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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 target audience of Journal of the Turkish-German Gynecological Association includes gynaecologists and primary care physicians 
interested in gynecology practice. It publishes original work on all aspects of 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 are also published.

It is an independent peer-reviewed international journal printed in English language. Manuscripts are reviewed in accordance with “double-
blind peer review” process for both referees and authors.
Journal of the Turkish-German Gynecological Association is indexed in PubMed Central, Thomson Reuters – Emerging Sources Citation 
Index, EMBASE, Scopus, CINAHL, Gale/Cengage Learning, EBSCO, DOAJ, HINARI, ProQuest, Index Copernicus, TÜBİTAK ULAKBİM TR 
Index and Turkiye Citation Index.

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 requests to reproduce copies of articles for non-commercial use may be obtained from the Editorial Office:

Editor: Cihat Ünlü, M.D.
Address: Abdi İpekçi Cad. 2/7 34367 Nişantaşı-İstanbul-Turkey
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-Turkey
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.

The journal is printed on acid-free paper.
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The “Journal of the Turkish German Gynecological Association” (ISSN 
1309-0399; 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).

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 
create 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.

Authors who have any queries regarding the submission process can 
contact the journal’s editorial office:
Editorial Office:
Abdi İpekçi Caddesi 2/7 Nişantaşı, İstanbul / Turkey
+90 212 217 17 00
scholarone@jtgga.org

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.

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/),
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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 
1975 Declaration of Helsinki, as revised in 2000. 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.

Reports of animal experiments must state that the “Principles of laboratory 
animal care” (NIH publication No. 86-23, revised 1985) were followed, as 
well as specific national laws where applicable.

The editors reserve the right to reject manuscripts that do not comply with 
the abovementioned 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 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 
andevaluation site. The copyright transfer form should be signed by all 

contributing authors and a scanned version of the wet signed document 
should be submitted.
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 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 articles 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 
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indicated by the facts in your report. Compare your finding with those of 
others. Provide information on the limitations of the study. No new data are 
to be presented in this section.

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.

Tables and Figures
Tables should be included in the main document after the reference list. 
Colour 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 
colour 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 of the main 
document should be submitted with revisions. The Editors have the right to 
withdraw or retract the paper from the scientific literature in case of proven 
allegations of misconduct.

Accepted Articles
Epub Ahead of Print
The abstract of the accepted manuscripts will be shown in PubMed as 
“E-pub ahead of print”.
An “Epub ahead of print” signifies that the electronic version of an article 
has been published online (at PubMed and the journal’s website www.
jtgga.org), but that the print version of the article has not yet been published. 
If an article was published online ahead of print, the date it was published 
online, along with the digital object identifier (DOI) to ensure that all article 
versions can be identified, should follow the acceptance date footnote (or, if 
the journal does not publish the acceptance date, it should be placed first).

Journal and Society Web sites:
www.dtgg.de (Deutsch-Türkische Gynäkologengeselleschaft)
www.tajev.org (Turkish-German Gynecological Education and Research 
Foundation)
www.jtgga.org (Journal of the Turkish German Gynecological Association)

- Citation of published manuscripts in J Turk Ger Gynecol Assoc should be 
as follows: Tews G, Ebner T, Sommergruber M, Marianne M, Omar S. Ectopic 
Pregnancy in the Assisted Reproduction. J Turk Ger Gynecol Assoc 2004; 5: 
59-62.

- The Journal name should be abbreviated as “J Turk Ger Gynecol Assoc”

© All rights of the articles published in J Turk Ger Gynecol Assoc (Formerly 
“Artemis”) are reserved by the Turkish-German Gynecological Association.  

A-VI



		

Journal of the

Turkish-German
Gynecological Association

Contents

	 ORIGINAL INVESTIGATIONS
102 	 Liposome-encapsulated diacyl glycerol and inositol triphosphate-induced delayed oocyte activation and poor 		
	 development of parthenotes 
	 Ramya Nair, Jyothsna Manikkath, Aswathi R. Hegde, Srinivas Mutalik, Guruprasad Kalthur, Satish Kumar Adiga; Manipal, India

110 	 Revaluating the survival effects of International Federation of Gynecology and Obstetrics 1988 stage IIIA criteria for 	
	 endometrial cancer
	 Osman Türkmen, Alper Karalok, Derman Başaran, Günsu Kimyon, Gizem Kul, Gökhan Tulunay, Işın Üreyen, Taner Turan; Ankara, Turkey

116 	 Risk factors for appendiceal involvement in women with epithelial ovarian cancer
	 Mustafa Erkan Sarı, Elmas Korkmaz, Murat Öz, Tayfun Güngör, Mehmet Mutlu Meydanlı; Ankara, Turkey

122 	 Platelet-to-lymphocyte ratio: A new inflammatory marker for the diagnosis of preterm premature rupture of 		
	 membranes
	 Erzat Toprak, Murat Bozkurt, Burcu Dinçgez Çakmak, Emel Ebru Özçimen, Musa Silahlı, Ayşe Ender Yumru, Eray Çalışkan;  
	 Konya, Sakarya, Bursa, İstanbul, Turkey

127 	 Lymph node dissection in atypical endometrial hyperplasia 
	 Salih Taşkın, Özgür Kan, Ömer Dai, Elif A. Taşkın, Kazibe Koyuncu, Ayşegül Alkılıç, Mete Güngör, Fırat Ortaç; Ankara, İstanbul, Turkey

133 	 Blastocyst transfer does not improve cycle outcome as compared to D3 transfer in antagonist cycles with an elevated 	
	 progesterone level on the day of hCG
	 Cem Demirel, Serkan Aydoğdu, Arzu İlknur Özdemir, Gülşah Keskin, Ercan Baştu, Faruk Buyru; İstanbul, Turkey

139 	 Microcystic, elongated, and fragmented pattern of invasion in relation to histopathologic and clinical prognostic 		
	 factors in endometrioid endometrial adenocarcinoma
	 M. Murat Naki, Gülbin Oran, Seza Ümit Tetikkurt, Cavide Fatma Sönmez, İlknur Türkmen, Faruk Köse; İstanbul, Turkey

	 REVIEWS
143 	 Exploring the umbilical and vaginal port during minimally invasive surgery
	 Andrea Tinelli, Daniel A. Tsin, Antonello Forgione, Ricardo Zorron, Giovanni Dapri, Antonio Malvasi, Tahar Benhidjeb, Radmila Sparic,  
	 Farr Nezhat; Lecce, Milan, Bari, Italy, Moscow, Russia, New York, USA, Berlin, Germany, Belgrade, Serbia, UAE

148 	 How to personalize ovarian stimulation in clinical practice
	 Giovanna Sighinolfi, Valentina Grisendi, Antonio La Marca; Modena, Italy

	 QUIZ
154 	 What is your diagnosis?
	 Kavita Khoiwal, V. Seenu, Neena Malhotra, K. Aparna Sharma, Sandeep Mathur; New Delhi, India

	 LETTER TO THE EDITOR
158 	 Obesity and insulin resistance are significant predictors of serum leptin levels
	 Fatma Beyazıt, Mesut A. Ünsal; Çanakkale, Turkey

A-VII



Journal of the

Turkish-German
Gynecological Association

Editorial

Dear Colleagues,
It is my great pleasure to meet with you again in the third issue of the Journal of the Turkish - 
German Gynecological Association (J Turk Ger Gynecol Assoc). 
Today I want to give some information about ORCID. ORCID provides a persistent digital 
identifier that distinguishes you from every other researcher and, through integration in key 
research workflows such as manuscript and grant submission, supports automated linkages 
between you and your professional activities ensuring that your work is recognized. 
ORCID (Open Researcher and Contributor ID) is a nonproprietary alphanumeric code to 
uniquely identify scientific and other academic authors and contributors. This addresses the 
problem that a particular author’s contributions to the scientific literature or publications in the 
humanities can be hard to recognize as most personal names are not unique, they can change 

(such as with marriage), have cultural differences in name order, contain inconsistent use of first-name abbreviations and 
employ different writing systems. It provides a persistent identity for humans, similar to that created for content-related 
entities on digital networks by digital object identifiers (DOIs). 
The ORCID organization offers an open and independent registry intended to be the de facto standard for contributor 
identification in research and academic publishing. On 16 October 2012, ORCID launched its registry services and started 
issuing user identifiers. The aim of ORCID is to aid “the transition from science to e-Science, wherein scholarly publications 
can be mined to spot links and ideas hidden in the ever-growing volume of scholarly literature”. Another suggested use is to 
provide each researcher with a constantly updated ‘digital curriculum vitae’ providing a picture of his or her contributions 
to science going far beyond the simple publication list. The idea is that other organizations will use the open-access ORCID 
database to build their own services.
It has been noted in an editorial in Nature that ORCID, in addition to tagging the contributions that scientists make to papers, 
“could also be assigned to data sets they helped to generate, comments on their colleagues’ blog posts or unpublished 
draft papers, edits of Wikipedia entries and much else besides”. In April 2014, ORCID announced plans to work with the 
Consortia Advancing Standards in Research Administration Information to record and acknowledge contributions to peer 
review. In an open letter dated 1 January 2016 eight publishers, including the Royal Society, the American Geophysical 
Union, Hindawi, the Institute of Electrical and Electronics Engineers, PLOS, and Science, committed to requiring all authors 
in their journals to have an ORCID ID. From now on, we ask from all authors an ORCID ID too. Therefore I recommend all 
of you to get your unique ORCID identifier from https://orcid.org.

Dear Young Researchers, 
Publishing an article in an academic journal can be a frustrating process that demands a substantial commitment of time 
and hard work. Nevertheless, establishing a record of publication is essential if you intend to pursue a career as an academic 
or scientific researcher. I want to give five suggestions will help you turn the odds in your favor and make the publishing 
process less daunting.
1.	 Target an Appropriate Journal
2.	 Say Something New
3.	 Edit Your Work Extensively
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4.	 Reference Strategically
5.	 Make it Difficult for Reviewers to Say “No”
When choosing a journal, you want to keep in mind two factors: review times and policies on multiple submissions. You 
should expect most reviews to take several months at a minimum. Meanwhile, most journals do not accept an article for 
review that is simultaneously being reviewed by another journal.
As a result, the journal you target is particularly important because it’s not practical to submit your work to many publications. 
If you aren’t interested in waiting 6-months or longer to hear back from several journals (one after the other), start out by 
targeting a publication that’s more likely to give your article the green light. You’ll have a better chance of publishing in a top 
journal with this experience under your belt.

Dear Colleagues,
In this issue, we are dealing with very interesting research articles and reviews. We worked hard to deliver you the journal 
with the best manuscripts in time. In this issue, you will read several good papers from all over the world from India to 
Germany and USA. 

I would also like to remind you the sixth Social Responsibility Project of Turkish German Gynecological Education and 
Research Foundation (TGGF), which will be held on September 8-9, 2017, in Antakya-Turkey. The project held in this beautiful 
city is traditionally organized from four steps; public awareness meeting with participation of the locals, the scientific 
meeting with participation of health professionals, performing of the advanced operations and medical examination/
screening to local women, and finally a medical device donation to a local hospital. We believe our project could be 
considered a success if only one maternal death is prevented. Since it is these small steps which may one day make the 
difference. We would be excited to have our colleagues join us in this intense scientific activity.

I would like to remind you that our journal has been indexed in PubMed Central. We are looking forward to receiving your 
valuable submissions and thank you in advance for your contributions.

Sincerely,

Prof. Cihat Ünlü, M.D.
Editor in Chief of J Turk Ger Gynecol Assoc
President of TAJEV
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Liposome-encapsulated diacyl glycerol and inositol 
triphosphate-induced delayed oocyte activation and 

poor development of parthenotes 
Ramya Nair1, Jyothsna Manikkath2, Aswathi R. Hegde2, Srinivas Mutalik2, Guruprasad Kalthur1, Satish Kumar Adiga1

Abstract

1Department of Clinical Embryology, Central Research Lab, Kasturba Medical College, Manipal University, Manipal, India
2Department of Pharmaceutics, Manipal College of Pharmaceutical Sciences, Manipal University, Manipal, India

Objective: To explore the ability of diacyl glycerol (DAG) and inositol triphosphate (IP3), two major secondary messengers in the calcium 
signaling pathway, in activating oocytes.
Material and Methods: Oocyte cumulus complex obtained from superovulated Swiss albino mice were incubated in M16 medium with 
liposome-encapsulated 1,2-Dipalmitoyl-sn-glycerol (LEDAG) and/or IP3 for 3 h. Strontium chloride was used as positive control. The activation 
potential, ploidy status, and blastocyst rate was calculated.
Results: Both DAG and IP3, individually, induced activation in ~98% of oocytes, which was significantly higher (p<0.01) than activation induced 
by strontium chloride (60%). Delayed pronucleus formation and a higher percentage of diploid parthenotes was observed in oocytes activated 
with LEDAG and/or IP3. However, these embryos failed to progress beyond the 6-8–cell stage. Only when the medium was supplemented with 
LEDAG (5 μg/mL) and IP3 (10 μg/mL) could activated oocytes progress till the blastocyst stage (5.26%), which was lower than the blastocyst rate 
in the positive controls (13.91%).
Conclusion: The results of the present study indicate that DAG and IP3 can induce delayed oocyte activation and poor development of 
parthenotes in vitro. (J Turk Ger Gynecol Assoc 2017; 18: 102-9)
Keywords: Oocyte activation, diacyl glycerol, inositol triphosphate, liposomes, embryo development
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Introduction

Fertilization is a complex process which involves a series of 
well-defined morphologic and biochemical events in both 
spermatozoa and oocytes (1). The entry of sperm into the oocyte 
initiates a signaling cascade, which hydrolyzes the membrane-
bound phosphoinositidyl 4,5 bis phosphate (PIP2) to inositol 
triphosphate (IP3) and diacyl glycerol (DAG). DAG causes the 
activation of protein kinase C (PKC) (2), and IP3 binds to IP3 
receptors present on the surface of the endoplasmic reticulum 
(ER) to release Ca2+ into the cytoplasm (3), which initiates 
multiple downstream events required for zygote formation.

The development of an embryo without the involvement of 
spermatozoa (paternal factors) is known as parthenogenesis. 

Parthenogenetic embryos play an important role in 
understanding the paternal and maternal contribution to 
the development of embryos, act as an alternative source of 
normally fertilized embryos for quality control experiments in 
assisted reproductive technology (ART) laboratories, and as 
a source of embryonic stem cells in the field of regenerative 
medicine. Even though artificial oocyte activation can be 
achieved in vitro using various physical, electrical, and 
chemical means (4-6), in vitro development of parthenotes is 
characterized by increased embryonic arrest, a high degree 
of fragmentation, developmental delay of embryos (7, 8), 
decreased blastocyst rate, and low cell number in blastocyst.

The oocyte activation process and the subsequent 
development of parthenotes is driven by the calcium 
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signaling pathway (7, 9). Artificial oocyte activation agents 
generate calcium spikes of lower amplitude, which last 
for a short duration when compared with spermatozoa-
induced calcium waves (10). The present investigation was 
aimed to study whether using DAG and IP3 exogenously 
as activating agents could improve the developmental 
potential of activated oocytes. An earlier study showed that 
microinjection of the secondary messengers in the calcium 
signaling pathway (DAG and IP3) evoked a calcium spike 
that was more physiologic and similar to that of natural 
stimuli (11). However, whether it would be sufficient to 
drive complete activation of oocytes and support embryo 
development has not yet been reported. Previous studies 
used microinjection for the delivery of the secondary 
messengers for oocyte activation, which requires technical 
expertise and a sophisticated instrument. In the present 
study, we used liposome-encapsulated DAG and IP3 
individually and in combination to study their oocyte 
activation potential and the subsequent development of 
activated oocytes under in vitro conditions.

Material and Methods

Animal handling

Inbred Swiss albino female mice (8-10 weeks) maintained in 
the Central Animal Research Facility, Kasturba Medical College, 
Manipal University, under standard conditions of temperature 
(25±2 ºC), humidity (45-55%) and light (12:12 h of light and 
dark) were used for the study. The authors assert that all 
procedures contributing to this work complied with the ethical 
standards of the relevant national and institutional guides on 
the care and use of laboratory animals. Prior approval to carry 
out the experiment was obtained from the Institutional Animal 
Ethics Committee of Kasturba Medical College, Manipal (IAEC/
KMC/64/2013).

Preparation of liposomes encapsulated with 1,2-Dipalmitoyl-
sn-glycerol

1,2-Dipalmitoyl-sn-glycerol (5 mg, Catalogue no. D9135, Sigma) 
and soy phosphatidyl choline (45 mg) were dissolved in 15 
mL of chloroform in a round-bottomed flask connected to a 
rotary flash evaporator (ROTAVAP, Buchhi, Switzerland), and 
chloroform was removed under reduced pressure at 40 °C. A 
thin film of the lipid mixture and 1,2-Dipalmitoyl-sn-glycerol 
was obtained after dessication on the inner wall of the flask. 
Ten milliliters of Milli Q water was added to the flask and 
agitated using a magnetic bead for 30 min to obtain a milky 
white liposomal dispersion. The preparation was frozen at -80 
°C, lyophilized for 36 h, and the product formed (white powder) 
was stored in the dark at 4 °C till further use.

Parthenogenetic activation

Oocyte cumulus complexes (OCC) were obtained by 
superovulating 8-10–week-old inbred Swiss albino female 
mice by intraperitoneal (i.p.) administration of 5 IU pregnant 
mare’s serum gonadotropin (PMSG; Catalogue no. G4877; 
Sigma, St Louis, MO, USA) followed by 10 IU human 
chorionic gonadotropin (hCG; Ovutrig-HP, VHB Life Science 
Inc. GenBiotech, Mumbai, India) 48 h later. The OCCs were 
collected from the oviduct at 13 h after hCG injection in M2 
medium. The oocyte activation was carried out by incubating 
the OCCs in M16 medium with 10 mM strontium chloride 
(SrCl2; Catalogue no; 107865, Merck) in varying concentrations 
of liposome-encapsulated diacyl glycerol (LEDAG, 1, 5, 10, 
50, 100, 150, 200, 500 µg/mL) and varying concentrations of 
inositol triphosphate (IP3, Catalogue no. I7012; Sigma, 5, 10, 
25, 50, 100, 200 µg/mL) at 37 °C and 5% CO2 for 3 h. SrCl2 
served as a positive control. After 3 h incubation with the 
activating agents, OCCs were denuded by brief incubation 
(1 min) in hyaluronidase solution (1 mg/mL in M2 medium) 
and observed under a phase contrast microscope to check for 
oocyte activation. Activated oocytes with a single pronucleus 
and two polar bodies (1PN/2PB) were considered as haploid 
parthenotes, and those with two pronuclei and one polar body 
(2PN/1PB) were scored as diploid parthenotes. Parthenotes 
were washed and cultured in vitro in M16 medium to assess 
their developmental potential and blastocyst rate.

Statistical analysis

The data pertaining to the activation potential and 
developmental potential of embryos were represented as 
percentage and the validity of the data was analysed using the 
Chi square test using GraphPad InStat 3.0 statistical package 
(GraphPad Inc, USA). Differences were considered to be 
statistically significant if p<0.05.

Results

Activation potential of liposome encapsulated Dipalmitoyl-
sn-glycerol and inositol triphosphate

Liposome encapsulated Dipalmitoyl-sn-glycerol (LEDAG): 
Strontium chloride (positive control) induced activation in 60% 
of oocytes, whereas liposome alone (vehicle control) induced 
activation in 40% of oocytes. At all concentrations of LEDAG 
used in the study (1, 5, 10, 50, 100, 200 and 500 µg/mL), the 
activation rate was ~98% (Figure 1). However, unlike in the 
oocytes activated with SrCl2, where pronuclei were observed 
as early as 3 h after exposure, it took at least 48 h for pronucleus 
formation in the LEDAG group, indicating delayed activation. 
Incubating oocytes in vitro without any activating agents for up 
to 48 h did not cause any oocyte activation, suggesting that the 
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activation observed in the LEDAG group was not due to ageing 
of oocytes under in vitro conditions.
Inositol triphosphate (IP3): The lowest concentration of IP3 (5 
µg/mL) used in the study resulted in 75% activation, whereas at 
10 and 25 µg/mL concentration, 100% activation was observed 
(Figure 2). With further increase  in IP3 concentrations (50, 100, 
200 µg/mL), though the activation rate was marginally reduced, 
it was significantly higher (p<0.01) than in the positive control,  
and lower concentrations of IP3 (25 µg/mL). As observed with 
LEDAG, exposure to IP3 also resulted in delayed pronucleus 
formation.
Combination of LEDAG and IP3: Varying combinations of IP3 
and LEDAG were used to test whether combinations of these 
agents reduced the time required for pronucleus formation. 
However, LEDAG and IP3 when used in combination, despite 
having no dose-dependent effect on activation, ~80-90% of 
oocytes were activated in all different combinations used 
(Figure 3).
The maximum activation of oocytes was observed in 50 µg/
mL of LEDAG and 10 µg/mL of IP3; therefore, only these 
concentrations were used to check the ploidy status and 
degeneration/ fragmentation rate of the oocytes.
Degeneration and fragmentation rate of oocytes activated 
with LEDAG and IP3: The degeneration and fragmentation 
rates were found as 5.13% and 9.2%, respectively, in the positive 
control group (Sr2Cl) (Table 1). Neither in the vehicle control 
group nor in LEDAG or IP3 group were there any degenerated 

oocytes. However, 4.47% of oocytes underwent fragmentation 
in the vehicle control group, similar to the LEDAG (5.15%) 
and IP3 (5.26%) groups, which was lower than in the positive 
control group.
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Figure 1. Effect of varying concentrations of diacyl glycerol 
on activation potential of mouse oocytes. Bar represents 
percentage of oocytes forming pronuclei with activation.
ap<0.001 Sr2+ vs. diacyl glycerol all concentrations; bp<0.0001 VC 
vs. diacyl glycerol all concentrations; cp<0.05 VC vs. Sr2+ (n=50, 
37, 18, 18, 92, 59, 77, 29, 81, 89 for strontium chloride, vehicle 
control, 1, 5, 10, 50, 100, 150, 200, 500 µg/mL respectively)

Figure 2. Effect of varying concentrations of inositol 
triphosphate on activation potential of mouse oocytes. 
Bar represents  percentage of oocytes with pronuclei post 
activation
ap<0.0001, bp<0.001 vs. Sr2+; cp<0.0001, dp<0.001 vs. 5 µg/mL of 
IP3 (n=50, 79, 77, 28, 67, 59, 20 for strontium chloride, 5, 10, 25, 50, 
100, 200 µg/mL respectively)

Figure 3. Effect of varying concentrations of inositol 
triphosphate on activation potential of mouse oocytes
ap<0.01 vs. Sr2+; bp<0.0001 vs. strontium chloride; cp<0.0001 vs. 
vehicle control 



Ploidy status of oocytes activated with LEDAG and IP3: 
Oocytes from the positive control group had clear pronuclei 
formation at 3 h after incubation with SrCl2. Parthenotes derived 
from strontium chloride are usually haploid in nature, which 
was confirmed from the results of the present study (100% 
haploid parthenotes) (Table 1). However, both in the LEDAG 
and IP3 groups, pronucleus formation was observed only at 48 
h after incubation, indicating a delayed activation process. In 
addition, a significantly higher percentage of diploid parthenotes 
were observed in the LEDAG (76.92%) and IP3 group (43.75%) 
compared with strontium (p < 0.001). Liposomes alone resulted 
in the formation of diploid parthenotes in ~ 4% of oocytes.

