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Aims and Scope

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

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

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

Open Access Policy

This journal provides immediate open access to its content on the principle that making research freely available to the public supporting
a greater global exchange of knowledge.

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

Subscription Information

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

Permission

Permission, required for use any published under CC BY-NC-ND license with commercial purposes (selling, etc.) to protect copyright owner
and author rights, may be obtained from the Editorial Office:

Editor: Cihat Unlii, M.D.

Address: Abdi ipekci Cad. 2/7 34367 Nisantasi-istanbul-Turkey

Phone: +90 212 241 45 45 Fax: +90 212 241 44 08

E-mail: tajev@tajev.org
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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.

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

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

Submission of Manuscripts

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

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

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

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

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

A-IV

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 ipekci Caddesi 2/7 Nisantasi, istanbul / Turkey
+90 212217 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.
All manuscripts submitted to the journal for publication are checked
by Crossref Similarity Check powered by iThenticate software for
plagiarism. If plagiarism is detected, relevant institutions may be
notified. In this case, the authors might be asked to disclose their raw
data to relevant institutions.

Peer-Review Process

Each manuscript submitted to Journal of the Turkish-German
Gynecological Association is subject to an initial review by the editorial
office in order to determine if it is aligned with the journal’s aims and
scope, and complies with essential requirements. Manuscripts sent for
peer review will be assigned to one of the journal’s associate editors
that has expertise relevant to the manuscript’s content. All accepted
manuscripts are sent to a statistical and English language editor
before publishing. Once papers have been reviewed, the reviewers’
comments are sent to the Editor, who will then make a preliminary
decision on the paper. At this stage, based on the feedback from
reviewers, manuscripts can be accepted, rejected, or revisions can be
recommended. Following initial peer-review, articles judged worthy
of further consideration often require revision. Revised manuscripts
generally must be received within 3 months of the date of the initial
decision. Extensions must be requested from the Associate Editor at
least 2 weeks before the 3-month revision deadline expires; Journal of
the Turkish-German Gynecological Association will reject manuscripts
that are not received within the 3-month revision deadline. Manuscripts
with extensive revision recommendations will be sent for further review
(usually by the same reviewers) upon their re-submission. When a
manuscript is finally accepted for publication, the Technical Editor
undertakes a final edit and a marked-up copy will be e-mailed to the
corresponding author for review and to make any final adjustments.
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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): €1000097.) (http://www.
prisma-statement.org/),

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

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

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

Human and Animal Studies

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

In experimental animal studies, the authors should indicate that the
procedures followed were in accordance with animal rights as per
the Guide for the Care and Use of Laboratory Animals (http://oacu.

AV

od.nih.gov/regs/guide/guide.pdf) and they should obtain animal ethics
committee approval.

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

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

Conflict of Interest

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

Copyright

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

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

COPYRIGHT TRANSFER FORM

Manuscript Specifications
Submissions should have the following parts.

Title Page

A separate title page should be submitted with all submissions and
should include the title of the article, name(s), affiliations and major
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.
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Abstract

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

Keywords

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

Original manuscripts should have the following sections.

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

Material and Methods

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

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

Results

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

Discussion

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

Reviews must contain the section with critical evaluation and inefficiacy
of evidences and explanations to guide further studies in the end.

References
Number references in Arabic numerals consecutively in the order in
which they are mentioned in the text starting with number “1”. Use
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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. lan Donald School Textbook of
Ultrasound in Obstetrics and Gynecology. New Delhi, India: Jaypee
Brothers; 2003. p. 395-421.

Book;

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

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

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

Letter to the Editor: Letters in reference to a journal article must
not exceed 500 words (excluding references). Letters not related to a
journal article must also not exceed 500 words (excluding references).
An abstract is not required with this type of manuscripts. A letter can
be signed by no more than 4 authors and can have no more than 5
references and 1 figure or table.

Tables and Figures

Tables should be included in the main document after the reference
list. Color figures or gray-scale images must be at minimum 300 DPI
resolution. Figures should be submitted in “*.tiff”, “*jpg” or “*.pdf”
format and should not be embedded in the main document. Tables
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and figures consecutively in the order they are referred to within
the main text. Each table must have a title indicating the purpose or
content of the table. Do not use internal horizontal and vertical rules.
Place explanatory matter in footnotes, not in the heading. Explain
all abbreviations used in each table in footnotes. Each figure must
have an accompanying descriptive legend defining abbreviations or
symbols found in the figure. If photographs of people are used, the
subjects must be unidentifiable and the subjects must have provided
written permission to use the photograph. There is no charge for color
illustrations.

Units of Measurement and Abbreviations

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

Revisions

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

Accepted Articles

Epub Ahead of Print
The abstract of the accepted manuscripts will be shown in PubMed as
“Epub ahead of print”.
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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).

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-Tirkische Gynakologengeselleschaft)

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.
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Editorial

Dear Colleagues,

[ am delighted to introduce the first issue of the “Journal of the Turkish-German Gynecological
Association (J Turk Ger Gynecol Assoc)” in the publishing year of 2021. This first issue of year
2021 contains articles on subjects of obstetrics, oncology, gynecology and infertility.

As you know, telemedicine refers to the practice of caring for patients remotely when the doctor
and patient are not physically present with each other. Modern technology has enabled doctors

to consult patients by using video-conferencing tools. Here you will read a paper evaluating the

feasibility of telephone interviews for patients in which non-urgent, conventional, post-operative
check-up was suspended due to Coronavirus disease-2019 (COVID-19).
Catechol-O-methyltransferase (COMT), the product of the COMT gene, detoxifies the carcinogenic catechol estrogens. You
will read an interesting paper examining the relationship between COMT Vall58Met polymorphism and the risk of ovarian
cancer.

Also you will get the occasion to read the consensus opinion and suggestions of “Turkish Society of Minimally Invasive

Gynecological Oncology” for the preoperative evaluation and morcellation of fibroids, in line with the recent literature.

Dear esteemed readers,

As a result of the rising trend among academic journals, our journal will be published only online as of March 2021. The
online version enables all readers to view, download and print the full-text of all published articles without any subscription
or restrictions.

As part of our efforts to share scientific information with as many people as possible, we have added social media to Journal
of the Turkish-German Gynecological Association’s range of communication channels. Our journal’s Twitter account began
to actively share the journal’s content as of November 2020. Keep in touch with us by following us on Twitter @JtggaOfficial.
[ appreciate the work done by authors, reviewers and the editorial board, whose collaboration has resulted in production of
the issues. On behalf of the editorial board, I wish you a happy and prosperous new year.

Best regards,
Prof. Cihat Unlii, M.D.

Editor in Chief of J Turk Ger Gynecol Assoc
President of TGGF

A-X
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The influence on resection line during supracervical
hysterectomy: physiological extension of endometrial
cells in the cervix uteri
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Abstract

Objective: A straight resection of corpus uteri using the sacrouterine ligament as landmark is a common method during supracervical
hysterectomy. Subsequent spotting rates of up to 25% suggest the existence of residual endometrial glands in the remaining cervical tissue,
casting doubt on the landmark qualities of the sacrouterine ligament. Fifty-one females who underwent total laparoscopic hysterectomy for
benign diseases were investigated.

Material and Methods: Macroscopic uterine parameters were determined during operation. First appearance of endometrium cells, complete
disappearance of endometrial cells in the cervix and others were measured microscopically with reference to the external cervical orifice.
Associations were described using odds ratio with 95% confidence interval and p-value <0.05.

Results: The region of the cervix, in which exclusively cervical glands are found, is relatively small but varies considerably around the mean
(mean, 23.3 mm, range, 10 to 35 mm). In this cohort in a remnant cervical stump of 23 mm length, endometrial glands would be found in 51%.
There was no correlation between full cervical length and uterine parameters but smaller uteri tended to be associated with deeper endometrial
penetration.

Conclusion: There is a discrepancy between common definition and histological findings concerning the cervix uteri. Our findings indicate
that the sacral uterine ligament is not suitable as an anatomic landmark for the laparoscopic supracervical hysterectomy operation. Regarding
the distribution pattern of endometrial glands in the isthmic zone, a deep conical excision seems to better prevent subsequent spotting than a
straight resection with thermocoagulation of the remaining cervical canal. (J Turk Ger Gynecol Assoc 2021; 22: 1-7)

Keywords: Endometrial glands, cervical glands, uterine isthmus, supracervical hysterectomy, spotting
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Introduction

In northern Europe 41.5% of hysterectomies are performed
as a supracervical hysterectomy (1). Patients often prefer this
method as only the diseased part of the uterus is removed, for
example the corpus uteri in the case of heavy bleeding, and
the risk of intraoperative complications, such as lesion of the
ureter or intraoperative blood loss, is reduced. In addition,
when preserving the cervical tissues, the operation can be
performed more easily and faster. A further benefit is that the
remaining cervical structures may be useful for fixation in case
of later prolapse.

One disadvantage of supracervical hysterectomy is the risk of
persistent spotting. The uterine isthmus is considered to be
the border between corpus and cervix (2,3). Surgeons often
use the sacral uterine ligament as a macroscopic landmark of
the uterine isthmus (Figure 1) (4,5). The excision of the corpus
uteri is frequently performed as a straight resection preserving
the ligament, followed by thermocoagulation of the remaining
cervical channel (4,5). Endo-loops and slings simplify this
procedure (6). To date, few data concerning the histological
structure of the isthmus have been reported; however, the data
available show that the isthmic region is more than just the
border between cervix and corpus uteri (2,3,7-9). Endometrial
cells are regularly found coexistent with cervical stroma in
the uterine isthmus (2,3,10). Therefore, it is not unexpected
that spotting rates of up to 25% have been reported after
supracervical hysterectomy using a straight resection above the
sacral uterine ligament (11). Forty percent of patients suffering
from spotting after laparoscopic supracervical hysterectomy
(LSH) report a reduced quality of life (12). Spotting can be
reduced by a conical excision of the cervical canal, but is
nevertheless reported to persist in 6% of cases (10,13).

Internal orifice, H1

 —— External orifice

Figure 1. Anatomical subdivisions of uterus

The common anatomical doctrine is demonstrated schematically.
The small picture on the left shows the lower uterine segment of
one of our specimens. The yellow star indicates the sacrouterine
ligament, used as the resection line in the case of laparoscopic
supracervical hysterectomy

It is likely that the anatomical correlates are remnant
endometrial glands. These glandular tissues will respond to
female hormones and cyclic bleeding may be induced. If this
hypothesis is true, the risk of later endometrial carcinoma
cannot be excluded but appears to be very low. Only a few
cases of new endometrial carcinoma in the remnant stump
have been reported to date (14,15).

The aim was to determine the extension of the isthmic region
and to investigate the extent of the explicit cervical part, as
defined by the presence of cervical glands and the complete
absence of endometrial glands. Additionally, we attempted to
find a correlation between uterine length or weight and the
tissue limits of the presence of endometrial glands.

Material and Methods

The uteri of 51
hysterectomy were analysed in the Pathological Institute of
Hagen Grevenbroich. Only patients with benign disease of the
uterus were included in the study, including uterus myoma

patients who underwent a complete

(n=13), adenomysosis (n=15), both myoma and adenomyosis
(3) or other indications (n=20). Patients suffering from
endometrial or cervical cancer were excluded.

Total uterus length and weight of the uterus were measured before
further pathological investigations were undertaken. Intracaval
length was reported, if measured intraoperatively (n=47).

The study was approved by the Institutional Ethical Committee
University of Witten/Herdecke (approval number: 34/2011,
date: 30.05.2011). Informed consent was obtained.

Histopathological reprocessing

A longitudinal median cut through the uterus was performed.
The area of interest area of the cervix, that was the area
between the external orifice and the area above the isthmical
incision, was identified on one half of the uterus. Matched,
longitudinal sections were obtained from the correlating area
of the other uterus half.

These sections were prepared for further analysis (Figure
2a). If no endometrial glands were found in this first slide, the
slide above was also analyzed (Figure 2b). The configuration
at the interrupted areas was not always possible over the
whole diameter of the cervix due sectioning artefact. The
best configured parts were used for histological estimation of
cervical and endometrial glands in these cases.

As a reference point for measurement, the perpendicular to
the external orifice of cervix was used. Measurements were
performed using an optical scale.

The distance between the external orifice of the cervical canal
and the solely endometrial glands with absence of cervical
glands was measured microscopically (Figure 3a, Table 1).
The distance between the external orifice of the cervical canal
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and the absence of endometrial glands was also determined
(Figure 3a, Table 1). The length of the transition zone in which
both type of glands (cervical and endometrial) were present,

was derived from measurements (Table 1, Figure 3b).

Statistical analysis
Associations (length, intracaval length, weight of uterus vs.
extension of endometrial cells) were described using odds

Figure 2a. Longitudinal section of uterine cervix (one slide
needed)

A longitudinal section of uterine cervix is demonstrated. The first
endometrial glands are present in this section. Thus, no second
slide was needed. On the slide the cervical canal and reference line
is marked for measurement

Figure 2b. Longitudinal section of uterine cervix (two slides
needed)

In the first slide no endometrial glands were found. The second slide
was positioned according to the line that marks cervical canal. The
upper half was contiguous and could be used for measurement.
The first endometrial cells were present more distally to the cervical
canal than in Figure 2a

ratios and 95% confidence intervals. P-values less than 0.05
were accepted as statistically significant. Statistical evaluation
was performed with SPSS 18.0.2 (SPSS Inc., Chicago, IL, USA).

Results

The area of containing exclusively cervical glands was relatively
small with a medium length of 23.3 mm (range, 10-35). In our
study 17.6% of patients (9/51) had a cervix smaller than 20 mm
(Figure 3a, b).

In this study the isthmic zone, characterized by the co-existence
of both cervical and endometrial glands, had a medium depth
of 2.8 mm (range, 0.5-8).

After supracervical hysterectomy the mean remaining cervical
length was 2.3 cm. Measurement by ultrasound showed
the cervical stump length to vary between 2.0 and 2.5 cm.

a) Total uterus length
b) Intracaval length,
¢) Distance between external
orifice to solely endometrial glands
(absence of cervical glands),
d) Distance between external orifice
and absence of endometrial glands
(solely cervical glands)

Figure 3a. Reference lines

Reference lines during the histological evaluation are demonstrated:
(a) Total uterus length; (b) intracaval length; (c) distance between
external orifice of the cervical channel and first exclusively
endometrial gland area; (d) distance between external orifice of
the cervical channel and area containing no endometrial glands

Figure 3b. Clinical zones of uterus

Schematic demonstration of the results of this study. Zones, rather
than complex areas, were present in which specific cells were
found
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Table 1. Patient data and histological details

No Age Uterus length Intracaval length Weight | First EM gland | Beginning of EM | Transition zone
Years mm mm gr mm mm mm

1 49 73 102 98 20 23 3

2 45 79 98 124 20 22 2
3 63 62 75 58 23 24 1

4 52 71 80 74 17 21 4
5 42 68 100 110 21 25 4
6 58 61 70 50 11 19 8

7 58 55 65 - 17 21 4
8 40 75 98 128 25 31 6
9 40 79 87 88 24 29 5
10 42 95 95 108 35 37 2
11 36 76 90 110 23 27 4
12 44 72 95 138 23 26 3
13 48 - 95 124 26.5 29 2.5
14 46 92 130 288 27 28 1
15 60 69 80 86 22 24 2
16 61 - - 128 21 25 4
17 50 - - 178 22.5 26 3.5
18 43 68 75 56 22 25 3
19 42 84 91 102 23.5 28 4.5
20 52 84 100 114 31.5 34 2.5
21 47 89 130 126 24 25 1
22 33 72 80 74 27.5 31 3.5
23 47 85 105 196 24.5 29 4.5
24 45 68 85 50 20.5 24 3.5
25 77 62 65 46 15.5 19 3.5
26 58 59 95 34 26 28 2
27 47 98 128 278 18.5 21 2.5
28 46 75 92 136 32 33 1
29 51 57 92 186 27 29 2
30 47 - 85 138 16 19 3
31 46 72 160 630 27 29 2
32 65 - 65 44 20.5 24 3.5
33 45 90 100 204 31 34 3
34 43 69 75 96 25.5 26 0.5
35 46 71 89 82 28 31 3
36 61 68 79 53 26.5 29 2.5
37 47 74 90 106 30 31 1
38 49 62 85 104 26.5 29 2.5
39 47 78 90 84 22 24 2
40 44 72 90 101 27.5 31 3.5
41 39 85 105 290 20.5 24 3.5
42 49 75 90 106 11.5 13 1.5
43 33 76 88 101 31 32 1
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5

No Age Uterus length Intracaval length Weight First EM gland | Begin of EM | Transition zone
Years mm mm gr mm mm mm

44 34 68 90 106 25.5 27 1.5

45 52 82 110 226 21 25 4

46 51 67 85 98 24.5 26 1.5

47 38 72 90 92 28 31 3

48 69 70 83 50 15 18 3

49 34 69 80 82 20 21 1

50 45 66 80 82 19 21 2

51 - - - - 23 25 2

EM: Endometrial

Endometrial glands were present in 51% of cases (Figure 3c).
There was no correlation between the extension of endometrial
glands and uterine length or weight. However; there was a
tendency for small uteri to correlate with a deeper extension of
endometrial glands into cervical tissues.

Discussion

The extent of the isthmic area is variable but tends to be
small. In some cases, the areas containing solely cervical
structures measured only 10 mm. It can be supposed that if
the remaining cervical part following LSH measured on average
2.3 cm, endometrial glands would be found in 51% of cases. No
correlation with other factors that could be estimated before
the operation, such as uterine weight or length, was found.

Only a few studies have investigated the histophysiology of
the uterine isthmus. In 1953, Frankl (2) complained of the
ignorance of the necessity of a threefold division of the uterus
into corpus, isthmus and cervix. He defined the isthmus as the

Figure 3c. Isthmic zone
Histological demonstration of the isthmus. Cervical glands (deep
blue) and a few endometrial glands are coexistent

“hollow space of the cranial part of the cervix” with a different
histological structure, similar neither to corpus nor to cervix. In
1958, Ober described his findings of unexpected endometrial
material after strict cervical surgery and proposed an area in
which the characteristic cells of corpus and cervix coexist (3).
He detailed these findings and characterised the uterine isthmus
as an independent region with smaller and fewer endometrial
glands and more compact stroma. Additionally, he defined
lines, marking the borders between cervical part and isthmic
part (inner cervical orifice, H1) and the isthmic part and the
endometrial part (isthmic incision, H2, Figure 1). This threefold
division is now part of common anatomic doctrine, but there is
still a lack of knowledge concerning the definition, the extension
and borders and especially the macroscopic landmarks of the
transition zone. Hoogduin et al. (16) tried to identify the borders
using immunohistochemical markers. These authors reported
that all three parts of the uterus can be separately identified by
immunohistochemical markers, and that the transition from
cervical cells to the isthmic part is histologically abrupt.

Few data concerning the risk of endometrial carcinoma following
supracervical hysterectomy are available (14,15,17). This risk is
generally considered to be unimportant. Most authors assume
the implantation of endometrial cells during the removal process.
Histologically, there is no consensus concerning the reaction
of the isthmic endometrial glands to hormones (2,3,7). Our
findings indicate that isthmic endometrial glands, at least in part,
react to ovarian stimulation. It is very unlikely that endometrial
carcinoma will occur after supracervical hysterectomy, but it
cannot be completely ruled out.

