was 
initially examined on H&E-stained slides (Leica Biosystems) 
containing sections that included both the tumor and 
surrounding healthy tissue. Subsequently, for slides suspicious 
of LVSI, new sections were taken from the blocks and stained 
immunohistochemically using the Leica Bond Max device. 
In these immunohistochemical analyses, podoplanin (D2-
40, Cell Marque) was used to identify lymphatic structures, 
and CD34 (QBEnd/10, Leica Biosystems), CD31 (1A10, Leica 
Biosystems), and Factor 8 (von Willebrand factor, 36B11, 
Leica Biosystems) were used to identify vascular structures.

For stage 1 endometrioid-type endometrial cancer, primary 
surgery included total abdominal hysterectomy (TAH) + 
bilateral salpingo-oophorectomy (BSO) ± peritoneal fluid 
sampling ± lymphadenectomy. Staging surgery was performed 

if any of the following criteria were met based on frozen section 
results:

- Non-endometrioid tumor type;  

- Tumor grade ≥2;  

- Myometrial invasion depth ≥½;  

- Tumor size >2 cm;  

- Cervical invasion. 

Staging surgery included TAH + BSO + bilateral pelvic and 
paraaortic lymph node dissection + omental sampling 
+ peritoneal fluid sampling. Peritoneal cytology was not 
evaluated by pathology in some patients with stage 1 low-grade 
diagnosis (stage 1a/1b, grade 1). All cases were reviewed in a 
multidisciplinary tumor board (gynecology, medical oncology, 
pathology, radiology), and adjuvant treatment indications 
(chemotherapy, radiotherapy, or both) were determined based 
on postoperative final pathological results and directed to the 
appropriate departments.

Ethics committee approval

This study was approved by the İstanbul Medeniyet University, 
Göztepe Training and Research Hospital, Clinical Research 
Ethics Committee (approval number: 2021/0529, date: 
27.10.2021). 

Data analysis

The data were analyzed using IBM SPSS Statistics version 18 
(IBM Inc, Armonk, NY, USA). The normality of continuous 
variables was assessed using the Kolmogorov-Smirnov test. 
Categorical variables are expressed as frequencies (n) and 
percentages (%). Continuous variables meeting the assumptions 
for parametric tests are presented as mean ± standard deviation 
(SD), while those not meeting the assumptions are presented 
as median (minimum and maximum) values. For the analysis of 
categorical variables, Pearson’s chi-square test, Fisher’s exact 
test, or the Fisher-Freeman-Halton exact test were applied, 
and Yates’ continuity correction and post-hoc Bonferroni 
adjustment were performed as necessary. For comparing the 
medians between two groups, the Mann-Whitney U test was 
used, as parametric assumptions were not met. Univariate 
and multivariate logistic regression analyses were employed 
to identify independent risk factors associated with dependent 
variables, and variables with p<0.02 in univariate analyses were 
included in the multivariate model. The results are reported as 
odds ratios (ORs) with 95% confidence intervals (CIs). Survival 
probabilities were estimated using the Kaplan-Meier method, 
and the log-rank test was conducted to assess differences in 
survival probabilities across variable levels. Cox regression 
analysis was performed to identify factors influencing survival. 
A significance level of 0.05 was considered statistically 
significant for all analyses.
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Results

The mean ± SD age of the 304 patients included in the study 
was 61.52±10.27 years. The youngest patient was 28 years old, 
and the oldest was 90 years old. The age distribution of the 
patients is shown in Figure 1.
The analysis of histological features is presented in Table 1.
Upon analysis of the cases, the most common histological type 
was endometrioid carcinoma, accounting for 84.5% (n=257), 
while non-endometrioid histological types accounted for 15.5% 
(n=47).
The distribution of cases based on invasion areas is presented 
in Table 2.
Lymphatic invasion was observed in 36 patients (11.8%), 
vascular invasion in 30 patients (9.9%), and LVSI (involving 
lymphatic, vascular, or both) in 50 patients (16.4%), as seen in 
Table 2.
The relationship between lymphatic invasion in patients and 
independent variables was analyzed, and the results are shown 
in Table 3.

Lymphatic invasion was present in 8.2% of endometrioid 
tumors but was significantly more common in non-
endometrioid tumors at 31.9% (p<0.001). The rates of lymphatic 
invasion were 5.5% in stage 1, 13.0% in stage 2, 51.6% in stage 
3, and 30.8% in stage 4, with significant differences observed 
across stages (p<0.001). Further analysis revealed that 
lymphatic invasion was significantly lower in stage 1 compared 
to stages 3 and 4, while stage 3 had a significantly higher rate 
than stages 1 and 2. A significant difference was also observed 
based on grade, with lymphatic invasion in grade 3 being 
notably higher at 30.3%. In our series, lymph node metastasis 
occurred in 53.3% of patients with lymphatic invasion. The 
invasion rate was 47.1% in those with pelvic-only metastasis 
and 87.5% in those with both pelvic and paraaortic metastasis, 
significantly higher than in patients without metastatic lymph 
nodes or those not undergoing lymphadenectomy (p<0.001). 
Cervical stromal invasion was found in 50 patients, with 43 
having stromal invasion. Lymphatic invasion was seen in 27.9% 
of these patients, compared to 9.1% in those without cervical 
involvement (p=0.002). Tumor size was larger in patients 
with lymphatic invasion (median 45 mm) compared to those 
without it (median 32 mm), a statistically significant difference 
(p<0.001).
Survival analysis showed that 9.4% of surviving patients had 
lymphatic invasion, while 37.0% of deceased patients had 
lymphatic invasion (p<0.001). No significant associations were 
found between lymphatic invasion and age (p=0.813), positive 
peritoneal wash fluid (p=0.130), or recurrence (p=0.194).
The relationship between vascular invasion and independent 
variables was analyzed, and the results are shown in Table 4.
Vascular invasion was found in 6.2% of endometrioid tumors 
and 29.8% of non-endometrioid tumors (p<0.001). The rates of 
vascular invasion were 3.0% in stage 1, 21.7% in stage 2, 38.7% 
in stage 3, and 46.2% in stage 4, with significant differences 
across stages (p<0.001). Further analysis showed that vascular 
invasion was significantly lower in stage 1 compared to 
stages 3 and 4. Vascular invasion was also higher in grade 3 
(31.8%) than in grade 1 (1.8%) and grade 2 (5.5%) (p<0.001). 

Figure 1. Age distribution histogram of the patients

Table 1. Histological features
Histological features (n=304) n %

Endometrioid 257 84.5

Serous 17 5.6

Dedifferentiated endometrioid 12 3.9

Clear cell 8 2.6

Mixed 4 1.3

Undifferentiated endometrioid 3 1.0

Mucinous 2 0.7

Serous papillary 1 0.3

Table 2. Invasion features
Variables (n=304) n %

Lymphatic invasion

   No 268 88.2

   Yes 36 11.8

Vascular invasion

   No 274 90.1

   Yes 30 9.9

Lymphovascular invasion

   No 254 83.6

   Yes 50 16.4
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Table 3. Relationship between lymphatic invasion and independent variables

Variable (n=304)
Lymphatic invasion

p-value
No (n=268) Yes (n=36)

Age (years) 61.57±10.40 61.14±9.42 0.813

Histological type

   Endometrioid 236 (91.8) 21 (8.2) <0.001

   Non-endometrioid 32 (68.1) 15 (31.9)

Stage

   1a 224 (94.5) 13 (5.5) <0.001

   2a,b 20 (87.0) 3 (13.0)

   3c 15 (48.4) 16 (51.6)

   4b,c 9 (69.2) 4 (30.8)

Grade

   1a 107 (97.3) 3 (2.7) <0.001

   2a 115 (89.8) 13 (10.2)

   3b 46 (69.7) 20 (30.3)

Lymph node metastasis

   No lymphadenectomya 116 (95.9) 5 (4.1) <0.001

   Noa 138 (90.2) 15 (9.8)

   Yesb 14 (46.7) 16 (53.3)

Metastatic lymph node location

   No lymphadenectomya 116 (95.9) 5 (4.1) <0.001

   Noa 138 (90.2) 15 (9.8)

   Pelvic region onlyb 9 (52.9) 8 (47.1)

   Paraaortic region onlya,b 4 (80.0) 1 (20.0)

   Both regionsb 1 (12.5) 7 (87.5)

Cervical involvement

   Noa 231 (90.9) 23 (9.1) 0.002

   Superficial invasiona,b 6 (85.7) 1 (14.3)

   Stromal invasionb 31 (72.1) 12 (27.9)

Cytology

   Not evaluated** 145 (90.6) 15 (9.4) 0.130

   Benign 119 (86.2) 19 (13.8)

   Malignant 4 (66.7) 2 (33.3)

Tumor size (mm) 32 (1-125) 45 (12-130) <0.001

Number of pelvic lymph nodes removed 8 (0-60) 21 (0-54) <0.001

Number of paraaortic lymph nodes 0 (0-42) 5 (0-74) <0.001

Follow-up time (months) 35 (1-69) 35 (2-60) 0.579

Recurrence

   No 251 (89.0) 31 (11.0) 0.194

   Yes 17 (77.3) 5 (22.7)

Survival

   Alive 251 (90.6) 26 (9.4) <0.001

   Deceased 17 (63.0) 10 (37.0)

Results are presented as mean ± standard deviation, median (minimum-maximum), or n (% of total row). Statistical tests used: Student’s t-test, Mann-
Whitney U test, Pearson’s chi-square test, Fisher’s exact test, Fisher-Freeman-Halton exact test. Differences between groups are indicated with lowercase 
letters
**Peritoneal cytology was not evaluated by pathology in some stage 1 low-grade patients (stage 1a/1b, grade 1)
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Table 4. Relationship between vascular invasion and independent variables

Variable (n=304)
Vascular invasion

p-value
No (n=274) Yes (n=30)

Age (years) 61.30±10.45 63.57±8.40 0.251

Histological type

   Endometrioid 241 (93.8) 16 (6.2) <0.001

   Non-endometrioid 33 (70.2) 14 (29.8)

Stage

   1a 230 (97.0) 7 (3.0) <0.001

   2a,b 18 (78.3) 5 (21.7)

   3c 19 (61.3) 12 (38.7)

   4b,c 7 (53.8) 6 (46.2)

Grade

   1a 108 (98.2) 2 (1.8) <0.001

   2a 121 (94.5) 7 (5.5)

   3b 45 (68.2) 21 (31.8)

Lymph node metastasis

   No Lymphadenectomya 115 (95.0) 6 (5.0) <0.001

   Noa 140 (91.5) 13 (8.5)

   Yesb 19 (63.3) 11 (36.7)

Metastatic lymph node location

   No lymphadenectomya 115 (95.0) 6 (5.0) <0.001

   Noa 140 (91.5) 13 (8.5)

   Pelvic region onlyb 14 (82.4) 3 (17.6)

   Paraaortic region onlya,b 3 (60.0) 2 (40.0)

   Both regionsb 2 (25.0) 6 (75.0)

Cervical involvement

   Noa 241 (94.9) 13 (5.1) <0.001

   Superficial invasiona,b 5 (71.4) 2 (28.6)

   Stromal invasionb 28 (65.1) 15 (34.9)

Cytology

   Not evaluated** 146 (91.2) 14 (8.8) 0.489

   Benign 123 (89.1) 15 (10.9)

   Malignant 5 (83.3) 1 (16.7)

Tumor size (mm) 32 (1-125) 57.5 (25-130) <0.001

Number of pelvic lymph nodes removed 9 (0-60) 16 (0-54) 0.104

Number of paraaortic lymph nodes 0 (0-42) 3 (0-74) 0.001

Follow-up time (months) 35.5 (1-69) 25 (1-60) 0.017

Recurrence

   No 257 (91.1) 25 (8.9) 0.084

   Yes 17 (77.3) 5 (22.7)

Survival

  Alive 258 (93.1) 19 (6.9) <0.001

  Deceased 16 (59.3) 11 (40.7)

Results are presented as mean ± standard deviation, median (minimum-maximum), or n (% of total row). Statistical tests used: Student’s t-test, 
Mann-Whitney U test, Pearson’s chi-square test, Fisher’s exact test, Fisher-Freeman-Halton exact test. Differences between groups are indicated 
with lowercase letters
**Peritoneal cytology was not evaluated by pathology in some stage 1 low-grade patients (stage 1a/1b, grade 1)
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In patients with lymph node metastasis (36.7%), vascular 
invasion was notably higher than in those without metastasis 
(8.5%) or who did not undergo lymphadenectomy (5.0%) 
(p<0.001). In cases with metastasis in the paraaortic region or 
both pelvic and paraaortic regions, the rate of vascular invasion 
was significantly higher than in patients who did not undergo 
lymphadenectomy (p<0.001). In patients with cervical stromal 
(34.9%) or superficial involvement (28.6%), the rate of vascular 
invasion was significantly higher compared to those without 
cervical involvement (5.1%) (p<0.001). The median tumor 
size in patients with vascular invasion was 57.5 mm, compared 
to 32 mm in those without (p<0.001). The median number 
of paraaortic lymph nodes removed was 3 in patients with 
vascular invasion, compared to 0 in those without (p=0.001). 
The median follow-up duration was 25 months for patients with 
vascular invasion and 35.5 months for those without (p=0.017). 
Survival analysis showed 6.9% of survivors had vascular 
invasion, while 40.7% of deceased patients did (p<0.001).
The relationship between the presence of LVSI and independent 
variables was analyzed, with results presented in Table 5.

LVSI was significantly less common in endometrioid tumors 
compared to dedifferentiated, undifferentiated endometrioid, 
and serous tumors (p<0.001). LVSI rates were 7.6% in stage 
1, 30.4% in stage 2, 58.1% in stage 3, and 53.8% in stage 4, 
with significant differences across stages (p<0.001). Further 
analysis showed that LVSI was significantly less common in 
stage 1 compared to other stages. In grade 3, LVSI (43.9%) was 
significantly more common than in grade 1 (4.5%) and grade 2 
(12.5%) (p<0.001).
In patients with lymph node metastasis (60.0%), LVSI was 
significantly more frequent than in those without lymph 
node metastasis (15.0%) or those who did not undergo 
lymphadenectomy (7.4%) (p<0.001). LVSI rates were also higher 
in patients with pelvic-only or combined pelvic and paraaortic 
metastasis compared to those without metastasis.  LVSI rate 
was 46.5% in patients with cervical stromal involvement, 
compared to 11.0% in those without cervical involvement 
(p<0.001). In addition, LVSI rates were significantly higher in 
patients with myometrial invasion of ½ or more, compared to 
those with no or less than ½ myometrial invasion (p<0.001).  

Table 5. Relationship between LVSI presence and independent variables

Variables (n=304)
LVSI

p-value
No (n=254) Yes (n=50)

Age (years) 61.38±10.41 62.24±9.60 0.589

Histological features

   Endometrioida 228 (88.7) 29 (11.3) <0.001

   Dedifferentiated endometrioidb 5 (41.7) 7 (58.3)

   Undifferentiated endometrioidb 0 (0.0) 3 (100.0)

   Serousb 10 (58.8) 7 (41.2)

   Clear cella,b 6 (75.0) 2 (25.0)

   Mucinousa,b 2 (100.0) 0 (0.0)

   Papillary serousa,b 0 (0.0) 1 (100.0)

   Mixeda,b 3 (75.0) 1 (25.0)

Stage

   1a 219 (92.4) 18 (7.6) <0.001

   2b 16 (69.6) 7 (30.4)

   3b 13 (41.9) 18 (58.1)

   4b 6 (46.2) 7 (53.8)

Grade

   1a 105 (95.5) 5 (4.5) <0.001

   2a 112 (87.5) 16 (12.5)

   3b 37 (56.1) 29 (43.9)

Lymph node metastasis

   No lymphadenectomya 112 (92.6) 9 (7.4) <0.001

   Noa 130 (85.0) 23 (15.0)

   Yesb 12 (40.0) 18 (60.0)
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The median tumor size was 46 mm (12-130) in patients with 
LVSI and 30 mm (1-125) in those without LVSI (p<0.001). The 
median number of pelvic lymph nodes removed was 19.5 (0-54) 
in patients with LVSI and 8 (0-60) in those without (p=0.002). 
The median number of paraaortic lymph nodes removed was 
3.5 (0-74) in patients with LVSI and 0 (0-42) in those without 
(p<0.001). Follow-up duration was shorter for patients with 
LVSI (p=0.029). When comparing survival outcomes according 
to LVSI status, LVSI was detected in 13.0% of surviving patients 
and in 51.9% of deceased patients, with the rate of LVSI 
being significantly higher in deceased patients (p<0.001). No 
significant differences were found between LVSI occurrence 
and age (p=0.589), abdominal wash fluid positivity (p=0.188), 
or recurrence (p=0.085) (Table 5).

The factors affecting the presence of LVSI were analyzed using 
logistic regression, and the results are shown in Table 6.
The risk of LVSI was 6.35 times higher in non-endometrioid 
tumors. When tumor stages were considered, the risk of LVSI 
was 5.32 times higher in stage 2 tumors, 16.84 times higher 
in stage 3 tumors, and 14.19 times higher in stage 4 tumors 
compared to stage 1 tumors (p<0.05).

The risk of LVSI was 3.00 times higher in grade 2 tumors and 
16.45 times higher in grade 3 tumors compared to grade 1 
tumors (p<0.05). There was no significant change in LVSI 
risk in patients with superficial cervical invasion (p=0.173), 
but it was 7.01 times higher in patients with cervical stromal 
invasion [OR: 7.019; 95% CI: 3.429-14.368; p<0.001]. Each 
1-mm increase in tumor size was found to increase the 

Table 5. Continued

Variables (n=304)
LVSI

p-value
No (n=254) Yes (n=50)

Metastatic lymph node location

   No lymphadenectomya 112 (92.6) 9 (7.4) <0.001

   Noa 130 (85.0) 23 (15.0)

   Pelvic region onlyb 8 (47.1) 9 (52.9)

   Paraaortic region onlya,b 3 (60.0) 2 (40.0)

   Both regionsb 1 (12.5) 7 (87.5)

Cervical involvement

   Noa 226 (89.0) 28 (11.0) <0.001

   Superficial invasiona,b 5 (71.4) 2 (28.6)

   Stromal invasionb 23 (53.5) 20 (46.5)

Myometrial invasion

   No invasiona 27 (100.0) 0 (0.0) <0.001

   <1/2a 148 (95.5) 7 (4.5)

   ≥1/2b 79 (64.8) 43 (35.2)

Cytology

   Not evaluated** 138 (86.2) 22 (13.8) 0.188

   Benign 112 (81.2) 26 (18.8)

   Malignant 4 (66.7) 2 (33.3)

Tumor size (mm) 30 (1-125) 46 (12-130) <0.001

Number of pelvic lymph nodes removed 8 (0-60) 19.5 (0-54) 0.002

Number of paraaortic lymph nodes 0 (0-42) 3.5 (0-74) <0.001

Follow-up time (months) 35.5 (1-69) 30.5 (1-60) 0.029

Recurrence

   No 239 (84.8) 43 (15.2) 0.085

   Yes 15 (68.2) 7 (31.8)

Survival

  Alive 241 (87.0) 36 (13.0) <0.001

  Deceased 13 (48.1) 14 (51.9)

Results are presented as mean ± standard deviation, median (minimum-maximum), or n (% of total row). Statistical tests used: Student’s t-test, Mann-Whitney 
U test, Pearson’s chi-square test, Fisher’s exact test, Fisher-Freeman-Halton exact test. Differences between groups are indicated with lowercase letters
**Peritoneal cytology was not evaluated by pathology in some stage 1 low-grade patients (stage 1a/1b, grade 1)
LVSI: Lymphovascular space invasion
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likelihood of LVSI by 1.03 times [OR: 1.038; 95% CI: (1.024-
1.053); p<0.001]. In survival analysis, LVSI was 7.20 times 
more common in deceased patients compared to those who 
survived [OR: 7.209; 95% CI: (3.137-16.570); p<0.001]. The 
multivariate analysis revealed that grade and survival were 
significantly associated with LVSI. LVSI was found to be 4.88 
times more common in grade 3 patients compared to grade 
1 patients [OR: 4.886; 95% CI: (1.385-17.233); p=0.014] and 
4.16 times more common in deceased patients compared to 
survivors [OR: 4.160; 95% CI: (1.470-11.774); p=0.007].

The relationship between the patients’ survival status and 
independent variables was analyzed, and the findings are 
shown in Table 7.

Stage 1 patients had a significantly lower mortality rate (5.1%) 
compared to Stage 2 (21.7%) and Stage 4 (38.5%) (p<0.001). 
Similarly, Grade 3 tumors showed higher mortality (22.7%) than 
Grade 1 (3.6%) and Grade 2 (6.2%) (p<0.001). Patients with 
both pelvic and para-aortic lymph node metastases had higher 
mortality than those without lymphadenectomy (p=0.036).  
Although cervical stromal invasion was initially associated 
with survival, this was not confirmed in multivariate analysis. 

Median tumor size was significantly larger in deceased patients 
(46 mm) than in survivors (33 mm) (p<0.001). Mortality was 
also higher among patients with recurrence (40.9%) compared 
to those without (6.4%) (p<0.001). No significant associations 
were found between overall survival and histological type 
(p=0.064), lymph node metastasis (p=0.137), or positive 
peritoneal cytology (p=0.795) (Table 7).

Survival analyses based on the general clinical characteristics 
of the patients are presented in Table 8.

The overall survival time of patients was 63.16 months. Patients 
aged 60 years and below had significantly longer survival times 
than those over 60 years (64.94 vs. 60.50 months; p=0.016).  
Survival was longer for endometrioid tumors (64.38 months) 
compared to non-endometrioid tumors (52.28 months; 
p=0.020). Survival times by stage were 65.87 months for 
stage 1, 53.42 months for stage 2, 49.86 months for stage 3, 
and 42.99 months for stage 4 (p<0.001). For grade, survival 
was 65.79 months for grade 1, 65.23 months for grade 2, and 
48.50 months for grade 3 (p<0.001). Patients with lymphatic, 
vascular, or lymphovascular invasion had significantly shorter 
survival times compared to those without (p<0.001 for all). 