Developmental potential of oocytes activated with LEDAG 
and IP3

LEDAG: In the SrCl2 group, within 24 h of activation, 92.92% 
of parthenotes progressed to the 2-cell stage (Table 2). The 
2-cell rate in the LEDAG group was in the range of 57-85% 

and had no concentration-dependent effect (63.16, 84.21, 
66.67, 62.67, 82.43, 62.03, and 57.83% in 1, 5, 10, 50, 100, 
150, 200 and 500 µg/mL, respectively). Even in the vehicle 
control group, 60% of parthenotes progressed to the 2-cell 
stage, indicating that the phospholipids present in soy 
lecithin or cholesterol itself could induce parthenogenesis. 
Except in lower concentrations of LEDAG (1 and 5 µg/
mL), none of the embryos progressed beyond the 6-8–cell 
stage. Even in these two concentrations, the embryos were 
arrested at the morula stage (5.26 and 13.16% in 1 and 5 µg/
mL, respectively). This indicates that the use DAG alone is 
inefficient at driving the whole process of embryogenesis in 
activated oocytes.

IP3: A dose-dependent increase in the 2-cell rate was observed 
in groups activated with IP3 till 50 µg/mL above which a 
decrease in the 2 cell rate was observed (80 and 85% in 100 
and 200 µg/mL, respectively) (Table 3). The embryos in lower 
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Table 1. Degeneration and fragmentation rate of oocyte after activation with various agents
Oocyte activating agents Degeneration rate (%) Fragmentation rate (%) Ploidy status

Haploid (%) Diploid (%)

Strontium chloride 5.13 9.02 100.00 0

Vehicle control 0 4.47 96.10 03.90

Diacyl glycerol (50 µg/mL) 0 5.15 23.08a,b 76.92

Inositol triphosphate (10 µg/mL) 0 5.26 56.25a,b 43.75

ap<0.001 vs. strontium chloride; bp<0.001 vs. vehicle control

Table 2. Developmental potential of oocytes activated with 1,2-Dipalmitoyl-sn-glycerol

Develop-mental 
stage

Control 
(Sr2+)

Vehicle 
control

Concentration of DAG (µg/mL)

1 5 10 50 100 150 200 500

2 cell (%) 92.92 60.00d 63.16c,d 84.21b 66.67c,d 62.67c,d 82.43b 82.76b 62.03c,d 57.83c,d

4 cell (%) 31.67 21.43e 23.68e 57.89b 35.29d 29.33d 35.14 27.59e 24.05e 26.51e

6-8 cell (%) 23.33 0.00 21.05 34.21 9.80c,e 10.67a,d 13.51d 3.45c,e 11.39a,d 8.43b,e

Morula (%) 15.51 0.00 5.26a 13.16 0.00 0.00 0.00 0.00 0.00 0.00

Blastocyst (%) 13.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ap<0.05; bp<0.01; cp<0.001 vs. strontium chloride; dp<0.01; ep<0.001 vs. 5 µg/mL diacyl glycerol 
DAG: diacyl glycerol 

Table 3. Developmental potential of oocytes activated with inositol triphosphate

Developmental stage Control (Sr2+)
Concentration of IP3 (µg/mL)

5 10 20 50 100 200

2 cell (%) 92.92 30.30b,c,d 61.19b 55.17b 100.00 80.00 85.00

4 cell (%) 31.67 20.00c 63.41b 56.25a 40.00 75.00b 47.06

6-8 cell (%) 23.33 0.00 42.31a 22.22 0.00 0.00 0.00

Morula (%) 15.51 0.00 0.00 0.00 0.00 0.00 0.00

Blastocyst 13.91 0.00 0.00 0.00 0.00 0.00 0.00
ap<0.01; bp<0.001 vs. strontium chloride; cp<0.01 vs. 10, 20 µg/mL; dp<0.001 vs. 100, 200 µg/mL
IP3: inositol triphosphate



concentrations (10 and 20 µg/mL) progressed till 6-8 cell stage 
(42.31 and 22.22%), whereas others were arrested at the 4-cell 
stage. Oocytes activated with IP3 failed to progress beyond 6-8 
cell stage at all the concentration used, suggesting that even 
though the presence of IP3 in activation medium can induce 
high oocyte activation (delayed), they cannot support the 
development of early embryos.

Combination of LEDAG and IP3: Various concentrations of 
DAG (1, 5, 10 µg/mL) and IP3 (1, 5, 10, 20 µg/mL) were assessed 
at different combinations to see whether the activation and 
developmental potential of parthenotes improved in presence 
of the two secondary messengers together. In oocytes activated 
with SrCl2, around 23% of parthenotes progressed to the 6-8–
cell stage, with a blastocyst rate of 13.91% (Table 4). Oocytes 
activated with LEDAG alone developed only till the 4-cell stage, 
whereas 50% of oocytes activated with IP3 developed till the 
6-8–cell stage. Except in activation medium containing 10 µg/
mL IP3 and 5 µg/mL of LEDAG, the embryos failed to progress 
to the blastocyst stage in all other combinations. In this group, 
the blastocyst rate was found to be 5.26%, which was lower 
than in the positive control.

Discussion

In this study, we explored the ability of major secondary 
messengers in calcium signaling pathway, diacyl glycerol and 
inositol triphosphate as oocyte activating agents. In previous 

studies, the microinjection approach was used to deliver 
secondary messengers for oocyte activation (12, 13), which 
itself is limited by the presence of Ca2+ in the injection medium 
(14, 15), as well as pressure of injection (16). In the present 
study, IP3 was directly dissolved in the activation medium, 
and liposomes were used for the delivery of DAG due to their 
insoluble nature in aqueous solutions.

The use of DAG and IP3, alone and in combination, efficiently 
activated oocytes, with a lower percentage of degeneration and 
fragmentation in activated oocytes. Earlier studies observed 
that microinjection of DAG and IP3 into oocytes could elicit 
a similar pattern of calcium oscillation as observed during 
normal fertilization (2, 11-13). The presence of liposomes 
could induce activation in oocytes indicates that phospholipids 
present in soy lecithin and cholesterol also have the potential 
to cause artificial oocyte activation. To support this, earlier 
reports available in the literature showed that cholesterol could 
cause oocyte activation by increasing the intracellular calcium 
concentration (17), and phospholipids could cause oocyte 
activation through activation of protein kinase C (18).

One of the major limitations of using these agents for oocyte 
activation was the delay observed in the process of pronucleus 
formation, which took almost 48 h, unlike in strontium chloride, 
which takes only 3 h. Strontium chloride is known to cause 
long-lasting Ca2+ transients during artificial oocyte activation 
(13). In contrast, the microinjection of IP3 and its agonist was 
reported to result in calcium oscillations in a higher frequency 
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Table 4. Developmental potential of oocytes activated with varying combinations of inositol triphosphate and 
diacyl glycerol

Concentrations of IP3 and DAG
No. of oocytes

Developmental stage of embryo (%)

IP3 (µg/mL) DAG (µg/mL) 2 cell (%) 4 cell (%) 6-8 cell (%) Blastocyst (%)

Sr2+ 50 92.92 31.67 23.33 13.91

VC 37 60.00 21.43 0

5 1 24 47.62d 40.00f 0.00 0.00

5 5 28 63.16d,h 58.33c,e,n 04.17d,g 0.00

5 10 34 73.68c,i 50.00b,g 10.71b,f 0.00

10 1 36 19.44b,j 28.57 0.00 0.00

10 5 40 58.80b 47.50a,f 42.10b,e,s 05.26

10 10 32 56.25b 44.44f 0.00 0.00

20 10 30 38.64b,k,l,m 17.65i,g,n 38.64a,e,s 0.00

50 1 52 50.00b 11.54g,q,r 0.00 0.00

100 1 52 61.54b 40.63f 0.00 0.00

500 1 62 67.74b,i 28.57 02.38b,g 0.00
ap<0.05; bp<0.01; cp<0.001; dp<0.001 vs. Sr2+; ep<0.01; fp<0.001; gp<0.001 vs. VC; hp<0.05; ip<0.01 vs. 5 and 1 µg/mL of IP3 and DAG respectively; 
jp<0.001 vs. all other combinations; kp<0.01 vs. 5 and 5, 100, and 1, 500 and 1 µg/mL of IP3 and DAG respectively; lp<0.001 vs. 5 and 10 µg/mL of IP3 and 
DAG respectively; mp<0.01, np<0.001 vs. 10 and 5, 10 and 10 µg/mL of IP3 and DAG respectively; op<0.01 vs. 5 and 1, 100 and 1 µg/mL of IP3 and DAG 
respectively; pp<0.0001 vs. 5 and 5, 5 and 10, 10 and 5, 10 and 10 µg/mL of IP3 and DAG respectively; qp<0.01 vs. 10 and 1, 500 and 1 µg/mL of IP3 and DAG 
respectively; rp<0.0001 vs. all other combinations; sp<0.0001 vs. 5 and 5, 5 and 10, 500 and 1 µg/mL of IP3 and DAG respectively.
DAG: diacyl glycerol; IP3: inositol triphosphate



than during normal fertilization (9, 13, 19-21), leading to a rapid 
desensitization of calcium stores (19, 20).

Strontium-induced oocyte activation is mediated through TRPM 
ion channels activating store-operated calcium (SOC) entry to 
refill endoplasmic stores to generate the transient calcium wave 
(22). Even though DAG activates TRPM channels directly (23-25), 
it fails to activate its downstream signaling molecules (24, 26) 
and SOC (23). Even uptake of Sr2+ and Ca2+ was hindered by 
the addition of DAG due to inactive SOC (23). A similar result 
was also observed in our study; the addition of Sr2+ after DAG 
activation failed to rescue delayed activation caused by DAG 
(data not shown). We hypothesize that the Ca2+ entry during 
DAG induced oocyte activation is through activating plasma 
membrane SOCs (23), which results in slow Ca2+ entry to 
oocytes and hence the delayed activation process. In the 
present study, we used 1,2-Dipalmitoyl-sn-glycerol, which has 
saturated fatty acids. It may be interesting to see whether the 
type of fatty acid present in DAG has any significant difference 
in calcium metabolism because wide varieties of saturated and 
unsaturated fatty acids are found in the cell membrane of the 
oocyte. Similarly, it is difficult to explain why IP3 causes a similar 

delay in activation and poor embryo development. It could 
be due to the shorter half-life of IP3 (27) and therefore, may 
require frequent additions of IP3 to induce the sufficient calcium 
spike required for the development of parthenotes. In addition, 
whether the soluble IP3 present in the medium can efficiently 
enter the oocyte must be ascertained in further experiments.

DAG and IP3, individually, were not capable of driving the 
development of parthenotes till the blastocyst stage. A similar 
observation was made by Schoenbeck et al. (11), who found 
that microinjection of DAG (1,2-Dioctanoyl-sn-glycerol) activated 
porcine oocytes efficiently but resulted in an arrest at the 4-cell 
to 6-8–cell stage. The poor development observed in the present 
study could also be related to the increased oocyte ageing because 
pronucleus formation itself takes almost 48 h from the collection 
of OCCs. Aged oocytes are known to have poor developmental 
potential in vitro (28, 29). However, when both these agents are 
used together, the intracellular calcium rise may be much higher 
than when they are used alone. The proposed mode of action of 
DAG and IP3 in oocyte activation is depicted in Figure 4.

During artificial activation of oocyte, cytochalasin D, a 
microtubule inhibitor, is usually used to derive the diploid 
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Figure 4. Mode of action of diacyl glycerol and inositol triphosphate in oocyte activation. A) Mode of action of strontium 
chloride-induced oocyte activation as proposed by Carvacho et al. (22). B) and C) Expected mode of action of diacyl glycerol 
and inositol triphosphate alone and in combination in inducing oocyte activation
LEDAG: Liposome-encapsulated diacyl glycerol; Sr2+: Strontium; PN: Pronucleus; PLC*: Inactivated phospho lipase C; TRPV3: Transient 
receptor potential cation channel, subfamily V, member 3



parthenogenetic embryos (30, 31). Both DAG and IP3 were 
shown to increase the percentage of diploid parthenotes 
obtained after activation. In mouse oocytes, the use of protein 
kinase C as artificial oocyte activating agents are reported to 
form embryos without the extrusion of the polar body (2, 32, 
33). Earlier studies proved that DAG and IP3 could activate 
protein kinase C (34, 35). Therefore, use of DAG and IP3, alone 
or in combination, can help to derive diploid parthenotes 
without using any microtubule inhibitors. The toxicity exerted 
by microtubule inhibitors on the development of embryos 
(36, 37) can be minimized because they are part of the 
calcium signaling pathway. This is further supported by the 
low degeneration rate and fragmentation of activated oocytes 
observed in our study.

In conclusion, liposomes can be used as an approach to deliver 
DAG across the oolemma. DAG and IP3, when used individually 
or in combination, induce delayed oocyte activation and 
poor embryo development. These agents may have potential 
application in developing diploid parthenotes when used along 
with efficient activating agents such as strontium because they 
are shown to give rise to 50% of diploid parthenotes without 
using any cytokinesis inhibitors during activation. Further 
studies are essential to understand the exact mechanism of 
action of these two agents in inducing delayed oocyte activation 
when supplemented exogenously.

Ethics Committee Approval: Ethics committee approval was 
received for this study from the Institutional Animal Ethical 
Committee of Kasturba Medical College, Manipal (IAEC/
KMC/64/2013).

Informed Consent: Not Applicable.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – G.K.; Design – G.K.; 
Supervision – G.K.; Materials – G.K., S.M.; Data Collection and/
or Processing – R.N., J.M., A.R.H.; Analysis and/or Interpretation 
– R.N., G.K.; Literature Review – R.N.; Writer - G.K.; Critical 
Review – S.K.A., S.M.

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

Financial Disclosure: Department of Health Research (DHR), 
Indian Council of Medical Research (ICMR), Government 
of India (DHR/HRD/Women scientist/Type-V/8/2014-15) and 
Department of Biotechnology (DBT), Government of India (BT/
PR15130/GBD/27/328/2011).

References

1.	 Schultz RM, Kopf GS. Molecular basis of mammalian egg activation. 
Curr Top Dev Biol 1995; 30: 21-62.

2.	 Cuthbertson KS, Cobbold PH. Phorbol ester and sperm activate 
mouse oocytes by inducing sustained oscillations in cell Ca2+. 
Nature 1985; 316: 541-2.

3.	 Berridge MJ. Inositol trisphosphate and calcium signalling 
mechanisms. Biochim Biophys Acta 2009; 1793: 933-40.

4.	 Cuthbertson KS. Parthenogenetic activation of mouse oocytes in 
vitro with ethanol and benzyl alcohol. J Exp Zool 1983; 226: 311-4.

5.	 Zimmermann U, Vienken J. Electric field-induced cell-to-cell 
fusion. J Membr Biol 1982; 67: 165-82.

6.	 Kline D, Kline JT. Repetitive calcium transients and the role of 
calcium in exocytosis and cell cycle activation in the mouse egg. 
Dev Biol 1992; 149: 80-9.

7.	 O'neill GT, Rolfe LR, Kaufman MH. Developmental potential 
and chromosome constitution of strontium-induced mouse 
parthenogenones. Mol Reprod Dev 1991; 30: 214-9.

8.	 Hardy K, Handyside AH. Metabolism and cell allocation during 
parthenogenetic preimplantation mouse development. Mol Reprod 
Dev 1996; 43: 313-22.

9.	 Swann K, Ozil JP. Dynamics of the calcium signal that triggers 
mammalian egg activation. Int Rev Cytol 1994; 152: 183-222.

10.	 Grupen CG, Nottle MB, Nagashima H. Calcium release at 
fertilization: artificially mimicking the oocyte's response to sperm. J 
Reprod Dev 2002; 48: 313-33.

11.	 Schoenbeck RA, Peters MS, Rickords LF, Stumpf TT, Terlouw SL, 
Prather RS. Diacylglycerol-enhanced electrical activation of porcine 
oocytes matured in vitro. Theriogenology 1993; 40: 257-66.

12.	 Hartzell HC. Activation of different Cl currents in Xenopus oocytes 
by Ca liberated from stores and by capacitative Ca influx. J Gen 
Physiol 1996; 108: 157-75.

13.	 Jones KT, Whittingham DG. A comparison of sperm-and IP 
3-induced Ca2+ release in activated and aging mouse oocytes. Dev 
Biol 1996; 178: 229-37.

14.	 Bezprozvanny I, Watras J, Ehrlich BE. Bell-shaped calcium-response 
curves of Ins (1, 4, 5) P3-and calcium-gated channels from 
endoplasmic reticulum of cerebellum. Nature 1991; 351: 751-4.

15.	 Finch EA, Turner TJ, Goldin SM. Calcium as a coagonist of inositol 
1, 4, 5-trisphosphate-induced calcium release. Science 1991; 252: 
443-6.

16.	 Jones KT, Nixon VL. Sperm-induced Ca(2+) oscillations in mouse 
oocytes and eggs can be mimicked by photolysis of caged inositol 
1,4,5-trisphosphate: evidence to support a continuous low level 
production of inositol 1, 4,5-trisphosphate during mammalian 
fertilization. Dev Biol 2000; 225: 1-12.

17.	 Yesilaltay A, Dokshin GA, Busso D, Wang L, Galiani D, Chavarria T, 
et al. Excess cholesterol induces mouse egg activation and may 
cause female infertility. Proc Natl Acad Sci U S A 2014; 111: 4972-80.

18.	 Nuccitelli R. Mechanisms of egg activation. Springer Science & 
Business Media; 2013.

19.	 Fissore RA, Robl JM. Sperm, inositol trisphosphate, and thimerosal-
induced intracellular Ca 2+ elevations in rabbit eggs. Dev Biol 1993; 
159: 122-30.

20.	 Galione A, Swann K, Georgiou P, Whitaker M. Regenerative and 
non-regenerative calcium transients in hamster eggs triggered by 
inositol 1, 4, 5-trisphosphate. J Physiol 1994; 480: 465-74.

21.	 Swann K. Ca 2+ oscillations and sensitization of Ca 2+ release in 
unfertilized mouse eggs injected with a sperm factor. Cell calcium 
1994; 15: 331-9.

22.	 Carvacho I, Lee HC, Fissore RA, Clapham DE. TRPV3 channels 
mediate strontium-induced mouse-egg activation. Cell Rep 2013; 
5: 1375-86.

23.	 Ma HT, Patterson RL, van Rossum DB, Birnbaumer L, Mikoshiba K, Gill 
DL. Requirement of the inositol trisphosphate receptor for activation 
of store-operated Ca2+ channels. Science 2000; 287: 1647-51.

J Turk Ger Gynecol Assoc 2017; 18: 102-9
Nair et al.
Oocyte activation by inositol triphosphate and diacyl glycerol108



24.	 Kim YH, Park CK, Back SK, Lee CJ, Hwang SJ, Bae YC, et al. 
Membrane-delimited coupling of TRPV1 and mGluR5 on 
presynaptic terminals of nociceptive neurons. J Neurosci 2009; 29: 
10000-9.

25.	 Woo DH, Jung SJ, Zhu MH, Park CK, Kim YH, Oh SB, et al. Direct 
activation of transient receptor potential vanilloid 1 (TRPV1) by 
diacylglycerol (DAG). Mol Pain 2008; 4: 42.

26.	 Yoo S, Lim JY, Hwang SW. Sensory TRP channel interactions with 
endogenous lipids and their biological outcomes. Molecules 2014; 
19: 4708-44.

27.	 Sims CE, Allbritton NL. Metabolism of inositol 1, 4, 5-trisphosphate 
and inositol 1, 3, 4, 5-tetrakisphosphate by the oocytes of Xenopus 
laevis. J Biol Chem 1998; 273: 4052-8.

28.	 Plante L, King WA. In vitro development of spontaneously activated 
bovine oocytes. J Assist Reprod Genet 1996; 13: 435-46.

29.	 Krisher RL. The effect of oocyte quality on development. J Anim Sci 
2004; 82: 14-23.

30.	 Kubiak J, Paldi A, Weber M, Maro B. Genetically identical 
parthenogenetic mouse embryos produced by inhibition of the first 
meiotic cleavage with cytochalasin D. Development 1991; 111: 763-
9.

31.	 Chaigne A, Campillo C, Voituriez R, Gov NS, Sykes C, Verlhac MH, et 
al. F-actin mechanics control spindle centring in the mouse zygote. 
Nat Commun 2016; 7: 10253.

32.	 Colonna R, Tatone C. Protein kinase C-dependent and independent 
events in mouse egg activation. Zygote 1993; 1: 243-56.

33.	 Raz T, Ben-Yosef D, Shalgi R. Segregation of the pathways leading to 
cortical reaction and cell cycle activation in the rat egg. Biol Reprod 
1998; 58: 94-102.

34.	 Gallicano GI, McGaughey RW, Capco DG. Activation of protein 
kinase C after fertilization is required for remodeling the mouse 
egg into the zygote. Mol Reprod Dev 1997; 46: 587-601.

35.	 Nishizuka Y. Intracellular signaling by hydrolysis of phospholipids 
and activation of protein kinase C. Science 1992; 258: 607-15.

36.	 Bousquet PF, Paulsen LA, Fondy C, Lipski KM, Loucy KJ, Fondy TP. 
Effects of cytochalasin B in culture and in vivo on murine Madison 
109 lung carcinoma and on B16 melanoma. Cancer Res 1990; 50: 
1431-39.

37.	 Yan CL, Fu XW, Zhou GB, Zhao XM, Suo L, Zhu SE. Mitochondrial 
behaviors in the vitrified mouse oocyte and its parthenogenetic 
embryo: effect of Taxol pretreatment and relationship to 
competence. Fertil Steril 2010; 93: 959-66. 

J Turk Ger Gynecol Assoc 2017; 18: 102-9
Nair et al.

Oocyte activation by inositol triphosphate and diacyl glycerol 109



Revaluating the survival effects of International 
Federation of Gynecology and Obstetrics 1988 stage 

IIIA criteria for endometrial cancer
Osman Türkmen, Alper Karalok, Derman Başaran, Günsu Kimyon, Gizem Kul, Gökhan Tulunay, Işın Üreyen,  

Taner Turan

Abstract

Department of Gynecologic Oncology, Etlik Zübeyde Hanım Women’s Health Training and Research Hospital,  
Ankara, Turkey

Objective: This study aimed to define factors that affected survival in the International Federation of Gynecology and Obstetrics (FIGO) 1988 
stage IIIA endometrial cancer (EC).
Material and Methods: The study included patients with EC who underwent surgery between 1992 and 2013. Patients with adnexal 
metastases, uterine serosal involvement or positive peritoneal cytology (stage IIIA disease according to the former 1988 FIGO staging system) 
were selected for further analysis. Clinical and pathologic factors associated with progression-free survival (PFS) were evaluated using univariate 
and multivariate statistical tests.
Results: Seventy-seven patients with stage IIIA disease according to the 1988 FIGO staging system were included. The median follow-up was 
37 months (range, 1-175 months) and recurrence was detected in 19 patients. Univariate analysis revealed that the presence of uterine serosal 
invasion and advanced histologic grade (grade 1-2 vs. grade 3) were associated with diminished PFS (p=0.001, p=0.047). The presence of 
adnexal involvement and positive peritoneal cytology had no statistically significant influence on PFS (p=0.643 and p=0.795, respectively).
Conclusion: In patients with stage IIIA EC according to the FIGO 1988 staging system, only uterine serosal involvement was related with adverse 
oncologic outcomes, not adnexal involvement or presence of positive cytology. (J Turk Ger Gynecol Assoc 2017; 18: 110-5)
Keywords: Endometrial cancer, peritoneal cytology, surgical staging

Original Investigation110

Address for Correspondence: Osman Türkmen
e.mail: osmanturkmen312@gmail.com ORCID ID: orcid.org/0000-0002-1470-7731
©Copyright 2017 by the Turkish-German Gynecological Education and Research Foundation - Available online at www.jtgga.org
Journal of the Turkish-German Gynecological Association published by Galenos Publishing House.
DOI: 10.4274/jtgga.2017.0033

Introduction

Endometrial cancer (EC) is the most frequent gynecologic 

tumor and the fourth most common malignancy in women (1). 