In November 2014, the Food and Drug Administration (FDA)
abandoned power morcellation for women having uterine
fibrinoids due to the risk for spreading occult sarcoma. This
rule was based on the finding that one of 458 operated patients
suffered from occult leiomyosarcoma. A worldwide discussion
concerning the sense of supracervical hysterectomy ensued and
several surgeons returned to total hysterectomy. Meanwhile,
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several studies showed that the risk for dissemination of occult
malignant tissue during morcellation was much lower (one of
1,550 patients, 0.064%) compared to the risk acted on by the FDA
(18-20). Most national societies developed guidelines to reduce
the risk for intraoperative morcellation of sarcoma by giving
detailed preoperative diagnostic rules. These developments have
led to the widespread re-adoption of supracervical hysterectomy.
There are pros and cons that should be taken into account
when considering the procedure to be undertaken; supra-
cervical hysterectomy versus total hysterectomy. After total
hysterectomy no more spotting will appear and if a complete
removal, without further morcellation is possible, the risk
of dissemination of occult sarcoma is very low. However,
preparation is more complex, associated with a higher risk
of bleeding and complications or postoperative infection and
insufficient suture. In case of later descensus surgery, there is
likely to be only low-quality vaginal tissue as fixation point.

In contrast, supracervical hysterectomy is associated with a
lower complication rate and lower operation time, but there
is a small (0.064%) risk of spreading sarcoma. New systems
allow morcellation in a bag, which reduces the remaining risk.
Finally, it should be mentioned that several studies could show
that occult sarcoma found after morcellation are not associated
with a worser outcome (19,20).

The preservation of the cervical stump has a positive effect on
patients physical and psychological well-being, as women prefer
the integrity of vagina and pelvic floor. Additionally, it offers a
stable potential fixation area in case of later descensus surgery.
The possibility of postoperative spotting rate should be discussed
preoperatively. Spotting rates after a straight resection and
coagulation of the remaining cervical canal vary between 6-25%.
Banerjee et al. (21) analyzed spotting and infection rates over
a six-month follow up after straight resection and coagulation
versus conical excision and coagulation. The spotting rate after
straight resection and bipolar coagulation was 21.6% (19/88)
versus only 5.9% (5/85) after conical excision and coagulation. No
difference concerning stump infection rate was found (straight
resection 6.8% (6/88) vs 5.9% (5/85) for conical excision) (21).
Supracervical hysterectomy has not been performed optimally
in cases of persistent spotting. This failure may be caused
by the lack of a macroscopic landmark that indicates the
correct resection area. This study has shown that there is a
large variability concerning the extension and position of the
uterine isthmus that makes it difficult to define a macroscopic
landmark. In addition, our data suggests that the sacrouterine
ligament is not a good landmark. In line with our findings, we
refrain from defining surgical landmarks. Instead of landmarks
we propose, in accordance with Schmidt et al. (13), a conical
excision of the cervix but with the top of the conus positioned
10 mm away from the external orifice (Figure 4). In our

Figure 4. Schematic demonstration of conical excision
Former resection line (a) vs a proposed new resection zone (b):
A conical excision of the lower uterine segment with preservation
of only the external 10 mm of cervix is more likely to result in a
resection of the complete isthmus

opinion, this strategy better addresses the variance in isthmic
area depth.

When conical deep cervical excision and minimising
dissemination of sarcoma by precise diagnosis are practiced,
we contend that LSH is still a very good method for removal of

an uterus with benign disease.

Conclusion

The extension of the physiological cervix uteri, as defined
histologically by the presence of exclusively cervical glands, is
often small. The isthmic region, containing both endometrial
glands and cervical glands, shows a large range of variability,
which may vary further in individual patients with the female
cyclus. Remnant cervical endometrial glands appear to be
associated with a low risk for later endometrial cancer, but
with a higher risk of spotting. Conical excision of the cervix may
go some way to solving the problem of the remaining cervical
endometrial glands.
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Abstract

Objective: During the Coronavirus disease-2019 (COVID-19) pandemic deferable access, including non-urgent outpatient visits, have been
suspended. In our practice non-urgent routine visits for pelvic floor symptom assessment were discontinued and rescheduled, and telephone
interview was performed. The aim was to evaluate patients’ satisfaction for this alternative approach.

Material and Methods: Telephone interviews were conducted using a validated questionnaire to investigate pelvic floor symptoms. Patients
were also asked if they had other symptoms or disorders, to identify patients who may need urgent hospital evaluation. At the end of the phone
call, patients were asked to score their satisfaction with the telephone interview by grading their response to three questions from 0 (minimum)
to 10 (maximum). The questions were: 1) “Was the telephone interview useful to check your state of health?”; 2) “Was the telephone interview
an adequate healthcare tool in consideration of COVID-19 outbreak?”; 3) “Could the telephone interview replace the conventional visit?”.

Results: Fifty-three patients were evaluated. All patients showed great satisfaction with telephone interview (Q1 median: 10, IQ range: 10-10)
and were similarly positive in response to the second question (Q2 median: 10, IQ range: 10-10). Although fewer patients felt that telephone
interview could replace conventional clinic visits most remained positive (Q3 median: 7; IQ range: 6-8).

Conclusion: This simple experience showed that phone interviews with validated questionnaires are appreciated and effective to safely
perform interview of selected urogynecologic patients. (J Turk Ger Gynecol Assoc 2021; 22: 8-11)

Keywords: Telemedicine, prolapse surgery, anti-incontinence surgery, COVID-19, female pelvic medicine
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solution is telephone interview that allows patients to remain
in their own home. This can be suitable for the health-care of
urological patients, as previous reports have shown it to be
feasible and associated with good patients satisfaction (3).

Introduction

Italy was one of the countries most severely affected by
Coronavirus disease-2019 (COVID-19) in the World. Since

hospitals present a high risk of infection - through COVID-19
patients and asymptomatic health workers - deferable
access, including non-urgent clinical activities, have been
suspended (1). Thus there was a need to develop alternative
solutions, as the demand for healthcare does not disappear,
to continue providing healthcare for the population. These
solutions included mobile clinics and home-based care,
thus reducing access to hospitals, exposure to gatherings of
people and consumption of protective equipment (2). One

In female pelvic reconstructive surgery, telephone interview
has been proposed for interview of patients undergoing
midurethral tapes, as a screening tool to identify patients
who need conventional clinical consultation (4,5). Recently,
the Phone Study compared telephonic and clinic interview
results after pelvic organ prolapse and anti-incontinence
surgery in female patients and demonstrated the feasibility
and reliability of a telemedical procedure (6). In the era of the
COVID-19 pandemic, telephone interview may be even more
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appropriate, to limit the contagion. Therefore, we decided to
perform telemedicine using a symptom related questionnaire
for patients with non-urgent outpatient visits suspended due to
COVID-19. We hypothesized that patients would appreciate this
alternative approach to maintain care continuity. Specifically,
we aimed to evaluate patients’ satisfaction for telephone
interview in terms of appropriateness and quality of healthcare
service provided.

Material and Methods

This study was conducted in two university hospitals in
Lombardy, the Italian region worst affected by COVID-19. Patients
whose pelvic organ prolapse or anti incontinence postoperative
clinical consultation was suspended due to COVID-19 lockdown,
scheduled from March 16, 2020 to April 30, 2020, were involved.
Interview visits were rescheduled, and in the meanwhile a
telephone interview was performed. Telephone interviews
were conducted through a modified version of the questionnaire
validated by Balzarro et al. (6), investigating prolapse symptoms,
urinary incontinence, sexual dysfunction, voiding difficulties,
lower urinary tract symptoms and bowel dysfunction (Table
1). Patients were also asked if they had other symptoms or
disorders, to identify patients who may need urgent hospital
evaluation. At the end of the phone call, patients were asked to
score their satisfaction with the telephone interview on a scale
of 0 (minimum) to 10 (maximum). The patients were asked only
three questions, which were: 1) “Was the telephone interview
useful to check your state of health?”; 2) “Was the telephone
interview an adequate healthcare tool in consideration of
COVID-19 outbreak?”; 3) “Could the telephone interview replace
the conventional visit?”.

Table 1. Question checklist

Statistical analysis

Data obtained during the telephone interview assessment
were statistically analyzed with JMP 9.0 (SAS, Cary, NC, USA).
Continuous data are presented as median and interquantile
range for non-parametric variables and as mean * standard
deviation for parametric variables, while non-continuous data
as number (percentage). This study was considered exempt
from local ethical committee approval as it only involved standard
clinical practices.

Results

In total 53 patients answered telephone calls. Mean patient
age was 65.6+9.3 years. Surgical technique performed and
duration of interview was very variable since it involved the
activity of two different Institutions. In the cohort, prolapse
repair surgery represented the main indication for interview
(79.2%). All patients showed great satisfaction with telephone
interview. Median scores for each question were: Q1 10; Q2
10; and Q3 7 (Figure 1). We also collected positive feedback
about the supporting and reassuring effect of our calls. None
of the patients described symptoms that required an urgent
conventional evaluation.

Discussion

This study evaluated the feasibility of telephone interview for
patients in which non-urgent, conventional, post-operative
check-up was suspended due to COVID-19. All patients showed
great satisfaction with telephone interview and considered
telephone interviews as an adequate tool for replacement of
routine hospital visits during COVID-19 lockdown. Moreover,
most were positive about the possibility of telephone interview

Question

Not at all Sometimes Yes

Do you have sensation of bulging/protrusion from vagina?

If bulging/protrusion is present does it bother you?

Do you experience difficulty in emptying the bladder?

Have you resumed your sexual life?

Have you experienced dyspareunia?

DU || W N =

Do you experience urinary incontinence?

coughing, sneezing, exercising or lifting something heavy?

Is your urinary incontinence in connection with physical efforts like laughing,

an involuntary loss of urine?

[s your urinary incontinence related to sudden, intense urge to urinate followed by

9 Do you need to urinate often?

10 | Do you need to urinate during the nighttime?

11 | Have you had bladder infection since last medical control?

12 | Do you experience difficulty in emtying the bowel?

Other to notify:
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Figure 1. Mean satisfaction score with the telephone
interview in a range from 0 (minimum) to 10 (maximum)
with the following three questions: Q1) “was the telephone
interview useful to check your state of health?”; Q2) “was
the telephone interview an adequate healthcare tool in
consideration of COVID-19 outbreak?”; Q3) “could the
telephone interview replace the conventional visit?”
COVID-19: Coronavirus disease-2019

replacing conventional check-up. We also collected positive
feedback about the supporting and reassuring effect of our
calls.

The COVID-19 pandemic has significantly affected the way
providers care for patients, and urogynecology is no exception.
Despite no clear guidelines on the use of telemedicine in
female pelvic medicine and reconstructive surgery, recently an
effort was made to provide guidance regarding management
of common outpatient urogynecology scenarios during the
pandemic (7). While surgeons usually feel compelled to check
postoperative patients, there is growing evidence that patient
stratification based on perioperative risk and postoperative
risk may decrease the total number of conventional visits to
enhance physical distancing (6). Recently, a pre-COVID-19
pandemic randomized clinical trial showed that telephone
interview after pelvic floor surgery resulted in non-inferior
patient satisfaction, without differences in clinical outcomes or
adverse events (8).

This study confirmed that telemedical interview may allow
healthcare continuity and may be particularly appropriate
in the era of the COVID-19 pandemic. Phone interviews
using a validated questionnaire appeared to be appreciated
and an effective tool to safely perform interview of patients
with functional disorders. This approach involves several
advantages. The first is the “forward triage”, the capability
to sort patients with urgent need for care from those who

can safely postpone the conventional clinical examination.
In this way it was possible to reduce community exposure
for people with functional urologic disorders, which may
potentially be looking for alternative health providers,
such as inappropriate emergency room access or general
practitioners consultation. This is extremely important, since
these patients are often elderly and frail, and more prone to
develop severe and life-threatening complications in case
of COVID-19. Moreover, for functional disorders, telephone
interview can often be adequate to address symptoms
referred by patients, and set up an initial diagnostic or
therapeutic path. At the same time, this procedure, acting
as a screening tool, avoids neglecting serious conditions that
require medical evaluation. One more aspect of the telephone
interview is the capability to provide additional social support
for patients living through the pandemic, who are lonely,
anxious and fearful of abandonment. It was evident from our
cohort that these emotions are widespread among patients
compelled to stay home for days or weeks due to COVID-19
lockdown. The very high levels of satisfaction expressed by
our patients can probably be explained in part by the human
aspect of the conversation, besides clinical contents, that was
particularly appreciated. Moreover, this telephonic approach
reduced the consumption of protective equipment and
clinicians’ exposure to contagion. This is particularly relevant
considering that large numbers of health care workers
having to quarantine would impact the capacity of health
institutions to face the current COVID-19 emergency. Lastly,
this telehealth approach could be conducted by quarantined
health workers, with both patient and clinician at home,
greatly optimizing resources and permitting uninterrupted
care of established patients (9).

Conclusion

Although this is a relatively small-scale pilot experience, we
believe that the concept of telephone interview using validated
clinical tools, such as checklists and questionnaires, could be
potentially widespread to manage the arising limitations during
the COVID-19 pandemic successfully. This is an efficient and
low-resource solution that guarantees vulnerable patients’ care
while protecting both patients and health providers.
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Abstract

Objective: The aim was to analyze the factors associated with neonatal near miss (NNM) in twin pregnancies in a public referral maternity unit
in Brazil.

Material and Methods: This retrospective, cross-sectional study included 697 twin newborns. Cases of fetal and neonatal deaths were
excluded. Neonates were divided into those meeting NNM criteria (5 min Apgar score <7, birth weight <1,500 g, gestational age at delivery <32
weeks, use of mechanical ventilation or congenital malformation, transfer before 28 days of life) and those who did not. In the bivariate analysis,
the chi-square and Fisher’s exact tests were used. Variables with a p-value <0.20 were subjected to the multiple analyses, which followed the
Poisson regression model.

Results: The cohort consisted of 130 (18.7%) neonates meeting NNM criteria and 567 (81.3%) with no NNM criteria after multiple analyses, the
following variables were associated with NNM: no previous pregnancy, prevalence ratio (PR): 1.38 [95% confidence interval (CI), 1.03-1.85]; >3
previous pregnancies, PR: 1.93 (95% ClI, 1.38-2.69); premature rupture of membranes, PR: 1.50 (95% CI, 1.70-2.12); intrauterine growth restriction,
PR: 2.28 (95% ClI, 1.53-3.33); premature labor, PR: 1.63 (95% CI, 1.13-2.35); resuscitation in the delivery room, PR: 1.80 (95% CI, 1.24-2.62); and
transfusion of blood products, PR: 4.44 (95% CI, 3.14-6.28).

Conclusion: The study findings indicate that having had 0 or >3 previous pregnancies, premature rupture of the membranes, intrauterine
growth restriction, resuscitation in the delivery room, premature labor, and transfusion of blood products were associated with NNM in twin
pregnancies. (J Turk Ger Gynecol Assoc 2021; 22: 12-21)

Keywords: Near miss healthcare, morbidity, twin pregnancy, perinatal care

Received: 28 September, 2020 Accepted: 04 January, 2021

LB, with 0.98% in the state of Ceara (4). Studies have shown
an association between twinning and a five minute (5 min)

Introduction

The incidence of twin pregnancies is increasing worldwide
(1), with a mean incidence of 13.1/1,000 live births (LB) (2). In

Apgar score <7, low birth weight, neonatal intensive care unit
admission, and a consequent increase in neonatal morbidity

three decades, in the USA, the birth rate of twins has risen 76%,
attributed to the increase in the average maternal age and the
emergence of new assisted reproduction technologies (1,3).
In Brazil, between 2011-2014, twin births represented 1.13% of

and mortality rates (5-7).

The concept of neonatal near miss (NNM) is used for obstetrical
events that almost resulted in the death of newborns from 0
to 28 days of life (8). However, globally accepted criteria for
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identifying cases have not yet been defined, which is a challenge
for the identification and real estimate of its impact (9). Such
criteria will depend on the production of evidence to enable
the identification of really serious cases, the possibility of easy
data collection in terms of clinical care and the applicability to
different scenarios (10,11).

Research of various concepts of NNM showed associations with
twin pregnancy (12-15). This term refers to cases of newborns
who almost died as a result of some serious complications
(11). The identification of these cases and application of this
concept to the neonatal population is an important tool in the
identification of deficiencies in the health services provided to
the mother-baby dyad (8,16).

The choice of researching twin pregnancies, regardless of their
classification by chorionicity, started from the need to identify
and recognize the reality of twin deliveries that occurred in our
institution, taking into account the absence of studies of this
population. Considering the importance and scarcity of NNM
studies, especially in twin pregnancies, this study aimed to
analyze the factors associated with NNM in twin pregnancies
in a public, tertiary care, referral maternity unit for high-risk
pregnancies in Brazil.

Material and Methods

This retrospective cross-sectional study identified twins among
all live newborns born at the maternity school between
January 2016 and December 2018. NNM cases were those
that met at least one of the criteria published by Da Silva et
al. (13): birth weight <1,500 g, 5 min Apgar score <7, use of
mechanical ventilation, gestational age at delivery <32 weeks,
and presence of congenital malformations.

Exclusion criteria were: cases of early and late neonatal death;
transfers (before 28 days of life); conjoined twins; abortion
(gestational age <20 weeks, weight <500 g); delivery of the
first twin outside the hospital environment; and patients
for whom information was incomplete or missing from the
medical records.

In the assessment of sociodemographic characteristics, pre-
existing clinical conditions, prenatal care, complications during
pregnancy, and childbirth, the pregnant women were the unit
of analysis. They were classified as NNM (those for whom at
least one twin met one or more NNM criteria) or non-NNM
(those for whom neither twin met one or more NNM criteria).
For variables related to the newborn’s health conditions, the
neonates were the unit of analysis. For each mother, there
were one or two newborns since one could be excluded from
the analysis due to fetal or neonatal death; the woman and her
surviving newborn could still be included.

A form containing questions directed to the following study
variables was constructed for data collection: maternal

sociodemographic characteristics, obstetric clinical history,
conditions related to pregnancy, NNM criteria, maternal
outcome, conditions related to delivery, conditions related to
the newborn, criteria for NNM and neonatal outcome. This
instrument was reviewed before the data collection started,
a pilot test was carried out in order to identify flaws and test
its applicability. The information was extracted from medical
records and/or other medical records as a declaration of LB.
The following near miss indicators were also calculated and
adapted to the neonatal context by Pileggi et al. (8) and Pileggi-
Castro et al. (17): NNM rate, severe neonatal outcome rate,
early neonatal mortality index, NNM/neonatal death ratio, and
early neonatal mortality rate.

The Federal University of Cearda Local Ethic Committee
approved the study under the certificate of presentation for
ethical appraisal (approval number: 04091418.7.0000.5050).
Consent was also obtained when the participants signed the
Term of Faithful Depositary prior to the data collection.

Statistical analysis

The data were analyzed using SPSS version 23.0 (SSP Inc.,
Chicago, IL, USA). For univariate analysis, chi-square and
Fisher’s exact tests were used, when appropriate. Missing
information was not used in the significance calculation.
Variables with values of p<0.20 were tested again using multiple
analyses and a Poisson regression model with robust variance,
avoiding possible confounding variables. The prevalence ratio
(PR) and 95% confidence intervals (CI) were calculated. The
variables with values of p<0.05 on the multiple analyses were
included in the final regression model.

Results

Between January 2016 and December 2018, a total of 14,870
births occurred at the surveyed institution and of these 904
(6%) were due to twin pregnancies. One hundred and 120
twins were excluded because they met the exclusion criteria.
Of them, 87 (28 fetal deaths, 42 early neonatal deaths, and 17
late neonatal deaths) were excluded. In the population eligible
for analysis, 567 (81.3%) live newborns met NNM criteria and
130 (18.7%) did not meet NNM criteria for a total of 697 twin
studies.

Based on the proposed quality monitoring and neonatal care
indicators (8), a NNM rate of 171.9/1,000 LB was obtained,
an early neonatal mortality rate of 55.6/1,000 LB, index early
neonatal mortality of 22.2%, severe neonatal outcome rate of
227.5/1,000 LB, and 2.2 cases of NNM for each neonatal death.
None of the variables related to maternal sociodemographic
characteristics showed a statistically significant association with
the NNM cases. Most of the women surveyed were 19-34 years
of age (77.8%), were multiparous, and had no previous history
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of abortion. Obesity (17%) was the most prevalent pre-existing mellitus (p=0.034), kidney disease (p=0.019), and thyroid

condition, followed by chronic arterial hypertension (9.3%) and disease (p=0.013) were significantly different between the two

syphilis (2.7%). Among the clinical conditions studied, diabetes groups (Table 1).