Table 6. Factors affecting the presence of lymphovascular space invasion-findings of univariate and multivariate 
logistic regression analysis

Univariate Multivariate

Variable OR (95% CI) p OR (95% CI) p

Histological type

Endometrioid Reference - Reference -

Non-endometrioid 6.350 (3.176-12.696) <0.001 1.637 (0.538-4.982) 0.386

Stage

1 Reference - Reference -

2 5.323 (1.939-14.613) 0.001 0.625 (0.095-4.122) 0.625

3 16.846 (7.128-39.816) <0.001 3.260 (0.915-11.612) 0.068

4 14.194 (4.311-46.734) <0.001 1.700 (0.316-9.158) 0.537

Grade

1 Reference - Reference -

2 3.000 (1.062-8.478) 0.038 1.854 (0.603-5.700) 0.281

3 16.459 (5.933-45.662) <0.001 4.886 (1.385-17.233) 0.014

Cervical involvement

No Reference - Reference -

Superficial invasion 3.229 (0.598-17.431) 0.173 0.625 (0.042-9.236) 0.732

Stromal invasion 7.019 (3.429-14.368) <0.001 3.027 (0.744-12.319) 0.122

Tumor size (mm) 1.038 (1.024-1.053) <0.001 1.016 (0.996-1.035) 0.116

Survival

  Alive Reference - Reference -

  Deceased 7.209 (3.137-16.570) <0.001 4.160 (1.470-11.774) 0.007

CI: Confidence interval, OR: Odds ratio
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Table 7. Relationship between overall survival and independent variables

Variable (n=304)
Survival

p-value
Alive (n=277) Deceased (n=27)

Age (years) 61.11±10.32 65.70±8.94 0.026

Histological type

   Endometrioid 238 (92.6) 19 (7.4) 0.064

   Non-endometrioid 39 (83.0) 8 (17.0)

Stage

   1a 225 (94.9) 12 (5.1) <0.001

   2b 18 (78.3) 5 (21.7)

   3a,b 26 (83.9) 5 (16.1)

   4b 8 (61.5) 5 (38.5)

Grade

   1a 106 (96.4) 4 (3.6) <0.001

   2a 120 (93.8) 8 (6.2)

   3b 51 (77.3) 15 (22.7)

Lymph node metastasis

   No lymphadenectomy 115 (95.0) 6 (5.0) 0.137

   None 136 (88.9) 17 (11.1)

   Present 26 (86.7) 4 (13.3)

Site of metastatic lymph node

   No lymphadenectomya 115 (95.0) 6 (5.0) 0.036

   Nonea,b 136 (88.9) 17 (11.1)

   Pelvic onlya,b 16 (94.1) 1 (5.9)

   Para-aortic onlya,b 5 (100.0) 0 (0.0)

   Both regionsb 5 (62.5) 3 (37.5)

Cervical involvement

   Nonea 236 (92.9) 18 (7.1) 0.027

   Superficial invasiona 5 (71.4) 2 (28.6)

   Stromal invasiona 36 (83.7) 7 (16.3)

Cytology

   Not evaluated** 146 (91.2) 14 (8.8) 0.795

   Benign 126 (91.3) 12 (8.7)

   Malignant 5 (83.3) 1 (16.7)

Tumor size (mm) 33 (1-130) 46 (10-120) <0.001

Number of pelvic lymph nodes removed 9 (0-60) 25 (0-57) 0.004

Number of paraaortic lymph nodes 0 (0-74) 5 (0-35) 0.001

Follow-up time (months) 36 (10-69) 20 (1-60) <0.001

Recurrence

   No 264 (93.6) 18 (6.4) <0.001

   Yes 13 (59.1) 9 (40.9)

Results are presented as mean ± standard deviation, median (minimum-maximum), or n (% of total row). Statistical tests used: Student’s t-test, 
Mann-Whitney U test, Pearson’s chi-square test, Fisher’s exact test, Fisher-Freeman-Halton exact test. Differences between groups are indicated 
with lowercase letters
**Peritoneal cytology was not evaluated by pathology in some stage 1 low-grade patients (stage 1a/1b, grade 1)
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Tumor size ≤35 mm was associated with longer survival 
(65.78 months) compared to tumors >35 mm (58.73 months; 
p<0.001). Recurrence significantly reduced survival, with 64.68 
months for patients without recurrence and 32.80 months for 
those with recurrence (p<0.001) (Figure 2, Table 8).
A univariate and multivariate Cox regression analysis was 
performed to identify factors affecting survival in patients 
(Table 9).
The analysis revealed that patients over 60 years had a 2.76 times 
higher mortality risk compared to those aged 60 years and below 

(OR: 2.767; 95% CI: 1.169-6.550; p=0.021). Non-endometrioid 
tumors had a 2.58 times higher mortality risk than endometrioid 
tumors (OR: 2.583; 95% CI: 1.130-5.906; p=0.025). Mortality rates 
for stage 2, 3, and 4 tumors were 5.25, 3.50, and 9.51 times higher, 
respectively, than for stage 1 tumors (p<0.05). Grade 3 tumors had 
an 8.75 times higher mortality rate than grade 1 tumors (p<0.001). 
Lymphatic invasion (OR: 4.574), vascular invasion (OR: 8.114), 
LVSI (OR: 6.525), tumor size >35 mm (OR: 4.560), and 
recurrence (OR: 9.965) were all significantly associated with 
higher mortality (p<0.001 for all). In multivariate analysis, 

Table 8. Survival analysis based on general clinical features of patients

Mean survival (months)
Standard 
error

95% CL
lower limit

95% CL
upper limit

p-value

Overall survival 63.16 1.08 61.03 65.29 -

Age (years)

   ≤60 years 64.94 1.12 62.74 67.14 0.016

   >60 years 60.50 1.82 56.93 64.08

Histological type

   Endometrioid 64.38 1.01 62.39 66.37 0.020

   Non-endometrioid 52.28 2.86 46.68 57.89

Stage

   1 65.87 0.87 64.15 67.59 <0.001

   2 53.42 4.91 43.78 63.05

   3 49.86 2.88 44.21 55.51

   4 42.99 7.73 27.83 58.14

Grade

   1 65.79 1.07 63.69 67.90 <0.001

   2 65.23 1.28 62.70 67.75

   3 48.50 2.77 43.05 53.94

Lymphatic invasion

   No 65.01 0.93 63.18 66.84 <0.001

   Yes 48.16 3.58 41.13 55.18

Vascular invasion

   No 65.39 0.87 63.68 67.10 <0.001

   Yes 42.45 4.64 33.34 51.56

Lymphovascular invasion

   No 65.80 0.86 64.12 67.49 <0.001

   Yes 46.74 3.24 40.39 53.10

Tumor size (mm)

   ≤35 mm 65.78 0.88 64.04 67.52 <0.001

   >35 mm 58.73 2.09 54.64 62.83

Recurrence

   No 64.68 0.99 62.73 66.64 <0.001

   Yes 32.80 3.76 25.41 40.19

CL: Confidence limit
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recurrence remained a significant predictor of higher mortality 
(OR: 8.100; p<0.001). Other factors showed no significant 
relationship with survival (p>0.05) (Table 9).

Discussion

Prognostic factors in endometrial cancer have been extensively 
debated, and it has been demonstrated that these factors can 
influence success of treatment strategies. Recent studies have 
identified key prognostic indicators, including poor histological 
differentiation, older age, deep myometrial invasion, non-
endometrioid histology, lymph node involvement, LVSI, lower 
uterine segment involvement, and molecular markers, as 
the main factors assessed in predicting the development of 
recurrence.
Age is commonly recognized as an independent prognostic 
factor. In a study by Veade et al. (9) the average age of patients 
without LVSI was 63.2 years, while those with LVSI had an 

Figure 2. Survival according to recurrence status-Kaplan-
Meier, Log-rank test

Table 9. Factors affecting survival-univariate and multivariate Cox regression analysis results
Univariate Multivariate

Variables OR (95% CL) p OR (95% CL) p
Age (years)

   ≤60 years 1 - 1 -

   >60 years 2.767 (1.169-6.550) 0.021 2.512 (0.937-6.734) 0.067

Histological type

   Endometrioid 1 - 1 -

   Non-endometrioid 2.583 (1.130-5.906) 0.025 0.336 (0.103-1.101) 0.072

Stage

   1 1 - 1 -

   2 5.256 (1.847-14.958) 0.002 1.918 (0.527-6.982) 0.323

   3 3.508 (1.230-9.999) 0.019 1.549 (0.412-5.826) 0.518

   4 9.515 (3.345-27.067) <0.001 3.463 (0.824-14.562) 0.090

Grade

   1 1 - 1 -

   2 1.817 (0.546-6.042) 0.330 1.360 (0.385-4.803) 0.633

   3 8.751 (2.885-26.541) <0.001 2.735 (0.681-10.987) 0.156

Lymphatic invasion

   No 1 - 1 -

   Yes 4.574 (2.093-9.996) <0.001 0.772 (0.169-3.519) 0.738

Vascular invasion

   No 1 - 1 -

   Yes 8.114 (3.758-17.517) <0.001 1.850 (0.388-8.813) 0.440

Lymphovascular invasion

   No 1 - 1 -

   Yes 6.525 (3.061-13.909) <0.001 3.829 (0.509-28.808) 0.192

Tumor size (mm)

   ≤35 mm 1 - 1 -

   >35 mm 4.560 (1.837-11.319) 0.001 1.441 (0.459-4.525) 0.531

Recurrence

   No 1 - 1 -

   Yes 9.965 (4.368-22.736) <0.001 8.100 (2.967-22.116) <0.001

OR: Odds ratio, CL: Confidence limit
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average age of 64.8 years. In our study, the mean age of patients 
without LVSI was 61.38±10.41 years, and 62.24±9.60 years for 
those with LVSI, with no significant association found between 
LVSI and age (p=0.589). Furthermore, patients over 60 years 
had a 2.76 times higher mortality risk, consistent with existing 
literature.

In our study, while LVSI was observed in 11.3% of endometrioid 
tumors, the rate of LVSI in endometrioid carcinoma was 
found to be significantly lower than that in non-endometrioid 
histological type carcinomas. In non-endometrioid tumors, LVSI 
was 6.35 times more common. In a study conducted by Hahn 
et al. (10), similar to our findings, LVSI was more frequently 
detected in non-endometrioid tumors, and LVSI was present in 
37.2% of patients with endometrioid adenocarcinoma.

Myometrial invasion is one of the prognostic factors that 
alters staging and significantly impacts survival. In our study, 
27 patients (8.9%) had no myometrial invasion, while 122 
patients (40.1%) had invasion of ½ or more. The rate of LVSI 
was significantly higher in patients with deeper myometrial 
invasion. Dane and Bakir (11) found that myometrial invasion 
depth was the most significant prognostic factor and correlated 
with pelvic lymph node metastasis, cervical involvement, and 
LVSI in 122 endometrial cancer cases. A meta-analysis by Wang 
et al. (12) analyzing 28,904 patients, also found a connection 
between myometrial invasion depth and LVSI, with a higher 
risk in patients with invasion of ½ or more. 

In our study, the LVSI rate was 46.5% in patients with cervical 
stromal invasion, compared to 11% in those without cervical 
involvement, with cervical stromal invasion increasing the 
likelihood of LVSI by 7.01 times. A study of 671 stage 1 and stage 
3 endometrial cancer patients also found a higher incidence 
of LVSI in those with cervical stromal invasion (13). Similarly, 
Koskas et al. (14) reported a correlation between LVSI and 
cervical stromal invasion in 485 stage 1 and 2 endometrial 
cancer patients.

In terms of tumor stage, 59.5% of cases were stage 1a, 18.4% 
were stage 1b, and 77.9% were stage 1. LVSI rates were lower 
in stage 1 patients. Stage 2 had 5.32-fold higher rates of LVSI, 
stage 3 had 16.84-fold increase times more, and stage 4 had 
14.19-fold greater rate of LVSI than stage 1. Similarly, Stålberg 
et al. (15) reported more advanced stages in LVSI-positive 
patients. Peters et al. (16) found that increased LVSI in both 
stage 1-2 and stage 3-4 patients was associated with decreased 
survival. In the present study and consistent with the literature, 
the survival time of patients with LVSI was shorter than those 
without LVSI. Moreover, the mortality rate was 7.20 times higher 
in the presence of LVSI.

There is a strong relationship between histological grade 
and prognosis in endometrial cancer. In the present study, 
as the grade increased, the incidence of LVSI also increased. 

Furthermore, the mortality rate was 8.75-times higher in 
grade 3 tumors compared to grade 1 tumors. However, when 
examining survival times and contrary to the literature, survival 
was similar in grade 1 and grade 2 tumors, while survival was 
significantly reduced in grade 3 tumors. Similarly, in the study 
by Berchuck et al. (17) it was reported that survival decreased 
with the presence of high-grade histology.

Canlorbe et al. (18) showed that low-risk endometrial cancer 
cases with tumors ≥35 mm have lower rates of recurrence-
free survival. Similarly, patients with tumors ≤35 mm in our 
cohort had longer survival. A study by Çakır et al. (19) reported 
a 5-year survival rate of 94% in patients with tumors ≤35 mm, 
compared to 89% in those with tumors >35 mm, and found 
tumor size was not a recurrence risk factor. Guo et al. (20) 
demonstrated that, as tumor size increases, the risk of lymph 
node metastasis and recurrence also rises, with a prognostic 
cut-off for metastasis and recurrence at 42.5 mm. In our study, 
the median tumor size was 45 mm in patients with LVSI and 32 
mm in those without LVSI. Tumors with vascular invasion had a 
median size of 57.5 mm, compared to 32 mm in those without 
vascular invasion. A 1-unit increase in tumor size increased the 
likelihood of LVSI by 1.03 times. Laufer et al. (21) also reported 
a significant relationship between LVSI and tumors >20 mm.

Fotopoulou et al. (22) identified LVSI and grade as key 
prognostic factors for lymph node metastasis, while Briët et 
al. (23) similarly reported that LVSI increased the likelihood 
of pelvic lymph node metastasis in stage 1 patients. In our 
study, lymph node metastasis occurred in 53.3% of LVSI-
positive patients, with rates of 47.1% in pelvic-only and 87.5% 
in combined pelvic and para-aortic metastasis. Consistent with 
Visser et al. (24) and Wakayama et al. (25), vascular invasion 
was associated with higher recurrence, while LVSI correlated 
with lymph node metastasis. Neal et al. (26) further noted 
LVSI as a significant prognostic factor, even in node-negative 
patients, and Jorge et al. (27) reported a 3- to 10-fold increased 
risk of nodal metastasis with LVSI. Although LVSI was significant 
in univariate analysis, its loss of significance in the multivariable 
Cox regression model may be explained by collinearity with 
established prognostic factors and the limited events-per-
variable ratio.

We found no relationship between LVSI and positive peritoneal 
lavage fluid. In the study by Takenaka et al. (28) which included 
1,616 endometrial cancer cases, positive peritoneal cytology 
was reported as a poor prognostic factor across all stages 
and tumor types. A 2016 meta-analysis by Lee et al. (29) 
also concluded that positive peritoneal cytology reduced 
5-year overall survival, but like our study, found no correlation 
between LVSI and positive peritoneal cytology. Furthermore, 
we found no relationship between positive peritoneal lavage 
fluid and overall survival, in contrast to several earlier studies.
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Based on current TCGA and ProMisE classifications, the 
prognostic significance of LVSI varies across molecular subtypes 
in endometrial cancer. While LVSI has been consistently reported 
as an important risk factor in the “no specific molecular profile” 
(NSMP) and mismatch repair deficiency (MMRd) tumors, its 
prognostic relevance appears attenuated in POLE-mutant 
cases. In the present study, LVSI was significantly associated 
with advanced stage, higher tumor grade, lymph node 
metastasis, and adverse survival outcomes, findings that are 
broadly consistent with previously reported prognostic patterns, 
particularly within the NSMP/MMRd subgroups. These results 
suggest that LVSI reflects underlying biological heterogeneity 
and may provide complementary prognostic information, even 
in the absence of molecular classification (30,31).

In our cohort, lymphatic invasion, vascular invasion, tumor 
size >35 mm, and recurrence were significantly associated 
with survival, in line with the existing literature. In contrast, 
no significant association was observed between survival and 
tumor histological type, lymph node metastasis, or positive 
peritoneal lavage cytology. Histological grade emerged as 
a strong determinant of both LVSI and survival outcomes. 
Importantly, this study contributes population-specific data 
by evaluating the prevalence and prognostic impact of LVSI 
in a Turkish endometrial cancer cohort, which remains 
underrepresented in molecular prognostic studies.

Study limitations

The limitations of this study include its uni-centric, retrospective 
design, reliance on archival data, and incomplete access to 
certain patient records. Nevertheless, its single-center nature 
and relatively large sample size provide a homogeneous 
dataset, strengthening the internal validity of the findings.

Clinical implications

Given the association between LVSI and adverse outcomes, 
patients with LVSI-positive tumors may benefit from closer 
postoperative follow-up. In selected cases, LVSI status could 
also be considered when individualizing adjuvant treatment 
decisions.

Conclusion

LVSI was strongly associated with tumor grade and survival 
in patients with endometrial cancer. Tumor size ≥35 mm 
and recurrence emerged as independent prognostic factors, 
underscoring their relevance for postoperative management. 
In addition, LVSI was significantly associated with lymph node 
metastasis and mortality, reinforcing its role as a marker of 
aggressive disease biology. Collectively, these findings support 
the integration of LVSI and tumor burden into postoperative risk 

stratification and treatment planning. The findings are largely 
consistent with prior studies and add meaningful value to 
both regional and international literature by presenting a large, 
population-based cohort from Türkiye. Further prospective 
studies incorporating molecular stratification are warranted to 
validate and extend these results.
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Original Investigation

Abstract
Objective: To compare maternal and neonatal outcomes among women undergoing cesarean section (CS) with concomitant myomectomy, 
women with uterine fibroids managed conservatively at cesarean delivery, and women without uterine fibroids.

Material and Methods: This retrospective cohort study included women who delivered by CS between May 2017 and December 2024. 
Patients were classified into three groups: CS with myomectomy  (Group 1),  CS with fibroids without myomectomy (Group 2), and CS without 
fibroids (Group 3). Maternal outcomes included perioperative changes in hemoglobin, hematocrit, and platelet counts, transfusion requirement, 
and length of hospital stay. Neonatal outcomes included birth weight, birth length, and Apgar scores. Appropriate parametric and non-parametric 
statistical tests were used for group comparisons.

Results: The study cohort numbered 682 with 252 (36.95%), 178 (26.1%) and 252 (36.95%) women in Groups 1, 2 and 3, respectively.  Postoperative 
hemoglobin, hematocrit, and platelet levels differed significantly among the three groups (all p<0.05). However, hemoglobin deficit did not differ 
significantly between Group 1 and Group 2 (p=0.346), while both groups showed greater hemoglobin deficit than Group 3 (p<0.05). Transfusion 
rates and hospitalization duration differed significantly between groups (p<0.05), with longer hospital stay observed in transfused patients 
regardless of group. Maximum myoma volume was higher in Group 1, whereas myoma count was greater in Group 2 and total myoma volume 
was comparable between these groups (p=0.09). Neonatal birth weight was significantly lower in Group 2 compared with Groups 1 and 3 
(p<0.05), while no difference was observed between Groups 1 and 3 (p=0.956). Other neonatal outcomes were similar.

Conclusion: Cesarean myomectomy was associated with larger changes in hematologic parameters and transfusion rates; however, 
hemoglobin deficit appears related to fibroid presence rather than myomectomy itself. Neonatal outcomes were not adversely affected by 
cesarean myomectomy, whereas untreated fibroids appeared to be associated with lower birth weight. [J Turk Ger Gynecol Assoc. 2026; 27(3): 187-95]
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Introduction

Uterine leiomyomas (fibroids) are the most common benign 
tumors of the female reproductive system and frequently coexist 
with pregnancy (1). Although the overall prevalence of fibroids 
in pregnancy varies widely depending on diagnostic modality 
and population characteristics, recent studies estimate rates 
ranging from approximately 2% to 12% in pregnant women, 
with higher prevalence reported in advanced maternal age 
and multiparous populations (2,3). Fibroids originate from 
monoclonal proliferation of smooth muscle cells within the 
myometrium and exhibit heterogeneous growth patterns 
influenced by hormonal, genetic, and vascular factors. Given 
their high prevalence, fibroids represent a frequent clinical 
challenge in obstetric practice.
While many fibroids remain asymptomatic during pregnancy, 
their presence has been associated with a spectrum of 
obstetric complications, including malpresentation, preterm 
birth, placental abruption, cesarean delivery, and postpartum 
hemorrhage (4,5). Fibroid size, number, and location, and 
in particularly large intramural or lower-segment myomas 
that may obstruct the uterine incision site or alter placental 
perfusion, appear to play an important role in determining 
obstetric risk. In addition to maternal morbidity, fibroid-related 
alterations in uterine architecture and perfusion may influence 
fetal growth and neonatal outcomes, although findings remain 
inconsistent across studies (6-8).
Management of uterine fibroids at the time of cesarean section 
(CS) represents one of the most debated topics in contemporary 
obstetric surgery. Historically, cesarean myomectomy was 
discouraged due to concerns regarding uncontrollable 
hemorrhage, prolonged operative time, and increased risk 
of peripartum hysterectomy (9,10). Consequently, fibroid 
removal during cesarean delivery was traditionally limited 
to pedunculated or easily accessible subserosal lesions. 
However, advances in surgical techniques, anesthesia, 
hemostatic strategies, and perioperative blood management 
have prompted renewed interest in the safety and feasibility of 
cesarean myomectomy.
In recent years, multiple observational studies and meta-
analyses have reported comparable maternal outcomes 
between cesarean myomectomy and cesarean delivery 
without myomectomy in selected patient populations, 
particularly when procedures are performed by experienced 
surgeons. Reported outcomes suggest that although cesarean 
myomectomy may be associated with increased operative 
complexity, rates of transfusion, severe hemorrhage, and 
hysterectomy are not consistently higher than those observed 
in patients with fibroids who do not undergo myomectomy. 
Nevertheless, heterogeneity in study design, patient selection, 

fibroid characteristics, perioperative management and 
outcome definitions have limited the generalizability of 
existing evidence, and current international guidelines remain 
cautious, emphasizing individualized decision-making rather 
than universal recommendations (11).

Importantly, many prior studies have focused primarily on 
comparisons between cesarean myomectomy and cesarean 
delivery without fibroids, potentially confounding the effects of 
fibroid presence with those of surgical intervention (10,12). Fewer 
investigations have incorporated a three-group comparative 
framework that separately evaluates patients undergoing 
cesarean myomectomy, patients with fibroids managed 
conservatively at cesarean delivery, and patients without fibroids. 
Such a design is essential to disentangle the contribution of fibroid 
burden itself from the incremental impact of myomectomy on 
maternal hematologic parameters, transfusion requirements, 
and postoperative recovery. This limitation hampers accurate risk 
stratification and may lead to overly conservative or inconsistent 
surgical decision-making in contemporary obstetric practice.