EC is mostly seen in the sixth and seventh decades and 95% of 

patients are aged over 40 years (2). According to International 

Federation of Gynecology and Obstetrics (FIGO), 83% of 

patients are diagnosed at stage I and II (3). Endometrioid-

type constitutes 75% of the histologic types. Conversely, non-

endometrioid types are high-grade aggressive tumors and 

mostly diagnosed at advanced stages (4, 5).

After 1988, in accordance with FIGO’s proposition, EC has been 

staged surgically. The surgical stage is the most significant 

factor that determines prognosis (6). According to the staging 

system developed in 1988, peritoneal cytology was considered 
as an important variable, and positive peritoneal cytology, 
adnexal metastasis, and serosal invasion were defined as stage 
IIIA (7). Various studies showed that peritoneal cytology has 
important implications for prognosis (7-9). On the contrary, other 
investigators showed that positive cytology does not determine 
survival in the absence of serosal invasion and adnexal metastasis 
(10-12). After several studies on the prognostic value of peritoneal 
cytology, FIGO revised the EC staging system in 2009 and peritoneal 
cytology was excluded from the staging criteria (13).

In this study, we purposed to evaluate the prognostic value 
of peritoneal cytology in 1988 FIGO stage IIIA for endometrial 
malignancy and to determine factors that affect survival in this 
stage.
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Material and Methods

This study included patients with EC who underwent 
surgery in our unit between 1992 and 2013. Patients with 
ovarian and tubal metastases, uterine serosal involvement 
or peritoneal cytology (stage IIIA disease according to the 
former 1988 FIGO staging system) were selected for further 
analysis. Patients with sarcoma or synchronized gynecologic 
tumors were excluded from the study. Patients with FIGO 
1988 stage IIIA EC were re-staged according to FIGO 
2009 criteria. Demographics, intraoperative findings, and 
surgico-pathologic results were collected from patient files, 
pathology results, and electronic database of the department 
of gynecological oncology. 

All patients underwent hysterectomy and bilateral salpingo-
oophorectomy and peritoneal cytologic sampling. Systematic 
lymphadenectomy was performed for patients in whom frozen 
section revealed a non-endometrioid adenocarcinoma, stage 
III disease, deep myometrial invasion, cervical involvement, 
tumor size >2 cm or extrauterine spread. We defined 
recurrence between the levator muscle and linea terminalis 
as pelvic recurrence, recurrence between the linea terminalis 
and diaphragm muscle as upper-abdominal recurrence, and all 
other recurrences as extra-abdominal recurrence. Ascites and 
peritonitis carcinomatosa were considered as upper abdominal 
recurrence. Liver parenchyma, skin and bone recurrence 
were considered as extra-abdominal recurrence. Progression-
free survival (PFS) was defined as the time between primary 
treatment and recurrence or last visit. The time until death of 
disease or until the last visit was defined as disease-specific 
survival (DSS).

SPSS (SPSS Inc, Chicago IL, USA) version 15.0 was used for 
statistical analyses. Kaplan-Meier analysis was used for the 
computation of PFS and DSS. Survival curves were checked 
using the log-rank test. Prognostic factors were analyzed using 
the Cox regression model. Factors with a p value below 0.25 
in the univariate analysis were included in the multivariate 
analysis. The cut-off for statistical significance was set at 
p<0.05. As this work represents a retrospective chart review, 
local ethics committee permission was not sought. However, 
all patients signed informed consent thereby allowing our 
institution to use their clinical data.

Results

Seventy-seven patients with stage IIIA EC according to the 1988 
FIGO staging system were available for analyses. Data of 1413 
patients who had at least extrafascial hysterectomy + bilateral 
salpingo-oophorectomy were obtained from the gynecological 
oncology clinic electronic database and patient’s files, 
retrospectively. Among these 1413 patients, 77 (5.4%) were at 

stage IIIA according to FIGO 1988 criteria. The median age was 
59 years (range, 29-81 years). The pathologic characteristics 
of the patients are represented in Table 1. Sixty-six (85.7%) 
patients had endometrioid histology and more than half had 
deep myometrial invasion and serosal invasion. The mean 
tumor size was 36.4 mm (range, 16-60 mm).

Table 2 shows details of the pathologic features of the 
patients that were used to assign stage IIIA according to 
FIGO 1988. Isolated positive peritoneal cytology without 
serosal and adnexal involvement was positive in 11 (14.3%) 
patients. Isolated serosal invasion and isolated adnexal 
involvement were the cause of stage IIIA disease in 10 (13%) 
and 40 (51.9%) patients, respectively. Eleven patients who 
had isolated positive peritoneal cytology were re-evaluated 
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Table 1. Pathologic characteristics of patients with 
stage IIIA disease according to the International 
Federation of Gynecology and Obstetrics 1988 
staging system (n=77)	
Parameters n %

Tumor type

Endometrioid 66 85.7

Serous 5 6.5

Undifferentiated 2 2.6

Mucinous 1 1.3

Mixed 3 3.9

FIGO Grade

I 25 32.5

II 23 29.9

III 29 37.7

Depth of myometrial invasion

No invasion 2 2.6

<1/2 26 33.8

≥1/2 32 41.6

Serosal invasion 17 22.1

Peritoneal cytology

Negative 55 71.4

Positive 22 28.6

Adnexal metastases

Negative 23 29.9

Positive 54 70.1

Lymphovascular space invasion

Negative 49 63.6

Positive 28 36.4

Cervical invasion

Negative 52 67.5

Positive 25 32.5

FIGO: International Federation of Gynecology and Obstetrics



using FIGO 2009 staging criteria and 6 patients were found 
to have stage IA disease, 4 patients were defined as stage 
IB, and 1 was evaluated as having stage II disease. Sixty-
four patients underwent systematic lymph node dissection. 
Lymphadenectomy could not be performed in 13 patients 
due to medical co-morbidities. The median number of 
harvested nodes was 58 (range, 11-103). There was no 
significant association between positivity of peritoneal 
cytology and surgico-pathologic factors such as adnexal 
metastasis, serosal involvement, tumor grade, cervical 
involvement, and depth of myometrial invasion.
The decision of adjuvant treatment and type of adjuvant therapy 
was given in gynecologic oncology council according to the 
risk factors of patients, including grade, myometrial invasion, 
serosal involvement, and cervical involvement. Seventy-one 
patients received adjuvant treatment. Of these, 14 patients 
received chemotherapy, 50 were irradiated, and 7 received 
combination chemo-radiotherapy. Sixty-one (97.2%) patients 
had complete clinical response after adjuvant treatment, and 
2 (2.8%) had progressive disease under treatment. After the 
disease progressed, these 2 patients refused further treatment 
and were lost to follow-up.
The median follow-up was 37 months (range, 1-175 months) 
and recurrence was detected in 19 (24.7%) patients. Five 
patients had extra-abdominal recurrence, 4 had pelvic, 4 had 
upper abdominal, 4 had both pelvic and upper abdominal, 
and 2 had both pelvic and extra-abdominal recurrence. The 
estimated 5-year PFS was 68.6%. There were no deaths due 
to disease during follow-up; therefore, factors that determined 
DSS were not studied in this paper.
Univariate analysis revealed that the presence of uterine 
serosal invasion and advanced histologic grade (grade 1 and 
2 vs. grade 3) were associated with diminished PFS (p=0.001, 
p=0.047, respectively) (Table 3). The presence of adnexal 
involvement and positive peritoneal cytology had no statistically 
significant influence on PFS (p=0.643, p=0.795, respectively). 

Subgroup analysis showed that there was no statistically 

significant difference between patients with negative cytology 

and those with isolated positive cytology in terms of PFS 

(Figure 1). The 5-year PFS was 68.3% and 69.1% in patients 

with negative and isolated positive cytology, respectively. Age, 

tumor histology, depth of myometrial invasion (patients with 

uterine serosal invasion were excluded), cervical involvement, 

lymphovascular space invasion, and type of adjuvant treatment 

were not related with PFS (Table 3).

Uterine serosal involvement, grade, cervical stromal invasion, 

and tumor type were used for the multivariate analysis model. 

Uterine serosal involvement was determined as the only 

independent adverse prognostic factor for recurrence (hazard 

ratio: 5.015, 95% confidence interval: [1.850-13.592]; p=0.002) 

(Table 4, Figure 2).
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Table 2. Pathologic features that necessitated 
the assignment of stage IIIA according to the 
International Federation of Gynecology and 
Obstetrics 1988 staging system
Parameters n %

Isolated peritoneal cytology 11 14.3

Isolated serosal invasion 10 13

Isolated adnexal metastases 40 51.9

Peritoneal cytology and serosal invasion 2 2.6

Peritoneal cytology and adnexal metastasis 9 11.7

Serosal invasion and adnexal metastasis 5 6.5

Peritoneal cytology and serosal invasion and 
adnexal metastasis

- -

Table 3. Univariate analysis comparing factors 
associated with progression-free survival 
Prognostic factor 5-year PFS, (%) p value

Age

<59 70.4
0.619

≥59 61.9

Peritoneal cytology

Negative 68.3
0.795

Positive 69.1

Adnexal metastasis

Negative 67.9
0.643

Positive 69.6

Serosal invasion

Negative 75.5
0.001

Positive 38.3

Depth of myometrial invasion 

<1/2 85.7
0.070

≥1/2 65.9

Grade

I-II 74.2
0.047

III 57.4

Tumor type

Endometrioid 70.5
0.227

Non-endometrioid 50.1

Lymphovascular space invasion

Negative 69.4
0.348

Positive 67.1

Cervical stromal invasion

Negative 71.7
0.215

Positive 55.4

PFS: progression-free survival 



Discussion

Despite many studies on the subject, the prognostic value 
of peritoneal cytology in EC has not yet been proven. 
There are studies that describe the prognostic value of 
peritoneal cytology in EC (7-9). In addition, previous studies 
demonstrated that peritoneal cytology is an independent 
prognostic factor (14-17). Garg et al. (8) defined peritoneal 
cytology as an independent prognostic factor in patients 
with EC limited to the uterus. The study contained 14,704 
patients with tumors of variable histology that were limited 
to the uterus and revealed that peritoneal cytology was 
associated with diminished survival (8). In a study of 196 
patients who had stage IIIA EC according to FIGO 2009 
criteria, Milgrom et al. (18) showed that positive peritoneal 
cytology was related with cervical stromal invasion, ovarian 
and tubal involvement, and non-endometrioid type tumors. 
In our study, cervical invasion, adnexal involvement, serosal 
invasion, depth of myometrial invasion, and FIGO stage 
did not seem to have an effect on peritoneal cytology. This 
difference is related with the fact that we defined our study 
according to FIGO 1988 criteria, whereas Milgrom et al. 
(18) used FIGO 2009 criteria. In our study, there were only 

11 patients with stage IIIA disease according to FIGO 1988 
criteria because of isolated positive peritoneal cytology.

In our study, the 5-year PFS was 68%. Uterine serosal invasion 
was the only independent prognostic factor associated 
with PFS, whereas peritoneal positive cytology, adnexal 
metastasis, age, tumor histology, myometrial invasion depth, 
and lymphovascular space invasion were not associated 
with PFS. Milgrom et al. (18) showed that the 5-year PFS 
for stage IIIA patients according to 2009 criteria was 63%. 
In their study, the 5-year PFS was found as 39% in patients 
with positive peritoneal cytology and 69% for patients with 
negative peritoneal cytology (p=0.001). In another study, Garg 
et al. (8) reported that deep myometrial invasion, aggressive 
tumor type, absence of pelvic lymphadenectomy, and not 
receiving adjuvant radiotherapy were poor prognostic 
factors regarding PFS (p=0.014, p<0.001, p=0.005, p<0.001, 
respectively). They found that patients with positive 
peritoneal cytology had higher recurrence in the paraaortic 
lymph node region and peritoneal surface than those 
with negative peritoneal cytology; however, there was no 
difference regarding pelvic recurrence rates between these 
two patient groups. They also determined no meaningful 
higher recurrence rate in lymph node regions in patients 
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Figure 1. Survival effect of peritoneal cytology Figure 2. Survival effect of serosal invasion

Table 4. Multivariate analysis of factors determining recurrence
Parameters p value Hazard ratio Confidence interval

Serosal invasion (negative vs. positive) 0.002 5.015 1.850-13.592

Grade (grade I and 2 vs. grade III) 0.081 2.293 0.903-5.825

Cervical invasion (negative vs. positive) 0.203 1.959 0.696-5.516

Tumor histology (endometrioid vs. non endometrioid) 0.287 2.002 0.558-7.181



with positive peritoneal cytology (p=0.438) (19). In our 
study, we found no retroperitoneal recurrence in our cohort. 
The absence of lymphatic recurrence may be explained by 
our institution’s aggressive lymphadenectomy approach 
to EC, which was to perform complete lymphadenectomy 
exclusively and not performing lymph node sampling. In the 
present study, the median number of extracted lymph nodes 
was 58, the median number of the pelvic lymph nodes was 
42.5, and 15.5 for the paraaortic region.

In patients with FIGO 1988 stage IIIA EC, we found that 
uterine serosal involvement was the only prognostic factor 
associated with recurrence. Serosal involvement increased 
the recurrence rate 5-fold. Slomovitz et al. (20) reported that 
non-endometrioid type and adnexal/serosal involvement 
was associated with diminished survival in their study in 
patients with FIGO 1988 stage IIIA EC. They found no effect 
of peritoneal cytology on survival (20). Similarly, Preyer et al. 
(12) reported that adnexal and serosal involvement in patients 
with stage IIIA EC according to FIGO 1988 was related with 
poor survival rates. However, they determined no effect of 
peritoneal cytology on survival.

The fundamental restriction of our study is its retrospective 
nature. Although the number of patients seems to be limited, 
it is an extensive number of patients when it comes to stage 
IIIA disease. In addition, this was a single-center study and 
the practice of complete lymphadenectomy maintains the 
homogeneity of the group.

In conclusion, recurrence is seen in one quarter of patients 
with stage IIIA EC according to FIGO 1988 criteria. Only uterine 
serosal involvement was related with adverse oncologic 
outcomes, not adnexal involvement or presence of positive 
cytology.
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Risk factors for appendiceal involvement in women 
with epithelial ovarian cancer

Mustafa Erkan Sarı, Elmas Korkmaz, Murat Öz, Tayfun Güngör, Mehmet Mutlu Meydanlı

Abstract

Department of Gynecologic Oncology, Zekai Tahir Burak Women’s Health Training and Research Hospital,  
University of Health Sciences Faculty of Medicine, Ankara, Turkey

Objective: To evaluate the risk factors for appendiceal involvement in women with epithelial ovarian cancer (EOC) who underwent 
appendectomy at the time of initial surgery. 
Material and Methods: Patients with a final diagnosis of EOC who underwent appendectomy at the time of initial surgery were evaluated 
retrospectively. Risk factors related to the presence of appendiceal involvement were analyzed. 
Results: A total of 210 patients underwent appendectomy during staging surgery. Appendiceal involvement was detected in 61 patients. No 
women with apparent clinical early-stage tumors had evidence of isolated metastatic disease to the appendix; therefore, no upstaging was 
detected due to solitary appendiceal involvement in this group of patients. For all patients, univariate analysis of the appendiceal involvement 
revealed age, stage, grade, extragenital organ involvement (omentum, bowel, peritoneum), positive cytology, and lymph node metastasis as 
significant factors (p<0.05). In the multivariate analysis, appendiceal involvement was significantly affected by age and omental involvement. 
Older age (>50 years) [odds ratio (OR) 2.8; 95% confidence interval (CI): (1.24-6.37); p=0.014] and presence of omental involvement [OR: 3.2; 
95% CI: (1.22-8.59); p=0.018) seemed to be independent risk factors for appendiceal involvement in women with EOC. 
Conclusion: Our findings indicate that routine appendectomy at the time of surgery for apparent early-stage EOC is not warranted. Nevertheless, 
the surgeon can take the initiative in regards to performing appendectomy because the morbidity rates due to this procedure are negligible. Older 
age (>50 years) and presence of omental involvement seem to increase the risk of appendiceal involvement by 2.8 and 3.2 times, respectively. 
(J Turk Ger Gynecol Assoc 2017; 18: 116-21)
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Introduction

The 2014 statements of International Federation of 
Gynecology and Obstetrics (FIGO) recommends surgical 
staging for epithelial ovarian cancer (EOC) based on findings 
during exploration (1). The standard staging procedure 
for EOC includes exploratory laparotomy, extrafascial 
hysterectomy, bilateral salpingo-oophorectomy, pelvic and 
para-aortic lymph node (LN) dissection, ascites sampling/
peritoneal washing, multiple peritoneal biopsies, and 
omentectomy.

It has been reported that the appendix was a potential site of 
involvement in patients with EOC (2). The presence of solitary 
appendiceal involvement upstages the disease to stage III. 
Therefore, appendectomy can be added to the staging surgery 

for both accurate staging and optimal cytoreduction. The 

majority of studies do not routinely recommend appendectomy 

in clinical early stage disease, i.e. stage I and II. The only 

indication for routine appendectomy is in patients with 

mucinous histology, even in early stages, in order to exclude a 

possible appendiceal carcinoma. However, routine removal of 

the appendix in other histologiesis also recommended by some 

authors so as to achieve complete staging and cytoreduction 

(3, 4).

In the present study, we aimed to evaluate the risk factors 

for appendiceal involvement in patients with EOC who 

underwent appendectomy during staging surgery by analyzing 

the histopathologic findings in appendectomy specimens. 

Complications related to appendectomy were also assessed.
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Material and Methods

Following the institutional review board approval, the 
pathological reports, medical records, and operation notes of 
patients who underwent staging surgery with a pre-diagnosis 
of EOC between January 2008 and December 2013 were 
retrospectively evaluated. All patients provided informed 
consent regarding the research and use of their medical 
information at admission.

All patients were staged according to the FIGO staging system 
for ovarian carcinoma. Data regarding age, menopausal 
status, disease stage, grade, histologic subtype, cytology, 
status of extragenital organ involvement, LN metastasis 
and complications related to appendectomy (e.g., peri-
appendiceal abscess, intestinal obstruction, and peritonitis) 
were extracted from the records. Patients whose final 
pathology was any benign disease, primary appendiceal 
carcinoma, primary peritoneal cancer or metastatic disease 
were excluded. Appendiceal involvement was considered 
microscopic if the appendix was noted to be grossly normal 
by the operating surgeon and pathologist but histologic 
sections were positive for disease. If the appendix was 
observed abnormal during the surgery, the involvement was 
considered gross.

The primary end point of the present study was the 
determination of risk factors for appendiceal involvement in 
women with EOC. 

Statistical analyses were performed using the Statistical 
Package for the Social Sciences software (version 18, SPSS, 
Inc. Chicago, IL, USA). Data are expressed as median and 
range for continuous variables and binary variables are 
reported as counts and percentages. A simple logistic 
regression analysis was performed to determine the 
correlation of patient and tumor characteristics with 
appendiceal involvement. A p value <0.05 was considered to 
indicate statistical significance. Variables with a p value less 
than 0.05 were included in the multiple logistic regression 
analysis. The impact of each factor on appendiceal 
metastasis was evaluated.

Results

A total of 210 patients with a final diagnosis of EOC who 
underwent appendectomy at the time of initial surgery were 
evaluated retrospectively. The median age of the patients was 
51 years (range, 28-81 years). Patient and disease characteristics 
are shown in Table 1. 

All patients with appendiceal involvement also had 
extra-pelvic disease, which already upstaged them to 
stage III or IV. The histopathologic results of patients who 
had appendiceal involvement are shown in Table 2. No 

evidence of macroscopic or microscopic metastasis in the 
appendix was observed in patients with early-stage EOC 
during intraoperative and postoperative evaluation. The 
rate of appendiceal involvement was significantly higher in 
patients with advanced-stage disease. For the entire cohort, 
univariate analysis revealed age, stage, grade, extra-genital 
organ involvement, positive cytology, and LN metastasis 
as significant risk factors for appendiceal involvement. 
However, no correlation was found between histopathology 
and appendiceal involvement. Univariate analysis of risk 
factors associated with appendiceal involvement in women 
with EOC (n=210) is shown in Table 2.

When women with advanced-stage disease were evaluated 
alone, age, presence of positive cytology, and involvement of 
the omentum and bowel were detected as significant factors 
via univariate analysis; however, stage, grade, histopathology, 
LN metastasis, and other organ involvement had no effect on 
appendiceal involvement (Table 3).
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Table 1. Results of patients who underwent 
appendectomy at the time of initial surgery

Variables                                                                                          Values

Age years, median, range
       ≤50 years, n (%)
       >50 years, n (%)

51 (28-81)
97 (46%)
113 (54%)

Stage
         I, n (%)
         II, n (%)
         III, n (%)
         IV, n (%)

58 (28%)
12 (6%)
133 (63%)
7 (3%)

Histopathology
        Serous, n (%) 
        Endometrioid, n (%)
        Mucinous, n (%)
        Clear cell, n (%)
        Mixed, n (%)

109 (52%)
39 (18%)
16 (8%)
17 (8%)
29 (14%)

Grade
        Grade 1, n (%)
        Grade 2, n (%)
        Grade 3, n (%)

73 (35%)
59 (28%)
78 (37%)

Extragenital organ involvement
        Omentum, n (%)
        Bowel*, n (%)
        Urinary bladder, n (%)
        Peritoneum, n (%)
        Liver#, n (%)
        Spleen#, n (%)
        Appendix*, n (%)

93 (44%)
65 (31%)
18 (9%)
54 (26%)
9 (4%)
7 (3%)
61 (29%)

Positive cytology 102 (49%)

Lymph node metastasis 105 (50%)

n: number of patients, *: serosal and/or mucosal, #: capsule and/or 
parenchymal	



In the multivariate analysis, older age (>50 years) [odds 

ratio (OR): 2.8; 95% confidence interval (CI): (1.24-6.37); 

p=0.014] and the presence of omental involvement 

[OR: 3.2; 95% CI: (1.22-8.59); p=0.018] were found as 

independent risk factors for appendiceal involvement in 

women with EOC (Tables 4 and 5).