Table 1. Sociodemographic characteristics and pre-existing clinical conditions of mothers of twins considered

neonatal near miss and non-neonatal near miss.

chonatal near Non-ne.onatal Total
Variable miss near miss p
n (%) n (%) n (%)
Marital status
With partner 75 (77.3) 212 (79.1) 287 (78.6)
With no partner 21 (21.7) 54 (20.2) 75 (20.6) 0.744a
Not registered 1(D) 2(0.7) 3(0.8)
Maternal education
<8 years 28 (28.9) 88 (32.8) 116 (31.8)
=8 years 69 (71.1) 177 (66) 246 (67.4) 0.4332
Not registered 0(0) 3(1.2) 3(0.8)
Race
White 6 (6.2) 9(3.3) 15 (4.1)
Black 0(0) 5(1.9) 5(1.4)
Mixed 89 (91.7) 249 (92.9) 338 (92.6) 0.258"
Not registered 2(2.1) 5(1.9 7(1.9)
Maternal age
<18 years 3(@3.1) 24 (8.9) 27 (7.4)
19-34 years 79 (81.4) 205 (76.5) 284 (77.8) 0.1682
=35 years 15 (15.5) 39 (14.6) 54 (14.8)
Parity
0 36 (37.1) 90 (33.6) 126 (34.5)
1-2 39 (40.2) 136 (50.7) 175 (48) 0.142a
=3 22 (22.7) 42 (15.7) 64 (17.5)
Previous vaginal delivery
Yes 46 (47.4) 97 (36.2) 143 (39.2)
No 51 (52.6) 171 (63.8) 222 (60.8) 0.052¢
Number of previous cesarean sections
1 14 (14.4) 57 (21.3) 71 (19.4)
=2 6(6.2) 26 (9.7) 32(8.8) 0.1512
None 77(79.4) 185 (69) 262 (71.8)
Number of previous abortions
0 73 (75.3) 212 (79.1) 285 (78.1) 0.4332
=1 24 (24.7) 56 (20.9) 80 (21.9)
Nutritional status
Low weight 1(D) 7(2.6) 8(2.2)
Eutrophic 18 (18.6) 75 (28) 93 (25.5)
Overweight 21 (21.6) 69 (25.7) 90 (24.7) 0.339b
Obese 19 (19.6) 41 (15.3) 60 (16.4)
Not registered 38(39.2) 76 (28.4) 114 (31.2)
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Table 1. Continued

Neonatal near Non-neonatal Total
Variable miss near miss p
n (%) n (%) n (%)
Chronic arterial hypertension
Yes 9(9.3) 25(9.3) 34(9.3)
0.9882
No 88 (90.7) 243 (90.7) 331 (90.7)
Diabetes mellitus
Yes 5(5.2) 3(1.1) 8(2.2)
0.034b
No 92 (94.8) 265 (98.9) 357 (97.8)
Kidney disease
Yes 4 (4.1 1(0.4 5(1.4
1) ©04) (14) 0o1oh
No 93 (95.9) 267 (99.6) 360 (98.6)
Heart disease
Yes 1(1) 7(2.6) 8(2.2)
0.687b
No 96 (99) 261 (97.4) 357 (97.8)
Smoker
Yes 3(3.1) 6(2.2) 9(2.5)
0.705b
No 94 (96.9) 262 (97.8) 356 (97.5)
Chronic respiratory disease
Yes 2 (2.1 3 (1.1 5(1.4
@1 . (14) 06190
No 95 (97.9) 265 (98.9) 360 (98.6)
HIV/AIDS
Yes 0(0 3 (1.1 3(0.8
© B 08) 05680
No 97 (100) 265 (98.9) 362 (99.2)
Syphilis
Yes 1(1 9(3.4 10 (2.7
m (34) @7) 05010
No 96 (99) 259 (96.6) 355 (97.3)
Obesity
Yes 21 (21.6) 41 (15.3) 62 (17)
0.153a
No 76 (78.4) 227 (84.7) 303 (83)
Thyroid disease
Yes 6 (6.2) 3(1.1) 9(2.5)
0.013b
No 91 (93.8) 265 (98.9) 356 (97.5)
aChi-square test, PFisher’s exact test, HIV: Human immunodeficiency virus

Prenatal care, complications during pregnancy and childbirth
data are shown in Table 2.

Preterm birth occurred in 69.4% and 66.9% of newborns weighed
<2,500g. In addition to the variables used to identify cases of
NNM, cesarean delivery, 1 min Apgar score >7, transfusion of
blood products, resuscitation in the delivery room, and length
of stay >28 days were also significantly associated with NNM
(Table 3).

The variables used as a defining criterion for NNM outcome
were removed from the multiple analyses. The variables
number of previous pregnancies; premature rupture of
membranes; intrauterine growth restriction; resuscitation in

the delivery room; premature labor and transfusion of blood
products, were associated with NNM and remained in the final
model (Table 4).

Discussion

The assessment of severe neonatal morbidity is a new health
indicator contributing to the identification of factors in the
health system requiring remedial action, assessment of care
quality, and guidance for decision-making by health managers
and providers (11). These measures may contribute to the
reduction of neonatal mortality rates in addition to allowing
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Table 2. Characteristics of prenatal care, complications during pregnancy, and delivery in mothers of twins

considered neonatal near miss versus non-neonatal near miss

Neonatal near Non-neonatal Total
Variable miss near miss p
n (%) n (%) n (%)
Prenatal care
Yes 96 (99 266 (99.3 362 (99.2
©99) (99.3) 99.2) 000
No 1(1) 2(0.7) 3(0.8)
Number of prenatal consultations
<6 45 (46.4) 61 (22.8) 106 (29.1)
>6 51 (52.6) 205 (76.5) 256 (70.1) <0.001a
Not registered 1(D 2(0.7) 3(0.8)
Chorionicity
Dichorionic/diamniotic 52 (53.6) 149 (55.6) 201 (55.1)
Monochorionic-diamniotic 35(36.1) 97 (36.2) 132 (36.1) 0,588
Monochorionic-monoamniotic 6 (6.2) 10 (3.7) 16 (4.4) ’
Not registered 4(4.1) 12 (4.5) 16 (4.4)
Pre-eclampsia/eclampsia
Yes 23 (23.7) 69 (25.7) 92 (25.2)
0.6922
No 74 (76.3) 199 (74.3) 273 (74.8)
Severe sepsis
Yes 0(0 2 (0.7 2(0.5
© ©7) 05) 000
No 97 (100) 266 (99.3) 363 (99.5)
Premature labor
Yes 54 (55.7) 84 (31.3) 138 (37.8)
<0.001a
No 43 (44.3) 184 (68.7) 227 (62.2)
Amniotic fluid disorder
Yes 7(7.2 8(3 15 (4.1
(7.2) ® @ 00500
No 90 (92.8) 260 (97) 350 (95.9)
Gestational diabetes
Yes 7(7.2) 28 (10.4) 35 (9.6)
0.354a
No 90 (92.8) 240 (89.6) 330 (90.4)
Urinary tract infection
Yes 46 (47.4) 112 (41.8) 158 (43.3)
0.337a
No 51 (52.6) 156 (58.2) 207 (56.7)
Transvaginal bleeding
Yes 11(11.3 38 (14.2 49 (13.4
(11.3) (14.2) (13.4) .
No 86 (88.7) 230 (85.8) 316 (86.6)
Intensive care unit admission
Yes 2 (2.1 8(3 10 (2.7
@1 ® @7 000
No 95 (97.9) 260 (97) 355 (97.3)
Premature rupture of membranes
Yes 33(34) 51 (19) 84 (23)
0.0032
No 64 (66) 217 (81) 281 (77)
Fetal growth restriction
Yes 26 (26.8) 24 (9) 50 (13.7)
<0.001a
No 71 (73.2) 244 (91) 315 (86.3)
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Neonatal Non-neonatal Total
Variable near miss near miss p
n (%) n (%) n (%)
Twin-to-twin transfusion syndrome
Yes 7(7.2) 2(0.7) 9(2.5)
0.002>
No 90 (92.8) 266 (99.3) 356 (97.5)
Hemorrhagic syndrome in pregnancy
Yes 2(2.1 4(1.5 6 (1.6
@1 (1.5) (1.6) .
No 95 (97.9) 264 (98.5) 359 (98.4)

aChi-square test, PFisher’s exact test

Table 3. Birth conditions, newborn health, and neonatal care among twins considered neonatal near miss and

non-neonatal near miss

Neonat?\l Non-ne.onatal Total
Variable near miss near miss p
n (%) n (%) n (%)
Gestational age at delivery
20-27 weeks 21 (16.1) 0(0) 21 (3)
28-31 weeks 40 (30.8) 0(0) 40 (5.7)
32-33 weeks 17 (13.1) 54 (9.5) 71 (10.2) <0.001b
34-36 weeks 41 (31.5) 311 (54.9) 352 (50.5)
=37 weeks 11 (8.5) 202 (35.6) 213 (30.6)
Mode of delivery
Vaginal 22 (16.9) 47 (8.3) 69 (9.9) 0.0032
Cesarean section 108 (83.1) 520 (91.7) 628 (90.1)
Presentation
Head 80 (61.5) 352 (62) 432 (62)
Pelvic/podalic 47 (36.2) 195 (34.4) 242 (34.7) 0.889b
Transverse 3(2.3) 19 (3.4) 22 (3.2)
Not registered 0 (0) 1(0.2) 1(0.1)
Birth order
It twin 68 (52.3) 286 (50.4) 354 (50.8) 0.7012
2nd twin 62 (47.7) 281 (49.6) 343 (49.2)
Sex
Male 74 (56.9) 294 (51.9) 368 (52.8) 0.9962
Female 56 (43.1) 273 (48.1) 329 (47.2)
Birth weight (grams)
<500 1(0.6) 0(0) 1(0.1)
501-1,000 23 (12.9) 0(0) 23(3.3)
1,001-1,500 33 (18.5) 0(0) 33 (4.7) <0.001b
1,501-2,500 102 (57.3) 308 (59.3) 410 (58.8)
>2,500 19 (10.7) 211 (40.7) 230 (32.9)
Neonatal size
Appropriate for gestational age 95 (73.1) 441 (77.8) 536 (76.9)
Small for gestational age 35 (26.9) 123 (21.7) 158 (22.7) 0.354b
Large for gestational age 0 (0) 3(0.5) 3(0.49)
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Table 3. Continued

Neonatal Non-neonatal Total
Variable near miss near miss p
n (%) n (%) n (%)
Apgar score, 1 min
<7 52 (40) 42 (7.4) 94 (13.5)
<0.001a
=7 78 (60) 525 (92.6) 603 (86.5)
Apgar score, 5 min
<7 9 (6.9 0(0 9 (1.3
(6.9) (0) (1.3) <0.001
=7 121 (93.1) 567 (100) 688 (98.7)
Mechanical ventilation
Yes 65 (50 0(0 65 (9.3
(50) © ©.3) <0.001a
No 65 (50) 567 (100) 632 (90.7)
Congenital malformation
Yes 72 (55.4 0 (0 72 (10.3
(55.4) © (10.3) <0.001a
No 58 (44.6) 567 (100) 625 (89.7)
Transfusion of blood products
Yes 56 (43.1) 3(0.5) 59 (8.5)
<0.001a
No 74 (56.9) 564 (99.5) 638 (91.5)
Resuscitation in the delivery room
Yes 62 (47.7) 59 (10.4) 121 (17.4)
No 68 (52.3) 506 (89.2) 574 (82.3) <0.001a
Not registered 0 (0) 2(0.4) 2(0.3)
Upper airway aspiration
Yes 90 (69.2) 391 (69) 481 (69)
0.952a
No 40 (30.8) 176 (31) 216 (31)
Gastric aspiration
Yes 47 (36.2) 224 (39.5) 271 (38.9)
0.4792
No 83 (63.8) 343 (60.5) 426 (61.1)
Length of hospital stay
0-7 days 15 (11.6) 383 (67.7) 398 (57.2)
8-28 days 32 (24.6) 161 (28.4) 193 (27.7) <0.001a
>28 days 83 (63.8) 22 (3.9) 105 (15.1)
aChi-square test, PFisher’s exact test

the calculation of ratio/rates between deaths and cases of
near miss, better specifying health care indicators for the most
severe cases (8,17).

According to the classification criteria applied (13), 2.2 cases
of near miss were identified for each neonatal death, which
was higher than the findings in earlier Brazilian studies that
addressed the feasibility of the NNM concept (13,14). The
scarcity of research of NNM in twins makes it difficult to
compare these rates and rates within this specific population,
yet our findings suggest that twins have worse outcomes for
severe neonatal morbidity.

Variables, such as low maternal education level, race/skin
color of mixed mothers, women without partners, and lower
socioeconomic classes are widely debated since they show an
association with increased neonatal morbidity and mortality
(14,18). Although twin pregnancies are associated with
Brazilian regions with the highest human development index,
higher education level, and high maternal age (>35 years),
this study showed no relationship between NNM and maternal
socioeconomic and demographic conditions (4). In line with
this finding, two studies in Brazilian maternity hospitals also
reported no such association (15,19). It should be noted that
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Table 4. Final model of factors associated with neonatal near miss in twin pregnancies

Variable

PRa 95% CIb pe

Number of previous pregnancies

0

1.38 1.03-1.85 0.032

1-2

1 N -

>3

1.93 1.38-2.69 <0.001

Premature rupture of membranes

Yes

1.50 1.07-2.12 0.020

No

1 - -

Intrauterine growth restriction

Yes

2.28 1.56-3.33 <0.001

No

1 N -

Premature labor

Yes

1.63 1.13-2.35 0.008

No

1 - B

Resuscitation in the delivery room

Yes

1.80 1.24-2.62 0.002

No

1 B B

Transfusion of blood products

Yes

4.44 3.14-6.28 <0.001

No

1 - -

aPR: Prevalence ratio, PCI: Confidence interval, ¢Values were estimated by Poisson multiple regression analysis

the surveyed population included only twin pregnancies born
in a public maternity hospital.

Prematurity occurs in about 50% of Brazilian twin deliveries
and is almost 5.0 times more prevalent when compared
to singleton pregnancies, being up to 12 times higher
in extremely preterm infants. Premature labor is also
associated with a 5 min Apgar <7. In premature infants aged
32-36 weeks the risk of Apgar <7 at the 5 min is 2.5 and
in newborns <32 weeks this risk may be 30 times greater,
which may be related to adverse neonatal outcomes
(4). The rate of prematurity (69.4%) was higher than that
reported in previous Brazilian studies, a fact that can be
attributed to the research being performed exclusively in
a reference maternity hospital for high-risk pregnancies.
Other studies also reported an association between NNM
and preterm birth, 1 min Apgar score <7, premature rupture
of membranes, and neonatal resuscitation, as was found in
the current cohort (13,14).

The accuracy of the first minute Apgar score has been
investigated as a diagnostic test or marker for the presence
of asphyxia and indicates that less than half of newborns with
low Apgar scores are asphyxiated, according to the gasometric
criteria (20). The purpose of this study was not to analyze
hypoxemic events, as the 5 min Apgar score <7 was used as

an NNM defining criterion, as it is widely used as marker of
neonatal morbidity.

In a Brazilian study, pregnant women with inadequate
prenatal care were more susceptible to having spontaneous
premature labors. The prenatal coverage in Brazil has
advanced in the last 15 years. However, access failure, late
start, and incomplete execution of procedures still occur. Data
reflect gaps in assistance, in addition to the historical situation
of regional and socioeconomic inequality that is present in
the country (21,22). Lima et al. (19) found an association
between <6 prenatal consultations and NNM, which resulted
in a four times greater risk of NNM. In our findings, 99.2%
of women attended at least one consultation and 70.1%
attended >6 consultations, showing increased access, but
this did not guarantee better care quality, especially in higher-
risk pregnancies. Assessment of the number of consultations
alone does not result in better assistance. Assessing the
quality of the provided services was not the objective of this
study.

This series revealed no relationship between birth order and
NNM. Much has been discussed about the influence of birth
order on worse neonatal outcomes, specifically that the
second twin has worse perinatal outcomes (4). Other authors
have demonstrated that if the birth conditions between the first
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and second twins are uniform, the birth order will not influence
perinatal outcomes (23).

Monochorionic pregnancies are generally associated with a
higher risk of perinatal complications and perinatal morbidity
and mortality compared to dichorionic pregnancies, since
they have specific obstetric complications, such as twin-to-
twin transfusion syndrome (TTTS), twin anemia-polycythemia
sequence (TAPS), and twin reversed arterial perfusion (TRAP)
sequence (6,24). Studies have shown that monochorionic
twins have a higher incidence of prematurity, premature
labor, olygohydramnios/polyhydramnios, intrauterine growth
restriction, lower maternal age, use of mechanical ventilation,
lower gestational age at delivery, low birth weight, and seven
times greater chance of perinatal mortality (25-27). In this study,
no significant association was observed between chorionicity
and NNM, thus diverging from the results mentioned above. More
recent studies have suggested a downward trend in perinatal
morbidity and mortality in monochorionic pregnancies when
there is an early diagnosis and intensive surveillance during
prenatal care (28-32). The research institution in the present
study, a maternity school, has a fetal medicine service, and
the professionals who work there have expertise in handling
high-risk pregnancies. We suggest that this may have resulted
in their being no effect of chorionicity in our cohort.

Cesarean delivery plays an important role in reducing perinatal
risks and, consequently, increasing newborn survival (30).
Although mode of delivery did not appear in the explanatory
model of factors associated with NNM, the significant
association of NNM with vaginal delivery found here can be
explained by the fact that twin pregnancies are associated
with several maternal and fetal complications that require
therapeutic cesarean section or a greater risk of neonatal death
in cases of vaginal delivery (18,31).

Among the predictor variables that remained in the final model,
blood product transfusion appeared with a PR of 4.44 (95%
CI, 3.14-6.28) and a neonatal resuscitation PR of 1.80 (95% ClI,
1.24-2.62). These two variables were also identified in a study
that investigated the same outcome and made up some of the
management criteria studied by the Latin American Center for
Perinatology, because of their association with NNM (19). Efforts
should be concentrated to avoid preventable complications
of twin pregnancy, avoiding, for example, premature labor
to achieve better neonatal outcomes since premature birth
directly influences neonatal morbidity (32).

To verify the correlation between advanced maternal age and
parity with NNM, Martinelli et al. (12) found an association
between advanced maternal age and NNM in nulliparous
women (odds ratio: 1.62; 95% CI, 1.05-2.50) and multiparous
women (odds ratio: 1.51; 95% CI, 1.20-1.91) when women
aged 20-29 years were compared. Although the research

above included singleton and multiple pregnancies, the data
corroborated the current findings.

The present study included a considerable sample and is a
pilot in this institution, examining twin pregnancies with NNM
outcomes. However, its limitations need to be recognized.
Some complications related to monochorionic pregnancies
(TTTS and TAPS) were not properly assessed and therefore
were not presented here. The absence of a detailed description
of ultrasound examinations hindered this analysis. There was
no definition of chorionicity, even after macroscopic analysis
of the placenta, in 4.4% of cases. In other situations, the lack of
data in the medical records prevented the collection of some
variables, such as body mass index in 31.2% of patients. These
data can be extrapolated to aproximate the reality in many
Brazilian and Latin American maternity hospitals: a tertiary-
level institution that serves people of low socioeconomic
level and does not feature highly complex technology such as
equipment used to perform fetoscopy and laser therapy.

The results presented here show that it is necessary to target
health policies, especially actions aimed at the socially
vulnerable in the population and in conditions of high-risk
pregnancies. There is also a need for studies that can compare
NNM outcomes in twin versus single pregnancies, including
research into management criteria recently listed by the Latin
American Center for Perinatology to better investigate the
association of these factors in twin pregnancies. This direct
comparison was not made in this study. It is also necessary to
reassess these results in the long term, especially after offering
the best technological equipment. The use of protocols that
identify neonatal morbidity criteria can help better guide twin
care.