Therefore, the aim of the present study was to comprehensively 
compare maternal and neonatal outcomes among three 
distinct groups and to disentangle the impact of fibroid burden 
itself from the incremental effects of myomectomy at the 
time of cesarean delivery. The primary outcomes included 
perioperative changes in hemoglobin and hematocrit levels, 
transfusion requirement, and length of hospital stay. Secondary 
outcomes focused on neonatal parameters, including birth 
weight, birth length , and Apgar scores. By employing a three-
group analytical approach, it was hoped to provide clinically 
relevant evidence to inform surgical decision-making regarding 
cesarean myomectomy.

Material and Methods 

This retrospective cohort study was conducted between 
May 2017 and December 2024. The study included pregnant 
women who delivered via CS. Approval from the University of 
Health Sciences Türkiye, Balıkesir Atatürk City Hospital Ethics 
Committee was sought prior to the study and it conforms to 
the provisions of the Declaration of Helsinki (approval no: 
2025/02/20, date: 20.02.2025). As this was a retrospective study, 
informed consent was waived. Inclusion criteria consisted of 
women aged 18 years or older with no additional comorbidities. 
This approach was adopted to minimize confounding effects 
of systemic comorbidities on perioperative and neonatal 
outcomes. Exclusion criteria included patients with ovarian 
cysts, any malignancy, diabetes, hypertension, other chronic 
diseases, and multiple pregnancies.

Demographic and clinical data were retrospectively extracted 
from the hospital’s electronic medical record system. Maternal 
variables included age, gestational age at delivery, body mass 
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index (BMI), gravidity, parity, and abortion history. BMI was 
calculated as weight (kg) divided by height squared (m2). 
Laboratory parameters included preoperative and postoperative 
hemoglobin, hematocrit, platelet count, neutrophil count, and 
lymphocyte count. Additional variables included transfusion 
requirement, length of hospital stay, and myoma-related 
characteristics (number of myomas, total myoma volume, and 
maximum myoma volume). Neonatal outcomes included birth 
weight, birth length , and Apgar scores at 1 and 5 minutes.
Myoma volume was calculated using the ellipsoid formula 
(V = π/6×length×width×depth). Total myoma volume 
(total V) was defined as the sum of volumes of all detected 
myomas, and the largest individual myoma volume was 
defined as maximum myoma volume (max V). Laboratory 
analyses were performed using AU5800 (Beckman Coulter, 
California, USA) and pocH-100i (Sysmex Corporation, Japan). 
The same reagent kits and internal quality control procedures 
were used throughout the study period. None of the fibroids 
included in the study were submucosal. The majority of lesions 
were subserosal or intramural-subserosal fibroids. 
Patients were categorized into three groups: Group 1, CS  with 
concomitant myomectomy; Group 2, CS  in the presence 
of uterine myomas without myomectomy; and Group 3, CS 
without uterine myomas. Group 3 was selected to match the 
sample size of the cesarean myomectomy group, allowing 
balanced three-group comparisons. A post-hoc power analysis 
was performed assuming an 80% power, a 95% confidence 
level, and a 5% margin of error. Myomectomy in Group 1 
was performed during CS by experienced obstetric surgeons. 
Hemostasis during cesarean myomectomy was achieved 
using electrocautery, uterine compression sutures, and routine 
oxytocin infusion. No additional vasoconstrictive agents, such 
as vasopressin, were used, and uterine artery ligation or balloon 
tamponade was not routinely performed. Group 3 patients were 
consecutively selected from women without uterine myomas 
who underwent CS during the same study period.

Statistical analysis

All statistical analyses were performed using Stata version 
17 (StataCorp, USA). Normality of continuous variables was 
assessed using the Shapiro-Wilk test. Normally distributed 
variables were analyzed using one-way analysis of variance 
(ANOVA), while non-normally distributed variables were 
analyzed using the Kruskal-Wallis test. Post-hoc pairwise 
comparisons were performed using Tukey’s test for ANOVA 
and Dunn’s test with Bonferroni correction for Kruskal-Wallis 
analyses. Two-group comparisons were conducted using the 
independent samples t-test or the Mann-Whitney U test, as 
appropriate. Categorical variables were analyzed using the chi-
square test or Fisher’s exact test.

Exploratory binary logistic regression analyses were performed 
to evaluate factors associated with transfusion requirement 
and group discrimination. Given the observational design, 
these models were intended for hypothesis generation rather 
than causal inference. The discriminative performance of these 
models was assessed using receiver operating characteristic 
(ROC) curve analysis and area under the curve (AUC) values. 
To evaluate sample adequacy, a post-hoc power analysis was 
conducted using one-way ANOVA with three groups. Assuming 
a medium effect size (Cohen’s f =0.25), an alpha level of 0.05, 
and the observed group sizes, the calculated statistical power 
was 0.9999. This analysis was performed to confirm sample 
adequacy rather than to guide study design. A p-value <0.05 
was considered statistically significant.

Results

Baseline characteristics

The study cohort numbered 682 with 252 (36.95%), 178 (26.1%) 
and 252 (36.95%) women in Groups 1, 2 and 3, respectively.  
Baseline demographic and obstetric characteristics are 
presented in Table 1. Statistically significant differences were 
observed between the three groups with respect to maternal 
age, gestational age at delivery, number of previous abortions, 
systolic blood pressure, diastolic blood pressure, and neonatal 
birth weight (all p<0.05). BMI, gravidity, parity, and neonatal 
birth length  were comparable across groups (p>0.05).
Preoperative hemoglobin level, hematocrit, platelet count, 
neutrophil count, and lymphocyte count did not differ 
significantly between the groups (Table 2). In contrast, 
postoperative hemoglobin level, hematocrit, and platelet count 
differed significantly among the three groups (Table 2). 
Pairwise comparisons demonstrated no statistically significant 
difference in hemoglobin deficit between Group 1 and Group 
2 (p=0.346). However, hemoglobin deficit was significantly 
greater in both Group 1 and Group 2 compared with Group 3 
(p<0.05 for both comparisons) (Figure 1). Hematocrit deficit 
was significantly greater in Group 1 than in Group 2 and Group 
3 (p<0.05 for both comparisons). Similarly, change in platelet 
count was significantly greater in Group 1 compared with both 
Group 2 and Group 3 (p<0.05) (Figure 2).

The rate of blood transfusion requirement differed significantly 
between the three groups (p<0.05), with the highest transfusion 
rate observed in Group 1. Length of hospital stay also differed 
significantly between groups (p<0.05). When analyzed according 
to transfusion status, patients who received transfusions had 
significantly longer hospital stays compared with those who did 
not in all three groups (all p<0.05). Group-specific hospitalization 
data stratified by transfusion status are presented in Table 3.
Neonatal outcomes are summarized in Table 4. A significant 
difference was observed in birth weight between the three 



Bülbül et al. 
Maternal and neonatal outcomes of cesarean myomectomy 190 J Turk Ger Gynecol Assoc 2026; 27(3): 187-95

groups (p<0.05). Pairwise comparisons revealed that birth 
weight was significantly lower in Group 2 compared with 
Group 1 (p<0.05) and Group 3 (p<0.05), whereas no significant 
difference was observed between Group 1 and Group 3 
(p=0.956) (Table 5). No statistically significant differences were 
found between the groups with respect to neonatal birth length  
or Apgar scores at 1 and 5 minutes (all p>0.05).
Among patients with uterine fibroids (Groups 1 and 2), myoma-
related characteristics differed significantly between groups. 
Maximum myoma volume was significantly higher in Group 
1, whereas myoma count was significantly higher in Group 2 
(both p<0.05). Total myoma volume did not differ significantly 
between the two groups (p=0.09).

Subgroup analyses based on myoma number demonstrated 
that patients with multiple fibroids had significantly higher total 
myoma volume and maximum myoma volume compared 
with patients with a single fibroid (both p<0.05). In contrast, 

change in hemoglobin level, transfusion requirement rate, 
and length of hospital stay did not differ significantly between 
patients with single or multiple fibroids (all p>0.05). Neonatal 
outcomes, including birth weight and Apgar scores, were also 
comparable between the two subgroups (Supplementary 
Table 1).
The relationship between myoma count and perioperative 
outcomes is illustrated in Figure 3. Higher median hemoglobin 
change and longer hospital stay were observed across 
increasing myoma count categories. Transfusion rates also 
varied according to myoma count categories. Descriptive 
trends across myoma count groups are presented without 
formal statistical comparison.
When transfusion status was evaluated according to myoma 
burden, patients who received transfusions had higher total 
myoma volume and maximum myoma volume compared with 
those who did not. However, these differences did not reach 

Table 1. Demographic comparison of three groups
Variable Group 1 (mean ± SD) Group 2 (mean ± SD) Group 3 (mean ± SD) p-value

Age (years) 31.16±4.37 32.42±5.78 31.18±6.08 p<0.05

Gestational age 
(weeks)

37.79±1.72 37.72±1.20 37.78±1.12 p<0.05

BMI (kg/m2) 30.32±2.96 30.98±3.51 30.75±3.36 0.3076

Gravidity 1.73±0.90 1.58±0.77 1.56±0.77 0.0833

Parity 0.57±0.69 0.52±0.74 0.48±0.73 0.1343

Abortion 0.16±0.47 0.06±0.23 0.07±0.25 p<0.05

SBP (mmHg) 115.73±8.22 110.98±15.01 111.83±14.89 p<0.05

DBP (mmHg) 70.30±6.33 67.50±9.48 68.15±8.77 p<0.05

Birth weight (gr) 3130.15±642.09 3000.96±441.61 3157.90±481.60 p<0.05

Birth length (cm) 49.47±2.72 49.76±1.44 49.79±1.34 0.9852

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, SD: Standard deviation, BMI: Body mass index. p-values were obtained using the Kruskal-Wallis 
test

Table 2. Preoperative and postoperative laboratory values among study groups
Variable Group 1 (mean ± SD) Group 2 (mean ± SD) Group 3 (mean ± SD) p-value

Pre-HGB 12.11±0.07 12.03±0.08 11.96±0.09 0.443

Pre-HCT 36.11±0.21 36.08±0.24 35.9±0.27 0.804

Pre-PLT 249.81±3.921 259.06±4.822 258.31±5.331 0.212

Pre-NEU 7.02±0.11 7.18±0.12 7.31±0.14 0.191

Pre-LYM 1.99±0.03 1.99±0.03 1.96±0.04 0.850

Post-HGB 10.83±0.08 11.46±0.07 10.77±0.08 p<0.05

Post-HCT 32.82±0.21 34.09±0.21 34.02±0.24 p<0.05

Post-PLT 206.5±3.91 233.22±4.48 232.4±4.91 p<0.05

Post-NEU 11.13±0.19 11.31±0.17 11.43±0.21 0.287

Post-LYM 3.05±1.36 3.07±1.35 3.64±1.92 0.835

HGB: Hemoglobin, HCT: Hematocrit, PLT: Platelet, NEU: Neutrophil, LYM: Lymphocyte, SD: Standard deviation
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statistical significance in pairwise analyses (Group 1: p=0.082; 
Group 2: p=0.210) (Table 6).
ROC analyses comparing patient groups demonstrated variable 
discriminative performance. The comparison between 
patients who underwent cesarean myomectomy and patients 
with fibroids who did not undergo myomectomy (Group 1 

vs. Group 2) showed excellent discrimination (AUC =0.92). 
Comparisons between Group 1 and fibroid-free controls 
(Group 3) and between Group 2 and Group 3 demonstrated 
good discriminative performance, with AUC values of 0.81 and 
0.82, respectively (Figure 4).

Figure 1. The boxplot comparison of pre-post hemoglobin (HGB) deficit among the three study groups. (A) There was no 
statistically significant difference in HGB deficit between Group 1 and Group 2. (B) A statistically significant difference was 
observed between Group 1 and Group 3. (C) A statistically significant difference was observed between Group 2 and Group 
3. Mann-Whitney U test

Figure 2. The boxplot comparison of pre-post hemoglobin, hematocrit (HCT) and platelet (PLT) deficit in pairwise group 
comparisons. (A) Group 1 had significantly greater HCT deficit than Group 2. (B) HCT deficit was significantly higher in 
Group 1 compared to Group 3. (C) PLT counts showed a significantly greater deficit in Group 1 compared to Group 2. (D) 
Group 1 demonstrated significantly higher PLT deficit compared to Group 3
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In a separate exploratory logistic regression model evaluating 
factors associated with the decision to perform myomectomy, 
limited discriminative ability was observed (AUC =0.602). The 
corresponding ROC curve is presented in Figure 5.

Discussion

The present study set out to provide a comprehensive 
comparison of maternal and neonatal outcomes among women 
undergoing CS with concomitant myomectomy, women 
with uterine fibroids managed conservatively at cesarean 
delivery, and women without fibroids. By employing a three-
group design of 682 patients, our findings allow differentiation 
between the effects attributable to fibroid burden itself and 

those related specifically to the myomectomy procedure. 
Uterine fibroids may undergo variable changes in size during 
pregnancy. Recent evidence indicates that most fibroids either 
remain stable or increase only modestly in volume, particularly 
during the first trimester. Rapid fibroid enlargement is relatively 
uncommon and is often followed by stabilization or even 
regression later in pregnancy, likely due to changes in uterine 
blood flow and fibroid degeneration (4,13).

Consistent with prior observational studies (10,14), cesarean 
myomectomy in our cohort was associated with a greater 
magnitude of perioperative hematologic changes and 
higher transfusion rates compared with cesarean delivery 
in women without fibroids. However, a key finding of this 
study was that hemoglobin deficit did not differ significantly 
between patients undergoing cesarean myomectomy and 
those with fibroids who did not undergo myomectomy 
(p=0.346). This observation suggests that the presence of 
uterine fibroids, rather than the act of myomectomy itself, 
represents the dominant contributor to perioperative blood 
loss. This finding may partially be explained by impaired 
uterine contractility associated with fibroid-containing uteri. 
Fibroids can disrupt normal myometrial architecture and 
interfere with effective uterine contraction after delivery, 
thereby contributing to increased perioperative blood loss 
independent of myomectomy itself. In contrast, changes 
in hematocrit and platelet values were more pronounced 
in the cesarean myomectomy group. These findings likely 
reflect increased surgical manipulation and local hemostatic 
consumption associated with fibroid enucleation. Importantly, 
however, these laboratory differences did not translate into 
disproportionately higher rates of severe maternal morbidity, 
supporting the notion that cesarean myomectomy imposes 
an increased but clinically manageable hematologic burden 
when performed in appropriately selected patients.

The higher transfusion rate observed in the cesarean 
myomectomy group aligns with previous reports (6,14), yet our 
subgroup analyses further clarify this relationship. Transfusion 
requirement was more closely related to postoperative 
hemoglobin levels and platelet counts than to fibroid number 
or total fibroid volume alone. On the other hand, some studies 
reported no significant difference in blood transfusion rates 
between women who underwent cesarean myomectomy 
and those who had cesarean delivery without myomectomy 
(15,16). These findings suggest that, in appropriately selected 
patients and in experienced centers, cesarean myomectomy 
does not confer an additional transfusion risk compared 
with CS alone. In our study, hospitalization duration was 
significantly prolonged in transfused patients across all groups, 
underscoring transfusion status as a marker of postoperative 
recovery rather than a procedure-specific complication. 

Table 3. Hospitalization duration by transfusion 
status
Group Transfusion Mean ± SD Count

Group 1 No 1.94±0.43 241

Group 1 Yes 2.82±0.40 11

Group 2 No 1.86±0.49 170

Group 2 Yes 2.62±0.74 8

Group 3 No 1.92±0.46 241

Group 3 Yes 2.73±0.65 11

p<0.05 for comparisons between transfusion and non-transfusion 
subgroups within each study group (Mann-Whitney U test). SD: Standard 
deviation

Table 4. Neonatal outcomes-group comparisons
Parameter Test p-value

Birth weight Kruskal-Wallis p<0.05

Birth length Kruskal-Wallis 0.9852

Apgar 1 Kruskal-Wallis 0.9958

Apgar 5 Kruskal-Wallis 0.9958

Kruskal-Wallis test (3-group comparison)

Table 5. Pairwise Mann-Whitney U tests (birth weight)
Comparison Test p-value

Group 1 vs. Group 2 Mann-Whitney U p<0.05

Group 1 vs. Group 3 Mann-Whitney U 0.9558

Group 2 vs. Group 3 Mann-Whitney U p<0.05

Table 6. Association between myoma burden and 
transfusion requirement

Group
Mean total V 
(transfusion)

Mean total V 
(no transfusion)

p-value

Group 1 68.911 17.004 0.082

Group 2 15.969 13.584 0.21

total V: Total myoma volume
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Collectively, these findings further support the notion that 
perioperative blood loss is strongly influenced by the presence 
of uterine fibroids rather than the myomectomy procedure 
itself. Although cesarean myomectomy was associated with 
greater hematocrit and platelet changes, these likely reflect 
increased surgical manipulation and localized hemostatic 
consumption rather than uncontrolled hemorrhage. 
Importantly, no major myomectomy-related perioperative or 
postoperative complications, including puerperal sepsis or 
secondary postpartum hemorrhage, were observed in our 
cohort.

An important contribution of this study is the detailed evaluation 
of fibroid characteristics and their relationship to surgical 
decision-making. Patients undergoing cesarean myomectomy 
tended to have larger maximum fibroid volumes, whereas 
patients with fibroids managed conservatively more frequently 
exhibited a higher number of smaller fibroids. However, total 
fibroid volume did not differ significantly between these 
groups, suggesting that surgeons may prioritize accessibility 
and dominant lesion size over cumulative fibroid burden 
when deciding whether to perform myomectomy at the time 
of cesarean delivery. This approach is consistent with previous 
reports indicating that fibroid size and localization, rather than 
total fibroid load, play a central role in determining the feasibility 
and safety of cesarean myomectomy. Several studies have 
emphasized that larger, subserosal or pedunculated fibroids are 
more frequently selected for removal during cesarean delivery, 
whereas multiple smaller or intramural fibroids are often 
managed conservatively due to concerns regarding bleeding 
and operative complexity (16-18). Collectively, these findings 
support the concept that dominant fibroid characteristics, 
particularly size and surgical accessibility, are key determinants 
of intraoperative decision-making in cesarean myomectomy.

Subgroup analyses comparing single versus multiple fibroids 
further support this interpretation. Although patients with 
multiple fibroids had significantly higher total and maximum 
fibroid volumes, hemoglobin deficit, transfusion rate, and length 
of hospital stay were comparable between single and multiple 

Figure 3. Distribution of perioperative outcomes according 
to myoma count. The figure demonstrates hemoglobin 
deficit, length of hospital stay, and transfusion rate across 
different myoma count categories. Values are presented 
descriptively to illustrate trends in perioperative outcomes 
according to myoma burden
HGB: Hemoglobin 

Figure 4. Logistic regression and receiver operating 
characteristic analyses for group discrimination
AUC: Area under the curve

Figure 5. Receiver operating characteristic curve for the 
logistic regression model predicting myomectomy decision 
during cesarean section. The model includes predictors 
such as max V, myoma count, total V, BMI, age, and 
gestational age. AUC =0.602, indicating moderate predictive 
performance
AUC: Area under the curve, max V: Maximum myoma volume, total 
V: Total myoma volume, BMI: Body mass index
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fibroid subgroups. These findings imply that fibroid number alone 
may be a poor predictor of perioperative risk and that surgical 
feasibility is likely influenced by fibroid location, accessibility, 
and surgeon experience rather than numeric burden.
The exploratory logistic regression model evaluating factors 
associated with the decision to perform myomectomy 
demonstrated limited discriminative ability, reinforcing 
the complexity and individualized nature of intraoperative 
decision-making. Taken together, these results emphasize that 
cesarean myomectomy is not governed by a single quantitative 
threshold but rather by a constellation of anatomical and 
clinical considerations. In our institution, the decision to 
perform cesarean myomectomy was individualized and based 
primarily on intraoperative surgical assessment, including 
fibroid accessibility, dominant lesion size, technical feasibility, 
and perceived hemorrhage risk rather than predefined 
standardized criteria.

One of the most clinically relevant findings of this study relates 
to neonatal outcomes. Neonates born to mothers with fibroids 
who did not undergo myomectomy exhibited significantly 
lower birth weight compared with both cesarean myomectomy 
patients and fibroid-free controls. In contrast, birth weight 
did not differ between the cesarean myomectomy group and 
women without fibroids. Apgar scores and neonatal length 
were comparable across all groups. The significantly lower birth 
weight observed in patients with untreated fibroids suggests 
that the persistence of fibroids during pregnancy may negatively 
influence fetal growth. In contrast, birth weight in the cesarean 
myomectomy group was comparable to that of fibroid-free 
controls. Potential mechanisms include mechanical distortion 
of the uterine cavity and compromised uteroplacental perfusion. 
Fibroid localization may also influence neonatal outcomes. In 
particular, fibroids located near the lower uterine segment or 
uterine incision site may interfere with placental implantation, 
uterine distensibility, and local perfusion, potentially exerting a 
greater impact on fetal growth. These findings likely reflect the 
biological and mechanical effects of fibroids during pregnancy 
rather than the effect of cesarean delivery itself. However, 
fibroids directly involving the uterine incision site were not 
present in our cohort. Moreover, detailed localization data 
were not uniformly available in this retrospective study, limiting 
further subgroup analyses according to fibroid location. Notably, 
neonatal outcomes in the cesarean myomectomy group were 
comparable to those of fibroid-free patients, supporting the 
neonatal safety of myomectomy when performed under 
controlled conditions. These findings are consistent with 
previous studies reporting an association between untreated 
uterine fibroids and reduced neonatal birth weight, particularly 
in cases involving larger or strategically located fibroids 
(19,20). Prior literature has suggested that fibroids may impair 

placental development and uteroplacental blood flow, thereby 
contributing to fetal growth restriction. Importantly, available 
evidence indicates that removal of selected fibroids at the 
time of cesarean delivery does not negatively affect neonatal 
outcomes, reinforcing the concept that cesarean myomectomy 
can mitigate fibroid-related growth impairment without 
compromising neonatal safety.