No intraoperative or postoperative complications directly 

related with appendectomy were detected. 
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Table 2. Univariate analysis of risk factors for 
appendiceal involvement in women with epithelial 
ovarian cancer (n=210)

Variables Cases n (%) p

Age
     ≤50 years
     >50 years

17/97 (17.5%)
44/113 (38.9%) 

0.001

Stage
      I
      II
      III
      IV

0/58
0/12
56/133 (42.1%)
5/7 (71.4%)

<0.001

Histopathology
     Serous
     Endometrioid
     Mucinous
     Clear cell
     Mixed

40/109 (36.7%)
6/39 (15.3%)
3/16 (18.7%)
2/17 (11.7%)
10/29 (34.4%)

0.035

Grade
      Grade I
      Grade II
      Grade III

5/73 (6.8%)
18/59 (30.5%)
38/78 (48.7%)

<0.001

Extragenital organ involvement
            Yes
            No
     Omentum
           Yes
            No
     Bowel*
           Yes
           No
     Urinary bladder*
           Yes
           No
     Peritoneum
           Yes
           No

61/124 (49.2%)
0/86

52/93 (55.9%)
9/117 (7.6%)

35/65 (53.8%)
26/145 (17.9%)

8/18 (44.4%)
53/192 (27.6%)

26/54 (48.1%)
35/156 (22.4%)

<0.001

<0.001

<0.001

0.132

<0.001

Cytology
      Positive
      Negative

50/102 (49%)
11/108 (10.1%)

<0.001

Lymph node metastasis
      Yes
      No

48/105 (45.7%)
13/105 (12.3%)

<0.001

n: number of patients, *: serosal and/or mucosal

Table 3. Univariate analysis of risk factors for 
appendiceal involvement in women with advanced-
stage epithelial ovarian cancer (n=140)

Variables Cases n (%) p

Age
     ≤50 years
     >50 years

17/56 (30.3%) 
44/84 (52.3%)

0.01

Histopathology
     Serous
     Endometrioid
     Mucinous
     Clear cell
     Mixed

40/86 (46.5%)
6/18 (33.3%)
3/9 (33.3%) 
2/7 (28.5%)
10/20 (50%)

0.657

Grade
     Grade I
     Grade II
     Grade III

5/15 (33.3%)
18/47 (32.3%)
38/78 (48.7%)

0.366

Extragenital organ involvement
          Yes
          No 
    Omentum
         Yes
         No
    Bowel*
         Yes
         No
    Urinary bladder*
         Yes
         No
    Peritoneum
         Yes
         No

61/121 (50.4%) 
0/19

52/93 (55.9%)
9/47 (19.1%)

35/65 (53.8%)
26/75 (34.6%)

8/18 (44.4%)
53/122 (43.4%)

26/51 (50.9%)
35/89 (39.3%)

<0.001

<0.001

 0.022

 0.936

 0.181

Cytology
     Positive
     Negative

50/96 (52.1%)
11/43 (25.5%)

0.004

Lymph node metastasis
     Yes
     No

48/105 (45.7%)
13/35 (37.1%)

0.376

n: number of patients, *: serosal and/or mucosal

Table 4. Multivariate analysis of risk factors for 
appendiceal involvement in women with epithelial 
ovarian cancer (n=210)

OR CI (95%) p

Age
    ≤50 years
    >50 years

1
2.9

1.23-7.02 0.015

Omental metastasis
    Absent
    Present

1
3.6

1.3-10.1 0.017

OR: odds ratio; CI: confidence interval



Discussion

The main target in the treatment for EOC is accurate surgical 
staging and maximal cytoreduction. This procedure is 
extremely important and necessary in order to increase the 
rates of disease control and survival.

Ovarian cancer initially spreads inside the abdominopelvic 
cavity. Although patients with clinically early-stage disease 
rarely tend to have appendiceal involvement, evaluation of the 
appendix is necessary during surgery because appendiceal 
involvement leads to upstaging and demands adjuvant 
treatment. The rate of appendiceal metastasis has been shown 
to be low; therefore, routine performance of appendectomy 
in women with early-stage EOC is still controversial. Routine 
performance of appendectomy is justified by some authors in 
all stages of EOC in order to achieve complete staging (3, 4). 
On the contrary, other studies suggested that appendectomy 
was not warranted in early-stage EOC because the risk of 
involvement was extremely low (2, 5-8).

Westermann et al. (2) retrospectively evaluated the results of 
53 patients with EOC who underwent appendectomy during 
staging surgery and reported the rate of appendiceal involvement 
as 34%. Four of these patients had normal appendixes at 
macroscopic evaluation. However, it is impossible to assess the 
actual rate of appendiceal involvement in early-stage disease 
because the authors did not mention the stage of the patients. 

The first study that reported an appendiceal involvement rate 
and made a distinction between early and advanced-stage 
disease was published by Malfetano (5). In that study, the rate 
of appendiceal involvement was 51% and 70% in all patients 
and in women with advanced-stage disease, respectively. 
Appendiceal involvement did not lead to upstaging in any 
patients with early-stage disease, and was not the solitary site 
of involvement in women with stage III disease. Fontanelli et 
al. (6) reported the rate of appendiceal involvement as 23% in 
160 patients with EOC. The authors stated that 91% of these 23 
patients had serous histology and grade 2-3 disease, adding that 
no appendiceal involvement was observed in early-stage EOC. 

Ramirez et al. (7) reported the results of 57 patients with stage 
I-II ovarian cancer and stated that no appendiceal involvement 
or appendectomy-related complications were observed. The 
largest study on appendiceal involvement in EOC was published 
by Lee et al. (9) which reported the results of 149 women 
who had no clinical disease outside the pelvis. They reported 
no appendiceal involvement or upstaging due to isolated 
appendiceal involvement in these patients. As a conclusion 
of these studies, routine performance of appendectomy is not 
recommended in patients with stage I-II EOC.

On the other hand, there are two studies that reported 
microscopic appendiceal involvement in patients with 
apparent early-stage EOC. The first study was reported by Rose 
et al. (3) who performed appendectomy in 80 patients during 
staging surgery and found the appendiceal involvement rate 
as 31%. Nevertheless, they stated that in a total of 47 patients 
with early-stage disease, microscopic involvement of the 
appendix was detected in 2 (4.3%) patients, but added that 
these patients already had stage III disease due to omental 
involvement. None of the patients with early-stage disease 
were upstaged due to isolated appendiceal involvement; 
however, appendiceal involvement was detected in 70% of 
patients who already had advanced-stage disease. In addition, 
the appendiceal involvement rate was higher in patients 
with serous carcinoma compared with those with mucinous 
carcinoma (48% vs. 8%, respectively). Although the results 
of this study were consistent with earlier series, the authors 
recommended routinely removing the appendix owing to the 
low morbidity rate related to appendectomy. Subsequently, 
the authors reported a case with isolated microscopic 
appendiceal involvement in a patient with clinical early-stage 
EOC (10). The second study that recommended the routine 
removal of the appendix was published by Ayhan et al. (4). In 
that study, the rate of appendiceal involvement was reported 
as 9.8% in 102 patients with clinical stage I-II disease. In a total 
of 10 patients with microscopic appendiceal involvement, 5 
patients were upstaged due to this finding. The overall rate of 
appendiceal involvement was reported as 37% and the rate 
of upstaging due to isolated appendiceal involvement was 
5% in patients with clinical early-stage disease. Therefore, the 
authors recommended that routine appendectomy should 
be performed during staging surgery in all patients with EOC, 
even if they have clinical early-stage disease. 

In the present study, 210 women who underwent 
appendectomy at initial surgery were evaluated. None of 
the patients with an apparent clinical early-stage tumor had 
evidence of isolated appendiceal involvement; as such, 
upstaging due to solitary involvement of the appendix was not 
detected in this group of patients, consistent with the results 
of earlier series.
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Table 5. Multivariate analysis of risk factors for 
appendiceal involvement in women with advanced-
stage epithelial ovarian cancer (n=140)

OR CI (95%) p

Age
     ≤50 years
     >50 years

1
2.8

1.24 - 6.37 0.014

Omental metastasis
    Absent
    Present

1
3.2

1.22 - 8.59 0.018

OR: odds ratio; CI: confidence interval



Nevertheless, routine appendectomy is recommended 
particularly in patients with ovarian mucinous 
cystadenocarcinoma owing to the fact that it is frequently 
observed as a metastatic tumor from the gastrointestinal 
system in which the appendix may contain the primary 
lesion (11, 12). However, the rate of appendiceal involvement 
was 18.7% in women with mucinous cystadenocarcinoma 
in the current study. The relatively low rate of appendiceal 
involvement in mucinous histology can be attributed to the 
limited number of patients with mucinous histology (n=18) in 
our cohort. Although our findings do not completely support 
the concept of routine performance of appendectomy in 
women with mucinous EOC, appendectomy should be a 
routine component of comprehensive surgical staging in all 
patients with mucinous histology based on the evidence in the 
literature. However, there are also studies that reported higher 
rates of appendiceal involvement in patients with advanced-
stage serous adenocarcinoma (3, 6, 13).

Tumor grade was detected as a prognostic factor for 
appendiceal involvement. In the study by Ayhan et al. (4) 
the rates of appendiceal involvement in women with grade 
1, 2, and 3 disease was reported as 18.2%, 33.8%, and 48.2%, 
respectively. However, grade was not detected as a significant 
factor for appendiceal involvement via multivariate analysis, 
stage being the only factor that was statistically significant. 
Furthermore, patients with grade 2 and 3 EOC had a higher rate 
of appendiceal involvement in the study by Malfetano (5).

In the present study, univariate analysis revealed age, 
stage, grade, extra-genital organ involvement, presence of 
positive cytology, and LN metastasis as significant factors for 
appendiceal involvement in all patients, but histopathology was 
not found to be a risk factor for the involvement of the appendix. 
When patients with advanced-stage disease were evaluated 
alone, age, presence of positive cytology, and involvement 
of the omentum and bowel were found as significant factors 
in univariate analysis, but stage, grade, histopathology, LN 
metastasis, and other organ involvement had no effect on 
the risk of appendiceal involvement. In the multivariate 
analysis, the risk of appendiceal involvement was significantly 
affected by age and omental involvement. In addition to these 
findings, we observed no complications directly related with 
appendectomy in the present study.

Although this study represents one of the largest series on 
the evaluation of appendiceal involvement in EOC, the 
retrospective design of this study may be a significant source 
of bias. However, to our knowledge, this is the first study in the 
literature to mention omental involvement as a risk factor for 
appendiceal involvement in EOC. 

The only definitive indication for appendectomy in early-stage 
EOC seems to be mucinous histopathology in order to exclude 

ovarian metastasis of primary appendiceal carcinoma in light 
of data in the literature. 

Conclusion

Our findings indicate that routine appendectomy at the time 
of surgery for apparent early-stage EOC is not warranted. 
Nevertheless, surgeons can take the initiative in regards to 
performing appendectomy because the morbidity rate due 
to this procedure is negligible. Older age (>50 years) and the 
presence of omental involvement seem to increase the risk of 
appendiceal involvement in EOC.
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Platelet-to-lymphocyte ratio: A new inflammatory 
marker for the diagnosis of preterm premature rupture 

of membranes
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Objective: Preterm premature rupture of membranes (PPROM) is closely related with maternal and fetal complications. Therefore, early 
diagnosis is extremely important to provide maternal and fetal well-being. Many inflammatory markers have been evaluated for their ability 
to diagnose membrane rupture at early stages. We aimed to investigate the relationship between the platelet-to-lymphocyte ratio (PLR) and 
preterm premature membrane rupture.
Material and Methods: In this study, 121 pregnant women with PPROM and 96 age-matched pregnant women with spontaneous preterm 
labor who were admitted to our hospital between January 2014 and December 2015 were enrolled. Demographic data, complete blood cell 
count results, and neonatal outcomes were recorded.
Results: The neutrophil and platelet counts were higher in the PPROM group (9948.4±3393.2 vs. 7466.1±1698.5/mm3 and 244.5±60 vs. 
210.6±64.8/mm3, respectively, p<0.001). The PLR and neutrophil-to-lymphocyte ratios (NLR) were both significantly higher in the PPROM group 
(p<0.001). Correlation analysis revealed that the PLR was positively correlated with the NLR (r=0.10, p=0.031). The ability of the PLR to diagnose 
preterm premature rupture of membranes was evaluated using an ROC curve. The sensitivity and specificity of the PLR was 57.8% and 73.7%, 
respectively, at a threshold >117.14 (p<0.001).
Conclusion: The PLR might be a cost effective, easy to use, and practical marker for the early diagnosis of PPROM, which can help to determine 
the appropriate waiting time for delivery and provide maternal and fetal well-being. (J Turk Ger Gynecol Assoc 2017; 18: 122-6)
Keywords: Inflammatory markers, platelet-to-lymphocyte ratio, preterm premature rupture of membranes
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Introduction

Preterm premature rupture of membranes (PPROM), which 
is defined as spontaneous rupture of fetal membranes before 
labor begins before 37 weeks’ gestation, affects approximately 
3% of all pregnancies (1). It is closely related with significant 
maternal and fetal morbidity and mortality. PPROM is one of the 

most common causes of preterm delivery, and is associated 

with maternal and neonatal infections (2, 3). The risk of 

chorioamnionitis is approximately 6-10% and increases to 40% 

if it prolongs over 24 hours (4). Moreover, neonatal infection 

risk is two times greater in patients without chorioamnionitis 

(5). Infection risk increases with PPROM, and neonatal hypoxia 



and jaundice are also more common in this condition (6). 
Early diagnosis is very important to provide maternal and fetal 
well-being because of these serious complications (7). Even 
though the pathophysiologic mechanism of PPROM has not 
been clearly defined and is multifactorial; inflammation plays 
a crucial role in the rupture of membranes (8). The role of 
inflammation in PPROM has been evaluated in many studies, 
and a significant association between various inflammatory 
markers and PPROM has been reported (9-11). Many 
inflammatory markers were recently evaluated for their ability 
to diagnose membrane rupture at early stages. 

In chronic inflammatory processes, megakaryocytic series 
proliferate increasingly and lymphocyte counts tend to decrease 
due to severe apoptosis. As a consequence, markers obtained 
from total blood counts such as the platelet-to-lymphocyte ratio 
(PLR) can be affected in severe chronic inflammatory diseases 
(12).

PLR is a widely available, effective, and simple marker. It 
has been proposed as a predictive and prognostic parameter 
for many kinds of diseases such as cardiovascular diseases 
and malignancies (13, 14). Also, it has been shown to be 
related with gestational diabetes mellitus, acute appendicitis, 
preeclampsia, recurrent pregnancy loss, and preterm labor 
in pregnant women (15-18). There are scant data about the 
relation between PLR and presence of PPROM in the literature. 
Therefore, we investigated the role of PLR for predicting 
PPROM at early stages.

Material and Methods

Study population and data collection

This is a prospective case-control study, in which 121 pregnant 
women with PPROM and 96 age- matched pregnant women 
with spontaneous preterm labor between January 2014 and 
December 2015 were enrolled. It was conducted at a university-
affiliated research and training hospital.

Age, gestational week, gravida, parity, delivery mode, birth 
weight, APGAR score, neonatal intensive care unit (NICU) 
admission rate, presence of neonatal sepsis, and development 
of respiratory distress syndrome (RDS) were recorded from 
medical records. In addition, results of a complete series of 
routine laboratory investigations including complete blood cell 
counts were recorded. Blood samples were taken from all study 
participants on admission and complete blood counts were 
analyzed using a Coulter LH 780 Hematology Analyzer (Beckman 
Coulter Ireland INC, Mervue, Galway, Ireland). The neutrophil-to-
lymphocyte ratio (NLR) was calculated by dividing the neutrophil 
count by the lymphocyte count, and PLR was calculated as the 
number of platelets divided by the lymphocyte count, both of 
which were obtained from the same blood samples.

Inclusion criteria

The inclusion criteria included PPROM diagnosed as defined 
between 24-37 gestational weeks of pregnancy, and eligible for 
recording complete blood samples and other clinical perinatal 
findings.

Exclusion criteria

We excluded patients with multiple gestations, hematologic 
disorders, malignancies, hepatic disease, history of autoimmune 
disease, any inflammatory disease of pregnancy such as 
gestational diabetes mellitus and preeclampsia, any acute or 
chronic infectious or inflammatory diseases, pregnancies with 
fetal chromosomal anomalies, intrauterine growth restriction, 
any fetal infection, and women who underwent any invasive 
procedures such as amniocentesis.

Diagnosis of preterm premature rupture of membranes

PPROM was diagnosed if 1 and one of the other following were 
present; 1) all patients were asked for risk factors and any 
fluid leakage before 37 weeks’ gestation and regular uterine 
contractions, 2) examination in dorsolithotomy position with a 
sterile speculum to verify the pooling of amniotic fluid in the 
fornices or active flowing of amniotic fluid from the cervix, 
3) positive nitrazine test, 4) when necessary, confirming the 
presence of insulin-like growth factor binding proteins (ACTIM 
PROM test; MedixBiochemica, Kauniainen, Finland) in the 
vaginal fluid.

All participants gave informed consent and the local ethics 
committee approved the study.

Statistical analysis

SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was used for 
statistical analyses. The Shapiro-Wilk test was used to determine 
whether the variables were distributed normally. Categorical 
variables were presented as frequencies and/or percentages, 
and continuous, normally distributed variables were stated 
as mean ± SD. Student’s t-test or the Mann-Whitney U test 
were performed to compare normally distributed continuous 
numeric variables, and the Chi-square test was used to 
compare categorical variables between the two groups. In 
order to determine the sensitivity and specificity of PLR values 
to predict PPROM, receiver-operator curve (ROC) analysis was 
performed. The area under the curve (AUC) value, specificity, 
sensitivity were reported. A p value of ≤0.05 was considered 
statistically significant.

Results

Baseline demographic and clinical features of the patients 
were shown in Table 1. There was no difference between the 
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two study groups in terms of age, gravida, parity, gestational 

age and lymphocyte count (p>0.05). The neutrophil 

count was significantly higher in patients with PPROM as 

compared with controls (9948.4±3393.2 vs. 7466.1±1698.5/

mm³, p<0.001). Similarly, the platelet count was found to 

be significantly higher in the PPROM group (244.5±60 vs. 

210.6±64.8 x1000/mm³, p<0.001). NLR and PLR were both 

higher in the PPROM group (p<0.001). Correlation analysis 

revealed that PLR levels were positively correlated with NLR 

(r= 0.10, p=0.031).

The neonatal outcomes of pregnancies were presented in Table 

2. The groups did not significantly differ with regard to birth 

weight, RDS, APGAR score, and NICU admissions (p>0.05). 

Sepsis was more common in the PPROM group (34.7% vs. 

19.8%, p=0.02).

The ability of the PLR to diagnose PPROM was evaluated using 

ROC curve analysis. The AUC for PLR was 0.62 (p<0.001) 

(Figure 1). The sensitivity and specificity of the PLR was 57.8% 

and 73.7%, respectively, at a threshold >117.14. PLR values 

>117.14 were significantly related with increased risk of 

PPROM.
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Table 2. Neonatal outcomes of pregnancies

PPROM group
(n=121)

Control group
(n=96)

p value

Birth weight (grams) 2120.4±1078 2345.2±924.6 0.11a

Sepsis (n,%) 42 (34.7%) 19 (19.8%) 0.02b

Respiratory distress syndrome (n,%) 20 (16.5%) 16 (16.7%) 0.98b

APGAR score (1st min) 6.9±1.2 7.1±1.5 0.28a

APGAR score (5th min) 7.8±1 8±1.2 0.18a

Neonatal intensive care unit admission (n,%) 67 (55.4%) 45 (46.9%) 0.21b

PPROM: preterm premature rupture of membranes
a: Independent sample t test, b: Chi-square test  

Table 1. Demographic and clinical characteristics of patients
PPROM group
(n=121)

Control group
(n=96)

p value

Age (years) 28.7±5.1 29.4±5.0 0.56a

Gravida (number) 3.9 ±2.7 3.4±1.8 0.10b

Parity (number) 2.0±1.1 1.9±1.1 0.84b

Gestational age (week) 33±2.1 34±1.8 0.91a

Neutrophil count (/mm3) 9948.4±3393.2 7466.1±1698.5 <0.001a

Lymphocyte count (/mm3) 1876.8±649.7 2044.6±694.1 0.10a

Platelet count (x1000/mm3) 244.5±60.0 210.6±64.8 <0.001a

NLR 5.38± 3.3 3.85 ±2.4 <0.001a

PLR 126.3±68.9 106.9±49.4 <0.001a

NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; PPROM: preterm premature rupture of membranes 
 a: Independent sample t test, b: Mann Whitney U test

Figure 1. Receiver operating curve for PLR for the diagnosis 
of PPROM
PLR: platelet to lymphocyte ratio, PPROM: preterm premature 
rupture of membranes



Discussion

The main findings of our study are as follows: (1) NLR and 
PLR were both significantly higher in the PPROM group as 
compared with controls (2). With the exception of sepsis, a 
similar relation was found between the two groups according 
to the neonatal outcomes of pregnancies; sepsis was more 
common in the PPROM group (3). PLR values >117.14 were 
significantly related with an increased risk of PPROM.

PPROM, the exact pathophysiology of which is still controversial, 
leads to common and serious pregnancy complications such 
as RDS, intraventricular hemorrhage, necrotizing enterocolitis, 
sepsis, and sudden intrauterine death due to umbilical cord 
compression. Recent studies demonstrated that the major 
etiologic mechanism of PPROM was inflammation (19, 20). 
However, many inflammatory markers have been studied for 
their ability to diagnose PPROM accurately; a reliable marker 
for diagnosing PPROM that can demonstrate intraamniotic or 
placental inflammation is not evident.

Cytokines that participate in inflammatory reactions have 
been reported to be associated with PPROM. Satar et al. (21) 
reported that interleukin (IL)-8 levels were increased in PPROM 
in maternal serum and in the umbilical cord. Similarly, IL-6 was 
found elevated only in the umbilical cord, especially in PPROM 
with microbial invasion and histologic chorioamnionitis (21). In 
the study of Flídrová and Krejsek (22), cytokines such as tumor 
necrosis factor (TNF)-α, IL-8, IL-6, and IL-1, were reported to be 
increased in preterm birth and PPROM.

A study by Popowski et al. (23) demonstrated that C-reactive 
protein was elevated in patients with PPROM with clinical 
and histopathologic chorioamnionitis. Also, procalcitonin, 
proadrenomedullin, and serum amyloid A levels were reported 
to be related with chorioamnionitis before any clinical signs 
appear (24).

Another marker that can play a role in inflammatory 
processes is NLR. In systemic inflammatory conditions, 
leukocyte subtypes differentiate as an immune response. 
Neutrophil counts increase and lymphocyte counts 
decrease. As such, the NLR tends to alter in various systemic 
inflammatory diseases. Several studies demonstrated the 
prognostic and predictive value of increased NLR in cancers 
such as colorectal cancer, lung cancer, and hepatocellular 
carcinoma (25-27). Also, NLR was found significantly 
altered in many conditions of pregnancy. Kurtoglu et al. 
(28) reported high NLR values in preeclampsia. Likewise, 
NLR values were found altered in gestational diabetes, 
intrahepatic cholestasis, hyperemesis gravidarum, and 
acute appendicitis of pregnancy (15, 16, 29, 30). In the study 
of Köseoğlu et al. (24), NLR was higher in the PPROM group 
than in controls. The authors concluded that NLR was a 

useful marker for predicting PPROM (24). In our study, we 
found higher NLR levels in the PPROM group, consistent 
with the literature.

PLR is a widely-used marker, which has been demonstrated 
to predict thrombotic events, inflammatory diseases, and 
malignancies. Many previous studies reported a significant 
association between increased PLR and major adverse 
outcomes in cardiovascular diseases, and reduced survival 
in malignancies such as pancreatic, colorectal cancer, and 
endometrial cancer (13, 14, 31, 32). In pregnant women, PLR 
was investigated in gestational diabetes, acute pancreatitis, 
preeclampsia, and PPROM (10, 15, 17, 33, 34). In PPROM, Ekin 
et al. (10) found that the PLR showed no significant alteration 
between their oligohydramnios and normal amniotic fluid 
index groups. Another study that investigated the relationship 
between PLR and PPROM was designed regarding the latency 
period. PLR was not found to be significant between latency 
periods <72 hours and >72 hours (34). In our study, regardless 
of the latency period and amniotic fluid index, statistically 
significant PLR values were found in patients with PPROM.

In conclusion, we demonstrated an important relation 
between PLR values of more than 117.14 and the occurrence of 
PPROM. Moreover, it was found to be a significant independent 
discriminator for PPROM, a condition that leads to adverse 
maternal and neonatal events. PLR is a cost effective, easy 
to use, and practical marker that can be used for the early 
diagnosis of PPROM, which can help to provide maternal and 
fetal well-being.