Conclusion

These findings allow us to understand that risk of NNM in
twinning is associated with the number of previous pregnancies,
premature labor, premature rupture of membranes, intrauterine
growth restriction, need for resuscitation in the delivery room,
and transfusion of blood products. In clinical practice, these
results can assist with the implementation of protocols and
measures to identify high-risk situations during obstetric and
neonatal care and improve neonatal results. Future studies into
the topic are essential, especially to better assess conditions
related to chorionicity and outcomes between first and second
twins.

Ethics Committee Approval: The Federal University of Ceard
Local Ethic Committee approved the study under the certificate
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04091418.7.0000.5050).
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Abstract

Objective: Prophylactic or emergency type cervical cerclage procedures are being used for treatment of cervical insufficiency. The aim was to
review and compare the outcomes of these cerclage types and identify factors affecting outcomes.

Material and Methods: Retrospective review of seventy-five patients in whom transvaginal cervical cerclage procedures were performed over
a seven-year period in a tertiary referral center.

Results: Twenty seven of 75 (36%) patients were in the emergency cerclage group and 48 (64%) of them were in the prophylactic group. Mean
body mass index (BMI), hospitalization time and gestational week at cerclage were significantly higher, whereas latency period was significantly
shorter for the emergency group. Mean gestational ages at delivery were 35.6+4.5 and 33.6+5.9 weeks in the prophylactic and emergency
groups, respectively (p=0.117). Delivery rates under 34th gestational week were 20.8% and 37.0% in the prophylactic and emergency groups,
respectively (p=0.175). Birthweight, and delivery =34th gestational week was higher in the prophylactic group, whereas complication rate was
higher in the emergency group, but these differences were not significant. High BMI was associated with more deliveries before 34-week in the
prophylactic group. Pre-cerclage cervical length was shorter in patients who delivered before 34 gestational weeks at delivery.

Conclusion: Prophylactic and emergency cerclage procedures have comparable results regarding gestational week at delivery. High BMI and
low pre-cerclage cervical length may have adverse effects on success of cerclage procedures. (J Turk Ger Gynecol Assoc 2021; 22: 22-8)

Keywords: Cervical insufficiency, cervical cerclage, preterm birth, neutrophil-lymphocyte ratio
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Introduction

Cervical insufficiency can be described as an inability of cervix
uteri to retain the pregnancy in the absence of objective signs of
labor, for example due to normal uterine contraction, especially
in the second trimester. It has a particular clinical importance
since preterm birth and prematurity-related risks are high in
this group of patients. The incidence is reported to be around
1% in the general obstetric population, but this rate is 8% in
women with second trimester pregnancy loss (1). The etiology
of cervical insufficiency is not clear but risk factors include
antecedent cervical surgeries such as conization, repeated

dilatation and curretage, congenital uterine anomalies, in
utero exposure to the synthetic estrogen, diethylstilbestrol and,
possibly, the most important risk factor is a history of cervical
insufficiency in previous pregnancies (2). Bed rest, activity
restriction and vaginal pessaries are non-surgical treatment
modalities for cervical insufficiency and the effectiveness of
these modalities has been evaluated previously (3-5). Activity
restriction was reported to be ineffective in one study (6).
Moreover, a higher risk of preterm delivery has been reported
in women advised to restrict activity. In singleton pregnancies
diagnosed with short cervix, expectant management was
compared with vaginal pessaries and pessaries were shown
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to be more effective at reducing delivery under 34 gestational
weeks. However, in twin pregnancies, vaginal pessary was
not superior to expectant management in preventing delivery
under 34 gestational weeks in a contemporary publication. Due
to a lack of consensus in identifying the optimal non-surgical
treatment, these modalities are generally discouraged (2).
Cervical cerclage procedures can be performed transabdominally
or transvaginally. Transabdominal approaches should be reserved
for patients with cervical anatomical disturbances, such as
trachelectomized patients, and also for patients with repetitive
failure of transvaginal cerclage that resulted in pregnancy loss.
McDonald- and Schirodkar-type transvaginal cervical cerclage are
the best known and most widely performed and both are equally
effective (7).

Indication for cerclage can be based on medical history or as
a result of findings uncovered during physical examination
often requiring emergency cerclage procedures. The American
College of Obstetrician and Gynecologists (ACOG) define
indications for prophylactic cerclage as painless cervical
dilatation or a requirement for cervical cerclage in a prior
pregnancy. ACOG guidelines recommend that indications for
emergency cerclage include painless cervical dilatation in
the second trimester and cervical length under 25 mm with a
history of preterm birth before 34 gestational weeks in a prior
pregnancy (2).

Success of these cerclage procedures in preventing preterm
delivery may be affected by a range of clinical parameters and
patient characteristics. The aim of this study was to analyze
and compare outcomes of prophylactic and emergency
cerclage performed in a tertiary referral center. A further
aim was to delineate factors that can affect the efficiency of
cervical cerclage which may include body mass index (BMI),
pre-cerclage cervical length and neutrophil-lymphocyte ratio.

Material and Methods

Patients

Cervical cerclage procedures performed between January
2012 and February 2019 were reviewed retrospectively from
hospital records. Pregnancy and labor information were
obtained by telephone-based questioning, when hospital
records were incomplete. ACOG recommendations on
cerclage indications were taken as guidelines. Prophylactic or
history based cerclage was applied between 11-14 gestational
weeks, after first trimester screening tests, for patients with
history of cervical insufficiency in previous pregnancy.
Emergency cerclage was performed for patients with painless
cervical dilatation in the second trimester and also for patients
with preterm birth history and diagnosis of short cervix in the
current pregnancy. Cervical cerclage procedures were not
performed in the presence of regular uterine contractions,

active vaginal bleeding, chorioamnionitis, fetal anomaly,
rupture of membranes and dilated cervix beyond 3 cm.

Ethics

This study was approved by the Baskent University Faculty of
Medicine Institutional Ethical Committee on 05/14/2019, with
the approval number of KA19/168. Informed consent of patients
was obtained before cervical cerclage procedures.

Interventions

Pre-cerclage cervical length was measured by transvaginal
ultrasound (TVUS), with empty bladder. At least three
measurements were taken and the mean value was calculated.
The degree of cervical dilatation was also measured by TVUS,
under sterile conditions. McDonald cervical cerclage was
applied to all patients and Schirodkar type cerclage was not
used in this study population. Sterilization was achieved by
the application of povidone iodine to the vagina and cervix
under sedoanalgesia. The anterior portion of the cervix was
grasped with an oval clamp and sutured at the twelve, nine,
six and three o’clock positions. Non-absorbable braided suture
material was used for this (Cervix-set B. Braun Surgical S.A.).
Prolapsed membranes were relocated by placing and inflating a
pediatric Foley catheter into the cervical canal in those patients
with a dilated cervix. Prophylactic antibiotic, intramuscular
progesterone and indomethacine were given to all patients,
postoperatively. Postoperative complications were defined as
massive vaginal bleeding, chorioamnionitis and premature
rupture of membranes. Hospitalization time was defined as the
period from operation until discharge.

Statistical analysis

Statistical analysis was performed using SPSS, version 17.0
(IBM Inc., Chicago, IL, USA). If continuous variables distributed
normally, they are described as mean * standard deviation
(p>0.05 in Kolmogorov-Smirnov test or Shapiro-Wilk n<30)
and if continuous variables did not distribute normally, they
are described as median (range). Continuous variables were
compared using Student’s t test when normally distributed and
using Mann-Whitney U test when did not distribute normally.
Categorical variables were compared between groups by chi-
square or Fisher’s exact test. Values of p<0.05 were considered
to indicate statistical significance.

Results

During the study period, a total of 89 cervical cerclage
procedures were performed in this tertiary center. Twin
pregnancies and pregnancies that ended before 215t week of
gestation were excluded from the study (Figure 1). As a result,
75 patients with singleton pregnancies and diagnosis of cervical
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insufficiency were included in the study. Twenty-seven of 75
patients were in the emergency cerclage group and 48 were in
the prophylactic group. Mean BMI value, hospitalization time
and gestational week of cerclage application were significantly
higher in the emergency group compared to prophylactic group.
Latency period, which is from cerclage week to delivery week
was significantly shorter for the emergency cerclage patients
(14.2%6.5 vs 21.7£4.8 weeks; p<0.001). Nonetheless, there
were no statistically significant differences between the two

89 pregnancies with cervical
cerclage

— 6 twin pregnancies

excluded

83 singleton pregnancies
with cervical cerclage

7 abortions before 215

— weeks of pregnancy, 1

ongoing pregnancy

75 singleton pregnancies
with cervical cerclage

Figure 1. Flow diagram of the study

groups regarding other clinical and demographic parameters
(Table 1). The effect of BMI, preoperative cervical length and
neutrophil-lymphocyte ratio on the week of delivery under and
above 34 gestational weeks were evaluated. In the prophylactic
cerclage group, patients who gave birth before 34 gestational
weeks had significantly higher BMI values than the values
of those giving birth after 34 gestational weeks (28.2+4.4 vs
25.0+4.2; p=0.04). There was a similar trend in the emergency
cerclage group but the difference was not significant (31.8+10.6
vs 28.0+3.4; p=0.186) (Table 2). In the prophylactic group,
mean pre-cerclage cervical length of patients who delivered
before and after at 34 gestational weeks was not different;
30.9+5.3 mm vs 35.1+7.9 mm (p=0.117) respectively. In the
emergency group these values were 9.6+6.3 mm vs 16.6+6.7
mm (p=0.136), respectively (Figure 2, 3).

In the emergency cerclage group, in patients with dilated
cervix, the proportion giving birth before 34 weeks was 70%.
This proportion dropped to 30% in the group with a diagnosis
of short cervix only in the absence of cervical dialtation.
However, the difference was still not significant (p=0.120;
Table 3).

Discussion

The main determinant of success for a cervical cerclage
procedure is the capability of preventing preterm birth and
related adverse outcomes. In this cohort the prophylactic
cerclage group had a higher mean gestational age, higher
birth rate above 34 gestational weeks, higher mean gestational
weight, and lower complication rate than the emergency

Table 1. Characteristics and perinatal outcomes of patients in emergency and prophylactic cervical cerclage

patients

Prophylactic Emergency p
Age (years) 29.9+4.4 31.7+4.4 0.104
Body mass index (kg/m?2) 25.7+4.4 29.4x7.1 0.006
Type of pregnancy spontaneous 75%, (n=36) 81.5%, (n=22) 0.438
Assisted reproductive techniques 25%, (n=12) 18.5%, (n=5)
Mean hospitalization time (days) 1.02 days 5.1 days 0.003
Mean gestational week at cervical cerclage 13.9x1.7 19.4x3.2 0.000
Mean gestational week at birth 35.6+4.5 33.6%5.9 0.117
Mean time from cerclage to labor (in weeks) 21.7+4.8 14.2+6.5 0.000
Mean pre-cerclage neutrophile-lymphocyte ratio 3.5+0.8 3.8+1.2 0.196
Complication rate 2.1%, (n=1) 7.4%, (n=2) 0.368
Gestational week at delivery
>34 weeks 20.8%, (n=10) 37%, (n=10) 0175
<34 weeks 79.2%, (n=38) 63%, (n=17)
NICU need 37%, (n=10) 21.3%, (n=10) 0.178
Birth weights (grams) 2,842+957 2,475+1193 0.149
NICU: Neonatal intensive care unit
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cerclage group. However, the mean gestational week at
delivery did not differ between the two groups.

Gestational weeks completed and perinatal outcome have been
compared previously in history-based and ultrasound-based
cervical cerclage patients (8,9). Gluck et al. (10) compared the
obstetric outcomes of patients admitted with cervical dilatation
or shortened cervical length to history-indicated cerclage
patients and gestational week at delivery and birthweights were
similar for both groups. Liddiard et al. (11) also did not find any
significant difference in gestational week, birthweight, live birth
rate or requirement for neonatal intensive care unit (NICU)
between emergency and prophylactic cerclage groups (11). In
the same study, the complication rate in emergency cerclage
patients was higher than in the prophylactic cerclage group,
but it should be noted that approximately half of the patients in
the emergency group had twin pregnancies and at least 3 cm
cervical dilatation at admittance. In a recently published meta-
analysis, which also included the Gluck et al. (10) and Liddiard
et al. (11) studies, birth week and birth weights were found to
be significantly lower and the risk of membrane rupture higher
in the emergency cerclage group (12). In our cohort, age and
pregnancy types were similar in both groups, but BMI values
were significantly higher amongst emergency cerclage patients
(p=0.006). Mean gestational week at delivery and mean birth
weight tended to be higher in the prophylactic cerclage group,
whereas complication rate and delivery under 34 gestational
weeks tended to be greater in the emergency cerclage group.

Table 2. Pre-cerclage cervical length, BMI, and
neutrophil-lymphocyte ratio by gestational age at
delivery

‘ >34 weeks | <34 weeks | p
Prophylactic cerclage group
i‘gig?hp(rrfl';‘;rdage cervical | 509453 35.1£7.9 0.117
Mean BMI (kg/m?2) 28.2x4.4 25.0x4.2 0.04
Neutrophil-lymphocyte ratio | 3.5+0.9 3.2x0.7 0.342
Emergency cerclage group
?ﬁi:?hp(rri-;e)r clage cervical | g ¢, ¢ 16.6+6.7 0.136
Mean BMI (kg/mZ2) 31.8+10.6 28.0+3.4 0.186
Neutrophil-lymphocyte ratio | 4.0=1.4 3.5+0.9 0.411
BMI: Body mass index

Table 3. Gestational week at delivery according
to presence or absence of cervical dilatation, in
emergency cerclage patients

Birth week No dilatation Dilatation P
>34 weeks 30% 70% 0.120
<34 weeks 64% 35% -

Only hospitalization time was significantly different between
the prophylactic and emergency groups.

In emergency cases, there is a process that has already started
and is ongoing; short or dilated cervix was recognized as
the sign of an impending threat of cervical insufficiency. In
prophylactic cases, however, there is usually a well-known
history of cervical insufficiency in a previous pregnancy, so both
patient and physician are well-prepared for clinical situations
and required treatment options in an on-going pregnancy. It is
reasonable to assume that forestalling a process that has not yet
started is clinically easier than forestalling one that has already
started. The differences observed between the two groups in
our study may be partially explained this way. Nevertheless,
since differences were not significant regarding delivery week,
birthweight, complication rate, and requirement for NICU
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Figure 2. Pre-cerclage cervical length and gestational week
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at delivery in the prophylactic cerclage group
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admission, we can conclude that outcomes of both cerclage
types are similar and comparable. Latency period from
cerclage to delivery was significantly higher in the prophylactic
group, but gestational week at cerclage was higher in the
emergency group, as expected. Since the mean cerclage week
was significantly earlier (13.9 weeks) in the prophylactic group
compared with 19.4 in the emergency group the longer latency
period of the prophylactic group can be partially attributed to
this difference.

A cervical cerclage procedure is recommended, with evidence
level IA, for patients who had spontaneous preterm birth
or had been diagnosed cervical insufficiency in previous
pregnancies and have a cervical length under 25 mm in their
current pregnancy (1). Berghella and Mackeen (13) published
a meta-analysis including four
trials and concluded that patients with a history of cervical
insufficiency can be safely followed by serial TVUS cervical
length measurement. This study concluded that cerclage
procedures as a result of medical history may be unnecessary
and may be reduced. A retrospective study of Brown et al.
(8) found approximately 50% of patients with history did not
require cerclage when followed by serial TVUS measurements.
Moreover, the obstetrical and perinatal outcomes were
similar between history-based and ultrasound-based cerclage
groups. The main aim of serial cervical length measurements
in patients with a history of cervical insufficiency is to reduce
unnecessary cerclage procedures and related complications. In
this study, ACOG'’s criteria were followed and cervical cerclage
performed between 11-14 weeks of pregnancy in patients with
a history of cervical insufficiency in a previous pregnancy.
Cervical lengths were measured just before the procedure by
TVUS. Mean cervical length of patients delivered at and after 34
gestational weeks did not differ from that of deliveries under 34
gestational week in the prophylactic cerclage group. There was
also no difference in mean cervical length in the emergency
cerclage group when comparing deliveries before and after
34 gestational weeks. As a result, an increase in pre-cerclage
cervical length was associated with improvement of gestational
week at delivery, although differences were not significant in
this study. In patients requiring emergency cerclage, those who
were admitted with cervical dilatation had a greater proportion
within deliveries before 34 gestational weeks compared to
the emergency cerclage patients without cervical dilatation,
although this was again not significant. We suggest that the
small sample sizes may have made our findings unreliable,
otherwise it is highly probable that improvement of gestational
week at delivery is directly proportional with pre-cerclage
cervical length.

randomized controlled

High BMI has been associated with various adverse pregnancy
and obstetric outcomes. The effect of BMI on cerclage

procedures has also been studied. Suhag et al. (14) investigated
the effect of pre-pregnancy BMI on the success of history-
indicated and ultrasound-indicated cerclage and reported no
effect of BMIL. In another retrospective observational study,
no association was found between BMI and latency period
(15). Interestingly, Schirodkar-type cerclage was reported
to be superior to McDonald-type in obese patient groups in
terms of better gestational week at delivery (16). One study
showed an inverse proportion between BMI and gestational
week at delivery in history-indicated cerclage patients (17).
In the present study the mean BMI was significantly greater in
the emergency cerclage group compared to the prophylactic
cerclage patients. This difference may be due to the general
adverse effect of higher BMI on obstetrical outcomes. There
was a significant inverse relationship between gestational
week at delivery and BMI in the prophylactic cerclage
patients. A similar, but non-significant, trend was observed in
the emergency cerclage patients. In general, high BMI values
appeared to have a negative effect on cerclage efficiency. This
should be taken into account when counseling patients, pre-
procedurally.

The neutrophil-lymphocyte ratio is accepted as an indicator
of the presence of pro-inflammatory processes. The
prognostic value of this parameter has been investigated in
chronic and acute inflammatory conditions and oncologic
disease (18,19). The utility of neutrophil-lymphocyte ratio
has been investigated in obstetric conditions including
ovarian torsion and preeclampsia (20-21). Since delivery is
a pro-inflammatory process, one can speculate that preterm
delivery is also such a process and the neutrophil-lymphocyte
ratio may be useful in predicting early delivery. A relationship
has been reported between in neutrophil-
lymphocyte ratio and delivery under 28 gestational weeks in

increase

patients with recurrent cervical cerclages (22). In our study,
there was no difference in neutrophil-lymphocyte ratio in the
emergency and prophylactic cerclage patients (p=0.196). In a
subgroup analysis, neutrophil-lymphocyte ratio in emergency
cerclage patients was higher, but not significantly so, in the
group delivering after 34 gestational weeks. Similarly, in the
history-indicated prophylactic cerclage patients, neutrophil-
lymphopcyte ratio was non-significantly higher in patients who
delivered at and after 34 gestational weeks. There appears
to be a tend towards higher neutrophil-lymphocyte ratio in
deliveries after 34 gestational weeks, but no significance was
found and in addition, group sizes were small, so no reliable
conclusion can be drawn.

Study Limitation

The main limitation of this study is its retrospective nature.
Furthermore, results are robust, since strict criteria were
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applied in order to identify patients who were candidates
for prophylactic and emergency cerclage procedures. Also,
number of included patients is not that insufficient when we
consider the incidence of cervical incompetence but the small
group, and in particular the small sub-group analyses make
statistical comparisons less reliable.