Recent systematic reviews and meta-analyses have increasingly 
challenged the traditional avoidance of cesarean myomectomy, 
reporting comparable rates of major maternal complications 
between cesarean myomectomy and cesarean delivery alone 
in selected populations. Our findings are concordant with this 
evolving body of evidence while adding nuance through the 
inclusion of a fibroid-positive non-myomectomy comparison 
group. This three-arm design highlights that fibroid presence 
itself constitutes a meaningful risk factor for both maternal 
hematological changes and neonatal growth restriction, 
independent of surgical intervention.

Study limitations

The strengths of this study include its large sample size, 
three-group comparative design, detailed assessment of 
hematological parameters, and comprehensive evaluation 
of fibroid characteristics. The inclusion of both maternal 
and neonatal outcomes provides a balanced assessment of 
perioperative safety and fetal well-being. Several limitations 
should be acknowledged. The retrospective nature of the study 
limits causal inference and introduces potential selection bias, 
particularly regarding the decision to perform myomectomy. 
Although major fibroid localization patterns were available, 
detailed standardized classification data for all fibroids, as well 
as surgeon-specific operative parameters including operative 
time and estimated blood loss, were not uniformly available. 
In addition, long-term maternal outcomes, such as fibroid 
recurrence and future fertility, could not be assessed. Finally, 
although neonatal outcomes were reassuring, long-term 
neonatal follow-up was beyond the scope of this analysis.

Despite these limitations, our findings contribute meaningful 
evidence to the ongoing debate surrounding cesarean 
myomectomy. Importantly, the heterogeneity of existing 
studies-particularly with respect to fibroid characteristics, 
surgeon experience, and institutional resources-has limited the 
development of universal guidelines. The results suggest that, 
in selected patients, cesarean myomectomy can be performed 
without compromising neonatal outcomes and without 
imposing disproportionate maternal risk beyond that associated 
with fibroid presence itself. These data support a shift from a 
uniformly conservative approach toward a more individualized, 
anatomy-driven surgical strategy. Our results support a more 
individualized approach, emphasizing patient selection, surgical 
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expertise, and intraoperative assessment rather than categorical 
avoidance or endorsement of cesarean myomectomy.

Conclusion

Cesarean myomectomy appears to be a feasible and clinically 
acceptable option in selected patients when performed 
by experienced surgeons. The presence of uterine fibroids 
themselves may contribute more substantially to perioperative 
hematological changes and adverse neonatal growth outcomes 
than the myomectomy procedure itself. Future prospective studies 
with standardized reporting of fibroid characteristics, surgical 
techniques, and perioperative management are warranted to 
further refine patient selection criteria. Randomized trials may 
be challenging in this context but well-designed multicenter 
registries could provide high-quality evidence to guide clinical 
decision-making and inform guideline development.
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Introduction 

Follicular growth is believed to occur in multiple waves enabling 
recruitable antral follicles in the ovaries throughout the entire 
menstrual cycle (1). Based on this physiological understanding, 

in assisted reproductive technology, particularly in patients with 
diminished ovarian reserve, two consecutive stimulations may 
be performed within the same cycle to increase the number of 
oocytes retrieved in a shorter time and enhance the likelihood 
of obtaining more embryos (2). However, studies investigating 
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Abstract
Objective: Double ovarian stimulation (DuoStim) protocols, in which both follicular and luteal phase stimulations are performed within the 
same menstrual cycle, have emerged as a promising strategy for patients with diminished ovarian reserve. The aim of this study is to compare 
the outcomes of follicular and luteal phase stimulations in patients undergoing DuoStim protocols.

Material and Methods: This retrospective intra-patient paired comparative study included patients who underwent DuoStim between January 
2018 and December 2024 at a university-based infertility clinic. Stimulation protocols, gonadotropin doses and trigger types were evaluated. 
Primary outcomes were retrieved oocyte and metaphase II (MII) oocyte numbers across both stimulation phases. Clinical pregnancy rates 
achieved by embryos derived separately from each stimulation phase were evaluated as a secondary outcome. Duration of stimulation, total 
gonadotropin doses administered, cumulative oocyte yield and embryos obtained, fertilization rates, implantation rates, and live birth rates were 
also assessed.

Results: The study included 120 patients. Retrieved oocytes numbers [2 (1-3) and 2 (1-5) in follicular phase and luteal phase], MII oocytes [1 
(1-2) and 2 (0-4)], and frozen cleavage stage embryos [1 (0-1) and 1 (0-2) in follicular phase and luteal phase] were higher in the luteal phase 
stimulation (p<0.001, p=0.001, and p=0.005 respectively). Oocyte yield, fertilization rates, implantation rates, and clinical pregnancy rates were 
similar between the two phases. Total gonadotropin doses and stimulation duration were significantly higher during follicular phase stimulation. 

Conclusion: In patients with diminished ovarian reserve undergoing DuoStim, luteal phase stimulation yielded significantly more retrieved 
oocytes and MII oocytes despite requiring lower gonadotropin doses and shorter stimulation duration. Fertilization rates, embryo development, 
and clinical pregnancy rates were comparable between phases, suggesting that luteal phase-derived embryos are equally competent. These 
findings support DuoStim as an effective strategy to maximize oocyte yield within a single menstrual cycle in this challenging population. Further 
prospective studies are warranted to evaluate cumulative reproductive outcomes. [J Turk Ger Gynecol Assoc. 2026; 27(3): 196-202]
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this protocol, referred to as “double stimulation” or “DuoStim,” 
remain limited.
It has been reported that better reproductive outcomes can be 
achieved with the continuation of the second stimulation after 
the conventional protocol in cases of diminished ovarian reserve 
(3). Nonetheless, results of studies comparing follicular and 
luteal phase efficiency are conflicting. Some studies indicate 
that oocytes retrieved during follicular phase stimulation 
exhibit higher quality and fertilization rates compared to those 
from luteal phase stimulation (4,5), while others report a 
superior ovarian response in luteal phase stimulation or find no 
significant difference between the two phases (6-8). Moreover, 
the interval between oocyte retrieval and the initiation of luteal 
phase stimulation varies across studies, and the optimal timing 
to achieve the most effective ovarian response is unclear (5).
The aim of this study was to compare the reproductive 
outcomes of follicular and luteal phase stimulation in patients 
undergoing double stimulation within the same cycle. A 
particular question of interest was the comparison of clinical 
pregnancy rates obtained with embryos derived from both 
stimulation phases separately. 

Material and Methods

This study was conducted as a retrospective intra-patient 
paired comparative study. Data of patients who underwent two 
consecutive stimulations double ovarian stimulation (DuoStim) 
in the same cycle between January 2018 and December 2024 
in the Reproductive Endocrinology and Infertility Department 
of a Başkent University Faculty of Medicine were evaluated. 
Follicular phase- and luteal phase-derived oocytes and 
embryos, along with pregnancy outcomes obtained from 
these embryos, were compared. All patients who completed 
both stages of sequential stimulation in the same cycle due to 
diminished ovarian reserve/poor ovarian response during this 
period were included in the study. Diminished ovarian reserve 
is defined as anti-Müllerian hormone (AMH) <1.1 ng/mL or 
antral follicle count <7 (9). Patients with known endometrial 
anomalies, genetic anomalies, and recurrent implantation 
failure were excluded. Pre-implantation genetic testing cycles 
were not included.

Stimulation protocols

In our clinic, antagonist or progestin-primed ovarian stimulation 
(PPOS) protocols are routinely employed for controlled ovarian 
stimulation. Ovulation induction regimens were tailored to each 
patient’s age, body mass index (BMI), and antral follicle count 
during both stimulation phases at the clinician’s discretion. 
In the antagonist protocol, cetrorelix acetate (Cetrotide®, 
Merck, France) was initiated on the sixth day following the 

administration of 150-300 IU/day of gonadotropins, including 
follicle-stimulating hormone [(FSH); Gonal-f®, Merck, Italy] 
and/or human menopausal gonadotropin (Meriofert®, IBSA, 
Switzerland) (10). In the PPOS protocol, dydrogesterone 
(Duphaston® 10 mg, Abbott, Türkiye) was administered at a 
dose of 20 mg/day (2×10 mg) alongside gonadotropins (11). 
When at least one to two follicles reached ≥18 mm in diameter, 
final oocyte maturation was triggered using human chorionic 
gonadotropin [(hCG); Ovitrelle® 250 mcg, Merck, Türkiye] and/
or a GnRH agonist (Decapeptyl® 0.1 mg, Ferring, Germany), and 
oocyte retrieval was performed 36 hours after the trigger (10). 
Patients with diminished ovarian reserve were evaluated by 
ultrasonography at the oocyte retrieval day and if two or more 
follicles ≤10 mm were observed in one or both ovaries, luteal 
phase stimulation was initiated on the same day or within 6 
days after oocyte retrieval. The preferred stimulation protocols 
and trigger agents were decided by clinical judgement. When at 
least one follicle reached ≥18 mm during the luteal phase, final 
triggering and oocyte retrieval were scheduled 36 hours later. 
Retrieved oocytes were assessed for maturity, and 
intracytoplasmic sperm injection was performed on metaphase 
II (MII) oocytes. Fertilization was confirmed by the presence 
of two-pronuclear (2PN) zygotes 16-18 hours post-injection. 
Cleavage stage embryos were frozen on day 3, and blastocysts 
were cryopreserved on day 5/6. Only good-quality cleavage 
stage embryos and blastocysts were frozen. Good quality 
embryos were defined as cleavage stage embryos with ≥7 
blastomeres, ≤10% fragmentation, uniform blastomeres, no 
or minimal vacuoles, and normal zona pellucida (Grade A or 
B); blastocysts were considered good quality at 3BB and above 
according to Gardner’s classification (12).

Frozen embryo transfer protocol

All embryo transfers were frozen-thawed transfers performed 
with artificially prepared endometrium using hormone 
replacement therapy. Estradiol (E2) hemihydrate (Estrofem® 

2 mg, Novo Nordisk A/S, Denmark) 6 mg/day was initiated 
at day 3 of menstrual cycle and continued for at least 12 
days. Endometrial thickness was measured by interval 
ultrasonography, and vaginal progesterone (P) (Progestan® 200 
mg, Koçak Farma, Türkiye) 800 mg/day and subcutaneous P 
(Prolutex® 25 mg, IBSA, Türkiye) 25 mg/day were administered 
provided that endometrial thickness was ≥7 mm (11,13). 
Embryo transfer was performed on the fourth day of P 
supplementation for cleavage-stage embryos and on the 
sixth day for blastocyst-stage embryos (13). The presence of 
pregnancy was evaluated by measuring serum b-hCG value 12 
days after embryo transfer. Clinical pregnancy was defined as 
presence of fetal cardiac activity on ultrasound investigation.
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Outcome measures

Patient characteristics, including age, BMI and AMH levels were 
recorded. Cycle-related parameters, such as the stimulation 
protocols used in the follicular and luteal phases, duration 
of stimulation, total gonadotropin doses, trigger agents, and 
hormone levels on the trigger day were evaluated. 
Primary outcomes were the cumulative number of oocytes 
retrieved and MII oocytes across both stimulation phases, 
reflecting the principal aim of DuoStim in this population. As 
a secondary outcome, clinical pregnancy rates achieved by 
embryos derived separately from each stimulation phase 
were compared. Additional secondary outcomes included 
fertilization rates, implantation rates, duration of stimulation, 
and total gonadotropin doses administered. The effect of the 
interval between oocyte retrieval and the initiation of luteal 
phase stimulation was also assessed.
Oocyte yield was defined as the ratio of the number of oocytes 
retrieved to the number of follicles ≥10 mm on the day of 
oocyte retrieval. Fertilization rate was defined as the ratio of 
2PN zygotes to the number of MII oocytes used for fertilization. 
Implantation rate was calculated as the number of gestational 
sacs per embryo transferred. Pregnancy rate was defined as 
the number of clinical pregnancies per oocyte retrieval cycle 
from which an embryo transfer was performed (10).
This study was performed in line with the principles of the 
Declaration of Helsinki and was approved by the Institutional 
Review Board of the Başkent University where the study was 
conducted (approval no: KA25/193; date: 19/06/2025). Informed 
consent for the use of medical data was obtained from all 
patients prior to their treatment.

Statistical analysis

SPSS, version 27.0 was used in the analysis of the data (IBM Inc., 
Armonk, NY, USA). Categorical measurements are presented 
as numbers and percentages, and continuous measurements 
are summarized with mean and standard deviation. For within-
patient paired comparisons of continuous variables, paired 
sample t-tests were used when data were normally distributed, 
and Wilcoxon signed-rank tests were applied otherwise. For 
comparison of within-patient categorical variables McNemar’s 
test was used. The effect of timing of luteal phase stimulation 
initiation on luteal phase outcomes were evaluated by Mann-

Whitney U test (continuous variables) and chi-square test 
(categorical variables). In all tests, p<0.05 was considered 
statistically significant. 

Results

A total of 120 patients who completed both phases of the 
double stimulation protocol during the specified study period 
were included. The mean age was 35.82±5.09 years, mean 
BMI was 24.04±4.04 kg/m2, mean AMH level was 0.68±0.43 ng/
mL, and mean antral follicle count was 5.21±2.63 (Table 1). 
The duration of stimulation and the total gonadotropin doses 
administered were significantly greater during follicular phase 
stimulation (p<0.001). The antagonist protocol was more 
frequently used during follicular phase stimulation (55.1%), 
whereas the PPOS protocol was predominantly used in luteal 
phase stimulation (81.3%) (p<0.001). On the trigger day, E2 and 
P levels were significantly higher in luteal phase stimulation. 
Although dual trigger was widely used in both stimulation 
phases, it was significantly more frequent in the luteal phase 
(73.9%) (p<0.001) (Table 2). In follicular phase stimulation, 
there were no significant differences in retrieved oocyte rates, 
fertilization rates, frozen embryo rates, or implantation rates 
across different trigger types (p>0.05). However, in luteal 
phase stimulation, the fertilization rate was significantly higher 
in the dual trigger group (p<0.001). 
Compared to follicular phase stimulation, luteal phase 
stimulation yielded a significantly higher number of retrieved 
oocytes [2 (1-3) vs. 2 (1-5) in follicular and luteal phases, 
respectively; p<0.001] and MII oocytes [1 (1-2) vs. 2 (0-4) in 
follicular and luteal phases, respectively; p=0.001]. Frozen 
cleavage embryo rates were also higher in luteal phase 
simulation [1 (0-1) vs. 1 (0-2); p=0.005] while frozen blastocyst 
numbers were similar between the two phases (Table 2). 

Embryos were thawed for transfer in 68 of the 120 patients 
(56.7%): 43 patients had follicular phase embryos thawed and 
43 had luteal phase embryos thawed, with 18 patients having 
embryos from both phases thawed. Embryo transfer was 
performed in 66 patients; transfer of follicular phase embryos in 
5 patients, and luteal phase embryos in 4 patients, were deferred 
due to poor embryo quality following the thawing process.

Table 1. Baseline clinical characteristics of included patients
Clinical characteristics Mean ± SD

Age (years) 35.82±5.09

BMI (kg/m2) 24.04±4.04

AMH (ng/mL) 0.68±0.43

AFC 5.21±2.63

Values are presented as mean ± SD. AMH: Anti-Müllerian hormone, AFC: Antral follicle count, BMI: Body mass index, SD: Standard deviation
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Table 2. Comparison of cycle parameters and outcomes between follicular and luteal phase stimulations 
(n=120 for each phase unless otherwise noted)

Follicular phase stimulation 
(n=120)
Median (IQR)

Luteal phase stimulation 
(n=120)
Median (IQR)

p

Stimulation duration (days) 7 (6-9) 6 (4-8) 0.004

Total gonadotropin dose (IU) 2100 (1500-2700) 1500 (1068.7-2306.2) 0.002

Stimulation protocol, n (%) <0.001

None 4.2 3.6

Antagonist 56.8 15.2

PPOS 39.0 81.3

E2 at trigger day (pg/mL) 333 (206.5-559) 495 (265-887.7) <0.001

P at trigger day (ng/mL) 0.3 (0.2-0.4) 6.6 (1.4-12.9) <0.001

Trigger type, n (%) <0.001

hCG 35.6 24.3

Agonist 22.9 1.7

Dual 41.5 73.9

Follicles ≥10 mm at trigger day 2 (1-3) 4 (2-6) <0.001

Oocytes retrieved, n 2 (1-3) 2 (1-5) <0.001

MII oocytes, n 1 (1-2) 2 (0-4) 0.001

Oocyte yield (%)1 100 (50-100) 73.2 (33.3-100) 0.191

Fertilization rate (%)2 
Group-level proportion (%)3

50 (0-100) (n=104) 50 (33.3-89.3) (n=98)
0.160

67.9% (127/187) 65.3% (186/285)

Cleavage-stage embryos, n4 1 (1-2) (n=72) 2 (1-3) (n=78) 0.007

Blastocysts, n4 0 (0-0) 0 (0-0) 0.348

Frozen cleavage embryos, n4 1 (0-1) 1 (0-2) 0.005

Frozen blastocysts, n4 0 (0-0) 0 (0-0) 0.348
1Oocyte yield = oocytes retrieved/follicles ≥10 mm on trigger day. Calculated only for patients with ≥1 follicle ≥10 mm. 2Fertilization rate = 2PN zygotes/MII 
oocytes used for ICSI. Denominator reduced to n=104 (follicular) and n=98 (luteal) because patients with 0 MII oocytes were excluded from the fertilization 
rate calculation. 3Fertilization rate: group-level proportions (total 2PN/total MII oocytes). 4Cleavage embryo number reported only for patients with ≥1 
fertilized oocyte (n=72 follicular, n=78 luteal). E2: Estradiol, P: Progesterone, hCG: Human chorionic gonadotropin, MII: Metaphase II, PPOS: Progestin-
primed ovarian stimulation, IQR: Interquartile range, 2PN: Two-pronuclear. Values are mean ± standard deviation or n (%)

Table 3. Transfer outcomes of embryos derived separately from follicular and luteal phase stimulations
Follicular phase Luteal phase Both phases p

Patients with embryos thawed, n (%) (n=68) 43 (35.8%) 43 (35.8%) 18

Patients with embryos transferred, n (%) (n=66) 38 (31.7%) 39 (32.5%) 11

Transferred embryos, n
median (IQR)

1 (1-1) (n=38)1 1 (1-2) (n=39)2 0.157

Implantation rate (%)3 
median (IQR)

0 (0-100) (n=38) 0 (0-50) (n=39) 0.705

Clinical pregnancy rate, % (n) 50.00 (n=19/38) 41.02 (n=16/39) 0.564

Live birth rate, % (n) 23.68 (n=9/38) 33.33 (n=13/39) 0.157
1Follicular phase transfers: 30 patients received 1 embryo, 8 received 2 embryos; 5 patients had embryos thawed but not transferred due to poor post-thaw 
quality. 2Luteal phase transfers: 22 patients received 1 embryo, 16 received 2 embryos, 1 received 4 embryos; 4 patients had embryos thawed but not 
transferred due to poor post-thaw quality. 3Implantation rate = gestational sacs / embryos transferred. Note: 18 patients had embryos from both phases 
thawed; 11 had transfers from both phases. Transfer outcomes are reported per phase, not per patient. Clinical pregnancy defined as presence of fetal 
cardiac activity on ultrasound. IQR: Interquartile range
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Implantation, clinical pregnancy and live birth rates of 
embryos derived from the follicular and luteal phases were not 
statistically significantly different (Table 3). 
Initiation day of luteal phase stimulation (oocyte retrieval day/
next day vs. ≥2 days after oocyte retrieval) was not found to be 
associated with clinical pregnancy outcomes (Supplementary 
Table 1).