Study limitations

There are some limitations of the present study. First, this study 
has a small sample size. Second, it lacks the measurement and 
correlation analysis of well-known inflammatory markers such 
as C-reactive protein. 
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Lymph node dissection in atypical endometrial 
hyperplasia 
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Abstract
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Objective: The rate of concomitant endometrial carcinoma in patients with atypical endometrial hyperplasia is high. We aimed to investigate 
the role of lymphadenectomy in deciding adjuvant treatment in patients with concomitant atypical endometrial hyperplasia and endometrial 
carcinoma. 
Material and Methods: Women with atypical endometrial hyperplasia were enrolled in this retrospective study. Lymph node dissection was 
performed in only some patients who gave informed consent if their surgeon elected to do so, or if the intraoperative findings necessitated. The 
final histopathologic evaluations of surgical specimens were compared with endometrial biopsy results. 
Results: Eighty eligible patients were evaluated. Seventy-two (90%) patients had complex hyperplasia with atypia, and 8 (10%) patients had 
simple hyperplasia with atypia. Hysterectomy and bilateral salpingo-oophorectomy were performed to all patients; 37 also underwent lymph 
node dissection. Lymph node dissection was extended to the paraaortic region in 9 of 37 patients. The concomitant endometrial carcinoma rate 
was 50%. Two patients had lymph node metastasis. Among 40 cases of carcinoma, 17 had deep myometrial invasion and/or cervical or ovarian 
involvement or grade 2 tumors with superficial myometrial invasion on hysterectomy specimens; 27.5% of all carcinomas were stage Ib or higher. 
Conclusion: The concomitant endometrial carcinoma rate was high in patients with atypical endometrial hyperplasia. Nearly half of these 
patients had risk factors for extrauterine spread. Lymph node dissection might be helpful to decide adjuvant treatment. (J Turk Ger Gynecol 
Assoc 2017; 18: 127-32)
Keywords: Atypical hyperplasia, concomitant, endometrial carcinoma, lymphadenectomy
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Introduction

The rate of concomitant endometrial cancer in patients with 
atypical endometrial hyperplasia (AEH) is high in hysterectomy 
specimens. Although some factors have been suggested to 
predict concomitant endometrial cancer such as older age, 
diabetes and obesity (1), there is no tool to predict concomitant 
malignancy precisely, and the vast majority of cases are 
diagnosed postoperatively in hysterectomy specimens. 
Moreover, intraoperative frozen section assessment with high 
accuracy is not available in most centers. 

Postoperative histopathologic findings may be discordant to 
either pre- or intra-operative diagnoses. This issue makes the 

extent of surgery for AEH controversial, as it is in endometrial 
carcinoma. Hysterectomy may be insufficient in the event of 
concomitant carcinoma, especially if the patient has high 
risk factors, and lymph node status should be known to plan 
adjuvant treatment. Many reports underline the possibility of 
lymph node metastases, which cannot be ignored (2), and 
some surgeons recommend lymphadenectomy (3).

In the present study, we examined the rate of concomitant 
carcinoma, risk factors for extrauterine spread, and the role 
of lymph node dissection in deciding adjuvant treatment in 
patients with postoperative diagnosis of invasive carcinoma 
among patients who underwent surgery because of AEH, some 
including lymph node dissection. 

Received: 24 March, 2017  Accepted: 29 June, 2017



Material and Methods

The medical records from between January 2006 and 
December 2014 were reviewed and eighty patients who 
were diagnosed as having complex or simple AEH according 
to the World Health Organization classification system on 
endometrial biopsy were enrolled in the study. All endometrial 
biopsies were obtained with suction curettage (Pipelle) and 
all specimens were placed in formalin before the pathologic 
examination. Only patients who underwent hysterectomy 
without prior medical treatment for hyperplasia were eligible 
for this retrospective study. Patients with preoperative 
diagnoses of concomitant endometrial hyperplasia and 
endometrial carcinoma or who were treated with progestins 
were excluded. This study was designed as a retrospective 
data assessment; therefore, ethics committee approval was 
not required.

Electronic medical records, pathology reports, hospital and 
outpatient medical charts were reviewed. Data collected 
included age, preoperative diagnosis, medical treatment, 
type of operation, postoperative diagnosis, and final 
pathology. 

Operations were performed by laparotomy (n=48) or 
laparoscopy (n=32) under general anesthesia. Lymph node 
dissection was performed if the surgeon elected to do so, or 
according to intraoperative findings such as an appearance 
suggestive of endometrial carcinoma during macroscopic 
observation of the opened uterus or suspicious metastatic 
lymph node(s). Frozen section evaluation of the uterus was 
not performed. Patients were informed about the risk of 
concomitant carcinoma and they gave informed consent for 
lymph node dissection if required. 

The final histopathologic evaluation of surgical specimens and 
preoperative endometrial biopsy results were compared.

Results

Five hundred thirty-seven patients with endometrial hyperplasia 
were reviewed. One hundred twelve patients had AEH and 80 
(71.4%) underwent surgery. The mean age of these 80 patients 
was 58.9 years. Seventy-two (90%) patients had complex 
hyperplasia with atypia, and 8 (10%) had simple hyperplasia with 
atypia. Forty-three (53.7%) patients underwent hysterectomy 
with bilateral salpingo-oophorectomy, and 37 (46.2%) had 
hysterectomy, bilateral salpingo-oophorectomy, and bilateral 
pelvic lymph node dissection; lymph node dissection was 
extended to the paraaortic region in 9 of these 37 patients.

The final pathology results of the surgical specimens and 
comparison of preoperative findings are shown in Table 1. Forty 
(50%) patients were diagnosed as having endometrioid-type 
endometrial carcinoma in the final pathologic examination 
of surgical specimens. The characteristics of 40 endometrial 
carcinoma cases according to the International Federation 
of Gynecology and Obstetrics 2009 Endometrial Carcinoma 
Staging System and lymph node metastases are given in Table 
2. The histologic type in all patients with endometrial carcinoma 
was endometrioid. There were no grade 3 tumors.

Eight patients with simple AEH underwent surgical treatment. 
In the final histopathologic diagnosis, 4 patients had benign 
histology, 1 had simple hyperplasia without atypia, 2 had simple 
hyperplasia with atypia, and 1 of these 8 patients (12.5%) 
had stage Ia endometrioid-type endometrial carcinoma on 
hysterectomy specimens. 

Fifteen (20.8%) of 72 patients with atypical complex endometrial 
hyperplasia had benign histology, 2 (2.7%) had simple 
hyperplasia without atypia, 4 (5.4%) had complex hyperplasia 
without atypia, and 39 (54.1%) had endometrioid carcinoma in 
their hysterectomy specimens. 

Among the 37 patients who underwent lymph node dissection, 
28 were diagnosed as having endometrial carcinoma, and the 
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Table 1. Comparison of pathological results of endometrial sampling and hysterectomy specimen of all cases 
(n=80)

Hysterectomy Specimen

Benign Simple 
hyperplasia 
without atypia

Simple atypical 
hyperplasia

Complex 
hyperplasia 
without atypia

Complex 
atypical 
hyperplasia

Endometrial 
carcinoma

E
n

d
o

m
et

ri
al

 s
am

p
li

n
g Complex 

atypical 
hyperplasia 
(n=72)

15 (20.8%) 2 (2.8%) - 4 (5.6%) 12 (16.7%) 39 (54.1%)

Simple atypical 
hyperplasia 
(n=8)

4 (50%) 2 (25%) 1 (12.5%) - - 1 (12.5%)

Total (n=80) 19 (23.75%) 4 (5%) 1 (1.25%) 4 (5%) 12 (15%) 40 (50%)



remaining 9 had no invasive disease. As shown in Figure 1, the 
majority of patients were candidates for adjuvant treatment 
and underwent lymph node dissection. Four patients with 
grade 2 disease (3 with superficial myoinvasion and one with 
deep myoinvasion) received no lymph node dissection. These 
4 patients were given adjuvant brachytherapy. Two of the 4 
patients with stage Ib disease who underwent lymph node 
dissection were given brachytherapy; the other 2 were followed 
up without adjuvant treatment. Patients with stage II and IIIa 

disease were given pelvic radiotherapy. Two patients with 

stage IIIc disease had grade 2 tumors with deep myoinvasion 

and were given chemotherapy with extended radiotherapy.

Discussion

Some patients with AEH who are postoperatively diagnosed as 

having concomitant endometrial cancer carry high risk factors 

that necessitate knowledge about lymph node status in order 
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Table 2. Endometrial cancer cases (n=40)	  
	     	       Lymphadenectomy (n=28) No lymphadenectomy (n=12)

Grade 1 Grade 2 Grade 1 Grade 2

Stage

Ia 15 4 8 3

Ib 0 4 0 1

II 0 2 0 0

IIIa 0 1 0 0

IIIc2 0 2 0 0

All patients underwent total hysterectomy and bilateral salpingo-oophorectomy. There were no grade 3 or non-endometrioid tumors

Figure 1. Brief summary of patient features
*: Presence of at least one of the following on hysterectomy and salpingo-oophorectomy specimen: (i) Grade 2 with inner half myoinvasion, 
(ii) Deep myoinvasion (iii) Cervical stromal invasion (iv) Ovarian involvement 
&: Grade 1 with inner half myoinvasion



to plan adjuvant therapies. Therefore, we evaluated the role 
of lymph node dissection in patients with AEH as a disease 
that carries a high risk for concomitant malignancy, which is 
preoperatively unpredictable in most patients. 

In this study, we found that the prevalence of concomitant 
carcinoma in hysterectomy specimens was 50% in patients 
with AEH. This rate was 54.1% in patients with complex atypical 
hyperplasia and 12.5% with simple atypical hyperplasia. Among 
women with complex atypical hyperplasia diagnosed at 
endometrial biopsy, 17-52% were found to have concomitant 
endometrial carcinoma in previous studies (4-10). The 
concomitant carcinoma rate in our study is similar to these 
reports. The mean age of our patients was 58.9 years, which 
might explain the higher rate of concomitant endometrial 
carcinoma compared with other studies that were conducted 
on younger patient groups (8, 11, 12).

Invasive endometrial carcinoma concurrent with AEH is 
supposed to be grade 1 and associated with low risk factors, 
and hysterectomy was thought to be sufficient (13). However, 
some studies demonstrated that this was not the case. Whyte 
et al. (3) reported the rate of concurrent carcinoma as 29%, 
of which, 84% had myometrial invasion and 8% had cervical 
stromal invasion. In that series, one (5.5%) of 18 patients who 
underwent lymph node dissection had metastases. The authors 
concluded that the surgical staging decision, in addition to 
hysterectomy, was critical, especially in patients with complex 
atypical hyperplasia due to high rates of concomitant invasive 
cancer with high risk factors for extrauterine spread.

In a recent study, the ratio of lymph node metastases was 
estimated as 6.8% in patients with invasive endometrial 
carcinoma concomitant to AEH based on defined risk factors 
(2). This ratio decreases to 2.1% if all patients with AEH cases 
in the series are considered. Similarly, in our study, 2 of 28 
(7.1%) patients with endometrial carcinoma who underwent 
lymph node dissection had lymph node metastasis. Therefore, 
the incidence of lymph node metastases in patients with 
concomitant endometrial carcinoma is nearly similar to clinical 
early-stage endometrial carcinoma.

Fifty percent of the women who were primarily diagnosed as 
having AEH had undiagnosed carcinoma. That kind of high 
coexistence rate may lead to inadequate surgical staging (8). 
In our study, all carcinomas had endometrioid histology and 
none of the tumors were poorly differentiated. All tumors 
were grade 1 or 2 (55% grade 1, 45% grade 2). In nearly 70% of 
carcinoma cases, tumor was confined to the inner half of the 
myometrium. On this account, lymphadenectomy for all AEH 
may not be advisable. 

On the other hand, 17 patients with carcinoma had deep 
myometrial invasion, and/or cervical or ovarian involvement 
or grade 2 tumors with superficial myometrial invasion, and 

27.5% of all carcinoma cases were stage Ib or higher. Thus, in 
42.5% (17 of 40) of patients with endometrial carcinoma, and in 
21% of all patients (17 of 80), lymph node dissection could have 
provided information about lymph node status in our study. 
Thirteen of these patients underwent lymph node dissection, 
and in the majority (except only 2), no lymph node metastasis 
was detected (Table 2). By these means, treatment plans were 
made more appropriately. Similarly, it was reported that lymph 
node dissection affected the adjuvant treatment decision in 
28% of patients who were diagnosed as having endometrial 
carcinoma in uterine pathology without additional morbidity. 
The authors recommended lymph node dissection for AEH due 
to the high risk of concomitant carcinoma (3).

At this stage, routine lymphadenectomy in AEH cannot be 
recommended, it may be an unnecessarily aggressive approach. 
However, our results showed that extensive evaluation of 
patients with AEH is mandatory pre- and intraoperatively, 
according to the center’s capability. Immunohistochemical 
studies using phosphatase and tensin homolog (PTEN) and 
ARID1a on curettage materials can be helpful to exclude 
concomitant endometrial carcinoma. Loss of these markers 
may support the existence of concomitant carcinoma (14, 15).

Until now, there is no method to precisely determine lymph 
node status in endometrial carcinoma, other than lymph node 
dissection. We routinely perform pelvic lymph node dissection 
in all patients with endometrial carcinoma because lymph 
node dissection is the only accurate way to detect lymph node 
metastasis. Half of patients with endometrial carcinoma with 
pelvic lymph node metastasis also have paraaortic lymph 
node involvement (16). Paraaortic lymph node dissection is 
added when preoperative high risk factors or intraoperative 
palpable/suspicious pelvic and/or paraaortic lymph nodes are 
present. In the current study, pelvic nodes looked suspicious 
macroscopically, and dissections were extended to paraaortic 
area in two cases with lymph node metastasis (stage IIIc2). 

Discordance between pre-and post-operative pathologic 
diagnoses can be encountered in up to 30% of patients (17). 
In a series of patients with preoperative diagnosis of grade 1 
endometrium carcinoma, surgical staging affected the decision 
of adjuvant treatment in 29% of cases; in other words, the 
patients were protected against under or over treatment (18). 
Another study reported that 15% of preoperative grade 1 cases 
were upgraded, and 18% had high-risk uterine pathology (19). 
Surgical staging allows the identification of patients who woud 
benefit from adjuvant therapy, as well as those who may be 
safely spared from the morbidity of these treatments.

Nevertheless, lymph node dissection brings with it some 
additional surgical risks. Some groups tried to identify 
a subset of patients who could be spared from surgical 
staging. In some reports, frozen section examination was 
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advised for determining the extent of the surgery; however, 
there have been conflicting reports about the accuracy of 
findings. Some authors stated that frozen section was useful 
for guiding intraoperative decision-making (20), whereas 
others found frozen section results as inconsistent with the 
final histopathologic examination results (21). Another study 
showed only 48% concordance between intraoperative frozen 
section and postoperative pathology in AEH, and the sensitivity 
for the diagnosis of endometrial carcinoma was reported 
as 33% (3). A model for predicting endometrial cancer 
based on age, body mass index, endometrial thickness, and 
postmenopausal status was proposed with 80% sensitivity and 
70% specificity (22). 

The Mayo Clinic suggests grouping patients with grade 1 and 2 
tumors smaller than 2 cm diameter with myometrial invasion 
<50% as the low risk group and to skip lymphadenectomy 
(23). However, only specialized and experienced gynecologic 
pathologists can reliably define uterine risk factors in frozen 
sections. In practice, it is impossible for most oncology centers 
to employ such experts. Determining lymphadenectomy need 
is crucial because of these variable findings. Sentinel lymph 
node biopsy can be an option to evaluate lymph node status in 
patients with a preoperative AEH diagnosis. This method may 
overcome the problem related with frozen section accuracy 
and avoid re-operations in patients diagnosed as having high-
risk endometrial cancer in the final pathology.

All our patients received their diagnoses after endometrial 
biopsies, rather than with dilatation and curettage, which can 
enable physician to sample larger portions of the endometrial 
cavity. This issue may underlie the high rate of concurrent 
carcinoma. The rates of concurrent carcinoma in patients 
diagnosed as having AEH via dilatation and curettage or 
via endometrial biopsy were reported as 17-30% and 43-
45%, respectively (2, 3). Although one third of patients with 
concurrent carcinoma were still missed, dilatation and 
curettage before hysterectomy may be recommended for 
patients whose disease is diagnosed via endometrial biopsy.

The retrospective design and lack of comparison of 
perioperative outcomes according to lymph node dissection 
are the main limitations of our study. However, this study was 
focused on the role of lymph node dissection in deciding 
adjuvant treatment of endometrial carcinoma diagnosed in 
hysterectomy specimens of patients with AEH, rather than 
perioperative outcomes.

In conclusion, data to support lymph node dissection in all 
patients with AEH is lacking. Even in patients with endometrial 
carcinoma, the necessity for routine lymph node dissection 
is still under debate. However, the high rate of concomitant 
endometrial carcinoma with risk factors for extrauterine spread 
in a considerable number of patients with AEH should be kept 

in mind. Patients should be informed about this risk, and the 
value of lymph node dissection in patients with AEH should be 
demonstrated with large-scale studies in the near future.
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Blastocyst transfer does not improve cycle outcome as 
compared to D3 transfer in antagonist cycles with an 

elevated progesterone level on the day of hCG
Cem Demirel1, Serkan Aydoğdu1, Arzu İlknur Özdemir1, Gülşah Keskin2, Ercan Baştu2, Faruk Buyru2

Abstract

1In Vitro Fertilization Center, Memorial Ataşehir Hospital, İstanbul, Turkey
2Department of Obstetrics and Gynecology, İstanbul University School of Medicine, İstanbul, Turkey

Objective: To evaluate the association between progesterone elevation on the day of human chorionic gonadotropin (hCG) administration and 
clinical pregnancy rates of gonadotropin-releasing hormone (GnRH) antagonist in vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI) 
cycles with the transfer of embryos at different developmental stages (day-3 versus day-5 ETs). 
Material and Methods: This is a retrospective analysis of fresh IVF/ICSI; 194 cycles out of 2676 conducted in a single center. 
Results: A total of 2676 cycles were analyzed, of which 386 had no progesterone measurements available. Two hundred eighteen cycles had 
progesterone elevation (p>1.5 ng/mL) giving an overall incidence of 9.5%. Twenty-four cycles were excluded from further analysis. Of the 
remaining 194 cycles, 151 had day-3 transfers and 43 had blastocyst transfers. There was no statistically significant difference in pregnancy and 
clinical pregnancy rates per transfer between the D3-ET and D5-ET groups (46% vs. 49%, and 39% vs. 35%, respectively). 
Conclusion: The results of this study suggest that blastocyst transfer does not improve cycle outcomes compared with D3 transfer in GnRH 
antagonist cycles with an elevated progesterone level on the day of hCG. (J Turk Ger Gynecol Assoc 2017; 18: 133-8)
Keywords: Blastocyst transfer, human chorionic gonadotropin administration, progesterone elevation
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Introduction

Attention has been extensively paid during the last 20 years to 

serum progesterone measurement during ovarian stimulation. 

Since the early 90s, many studies have documented that 

a premature and excessive progesterone elevation above 

a certain threshold, before triggering of ovulation, might 

negatively affect of in vitro fertilization (IVF) outcomes (1-3). 

Elevated progesterone (P4) levels in the follicular phase has 

been a matter of debate in terms of IVF cycle outcomes. Apart 

from the discrepancies in definition of “elevated P4,” some 

studies claimed no effect at all (4-6), whereas others reported 

poorer outcomes (7-12). A favorable effect on pregnancy rates 

was also documented in an earlier study (13).

It was reported for the first time in 1991 that serum progesterone 

may increase during the last few days of ovarian stimulation 

(14). This has been widely confirmed during the last two 

decades, but the incidence of progesterone elevation greatly 

varies between published studies (2-35%) (15, 16). 

This increase does not reflect “premature luteinization”. 

Progesterone elevation occurs because the risk of endogenous 

leutinizing hormone (LH) surge is usually controlled by 

simultaneous administration of gonadotropin-releasing 

hormone (GnRH) analogues or antagonists. Progesterone 

elevation during ovarian stimulation is primarily related to the 

intensity of the ovarian response to follicle-stimulating hormone 

(FSH), but is also dependent on the studied population, which 

may consist of normal or good repsonders.

It has been supposed that premature elevation of P4 

advances the endometrium and leads to embryo-endometrial 

asynchrony. High serum P4 levels on the day of human 

chorionic gonadotropin (hCG) administration induce both 
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advanced endometrial histologic maturation and differential 
endometrial gene expression, which decrease endometrial 
receptivity and might be related to implantation failure (17, 
18). Progesterone elevation prematurely opens the window 
of implantation, modifies endometrium receptivity, and is 
associated with a defective implantation. A management 
strategy with robust evidence is lacking in such cycles. 
Postponing embryo transfers (ET) may result in better 
synchronization between the embryo and the already ahead-
of-phase endometrium.

Papanikolaou et al. (11) and Elgindy (9) concluded that elevated 
P4 had a detrimental effect on day-3 but not day-5 ETs. The 
authors suggested that on the fifth luteal day, the endometrium 
had sufficiently recovered to allow for normal implantation. On 
the other hand, Hill et al. (19), Huang et al. (20), Corti et al. 
(21), and Ochsenkühn et al. (10) suggested that progesterone 
elevation on the day of hCG triggering had a negative impact 
on IVF outcomes, even with blastocyst transfers. These results 
were contrary to the findings of previous studies (9, 11).

The aim of our study was to evaluate the association between 
progesterone elevation on the day of hCG administration and 
clinical pregnancy rates of GnRH antagonist IVF/ICSI cycles 
with the transfer of embryos at different developmental stages 
(day-3 vs. day-5 ETs).

Material and Methods

Subjects

This is a retrospective analysis of fresh IVF/intracytoplasmic 
sperm injections (IVF/ICSI); 194 cycles out of 2676 conducted 
from January 2006 to August 2011 in a single center. The study 
protocol was approved by the instutional review board of the 
hospital; informed consent was waived due to the retrospective 
nature of this study.

The study inclusion criteria were: (1) GnRH antagonist cycles 
with a P4>1.5 ng/mL on day of hCG, (2) in which ≥8 MII 
oocytes were retrieved and (3) at least three 8-cell embryos 
were present on day 3, (4) women were aged <40 years with 
regular cycles, (5) day-3 FSH level of <10 IU/L, antral follicle 
count of >5, and (6) an endometrial thickness ≥8 mm on the 
hCG day. Each patient was included in the study only once in 
the data set of the present study. 

The exclusion criteria were: (1) use of frozen-thaw ETs, (2) 
previous history of poor ovarian response, (3) pre-implantation 
genetic diagnosis (PGD) cycles, (4) GnRH agonist- trigerred 
cycles, (5) the use of testicular sperm, (6) known endocrine 
disorders, (7) cases where blood was drawn and analyzed in 
another laboratory.

The following patient characteristics were assessed: cause of 
infertility, age, duration of gonadotropin stimulation, E2 and P4 

levels on the hCG day, the numbers of oocytes retrieved, MII 
and 2PN fertilized oocytes, and transfered embryos. 

Controlled ovarian hyperstimulation protocol

The GnRH antagonist protocol was initiated on day 2 of the 
menstrual cycle with either hMG or rFSH (Menogon, Ferring, 
Switzerland or Gonal F 75 IU ampules; Serono, Geneva, Switzerland; 
150-300 IU/d) for ovarian stimulation. The dose was adjusted for 
each patient according to the follicular growth detected using 
ultrasonography after the 5th day of drug administration. GnRH 
antagonist Orgalutran (Organon, Netherlands) 0.25 mg/dL per day 
was started on stimulation day 5. 

Ovarian follicular development and oocyte retrieval

When at least two follicle were ≥18 mm, 10,000 IU hCG 
(Pregnyl SC freeze-dried ampoule, MSD, Baxter Pharmaceutical 
Solutions LLC, Bloomington, USA) or 250 µgr of rec-hCG 
(Ovitrelle, Serono, Germany) was administered to trigger 
ovulation.