Conclusion

Main indications for prophylactic cervical cerclage procedures
are well defined in contemporary and evidence-based
guidelines. The results of the present study indicated that
emergency cerclage procedures may improve gestational week
at delivery. Similarly; to prophylactic cerclage procedures,
emergency cerclage procedures may be effective in preventing
preterm and severely preterm deliveries. This result should not
be interpreted as emergency cerclage being as effective as
prophylactic cerclage. Emergency cerclage cannot substitute
for a prophylactic procedure. Liberal use of cerclage may
have adverse outcomes and risks, but when used with
appropriate indication, the procedure improve obstetrical and
perinatal outcomes. Pre-cerclage cervical length correlated
with gestational week at delivery in both prophylactic and
emergency cerclage groups. Cervical dilatation at admission
may be a poor prognostic factor for preterm delivery in
emergency cerclage patients. In all cerclage patients higher BMI
values have a negative effect on gestational week at delivery.
In addition, the prognostic value of neutrophil-lymphocyte ratio
remains unclear. Larger randomized studies may illuminate
the relationship between these factors and cerclage procedure
outcomes.
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Abstract

Objective: Abnormal trophoblastic invasion and impaired placentation have a crucial role in the etiopathogenesis of preeclampsia (PrE).
Trophoblastic cells are involved in invading the maternal decidua and remodelling of the spiral arteries with matrix metalloproteinase-14 (MMP-
14). MMP-14 cleavage of endoglin releases its extracellular region, the soluble form of endoglin (s-ENG), into the maternal circulation. In PrE,
there is a relationship between endothelial dysfunction and s-ENG concentration. The aim was to determine and compare the serum levels of
s-ENG and MMP-14 in different groups of PrE patients and healthy subjects.

Material and Methods: The study included 30 patients with late-onset preeclampsia (L-PrE) (group 1; gestational age >34 weeks), 33 patients
with normal pregnancy (group 2; gestational age =34 weeks), 31 patients early-onset preeclampsia (E-PrE) (group 3; gestational age <34 weeks),
and 31 patients with normal pregnancy (group 4; gestational age <34 weeks). s-ENG and MMP-14 concentrations measured using enzyme-linked
immunosorbent assays were compared.

Results: In all groups, MMP-14 concentrations decreased with increasing gestational age. s-ENG concentrations were highest in the E-PrE group.
In groups 1 and 3, 29 had mild PrE while 32 suffered severe PrE and s-ENG concentrations did not differ between mild and severe preeclampsia
(p=0.133). However, there was a significant difference in MMP-14 concentration comparing mild with severe PrE (3.11+0.61 vs 3.54+1.00;
p=0.047, respectively). There was no correlation between s-ENG and MMP-14 concentrations.

Conclusion: MMP-14 and s-ENG concentrations can be predictive biomarkers for the diagnosis of PrE. Maternal serum MMP-14 concentration
may be a biomarker for determining the severity of PrE. (J Turk Ger Gynecol Assoc 2021; 22: 29-36)
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Introduction

Preeclampsia (PrE) remains an important obstetric syndrome
and has a major effect on maternal/infant morbidity/mortality
worldwide (1). The main features include protein leakage into
urine and new-onset gestational hypertensive disease, or other
signs/symptoms of PrE in the absence of proteinuria after 20
weeks’ gestation. Although improvements have been reported
in the diagnosis and treatment of PrE in previous studies, there
are still many unanswered questions. In PrE, the reduced
capacity of extravillous trophoblasts (EVTs) for invasion into
the spiral arteries results in an inadequately perfused fetal-
placental unit. When the embryo is implanted, EVTs invade
the decidua and remodel spiral arteries getting as deeply as
the inner third of the myometrium. Matrix metalloproteinases
(MMPs) enable the infiltration of EVTs into the uterine wall.
Decidual stromal cells produce high concentrations of MMPs,
enhancing the invasiveness of the EVTs (2,3). Dysregulation
of MMPs causes inadequate trophoblast invasion, inadequate
uterine and spiral artery remodeling, which may result in the
development PrE (4,5).

MMPs are calcium- and zinc-dependent proteases that break
down different components of the extracellular matrix
(ECM). MMPs are key to the mediation of apoptosis, cell
proliferation, cell-cell adhesion, cell migration and invasion,
and tissue remodeling (6). The presence of MMP-14 has
been demonstrated in the membrane of trophoblast and
vascular endothelial cells (7). In normal pregnancy, there is a
notable increase in MMP-14 concentration in the last trimester
versus the first trimester (8). In PrE, the abnormal release of
vasoactive factors such as MMP-1 and MMP-14 occurs near the
end of pregnancy, thereby contributing to the development of
hypertension. MMP-1 and MMP-14 have also been investigated
in other obstetric syndromes, such as premature rupture of
membranes (PROM) and preterm labor. The role of MMPs
has been investigated in a wide range of conditions including
inflammation and malignant growth, as well as reproductive
and neurologic disorders (2). Further, analysis of gene
expression demonstrated that both MMP-14 and endoglin gene
expression was increased in PrE (9).

(CD105) is an
glycoprotein and one of its functions is as a co-receptor
for transforming growth factor-beta. High endoglin
concentrations on the syncytiotrophoblasts in patients with

Endoglin integral, membrane-bound

severe PrE have been reported using western blot analysis
and immunohistochemistry staining. A soluble form of
endoglin (s-ENG) has been demonstrated in human blood.
s-ENG is released from endothelial tissues, phagocytes,
syncytiotrophoblasts, and smooth muscle cells. The role and
direct molecular mechanism of s-ENG is not clear; however, it

is capable of reducing angiogenesis (10,11). MMP-14 cleavage
of endoglin releases s-ENG into the maternal circulation. The
rise in s-ENG concentration in PrE is proportional to the severity
of the disease and reduces after delivery. The relationship
between endothelial dysfunction following poor placentation
and s-ENG has also been shown in PrE. Several studies have
shown that MMP-14 has importance in the reduction of
s-ENG concentrations leading to alleviation of the clinical
manifestations of PrE (2,8).

There is currently no mechanism to predict PrE or confirm
PrE diagnosis before clinical occurrence. Many studies have
investigated MMP-14 in PrE. However, there are no studies
measuring serum MMP-14 concentrations by enzyme-linked
immunosorbent assay (ELISA) in PrE. ELISA is a less-invasive,
easy, fast, and inexpensive method. The aim was to evaluate
the values of maternal serum MMP-14 and s-ENG in patients
with PrE compared to healthy pregnancies, and to investigate
the possible role of these biomarkers in assessment of PrE
severity.

Material and Methods

Patient selection

Our subjects were prospectively recruited from the Clinic of
Obstetrics and Gynecology at Cengiz Gokcek Public Hospital,
Gaziantep, Turkey, between January 2018 and December
2018. This study was conducted according to the Declaration
of Helsinki, and the Institutional Ethical Review Board of
Gaziantep University Faculty of Medicine approved the study
(approval number: 2018/91). A total of 138 pregnant women
were recruited to the study, out of which 13 were excluded
on grounds of incomplete fetomaternal details, refusal to
participate in the study, and an SGA fetus in the control group
(Figure 1). The remaining 125 women were divided into
groups as follows. Thirty women with late-onset (=34 weeks
of gestation) preeclampsia (L-PrE) formed group 1; 33 healthy
women at =34 weeks gestation were recruited to group 2; 31
women with early-onset (<34 weeks gestation) preeclampsia
(E-PrE) formed group 3; and 31 healthy women at <34
weeks pregnancy were recruited to group 4. Groups 2 and 4
were matched for maternal and gestational age with groups
1 and 3, respectively. The control groups comprised women
with healthy pregnancies who presented to our hospital for
routine obstetric examination. All subjects were informed
about the study and each gave written consent. Gestational
age assessment was based on last menstrual period or first-
trimester ultrasonographic obstetric measurements.

The diagnosis of PrE was based on the presence of proteinuria
(urinary excretion of protein =300 mg in a 24-hour urine
specimen, or proteinuria =1+ in dipstick) and a maternal
blood pressure of =140/90 mmHg (a mean of two blood
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Figure 1. Flow chart of the pregnant women recruited in the study

pressure measurements obtained six hours apart), occurring
after 20 weeks of gestation in a previously normotensive
woman, as defined by the Committee on Terminology of the
American College of Obstetricians and Gynecologists. Mild PrE
was defined as a blood pressure between =140/90 mmHg and
160/110 mmHg (for systolic and/or diastolic measurement) and
if values exceeded 160/110 mmHg it was accepted as severe,
as previously described (12). Small for gestational age (SGA)
newborns were accepted as birth weight <10t percentile
for gestational age with Turkey’s national nomogram as the
reference for fetal growth (13). Maternal body mass index
(BMI) was calculated in kg/m?2 using the standard formula.
Exclusion criteria for both groups were: pregnant women with
any systemic disease, such as chronic hypertension, diabetes
mellitus, thyroid diseases, liver and kidney diseases; use of any
kind of medication throughout pregnancy; use of any medication
for PrIE treatment at the time of first admission; history of
pregnancies complicated by PROM or chorioamnionitis; fever
at the time of first admission; fetal congenital abnormalities
or genetic syndromes; smoking during pregnancy; multiple
gestation; and active labor.

Each pregnant woman had obstetric ultrasound examination
and fetal/maternal assessment, which were conducted by
a single obstetrician-gynecologist specialist (AO). Obstetric

anamneses were obtained from all pregnant women.
Demographic data, such as age, gravidity, parity, BMI, and
gestational age were recorded. Maternal venous blood
samples were taken for measurement of s-ENG and MMP-
14 concentrations after the diagnosis of PrE in the outpatient
clinic. The samples were immediately centrifuged at 1500 g
for 10 min, and serum samples were separated and stored at
-80 °C until required for analysis. All patients with E-PrE were
hospitalized. After hospitalization, a betamethasone injection
(12 mg) was administered without delay. Pregnancy was
terminated immediately in the event of urgent fetal/maternal
situations such as severe PrE development or fetal distress.
Otherwise, maternal blood pressure was measured at least
every 4 hours during rest with the arm held at the level of the
heart. Hypertension can persist for short intervals in patients
with diastolic and/or systolic blood pressure =110 mmHg and
=160 mmHg, respectively, to facilitate timely anti-hypertensive
treatment. In cases of E-PrE, delivery should be delayed for
at least 48 hours if maternal and fetal status permit. During
this period, betamethasone injections for lung maturation
(two doses of 12 mg at 24-hour intervals) were administered.
All patients with L-PrE were also hospitalized and their
pregnancies were terminated. Women with uncomplicated
pregnancies were randomly selected at the same time as the
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case selection was performed to serve as controls. The samples
from the control groups were obtained during routine obstetric
examinations in the last trimester of pregnancy. These women
were then followed up until delivery. The four groups were
compared in terms of maternal age, BMI, gravida, parity, week
of gestation, systolic/diastolic blood pressure, full blood count,
liver function tests including alanine aminotransferase and
aspartate aminotransferase, blood urea nitrogen, creatinine,
s-ENG, MMP-14 and total protein in spot urine sample, and
infant weight at delivery.

Serum MMP-14 and s-ENG analysis

MMP-14 concentrations were assessed using a commercial
ELISA kit, the Human MMP-14 ELISA Kit (Rel Assay Diagnostics,
Gaziantep, Turkey), in accordance with the manufacturer’s
instructions. This ELISA kit (sensitivity range: 0.05 ng/mL;
detection range: 0.1-30 ng/mL) is based on the principle
of biotin double-antibody sandwich technique. The intra-
and inter-assay variation coefficients were <8% and <10%,
respectively. A commercial ELISA kit was also used for the
assessment of s-ENG concentrations, specific for the detection
of human s-ENG with high sensitivity and specificity (Rel Assay
Diagnostics, Gaziantep, Turkey). The kit (sensitivity range: 0.23
ng/mL; detection range: 0.5-200 ng/mL) also used a sandwich-
ELISA principle. The intra- and inter-assay variation coefficients
were <8% and <10%, respectively.

Statistical analysis

Statistical analyses were performed using SPSS for Windows,
version 25.0, software package (IBM Inc., Armonk, NY, USA),
and p values <0.05 were accepted as statistically significant.
Results were presented as mean = standard deviation (SD)
after investigating normality distribution by Shapiro-Wilk test.
In the analyses of the variables, the Student’s t-test was used for
comparing two groups. ANOVA was used for the comparison
of four groups. As a result of variance analysis, Tukey HSD test,
one of the post-hoc tests, was used to determine the difference
between the groups. In addition, the demographic data of the
variables were investigated using frequency analyses.

Results

A total of 61 pregnant women with PrE were included. The
control groups included 64 healthy pregnant women. The
demographic data of the groups were compared (Table 1).
There was no significant difference between maternal age,
gravidity, and parity, but there was a significant difference
between the groups for BMI, gestational age, systolic blood
pressure, diastolic blood pressure, and birth weights (p<0.05).
The laboratory results of the study and control groups are
shown in Table 2. MMP-14 and s-ENG concentrations differed

between the groups, as shown in Table 2 and Figure 2, 3. MMP-
14 concentrations did not differ between group 1 and group 2,
nor did they differ between group 3 and group 4. Thus, MMP-
14 concentrations were the same in women with PrE and
healthy pregnancies matched for gestational age but did differ
between earlier and later pregnancies, that is between <34
weeks and =34 weeks gestation. In all pregnant women, as the
gestational age increased, MMP-14 concentrations in maternal
serum decreased.

The highest concentrations of s-ENG were found in the E-PrE
group. No differences were detected between s-ENG and MMP-
14 concentrations in mild (n=21) and severe PrE (n=9) in the
L-PrE group (p=0.829, p=0.210, respectively). In addition,
no differences were detected between s-ENG and MMP-14
concentrations in mild (n=8) and severe PrE (n=23) in the
E-PrE group (p=0.887, p=0.739, respectively). When early
and late PrE groups (group 1 and group 3) were compared,
no differences were detected between s-ENG concentrations
in mild (n=29) and severe PrE (n=32) (p=0.133). However,
there was a significant difference in MMP-14 concentrations
in pregnancies affected by mild or severe PrE (3.11+0.61 vs
3.54+1.00, p=0.047, respectively) (Table 3).

When the patients with (n=10) and without (n=115) SGA
infants were compared, no differences were found in s-ENG
and MMP-14 concentrations (p=0.133, p=0.969, respectively).
When the patients with (n=15) and without (n=110) new-
onset cerebral or visual disturbances were compared, there
were again no differences in s-ENG and MMP-14 concentrations
(p=0.528, p=0.573, respectively). When the patients with (n=8)
and without (n=117) right upper quadrant or epigastric pain
were compared, no difference was found in s-ENG and MMP-
14 concentrations (p=0.162, p=0.154, respectively). When
those who had first gravidity (31 patients) and gravidity >1 (94
patients) were compared, no differences were found between
the s-ENG and MMP-14 concentrations (p=0.855, p=0.364,
respectively). No difference was found in serum concentrations
of s-ENG and MMP-14 when subjects were compared in terms
of BMI [<30 kg/m?2 (n=56) and =30 kg/m2 (n=69)] p=0.373
and p=0.873 for s-ENG and MMP-14, respectively or for maternal
age [<35 years (n=100) and =35 years (n=25)] p=0.167 and
p=0.625 for s-ENG and MMP-14 respectively. No statistically
significant correlation was detected between s-ENG and MMP-
14 concentrations (p>0.05).

Discussion

In the present study, maternal blood concentrations of
s-ENG and MMP-14 were evaluated in order to examine the
association between diagnoses of L-PrE/E-PrE, the severity
of PrE, and these biomarkers. It was found that serum s-ENG
and MMP-14 concentrations differed significantly between the
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Table 1. The demographic data of the groups

Variables L-PrE group 1 | Control group | E-PrE group 3 | Control group p Post-ho? p
(n=30) 2 (n=33) (m=31) 4 (n=31) comparisons
Age (years) 28.9+6.4 25.8+6.0 29.1£6.6 28.9+6.6 0.122 |- -
Group 1-group 2 0.026
Group 1-group 3 0.473
BMI (kg/m2) 32,25 42 28.624.9b 31.3%5.0ab 29.5+4,72b 0020 |Crouplgroupd 0.17
Group 2-group 3 0.147
Group 2-group 4 0.915
Group 3-group 4 0.463
Group 1-group 2 0.753
Group 1-group 3 0.001
Gestationalage | 47, | 54 37.7+1.5 31.1+2.2b 30.5+2.0P 0.001 oroupl-groupd 0.001
(weeks) Group 2-group 3 0.001
Group 2-group 4 0.001
Group 3-group 4 0.555
Gravidity (n) 3.3x24 3.5%5.4 3.1=1.7 3.7x2.3 0.887
Parity (n) 1.9+1.9 1.5=1.3 1.5=1.4 1.9+1.7 0.620
Group 1-group 2 0.001
Group 1-group 3 0.017
Systolic pressure | 15, g1 105+10¢ 173+18a 10210¢ 0.001 oup lgroupd 0.001
(mmHg) Group 2-group 3 0.001
Group 2-group 4 0.974
Group 3-group 4 0.001
Group 1-group 2 0.001
Group 1-group 3 0.047
Diastolic pressure | 4, 65+6¢ 110+11a 65+7¢ 0.001 oroupl-groupd 0.001
(mmHg) Group 2-group3 0.001
Group 2-group 4 0.979
Group 3-group 4 0.001
Group 1-group 2 0.177
Group 1-group 3 0.001
Birth weight 29606912 3249483 1650467 31723462 0.001 |Croupl-groupd 0.371
(grams) Group 2-group 3 0.001
Group 2-group 4 0.930
Group 3-group 4 0.001
L-PrE group 1: Late-onset preeclampsia patient group, Control group 2: Late-onset preeclampsia control group, E-PrE group 3: Early-onset preeclampsia
patient group, Control group 4: Early-onset preeclampsia control group, Age: Maternal age, BMI: Body mass index, Gestational age: Gestational age at the
time of recruitment, Syst TA: Systolic blood pressure, Diast TA: Diastolic blood pressure, n: Number, SD: Standard deviation, p<0.05 indicates statistical
significance, ab.c: Different letters symbolize the difference between the groups

two PrE groups and their respective matched control groups.
The concentrations of s-ENG were at the highest in the E-PrE
group (group 3) in which severe PrE was present. MMP-14
concentrations, on the other hand, were found to be highest in
severe PrE cases.