Discussion 

In this study, which included 120 patients undergoing 
the DuoStim protocol, luteal phase stimulation yielded a 
significantly higher number of retrieved oocytes, MII oocytes 
and frozen cleavage stage embryos compared to follicular 
phase stimulation. Despite this difference in achieved oocytes, 
fertilization rates, implantation rates, and clinical pregnancy 
rates of embryos derived separately from each stimulation 
phase were comparable between the two phases. 
The DuoStim protocol, involving two consecutive ovarian 
stimulations during the follicular and luteal phases of the same 
menstrual cycle, was first described by Kuang et al. (6) and is 
also referred to as the Shanghai protocol. This approach aims 
to increase the yield of usable oocytes and is particularly useful 
in cases where a single stimulation is inadequate or when time 
constraints preclude multiple cycles. As DuoStim minimizes the 
interval between successive oocyte retrievals, it is especially 
favored for fertility preservation in patients with medical or 
social indications (14). In addition, it has been proposed as a 
viable option for patients with poor ovarian response (7,15).
In our study, both the duration of stimulation and the total 
gonadotropin dose were higher during follicular phase 
stimulation. However, contrary findings have been reported, 
with some studies suggesting that luteal phase stimulation 
requires a longer duration and higher gonadotropin 
consumption (5,10). The shorter stimulation duration observed 
in the luteal phase in our cohort may be attributed to elevated 
E2 and P levels. It has been proposed that supraphysiological 
E2 and P levels during the luteal phase enhance follicular 
synchronization and increase the expression of FSH receptors 
on granulosa cells (16,17). Furthermore, animal studies have 
demonstrated that high hormonal levels may improve FSH 
sensitivity of granulosa cells through increased angiogenic 
factor expression (18). These mechanisms may also contribute 
to the higher number of oocytes and MII oocytes obtained in 
the luteal phase in our study. 
Our study also revealed comparable fertilization and 
implantation rates, used as indicators of embryo quality, 
between follicular and luteal phase stimulations. The BISTIM 
study which compared DuoStim with two conventional ovarian 
stimulations in a randomized controlled design, found no 
difference in reproductive outcomes between the two protocols 
(19). However, there are few studies comparing the efficiency 

of follicular and luteal stimulations within the same menstrual 
cycle, and they have reported conflicting results. While some 
studies have indicated a diminished response during luteal 
phase stimulation (4,5), higher oocyte yield during the luteal 
phase has also been demonstrated (20). In a study by Zhang et 
al. (21), although stimulation duration and total gonadotropin 
dose were similar between the two phases, a greater number 
of oocytes were retrieved during luteal phase stimulation. 
However, the rate of MII oocytes was lower in the luteal phase, 
and both cleavage-stage and high-quality embryo rates were 
comparable between the two phases (21). Cimadomo et al. 
(16) reported fewer oocyte and blastocyst numbers in follicular 
phase stimulation. However, pregnancy and delivery rates 
were similar between follicular phase and luteal phase derived 
blastocytes (16). In the study of Luo et al. (10), fertilization and 
frozen embryo rates were similar in both groups, although 
implantation and pregnancy rates per transfer appeared to 
be more favorable with embryos derived from luteal phase 
stimulation. Despite these discrepancies, it has been stated 
that patients with poor ovarian response who fail to achieve 
good quality embryos after the first stimulation are more likely 
to continue stimulation in the same cycle, rather than waiting 
for a subsequent cycle. As a result, the likelihood of transferring 
at least one euploid embryo may be higher following a DuoStim 
protocol compared to two separate conventional stimulations 
(15). Indeed, previous reports have suggested that DuoStim 
can increase the number of retrieved oocytes and improve 
the chance of embryo transfer (2,22,23). Importantly, unlike 
most published studies that report only oocyte and embryo 
yield, the present study separately attributes clinical pregnancy 
outcomes to each stimulation phase, which represents a 
relatively uncommon approach in the DuoStim literature.
Various stimulation protocols have been described in the 
literature for both follicular and luteal phases (5,24). In our 
study, the antagonist protocol was predominantly used during 
follicular phase stimulation, while the PPOS protocol was more 
frequently applied in the luteal phase. A previous study employing 
similar protocols reported no significant differences in embryo 
quality between the two stimulation phases (10). Also, a recent 
investigation examining the effects of different follicular phase 
protocols on subsequent luteal phase outcomes in DuoStim 
cycles found that both antagonist and PPOS protocols were 
associated with favorable results with no significant differences 
(25). Since frozen embryo transfer policies are mandatory in 
double stimulation cycles, PPOS protocol may present additional 
advantages in the luteal phase, including lower cost, fewer 
injections, and prevention of premature menstruation before the 
second oocyte retrieval. 
The choice of trigger was left to the clinician’s discretion. 
Therefore, various trigger protocols including hCG trigger, 
gonadotropin-releasing hormone (GnRH) agonist trigger and dual 



Doğan Durdağ et al. 
Follicular and luteal phase response in DuoStim 201J Turk Ger Gynecol Assoc 2026; 27(3): 196-202

trigger, which combines GnRH agonist with hCG, were utilized 
in the present study. Dual trigger has been reported to improve 
the number of oocytes retrieved and enhance reproductive 
outcomes in patients with poor ovarian response undergoing in 
vitro fertilization (IVF) (17,26), and is often preferred due to these 
advantages. In the present study, trigger agents were not uniform. 
Dual trigger was used in 73.9% of luteal phase stimulations and 
was associated with significantly higher fertilization rates in the 
luteal phase. The more frequent use of dual trigger at the end of 
cycles characterized by supraphysiological hormone levels may 
have further contributed to this finding.
Current literature lacks consensus regarding the optimal 
interval between oocyte retrieval and initiation of luteal phase 
stimulation. This interval has been reported to vary from 1 day to 
7 days post-retrieval in different studies (3,5,10,24). In a recent 
large retrospective study, 541 DuoStim cycles were grouped 
based on the timing of luteal phase stimulation initiation, 
from 0-2 to 5-6 days, and no significant difference in oocyte 
yield was found among the groups (27). Consistent with this, 
no significant differences were observed in our study when 
luteal phase stimulation was initiated at oocyte retrieval day/
next day versus ≥2 days after retrieval (Supplementary Table 
1), suggesting flexibility in the application of IVF procedures 
without strict timing constraints. 

Study limitations

The principal strength of this study lies in its reporting of clinical 
pregnancy rates separately attributable to embryos derived 
from each stimulation phase within the DuoStim cycle. This 
approach, which is uncommon in the existing literature, enables 
a direct comparison of embryo competence between the 
follicular and luteal phases. The intra-patient design eliminates 
between-patient confounding, and the cohort of 120 patients 
represents one of the larger series of this kind reported to date.
However, several limitations of this study merit consideration. 
First, the retrospective design precludes causal inference, and 
the non-predefined decision to proceed with luteal phase 
stimulation introduces substantial selection bias. The decision 
to initiate luteal phase stimulation was made at oocyte 
retrieval based on the presence of residual follicular activity 
on ultrasound, meaning that only patients with at least some 
remaining follicular potential were included in the DuoStim 
cohort. This selective inclusion may have favored patients with 
relatively better ovarian reserve within the poor responder 
spectrum and may have contributed to the higher oocyte yield 
observed in the luteal phase.
Second, a formal a priori power calculation was not performed, 
given the retrospective nature of the study and the limited published 
data on phase-specific clinical pregnancy rates in DuoStim cycles. 
This should be considered when interpreting the absence of 
statistically significant differences in pregnancy outcomes. 

Third, stimulation protocols and trigger types differed 
substantially between follicular and luteal phase stimulations, 
reflecting routine clinical practice rather than a standardized 
experimental design. Multivariable adjustment for these protocol 
differences was not feasible given the sample size. However, 
given the lack of standardized protocols in the currently limited 
literature, such variability is not unusual. Finally, embryo transfer 
was not performed in all patients with frozen embryos, and 
clinical pregnancy and live birth data were available for only a 
limited number of patients at the time of analysis. 

Conclusion 

Our findings indicate that in patients with diminished ovarian 
reserve undergoing DuoStim, luteal phase stimulation yielded 
significantly more retrieved oocytes, MII oocytes, and frozen 
cleavage-stage embryos despite requiring lower gonadotropin 
doses and shorter stimulation duration. Nevertheless, 
fertilization rates, implantation rates, and clinical pregnancy 
rates were comparable between the two phases, suggesting 
that luteal phase-derived embryos are equally competent 
to those from the follicular phase. While double stimulation 
cycles require frozen embryo transfer, luteal phase stimulation 
appears to be at least as effective as follicular phase stimulation 
within the same cycle and may contribute to an increased 
number of transferable embryos in patients with diminished 
ovarian reserve. Therefore, evaluation of these patients at 
the end of the follicular phase, with subsequent referral of 
suitable candidates to a DuoStim protocol, may improve their 
reproductive outcomes. Further randomized prospective 
studies are warranted to refine stimulation protocols and 
evaluate cumulative reproductive outcomes in women with 
diminished ovarian reserve. 
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Original Investigation

Abstract

Objective: Endometriosis is a chronic inflammatory disorder lacking definitive laboratory diagnostic markers. Angiopoietin-like protein-4 
(ANGPTL4) is a protein involved in the regulation of angiogenesis and inflammation. The aim of the present study was to evaluate serum and 
peritoneal fluid (PF) levels of ANGPTL4 to explore its potential role in the pathogenesis of endometriosis. 

Material and Methods: This prospective study included women with surgically confirmed endometriosis and age-matched healthy controls 
with similar demographic characteristics. Clinical and laboratory parameters, including serum ANGPTL4, anti-Müllerian hormone (AMH), and 
cancer antigen-125 (CA125) levels were compared between groups. In addition, PF ANGPTL4 levels were assessed in the endometriosis group.

Results: Serum ANGPTL4 (512.65±46.91 vs. 177.60±11.84 ng/mL, p<0.001) and CA125 (53.52±6.05 vs. 20.10±3.18 U/mL, p<0.001) levels were 
significantly higher in endometriosis group. Serum ANGPTL4 positively correlated with the severity of pelvic pain and dyspareunia, serum CA125 
level and PF ANGPTL4, and negatively correlated with AMH (r=0.743, p<0.001; r=0.624, p<0.001; r=0.444, p<0.001; r=0.841, p<0.001; and r=-
0.380, p<0.001, respectively). Receiver operating characteristic analysis identified an optimal serum ANGPTL4 cut-off value of 188.61 ng/mL (area 
under the curve =0.755, sensitivity 75% and specificity 62.5%, positive predictive value 66.7%, and negative predictive value 71.4%). 

Conclusion: Serum ANGPTL4 levels were significantly higher in women with endometriosis and were associated with clinical and laboratory 
parameters. It may serve as a supportive biomarker in the clinical assessment of endometriosis. [J Turk Ger Gynecol Assoc. 2026; 27(3): 203-10]
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Introduction

Endometriosis is a chronic, progressive disease characterized 
by local and systemic inflammation and the presence of 
ectopic endometrial tissue (1,2). Ectopic endometrial implants 
are most frequently observed in the ovaries, as well as in 
extraovarian pelvic peritoneal locations, including the broad 
ligament, pouch of Douglas, and uterosacral ligaments (2,3). 
Endometriosis is clinically diagnosed in approximately 10% of 
women of reproductive age. Its most common manifestations 
include infertility and pain-related symptoms, particularly 

dysmenorrhea and chronic pelvic pain, which have been 
shown to markedly reduce quality of life (1,2).
Currently, no biomarker has demonstrated sufficient accuracy 
to serve as a standalone diagnostic tool for endometriosis (4). 
The clinical value of cancer antigen-125 (CA125) for diagnosing 
endometriosis is restricted because elevated levels can occur in 
ovarian, bladder, and renal cancers, as well as in inflammatory 
disorders and adenomyosis (5). Surgery remains the gold 
standard for the diagnosis of endometriosis (3). Therefore, 
research efforts have increasingly focused on developing non-
invasive diagnostic methods suitable for clinical use.
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Although the pathogenesis of endometriosis has not been 
fully elucidated, angiogenesis, inflammation, oxidative 
stress, and fibrosis are recognized as central mechanisms 
(2). Angiopoietin-like protein 4 (ANGPTL4), a member of 
the angiopoietin-like family, is involved in the regulation of 
inflammation and angiogenesis (6). However, the role of 
ANGPTL4 in the pathophysiology and clinical significance 
of endometriosis remains insufficiently understood. The 
revised American Society for Reproductive Medicine (rASRM) 
classification is the most widely used surgical staging system for 
endometriosis and remains the standard method for assessing 
disease extent despite its limited correlation with symptom 
severity (7,8). Whether circulating and local ANGPTL4 levels 
vary according to disease stage has not yet been investigated. 
Given this context, the current study aimed to investigate 
whether serum levels of ANGPTL4 may have potential value in 
the clinical evaluation of women with endometriosis compared 
with a healthy control group. In addition, peritoneal fluid (PF) 
ANGPTL4 levels were evaluated in the endometriosis group for 
a better understanding of local factors. Furthermore, serum 
and PF ANGPTL4 levels were evaluated according to rASRM 
stage to explore their association with disease severity.

Material and Methods

Study population

The study was approved by Ankara Bilkent City Hospital Ethics 
Committee (approval no: TABED 1-25-1372, date: 04.06.2025) 
and National Institutes of Health Clinical Trial’s Registry 
(#NCT07164196).
After detailed information about the study protocol was 
provided, written informed consent was obtained from all 
participants.
Exclusion criteria for both the endometriosis and control groups 
included postmenopausal status, a history of previous surgery 
for endometriosis, adenomyosis, infectious or acute/chronic 
inflammatory diseases, autoimmune disorders, tumor history, 
menorrhagia or hypermenorrhea, pregnancy, lactation, use 
of intrauterine devices, and any medical treatment, including 
hormonal therapy or antidiabetic medications.

Data collection and evaluation of ANGPTL4 levels

Demographic characteristics and clinical findings, including 
body mass index (BMI), serum CA125 levels, serum anti-
Müllerian hormone (AMH) levels, pelvic pain, and dyspareunia 
were recorded for all participants. Serum ANGPTL4 levels were 
compared between the endometriosis patients and the healthy 
controls. The PF ANGPTL4 levels were also evaluated, but only 
in women with endometriosis. 

Dyspareunia was defined as recurrent or persistent pain 
associated with sexual intercourse which causes distress, 
including the complaints during or within 24 hours after the 
intercourse (9). Pelvic pain was defined as cyclic or non-
cyclic lower abdominal pain for at least six months, unrelated 
to pregnancy (10). Visual analogue scale (VAS) for pain, with 
possible scores from 0 to 10, was applied to investigate the 
presence and severity of both pelvic pain and dyspareunia. The 
0 point was assessed as having no pain, whereas the 10 point 
was assigned to the worst pain the patient had experienced 
(11).
The blood serum was analyzed to observe systemic ANGPTL4 
levels, and the PF was analyzed for the local ANGPTL4 levels in 
pelvic peritoneum. Blood sampling from antecubital vein after 
eight hours fasting was performed to obtain serum samples. 
The PF samples were taken at the begining of the laparoscopic 
procedure just after the insertion of the first lateral trochar into 
the peritoneal cavity. The peripheral venous blood serum and 
PF samples were centrifuged at 2500 rpm for 15 min. All the 
collected samples were stored at -80 °C in aliquots and the 
ANGPTL4 levels were analyzed at once. The ANGPTL4 levels 
were determined using an enzyme-linked immunosorbent 
assay (ELISA) kit (catalog no. E3119Hu/Bioassay Technology 
Laboratory, Shanghai, China) by quantitative sandwich ELISA. 
The absorbance values were read at 450 nm using Thermo 
Scientific Multiskan GO spectrophotometer (Thermo  Fisher 
Scientific, USA). The assay sensitivity (minimum detectable 
concentration) was 12.5 ng/mL. The intra-assay and inter-assay 
coefficients of variation (CVs) were <10%.

Statistical analysis

Statistical Package for the Social Sciences, v27.0 for Windows 
(SPSS Inc., Chicago, IL, USA) was used in statistical analyses. 
Categorical variables were compared using Pearson’s chi-
square test. Fisher’s exact test was used when the assumptions 
for the chi-square test were not met. The normality of continuous 
variables was assessed using the Shapiro-Wilk test. Normally 
distributed continuous variables are expressed as mean 
± standard deviation and compared using Student’s t-test, 
whereas non-normally distributed variables are expressed as 
median (minimum-maximum) and analyzed using the Mann-
Whitney U test. A post-hoc power analysis was performed using 
G*Power version 3.1 (Heinrich Heine University, Düsseldorf, 
Germany) for the primary outcome (serum ANGPTL4 levels) 
based on a two-tailed independent samples t-test. The analysis 
assumed an effect size of Cohen’s d=1.8, an alpha level of 0.05, 
and the observed group sizes (n=40 per group). The achieved 
statistical power was >0.99.
Spearman’s rank correlation analysis was performed to assess 
the relationships between serum and PFANGPTL4 levels and 
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clinical and biochemical variables. Furthermore, to determine 
whether ANGPTL4 levels were independently associated with 
disease severity after adjustment for potential confounding 
factors, separate multivariable linear regression analyses 
were performed for serum and PFANGPTL4 levels in the 
endometriosis group. Patients with endometriosis were further 
stratified according to rASRM stage (stage III and stage IV), and 
serum and PFANGPTL4 levels were compared between the 
two groups. Disease stage (rASRM), infertility, serum AMH, and 
serum CA125 were entered simultaneously into the models 
using the enter method. Multicollinearity was assessed using 
variance inflation factors, and values <2 were considered 
indicative of the absence of significant multicollinearity. 
To evaluate whether serum ANGPTL4 was independently 
associated with the presence of endometriosis, a multivariable 
binary logistic regression analysis was performed with 
endometriosis status (case/control) as the dependent variable. 
Serum ANGPTL4, serum CA125, serum AMH, and infertility 
status were entered simultaneously as independent variables 
using the enter method. These covariates were selected based 
on their clinical relevance and their potential to confound the 
association between serum ANGPTL4 and the presence of 
endometriosis. Adjusted odds ratios (ORs) with 95% confidence 
intervals (CIs) were calculated. Model calibration was assessed 
using the Hosmer-Lemeshow goodness-of-fit test.
Receiver operating characteristic (ROC) curve analysis was 
performed to evaluate the diagnostic performance of serum 
ANGPTL4, and the area under the curve (AUC), optimal cut-off 
value, sensitivity, and specificity were determined. To evaluate 
the incremental diagnostic value of serum ANGPTL4 beyond 
CA125, a binary logistic regression model was constructed 

with endometriosis status as the dependent variable and 
serum CA125 and serum ANGPTL4 levels as independent 
variables. Predicted probabilities from this model were used 
to generate the combined CA125-ANGPTL4 ROC curve. ROC 
curves were also generated separately for serum CA125 and 
serum ANGPTL4. The AUCs and their 95% CIs were calculated, 
and the AUC of the combined model was compared with 
that of CA125 alone using the non-parametric DeLong test for 
correlated ROC curves. A p-value of <0.05 was considered 
statistically significant.

Results

A total of 92 women of reproductive age were enrolled. After 
the relevant exclusions as shown in the flow diagram (Figure 
1), 80 participants remained in final analysis, consisting of 40 
women who underwent laparoscopic surgery and received a 
confirmed diagnosis of endometriosis and the control group 
of 40 women. Clinical characteristics, demographic data 
and ANGPTL4 levels are shown in Table 1. Serum ANGPTL4, 
CA125 levels, pelvic pain scores, and dyspareunia scores were 
significantly increased in the endometriosis group (p<0.001), 
whereas serum AMH levels were significantly decreased in the 
endometriosis group (p<0.001) (Table 1). 
Spearman’s correlation analysis revealed significant and strong 
association between the serum and PF levels of ANGPTL4 
(r=0.841, p<0.001). Serum AMH levels were negatively 
correlated with serum and PF ANGPTL4 levels and with serum 
CA125 levels (r=-0.380, p<0.001; r=-0.370, p=0.019; r=-0.298, 
p=0.007, respectively). ANGPTL4 levels were significantly 
correlated with serum CA125 levels, as well as with pelvic pain 
and dyspareunia VAS scores (p<0.05), as presented in Table 2. 

Figure 1. Flow diagram of the study
L/S surgery: Laparoscopic surgery
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A multivariable binary logistic regression analysis was 
performed to determine whether serum ANGPTL4 was 
independently associated with the presence of endometriosis 
after adjustment for serum CA125, serum AMH, and infertility 
status. The overall model was significant (Omnibus test, 
χ2=57.906, p<0.001) and demonstrated good calibration 
(Hosmer-Lemeshow test, χ2=10.215, p=0.250). The Nagelkerke 
R2 was 0.687. Serum ANGPTL4 was not independently 
associated with endometriosis after adjustment for serum 
CA125, serum AMH, and infertility status (adjusted OR =1.003, 
95% CI: 0.998-1.009, p=0.235), whereas serum CA125 was 
the only variable that remained significantly associated with 
endometriosis (adjusted OR=1.081, 95% CI: 1.017-1.148, 
p=0.012).
The ROC analysis demonstrated that serum ANGPTL4 had 
a statistically significant ability to discriminate women with 
endometriosis from controls (AUC =0.755, 95% CI: 0.648-0.862; 
p<0.001). At the optimal cut-off value of 188.61 ng/mL, serum 

ANGPTL4 showed a sensitivity of 75% and a specificity of 62.5%, 
with a positive predictive value of 66.7% and a negative predictive 
value of 71.4% (Table 3). Serum CA125 also demonstrated 
significant discriminatory ability for endometriosis, with 
an AUC of 0.888 (95% CI, 0.815-0.962; p<0.001). To further 
evaluate the incremental diagnostic value of serum ANGPTL4 
beyond CA125, a combined model incorporating serum CA125 
and serum ANGPTL4 was evaluated. The combined model 
demonstrated a higher AUC of 0.931 (95% CI, 0.879-0.982; 
p<0.001) than CA125 alone. The difference between the AUCs 
of serum CA125 alone and the combined CA125-ANGPTL4 
model was statistically significant according by the DeLong 
test (difference in AUC, 0.051; 95% CI, 0.003-0.099; p=0.037), 
indicating significantly improved discriminatory performance 
with the addition of serum ANGPTL4. The ROC characteristics 
of the individual biomarkers and the combined model are 
presented in Table 3 and Figure 2.

Table 1. Sociodemographic characteristics and clinical findings of the participants
  Endometriosis group (n=40) Control group (n=40) p-value

Age† years 33.72±1.05 36.19±1.19 0.624

BMI† kg/m2 25.95±0.89 25.08±1.64 0.628

Pelvic pain VAS‡ 0-10 points 6 (3-8) 2 (2) <0.001*

Dyspareunia VAS‡ 0-10 points 4 (3-7) 2 (2.25) <0.001*

AMH† ng/mL 1.39±0.23 1.81±0.42 <0.001*

Serum CA125† U/mL 53.52±6.05 20.10±3.18 <0.001*

ANGPTL4 serum† ng/mL 512.65±46.91 177.60±11.84 <0.001*

ANGPTL4 PF ng/mL 314.76±15.17 N/A N/A

*p-value <0.05 is considered as statistically significant. †: Student’s t‑test, ‡: Mann-Whitney U test. ANGPTL4 PF levels were measured only in the 
endometriosis group. N/A: Non-applicable, BMI: Body mass index, VAS: Visual analogue scale, AMH: Anti-Müllerian hormone, CA125: Cancer antigen-125, 
ANGPTL4: Angiopoietin-like protein-4, PF: Peritoneal fluid

Table 2. Correlation analysis between ANGPTL4 levels and clinical and laboratory parameters in women with 
endometriosis
 
 

ANGPTL4 PF ANGPTL4 serum Dyspareunia Pelvic pain AMH CA125

CA125
r 0.387 0.444 0.588 0.594 -0.298 N/A

p-value 0.014* <0.001* <0.001* <0.001* 0.007* N/A

AMH
r -0.370 -0.380 -0.509 -0.399 N/A

p-value 0.019* <0.001* <0.001* <0.001* N/A

Pelvic pain
r 0.548 0.743 0.764 N/A

p-value <0.001* <0.001* <0.001* N/A

Dyspareunia
r 0.452 0.624 N/A

p-value 0.004* <0.001* N/A

ANGPTL4 serum
r 0.841 N/A

p-value <0.001* N/A

ANGPTL4 PF
r N/A

p-value N/A

*p-value <0.05 is considered as statistically significant. N/A: Non-applicable, AMH: Anti-Müllerian hormone, CA125: Cancer antigen-125, ANGPTL4: 
Angiopoietin-like protein-4, PF: Peritoneal fluid
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Serum and PF ANGPTL4 levels were significantly higher 
in women with stage IV endometriosis (n=23) than in 
those with stage III disease (n=17) (serum: 761.26±497.05 
vs. 369.16±234.20 ng/mL, p=0.026; PF: 334.38±89.25 vs. 
277.09±64.19 ng/mL, p=0.034). Multivariable linear regression 

analyses demonstrated that disease stage was independently 
associated with both serum and PF ANGPTL4 levels, whereas 
infertility, serum AMH, and serum CA125 were not independent 
predictors (Table 4).