Oocyte retrieval was performed at hour 35 after hCG injection. 
An oocyte pick-up was completed using a 17-gauge needle for 
oocyte retrieval under local anesthesia. The oocyte–corona 
complexes were denuded, intracytoplasmic sperm injection 
was performed after 2 hours of incubation, and embryos were 
transferred on days 3 or 5. 

Embryo transfer and luteal phase support

The fertilized oocytes were observed for morphology on day 3. 
One hundred fifty-one participants underwent ET on day 3 (D3-
ET), and 43 underwent ET on day 5 (D5-ET) because there was 
an adequate number of high-quality embryos available. Only 
high-quality embryos were transferred both on D3-ET and D5-
ET. The choice of the ET day was mainly based on the embryo 
morphology, clinicians’ preference for cryopreservation 
of spare embryos on day 3, and workload of the laboratory. 
Embryologists graded embryos as good, fair, or poor in line with 
the simplified Society for Assisted Reproductive Technology 
scoring system (22).

Both groups were tested for serum βhCG 12 days after ET and 
transvaginal ultrasound was scheduled 3 weeks afterwards to 
confirm clinical pregnancy. The luteal phase was supported 
with intravaginal micronized progesterone (Progestan 200 mg; 
Koçak, Tekirdağ, Turkey) as 600 mg/day, starting on the day of 
oocyte retrieval. 

Hormonal evaluation

On the day of hCG trigger, serum P4 and E2 levels were 
measured on a blood sample drawn at 10:00 AM. We used a 
microparticle enzyme immunoassay (Axsym System; Advia 
Centaur, Siemens), which has a sensitivity of 0.21 ng/mL. For the 
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P4 assay, the intra- and interassay coefficients of variation are 
7.2% and 5.7%, respectively. The E2 assay has a sensitivity of 7.0 
pg/mL, with intra- interassay coefficients of variability of 11.3% 
and 5.0%, respectively. We selected a serum progesteron level 
of 1.5 ng/mL on the day of hCG administration as a cutoff level 
for an adverse cycle outcome as evidenced by the literature (9). 

Evaluation of in vitro fertilization/intracytoplasmic sperm 
injection results

Clinical pregnancy and early pregnancy loss rates of D3-ET 
and D5-ET groups were evaluated. Clinical pregnancy rate was 
the primary outcome. Clinical pregnancy was defined as the 
presence of a gestational sac on transvaginal sonography. 

Statistical analysis

The statistical analysis of the study was performed using the 
Statistical Package for the Social Sciences 20.0 (SPSS Inc., 
Chicago, IL, USA) and G*Power 3 (Düsseldorf, Germany) (23). 
Categorical variables in the data set are given with frequencies 
and percentages, but the continuously changing variables are 
given with mean, standard deviation, median, minimum and 
maximum values. The compliance of the measurement variables 
with normal distribution was analyzed using the Shapiro-Wilk 
test. In the comparison of two groups of variables with normal 
distribution, the difference between the two means was 
determined using the significance test (t test), and the comparison 
of variables that do not show normal distribution was performed 
using the Mann-Whitney U test. In the comparison of categorical 
variables between groups, Yates’s corrected Chi-square test was 
used. In all the statistical analyses in the study, comparisons 
under a p-value of 0.05 were considered statistically significant.

Results

A total of 2676 cycles were analyzed, of which 386 had no 
progesterone measurements available. Two hundred eighteen 
cycles were noted to have progesterone elevation (p>1.5 ng/
mL) giving an overall incidence of 9.5%. Twenty-one cycles 
were excluded from further analysis because there were fewer 
than three 8-cell embryos on day 3 or no blastocysts on day 5. 
Three additional cycles were excluded because of total embryo 
freezing and no fresh ET in the given cycle. Of the remaining 194 
cycles, 151 had day-3 transfers, and 43 had blastocyst transfers.

There was no statistically significant difference in the 
demographics between the two study groups (Table 1).

The mean age of D3-ET group was 30.65±4.12 years (range, 
19-40 years), and that of the D5-ET group was 29.9±3.07 years 
(range, 22-36 years). Both groups had a similar duration of 
controlled ovarian hyperstimulation. The mean level of serum 
progesterone on the day of hCG administration was 1.83±0.49 
ng/mL in the D3-ET group and 1.92±0.87 ng/mL in the D5-ET 

group (p>0.05). The D5-ET group had a significantly higher 

mean estradiol level on the day of hCG (3940.7±1928.20 vs. 

2803.62±1639.73 pg/mL, p=0.001). The mean number of 

oocytes retrieved was significantly higher (22.23±8.93 vs. 

15.63±7.76, p=0.001) in the D5-ET group, along with a higher 

number of MII (17.1±6.75 vs. 10.86±5.86, p=0.001) and 

2PN fertilized oocytes (13.33±5.03 vs. 7.81±4.59, p=0.001), 

respectively. There was no statistically significant difference in 

the mean number of embryos transferred in the day 3 and day 

5 groups (2.2 vs. 1.8, respectively) (Table 2).

There was no statistically significant difference in pregnancy and 

clinical pregnancy rates per transfer between the D3-ET and D5-

ET groups (46% vs. 49%, and 39% vs. 35%, respectively) (Figure 1).
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Table 1. Patient overview
D3-ET D5-ET p

Age, years 30.65±4.12 29.9±3.07 NS

BMI, kg/m2 27.32±3.16 28.7±3.84 NS

Infertility period, years 4.62±3.30 3.63±2.46 NS

Day 3 FSH, mIU/mL 6.48±2.30 6.28±2.10 NS

Day 3 E2, pg/mL 38.52±10.59 43.59±20.15 NS

Previous IVF trials, n 0.74±1.1 0.76±1.01 NS

Type of infertility  
   Primary infertility, %
   Secondary infertility, %

87
13

74
26

NS

Diagnosis

   Male factor 65 (43%) 20 (46%) NS

   Unexplained infertility 37 (25%) 8 (18%) NS

   Endometriosis 20 (14%) 6 (14%) NS

   Tubal factor 10 (6%) 3 (7%) NS

   PCOS 14 (9%) 4 (9%) NS

   Others 5 (3%) 2 (6%) NS

ET: embryo transfer; BMI: body mass index; FSH: follicle-stimulating 
hormone; IVF: in vitro fertilization; PCOS: polycystic ovary syndrome; 
D3-ET: embryo transfer on day 3; D5-ET: embryo transfer on day 5; E2: 
estradiol;  NS: not significant

Table 2. Cycle parameters in D3–ET and D5–ET groups 
in patients with P4 >1 ng/mL on the day of hCG

D3-ET 
(n=151)

D5-ET 
(n=43)

p

Ovarian stimulation, 
days

8.95±1.6 9.0±1.55 NS

E₂ on hCG day, pg/mL 2803.62±1639.73 3940.7±1928.20 0.001

P4 on hCG day, ng/mL 1.83±0.49 1.92±0.87 NS

Oocytes retrieved, n 15.63±7.76 22.23±8.93 0.001

MII, n 10.86±5.86 17.1±6.75 0.001

2PN, n 7.81±4.59 13.33±5.03 0.001

Embryos transferred, n 2.2±0.5 1.8±0.8 NS

D3-ET: embryo transfer on day 3; D5-ET: embryo transfer on day 5;  ET: 
embryo transfer; hCG: human chorionic gonadotropin; E2: estradiol; P4: 
progesterone; MII: metaphase II; PN: pronucleus, NS: not significant



Discussion

In the present study, D5 transfer was not found to be superior 
to D3 transfer of embryos in patients with elevated P4 levels, 
respectively, when the cutoff level for P4 was set at 1.5 ng/mL 
on the day of hCG administration.

Elevated P4 in the late follicular phase of an IVF cycle is claimed 
to result in worse cycle outcomes. This negative effect is 
believed to be more prevalent in cycles with a higher oocyte 
yield; such a negative effect may ensue with a relatively higher 
P4 elevation. It is more likely that the elevated P4 levels reflect 
the total amount of progesterone secreted by maturing follicles, 
and these levels have been found to correlate positively with 
the number of mature follicles and with estradiol levels on hCG 
day. In the present study, we also documented an increase in E2 
levels in correlation with number of mature follicles. Although 
non-significant, P4 levels were slightly elevated in the D5-ET 
group, in which the number of oocytes was significantly higher. 

The first attempt to critically evaluate the existing literature 
regarding P4 elevation on the day of hCG and its role in 
pregnancy achievement was published in 2007 (6). The results 
of that review were confounded by the different GnRH analogue 
protocols administered. Moreover, the majority of the included 
studies that failed to demonstrate a negative association used 
an arbitrarily defined threshold value of 0.9 ng/mL. Following 
that meta-analysis, a prospective study by Elgindy (9) claimed 
that an increased P4 level of ≥1.5 ng/mL on hCG day was 
associated with an adverse effect on clinical outcomes. A 
meta-analysis of Kolibianakis et al. (24) evaluated the results of 
five eligible studies of GnRH antagonist cycles. They reported 
that women with elevated P4 level on the hCG administration 
day had decreased probability of clinical pregnancy per cycle. 
Another meta analysis of Venetis et al. (16) provided convincing 
data that elevation of serum P4 secretion was associated with 
low pregnancy rates whatever the GnRH analogue used. A 
very recent meta-analysis that reviewed only antagonist cycles 

documented that women with elevated P4 levels >1.5 ng/
mL on hCG day had more oocytes and higher E2, as well as 
decreased probability of pregnancy per cycle (25).

The crucial question is how should physicians manage patients 
with elevated progesterone levels during late follicular phase. 
Proposed cycle management strategies in the event of high P4 
on the day of hCG may be to freeze all embryos and transfer 
them back in a natural or hormone-replacement cycle, to favor 
a D5 ET, to start with a lower FSH dose in the next cycle, to use 
hp-hMG instead of rFSH, and/or earlier administration of hCG 
for triggering final oocyte maturation in high-risk patients. None 
of the aforementioned strategies have been tested so far for 
their efficacy in this setting.

For women with an elevated P4 level on the day of hCG, 
extending culture and transferring embryos on D5 might have 
been a sound strategy because the most probable mechanism 
of impairement that high P4 in the follicular phase causes is the 
advancement of endometrial maturation and early closure of 
the endometrial implantation window; day-5 ET may restore 
this asynchronization in such cycles.

In several studies it is claimed that endometrial advancement 
due to controlled ovarian hyperstimulation and raised P4 could 
be recovered on day 5 (26). Papanikolaou et al. (11) designed a 
study to determine if there was an effect of elevated P4 on hCG 
day on pregnancy outcomes, and whether this effect might 
be associated with the developmental stage of the embryo 
transferred. According to this study, even modest rises of P4 in 
the follicular phase has a detrimental effect on the implantation 
potential of good-quality cleavage stage embryos (11). On the 
contrary, premature luteinization in the blastocyst transfer 
subgroup had no effect on pregnancy outcomes. 

Hill et al. (19) confirmed the recent publications by 
demonstrating a negative impact of elevated serum P levels on 
the day of hCG administration on live birth. This negative effect 
was also demonstrated in both cleavage and blastocyte stage 
ETs for both poor and good embryos. Huang et al. (20) reported 
that the negative association of P4 elevation with clinical 
pregnancy rates was noted both in D-3 and blastocyte stage 
ET cycles and confirmed decreased clinical pregnancy rates in 
GnRH agonist IVF/ICSI cycles regardless of the developmental 
stage of the transferred embryos. Ochsenkühn et al. (10) 
documented a similar reduction in pregnancy rates in the study 
of blastocyte transfers. However, their study had no cohort of 
cleaveage embryos to use for direct comparision. Corti et al. 
(21) and Ochsenkühn et al. (10) suggested that progesterone 
elevation on the day of hCG triggering has a negative impact 
on IVF outcomes, even with blastocyst transfers. These results 
were contrary to the findings of Papanikolaou et al. (11). The 
study of Papanikolaou addressed whether the adverse effect of 
follicular phase P4 elevation could be alleviated by a blastocyst 
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Figure 1. Pregnancy and clinical pregnancy rates per 
transfer between groups



transfer. In contrast to what this retrospective study suggested, 
in our data set, D5 transfer was not found as superior to D3 
transfer of good quality embryos in patients with elevated P4 
levels. Our study was retrospective in design but, the inclusion 
criteria enabled us to select patients with a cohort of good 
quality embryos on day 3 that might have a good chance of 
D5 transfer if they had been allowed to stay in extended 
culture. Thus, the two transfer groups presented a similar 
embryo development profile in culture. The reason for the lack 
of efficiency of D5 transfer strategy may be the fact that the 
advanced endometrium may still have not recovered from the 
action of elevated follicular P4. To our knowledge, there is no 
solid biologic evidence to confirm this endometrial recovery 
with concomittant D3 and D5 endometrial biopsies.

The choice of 1.5 ng/mL as a threshold level for P4 in our study is 
less than ideal because the threshold for poor cycle outcomes 
may change with the ovarian response of the patient. In better 
responders, a higher P4 threshold is more plausible. As such, 
the reason for failure of observing improved outcomes with a 
D5 ET strategy in our study may be that our patient population 
comprised either normal or good responder patients and thus a 
higher threshold could have revealed a positive treatment effect 
in favor of D5 transfer. The strongest effect of progesterone 
elevation on pregnancy rates was observed between 1.5 and 
1.75 ng/mL in the study of Venetis et al. (16). Nevertheless, as 
the degree of ovarian response is increased, the failure of a 
beneficial effect for D5 ETs still may persist. In poor responders 
with an elevated P4 level, the management strategy could have 
been to freeze all embryos rather than to try a D5 transfer due 
to the lack of availability of an adequate number of embryos for 
extended culture.

The limitation of our study is its retrospective nature; this kind of 
study has selection bias. Also, the number of D5 transfers was 
lower than that of D3, which also weakned the study power. 

In conclusion, the results of this retrospective study suggest that 
blastocyst transfer does not improve cycle outcomes as compared 
with D3 transfer in GnRH antagonist cycles with an elevated 
progesterone level on the day of hCG. Therefore, a prospective 
randomized control trial on an intention-to-treat basis is needed 
to compare single D3 and single blastocyst transfers in this setting 
to reach a more definitive answer to the problem. 
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Microcystic, elongated, and fragmented pattern of 
invasion in relation to histopathologic and clinical 
prognostic factors in endometrioid endometrial 

adenocarcinoma
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Abstract
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Objective: To investigate the association of microcystic, elongated, and fragmented (MELF) pattern of invasion with prognostic factors in 
endometrioid endometrial adenocarcinoma (EEA).
Material and Methods: Stained tissue sections from 83 cases of EEA operated by the same gynecologic oncologist were reviewed to identify 
cases showing MELF-type invasion in this retrospective study. The association of MELF pattern with age, tumor grade, depth of myometrial 
invasion, and presence of lymphovascular space invasion (LVSI) was analyzed.
Results: FIGO grade 2 and grade 1 tumors were evident in 53.0% and 38.6% of patients, respectively. Depth of myometrial invasion was <50% in 
72.0% of patients, and LVSI was absent in 77.1%. MELF pattern was confirmed in 35 (42.2%) patients. Presence of MELF pattern was associated 
with significantly higher mean ± standard deviation age (62.9±6.9) years vs. 58.9±9.1 years, p=0.033), and found to be more likely in patients 
with high-grade tumor (FIGO grade III; 85.7% vs. 14.3%, p<0.001), deep (≥50%) myometrial invasion (78.3% vs. 21.7%, p<0.001), and presence 
of LVSI (94.7% vs. 5.3%, p<0.001) as compared with absence of MELF pattern.
Conclusion: In conclusion, our findings revealed a high rate of MELF pattern among patients with EEA alongside the association of MELF 
pattern with poor prognostic factors such as high grade tumor, deep myometrial invasion, and LVSI. (J Turk Ger Gynecol Assoc 2017; 18: 139-42)
Keywords: Endometrioid endometrial adenocarcinoma, microcystic, elongated, fragmented pattern, tumor grade, myometrial invasion, 
lymphovascular space invasion
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Introduction

Endometrioid endometrial adenocarcinoma (EEA) has a 
favorable prognosis with overall 5-year survival rates of 90%, 
reaching 93-94% for International Federation of Gynecology 
and Obstetrics (FIGO) grade 1 and 2 tumors (1, 2).

Besides the increased risk of extra-uterine spread of tumor 
with the depth of myometrial invasion, certain patterns of 
myometrial invasion have also been proposed as a potential 

prognostic factors in endometrial carcinomas, which may play 
a role in predicting the pattern of lymph node involvement as 
well as metastasis (3-7).

The microcystic, elongated, and fragmented (MELF) 
pattern is a distinctive presentation of myometrial invasion 
with unusual changes to neoplastic glands, which was 
first described by Murray et al. (8) in 2003. Although it was 
initially thought to represent a simple degenerative process, 
with identification of the restriction of MELF pattern invasion 
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to myoinvasive low-grade carcinomas of endometrioid type, 
these changes have been suggested to be an active cellular 
process indicating a specific tumor-stromal interaction (4, 
5).
Tumors with MELF pattern have been associated with 
deposits of carcinoma in lymph nodes that resemble 
hystiocytes, which forms the basis of application of keratin 
stains to identify single tumor cells in lymph node sinuses, 
as well as experimentally in the setting of sentinel lymph 
node evaluation (9). Nonetheless, despite the documented 
association of MELF pattern with lymphovascular space 
invasion (LVSI) and lymph node metastasis, it remains 
uncertain as to whether presence of MELF pattern invasion 
has clinical significance in EEA (5-8, 10). Our study was 
therefore designed to study and examine the frequency of 
MELF pattern invasion in patients with EEA and to determine 
its association with clinical and histopathologic prognostic 
factors.

Material and Methods

Stained tissue samples from 83 cases of operated EEA were 
reviewed to identify cases showing MELF-type invasion in this 
retrospective study. The inclusion criterion was endometrioid-
type endometrial adenocarcinoma. Non-endometrioid-type 
adenocarcinoma was excluded. The study was conducted in full 
accordance with local GCP guidelines and current legislation, 
and our institutional ethics committee gave permission to use 
patient data for publication (19.10.2016/487).
Data on age, tumor grade, depth of myometrial invasion 
and LVSI were recorded for each patient. Tumor samples 
were re-evaluated by the same pathologist to investigate 
MELF pattern. The association of MELF pattern with age, 
tumor grade, depth of myometrial invasion, and presence 
of LVSI was analyzed. Tissue samples were graded using the 
grading system identified by FIGO: a solid non-squamous 
content up to 5% was considered grade 1, 6 to 50% as grade 
2, and >50% as grade 3 (11). Hysterectomy specimens 

stained with hematoxylin and eosin (H&E) were evaluated 
to identify MELF pattern exhibition and MELF-positive cases 
as previously described by Murray et al. (8). LVSI tumor 
fragments present in the endothelium-lined vascular/
lymphatic spaces, either in the tumor or distant from it, were 
also evaluated in H&E stained specimens with or without 
MELF-expression.

Depth of myometrial invasion was determined based on the 
tumor invading the myometrium down to deepest margin 
and lying over the endomyometrial junction and classified as 
invasion through <50% or ≥50% of the myometrial thickness.

Statistical analysis

MedCalc Statistical Software version 12.7.7 (MedCalc 
Software BVBA, Ostend, Belgium; http://www.medcalc.org; 
2013) was used for statistical analysis. The Chi-square (χ2) 
test and Fisher’s exact test were used to compare categorical 
data, and numeric data were analyzed using Student’s t-test 
for independent variables with normal distribution. Data are 
expressed as mean ± standard deviation (SD), minimum-
maximum and percentage (%) where appropriate. P<0.05 
was considered statistically significant.

Results

FIGO grades 2, 1, and 3 tumors were evident in 53.0%, 38.6%, 
and 8.4% of patients, respectively. Depth of myometrial invasion 
was <50% in 72.0% of cases (stage IA), and LVSI was absent 
in 77.1%. MELF pattern invasion was confirmed in 35 (42.2%) 
patients (Table 1).

Presence of MELF pattern was associated with significantly 
higher mean age, 62.9±6.9 years vs. 58.9±9.1 years, p=0.033, 
and found to be more likely in cases of high-grade tumor (FIGO 
grade III; 85.7% vs. 14.3%, p<0.001), deep (≥50%) myometrial 
invasion (78.3% vs. 21.7%, p<0.001), and lymphovascular 
invasion (94.7% vs. 5.3%, p<0.001) as compared with absence 
of MELF pattern invasion (Table 1).
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Table 1.  Prognostic factors in the overall study population with respect to MELF pattern invasion
MELF Pattern

Absent (n=48) Present (n=35) p value

Age (years), mean±SD 58.9±9.1 62.9±6.9 0.033a

Tumor grade n (%)

Grade I 28±96.6 1±3.4

<0.001bGrade II 19±43.2 25±56.8

Grade III 1±14.3 6±85.7

Depth of myometrial invasion <50% 42±71.2 17±28.8 <0.001c

Lymphovascular space invasion 1±5.3 18±94.7 <0.001c

a: Student’s t-test; b: Fisher’s exact test; c: Chi-square test; MELF: microcystic, elongated, and fragmented



Discussion

Our findings revealed the presence of MELF pattern invasion 
in 42.2% of patients with EEA and greater likelihood of MELF 
positivity in older patients; the presence of factors indicates 
poor prognosis including deep myometrial invasion, high grade 
tumor, and LVSI.

The incidence of MELF in our cohort (42.2%) was higher than the 
incidence (23.1%) reported previously in Turkish patients (n=121) 
(7), but consistent with the upper level of the range (7 to 48%) 
for the overall incidence of MELF reported in different studies 
among patients with EEA (5, 7, 10, 12, 13). Our findings support 
the more frequent observation of deep myometrial invasion and 
LVSI in MELF-positive cases (7), unlike previous reports indicating 
the more common observation of MELF invasion in low-grade 
(FIGO grade 1 or 2) EEAs (5-7). The percentage of patients with 
and without MELF pattern was significantly higher in high-grade 
(FIGO grade 3) tumors in our cohort. Indeed, cervical stromal 
involvement, lymph nodal metastasis, and clinically advanced 
stage were reported to be more common in the presence of 
MELF pattern invasion, and MELF pattern positivity, as well as 
involvement of cervical stroma were shown to be independent 
determinants of lymph node metastasis (7).

In total, 18 of 19 patients with LVSI and 28 with >50% myometrial 
invasion (94.7% and 78.3%, respectively) had MELF pattern 
invasion in our study. This supports data from a past study, 
which indicated that MELF-positive cases were more likely to 
exhibit LVSI and ≥50% MI than MELF-negative cases (78.5% 
vs. 13.9% and 78.5% vs. 32.2%, respectively) (7). MELF pattern, 
when accompanied with fibromyxoid stromal response, was 
shown be related to LVSI and a worse long- term prognosis (8), 
and an invasive glandular morphology was suggested to be a 
stronger marker of LVSI risk than the depth of invasion (7).

High-grade histologic subtype, older age, myometrial invasion 
depth, and positivity of LVSI are well-established interacting 
adverse prognostic factors that are predictive of disease 
outcome in endometrial neoplasia (1, 2, 6, 14). Presence of 
LVI and MELF-type invasion were shown to be significantly 
associated with an increased likelihood of nodal metastasis (5). 
Thus, the increased likelihood of poor prognostic factors among 
MELF-positive cases in our cohort emphasizes the implications 
of accurate histologic assessment of myometrial invasion and 
recognition of MELF pattern invasion in clinical practice in terms 
of grading of EEAs, and assessing long-term prognosis given its 
association with LVSI, lymph node metastasis, and extra-uterine 
disease (4, 5, 7, 8, 10, 14). In addition, a past study that analyzed 
risk factors for recurrence in low-grade EEA showed that MELF 
myoinvasion pattern, deep myoinvasion, LVSI, and high-grade 
tumor in metastatic foci were factors that predicted increased 
recurrence risk at sites other than the vagina (5).