The contact between the placenta and the decidua ensures
metabolic exchange between the fetus and the mother.
Trophoblast cells of the embryo initially attach to the uterine

epithelium. Trophoblasts differentiate into EVTs, which

degrade the uterine epithelium basement membrane
and ECM, then migrate into the decidual stroma. EVTs are
characterized by their invasiveness, ensuring sufficient contact
with the maternal circulation. Unsurprisingly, this invasion
stage is under strict biological control and restricted to the
decidua and the proximal third of the myometrium in healthy

pregnancies. When this invasive process is dysregulated fetal
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Table 2. The laboratory parameters of the four groups

Variables Group 1 Group 2 Group 3 Group 4 p Post-ho? p
(n=30) (n=33) (n=31) (n=31) comparisons

Hemoglobin (g/dL) 12.0x1.42 10.9+1.3b 11.9+1.32 11.4%1.2ab 0.004 - -

Hematocrit (%) 36+3a 33+3¢ 35+3ab 33+2bc 0.001 |- -

Platelets (x103/uL) 240+84 235+82 200+83 236+51 0.152 - -

WBC (uL/mL) 10.9+2.46 10.5%+2.6 10.4%3.0 9.9+2.38 0.587 - -

BUN (mg/dL) 8.9+3.0ab 7.3+2.5bc 10.4%3.92 6.4x2.1¢ 0.001 |- -

Creatinine (mg/dL) 0.56+0.11b 0.47+0.09¢ 0.66+0.17a 0.46+0.08¢ 0.001 - -

ALT (IU/L) 20+30 10+4 22+30 11+4 0.054 - -

AST (U/L) 22x17 16+3 31+35 14+3 0.005 | - -

Proteinuria (positivity on dipstick) 2.67+1.12 0+0b 3.0x1.22a 0.0+0.2b 0.001 |- -
Group 1-group 2 0.892
Group 1-group 3 | 0.016

s-ENG (ng/mL) 172421730 | 1849201 | 226412980 | 18214480 0015 OrouP lgroupd | 0.086
Group 2-group 3 | 0.999
Group 2-group 4 | 0.064
Group 3-group 4 | 0.463
Group 1-group 2 | 0.957
Group 1-group 3 | 0.001
Group 1-group 4 | 0.001

MMP-14 (ng/mL) 2.83+0.312 2.93+0.432 3.82+0.94b 3.81x1.26 0.001
Group 2-group 3 | 0.001
Group 2-group 4 | 0.001
Group 3-group 4 1.00

Group 1: Late-onset preeclampsia =34 weeks of gestation, Group 2: Healthy pregnancy =34 weeks of gestation, Group 3: Early-onset preeclampsia <34

weeks gestation, Group 4: Healthy pregnancy <34 weeks of gestation, WBC: White blood cells, BUN: Blood urea nitrogen, ALT: Alanine aminotransferase,

AST: Aspartate aminotransferase, Proteinuria: Spot urine proteinuria by dipstick test, s-ENG: Soluble endoglin, MMP-14: Matrix metalloproteinase-14, n:

number, SD: Standard deviation, p<0.05 indicates statistical significance, ab.: Different letters symbolize the difference between the groups
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Figure 2. Error plot showing the mean value of matrix
metalloproteinase-14 in the groups

growth restriction and PrE may result. Invasive processes are
generally assisted by the expression and activity of MMPs (8).
EVTs also reach and remodel the spiral arteries, transforming
them into low resistance vessels, a process necessary to allow
an adequate blood supply to the fetus. It has been shown that
this process is regulated by MMP-14 and MMP-15, mediated by
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Figure 3. Error plot showing the mean value of soluble
endoglin in the groups

endothelin-1 in alow oxygen environment (2-3% O,) (14). These
pathologic changes constitute a process that starts in the first
trimester, proceeds through a normal pregnancy period, and
are finally reflected in an excessive clinical manifestation in the
last trimester. These events consist of pathogenic factors that

are produced in the placenta as a response to hypoxia, mixing
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Table 3. Clinical characteristics and biomarkers levels in the preeclampsia groups, group 1 (late PrE) and
group 3 (early PrE). Biomarker data is given as mean * SD

Variables Biomarkers

Group 1 and 3 Subgroups s-ENG (ng/mL) P MMP-14 (ng/mL) p

Nausea, vomiting and epigastric Absent (n=117) 18.37+3.96 0.162 3.30+£0.92 0.154

symptoms Present (n=8) 30.65+22.19 ' 3.93+1.09 ’

. Absent (n=110) 19.00+7.19 3.33+0.91

Persistent cerebral symptoms 0.528 0.573
Present (n=15) 20.26+7.30 3.47+1.21
Mild (n=29) 18.61+5.88 3.11+0.61

Preeclampsia 0.291 0.047
Severe (n=32) 21.24+12.06 3.54+1.00
No (n=115) 18.87+6.56 3.35+0.94

Small for gestational age 0.133 0.969
Yes (n=10) 22.43+12.38 3.33+1.04

s-ENG: Soluble endoglin, MMP-14: Matrix metalloproteinase-14, n: number, SD: standard deviation, p<0.05 indicates statistical significance

with the maternal blood and causing endothelial dysfunction.
Despite the presence of abnormally high concentrations of
excreted molecules, inflammatory factors, autoimmunity or
anti-angiogenic processes are far more important (15).

Several authors have demonstrated that the ECM and MMP-
14 were vital regulators of angiogenesis (16,17). Placental
MMPs may influence spiral artery remodeling in implantation.
In PrE, MMPs have roles in prompting vasoconstriction,
changes in vascular reactivity, and pathological damage to the
endothelium. Thus, there has been an increase in interest in the
pathological effect of the imbalance of angiogenic and/or anti-
angiogenic factors in PrE, including endoglin/s-ENG and MMP-
14. The close association between the location and expression
levels of MMP-14 and the same features relating to endoglin
has attracted much interest. MMPs have become important
biomarkers for the identification of women with an elevated
risk of developing PrE and also important biologic targets for
treating this syndrome (1,7,18). The process of investigating
MMP-14 tissue level and expression postpartum is complex,
laborious and expensive. The aim of this study was to evaluate
MMP-14 through direct measurements in maternal serum, a
minimally invasive process, which can be repeated throughout
pregnancy. The drawback of serum measurements of MMP-
14 are that these will not reflect tissue specific expression
patterns in normal or PrE pregnancy, because of the significant
membrane-binding properties of MMP-14 (19).

Zhang et al. (7) found that s-ENG concentrations were high
in patients with severe PrE, and showed that this event was
triggered by MMP-14, leading to the development of severe
PrE. In contrast, Levine et al. (9) suggested that there were
no important differences in s-ENG concentrations between
women with mild PrE and severe PrE, reporting no correlation
between s-ENG concentrations and the severity of PrE. However,
it was also shown that there was an evident increase in s-ENG
concentration, starting 2-3 months before the onset of PrE.

They also reported that this increase was greater in E-PrE
than in L-PrE (9,20). Sezer et al. (4) conducted a study in a PrE
group comprising patients with E-PrE and L-PrE, and found
that s-ENG concentrations in PrE were high in the maternal
circulation and also umbilical cord blood. However, there was
no difference between both preeclamptic groups regarding
s-ENG concentration of the maternal circulation (4). Zafer et al.
(11) compared s-ENG concentrations in maternal serum and
amniotic fluid and reported that they were incompatible. All
these findings suggest that all compartments have independent
dynamics in terms of s-ENG. Moreover, it is possible that MMP-14
may have independent dynamics, because of the close biological
association with s-ENG. When all patients with severe PrE were
analyzed, MMP-14 concentrations were found to be higher
although s-ENG was not different. Interestingly, this might suggest
that MMP-14 serum concentrations in PrE may be more significant
than s-ENG. Although s-ENG and MMP-14 concentrations showed
a similar pattern, the relationship between the two showed no
statistically significant correlation. This may be because of the
membrane-binding properties of MMP-14.

Study Limitation

We acknowledge strengths and limitations of the study. The
most important limitation of our study was the small number
of participants. We do not have the pre-pregnancy BMI of
all participants. s-ENG and MMP-14 concentrations could
have been examined in different compartments, such as the
placenta, umbilical cord serum, and amniotic fluid. The other
limitation was that there are no uterine artery Doppler studies
in this study. The strengths of the study were that none of the
patients had any treatment for PrE and only participants who
were not in active labor were selected for the study. Another
strength was the comparison of MMP-14 serum concentrations
with s-ENG, which has a major role in angiogenesis and
endothelial cell function.
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Conclusion

Larger basic and clinical studies are necessary to assess
whether MMPs have an important role in the pathophysiology
of PrE. In addition, meta-analyses should be performed to
investigate the predictive value of these enzymes as biomarkers
or therapeutic targets. Finally, in view of the literature data, we
believe that testing s-ENG is worthy of further investigation for
the early diagnosis of PrE. In addition, it appears reasonable to
investigate serum MMP-14 concentrations in predicting patients
who will proceed to a severe form of PrE.
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Abstract

Objective: The primary aim of this study was to evaluate the factors affecting parametrial involvement in cervical cancer patients with tumor
size <4 cm and selection of the low-risk patient group based on long-term oncologic outcomes.

Material and Methods: Cervical cancer patients operated in the gynecologic oncology division between 2007 and 2013 were retrospectively
evaluated. One-hundred and sixty-eight patients with tumor size <4 cm were identified. Of these, 159 (86.8%) underwent radical hysterectomy
plus pelvic-para-aortic lymphadenectomy and nine (13.2%) underwent fertility-sparing surgery [radical trachelectomy (n=7); large conization
(n=2)]. Factors affecting parametrial invasion, including lymphovascular space invasion (LVSI), deep stromal invasion (DSI), lymph node
metastases, and tumor size, were evaluated. Statistical analyses were performed using SPSS 23.0 (IBM Corp., Armonk, NY, USA).

Results: Median age was 49.5 years and median tumor size was 2.5 cm (0.45-4 cm). In both univariate and multivariate analyses, the risk of
parametrial involvement was increased with LVSI with a hazard ratio (HR) of 3.45 [95% confidence interval (CI): 1.1-10.8] and DSI with a HR of
4.1 (95% CI: 1.18-14.8), while tumor size of =2 cm was only significant in univariate analyses. Furthermore, 26 early-stage patients were identified
with low-risk factors and they had no parametrial involvement, lymph node metastases, recurrence, or death from disease over 77 months.

Conclusion: Parametrial involvement in low-risk cervical cancer is very rare and less radical procedures may be safe in these patients. (J Turk
Ger Gynecol Assoc 2021; 22: 37-41)

Keywords: Low-risk cervical cancer, parametrial invasion, less radical surgery
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and lead to urinary, sexual, and colorectal dysfunction (2). In
2017 Querleu et al. (3) published an updated version of the
classification of radical hysterectomy and defined dorsal, ventral

Introduction

The incidence of cervical cancer and cancer-related deaths

have decreased in the last decades due to widespread and lateral parametrium and how radical parametrectomy can

screening methods (1). Today, in most centers, radical surgery, harm branches of the hypogastric and splanchic nerves.

such as radical hysterectomy or radical trachelectomy, are In stage 1a2 cancers, the risk of recurrence after surgery is 3-5%

performed in cases of stage 1a2 and 1bl cervical cancer as
standard care. These radical surgeries may cause sympathetic
and parasympathetic nerve damage in the hypogastric plexus

and 5-year survival is 96-100% (4,5). Some authors suggest that
conservative treatment can be applied for these tumors due to
the low rate of parametrial and lymphatic involvement (2,4,6-8).

Address for Correspondence: Hiiseyin Akill

DOI: 10.4274/jtgga.galenos.2020.2020.0153

e.mail: hsynakilli@hotmail.com ORCID: orcid.org/0000-0002-5240-8441

©Copyright 2021 by the Turkish-German Gynecological Education and Research Foundation - Available online at wwuw.jtgga.org
Journal of the Turkish-German Gynecological Association published by Galenos Publishing House.


https://orcid.org/0000-0002-5240-8441
https://orcid.org/0000-0001-9418-4733
https://orcid.org/0000-0001-8854-8190
https://orcid.org/0000-0002-6604-0713
https://orcid.org/0000-0002-8646-0619
https://orcid.org/0000-0001-9852-9911
https://orcid.org/0000-0001-7155-9096

Akill et al.
3 8 Factors affecting parametrial involvement in cervical cancer patients

J Turk Ger Gynecol Assoc 2021; 22: 37-41

Studies have shown that as the extent of stromal invasion
increases, lymph node and parametrial involvement rates
increase (9,10). Likewise, lymphovascular space invasion
(LVSD) and increased tumor size have been associated with
parametrial and lymph node involvement. According to these
findings, low-risk factors are a tumor size of less than 2 cm, deep
stromal invasion (DSI) of less than 50%, and no LVSI (11). In a
review published by Ramirez et al. (7) parametrial involvement
was reported to be 0.4-0.6% in low-risk patients in retrospective
studies. Researchers have focused on the applicability of
less radical surgeries, such as simple hysterectomy, simple
trachelectomy and wide conization, in these patients (12-17).
The primary aim of this study was to identify the factors
affecting parametrial involvement in cervical cancer patients
with tumor size of <4 cm. The secondary aim was to evaluate
oncologic outcomes of patients with low-risk factors.

Material and Methods

This retrospective cohort study was carried out in Ankara,
Turkey. The records of cervical cancer patients operated on in
the department of gynecology and obstetrics and division of
gynecologic oncology between 2007 and 2013 were evaluated.
Accordingly, 268 patients were identified, and 68 patients
with tumor size of >4 cm were excluded. Also excluded
were 20 patients who received neoadjuvant chemotherapy
before surgery and 12 patients with microinvasive carcinoma.
Rare histologies, such as neuroendocrine tumors were also
excluded. Figo stages were 1a2-1b1, according to 2009 system,
and some patients were upstaged to stage Il according to the
revised FIGO 2018 staging system (18). Finally, 168 patients with
tumor size of <4 cm according to pathology report and who
had received no treatment before surgery were enrolled in the
study. Tumor histologies were squamous cell, adenocarcinoma
and adeno-squamous cell cancer.

Of the enrolled patients, 159 (86.8%) underwent radical
hysterectomy (Piver type Cl C2) plus pelvic para-aortic
lymphadenectomy and nine (13.2%) underwent fertility-
sparing surgery [radical abdominal trachelectomy (n=7); large
conization (n=2)]. Lymphadenectomy defined as removal of
at least 10 lymph nodes from each pelvic region and five from
the para-aortic region.

All of the cases were discussed by experienced gyneco-
pathologists. Measurement of tumor diameters were made
macroscopically. Tumors were measured in millimeters
in three dimensions. One of the three dimensions was
the measurement on a single slide in which the extent
of the invasion was the greatest. The depth of invasion
was measured from the basement membrane of the
epithelium that the tumor was considered to have arisen
from to the deepest point of invasion. Features that helped

in the recognition of LVSI were as follows: 1) a tumor nest
within a space associated with other vascular structures;
2) the presence of an endothelial lining, adherence of the
tumor cell group to the side of the space; 3) the contour
of the intravascular component matching the contour
of the vessel; and 4) the presence of adherent fibrin.
Immunohistochemistry was not performed routinely but
if necessary, immunohistochemical demonstration of an
endothelial cell lining was undertaken. For this the D2-40
antibody, specific for lymphatic endothelium, or CD31 and
CD34 antibodies, which recognize both the lymphatic and
blood vascular endothelium, were used.

All patients were discussed in the tumor board and adjuvant
treatment policies were determined according to post-
operative risk factors as defined in international guidelines (19).
Every patients was evaluated every three months in the first two
years, every six months for the next three years and annually
thereafter for five years. Bimanual vaginal examination were
done at each visit, a pap test and thoraco-abdominal computed
tomography were performed annually. Recurrences were
recorded either by imaging modalities and via fine needle
biopsy, if needed, before treatment.

This study was approved by the Baskent University Faculty
of Medicine Institutional Review Board (approval number:
KA13/252). Due to the retrospective design, informed consent
from involved patients was waived.

Statistical analysis

SPSS 23.0 (IBM Corp., Armonk, NY, USA) was used to perform
all statistical analyses. Continuous variables were expressed
as medians and ranges, and binary variables were reported
as counts and percentages. Pearson’s chi-square test, Fisher’s
exact test, and the Mann-Whitney U test were used in univariate
analysis. The Cox proportional hazards regression model
was used to obtain hazard ratios (HRs) and 95% confidence
intervals (Cls). All values of p<0.05 were considered statistically
significant.

Results

The median (range) age of the patients was 49.5 (29-80)
years and median follow-up time was 77.6 (11-142) months.
Median tumor size was 2.5 cm (0.45-4 cm). Sixty-two patients
had tumor size of <2 cm (36.9%) and 57 (33.9%) patients had
stromal invasion of <50% of the cervical stroma. Thirty-one
(18.5%) of the patients had parametrial involvement and 49
(29.8%) had lymph node metastases. Patients’ characteristic
and percentages of adjuvant treatments are given in Table 1.

In univariate analyses, LVSI, tumor size, DSI, and lymph
node metastases were found to have significant effects on
parametrial involvement (Table 2). In multivariate analyses,
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positive LVSI increased the risk of parametrial involvement
with an HR of 3.45 (95% CI: 1.1-10.8), while DSI increased it
with an HR of 4.1 (95% CI: 1.18-14.8). Lymph node metastases
also increased the risk of parametrial involvement with an HR
of 3.2 (95% CI: 1.3-7.5).

Of the sixty-two patients with a tumor size <2 cm, 28 (45%) of
them had positive LVSI while 18 (29%) had DSI.

In subgroup analyses 26 patients were found to be in the low-
risk group according to pathology reports (negative LVSI, depth
of cervical stromal invasion of <50%, and tumor size of <2 cm)

Table 1. Characteristics of patients

Median follow-up time (months) 77.6 (11-142)
Median patient age (years) 49.5 (29-80)
Histology, n (%)

Squamous 132 (78.6)
Adenocarcinoma 23 (13.7)
Adenosquamous 13 (7.7)
Median tumor size (cm) 2.5 (0.45-4.0)
Median depth of stromal invasion (mm) 12 (0.4-30)
DSI, n (%)

>50 % 111 (66.1)
<50 % 57 (33.9)
Tumor size <2 c¢cm, n (%) 62 (36.9)
LVSI, n (%)

Positive 105 (62.5)
Negative 63 (37.5)
Parametrial involvement, n (%)

Positive 31(18.5)
Negative 137 (81.5)
Type of Surgery, n (%)

Radical 159 (86.8)
Fertility sparing 9(13.2)
Median number of resected lymph nodes 38 (22-88)
Pelvic lymph nodes, n (%)

Positive 49 (29.8)
Negative 119 (70.2)
Para-aortic lymph nodes, n (%)

Positive 13(7.8)
Negative 155 (92.2)
Adjuvant Treatment, n (%)

NAT 95 (56.5)

RT 21 (12.5)
CRT 48 (28.5)
Chemo 4(2.5)

DSI: Deep stromal invasion, LVSI: Lympho-vascular space invasion, NAT:
No adjuvant treatment, RT: Radiotherapy, CRT: Chemo-radiotherapy,
Chemo: Chemoterapy

(Table 3). In this low-risk group, no patients had parametrial
involvement or lymph node metastases. Median follow-up time
was 77 months and none of these patients received adjuvant
treatment, none experienced recurrence and none died during
the follow-up period.

Discussion

In recent years, gynecologic oncologic surgeons have focused
on performing less radical surgeries for low-risk patients.
Therefore, in this study, we evaluated the factors affecting
parametrial involvement in cervical cancer patients with low-
risk factors. First, positive LVSI, DSI, and lymph node metastases
increased the risk of parametrial involvement in all patients.
Second, in subgroup analyses, there were no parametrial
involvements or lymph node metastases in any patients in
the low-risk patient group and no recurrence or death was
observed in the 77 months follow-up of these patients, who did
not receive any adjuvant therapy.

One of the important points to be considered while planning the
treatment of cervical cancer is determination of the risk group
of the patient. Therefore, studies have investigated various

Table 2. Univariate and multivariate analyses of
factors affecting parametrial involvement

Univariate analyses | Multivariate analyses
0
Parametrial (95% CD
Factor . p HR | Lower- P
involvement
upper
LVSI
Positive 27/105 (25.7%)
0.001 | 3.45 | 1.1-10.8 0.034
Negative 4/63 (6.3%)
Tumor size
<2cm 7/62 (11%)
0.008 | 1.16 | 0.3-3.4 0.76
>2 cm 24/106 (22%)
DSI
<50% 3/57 (5.2%)
0.001 | 4.1 1.18-14.8 0.03
>50% 28/111 (25.2%)
Age in years
>49.5 20/84
0.072 | 1.1 | 0.8-1.2 0.09
<49.5 11/84
Lymph node
18/49 (36%) 0.001 | 3.2 |1.3-75 0.008
Metastases
Squamous
22/130 (16%)
Histology Adeno 5/22 0.4 - - -
(22%)
ASQ 4/13 (30%)
DSI: Deep stromal invasion, LVSI: Lympho-vascular space invasion, ASQ:
Adenosquamous, CI: Confidence interval
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Table 3. Parametrial involvement rates of patient with tumor size <2 cm according to LVSI and DSI

Parametrial involvement
DSI : . Total (n) Percentage %
Negative (n) Positive (n)
Negative 26 0 26 0
LVSI
<%50 Positive 13 3 16 23.07
Total 39 3 42 7.14
Negative 0 6 0
LVSI
>%50 Positive 4 12 33.3
Total 14 4 18 22.2
DSI: Deep stromal invasion, LVSI: Lympho-vascular space invasion

factors in order to correctly classify patients. In the study of
Covens et al. (20), which included 842 stage 1A1-1B1 patients
who underwent radical surgery, there was a parametrial
involvement rate of 0.6% in 536 patients with tumor size of less
than 2 cm, DSI of <10 mm, and negative lymph nodes. In another
study, advanced age, poor histology, large tumor size, DSI, LVSI,
vaginal involvement, and pelvic or para-aortic lymph node
metastasis were demonstrated as factors predicting the high-
risk group (13). When subgroup analysis was performed, the
same authors found that for negative LVSI and tumor size of <2
cm, the parametrial involvement rate in patients without lymph
node metastasis was 0.4% (13). In our study, similar results were
obtained, and in subgroup analyses, there ws no parametrial
involvement or lymph node metastases in any patient in the low-
risk group and no recurrence or death observed in the 6-year
follow-up of these patients. All of the preceding retrospective
studies and our data show that the parametrial involvement rate
in patients within the low-risk group is less than 1%. This should
be kept in mind so that more conservative surgeries may be
safe and viable treatment options for patient groups with these
predictive factors. In our cohort the percentage of parametrial
involvement in patients with a tumor size less than 2 cm was
11% and this number is relatively high compared to earlier
studies. The main reason for this inconsistency seems to be the
high rates of positive LVSI and DSI in this sub-group.