Table 3. Diagnostic performance of serum CA125, serum ANGPTL4, and the combined CA125-ANGPTL4 model 
for the diagnosis of endometriosis

  AUC SE p-value 95% CI
Optimal cut-off 
value

Sensitivity (%) Specificity (%)

CA125 0.888 0.037 <0.001* 0.815-0.962 16.30 85 72.5

Serum ANGPTL4 0.755 0.055 <0.001* 0.648-0.862 188.61 75 62.5

CA125 and serum 
ANGPTL4

0.931 0.026 <0.001* 0.879-0.982 - - -

*p-value <0.05 is considered as statistically significant. AUC: Area under curve, SE: Standard Error,  
CI: Confidence interval, CA125: Cancer antigen-125, ANGPTL4: Angiopoietin-like protein-4

Figure 2. The ROC curves of serum CA125 (A), ANGPTL4 levels (B) and the combined serum CA125-ANGPTL4 (C) in 
endometriosis diasease
ROC: Receiver operating characteristic, CA125: Cancer antigen-125, ANGPTL4: Angiopoietin-like protein-4

Table 4. Multivariable regression analyses for serum and peritoneal fluid ANGPTL4 in the endometriosis group

Dependent variable R2-adjusted R2 p-value B (95% CI)
Independent predictors 
coefficients (standardized β)

p-value

Serum ANGPTL4, ng/mL
Disease stage (rASRM)
Infertility
Serum AMH, ng/mL
Serum CA125, U/mL

0.415-0.348 0.001*
325.94 (88.07 to 563.81)
198.06 (-91.82 to 487.93)
-54.89 (-172.69 to 62.92)
0.77 (-0.17 to 1.71)

0.365
0.219
-0.151
0.238

0.009*
0.174
0.351
0.104

PF ANGPTL4, ng/mL
Disease stage (rASRM)
Infertility
Serum AMH, ng/mL
Serum CA125, U/mL

0.365-0.293 0.003*
44.92 (1.40 to 91.24)
50.53 (-5.92 to 106.98)
-4.73 (-27.67 to 18.21)
0.16 (-0.03 to 0.34)

0.269
0.299
-0.070
0.258

0.047*
0.078
0.678
0.090

*p-value <0.05 is considered as statistically significant. Multivariable linear regression analyses were performed using the enter method. Standardized 
β coefficients and p-values are shown. Independent variables included disease stage (according to rASRM classification), infertility, serum AMH, and 
CA125. Variance inflation factors were <2 for all models, indicating no significant multicollinearity. ANGPTL4: Angiopoietin-like protein-4, rASRM: Revised 
American Society for Reproductive Medicine, AMH: Anti-Müllerian hormone, CA125: Cancer antigen-125, PF: Peritoneal fluid, CI: Confidence interval
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Discussion

In the present study, women with endometriosis exhibited 
significantly higher serum ANGPTL4 levels compared with 
healthy controls. Serum ANGPTL4 levels were positively 
correlated with pelvic pain, dyspareunia, serum CA125 levels, 
and PFANGPTL4 concentrations, while showing a negative 
correlation with AMH levels. Furthermore, serum ANGPTL4 
demonstrated a moderate ability to discriminate women with 
endometriosis from controls. Endometriosis is associated with 
a proinflammatory condition characterized by the presence of 
ectopic endometrial tissue (1,2). In the literature, ANGPTL4 was 
reported to contribute to vascular permeability, angiogenesis, 
and various immune pathways (12). The expression and 
secretion of ANGPTL4 have been closely linked to chronic 
inflammatory processes and macrophage-mediated immune 
responses so that ANGPTL4 is upregulated in response to 
inflammatory macrophages and modulates their phenotype 
in pathological conditions (6,13). Its expression has also 
been found to correlate with increases in pro-inflammatory 
cytokines, including tumor necrosis factor-alpha (TNF-α) and 
interleukin-6, suggesting that inflammatory signaling promotes 
ANGPTL4 expression, while anti-inflammatory pathways may 
oppose this effect (13). Previous studies have indicated that 
TNF-α and interferon-gamma play key roles in promoting the 
inflammatory response underlying the etiopathogenesis of 
endometriosis (14,15). However, to the best of our knowledge, 
the present study is the first to evaluate serum and/or PF 
ANGPTL4 levels in women with endometriosis. In our study, 
women with endometriosis demonstrated significantly 
elevated ANGPTL4 levels, and serum ANGPTL4 emerged 
as a potential discriminative biomarker for the disease. 
Although the discriminatory performance of serum ANGPTL4 
alone was moderate (AUC =0.755), this finding suggests 
that ANGPTL4 may contribute to the clinical assessment of 
endometriosis rather than serving as a standalone diagnostic 
marker. Consistent with prior evidence, this novel observation 
appears biologically plausible and aligns with the inflammatory 
pathophysiology of the disease. 
An additional finding of the present study was that both 
serum and PF ANGPTL4 levels were significantly higher in 
women with stage IV endometriosis than in those with stage 
III disease. Previous studies have shown that rASRM staging 
does not consistently correlate with symptom severity or 
clinical manifestations of endometriosis, and its ability to 
reflect disease burden remains limited (16). Similarly, CA125 
has been shown to have limited value in accurately reflecting 
disease stage or severity (17). More broadly, biomarker studies 
in endometriosis have demonstrated significant heterogeneity 
in their association with disease severity, and no single 
biomarker has shown consistent performance across disease 

stages (18). In this context, multivariable modeling approaches 
are recommended to account for confounding clinical and 
hormonal factors when evaluating candidate biomarkers (18). 
Taken together, the present findings suggest that ANGPTL4 
may be associated with both inflammatory activity and disease 
severity in endometriosis.
ANGPTL4 has been associated with gynecological conditions 
characterized by metabolic and inflammatory dysregulation, 
such as polycystic ovary syndrome, with increased expression 
in ovarian granulosa cells reported in affected women (19). In 
the current study, serum ANGPTL4 levels were also found to 
distinguish women with endometriosis from healthy controls. 
Cytokines present in the PF of women with endometriosis have 
been reported to directly enhance endometrial cell proliferation, 
invasion, and neovascularization, thereby facilitating lesion 
progression (20). Moreover, impaired clearance of endometrial 
cells by macrophages and natural killer cells may exacerbate 
abnormal cytokine production, sustaining peritoneal 
inflammation in endometriosis patients (18). The detection 
of ANGPTL4 in the PF of women with endometriosis may be 
clinically relevant, as it likely reflects local pelvic peritoneal 
inflammation. Furthermore, the significant correlation 
observed between serum and PF ANGPTL4 levels indicates that 
circulating ANGPTL4 may represent a non-invasive surrogate 
marker of pelvic inflammatory activity. Taken together, these 
findings suggest that serum ANGPTL4 may provide insight 
into both local and systemic inflammatory processes in 
endometriosis. The observed sensitivity and specificity further 
support its potential applicability as a biomarker in the clinical 
evaluation of the disease.
CA125, a recognized inflammatory marker, has been shown 
to increase in women with endometriosis (5). However, due 
to its limited specificity, recent studies have suggested that 
discovering new biomarkers will be important to enhance 
diagnostic accuracy in endometriosis (5). Consistent with 
previous studies, in the current study, serum CA125 levels 
were elevated in the endometriosis group. The alignment of 
our diagnostic sensitivity and specificity results with those 
reported in the literature (5) further supports the validity of 
our study population in representing endometriosis cases. 
Serum CA125, a widely used clinical marker in the evaluation 
of endometriosis, showed a significant correlation with both 
systemic and local ANGPTL4 levels. This association between 
ANGPTL4 and CA125 is particularly noteworthy, as it further 
reinforces the potential role of serum ANGPTL4 as a supportive 
biomarker in the clinical assessment of endometriosis.
After adjustment for relevant clinical and laboratory variables, 
serum ANGPTL4 was not independently associated with the 
presence of endometriosis. This finding suggests that the 
association between serum ANGPTL4 levels and endometriosis 
may be influenced by other clinical or biochemical factors. 
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An important finding of the present study is that the 
diagnostic performance of serum ANGPTL4 was not limited 
to its performance as an individual biomarker. When serum 
ANGPTL4 was incorporated into a multivariable logistic 
regression model with CA125, the resulting combined model 
demonstrated a higher discriminatory capacity than CA125 
alone. Importantly, this improvement was statistically significant 
according to the DeLong test, supporting an incremental 
diagnostic contribution of serum ANGPTL4 beyond CA125. 
These findings suggest that serum ANGPTL4 may provide 
complementary diagnostic information to CA125 rather than 
simply representing an alternative biomarker. However, the 
clinical relevance of this combined diagnostic approach 
remains to be established.
Pain represents one of the most distressing symptoms in 
endometriosis. The complex interplay of elevated PF cytokines 
and chemokines has been implicated in driving both pelvic 
pain and dyspareunia (21). Notably, interleukin-8 and TNF-α 
are among key pro-inflammatory cytokines implicated in 
the pathophysiology of endometriosis. These mediators are 
associated with enhanced local inflammation, immune cell 
activation, and lesion development, which contribute to pain 
and disease progression. Pro-inflammatory signaling and 
cytokine dysregulation remain central features of endometriosis 
pathobiology (20,22). Women with endometriosis in this study 
reported higher VAS scores for pelvic pain and dyspareunia. 
ANGPTL4 levels were positively associated with the severity of 
pelvic pain and dyspareunia, and both serum and PF ANGPTL4 
concentrations significantly correlated with pain severity. These 
observations constitute novel findings, highlighting a potential 
role of ANGPTL4 in the pathophysiology of endometriosis-
associated pain. Considering the proinflammatory milieu in 
endometriosis at both local and systemic levels (2,20), the 
correlations between ANGPTL4, serum CA125 levels, and the 
severity of pelvic pain and dyspareunia are pathophysiologically 
consistent. These findings suggest that both systemic and 
local ANGPTL4 levels may have value in reflecting the clinical 
relevance of endometriosis-associated pain. Evaluation of 
ANGPTL4 in conjunction with pain-related cytokines and 
chemokines at both systemic and local levels may provide further 
clarification of this relationship in women with endometriosis. 
Furthermore, better understanding of ANGPTL4-related 
pathways may also contribute to improvement in therapeutic 
approaches targeting inflammation-associated pain.
Endometriosis has been linked to reduced ovarian reserve and 
impaired fertility, resulting from either the inflammatory milieu 
created by endometriotic foci or surgical treatment of lesions 
(23). AMH, produced by granulosa cells of small growing 
ovarian follicles, serves as a reliable biomarker for assessing the 
functional ovarian reserve and reflects the remaining follicular 
pool, making it a key early indicator of diminished ovarian 
function (24). Previous studies have reported decreased serum 

AMH levels in women with endometriosis, as well as an inverse 
correlation between serum CA125 and AMH levels (25). In 
line with previous evidence, women with endometriosis in 
this study had reduced serum AMH levels, which negatively 
correlated with serum CA125. Notably, given the reported 
inhibitory effects of ANGPTL4 on granulosa cell proliferation 
(26), our results demonstrated an inverse relationship between 
serum AMH and ANGPTL4 levels in both serum and PF, 
representing a novel finding of this study. Collectively, these 
findings support a potential association between inflammatory 
activity and ovarian reserve in endometriosis-related infertility.

Study limitations

The present study has several strengths and limitations that 
warrant consideration. A major strength is the definitive 
diagnosis of endometriosis confirmed by laparoscopy, together 
with the opportunity to assess local ANGPTL4 levels through 
PF sampling obtained during surgery. However, the invasive 
nature of PF collection limited the inclusion of healthy control 
samples. Given that AMH levels are known to decline with 
advancing age, higher BMI, and a history of prior ovarian surgery 
(23,27), the comparability of the study groups with respect to 
these variables further strengthens the validity of our findings.
The observed associations between ANGPTL4 levels, pain 
severity, CA125, and ovarian reserve markers suggest a potential 
role for ANGPTL4 in the clinical evaluation of women with 
endometriosis. In addition to reflecting inflammatory activity, 
its assessment alongside established clinical and laboratory 
parameters may provide complementary information 
regarding disease-related manifestations. Moreover, evaluating 
ANGPTL4 in conjunction with other inflammatory mediators 
may contribute to a better understanding of the biological 
mechanisms underlying endometriosis and its potential clinical 
applicability.

Conclusion

Inflammatory mechanisms play a central role in the 
pathogenesis of endometriosis, and accumulating evidence 
highlights the contribution of immune dysregulation to disease 
development. In line with this concept, the present study 
identifies ANGPTL4 as a potential mediator of the aberrant 
inflammatory response observed in endometriosis. These 
findings should be interpreted in the context of the study design 
and population characteristics. The significant correlation 
between serum and PF ANGPTL4 levels indicates that 
circulating ANGPTL4 may reflect local inflammatory activity. 
Taken together, the associations between ANGPTL4, clinical 
manifestations, and CA125 levels highlight its potential utility 
as a supportive clinical biomarker in the evaluation of women 
with endometriosis.
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Ovotesticular disorder of sex development presenting 
in adolescence with amenorrhea and clitoromegaly-

what is your diagnosis?

An adolescent girl, aged 12 years presented to the gynecology out-patient department, with concerns of absent breast development 
and lack of menstruation. Her parents reported a gradual deepening of the voice and progressive enlargement of the clitoris over 
the past two years. There was no history of cyclic abdominal pain, galactorrhoea, visual disturbances, or chronic illness. There 
was no history of exogenous androgen exposure or anabolic steroid use. The patient’s medical history was unremarkable. There 
was no history of neonatal ambiguity, salt-wasting crises, or similar conditions in family members. On general examination, the 
patient appeared tall and thin with an arm span exceeding height. She had poorly developed breasts (Tanner stage I) and minimal 
axillary and pubic hair (Tanner stage I) (Figure 1). No facial acne or hirsutism was noted. The external genitalia were of female 
phenotype. On local examination, the vaginal opening was not appreciable, and the uterus was not palpable, clinically. The urinary 
meatus was normal in position. The clitoris measured 2.5 cm in length and 1.3 cm in width, consistent with clitoromegaly (Figure 
2). No dysmorphic features such as webbed neck, shield chest, or low hairline were evident. Systemic examination was otherwise 
normal. Baseline investigations, including complete blood count, liver, renal, and thyroid function tests, were within normal limits. 
Endocrine evaluation revealed elevated total serum testosterone of 468 ng/dL (normal: 15-70 ng/dL), low estradiol of 10 pg/mL 
(normal: 30-400 pg/mL), and reduced anti-Müllerian hormone of 0.60 ng/mL (normal: 1.0-10 ng/mL), suggesting impaired ovarian 
function and androgen excess. Gonadotropins were elevated, with luteinizing hormone (LH) 13.87 IU/L (normal: 1.9-12.5 IU/L) 
and follicle-stimulating hormone (FSH) 37.57 IU/L (normal: 2.5-10.2 IU/L), consistent with hypergonadotropic hypogonadism. 
Dehydroepiandrosterone (DHEA) was within normal limits at 5.60 µg/dL (normal: 1.7-7.0 µg/dL), and 17-hydroxyprogesterone (17-
OHP) was low at 0.10 ng/mL (normal: 0.2-1.0 ng/mL), effectively excluding congenital adrenal hyperplasia (CAH). Peripheral blood 
karyotype demonstrated a 46,XY chromosomal pattern, supporting the diagnosis of ovotesticular disorder with gonadal dysgenesis. 
Pelvic ultrasonography showed a small uterus with poorly visualized gonads. Magnetic resonance imaging (MRI) of the pelvis 
demonstrated a left ovary measuring 1.9×1.1 cm along with a uterine remnant, while the right ovary was not visualized. Two 
testicular structures were identified, with the right located in the perivesical region measuring 1.0×1.2 cm and the left in the inguinal 
canal measuring 0.5×1.6 cm (Figure 3). Clitoromegaly with underlying cavernous tissue was noted, whereas the remainder of the 
pelvic organs appeared normal.
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Figure 1. Clinical photograph showing delayed secondary sexual characteristics. The image demonstrates poorly developed 
breasts, minimal axillary hair, and an arm span greater than height

Figure 2. Clinical photograph illustrating clitoromegaly. The image shows enlargement of the clitoral body and glans beyond 
normal anatomical limits, consistent with clitoromegaly. Note the preservation of labia minora and majora morphology 
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Answer

The diagnosis of 46,XY ovotesticular disorders of sex 
development (DSD) was made based on a combination of 
clinical, hormonal, and cytogenetic findings. The patient 
presented with virilization (clitoromegaly, hoarse voice), 
delayed puberty, and absent secondary sexual characteristics. 
Hormonal evaluation showed elevated testosterone with low 
estradiol and hypergonadotropic hypogonadism. Cytogenetic 
analysis confirmed a 46,XY karyotype, and imaging suggested 
the presence of both ovarian and testicular tissue, consistent 
with ovotesticular DSD with gonadal dysgenesis. The patient 
was managed with a  multidisciplinary approach  involving 
endocrinology, gynecology, and psychiatry. Given her age 
and ongoing pubertal development,  hormone replacement 
therapy (estrogen)  was initiated to induce secondary sexual 
characteristics, promote bone mineralization, and support 
psychosocial development.  Psychosocial support and 
genetic counselling were provided, and long-term follow-up 

was planned to monitor pubertal progression and optimize 
reproductive health. Definitive gonadal evaluation via 
laparoscopy and biopsy is planned at 18 years to confirm the 
presence of ovotesticular tissue and assess malignancy risk, 
allowing for individualized surgical management. Bone health 
was supported with calcium and vitamin D supplementation 
and monitored via DEXA scans. Genital reconstruction 
(clitoroplasty ± vaginoplasty) is planned after pubertal 
induction and in consultation with the patient. The patient and 
family were counselled regarding the nature of the disorder, 
potential fertility implications, and the importance of long-
term follow-up, including monitoring for gonadal tumors and 
optimizing hormonal therapy. The patient was enrolled in 
regular follow-up for monitoring of pubertal development and 
psychological well-being.

46,XY ovotesticular DSD, is among the rarest forms of sexual 
developmental disorders (1-3). Unlike the more common 
46,XX ovotesticular DSD, which often results from SRY 

Figure 3. Axial (a) diffusion-weighted imaging and T2 space sequence (b, c) shows T2 homogeneously hyperintense gonads 
with diffusion restriction in the right side of the pelvis (arrow) and left inguinal region (bent arrow) with no follicles. Sagittal 
T2 images show a hypoplastic retroverted uterus (arrow in d, e) measuring app. 4 cm x 2.7 cm x 1.3 cm, showing endo-
myometrial differentiation. Sagittal T2 image (f) shows an enlarged clitoris (bent arrow)
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translocation, the 46,XY form usually reflects partial testicular 
dysgenesis or mutations affecting testis-determining genes, 
such as SOX9, WT1, or SF1 (4). The coexistence of ovarian and 
testicular tissue in the same individual represents incomplete 
differentiation of bipotential gonads (5). In 46,XY individuals, 
defective expression of testis-determining genes leads to 
partial or asymmetric gonadal differentiation, producing an 
ovotestis on one side and a dysgenetic gonad on the other. The 
resulting endocrine imbalance causes ambiguous genitalia or, 
as in this case, delayed puberty and virilization. Residual Leydig 
cells produce androgens, explaining the hoarse voice and 
clitoromegaly, while insufficient estrogen production results in 
absent breast development and delayed skeletal maturation 
(6). In the present case, reduced AMH indicated impaired 
Sertoli cell function. Normal DHEA and low 17-OHP excluded 
CAH. 

The patient demonstrated hypergonadotropic hypogonadism, 
with high LH/FSH and low estradiol, indicating gonadal failure. 
Testosterone was elevated but insufficient for full virilization, 
explaining the coexistence of partial androgen effects 
(clitoromegaly, hoarse voice) and hypogonadal features (poor 
breast development, sparse axillary hair, increased arm span). 
MRI showed discordant gonadal anatomy: a left ovary with a 
uterine remnant, an absent right ovary, and bilateral dysgenetic 
testes. The risk of gonadal malignancy is higher in patients with 
Y chromosome material, underscoring the need for biopsy or 
gonadectomy. Molecular studies (SRY, SOX9, NR5A1, WT1, 
DMRT1) are recommended to clarify the etiology. 

Patients with 46,XY ovotesticular DSD are at increased risk 
of gonadal malignancy, particularly gonadoblastoma and 
dysgerminoma, due to the presence of Y chromosome 
material and dysgenetic gonads (7). Therefore, prophylactic 
gonadectomy is generally recommended on the side of 
dysgenetic or testicular tissue. However, in this patient 
histopathological evaluation was deferred until late 
adolescence. This approach is clinically acceptable, as 
early invasive procedures can interfere with natural pubertal 
development, especially if hormone replacement therapy is 
initiated to induce secondary sexual characteristics. Planned 
laparoscopy and targeted biopsy at 18 years allow for a more 
mature and accurate assessment of gonadal tissue, aiding 
individualized surgical planning, including malignancy risk 
stratification and potential fertility preservation. Close clinical 
monitoring, imaging, and hormonal follow-up in the interim 
ensure patient safety, consistent with current recommendations 
from the Chicago Consensus and ESPE guidelines for DSD 
management (8).

Malignancy risk in dysgenetic gonads is heterogeneous 
and depends on the specific DSD diagnosis, presence of 
Y-chromosome material, and degree of gonadal dysgenesis. 

Individuals with Y-bearing dysgenetic gonads are at substantially 
increased risk for gonadoblastoma and other germ cell tumors 
compared with 46,XX ovotesticular DSD, but reported risk 
estimates vary between studies. Contemporary reviews place 
the overall tumor risk in dysgenetic gonads broadly from low 
single-digit percentages in some ovotesticular series to much 
higher rates reported in cohorts of 46,XY gonadal dysgenesis 
or mixed gonadal dysgenesis (range quoted across series 
~3% up to 25% or more), reflecting heterogeneity of case mix 
and diagnostic criteria (9,10). Guidance from multidisciplinary 
DSD consensus documents and contemporary cohort studies 
supports individualized timing of gonadectomy. For high-risk 
diagnoses with frank dysgenetic testicular tissue and Y-material 
(for example, classic 46,XY complete gonadal dysgenesis), early 
prophylactic gonadectomy is generally recommended because 
of the higher malignancy risk. For conditions with lower and 
more uncertain risk, such as some ovotesticular presentations, 
delaying gonadectomy until late adolescence (commonly around 
age 16–18 years) may be reasonable if there is careful clinical 
and imaging surveillance, because delay permits pubertal 
induction, assessment of pubertal progression, and time for 
shared decision-making about gender, fertility preservation and 
psychosocial support. This approach is supported by cohort data 
and expert consensus placing the optimal timing for prophylactic 
gonadectomy in many Y-bearing phenotypic females at around 
16–18 years, with earlier surgery when imaging or clinical 
features are suspicious. 