The likelihood of increased tumor progression and adverse 
prognosis in the presence of MELF pattern invasion in 
EEAs has been associated with enhanced dissemination of 
neoplastic cells due to a fibromyxoid stromal reaction creating 
a low resistance milieu, as well as a likelihood of transition 
of epithelial mesenchyme that allows surrounding stromal 
infiltration (4, 5, 8, 14, 15). Nevertheless, the clinical relevance 
of MELF pattern positivity in endometrial adenocarcinoma has 
not yet been elucidated given that the relation of MELF invasion 
to lymph node metastasis or poor prognosis was not confirmed 
in some studies (5, 6-8, 10).

In conclusion, our findings revealed a high rate of MELF 
pattern invasion among patients with EEC alongside the 
association of MELF pattern invasion with poor prognostic 
factors such as high-grade tumor, deep myometrial invasion, 
and lymphovascular invasion. Our findings emphasize the 
importance of accurate histologic assessment of myometrial 
invasion, and the likely role of identifying MELF pattern 
invasion with frozen section or probe curettage in configuring 
surgical treatment among patients with EEA. Nonetheless, 
larger scale studies are necessary to justify the consideration 
of MELF pattern invasion as a risk factor for higher-stage 
disease, lymph node metastasis, and thus poor outcomes in 
EEA.
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Abstract

This article focuses on the anatomy, literature, and our own experiences in an effort to assist in the decision-making process of choosing 
between an umbilical or vaginal port. Umbilical access is more familiar to general surgeons; it is thicker than the transvaginal entry, and has 
more nerve endings and sensory innervations. This combination increases tissue damage and pain in the umbilical port site. The vaginal route 
requires prophylactic antibiotics, a Foley catheter, and a period of postoperative sexual abstinence. Removal of large specimens is a challenge 
in traditional laparoscopy. Recently, there has been increased interest in going beyond traditional laparoscopy by using the navel in single-
incision and port-reduction techniques. The benefits for removal of surgical specimens by colpotomy are not new. There is increasing interest in 
techniques that use vaginotomy in multifunctional ways, as described under the names of culdolaparoscopy, minilaparoscopy-assisted natural 
orifice surgery, and natural orifice transluminal endoscopic surgery. Both the navel and the transvaginal accesses are safe and convenient to 
use in the hands of experienced laparoscopic surgeons. The umbilical site has been successfully used in laparoscopy as an entry and extraction 
port. Vaginal entry and extraction is associated with a lower risk of incisional hernias, less postoperative pain, and excellent cosmetic results. (J 
Turk Ger Gynecol Assoc 2017; 18: 143-7)
Keywords: Single port laparoscopy, culdolaparoscopy, natural endoscopic surgery, colpotomy, postoperative pain
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Introduction

Laparotomy was replaced by laparoscopy for many 
procedures. With advances in techniques, tools and materials, 
new methods of minilaparoscopy and single-access surgery 
(SAS) for umbilical, vaginal or other natural orifices evolved. 
Abdominal extraction of surgical specimens is not possible 
when 3.5 mm or smaller ports are the only ones placed in 
the abdomen, whereas some surgical specimens could 
be removed via traditional 10-mm or 12-mm laparoscopic 
umbilical ports. For large specimens, the solutions include 
extension of the umbilical port or a secondary port, 
minilaparotomy, morcellation, and colpotomy. The greatest 
advantage of extraction through an enlarged umbilical incision 
is the possibility of performing laparoscopic procedures with 
secondary ports of 5 mm, minilaparoscopy instruments or 
percutaneous needles. Another problem faced when large 
specimens have to be extracted through secondary ancillary 
ports is damage to the inferior epigastric artery during port 
enlarging (1). The inferior epigastric artery is a collateral branch 
of the external iliac artery (EIA), which usually arises from the 
EIA, 6.2 cm above the inguinal ligament. Nevertheless, the EIA 
can arise from the femoral artery below the inguinal ligament, 
from the profunda femoral artery, and even as a common 
trunk with the circumflex iliac artery. Lesions incurred during 
enlargement of lateral ancillary ports can lead to a severe 
hemorrhage with potentially serious complications.

SAS is usually performed via a unique navel incision and 
multichannel ports. Operative laparoscopes with working channels 
were also used with the aid of percutaneous needle assistance. 
Port size extension increases tissue damage and can increase the 
chances of injury to inferior epigastric vessels, port-site hernia 
(PSH), postoperative pain, and poor cosmetic results (2).

Colpotomy has been published under different names such 
as vaginotomy, vaginal celiotomy, or culdotomy and circular 
colpotomy during vaginal hysterectomy. It has been used 
during surgery and for extraction. Some laparoscopists used 
colpotomy as an extraction option rather than increasing or 
making an additional abdominal incision.

Culdolaparoscopy (3), minilaparoscopy-assisted natural orifice 
surgery (MANOS) (4), and natural orifice transluminal endoscopic 
surgery (NOTES) use multifunctional vaginal access for insufflation, 
viewing, surgery, and extraction (5-7). In this paper, we attempt to 
compare umbilical and vaginal extraction, specifically when large 
specimen are retrieved, focusing on anatomic differences based 
on the literature and our own experience.

Vaginal access anatomy

Most general surgeons rarely use a vaginal port for access 
or extraction of samples. Therefore, this section serves 

as a refresher for non-gynecologic surgeons to consider 
vaginal extraction or use of the transvaginal approach in 
culdolaparoscopy, MANOS or NOTES.

The vagina is a fibro-muscular structure, S-shaped, between 6 
and 12 cm long, and 3 to 4 mm thick, being longer in the rear 
wall (8). The cephalic or upper section of the vagina widens to 
form a pouch around the cervix, which is known as the fornix. 
The fornix can be separated in the anterior, posterior and, 
lateral fornixes. The lateral fornixes are topographic in relation 
with the endo pelvic fascia and the base of the broad ligaments. 
The vaginal wall of the posterior fornix is in contact with the 
peritoneum of the pouch of Douglas (posterior cul-de-sac). The 
posterior vaginal wall is divided into 3 sections; the upper is the 
fornix, as previously described. The middle portion is attached 
to the rectum vaginal septum. The lower portion is attached to 
the rectovaginal septum and the fibromuscular nucleus of the 
perineal body. We have not used the anterior fornix colpotomy 
in these surgeries even though we use the circular colpotomy 
during vaginal hysterectomies (8, 9). Colpotomy has been used 
for specimen extraction by laparoscopists in general surgery, 
gynecology, and urology (10).

Harlaar et al. (11) measured the cavity of the posterior cul-de-sac 
in ten cadavers. They used latex to make a mold of the posterior 
cul-de-sac. The mean diameter was 2.6 cm (±0.5 cm) with a 
range of 2.0-3.4 cm (11). However, these measurements are 
limited to those of a cadaver. In a live female, the measurements 
are significantly different when performing laparoscopy (12). 
We use a uterine manipulator to bring the uterus in an anterior 
and cephalic direction. This maneuver opens the pouch of 
Douglas under an endoscopic view. It broadens the posterior 
“cul-de sac” by several centimeters and allows the placement 
of a vaginal port, as well as removal of the appendix, gallbladder, 
ovarian cysts, uterine fibroids, and other types of specimens. 
When the removed sample is large, suction, drainage, and 
collapse of a cyst or hollow viscous is performed. For a large 
solid specimen, hemisecting or morcellating is needed to 
reduce the size in order to avoid damage by overstretching the 
anatomically related structures (9).

Umbilical access anatomy

The introduction of SAS has enabled the navel to be 
reconsidered as an embryonic natural orifice that can be 
used as the main access for general laparoscopy, offering the 
advantage of surgery without scars. Therefore, we review these 
structures in order to prevent complications (13).

Typically, the average navel is 8.2 mm in thickness when 
measured in the shortest length between the skin and 
peritoneum. It is slight thicker in women than in men (14). The 
navel is located at the level of the highest point of the iliac crest, 
the third to fourth lumbar disc, and equidistant between the tip 
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of the xiphoid process and the top of the pubic symphysis. The 
navel is located slightly depressed and down in the middle of 
the depth of the abdominal wall, facing the body at L4. The skin 
bottom of the umbilical depression has a protrusion, which is in 
a bun shape form, the umbilical tuber, which is separated from 
the peripheral skin by a circular groove. In the center of the 
tuber is the scar of the umbilical cord. The position of the navel 
changes during pregnancy or obesity (15). The subcutaneous 
layer consists of fatty tissue and small arteries, veins and nerves, 
and is thicker in the obese. The deeper layer of the navel is 
composed of fibrous tissue covered by sub peritoneal tissue 
were the umbilical artery and veins run. The umbilical ring is 
embedded in the middle linea Alba. The navel ring includes 
the insertion of the urachus, remnants of the umbilical arteries 
caudally, and the Teres ligament cephalically, all of which are 
covered by the parietal peritoneum (16). 

Differences in umbilical and vaginal innervations

To better understand many of the differences between the 
umbilicus and vagina as an inlet for surgery, we review the 
innervations of these organs (17). The umbilical area is very 
sensitive when compared with others areas in the abdomen. In 
a study of innervations of the umbilical skin, authors are quoted 
to have found epidermal and dermal numerous tactile cells 
and corpuscles, and abundant end-bulblike genital structures. 
Nerve bundles were observed together with bulbous and 
lamellar corpuscles with abundant nerve endings both in the 
papillary and reticular dermis (18).

The vagina receives visceral and somatic nerves. The 
innervations arrive via the lower hypogastric plexus and the 
internal pudendal nerve, forming a plexus around the vagina 
(16, 19). The posterior vaginal fornix area has substantially less 
sensory innervation than the navel area.

Griebling et al. (20) described a neural-rich submucosal 
plexus within the region of the vagina, with a small quantity 
of intraepithelial axons. The sympathetic and parasympathetic 
nerves are smaller and have even less presence of sensory 
nerves (20). Their study showed that innervations changed 
under the influences of estrogen (20, 21).

Postmenopausal women often experience some level of 
atrophy due to lower estrogen levels, which produce changes 
in innervations. Treatments with estrogen replacement should 
improve this condition (22-27).

Investigations on vaginal port and sexual function

Regarding sexual function after posterior colpotomy, Butticè et 
al. (28) evaluated 71 patients after hybrid transvaginal (NOTES) 
nephrectomy. Sexual function was evaluated using the Female 
Sexual Function Index (FSFI) questionnaire the day prior to the 
operation and 3 months after. The authors showed that the 

complication risk increased significantly with increasing tumor 
size. Among the whole cohort, even the FSFI score differences 
were small; there was a statistically significant decrease in the 
postoperative period in all domains, except sexual satisfaction. 
In fact, the patients reported unaltered sexual function after 
surgery and satisfaction with the result when asked directly. 
In subgroup analyses, in nulliparous patients (n=60), arousal, 
sexual desire, orgasm, and satisfaction domains had no 
significant differences in pre- and postoperative periods. 
Accordingly, the authors strongly supported the use of hybrid 
transvaginal NOTES nephrectomy for large renal tumors, 
especially in nulliparous patients, for unaltered sexual 
satisfaction (28).

Nevertheless, Vitale et al. (29) also studied quality of life 
(QoL) and sexual function changes of 20 women with 
third- and fourth-degree cystocele (according to the Baden-
Walker classification), treated using biocompatible porcine 
dermis graft. The Short Form-36 questionnaire to assess QoL 
was administrated at baseline and 12 months after surgical 
treatment. The Pelvic Organ Prolapse/Urinary Incontinence 
Sexual Questionnaire (PISQ-12), which measures changes of 
sexual behavior, was used at baseline and 12 months after 
surgical treatment. Each woman underwent translabial color 
Doppler ultrasonography to measure clitoral blood flow before 
and 12 months after surgical treatment. In the results, the 
authors showed that use of biocompatible porcine dermis 
grafts to treat severe cystocele considerably improved QoL 
and sexual function, and did not influence clitoral blood flow. 
Thus, based on the authors’ experience, vaginal prolapse and 
urinary incontinence treatment (30) should also provide sexual 
improvement.

The problem has not yet been completely addressed by 
surgeons, especially in cases of mass extraction or large 
specimens. Rolli et al. (31) investigated the feasibility and safety 
of vaginal myomectomy via posterior colpotomy in a series of 
46 consecutive procedures. Thirty-two patients underwent 
successful vaginal myomectomy under general anesthesia and 
12 under loco-regional anesthesia, and the median size of the 
myomas was 50 mm (range, 16-81 mm). The authors showed 
the feasibility of the technique, but they did not address sexual 
function after surgery, or whether any patients achieved 
pregnancy after myomectomy (31). 

Studies on surgical comparison of methods

Gynecologists have been using transvaginal access to the 
peritoneal cavity via a posterior colpotomy for more than 
a century for diagnostic and operative procedures, and 
specimen extraction (4). However, since the early 1970s, 
vaginal access was replaced by laparoscopy (32, 33). 
The reasons why transvaginal access fell out of favor are 
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multifactorial, including advances in laparoscopy, perceived 
technical difficulty, concerns about patient acceptance, 
infections, taboos, and misconceptions (34). Recently, 
with the emergence of MANOS and NOTES peritoneoscopy 
surgery, the vagina has become the most suitable entry and 
extraction site to operate on and retrieve several organs in 
different specialties, such as general surgery, urology and, of 
course, gynecology (34, 35). Ghezzi et al. (2) reported their 
experience with large specimen extraction using the navel 
in 1116 gynecologic laparoscopy procedures. There were 
no problems with direct surgical extraction of specimens or 
with endobags. The only complication was a laceration of 
the epigastric artery. Neither PSH nor metastases occurred. 
Another study of Ghezzi et al. (33) randomly compared the 
transumbilical and transvaginal routes for retrieval of adnexal 
masses in laparoscopy. The results of this study suggest that 
retrieval of adnexal masses following laparoscopic excision 
via a posterior vaginotomy causes less postoperative pain 
than transabdominal specimen extraction through the navel 
port (35).

Bulian et al. (36) successfully performed hybrid transvaginal 
cholecystectomies (TVC) using rigid instruments and compared 
this technique with the traditional laparoscopic technique. In 
their comparison, there were no postoperative differences in 
terms of pain and sex in the TVC group, whereas there were 
two PSHs found in the laparoscopy group. Patients in the TVC 
group were more satisfied with the results compared with 
those who underwent traditional laparoscopy. The transvaginal 
access procedures were mostly performed using prophylactic 
antibiotics, and required Foley catheter insertion and sexual 
abstinence. The authors suggested that the postoperative 
abstinence period varies among different groups, from 14 to 
42 days (34).

A recent review (37) reported 11 years’ experience of removing 
specimens via posterior colpotomy in 230 patients and included 
899 cases collected over 17 publications. The data suggested 
that the removal of transvaginal specimens represented 
a safe, feasible, and applicable procedure in the field of 
laparoscopic gynecology. A 13-year experience report of 2431 
single-port laparoscopic cholecystectomies performed using a 
laparoscope with a 6-mm working channel and percutaneous 
needle assistance documented excellent cosmetic results with 
a low incidence of PSH (38).

When considering the differences in the two oncologic 
staging accesses, because laparoscopy should be preferred 
over laparotomy as stadiation procedure in early-stage and 
advanced ovarian cancer, it is indisputable to think about the 
advantages of the umbilical than the vaginal port. 

In fact, Rossetti et al. (39) evaluated the feasibility, safety, and 
effectiveness of laparoendoscopic single-site surgery (LESS) 

for the assessment of peritoneal carcinomatosis resectability 
in 55 patients with advanced-stage ovarian cancer (AOC). The 
authors reviewed the medical records of patients with AOC 
who underwent LESS for operative examination. Standard 
cytoreductive laparotomy surgery was performed. The 
peritoneal cancer score was completed in 49 (94%) patients 
using LESS; 34/37 (92%) patients who were considered to have 
resectable disease were effectively optimally debulked. The 
authors concluded that LESS was a feasible and safe alternative 
minimally invasive procedure to assess the resectability of 
patients with AOC (39).

Conclusion

In the era of reduced-port surgery and NOTES, the ideal 
method to access and perform surgery in the abdominal cavity 
and extract specimens is under scrutiny. Both navel and vaginal 
sites are safe and feasible for use by trained laparoscopist 
surgeons. A review of the literature and our own experience 
show that the transvaginal route is associated with reduced or 
no risk of PSH, reduced postoperative pain, faster recovery of 
common activity, and excellent cosmetic results. 

When the vaginal option is not available, the lack of benefits 
is obvious, specifically if large specimens are to be extracted. 
In such cases, enlargement of an abdominal port inlet or an 
additional incision is needed, which increases tissue damage 
and pain. These maneuvers greatly limit many of the advantages 
of the minimally invasive approach.
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Abstract

Controlled ovarian stimulation (COS) in in vitro fertilization (IVF) cycles is the starting point from which couple’s prognosis depends. 
Individualization in follicle-stimulating hormone (FSH) starting dose and protocol used is based on ovarian response prediction, which depends 
on ovarian reserve. Anti-Müllerian hormone levels and the antral follicle count are considered the most accurate and reliable markers of ovarian 
reserve. A literature search was performed for studies that addressed the ability of ovarian reserve markers to predict poor and high ovarian 
response in assisted reproductive technology cycles. According to the predicted response to ovarian stimulation (poor- normal- or high- response), 
it is possible to counsel couples before treatment about the prognosis, and also to individualize ovarian stimulation protocols, choosing among 
GnRH-agonists or antagonists for endogenous FSH suppression, and the FSH starting dose in order to decrease the risk of cycle cancellation and 
ovarian hyperstimulation syndrome. In this review we discuss how to choose the best COS therapy, based on ovarian reserve markers, in order 
to enhance chances in IVF. (J Turk Ger Gynecol Assoc 2017; 18: 148-53)
Keywords: In in vitro fertilization, controlled ovarian stimulation, individualization, anti-Müllerian hormone, antral follicle count

Introduction

Controlled ovarian stimulation (COS) in in vitro fertilization 
(IVF) cycles is the crucial point from which good oocyte 
retrieval and couple's prognosis depend. Several protocols 
have been studied in order to find the therapy that ensures 
the best outcomes in terms of pregnancy and live birth, 
minimizing iatrogenic risks, and the risk of cycle cancellation 
due to poor response or ovarian hyperstimulation syndrome 
(OHSS). In recent years, the concept of “one size fits all” 
has evolved into a concept of “individualization” in IVF. 
This should also reduce costs and the dropout rate of 
patients, mainly caused by the physical and psychological 
burden (1). Treatment individualization is based on ovarian 
reserve. The ovarian response to COS largely depends on a 
woman’s ovarian reserve, the stimulation regimen itself is 
a secondary factor. Serum anti-Müllerian hormone (AMH) 
and ultrasound antral follicle count (AFC) in particular have 
been shown to be the most sensitive markers. Another 

strategy for the individualization of treatment is based on 
the response in previous IVF cycles (if a previous cycle had 
a good performance, the same protocol can be used). 

In the Italian scenario, a strong consensus exists among 
physicians on the importance of the prediction of ovarian 
response to treatment. Ovarian reserve markers are assessed 
in as many as 80% of women who enter IVF programs, and 
the majority of physicians agree that AMH and AFC are the 
most reliable factors for predicting ovarian response (2). 
The choice of therapy is a very important clinical point 
because of the possibility of using various kinds of drugs 
[gonadotrophin-releasing hormone (GnRH)-analogues or 
antagonists, different gonadotrophin preparations, adjuvant 
therapies]. Moreover, the selection of the follicle-stimulating 
hormone (FSH) starting dose is fundamental for IVF 
outcomes (3-5). In this review, we discuss how to choose 
the best therapy in order to improve IVF outcomes on the 
basis of marker-guided ovarian response predictions.
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Evidence acquisition

A literature search was performed for studies that addressed 
the ability of ovarian reserve markers to predict ovarian 
response in IVF cycles. A systematic search of Medline, 
EMBASE, Cochrane library, and Web of Science databases 
was conducted using the keywords, anti-Müllerian hormone, 
AMH, antral follicles, AFC, poor/high response, and IVF. 
Criteria were identified in the title and/or abstract of the 
publications. Additional journal articles were identified from 
the bibliographies of included studies as well as textbooks. 
Literature available up to January 2017 was included. 

Evidence synthesis 

Ovarian reserve markers

We found that many ovarian reserve markers have been 
proposed in recent years. Serum FSH, measured on day 3-5 
of the menstrual cycle, and estradiol are the most employed 
markers in reproductive medicine. The problem is that FSH is an 
indirect marker of ovarian reserve and its serum levels are out 
of range only when ovarian reserve is severely compromised. 
As a consequence, the literature reports suboptimal sensitivity 
and specificity for this marker in predicting ovarian response 
to gonadotrophins. Various cut-off values (from 10 to 15 IU/L) 
have been proposed for predicting poor ovarian response, but 
the large percentage of patients with normal values limits the 
usefulness of the marker.
In the last 10 years, serum AMH and ultrasound AFC have 
shown to measure the real ovarian follicle pool very accurately. 
The pool of 2 to 9 mm antral follicles measured using 
ultrasound when performing AFC is the same that produces 
AMH, so AFC and AMH are highly correlated and have the same 
performance in evaluating follicle quantity (6). AFC and serum 
AMH have shown similar predictive value for ovarian response 
and number of retrieved oocytes, and a better performance 
than other ovarian reserve markers in predicting ovarian 
response in IVF (7-9). A few studies found that AMH was the 
strongest predictor of ovarian response, whereas other studies 
demonstrated a stronger predictive value for AFC (10). 
AMH has very little intra- and inter-cycle variability. With new 
recent automated assays we have repeatable and comparable 
dosages among laboratories. AFC is characterized by a certain 
intra-cycle variability and intra-and inter-observer variability 
due to different methodology for counting antral follicles; which 
class of antral follicles better correlates with the number of 
retrieved oocytes has yet to be demonstrated (2-5 mm, 4-6 mm 
or 5-10 mm). In clinical practice, 2-10 mm follicles are counted 
in order to obtain the AFC (11, 12). Three-dimensional (3D) 
automated follicular tracking decreases both intra- and inter-
observer variability (13), but it requires advanced ultrasound 

equipment, which is not yet available everywhere. AFC and 
AMH are useful instruments for the individualization of ovarian 
stimulation regimens and for the choice of FSH starting dose in 
particular (2, 6). Several studies reported a linear correlation 
between AMH and live birth rates (14); however, the predictive 
value of AFC is less clear. Thus, AMH appears more useful when 
counselling couples about the chances of live birth after IVF. 

Predictive models

Age is one of the most reliable indicators of ovarian response, 
but women of similar age may have wide variations in ovarian 
response due to different dimensions in the pool of recruitable 
antral follicles (15). Despite the usefulness of markers of 
ovarian reserve in order to individualize ovarian stimulation 
regimens, the literature is still lacking practical algorithms that 
may help physicians in choosing the right therapy and few 
studies proposed to individualize the treatment on a single 
marker, AFC or AMH.