In the literature, there are many studies concerning the
oncologic outcome in patients with early-stage cervical
cancer who underwent less radical surgeries, such as simple
trachelectomy, conization, or simple hysterectomy (21-23).
In these studies, the oncologic results were satisfactory and,
according to these outcomes, gynecologic oncologic surgeons
and patients are still expected to shift towards less radical
surgery, although many centers continue to perform radical
surgeries in this patient group. The most important reason for
this is the lack of convincing evidence to the contrary in this
area. Although the results of our study contribute to and confirm
the previous reports, and we recommend less radical surgery,
further prospective studies are still required. Our results should

be further supported with the results of ongoing prospective
studies, including the SHAPE and CONCERYV studies, which are
investigating this topic (24-25).

Study Limitation

The present study has some limitations. The first and main
limitation is the retrospective design; as a result, the possibility
of selection bias could not be completely excluded. Another
limitation is that, although comparable to similar studies in the
literature, the number of patients analyzed in the subgroups
was relatively low. This particular study shows post-operative
risk factors for parametrial involvement but these risk factors
should be combined with pre-operative findings, such as
magnetic resonance imaging and biopsy histopathological
reports.

Conclusion

At present, the available data suggest that patients with low-
risk, early-stage cervical cancer maybe good candidates for
conservative surgery so that conization, simple trachelectomy,
or simple hysterectomy and pelvic lymphadenectomy may be
good options for these patients. For this reason, all patients
with cervical cancer should be examined in detail with pre-
operative pelvic examination and imaging methods, and less
radical surgery options should be considered in patients with
low-risk factors following careful assessment.
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Abstract

Objective: Catechol-O-methyltransferase (COMT), the product of the COMT gene, detoxifies the carcinogenic catechol estrogens. The aim of
the present study was to examine the relationship between COMT Vall58Met polymorphism and the risk of ovarian cancer.

Material and Methods: The study groups consist of 94 individuals as a patients group with ovarian cancer (n=47) and control group (n=47).
The allele and genotype frequencies were determined according to Hardy-Weinberg equilibrium (HWE). The allele and genotype frequencies.
determined according to HWE. Genetic analysis were performed by real-time-polymerase chain reaction instrument, and the statistical analysis
were performed by SPSS program.

Results: Although no significant relationship was obtained among groups (p=0.413) regarding COMT gene Vall58Met polymorphism, the
genotype frequencies for COMT Val158Met (rs4860) polymorphism in groups was homozygote wild type GG genotype 25.5%, heterozygote GA
genotype 46.8%, homozygote mutant AA genotype 27.7%.

Conclusion: This study is the first to investigate the relationship between ovarian cancer and the Vall58Met polymorphism in the COMT gene in
a Turkish population. No statistically significant relationship was identified among genotypes belonging to the patient and control groups although
sample sizes were relatively small and the analysis should be repeated in a larger cohort. (J Turk Ger Gynecol Assoc 2021; 22: 42-6)

Keywords: COMT Vall58Met polymorphism, catechol estrogen, ovarian cancer
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Introduction the prevention of many cancers, including ovarian carcinoma
(2.

Ovarian cancer is the seventh leading cause of death and is The Catechol-O-methyliransferase (COMT) gene is located on

the eighth most common cancer among women. It has the
highest mortality rate among all gynecological cancers. The
prognosis of ovarian cancer is poor, especially when the
disease is diagnosed at an advanced stage (1). There are many
risk factors, which change the genetic predisposition to ovarian

chromosome 22q11.2. The COMT gene includes six exons, of
which exon 1 and 2 are noncoding (3). COMT gene products
are expressed in many tissues, such as bone marrow, brain,
bladder, heart, kidney, liver, lung, and ovary (4). The enzyme

cancer, including consumption of alcohol, obesity, aging and product, COMT participates in DNA repair mechanisms (5).
family history. In addition, oxidative stress, inflammation, Many polymorphisms have been identified in the coding region
angiogenesis, and apoptosis may alter the progression of  of the COMT gene including at codon 158 (G—A), codon 72
carcinoma. Thus, controlling these factors play a crucial role in (G—T) and codon 62 (C—T). At codon 158, valine may be
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replaced by methionine and this alteration in the COMT gene
lead to a decrease in the function of the protein product (6,7).
Catechols can be of endogenous or exogenous origin (8). Some
evidence indicates that reactive catechol metabolites from
estrogens, the catechol estrogens, have a reactive effect which
may contribute to a predisposition to cancer. The COMT enzyme
Catalyzes O-methylation, which has a role in inactivation of
catechol estrogens (9). COMT catalyzes the transfer of the
methyl group in the coenzyme SAM to the hydroxyl group in
the catechols. In the COMT gene, the Vall58Met polymorphism
results in a decrease in the activity of this enzyme, resulting in
accumulation of carcinogenic catechol estrogens (10).

The aim of the present study was to examine the relationship
of the COMT Vall 58Met polymorphism to disease by comparing
polymorphism expression in patients with ovarian cancer and
healthy controls.

Material and Methods

The present study investigated COMT polymorphism frequency
in 94 individuals, including patients with ovarian cancer and
an equal number of healthy controls. The patients (n=47)
were attending the Yeditepe University Faculty of Medicine,
Department of Obstetrics and Gynecology, Istanbul, Turkey.
The age-matched control group (n=47) consisted of healthy
females who visited the hospital for gynecologic evaluation as
part of routine check up. All procedures performed in studies
involving human participants were in accordance with the
ethical standards of the 1975 Declaration of Helsinki guidelines
and its later amendments. The study protocol was approved
by Yeditepe University Faculty of Medicine Ethics Committee
(approval number: 915, date: 25.10.2018). Informed consent was
obtained from all participants, prior to enrollment in the study.

Genomic DNA isolation from blood

Blood samples of participants were taken into EDTA tubes to
a volume of 5 mL. DNA isolation was performed by the iPrep
DNA Extraction Robot (Invitrogen, Carlsbad, California, USA).
DNA purity and concentration was determined by NanoDrop
(Invitrogen, Carlsbad, California, USA).

Genotyping analysis

The allele and genotype frequencies determined according to
Hardy-Weinberg equilibrium. Analysis of COMT gene variants
performed by using the 7500 fast-real-time-polymerase chain
reaction (RT-PCR) instrument (Applied Biosystems, Foster City
California, USA). COMT Vall58Met (rs4860) gene variations
determined by using TagMan Genotyping Assay probe (Applied
Biosystems, Foster City, CA, USA). COMT Val158Met (rs4860)
polymorphism determined by Forward 5’-GGA GCT GGG GGC
CTA CTG TG-3’ and Reverse 5-GCC CTT TTT CCA GGT CTG

ACA-3’ primers. Reaction mixture and conditions were used
due to manufacturer instructions. The conditions for the RT-
PCR reaction were; holding stage for 10 minutes at 95 °C and 40
repeating cycles with denaturation stage for 15 seconds at 92 °C
and connecting/elongation stage for 1 minute at 60 °C.

Statistical analysis

The data obtained from genotyping was evaluated using chi-
square and Fisher’s exact tests using SPSS, version 25.0 (IBM Inc.,
Armonk, NY, USA). Student’s t-test was used to analyze numeric
values. A p<0.05 were considered statistically significant.

Results

As a result of the demographic data analysis, body mass index
(BMI), body surface area and fasting blood glucose values in
ovarian cancer patients were found to be significantly higher
than the control group. There was no difference between the
patients and controls regarding mean age (p=0.154). While
significantly differences were deteceted in diabetes (p<0.001),
and smoking (p<0.001) and these risk factors were found to be
statistically meaninful among groups. Also menopausal status
(premenopausal and postmenopausal), pregnancy status
(number of pregnancies <1 or number of pregnancies >1)
and parity (number of births <1 or number of births >1) are
statistically meaningful. In the patients with ovarian cancer, the
rate of postmenopausal women (80.9%) was higher than the
control group (40.4%). The controls whose number of births
were less than or equal to one (number of births <1) (54.4%)
were found to be statistically higher than the patient group
(26.7%). The rate of postmenopausal women (80.9%) in the
patients with ovarian cancer was higher than the control group.
While the rate of pregnancy status (number of pregnancies <1)
(54.4%) in the control group was higher than the patient group.
(Table 1).

In the present study, in the patients with ovarian cancer, the
distribution of premenopause (80%) was analyzed to be high in
comparison with postmenopause state (20%). The treatment
parameters were resulted that 72.1% of the patients received
adjuvant chemotherapy and 27.9% of the patients did not
receive adjuvant chemotherapy. While 36.4% of the patients
received neoadjuvant chemotherapy and 63.6% of the patients
did not receive neoadjuvant chemotherapy. 47.5% of the
patients underwent debulking surgery. Also it was observed
that the rates of being pregnant more than once (77.8%) and
a number of births (>1) were high (73.3%) in the patients
with ovarian cancer. The ratio of patients at stage 3 (42.9%)
were found to be high as compared to stage 1 (23.8%), stage
2 (23.8%) and stage 4 (14.3%). When we evaluated the tumors
in terms of cell types, epithelial tumors were found at a high
rate (92.3%) in comparison to the other types. Serous epithelial
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tumors from epithelial tumor types were calculated in a ratio of
56.4%. The ratio of sex-cord stromal tumors (5.3%) was found
to be higher than germ cell tumors (2.6%).

The allele and genotype frequencies for COMT Vall58Met
(rs4860) polymorphism in groups are shown in Table 2.
There was no significant difference between the proportions
of patients and healthy controls in terms of polymorphism
frequency (p=0.413). However, there was a tendency for
patients to express the G-allele (56.4%) compared to the
controls (48.9%) (p=0.389). Accordingly, there was also no
difference in the expression of the A-allele between patients
and controls (p=0.301).

Discussion

Several molecular signaling pathways as hormone signaling,
apoptosis, angiogenesis and oxidative stress, play crucial roles

in ovarian cancer such progression of ovarian cancer (11).
When the individuals with ovarian cancer are at a late-stage,
70% of patients are able to be diagnose. On the other hand,
symptoms of ovarian cancer are not clear, and survival rate is
almost 90% for 5-years during the first stages (12).

It is considered that COMT enzyme plays a significant role in
estrogen metabolism based on many different studies (13-
16). Ovarian cancer development is influenced by various risk
factors such as BMI, age, tumor histology, family history of
patients with ovarian cancer and smoking. Therefore, there are
many factors that create a risk for ovarian cancer. In a nutshell,
it is not sufficient to diagnose individuals simply according to
carrying the Val158Met polymorphism in the COMT gene (14).
Goodman et al. (15) reported that COMT Vall58Met
polymorphism was not related to ovarian cancer risk due to
a limited sample size. That study contained 108 cases and 106
controls from the German population. The ratio of heterozygote

Table 1. Demographic data related to the patients with ovarian cancer and healthy controls

Control group Patient group

(n=47) % (n=47) % p
Body mass index, X * SD (kg/m?2) 23.04+3.62 29.31+5.37 <0.0001* (S)
Age, X = SD (years) 51.11+£12.86 54.87+12.55 0.154 (NS)
Body surface area, X + SD (m2) 1.66+0.14 1.77+0.15 <0.0001* (S)
Fasting blood glucose X + SD (mg/dL) 86.45+7.60 108.52+33.28 <0.0001* (S)

Yes (%) (n=26) 55.3% (n=37) 82.2%

Smoking <0.0001* (S)
No (%) (n=21) 44.7% (n=1) 17.8%
Postmenopause (%) (n=19) 40.4% (n=38) 80.9%

Menopause <0.0001* (S)

Premenopause (%)

(n=28) 59.6%

(n=9) 19.1%

. . Yes (%) (n=0) 0% (n=12) 26.7%
History of diabetes <0.0001* (S)
No (%) (n=47) 100% (n=33) 73.3%
. <1 (n=27) 54.4% (n=12) 26.7%
Parity <0.0001* (S)
>1 (n=20) 42.6% (n=33) 73.3%
<1 (n=27) 54.4% (n=10) 22.2%
Pregnant state <0.0001* (S)
>1 (n=20) 42.6% (n=35) 77.8%

Method for statistical analysis: The difference between the groups was analyzed by the chi-square test and independent sample Student’s t-test.
n: Number, X = SD: Mean value + standard deviation, *(S) Significant, NS: Non-significant

Table 2. The genotype and allele distributions for the COMT gene between the patient and control groups

Control group (n=47) | Patient group (n=47) P OR CI (95%)

COMT genotype 0.413

GG 25.5% (n=12) 37.8% (n=17) 0.216 (NS) 1.77 0.727-4.314
GA 46.8% (n=22) 42.2% (n=19) 0.658 (NS) 0.83 0.364-1.892
AA 27.7% (n=13) 20% (n=9) 0.547 (NS) 0.747 0.289-1.932
Allele count

G (48.9%) 46 (56.4%) 53 0.389 (NS) 1.529 0.579-4.037
A (51.1%) 48 (39.4%) 37 0.301 (NS) 0.630 0.262-1.516

Method for statistical analysis: The difference between the groups was analyzed by the chi-square test.
n: Number of sample, NS: Non-significant (p>0.05), COMT: Catechol-O-methyltransferase, OR: Odds ratio
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genotype carriers (50%) with ovarian cancer was found to
be high in comparison with homozygote wild and variant
type genotype carriers (25%, 25%) in the cases. There was
no evidence that COMT Vall58Met polymorphism increases
the risk of ovarian cancer (p=0.73), and Goodman et al. (15)
implied that advance studies are required to explain different
combinations of polymorphisms in estrogen metabolizing
enzymes.

A multigenic model constructed by eleven gene variations
including the COMT Vall58Met polymorphism, was performed
by Delort et al. (16). Although there was no significant
difference, they suggested that heterozygote COMT Vall58Met
polymophism was one of high-risk genotype. Heterozygote
COMT Vall58Met genotype could have possible effect on
ovarian cancer by reducing activity of phase Il enzyme that
decrease the elimanition of carcinogens (16). Pan and Liao
(17) investigated that COMT might be as a biomarker, which
can be important factor in suppressing tumor development and
treatment of cancer . In estrogen metabolism, COMT prevents
DNA damage, therefore, it is called the gate-keeper (17). In
light of these developments, present study will contribute to
understanding molecular mechanisms for ovarian cancer.
There are two meta-analyses perfomed in order to determine
the role of COMT Vall58Met polymorphism in ovarian cancer
susceptibility and both of them could not find any associations
(8,18). But it should not be forgotten that meta-analysis data
could be tested in clinical studies by recruiting homogeneous
patients and controls. Moreover, in meta-analysis there are
population bias caused by homogeneity, and they did not
implicate any data for Turkish population. Thus, our study aim
to provide reliable data about the role of COMT Vall58Met
polymorphism in ovarian cancer due to these uncertain results.

Conclusion

As COMT polymorphisms affect enzyme capacity, the COMT
gene has a significant role in estrogen metabolism and thus
on hormone dependent gynecological cancers. Although,
there were no statistically significant differences between the
patient and control groups in the present study this may have
been due to the small sample sizes. Therefore associations
between COMT gene variations and ovarian cancer risk should
be investigated in larger sample sized studies in a Turkish
population.
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Endometrial scratching for poor responders based
on the Bologna criteria in ICSI fresh embryo transfer
cycles: a preliminary retrospective cohort study
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Abstract

Objective: This study evaluated the effect of endometrial injury on pregnancy outcomes in patients with a poor ovarian response (POR), based
on the Bologna criteria, who underwent intracytoplasmic sperm injection (ICSI) cycles.

Material and Methods: Sixty-eight patients were enrolled in this retrospective cohort study. All patients in the endometrial scratching group
(group 1, n=32) and control group (group 2, n=36) underwent office hysteroscopy in the early follicular phase of the cycle before controlled
ovarian stimulation. Group 1 also underwent endometrial scratching. The main outcome measure was the ongoing pregnancy rate.

Results: The study groups had similar baseline demographics, including age, body mass index, duration of infertility, number of ICSI cycles,
and hormone levels. However, the antral follicle count was significantly higher in group 1 than in group 2 (4.2+1.9 vs 3.3+1.8; p<0.05). There
were no significant group differences in ovarian stimulation characteristics (ovarian stimulation time, trigger day endometrial thickness, number
of metaphase II oocytes), number of embryos transferred, or the ratio of embryo transfer on days 3 and 5. Moreover, there were no significant
differences between groups 1 and 2 in the rates of chemical pregnancy (25% vs 19.4%), clinical pregnancy (15.6% vs 11.1%) or ongoing pregnancy
(9.4% vs 8.3%) (p>0.05 for all).

Conclusion: Endometrial scratching did not improve pregnancy outcomes for patients meeting the Bologna criteria for a POR to ICSI cycles
using fresh embryo transfer and the GnRH antagonist protocol. (J Turk Ger Gynecol Assoc 2021; 22: 47-52)

Keywords: Endometrial scratching, Bologna criteria, poor ovarian response, ICSI, GnRH antagonist protocol
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Introduction The number of oocytes retrieved during an IVF cycle (ideally

about 15) is directly related to the success thereof (2). A
The world’s first in-vitro fertilization (IVF) baby was born in poor ovarian response (POR), in which controlled ovarian
stimulation (COS) during IVF/ICSI cycles yields a limited

number of oocytes, has an average prevalence of 6% to 35%

1978. Since then, according to the International Committee for
Monitoring Artificial Reproductive Technology, approximately

8 million babies have been born worldwide by means of IVF (3,4). POR is frustrating for both patients and clinicians, as it

or other advanced infertility treatment methods. However,
pregnancy rates in Europe appear to have stabilized, at
approximately 36%, for both IVF and intracytoplasmic sperm
injection (ICSI) treatment cycles (1).

is related to low pregnancy rates in IVF and high cancellation
rates during COS (5). Thus, strategies to increase pregnancy
rates in patients with POR are important in IVF/ICSI cycles.
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Embryo implantation is one of the most important steps
in the IVF cycle. Implantation failure may be caused by low
endometrial receptivity, embryo problems, or abnormalities
of both the endometrium and embryo. As reported previously,
about 66% of implantation failures are caused by decreased
endometrial receptivity (6). Thus, ensuring a receptive
endometrium could increase pregnancy and delivery rates for
artificial reproductive technology (ART). Various techniques
have been used to ensure a receptive endometrium, including
management of intracavitary abnormalities by hysteroscopy,
treatment of thin endometrium, immunotherapy, and adjuvant
treatments for women with POR (7,8).

Endometrial scratching, which is also called endometrial
biopsy, endometrial injury, and endometrial trauma, has been
offered by clinicians as a means of increasing endometrial
receptivity, by an as yet unknown mechanism (9). Endometrial
scratching can be done with endometrial biopsy instruments
during the early follicular or luteal phase of the preceding IVF
treatment cycle. The first study demonstrating a substantial
increase in pregnancy rates after endometrial scratching was
followed by many additional studies and reviews including
various populations, although these have had conflicting results
(10-15). However, no study has directly addressed the effect of
endometrial scratching on patients with POR.