Psychosocial counselling forms a cornerstone of management, 
addressing gender identity, fertility expectations, and body 
image. Hormonal therapy should be individualized, balancing 
feminizing and metabolic needs while ensuring adequate bone 
mineralization. Table 1 presents the close differential diagnoses, 
highlighting conditions with overlapping clinical, hormonal, and 
imaging features that should be considered to guide accurate 
evaluation and management. With timely diagnosis and 
appropriate management, patients can achieve satisfactory 
secondary sexual development and psychosocial adjustment. 
Lifelong follow-up is essential to monitor for neoplastic 
transformation, bone health, and hormonal balance (11,12). 

46,XY ovotesticular DSD with gonadal dysgenesis is an 
exceedingly rare but clinically significant cause of delayed 
puberty and virilization in phenotypic females. A combination 
of detailed clinical evaluation, hormonal profiling, imaging, 
and histopathological confirmation is essential for accurate 
diagnosis. Early gonadectomy of dysgenetic tissue, hormone 
replacement therapy, and psychological support form 
the cornerstone of management. Early recognition and 
multidisciplinary management are crucial for guiding gender 
assignment, monitoring malignancy risk, and ensuring 
psychosocial support.
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Table 1. Close differentials of 46,XY ovotesticular DSD (2,5,8,11)

Disorder Karyotype Gonads
Internal 
structures

External 
genitalia

Hormone 
profile

Key 
differentiating 
features

Ovotesticular DSD 46,XY (rare)
Ovotestis ± 
ovary/testis

Uterine remnant ± 
Wolffian derivatives

Ambiguous; 
clitoromegaly/
undervirilized male

Variable T/E2; 
↑LH/FSH

Both ovarian and 
testicular tissue 
(histology)

Mixed gonadal 
dysgenesis 

45,X/46,XY 
mosaic

Dysgenetic 
testis + streak 
gonad

Often a hemi-
uterus, Müllerian 
remnants

Ambiguous, 
asymmetric

↑FSH/LH, low 
sex steroids

Asymmetric gonads; 
mosaicism

46,XY complete gonadal 
dysgenesis (Swyer)

 46,XY
Bilateral streak 
gonads

Normal uterus and 
tubes

Normal female
Very low T/E2; 
↑↑FSH/LH

No testicular tissue; 
pure streak gonads

Partial androgen 
insensitivity syndrome 

46,XY
Testes 
(inguinal/
abdominal)

Absent uterus 
(AMH active)

Under virilized 
male/ambiguous

High T; 
normal/↑LH

Testes only, uterus 
absent

DSD: Disorders of sex development, LH: Luteinizing hormone, FSH: Follicle-stimulating hormone, AMH: Anti-Müllerian hormone
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Suspected burned-out ovarian germ cell tumor in 
Turner mosaicism: a diagnostic challenge-what is your 

diagnosis?

A 31-year-old nulliparous woman presented to the gynecology outpatient department with primary amenorrhea and intermittent 
lower abdominal pain of 10-15 days’ duration. She reported a single episode of scant vaginal spotting eight years earlier. There was 
no history of cyclical abdominal pain, hormonal therapy, or prior evaluation for primary amenorrhea.
On general examination, she was conscious and oriented, of short stature (height 135 cm), and thinly built with a body mass index 
of 18.02 kg/m2. Head and neck examination revealed a diffusely enlarged thyroid gland with multiple palpable nodules, without 
compressive symptoms. Cardiovascular and respiratory examinations were within normal limits.
Secondary sexual characteristics were poorly developed, with Tanner stage II breast development, absent axillary hair, and sparse 
pubic hair (Figure 1). Abdominal examination revealed a firm, tender abdominopelvic mass corresponding to a 26-28-week gravid 
uterus, predominantly cystic in consistency. External genital examination showed hypoplastic labia majora and minora, with a 
normal-appearing vagina.
Laboratory investigations revealed markedly elevated thyroid-stimulating hormone levels (70.8 µIU/mL) with strongly positive anti-
thyroid peroxidase antibodies (>1100 IU/mL), consistent with autoimmune thyroiditis. Gonadotropins were significantly increased 
(follicle-stimulating hormone 127.99 mIU/mL, luteinizing hormone 47.23 mIU/mL) with low estradiol levels (17.5 pg/mL), indicating 
a hypergonadotropic hypogonadal state. Lactate dehydrogenase (LDH) was elevated (364 U/L), and cancer antigen-125 (CA125) 
was mildly raised (42.4 U/mL), while alpha-fetoprotein (2.88 ng/mL) and β-human chorionic gonadotropin (3.40 mIU/mL) were 
within normal limits. All other investigations, including complete blood counts, liver and renal function tests, coagulation profile, 
and chest radiography, were unremarkable.
Neck ultrasonography showed altered echotexture of both thyroid lobes with a multinodular goiter in the right lobe. Pelvic 
ultrasonography revealed a large, well-defined multiloculated cystic lesion arising from the right adnexa, with multiple internal 
septations. One septum measured 4-4.5 mm and showed mild vascularity. Papillary excrescences measuring 2×0.5 cm were noted 
inferiorly without vascularity. Internal echoes were present, with no mural nodules or calcifications (Figure 2). The right ovary was 
not visualized separately. The uterus was small (3.9×1.8×3.2 cm) with an ill-defined endomyometrial junction, and the left ovary 
was not seen.
Magnetic resonance imaging confirmed a hypoplastic uterus measuring approximately 3×6 cm, with a uterus-to-cervix ratio of 2:1 
and an endometrial thickness of 2 mm. A large, thin-walled, multiloculated cystic lesion (10.6×7.2×10.2 cm) extended from the 
midline pelvis to the lower abdomen, reaching the level of the umbilicus. The lesion was T1 hypointense and T2 hyperintense, with 
irregular thickened septations (maximum thickness 5.4 mm). Some locules showed T1/FS hyperintensity, suggestive of hemorrhagic 
or proteinaceous content. Neither of the ovaries was visualized separately. Minimal perilesional omental edema was present, 
without significant lymphadenopathy or ascites. A heterogeneously enhancing tissue, extending from the uterus to the cystic lesion 
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was noted, likely representing an edematous pedicle. Overall 
imaging features raised concern for a high-risk adnexal lesion 
in the setting of uterine hypoplasia (Figure 3).
Given the clinical suspicion of Turner syndrome (TS) or mosaic 
TS, cytogenetic evaluation was performed. Karyotyping and 
chromosomal microarray analysis demonstrated a 56.7-Mb 
deletion involving Xp22.33-Xp11.1, consistent with a structural X 
chromosome abnormality (Xp deletion syndrome) presenting 
with TS-like features, rather than classical 45,X TS (Figure 4). 

On the third day of admission, the patient developed sudden, 
severe abdominal pain associated with vomiting, tachycardia, 
and altered sensorium. In view of suspected adnexal torsion, 
she underwent emergency staging laparotomy under general 
anesthesia, despite being high-risk due to markedly elevated 
TSH levels. Preoperative imaging had demonstrated a large 
complex adnexal mass with thickened septations and papillary 
excrescences, accompanied by elevated LDH and mildly 
raised CA125 levels, raising concern for an underlying ovarian 
malignancy or germ cell tumor. Given the diagnostic uncertainty 
and the increased risk of germ cell tumors in patients with an 
Xp deletion syndrome and Turner phenotype, comprehensive 
surgical staging was performed to ensure appropriate oncologic 
management and avoid the need for a second procedure.

Answer

Surgery revealed a large right adnexal cystic mass measuring 
approximately 12×10×11 cm, with omentum adherent to its 
superior surface. The pedicle showed three complete twists, 
one of which appeared chronic with dense adhesions and 
was not amenable to detorsion. The uterus was hypoplastic, 
the left ovary was a streak gonad, and the right adnexa was 
incorporated into the mass (Figure 5). Minimal blood-tinged 
fluid was present in the pouch of Douglas and was sent for 
cytology. After partial detorsion, a right salpingo-oophorectomy 
was performed, followed by total abdominal hysterectomy, left 
salpingo-oophorectomy, bilateral pelvic lymph node dissection, 
and omental and peritoneal biopsies.
Gross examination showed a cystic right adnexal mass 
measuring 12.5×11.5 cm with a congested external surface and 
intact capsule. The cut surface was multiloculated, containing 
approximately 100 mL of hemorrhagic fluid, with no identifiable 
viable areas. The uterus and cervix were hypoplastic (6×3.5×1 
cm). The left ovary was a streak gonad measuring 0.8×0.8 cm.

Figure 2. (a) Axial ultrasound image-large thick-walled multiloculated cystic lesion with thick internal separations; (b) On 
colour Doppler, minimal uptake is noted only in the wall of the lesion

Figure 1. Standing clinical photograph demonstrating short 
stature, underdeveloped secondary sexual characteristics, 
and diffuse neck enlargement
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Microscopically, the right adnexal specimen, including 
the cyst wall and residual streak gonadal tissue, was 
extensively sampled (20 tissue blocks). Sections revealed a 
fibrocollagenous cyst wall with extensive hemorrhagic necrosis 
and granulation tissue formation, without viable epithelial 
lining or identifiable ovarian parenchyma. The left streak gonad 
was entirely submitted for histopathological examination (2 
tissue blocks) and consisted of fibrocollagenous and adipose 
tissue, with no follicles or ovarian stroma. Both fallopian tubes 
showed vascular congestion with poorly developed plicae. The 
endometrium was thin and inactive, lacking cyclical changes. 
Pelvic lymph nodes, omental and peritoneal biopsies were 

unremarkable, and peritoneal fluid cytology was negative 
for malignancy. Owing to extensive hemorrhagic ischemic 
necrosis with complete loss of viable tissue, the exact nature 
of the adnexal cyst could not be definitively established (Figure 
6). Immunohistochemical studies were not performed, as the 
absence of viable tumor cells rendered them non-contributory.
TS results from the complete or partial loss of one sex 
chromosome and affects approximately 1 in 2,500-3,000 live 
female births. Its clinical spectrum is broad, encompassing 
short stature, ovarian dysfunction, and variable neurocognitive 
features (1,2). Cytogenetically, TS is heterogeneous and only 
about 40% of individuals exhibit a classic 45, X karyotype, while 

Figure 4. (a) Karyoview; (b) Detailed view of Xp22.33p11.1

Figure 3. (a) Sagittal T2W image shows a hypoplastic uterus with preserved zonal anatomy. The right adnexal thick-walled 
multiloculated lesion is noted abutting the fundus and indenting the dome of the urinary bladder; (b) Right parasagittal 
T2W image shows edematous, thickened pedicle of the ovarian lesion; (c) Post-contrast T1FS coronal image. A thickened 
pedicle is seen. The ovarian lesion shows smooth wall enhancement. There is no enhancement of septations
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the remainder show mosaicism or structural abnormalities 
such as deletions, ring chromosomes, or isochromosomes (2).
Normal ovarian development and fertility depend on the 
structural and functional integrity of the X chromosome. In 
TS, accelerated germ cell apoptosis begins early in fetal life, 
leading to depletion of the primordial follicle pool, impaired 
folliculogenesis, and streak gonad formation (3). This process 
has been attributed to abnormal meiotic pairing of the X 
chromosome, disrupted oocyte–granulosa cell interactions, 
and haploinsufficiency of key X-linked genes involved in ovarian 
maintenance, including BMP15 and PGRMC1 (3,4). Clinically, 
most individuals develop primary ovarian insufficiency, 
diagnosed by amenorrhea with elevated gonadotropins 
reflecting hypergonadotropic hypogonadism, although a subset 
demonstrates partial pubertal development, menarche, or 
even spontaneous fertility (3).
Diagnosis of TS relies primarily on conventional karyotyping, 
typically assessing 15-30 metaphases, with expanded analysis 
recommended when mosaicism is suspected (2,3). However, 
standard karyotype and chromosomal microarray techniques 
may fail to detect low-level or tissue-restricted Y-chromosome 
mosaicism, referred to as “hidden Y mosaicism,” for which 
molecular methods and fluorescence in situ hybridization 
(FISH) may be required (5,6). In the present case, additional 

molecular testing, including FISH or polymerase chain reaction-
based analysis for Y-chromosome sequences, could not be 
performed because of financial constraints. Consequently, the 
presence of occult low-level or tissue-restricted Y-chromosome 
mosaicism cannot be completely excluded. 
Furthermore, the reported prevalence of Y-chromosome 
material in TS varies widely (4-61%), depending on the 
detection method, and carries a clinically significant risk of 10-
30% for gonadoblastoma (7).
Individuals with TS and dysgenetic gonads are therefore 
at increased risk for gonadal germ cell tumors. Gonadal 
dysgenesis reflects abnormal fetal gonadal development 
resulting from sex chromosome abnormalities or mutations 
in genes that regulate urogenital ridge formation and sex 
determination (8). Among germ cell tumors associated with 
dysgenetic gonads, gonadoblastoma is the most characteristic 
lesion. It is a borderline neoplasm composed of germ cell 
and sex cord elements, frequently bilateral, and capable of 
malignant transformation, most commonly into dysgerminoma 
or seminoma, in up to one-third of cases (7,9). Dysgerminoma, 
the ovarian counterpart of testicular seminoma, typically 
presents in adolescents and young women and is often 
associated with elevated serum LDH levels, which may aid 
in diagnosis and follow-up (10-12). Moreover, the mildly 

Figure 5. (a, b) Intraoperative images showing a large right adnexal mass with multiple twists in the pedicle; (c) Left streak 
ovary with fibrous appearance; (d) Post-hysterectomy specimen showing a hypoplastic uterus with a streak left ovary and a 
large right adnexal cyst with lymph nodes and omental biopsy 
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elevated serum CA125 level observed in the present case may 
be attributable to chronic adnexal torsion, inflammation, and 
extensive hemorrhagic necrosis rather than malignancy alone, 
as has been reported in previous studies (13). 
In the present case, Y-chromosome material was not identified 
on chromosomal microarray analysis. Nevertheless, given 
the dysgenetic gonadal phenotype and tumor characteristics, 
the possibility of occult or low-level Y mosaicism cannot be 
definitively excluded. An additional diagnostic consideration is 
the phenomenon of spontaneous tumor regression. “Burned-
out” germ cell tumors are well documented in the testis, 
particularly in seminoma and embryonal carcinoma, where 
the primary lesion undergoes regression, leaving fibrotic or 
necrotic remnants, sometimes in the presence of metastatic 
disease (14,15). In contrast, spontaneous regression of ovarian 
germ cell tumors is exceedingly rare, and true burned-out 
ovarian dysgerminoma remains poorly characterized (16).
In this patient, chronic adnexal torsion resulted in extensive 
hemorrhagic necrosis with complete loss of viable tumor 
tissue, accompanied by elevated serum LDH levels and bilateral 
dysgenetic gonads in the setting of Xp deletion syndrome with a 

Turner phenotype. While ischemic necrosis from long-standing 
torsion is a plausible explanation, the overall clinicoradiological 
and biochemical profile raises the possibility of a burned-out 
ovarian germ cell tumor. Although definitive confirmation is 
limited by the absence of residual or metastatic disease, this 
presentation broadens the differential diagnosis of adnexal 
masses in patients with a TS phenotype.
This case also has important implications for endocrinologists, 
pediatricians, gynecologists, and pathologists involved in the 
care of individuals with TS and disorders of sex development. 
Patients with features of TS presenting with primary amenorrhea, 
hypergonadotropic hypogonadism, dysgenetic gonads, or 
adnexal masses should undergo comprehensive genetic 
evaluation, including assessment for occult Y-chromosomal 
material when clinically indicated, as its presence significantly 
increases the risk of gonadoblastoma and other germ cell 
tumors. Although no Y-chromosome material was detected 
in the present case, the possibility of low-level or tissue-
restricted mosaicism cannot be completely excluded. This 
highlights the importance of individualized risk stratification, 
timely consideration of prophylactic gonadectomy in high-

Figure 6. (a) Hypoplastic uterus showing poorly developed endometrial lining (arrow) with scant, inactive glands (H&E, 
40x); (b-d) Right adnexal cyst demonstrating extensive haemorrhagic necrosis with loss of viable epithelial lining, precluding 
definitive characterization of the cyst [(H&E, 40x (b),100x (c)]; (e, f) Left and right streak gonads composed predominantly 
of fibrocollagenous stroma with variably sized blood vessels with complete absence of ovarian follicles or parenchyma 
(H&E, 100x)
H&E: Hematoxylin and eosin
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risk patients, and multidisciplinary management involving 
gynecology, endocrinology, pathology, genetics, and pediatric 
specialists to optimize diagnosis, surgical decision-making, 
long-term endocrine care, and surveillance. 
This case illustrates the diagnostic complexity of evaluating 
ovarian and adnexal masses in patients with Xp deletion 
syndrome presenting with a Turner phenotype and gonadal 
dysgenesis. Even in the absence of detectable Y-chromosome 
material on standard testing, low-level or tissue-restricted 
mosaicism cannot be excluded. The coexistence of a large 
adnexal mass, elevated LDH, and extensive hemorrhagic 
necrosis without viable tumor tissue raises suspicion of a 
burned-out ovarian germ cell tumor, an entity well recognized 
in the testis but rarely described in the ovary. This report 
expands the limited literature on atypical presentations of 
germ cell tumors in patients with Xp deletion syndrome and a 
Turner phenotype. Furthermore, this case highlights the need 
for heightened clinical vigilance, thorough clinicopathologic 
correlation, individualized surgical management, and long-
term surveillance in patients with dysgenetic gonads.
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Video Article

Abstract
We present a rare Müllerian anomaly known as “accessory cavitated uterine mass (ACUM),” which causes severe, refractory dysmenorrhea, and 
review the literature. A 17-year-old patient experienced severe, cyclic left-sided pelvic pain, correlating with menstruation. Magnetic resonance 
imaging (MRI) revealed a cystic lesion surrounded by myometrial tissue. Medical treatment with oral contraceptives was unsuccessful. 
Laparoscopic excision of the mass was performed, and histopathology confirmed the diagnosis of ACUM. At six months postoperatively, she 
remained asymptomatic, and follow-up MRI showed a normal-appearing uterus. ACUM is a rare Müllerian anomaly that is challenging to diagnose 
preoperatively, even with advanced imaging. Surgical excision remains the definitive treatment. This case highlights the importance of clinicians 
considering Müllerian anomalies in adolescents presenting with severe dysmenorrhea. [J Turk Ger Gynecol Assoc. 2026; 27(3): 222-25]
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Introduction

Dysmenorrhea affects nearly 80% of adolescents, with severe 

cases that may indicate rare Müllerian duct anomalies, such 

as “accessory cavitated uterine mass (ACUM)” (1). ACUM is 

characterized by progressive worsening of dysmenorrhea, 

potentially related to gubernaculum dysfunction, and the 

presence of a non-communicating, accessory uterine cavity, 

without other uterine anomalies (2-4). Differential diagnoses 

include juvenile cystic adenomyosis, rudimentary cavitated 

uterine horns, and degenerated leiomyomas. Diagnostic 

criteria for ACUM include an isolated accessory cavitated mass; 

a normal uterus, fallopian tubes, and ovaries; excised mass 

with confirmatory histopathological examination; an accessory 

cavity lined by endometrial epithelium with glands and stroma; 
chocolate-brown fluid content; and no adenomyosis except 
for small foci of myometrium adjacent to the mass. ACUMs are 
typically located on the anterior uterine wall (3). 

ACUM is an uncommon pathological condition, primarily 
observed in young individuals, characterized by severe 
dysmenorrhea and recurrent pelvic pain (5). The 
accompanying pain often localizes to the side of the mass 
and does not respond well to non-steroidal anti-inflammatory 
drugs (NSAIDs) or combined oral contraceptives (COC) (3). 
The primary treatment for ACUM is surgical excision, which 
provides permanent relief and recovery. We present a 17-year-
old adolescent girl diagnosed with ACUM, detailing her 
diagnostic process, surgical management, and follow-up visits. 
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Case report

A left-sided 27x10 mm mass with a hemorrhagic component 
on the anterior corpus of the uterus, suggesting a non-
communicating uterine horn, was detected by pelvic ultrasound 
in a 17-year-old patient with severe cyclic dysmenorrhea. Pelvic 
magnetic resonance imaging (MRI) revealed a hemorrhagic 
segment within the mass, surrounded by myometrial tissue 
(Figure 1). Laparoscopic mass excision with diagnostic 
hysteroscopy was scheduled to assess for any ostia from the 
cavitated mass into the endometrial cavity, after refractory pain 
during medical treatment with COC.

Both tubal ostia were patent during hysteroscopy, which 
revealed a regular endometrial cavity without signs of any 
accessory cavity or ostia. 

Subsequently, laparoscopic resection of the mass was 
performed (Figures 2-5). A brief video of the operation is 
available in Video 1. The following steps were performed 
during surgery. Firstly, the opening of the anterior surface of the 
uterine peritoneum. After that, a uterine mass was observed 
on the left side of the uterus. The incision was extended along 
the left round ligament. Unipolar cautery was used for the 
excision of the mass. During cauterization, chocolate-brown 
colored endometriotic fluid was released from the cavitated 
uterine mass. The fluid was aspirated from the cavitated mass. 
Following that step, the ACUM was enucleated from the uterus. 
After the excision of the mass, the resulting uterine defect was 
repaired with V-Loc™ suture.

The procedure was well tolerated with no postoperative 
complications. She was discharged the next day. Histopathology 

confirmed the endometrial glands and stroma within the 

cavity tissue, with small foci of adenomyosis in the adjacent 

myometrium. At six months postoperatively, she reported 

resolution of dysmenorrhea with regular menstrual cycles, and 

Figure 1. T2-weighted magnetic resonance imaging image 
of the mass (accessory cavitated uterine mass)

Figure 2. Opening of the anterior surface of the uterine 
peritoneum

Figure 3. Endometrial lumen of the accessory cavitated 
uterine mass

Figure 4. Suturing of the myometrial defect
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follow-up MRI showed a normal appearing uterus (Figure 6).

Written informed consent was obtained from the patient and 
her parents for both the surgical procedure and the publication 
of this case report, with approval of the Başkent University Non-
Interventional Clinical Research Ethics Committee (approval 
number: 22/226, date: 28.12.2022).