A large randomized control trial (RCT) is ongoing with the 
aim of evaluating live birth rates and the cost-effectiveness of 
individualizing gonadotrophin starting doses on the basis of 
AFCs. In this study, women are categorized into groups based 
on AFCs and randomized to receive either individualized 
or standard gonadotrophin doses (16). Two studies have 
been published reporting the efficacy of serum AMH levels 
in tailoring gonadotrophin dose selection (5, 17). Nelson et 
al. (5) published a prospective non-randomized study that 
included more than 500 women undergoing IVF for whom 
the therapeutic protocol (standard long agonist or antagonist 
protocol) and FSH starting dose were chosen on the basis of 
basal AMH levels. The result of the personalized approach 
was a reduction of both the extremes of ovarian reserve with 
a reduction in excessive responses and cancelled cycles due 
to poor response (5). A retrospective study by Yates on 769 
women at first IVF cycle demonstrated that an individualized, 
AMH-guided, controlled ovarian hyperstimulation protocol 
significantly improved positive clinical outcomes, reduced the 
incidence of complications, and reduced the financial burden 
associated with assisted reproduction (17). A recent pilot study 
compared the efficacy and safety of two algorithms, one based 
on AMH and the other on AFC, to determine the starting dose of 
recombinant FSH (rFSH) for ovarian stimulation in 348 women. 
Patients were assigned to receive an FSH starting dose of 150, 
225 or 375 IU on the basis of pre-treatment AMH or AFC. The 
study reported no difference in terms of clinical pregnancy, 
multiple pregnancies and miscarriage rates between the two 
groups, but there was a statistically significant difference in 
ovarian response, with a major proportion of hyper responses 
in the AFC-tailored group (18).
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Complex predictive models

Different variables are implicated in ovarian response (19-
21). This concept brought about the elaboration of complex 
algorithms in order to better predict ovarian response and to 
define the right FSH starting dose. A prospective study tested 
a model including age, AFC, ovarian volume, Doppler ovarian 
score, and smoking status (19), but the complexity in measured 
variables did not permit wide clinical application. Another 
study proposed a model based on age, body mass index 
(BMI), day 3 serum FSH and AFC (22), which was later tested 
in the CONsistency in r-FSH Starting dOses for individualized 
tReatmenT (CONSORT) study (23). This model was not applied 
in clinical practice because the coefficients for computing the 
algorithm were not published. Moreover, the FSH starting dose 
calculated by the model was often lower than those proposed 
by clinical practice and led to iatrogenic poor responses. This 
was confirmed in a successive prospective study, where the 
CONSORT calculator was used to calculate the FSH starting 
dose for 197 women undergoing IVF cycles: the calculated 
dose was too different to the dose recommended by physicians 
to be applied (24).
A more recent study created a model through a retrospective 
analysis based on age, AFC, and day 3 serum FSH, with AFC being 
the most significant predictor of ovarian response (25). According 
to the model, in a woman aged 30 years with a normal day 3 FSH of 
4 IU/L and an AFC of 16, the most appropriate gonadotrophin dose 
is 150 IU daily. A similar nomogram based on AMH had previously 
been developed by the same group and included AMH, age, and 
day 3 serum FSH (26). Based on the nomogram, a woman aged 
30 years with FSH of 4 IU/L and AMH 4 ng/mL would require a 
gonadotrophin dose of 150 IU/daily. A model incorporating AMH 
has recently been validated retrospectively in two independent 
IVF centers in Italy. In both centers, the application of the 
nomogram resulted in more appropriate FSH starting doses 
compared with empirically chosen treatment. This easy-to-use 
algorithm could be useful in daily clinical practice for increasing 
the number of patients reaching optimal ovarian response (27). 
The AMH-based approach for COS individualization has recently 
been further confirmed by the results of a multicenter randomized 
phase-3 trial, the Evidence-based Stimulation Trial With Human 
rFSH in Europe and Rest of World 1 study (ESTHER-1). The 
study compared the efficacy and safety of a new recombinant 
FSH (follitropin delta) with an AMH and BMI-tailored dose with 
conventional recombinant FSH (follitropin alfa). The use of the 
new gonadotropin resulted in similar ongoing pregnancy and live 
birth rates, with fewer excessive and poor responses compared 
with the control group (28).
The prediction of ovarian response based on ovarian reserve 
markers may be useful for the choice of stimulation protocols 
and of any supplementary therapies, as discussed below.

Ovarian response prediction and management

After the ovarian response has been predicted, the physician 
has to choose the most adequate COS protocol and FSH 
starting dose in order to obtain an optimal oocyte retrieval. An 
egg collection of between 8 and 15 oocytes should guarantee 
the highest chances of pregnancy. Egg retrievals of less than 
8 oocytes reduce pregnancy rates because of the lack of 
adequate numbers of good embryos to transfer. Retrievals of 
more than 15 oocytes may expose patients to the risk of OHSS. 
This means that physicians should try to obtain a moderate 
follicular recruitment in high responders. All protocols have 
demonstrated similar performance in IVF outcomes for 
predicted poor responders, as such the best protocol is the 
least stressful for the patient.

Predicted poor response

The prognosis in IVF cycles depends on age and ovarian 
reserve. Assisted reproductive technology (ART) can only 
partially provide against the decay of fertility induced by age and 
reduction of ovarian reserve: pregnancy rates in women aged 
over 40 are less than 10%, and only slightly higher in younger 
women with severely reduced ovarian reserve. A low ovarian 
reserve translates into an inadequate response to controlled 
ovarian stimulation, insufficient egg retrieval, and maybe to 
poor oocytes and embryo quality. Poor ovarian response is 
defined as the retrieval of <4 oocytes following a standard IVF 
protocol (29). The incidence of poor ovarian response in IVF 
cycles ranges from 10 to 20% and the prevalence increases 
with advancing age.

The criteria used to identify poor ovarian responders are 
both anamnestic (age, shortening of the menstrual cycle, 
previous ovarian surgery) and clinical, based on the study 
of ovarian reserve. The problem of using ovarian reserve 
markers is in defining acceptable cut-off levels for predicted 
poor response. The literature reports several values for AMH 
and AFC in the prediction of the poor response. The variability 
could be explained by factors such as the small sample size of 
some studies and variability in the measurement of markers. 
According to published data, a cut-off value of AMH ranging 
between 0.7-1.3 ng/mL may be considered acceptable for 
the prediction of poor response in IVF, with sensitivity and 
specificity (20). AFC can be used to reliably predict ovarian 
response in IVF, but there is high variability in cut-off levels in 
the literature (10). Recent studies reported AFC cut-off values 
for the prediction of poor response ranging between <5 and 
<7 (30).

The assessment of ovarian reserve in these patients is useful 
during pre-treatment counseling in order to advise couples 
about the possibility of cycle cancellation and poor prognosis, 
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and reduces drop-out rates. Although poor ovarian reserve 
is associated with poor IVF outcomes, the diagnosis of poor 
ovarian reserve is not acceptable as the only factor leading to 
direct exclusion of couples from undergoing ART treatment 
programs. In fact, AFC and AMH, which are the best predictive 
markers, have a false positive rate of 10-20%. Moreover, the 
accuracy of these markers is not high in the prediction of 
pregnancy (31), and the possibility of achieving pregnancy, 
especially in young women, is quite acceptable (32).

Unfortunately, there is currently insufficient evidence to 
recommend a particular treatment for women defined as 
poor responders. Treatment with a GnRH antagonist protocol 
instead of a GnRH agonist protocol was initially proposed for 
such women because it avoids the profound suppression of 
endogenous FSH and luteinizing hormone (LH) concentrations 
in the early follicular phase at the stage of follicular recruitment, 
giving hope of a better egg retrieval. Several trials and meta-
analyses showed that the long GnRH agonist and GnRH 
antagonist regimens were comparable in their efficacy in terms 
of IVF outcomes for poor responders (33).

The few studies published on women with predicted poor 
response undergoing their first IVF cycle reported similar 
outcomes using both protocols. As shown by Nelson et al. 
(5), the GnRH antagonist protocol was associated with fewer 
days of gonadotrophin stimulation but the prognosis for 
these women remained poor, with clinical pregnancy rates 
ranging between 16% and 11% (5). We think that the choice 
of therapeutic protocol should aim to gain patient compliance 
and cost reduction in poor responder patients (17). A recent 
multicenter randomized trial demonstrated the non-inferiority 
of a mild ovarian stimulation strategy with a GnRH antagonist 
compared with a standard approach with a GnRH agonist. The 
ongoing pregnancy rate was 12.8% (25/195) for mild ovarian 
stimulation versus 13.6% (27/199) for conventional ovarian 
stimulation [95% confidence interval: (0.57-1.57)], and the 
duration of ovarian stimulation and amount of gonadotrophins 
used were significantly lower in the mild stimulation strategy 
(34).

Different studies performed on predicted poor responders 
showed that increasing FSH dose did not correlate with the 
number of retrieved oocytes (35). The maximum number of 
oocytes that could be retrieved in women was strongly limited 
by the number of recruitable antral follicles in the ovaries and 
a higher gonadotrophin dose was not able to compensate for 
the lack of substrate.

In conclusion, prediction of poor response can have positive 
results in terms of patient compliance and reduction of costs, 
but it does not seem to produce a significant improvement in 
IVF outcomes (36).

Predicted high response

The term ‘hyper response’ refers to the retrieval of >15 oocytes 
(37) following a standard COS protocol. The prevalence rate 
in IVF cycles is estimated to be around 7% and decreases with 
the woman’s age. Young age, long menstrual cycles, polycystic 
ovary syndrome (PCOS), and hyper response in a previous 
cycle (38) are suggestive of high ovarian reserve, but the 
stronger predictors of hyper response are AMH and AFC. AMH 
cut-off levels proposed in literature for the prediction of hyper 
response vary according to the assay used (DSL, IBC or AMH 
gen II), but AMH serum levels >3.5 ng/mL have good sensitivity 
and specificity (2). An AFC value of >16 has been shown to be 
the most appropriate cut-off for hyper response (8, 39). 

The measurement of ovarian reserve markers has a relevant 
value in patients with high ovarian reserve. First, it allows 
counselling couples about the potential risks associated with 
treatment, such as OHSS. Secondly, it permits choosing the 
treatment according to the predicted ovarian response. In 
patients with high ovarian reserve, COS individualization is 
crucial because it improves IVF outcomes and avoids the 
iatrogenic risk of OHSS. Recent studies demonstrated that the 
use of GnRH antagonists in predicted high responders was 
associated with a reduction in the incidence of OHSS. As a 
consequence, a reduction in cycle cancellation and patient 
hospitalization was achieved with a significant reduction 
in costs (17, 40). A large RCT including 1050 first IVF cycles 
recently demonstrated that the incidence of severe OHSS 
(5.1% vs. 8.9%; p=0.02) and moderate OHSS (10.2% vs. 15.6%; 
p=0.01) was significantly lower in the GnRH antagonist group 
compared with the agonist group, respectively, and pregnancy 
rates were similar in the two groups (40). 

In GnRH antagonist protocols, initial follicular recruitment and 
selection is undertaken using endogenous endocrine factors 
prior to starting exogenous gonadotrophin administration. This 
leads to a lower number of growing follicles when compared 
with the standard long GnRH agonist protocol, which is why 
GnRH antagonist protocols are the first-choice treatment in 
women with high ovarian reserves at risk of OHSS. Secondly, 
GnRH antagonist protocols allow the possibility of inducing 
final oocyte maturation with an GnRH analogue instead 
of human chorionic gonadotrophin (hCG). This seems to 
significantly reduce the risk of OHSS, but it is associated with 
lower pregnancy rates in fresh IVF cycles because of an adverse 
effect on endometrium receptivity due to the absence of hCG 
(41). Implantation rates, clinical pregnancy rates, ongoing 
pregnancy rates, and survival rates of frozen-thawed embryos 
are similar in hCG with GnRH agonist trigger protocols, which 
demonstrates that GnRH agonist protocols do not impact on 
oocyte quality (42).
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A strategy to improve outcomes in GnRH agonist-triggered 
cycles is the addition of a low dose (1500 IU) of hCG, 
administered 35 h or 5 days after the triggering bolus of GnRH 
agonist; however, this approach does not eliminate severe 
OHSS (23). Owing to the enhanced effectiveness of vitrification, 
segmentation in GnRH agonist-triggered cycles through the 
freezing of all embryos for transfer in subsequent cycles may 
be the optimal strategy to eliminate the risk of OHSS while 
maintaining elevated pregnancy rates (41, 43).

The FSH starting dose is another crucial determinant of ovarian 
response to stimulation. In women with high ovarian reserve, 
the choice of an unduly low gonadotrophin dose could lead to 
mono or pauci-follicular development. On the other hand, the 
choice of an excessive dose could lead to excessive ovarian 
response with subsequent OHSS risk. We believe that predictive 
algorithms based on reliable markers of ovarian reserve, such 
as those described above (25, 26), may guide physicians in this 
choice.

GnRH antagonists are better than GnRH-agonist in high 
responder patients at reducing the occurrence of OHSS, while 
maintaining comparable clinical pregnancy rates. Moreover, 
the FSH starting dose must be chosen on the basis of ovarian 
reserve markers.

Conclusions

Ovarian reserve establishes prognosis in terms of oocyte 
retrieval and chances of live birth in IVF at any age of the 
woman. Medical history and a good assessment of ovarian 
reserve markers guarantee optimal oocyte retrieval, thereby 
formulating the most appropriate COS protocol for individual 
patients. The literature indicates how to guide correct 
management of patients, from predicted poor- to hyper-
responders, but much remains to be done to reduce iatrogenic 
risks and improve IVF outcomes.
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What is your diagnosis?

A P2L2 woman aged 35 years presented to our outpatient department with amenorrhea of 8 months with episodes of on-and-off 
heavy bleeding per vaginum. She had a history of laparoscopic right salpingectomy for right tubal ectopic pregnancy 8 months 
previously, which was confirmed on histopathology (HPE). When she presented to us, she was carrying ultrasonography (USG) 
of her pelvis, computed tomography (CT) of the abdomen and pelvis, and several human chorionic gonadotropin (beta-hCG) 
reports of last 8 months. Imaging was absolutely normal and beta-hCG values were showing a waxing and waning course  
(Figure 1), but never came below a discriminatory zone despite two courses of methotrexate (MTX) in doses of 50 mg/m2 in single 
dose regimens. A provisional diagnosis of pregnancy of unknown location (PUL) was made at that time because a pregnancy test 
was positive, serum beta-hCG was 10,304 IU/L, and no intra or extra-uterine gestation could be cited on ultrasound. She had no 
spells of abdominal pain or fainting attacks. On being referred to our unit, we evaluated her on the lines of gestational trophoblastic 
neoplasia (GTN) in view of persistently high beta-hCG for the last 8 months (graphical presentation of beta-hCG shown in Figure 1). 
Routine blood investigations, chest X-ray, USG pelvis, as well as CT chest and brain were found as normal. We did not repeat CT of 
the abdomen and pelvis. Considering persistently high beta-hCG values without any evidence of pregnancy on imaging, two courses 
of single agent chemotherapy (MTX-FA) in a multiple dosage regimen (Inj. MTX 1 mg/kg/day on days 1, 3, 5, and 7, and Inj. Folinic 
acid 15 mg on day 2, 4, 6, and 8) was given intravenously, 2 weeks apart; however, beta-hCG value remained high.
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Figure 1.  Graphical presentation of beta-human chorionic gonadotropin values (red arrow indicates the timing of single-
agent chemotherapy, the purple arrow shows the time of referral to us, and the green star is the time of surgery)



Answer

After a thorough discussion and failure to find the source of beta-
hCG, the decision was taken to perform a whole-body positron 
emission tomography (PET)-CT scan. On PET-CT, an active 5x4-
cm malignant lesion was found in the bowel mesentery. No 
metastasis was found in any other site. The patient underwent 
exploratory laparotomy. Intra-operatively, a 5x5-cm, firm, well-
circumscribed and encapsulated mass was present over the 
greater omentum, as shown in Figure 2a. The whole mass, with 
a 2-cm healthy omental margin, was excised. The cut section of 
the mass showed extensive areas of necrosis and hemorrhage 
(Figure 2b). The uterus and bilateral adnexa were healthy. The 
right fallopian tube was found absent intra-operatively. The 
mass was confirmed as an omental choriocarcinoma on HPE 
(Figure 3-4). Postoperatively, her beta-hCG value decreased 
dramatically to 1073 IU/L, and 112 IU/L after one week. She 
required no adjuvant chemotherapy because there was no 
evidence of local or distant metastasis. The patient was under 
regular follow-up with us as well as the medical oncology 
department. Beta-hCG follow-up was performed weekly until 
three negative values were obtained, and monthly thereafter 
for 24 months. During follow-up, her beta-hCG value always 
remained negative (Figure 1). She never had any signs and 
symptoms of recurrence. The patient is now disease free.

PUL is defined by the presence of a positive pregnancy test 
with an absence of either intra or extrauterine pregnancy on 
transvaginal ultrasound (1). The reported incidence of PUL is 
8-10% (1). MTX 50 mg/m2 has proven to be effective in 90% 
of cases of ectopic pregnancy and also results in resolution of 
beta-hCG levels in women with asymptomatic persisting PUL 

(1). An algorithm for the management of PUL is described in 
Figure 5 (1).

GTN usually occurs after molar pregnancy (50%), but may also 
be present after abortions (25%), normal intrauterine pregnancy 
(22.5%), and ectopic pregnancy (2.5%) (2). Choriocarcinoma 
per se is a rare tumor. The incidence of choriocarcinoma is 
1 in 45,000 pregnancies in Western countries, but a higher 
incidence is reported from southeast Asia (3). Choriocarcinoma 
is a malignant and aggressive tumor, associated with high 
beta-hCG. Most cases of choriocarcinoma are intrauterine 
and of gestational origin. Extrauterine choriocarcinoma is 
quite rare, few case reports are present in the literature (4-
12). Moreover, choriocarcinoma of the greater omentum is 
extremely rare, with only two cited cases (8, 11). Most cases 
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Figure 2. (a). A 5x5-cm firm, well circumscribed and 
encapsulated mass over the greater omentum
(b). Cut section of the mass showing extensive areas of 
necrosis and hemorrhage

Figure 3. H&E (x100) stained section showing necrotic area 
along with the tumor

Figure 4. (a). H&E (x400) showing biphasic tumor 
comprising of giant cells and mononuclear tumor cells,  
(b). IHC-Positive for beta-human chorionic gonadotropin



developed secondary to implantation of trophoblastic tissue 
following an ectopic gestation (4-8) and sited in the genital 
tract (tube, ovary, cervix, and vagina) (4-7). A case of omental 
choriocarcinoma mimicking ectopic pregnancy was reported 
by Wan et al. (8). Their patient required multiple courses of 
combined chemotherapy to achieve remission. The plausible 
etiology of this lesion in our case was the persistence of 
trophoblastic tissue left during laparoscopic salpingectomy 
that may have got implanted over the omentum. In the case 
of primary extrauterine choriocarcinoma, the uterus, tubes, 
and ovaries show no evidence of pregnancy. On reviewing 
the literature, four cases of primary choriocarcinoma could be 
elucidated occurring on the left anterior abdominal wall of the 
pelvis (9), on the surface of a subserosal uterine leiomyoma 
(10), in the omentum (11), and the right lower lobe of the lung 
(12). All these cases were managed by complete resection of 

tumor ± adjuvant chemotherapy. The prognosis of such cases 
is not well studied due to its rarity, but according to the above 
case reports, most patients achieved complete remission.
We report this case of choriocarcinoma of the greater omentum 
not for its rarity, but for the fact that it was missed despite an 
intensive examination. Our patient was initially managed along 
the lines of PUL considering that imaging did not support any 
ectopic site for the source of beta hCG. That an initial baseline 
CT showed no tumor goes with the understanding that perhaps 
the lesion was small enough to be missed on CT, yet it produced 
enough beta hCG, and was uncompromising to chemotherapy. 
The lesion may have increased in size because no imaging was 
repeated during MTX cycles. We decided to perform a PET-CT 
for the whole body in the absence of an adequate response to 
standard chemotherapy, which was the turning point in our case 
because we established the source of beta-hCG. The efficacy 
of PET-CT in defining such lesions is not known, perhaps due 
to the paucity of such cases, which typically undergo surgery 
in good time with a provisional diagnosis of ectopic pregnancy.

Conclusion

Rare sites of choriocarcinoma can be missed despite intensive 
examinations. A suspicion of disease should always be kept 
when serial beta hCG levels show a plateau or rising trends 
despite chemotherapy. PET-CT may be a useful adjunct to map 
such lesions. Surgical excision of these tumors remains the best 
modality in resectable cases. Close follow-up is mandatory to 
achieve complete remission.
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Figure 5. An algorithm for the management of pregnancy of 
unknown location
IUP: intra-uterine pregnancy; TVS: trans vaginal scan
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Obesity and insulin resistance are significant predictors 
of serum leptin levels

To the Editor; 

In the December 2016 issue of your journal, Fakor et al. (1) 
presented an original article entitled “The association between 
levels of maternal serum leptin in the third trimester and the 
occurrence of moderate preterm labor” in which the authors 
elucidated the possible role of leptin in the development of 
preterm labor in 30 moderate preterm delivering women. The 
authors demonstrated that low serum leptin levels may have a 
substantial predictive value for preterm birth before 34 weeks’ 
gestation by altering cytokine balance, cytotrophoblast and 
angiogenic activity, in the feto-placento-maternal unit. Although 
the authors presented and discussed their study results 
effectively in the context of previous studies, we believe that like 
any other study, there are some methodologic issues related to 
the present paper. In this context, from a methodologic point 
of view, we have several concerns including unmatched body 
mass index (BMI) values of study participants, and the presence 
of a probable insulin resistance (IR), which is associated with 
preterm birth and serum leptin levels. 

First, as also stated by the authors, numerous factors are strictly 
related with serum leptin levels including obesity, insulin, 
glucocorticoids, and thyroid hormones via multiple signaling 
pathways (2). From these variables, obesity presents a unique 
importance while evaluating serum leptin levels because of 
the fact that obese subjects have higher serum leptin values, 
which correlates body weight percentage, than normal weight 
subjects (3). The importance of BMI on serum leptin levels was 
demonstrated in a study by Paul et al. (4). Serum leptin levels 
and differences between sexes were found to be significant 
in all body mass indices. In this context, when comparing two 
groups to evaluate serum leptin levels, it is crucial to match 
study groups in respect to BMI values. The significantly higher 
BMI levels of control subjects (p=0.017) could be the reason of 
elevated leptin levels. In order to rule out this bias, an additional 
statistical analysis is needed to understand if serum leptin levels 
are affected by the BMI values of study participants. 

Second, although the authors stated that they excluded 
patients with diabetes mellitus, they gave no information about 
the possible presence of IR in their study group. IR is especially 
important for a study investigating a connection between leptin 
and preterm labor because IR contributes to the relatively 
wide variation in leptin levels, which is seen even at similar 
levels of body mass (5, 6). Moreover, IR below the thresholds of 
gestational diabetes mellitus (GDM) can cause adverse maternal 
and perinatal outcomes. In a recent large-scale retrospective 
study by Temming et al. (7), it was demonstrated that even in 
the absence of GDM, IR was associated with increased risks of 
preterm birth. Based on these data, it is reasonable to suggest 
that the alterations on serum leptin levels could be associated 
with IR and resulting preterm labor. 

In conclusion, as we see an increasing number of obstetric 
complications including preterm labor, this study covers an 
important and interesting topic. We believe that the further 
understanding of the roles of adipocyte-derived hormones in 
human pregnancy will provide an insight into metabolic risks 
associated with preterm labor. 
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Author’s Response

Dear Editor;
In a letter entitled “Obesity and insulin resistance are 
significant predictors of serum leptin levels,” two main 
criticisms were mentioned. The first was the effect of 
body mass index (BMI) in leptin levels, which has been 
established in many previous studies (1, 2). We mentioned 
it in the introduction of the paper and also considered BMI 
as an important confounding variable in our study (3). As a 
basic study design concept, we tried to match BMI variables 
in the case and control groups. However, we could not 
select two BMI-matched groups (p=0.017) because of the 
lack of patients with preterm labor. Therefore, we decided to 
decrease the effect of the BMI variable by statistical methods. 
The other criticism was the effect of insulin resistance (IR) 
on leptin level. As it was written in methods section of our 
article (3), we tried not to include conditions related with 
IR such as diabetes and polycystic ovarian syndrome. When 
patients are hospitalized in Iran, their blood sugar is checked 
as a routine lab test. In addition, a glucose tolerance test is 

performed between 24-28 weeks of pregnancy as a screening 
program in Iran. 
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