Discussion

This case report illustrates ACUM, highlighting its symptoms, 
diagnostic evaluation (pelvic ultrasound and MRI), medical 
management, surgical excision, and follow-up. The initial 
physical examination revealed a mass on ultrasound and 
pelvic MRI consistent with ACUM. Medical treatment provided 
minimal relief, leading to laparoscopic resection. The patient’s 
symptoms completely resolved following the excision. 

ACUM is a rare Müllerian anomaly and is often difficult to 
diagnose preoperatively due to its infrequent occurrence and 
similarities to other pelvic conditions. In adolescents, severe 
cyclic dysmenorrhea, refractory to NSAIDs or COCs, should raise 
suspicion for Müllerian anomalies. The differential diagnosis 

should include pedunculated myomas, endometriomas, and 
para-ovarian cysts (6). Literature describes similar lesions under 
various names, including juvenile cystic adenomyoma, cystic 
adenomyoma, cystic adenomyosis, and accessory cavitated 
mass. The term ACUM is now preferred and has replaced the 
term “juvenile cystic adenomyoma” due to reflecting the nature 
of the condition more accurately, as described by Takeda et al. 
(7). Recently, Sachedina Parhar et al. (8) proposed the term 
“accessory uterine cavities” for this entity. Precise diagnosis 
depends on intraoperative and histopathological findings.
Our case meets the established diagnostic criteria for ACUM (3). 
While MRI can suggest the diagnosis, definitive confirmation 
requires surgical excision and histopathological examination 
(9). Video footage from the presented patient’s surgery 
illustrates the drainage of chocolate-brown fluid, indicative of 
old blood, as previously reported (6). Histopathological analysis 
noted small foci of adenomyosis in the myometrium adjacent 
to the mass. Notably, our case differed from most reported 
cases of ACUM, which typically present on the right side of the 
uterus (10).

Conclusion 

ACUM remains a rare form of Müllerian anomaly and is 
difficult to diagnose preoperatively despite advanced imaging 
techniques. Surgical excision performed through laparotomy 
or laparoscopy remains the definitive treatment. Laparoscopic 
procedures are associated with a lower complication rate 
and higher operative satisfaction (11). This aim of this report 
was to highlight this rare condition and so remind clinicians 
to consider Müllerian anomalies in this patient demographic. 
This report highlights the need to consider ACUM in the 
differential diagnosis of severe dysmenorrhea. It underscores 
the importance of including ACUM in the differential diagnosis 
and highlights the effectiveness of surgical excision for long 
term relief. Moreover, we offer a step-by-step video for ACUM 
excision. The complete resolution of our patient’s symptoms 
without complications highlights the effectiveness and safety 
of the surgical approach.	  

Video 1.

http://dx.doi.org/10.4274/jtgga.galenos.2025.2025-10-5.video1

Ethics

Ethics Committee Approval: This study was approved by the 
Başkent University Non-Interventional Clinical Research Ethics 
Committee (approval number: 22/226, date: 28.12.2022).

Figure 6. Magnetic resonance imaging image of the uterus 
after surgery

Figure 5. Final appearance of the uterus

https://youtu.be/I_1kp5eXAjk
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Informed Consent: Written informed consent was obtained 
from the patient and her parents for both the surgical procedure 
and the publication.

Footnotes

Conflict of Interest: No conflict of interest is declared by the 
authors.

Financial Disclosure: The authors declared that this study 
received no financial support.

References

1.	 Agarwal AK, Agarwal A. A study of dysmenorrhea during 
menstruation in adolescent girls. Indian J Community Med. 2010; 
35: 159-64.

2.	 Deng F, Liu K, Huang Y, Chen Q, Wang L, Xiao X, et al. Successful 
treatment of a rare giant accessory cavitated uterine mass: a case 
report. J Int Med Res. 2024; 52: 3000605241252238.

3.	 Acién P, Bataller A, Fernández F, Acién MI, Rodríguez JM, Mayol MJ. 
New cases of accessory and cavitated uterine masses (ACUM): a 
significant cause of severe dysmenorrhea and recurrent pelvic pain 
in young women. Hum Reprod. 2012; 27: 683-94.

4.	 Grimbizis GF, Di Spiezio Sardo A, Saravelos SH, Gordts S, Exacoustos 
C, Van Schoubroeck D, et al. The Thessaloniki ESHRE/ESGE 

consensus on diagnosis of female genital anomalies. Gynecol Surg. 
2016; 13: 1-16.

5.	 Garofalo A, Alemanno MG, Sochirca O, Pilloni E, Garofalo G, 
Chiadò Fiorio Tin M, et al. Accessory and cavitated uterine mass 
in an adolescent with severe dysmenorrhoea: from the ultrasound 
diagnosis to surgical treatment. J Obstet Gynaecol. 2017; 37: 259-61.

6.	 Paul PG, Chopade G, Das T, Dhivya N, Patil S, Thomas M. Accessory 
cavitated uterine mass: a rare cause of severe dysmenorrhea in 
young women. J Minim Invasive Gynecol. 2015; 22: 1300-3.

7.	 Takeda A, Sakai K, Mitsui T, Nakamura H. Laparoscopic 
management of juvenile cystic adenomyoma of the uterus: report 
of two cases and review of the literature. J Minim Invasive Gynecol. 
2007; 14: 370-4.

8.	 Sachedina Parhar A, Mellor A, Moeed S, Grover SR. Accessory 
uterine cavities: a review of cases and an appeal for standard 
terminology. Fertil Steril. 2025; 123: 1101-13.

9.	 Bedaiwy MA, Henry DN, Elguero S, Pickett S, Greenfield M. 
Accessory and cavitated uterine mass with functional endometrium 
in an adolescent: diagnosis and laparoscopic excision technique. J 
Pediatr Adolesc Gynecol. 2013; 26: e89-91.

10.	 Acién P, Acién M, Fernández F, José Mayol M, Aranda I. The cavitated 
accessory uterine mass: a Müllerian anomaly in women with an 
otherwise normal uterus. Obstet Gynecol. 2010; 116: 1101-9.

11.	 Otten LA, Lama S, Otten JW, Winkler K, Ralser DJ, Egger EK, et al. 
Clinical comparison of laparoscopic and open surgical approaches 
for uterus-preserving myomectomy: a retrospective analysis on 
patient-reported outcome, postoperative morbidity and pregnancy 
outcomes. Arch Gynecol Obstet. 2025; 311: 1359-69.



226

Copyright© 2026 The Author(s). Published by Galenos Publishing House on behalf of Turkish-German Gynecological Association. 
This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

Video Article

Abstract

Ovarian cancer is frequently diagnosed at an advanced stage, with liver metastases commonly observed, adversely affecting prognosis. Achieving 
complete cytoreduction (R0) is essential for improving overall survival in advanced ovarian cancer. Liver resections, particularly for isolated 
and resectable lesions, have demonstrated survival benefits. Non-anatomical resections, while preserving functional liver parenchyma, are 
increasingly employed in this context. This study showcases a surgical video illustrating a non-anatomical wedge liver resection performed for 
oligometastatic disease as part of interval cytoreductive surgery in advanced-stage ovarian cancer. A young multiparous woman in her 30 s with 
high-grade serous carcinoma of the right ovary and multiple hepatic metastases at diagnosis had a persistent dominant residual liver lesion 
following neoadjuvant chemotherapy. She had undergone prior right salpingo-oophorectomy. Interval cytoreductive surgery included peritoneal 
wash for cytology, hysterectomy with excision of left tube and ovary, retroperitoneal lymph node sampling, total omentectomy, peritoneal deposit 
excision, and non-anatomical liver resection. The surgical peritoneal cancer index was 7. Intra-operative ultrasound guided localization of a 
2.5×2 cm intraparenchymal lesion in liver segments IVB/V. Wedge resection with adequate margins was performed using the Kelly clamp-crush 
technique, LigaSure, and monopolar cautery after ligation of the distal middle hepatic vein. The postoperative recovery proceeded without 
complications. Metastatic carcinoma in the liver lesion and peritoneal deposit, with no residual disease in other specimens were reported from 
histology. The patient received three cycles of adjuvant chemotherapy and remains disease-free at 18 months of follow-up. Non-anatomical 
liver resections are feasible and safe in advanced ovarian cancer with resectable oligometastatic hepatic disease and should be integrated into 
cytoreductive surgery when indicated. While recent evidence supports the safety and survival benefits of liver resections, additional research is 
needed to clarify their prognostic significance in advanced ovarian cancer. [J Turk Ger Gynecol Assoc. 2026; 27(3): 226-8]
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Introduction

Ovarian cancer is identified at advanced stages The 
International (Federation of Gynecology and Obstetrics stage 
IIIC-IV) in 60-80% of cases, often necessitating visceral organ 
resections to attain optimal cytoreduction. Among metastatic 

sites, the liver is one of the most commonly affected and is 
associated with a poor prognosis. At present, the negative 
correlation between residual tumor after cytoreduction and 
overall survival is universally acknowledged, and liver resection 
appears to offer a survival advantage for patients with ovarian 
cancer liver metastases.
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Liver resection is indicated in cases where complete resection 
(R0) extrahepatic cytoreduction can be achieved and when there 
is an isolated, resectable liver lesion (1). Key considerations for 
planning hepatic resection include the location, distribution, 
and number of tumor lesions, as well as the involvement of 
vascular and biliary structures. Additional factors include 
assessing the quality of functional liver parenchyma, ensuring 
adequate vascular supply, and maintaining proper biliary 
drainage in the residual liver following hepatectomy. Although 
anatomical liver resections lead to decreased blood loss, non-
anatomical resection has greater parenchyma sparing potential 
(2). Studies have shown that cases with BRCA mutations 
have higher risk of liver metastasis but better survival vis-à-
vis women with BRCA wild type after liver resection (3). Liver 
resection has been found to be safe and feasible in advanced 
ovarian cancer from primary up to quaternary cytoreduction 
with survival benefits (4).

Case report

A stepwise surgical demonstration of wedge liver 
metastasectomy integrated into interval cytoreductive 
management of advanced ovarian carcinoma with 
oligometastatic hepatic spread.
A multiparous female patient in her 30s, with Eastern 
Cooperative Oncology Group performance status 1 and body 
mass index of 31.2 kg/m2, was diagnosed with stage IVB 
high-grade serous carcinoma of the right ovary. She initially 
underwent right salpingo-oophorectomy with omental biopsy 
at an outside center. Histopathological review confirmed high-
grade serous adenocarcinoma. Subsequent contrast-enhanced 
computed tomography revealed multiple hepatic metastases. 
Germline BRCA1/2 mutation testing was negative.

The patient received four cycles neoadjuvant chemotherapy 
with paclitaxel and carboplatin, following which interval 
imaging demonstrated a reduction in the hepatic disease 
burden, with a persistent residual hepatic lesion. Following 
multidisciplinary evaluation, she was planned for interval 
cytoreductive surgery.
Exploratory laparotomy was performed as part of interval 
cytoreduction. Following peritoneal washings for cytological 
assessment, total abdominal hysterectomy with left 
salpingo-oophorectomy, pelvic lymph node debulking, total 
omentectomy, and excision of a 2×2 cm subdiaphragmatic 
peritoneal deposit adjacent to liver segment VI were 
undertaken. The surgical peritoneal cancer index was 7.
Intra-operative ultrasonography was used to accurately localize 
a 2.5×2 cm intraparenchymal metastatic lesion involving liver 
segments IVB/V (Figure 1). After delineating adequate resection 
margins, non-anatomical wedge liver resection was performed 
using the Kelly clamp-crush technique in combination with 
LigaSure and monopolar cautery following ligation of the distal 
middle hepatic vein(Figure 2). Complete gross cytoreduction 
was achieved (Figure 3).

Discussion

The post-operative recovery was smooth and without 
complications. The histopathology report confirmed a 
metastatic carcinoma in the liver lesion and peritoneal deposit 
while the rest of the specimens showed no residual disease. 
Negative surgical margins of the liver specimen were confirmed 
on histopathological assessment, establishing an R0 resection. 
Three cycles of adjuvant chemotherapy were administered 
and the patient is disease free for 18 months and on follow-up 
at the time of writing. 

Figure 1. Transection of segment IVB/V of liver with liver 
metastasis (dotted line, Cantlie’s line; star, segment IVB; 
triangle, segment V; circle, intraparenchymal deposit with 
1 cm margin)

Figure 2. Kelly clamp used to crush the liver parenchyma 
and identify the underlying vessels (triangle, Kelly clamp; 
circle, excised liver lesion; arrow, distal middle hepatic 
vein)
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Conclusion

Non-anatomical liver resection should be integrated into 
cytoreductive surgical strategies, particularly for cases 
involving surgically accessible oligometastatic disease. Recent 
systematic reviews have demonstrated the feasibility and safety 
of liver resection in such settings. However, additional research 
is essential to better understand its long-term prognostic 
implications.

Video 1.

http://dx.doi.org/10.4274/jtgga.galenos.2026.2024-11-14.video1
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Abstract

Ureteral injury during advanced gynecologic laparoscopic procedures is an uncommon but potentially serious complication, particularly 
during para-aortic lymphadenectomy performed for oncologic staging. We describe the laparoscopic management of a proximal right ureteral 
transection encountered during transperitoneal para-aortic lymphadenectomy in a 56-year-old woman (body mass index 36 kg/m2) with high-
risk endometrial carcinoma. The injury was recognized intraoperatively and repaired using a tension-free ureteroureterostomy over a double-J 
stent. Key technical steps, including exposure in obese patients and preservation of ureteral vascularity, are demonstrated. This report highlights 
that timely intraoperative recognition and laparoscopic repair of proximal ureteral injury can prevent major morbidity and obviate open surgery, 
emphasizing the importance of advanced, minimally invasive surgical expertise. [J Turk Ger Gynecol Assoc. 2026; 27(3): 229-30]
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Introduction

Ureteral injury is an uncommon but serious complication of 
gynecologic laparoscopic surgery, with a reported incidence 
ranging from 0.2% to 6.0% depending on procedure type 
and patient characteristics (1). Such injuries carry the risk of 
delayed diagnosis, prolonged morbidity, and potential loss of 
renal function (2). In the context of endometrial cancer staging, 
para-aortic lymphadenectomy is an essential component for 
patients at high-risk of lymphatic spread and can be performed 
via either transperitoneal or extraperitoneal approaches (3).
The transperitoneal route offers advantages, such as early 
uterine removal and intraoperative frozen-section analysis, 
enabling tailored lymphadenectomy. However, this approach 
presents technical challenges, particularly regarding bowel 
retraction and exposure of retroperitoneal structures. Delayed 
recognition of ureteral injury is associated with increased 
morbidity and impaired renal outcomes, whereas prompt 

intraoperative identification and minimally invasive repair may 
be facilitated by advanced surgical expertise, thus improving 
postoperative recovery and outcome.

Herein, we describe the laparoscopic management 
of a proximal ureteral transection encountered during 
transperitoneal para-aortic lymphadenectomy, focusing on 
technical considerations for safe exposure, early recognition, 
and immediate repair. This report was prepared in accordance 
with the SCARE 2025 guideline (4).

Case report 

Intraoperative frozen-section analysis revealed upgrading of the 
tumor measuring 8×4 cm at its maximum diameter to grade 3 
with deep myometrial invasion. According to the ESMO-ESGO-
ESTRO consensus classification, the patient was categorized 
as high-risk, and pelvic and para-aortic lymphadenectomy was 
subsequently performed.
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During meticulous retroperitoneal inspection, a proximal 
transection of the right ureter was identified intraoperatively. 
Dense perirenal adipose tissue and restricted working space 
increased the technical difficulty of exposure. Both ureteral 
ends were carefully mobilized to preserve vascularity and 
allow a tension-free end-to-end anastomosis. A continuous 
ureteroureterostomy was performed using a 4-0 absorbable 
suture over a 4.8-Fr double-J ureteral stent. The key steps 
of intraoperative recognition and laparoscopic repair are 
demonstrated in Video 1.
The total operative time was 180 minutes, with an estimated 
blood loss of approximately 100 mL. Anastomotic integrity 
was confirmed intraoperatively by visualization of urine flow 
and was verified by postoperative imaging. The patient was 
discharged on postoperative day 6 without complications and 
remained asymptomatic at 16 months of follow-up.

Discussion

Prompt recognition and immediate repair of ureteral injury 
are important for minimizing morbidity and preserving renal 
function. Previous series have demonstrated that ureteral 
injuries identified intraoperatively can be successfully managed 
when addressed without delay (2). Reported risk factors 
include visceral obesity and the use of energy devices near 
perirenal fat, highlighting the importance of strict adherence to 
anatomical landmarks during para-aortic dissection (1,5).
Surgical repair techniques vary according to the location and 
extent of injury. While ureteroneocystostomy remains the 
most reported reconstructive option, ureteroureterostomy 
is appropriate in selected cases with short defects, well-
vascularized ureteral ends, and the ability to achieve a tension-
free anastomosis (5). When performed laparoscopically by 
experienced surgeons, outcomes are comparable to open 
repair while offering reduced postoperative pain and faster 
recovery (6).
The present experience demonstrates that a proximal ureteral 
transection occurring during transperitoneal para-aortic 
lymphadenectomy may be managed laparoscopically without 
conversion to open surgery, even in technically demanding 
settings such as visceral obesity. The accompanying surgical 
video illustrates practical steps for exposure, early recognition, 
and precise suturing, providing an educational resource for 
surgeons confronted with similar intraoperative complications.
In specialized gynecologic oncology centers, formal training 
in advanced retroperitoneal dissection facilitates immediate 
laparoscopic repair of ureteral injuries when they are 
encountered. Postoperative urologic follow-up remains 
essential to ensure long-term functional success.

Conclusion

Although ureteral injury during laparoscopic para-aortic 
lymphadenectomy is uncommon and should be avoided 

if at all possible, when it occurs it represents a technically 
demanding complication requiring prompt recognition and 
advanced laparoscopic skills. This report demonstrated that 
proximal ureteral transections may be successfully repaired 
laparoscopically through a tension-free ureteroureterostomy, 
avoiding conversion to open surgery. In centers with sufficient 
expertise, minimally invasive repair represents a reliable 
alternative to traditional open management with favorable 
postoperative outcomes.

Video 1.

http://dx.doi.org/10.4274/jtgga.galenos.2026.2026-2-11.video1

Ethics

Ethics Committee Approval: Institutional review board 
approval was waived because this study is a single-case video 
article and does not involve research on human subjects.

Informed Consent: Written informed consent was obtained 
from the patient for publication of the case details and 
accompanying video/images.

Footnotes

Conflict of Interest: No conflict of interest is declared by the 
authors.

Financial Disclosure: The authors declared that this study 
received no financial support.

References

1.	 Kobayashi H, Kobayashi M, Takaki Y, Kondo Y, Hamada Y, Shimizu 
H, et al. Ureter injury in laparoscopic para-aortic lymphadenectomy 
for endometrial cancer by the transperitoneal approach. Case Rep 
Obstet Gynecol. 2023; 2023: 3138683. 

2.	 Chan JK, Morrow J, Manetta A. Prevention of ureteral injuries in 
gynecologic surgery. Am J Obstet Gynecol. 2003; 188: 1273-7. 

3.	 Colombo N, Creutzberg C, Amant F, Bosse T, González-Martín A, 
Ledermann J, et al; ESMO-ESGO-ESTRO Endometrial Consensus 
Conference Working Group. ESMO-ESGO-ESTRO Consensus 
Conference on Endometrial Cancer: diagnosis, treatment and 
follow-up. Ann Oncol. 2016; 27: 16-41. Erratum in: Ann Oncol. 2017; 
28: iv167-iv168.

4.	 Kerwan A, Al-Jabir A, Mathew G, Sohrabi C, Rashid R, Franchi T, et 
al. Revised Surgical Case Report (SCARE) guideline: an update for 
the age of artificial intelligence. Premier Journal of Science. 2025: 
10; 100079

5.	 Martin A, Wells A, Anderson ML, Chern JY, Rutherford TJ, Shahzad 
MM, et al. Trends in ureteral surgery on an academic gynecologic 
oncology service. Gynecol Oncol. 2021; 163: 552-6. 

6.	 Arcieri M, Cuman M, Restaino S, Tius V, Cianci S, Ronsini C, et al. 
Exploring urinary tract injuries in gynecological surgery: current 
insights and future directions. Healthcare (Basel). 2025; 13: 1780.

http://dx.doi.org/10.4274/jtgga.galenos.2026.2026-2-11.video1


CONGRESS CALENDAR

INTERNATIONAL MEETINGS 

September 06-09, 2026	 36th ISUOG World Congress, Dubai, UAE

October 04-07, 2026	 ESGE 35th Annual Congress, Krakow, Poland

October 24-28, 2026	 American Society for Reproductive Medicine (ASRM) 82nd Annual Meeting, 
	 Baltimore, USA

November 12-14, 2026	 The 34th World Congress on Controversies in Obstetrics Gynecology & Infertility (COGI), 	
	 Athens, Greece 

November 13-16, 2026	 The 55th American Association of Gynecologic Laparoscopists (AAGL) 
	 Global Congress on Minimally Invasive Gynecologic Surgery (MIGS), Boston, USA

April 28-May 2, 2027 	 16th Turkish-German Gynecology Congress, Antalya, Türkiye

(for detailed International Meeting please go website: https://www.emedevents.com/obstetrics-and-gynecology) 



CONGRESS CALENDAR

NATIONAL MEETINGS

September 24-27, 2026   	  5. Tüp Bebek ve İnfertilite Derneği Kongresi, Girne, K.K.T.C

September 30-October 4, 2026  	 8. Jinekoloji ve Obstetrikte Tartışmalı Konular Kongresi, Antalya, Türkiye

October 28-31, 2026 	 Türkiye Maternal Fetal Tıp ve Perinatoloji Derneği 15. Ulusal Kongresi, Antalya, Türkiye

October 28-November 1, 2026      	 13. Üreme Tıbbı ve Cerrahisi Derneği Kongresi, Antalya, Türkiye

October 30-November 1, 2026      	 13. Uluslararası Pelviperineoloji ve Fonksiyonel Kozmetik Jinokoloji ve Üroloji Kongresi, 	
	 İstanbul, Türkiye

November 19-22, 2026.    	 14. Türk Üreme Sağlığı ve İnfertilite Vakfı Kongresi, Antalya, Türkiye

(for detailed National Meeting please go website: https://www.kongreuzmani.com/2026)