The objective of this preliminary trial was to assess the role of
endometrial scratching in patients with a POR undergoing ICSI
cycles with fresh embryo transfer.

Material and Methods

This study included 68 women seen at a private IVF Center in
Koru Hospital, Ankara, Turkey. Approval was obtained from the
Koru Hospital Ethical Committee before the study commenced
(approval number: 81, date: 04/11/2019). The study population
was enrolled between January 1, 2017 and November 1, 2019.
The Declaration of Helsinki was followed.

All participants were undergoing their first or repeated ICSI
fresh embryo transfer and met the following inclusion criteria:
fulfilment of the Bologna criteria for POR (16); aged 20-42 years;
body mass index (BMI) 20-30 kg/m?; and a normal uterine
cavity based on office hysteroscopy or hysterosalpingography.
Patients were excluded if they had uterine anomalies,
endocrine disorders, ovarian cysts, hydrosalpinx, or severe
male factor infertility (e.g. aspermia, azoospermia), or if they
had undergone uterine surgery in the last 3 months, or IVF
cycles for preimplantation genetic diagnosis. Patients with
genetic abnormalities, and those who had undergone cryo-
thawed embryo transfer, were also excluded.

A detailed history, including age, previous treatments, and
duration of infertility, was taken from all patients. A gynecologic
examination consisting of a bimanual pelvic examination

plus transvaginal ultrasonography (TVUSG) was conducted to
check for structural abnormalities of the pelvis and ovaries. On
days 2-5 of the menstrual cycle, gonadotropic hormone and
estradiol concentrations were assessed.

All patients underwent office hysteroscopy during the early
follicular phase of the menstrual cycle, i.e., immediately
preceding the planned IVF cycle. A rigid 30° 5.5 mm
hysteroscope was used to perform hysteroscopy without
anesthesia (Karl Storz Endoscopy, Tuttlingen, Germany).
Serum physiological solution was used to distend the uterine
cavity during hysteroscopy. Group 1, but not group 2, also
underwent endometrial scratching during hysteroscopy;
scissors were used to create mechanical tissue damage in
local areas of the fundus, and in posterior and anterior regions
of the endometrium.

COS began on day 2 or 3 of the menstrual cycle. Subcutaneous
injections of recombinant follicle-stimulating hormone (FSH)
(Gonal-F; Serono, Rome, Italy) or highly purified human
menopausal gonadotropin (Menopur, Ferring, Sweden or
Merional; IBSA, Collina d’Oro, Switzerland) were used for ovarian
stimulation. The initial dose for each patient was based on the
predicted ovarian response, and varied from 300 to 450 IU. On
day 5 of COS, the flexible GnRH antagonist treatment protocol
was implemented to prevent premature luteinizing hormone
(LH) surge (Cetrotide; Merck Sharp and Dohme Ltd., Athens,
Greece). Hormones, including FSH, estradiol, and thyroid-
stimulating hormone, were measured before stimulation. LH,
estradiol, and progesterone were also measured on the day of
human chorionic gonadotropin (hCG) administration.

When two or more follicles with a diameter of at least 17 mm
were detected, ovulation was triggered by a subcutaneous
injection of 250 w.gr r-hCG (Ovitrelle; Serono). Oocyte retrieval
was carried out 35.5-36 hours after the r-hCG injection using
TVUSG. On day 3 or day 5 after oocyte retrieval, depending on
oocyte development, a maximum of two good-quality embryos
were transferred into the uterine cavity using a Wallace
semirigid catheter (Cooper Surgical, Malov, Denmark) under
abdominal ultrasonography guidance.

Luteal support was provided until the 12th week of gestation
using Crinone gel (8% progesterone Serono). A pregnancy test
was conducted approximately 2 weeks after embryo transfer.
Clinical pregnancy was defined as any intrauterine gestational
sac with a fetal heartbeat at 4 weeks after the first pregnancy
test. The existence of at least one live fetus at the 12th week of
gestation was considered an ongoing pregnancy, which was
the primary outcome measure.

Statistical analysis

Statistical analysis was carried out using SPSS software
(version 23.0; SPSS Inc., Chicago, IL, USA). Continuous
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variables are expressed as mean = standard deviation or
median (minimum-maximum). Categorical variables are
expressed as number and percentage (%). The Kolmogorov-
Smirnov test was used to check the distribution of the data.
The Independent Samples t-test and Mann-Whitney U test
were used to compare continuous variables. Pearson’s chi-
squared test or Fisher’s exact test was used to compare
categorical variables. A two-tailed p-value of <0.05 was
considered significant.

Results

A total of 68 patients were included in the present study. The
endometrial scratching group (group 1) and control group
(group 2) included 32 and 36 women, respectively. The groups
were well-balanced in terms of baseline demographic data,
including age, BMI, length of infertility, number of IVF cycles,
and hormone levels (Table 1). However, the antral follicle
count was significantly higher in group 1 compared to group 2
(4.2+1.9vs 3.3+1.8; p<0.05).

Table 2 shows the COS, ICSI, and pregnancy outcomes. Groups
1 and 2 did not differ in duration of COS, trigger day endometrial
thickness, or number of metaphase II oocytes retrieved. In
addition, the number of embryos transferred, and the ratio
of day 3 to day 5 embryo transfers, were similar between the
two groups. Moreover, regarding pregnancy outcomes, groups
1 and 2 had similar rates of chemical pregnancy (25% and
19.4%, respectively), clinical pregnancy (15.6% and 11.1%) and
ongoing pregnancy (9.4% and 8.3%).

Discussion

This retrospective cohort trial investigated the impact of
endometrial scratching on the pregnancy outcomes of women
meeting the Bologna criteria for POR, who were undergoing
ICSI fresh embryo transfer cycles using the GnRH antagonist
protocol. The results showed that endometrial scratching did
not increase rates of clinical or ongoing pregnancy.

Poor responders constitute a major challenge for ART. These
patients are more likely to show poor oocyte retrieval and less
favorable pregnancy outcomes. A previous review reported
that 47 studies used 41 different definitions of POR (17). To
overcome this challenge, ESHRE used the Bologna criteria to
clearly define POR (16).

Endometrial injury may be useful in patients undergoing ART
cycles, to improve endometrial receptivity and the chance of
pregnancy. Although endometrial injury has been studied for
over a decade, the biological mechanism by which it increases
the chance of pregnancy is not clear. However, one putative
mechanism is stimulation of the production of cytokines and
growth factors, which are essential for endometrial receptivity
and embryo implantation after endometrial scratching and
subsequent healing (18).

Endometrial injury to improve the outcomes of IVF/ICSI cycles
has attracted increasing attention since Granot et al. (19)
conducted the first two studies in 2000 and 2003 (20). In the
first study, repeated endometrial biopsies were performed to
evaluate the endometrium of 12 infertile women with several
unsuccessful cycles of IVF treatment. The authors noted that
11 of these women became pregnant during the first IVF cycle
after endometrial biopsy (19). In the second study, a quasi-

Table 1. Baseline demographic, clinical, and laboratory characteristics of groups 1 and 2

Parameter Group 1 (n=32) Group 2 (n=36) P
34.1+£4.0 33.2+4.0

Age (years) 0.3612
35.0 (32.0; 37.0) 34.0 (30.0; 36.5)
24.7+3.4 25.4+3.8

Body mass index (kg/m2) 0.754a
25.3 (20.9; 27.6) 25.0 (22.5; 27.4)
7.2+3.8 5.3+2.4

Duration of infettility (years) 0.045a.*
6.5 (4.0;9.5) 5.0 (3.0; 7.0)
1.6+0.8 1.6+0.8

Number of cycles (n) 0.854a
1.0 (1.0; 2.0) 1.0 (1.0; 2.0)
42+19 3.3+1.8

Antral follicle count (n) 0.0352
4.0 (2.0; 6.0) 3.0 (2.0; 4.0)
10.2+3.0 11.8+3.7

Baseline FSH (IU/L) 0.1232
10.1 (8.2;11.6) 10.6 (9.0;15.1)
50.5+19.0 52.1+19.4

Baseline estradiol (pg/mL) 0.736b
47.5 (37.0; 63.0) 55.0 (36.5; 66.0)

Data are presented as mean = standard deviation, median (interquartile range), or number (percentage).
FSH: Follicle stimulating hormone, 2: Mann-Whitney U test, P: Independent samples t-test, *Statistically significant difference
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Table 2. Controlled ovarian stimulation and pregnancy outcomes of groups 1 and 2

Parameter Group 1 (n=32) Group 2 (n=36) p
8.3x1.5 7.8+1.5
Stimulation period (days) 0.1462
8.0 (7.0;9.0) 8.0 (7.0; 8.0)
8.8+1.7 9.1+x1.9
Trigger day endometrial thickness (mm) 0.397P
8.7(7.2;9.9) 8.8 (7.6;10.0)
24+1.3 26+1.4
MII oocytes (n) 0.622a
2.0 (1.0; 3.0) 2.0 (1.5; 4.0)
1.8x1.0 1.9=x1.0
2PN embryos (n) 0.4862
1.5 (1.0; 2.0) 2.0 (1.0; 2.0)
1.3£0.5 1.3+x0.4
Embryos transferred (n) 0.772a
1.0 (1.0; 2.0) 1.0 (1.0; 1.5)
Embryo transfer day, n (%) 0.725¢
3 27 (84.4%) 32 (88.9%) -
5 5 (15.6%) 4 (11.1%) -
Pregnancy outcomes, n (%)
Beta hCG positive 8 (25%) 7 (19.4%) 0.581d
Clinical pregnancy 5 (15.6%) 4(11.1) 0.725¢
Ongoing pregnancy 3(9.4%) 3(8.3%) 1.000¢
Data are presented as mean * standard deviation, median (interquartile range) or number (percentage).
hCG: Human chorionic gonadotropin, PN: Pronucleus, M: Metaphase, 2: Mann-Whitney U test, P: Independent Samples t-test, ¢: Fisher’s exact test, d:
Pearson’s chi-squared test

randomized prospective trial, the same authors reported that
endometrial injury doubled the conception rate during IVF
treatment (20).

Numerous subsequent studies have reported inconsistent
results, including positive (21-23), negative (24,25), and neutral
(26,27) effects of endometrial scratching in women undergoing
IVF. Many reviews have also been published over the past
15 years. However, the conflicting results of randomized
prospective studies are reflected in the lack of consensus in
the interpretation thereof. Reviews articles have variously
concluded that (i) endometrial scratching during ART cycles
improves pregnancy outcomes (11,14,23); (ii) endometrial
scratching during ART cycles does not improve pregnancy
outcomes (12,13); and (iii) the evidence is insufficient for
definitive conclusions to be drawn (23,28).

Previous trials of endometrial scratching during IVF cycles
have included women with normal ovarian response (28),
unselected populations (24-27), women undergoing their first
IVF cycle (22), and women with one or more failed cycles
(23,29,30). The present study is the first to recruit a subgroup of
patients meeting the Bologna criteria for POR and undergoing
an ICSI cycle with fresh embryo transfer. Our patients had
similar pregnancy outcomes regardless of whether they
underwent endometrial scratching during office hysteroscopy.
In most previous studies, endometrial scratching was done
by endometrial aspiration using pipelle biopsy (22-26). Our

study was consistent with previous ones in that scratching was
completed during diagnostic hysteroscopy (28,29). The optimal
time toinduce endometrial injury is not clear; some propose that
it should be performed during the luteal phase (22,24,25,28,29)
while others suggest that it should be completed during the
follicular phase (as in our study) so that there is more time for
the effect of injury to become apparent (31). A previous head-
to-head comparison found that proliferative-phase endometrial
scratching conferred no advantage over endometrial injury
during the luteal phase (32).

Study Limitation

The retrospective nature of the present study is an important
limitation. Another potential limitation is that endometrial
scratching was performed during office hysteroscopy. The
effect of hysteroscopy on endometrial receptivity could be
similar to that of endometrial injury. However, we believe that
office hysteroscopy alone is insufficient for endometrial injury.

Conclusion

The present study is the first to demonstrate that endometrial
scratching does not improve pregnancy outcomes in patients
meeting the Bologna criteria for POR, and undergoing ICSI cycles
using fresh embryos and the GnRH antagonist protocol. Further
randomized prospective trials using alternative endometrial
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scratching techniques and COS protocols, and larger samples
drawn from this subgroup of patients, are needed.
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Abstract

Morcellation allows the removal of a large uterus and fibroids through small incisions with minimally invasive surgery. It helps to prevent the
complications associated with large incisions in both hysterectomy and myomectomy operations. Currently, there is much debate regarding the
use of power morcellation in laparoscopic hysterectomy and myomectomy, mainly due to the risk of peritoneal dissemination of undiagnosed
uterine sarcomas. Unfortunately, there is no valid pre-operative diagnostic method that can differentiate sarcomas from myomas, and the
currently available scientific literature regarding morcellation is insufficient. As the Turkish Society of Minimally Invasive Gynecological Oncology,
we present our consensus opinion and suggestions for the preoperative evaluation and morcellation of fibroids, in line with the recent literature.
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Introduction

Morcellation is performed for reducing the size of a uterus or
myoma, to ease extraction of tissues from the abdominal cavity.
The history of procedure goes back to the 19t century. The first
applications were mechanically made after vaginal surgery to
reduce the size of the tissue (1). In this way, vaginal surgery
can be also performed in when a large uterus is present, which
previously generally required open surgery. In subsequent
years, minimally invasive surgery started to replace most open
and vaginal procedures and, as a result, the need for a new way
to extract huge uteruses and myomas from smaller incisions
arose.

In 1976, a laparoscopic manual morcellator, which can work
through 15 mm and 10 mm incisions, was produced (2). The

technical properties of subsequent equipment have improved
and devices have been replaced by electromechanical
morcellators which has also reduced the time required for
tissue extraction (3). By 1993, the use of a morcellator with
more advanced features was approved by the Food and Drug
Administration (FDA) (3).

A morcellator is used when performing hysterectomy or
myomectomy for large uteruses during minimally invasive
surgery to avoid open surgery-related morbidities. On the other
hand, if morcellation is performed in the presence of uterine
malignancy, especially uterine sarcoma, which usually cannot
be diagnosed preoperatively, this may cause the disease to
upstage and have a negative effect on the prognosis (4,5).

In 2013, a patient was diagnosed with leiomyosarcoma after
total hysterectomy, which was performed with a minimally
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invasive approach for a presumed benign uterine fibroid and in
the later staging surgery, intraperitoneal spread was observed.
After this case was published, a debate started about morcellator
usage and in 2014 the FDA discouraged the use of laparoscopic
power morcellation during hysterectomy or myomectomy
for uterine fibroids (6). In November 2014, the FDA updated
its recommendations and specified contraindications for
morcellation (7):

1. Morcellators are contraindicated for removal of uterine tissue
containing suspected fibroids in patients who are peri- or post-
menopausal or are candidates for en-bloc tissue removal
through the vagina or mini-laparotomy incision.

2. Morcellators are contraindicated in patients with uterine
fibroids suspicious for malignancy.

However, the scientific basis of this advice was not clear
and definition of perimenopause was not explained. Despite
the FDA's clear advice against morcellation, some national
societies have not made a strict recommendation to prohibit
morcellation (8-12).

The Turkish Minimally Invasive Gynecologic Oncology
Society formed a working group on this subject and prepared
suggestions in the light of current literature, which will guide
both surgeons and patients.

Uterine sarcoma types and occult sarcoma risk
in presumed myoma

Endometrial adenocarcinoma constitutes nearly 95% of all
uterine malignant tumors (13). Mostly, diagnosis is obtained
through pre-operative endometrial sampling and it is rarely
diagnosed incidentally after hysterectomy. However, pre-
operative diagnosis of uterine sarcomas, which make up 5%
of uterine tumors, is not possible most of the time (13). These
patients are at highest risk from inappropriate morcellation.
Leiomyosarcoma, endometrial stromal sarcoma and
rhabdomyosarcoma are most common types of uterine
sarcomas. Unfortunately, the exact rate of post-operative
sarcoma diagnosis is not known in patients who are presumed
to have benign fibroids pre-operatively. Since this is a rare
situation, most of the relevant studies are retrospective and
contain much bias. In a report of the FDA, the incidence of all
sarcomas and leiomyosarcomas were reported as 1/350 and
1/458, respectively (6,7).

However, it is also seen that this rate varies according to the
method of studies. In a meta-analysis of 133 studies (14), occult
leiomyosarcoma risk was calculated as 1/1960 when both
retrospective and prospective studies were included, but this
rate dropped to 1/8300 when only prospective studies were
considered. In studies investigating the incidence of sarcoma in
patients who underwent morcellation during myomectomy or
hysterectomy for presumed benign disorders, the highest rate

was reported as 0.6% (15). Recently, two studies from Turkey
reported the incidence of occult uterine sarcomas (16,17).
Topdagi Yilmaz et al. (16) reported the incidence of unexpected
uterine sarcoma in patients who underwent hysterectomy for
benign indications as 0.6% (7/1050). In addition, Yorganci et al.
(17) investigated the rate of occult uterine sarcoma in 18,604
women who underwent hysterectomy or myomectomy with
a pre-operative diagnosis of uterine leiomyoma and occult
uterine sarcoma incidence was 0.3% (56/18604).

Possible adverse effects of morcellation: sarcoma
and benign conditions

Morcellation can be performed manually, either using scissors
or scalpel, or power morcellation can be performed using
electromechanical devices. It can be performed during
minimally invasive surgery or vaginal surgery. The procedure
can be performed un-contained, contained (in bag) or using a
mini-laparotomic incision.

After hysterotomy, regardless of morcellation, malignant
cells, if present, may spread to the peritoneal cavity. During
morcellation, the specimen is divided into smaller pieces in the
peritoneal cavity and, irrespective of the malignancy potential,
some problems may arise including spread of tissues into the
peritoneal cavity, incomplete removal of tissue fragments,
and microscopic residues becoming peritoneal implants.
Thus, an increased incidence of benign peritoneal diseases,
including parasitic leiomyoma, endometriosis and extensive
intraperitoneal leiomyomatosis, have also been reported after
morcellation (18). It should be kept in mind that morcellation
significantly increases the risk of these benign sequelae
compared to the risk of spreading malignancies.

Long-term survival is not favorable in patients with
leiomyosarcoma (19). Besides, there are publications
supporting the idea that morcellation can worsen the stage
and negatively affect survival in the presence of malignancy
(5,20,21). In a study evaluating the effect of morcellation on
survival, in the “no morcellation” group, 1-year mortality rate
was 5.3% and in the morcellation group this rate was 18.2%
(20). Patients who were diagnosed with stage 1 sarcoma or
smooth muscle tumors of uncertain malignant potential during
initial surgery were operated after a median of 33 days (22)
and widespread peritoneal disease was found in 28% and
25% of the patients, respectively (22). Although the studies are
retrospective, it was found that hysterotomy affects survival
negatively compared to intact hysterectomy. In morcellated
sarcoma cases, the risk of abdominopelvic spread increased
significantly (44% vs 12.9%) and survival decreased significantly
compared to those in whom morcellation was not performed
(5). In another case series, the 1-year mortality rate was found
to be significantly higher in the morcellation group (20). Result
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of a meta-analysis also supported increased risk of recurrence
and death (21).

After morcellation, integrity of the specimen is damaged and
this can cause both difficulty in pathological examination and it
may also adversely affect the diagnosis and staging procedures
(23).

In-bag morcellation

In order to prevent or reduce the adverse effects of
intraperitoneal uncontained morcellation, morcellation in a
closed peritoneal space has been suggested as a possible
solution. The most popular method is in-bag morcellation but
its potential for avoiding harmful effects and superiority over
other morcellation strategies is unconfirmed and needs to
be studied further. In addition, there is no consensus opinion
from interested societies that in-bag morcellation will prevent
morcellation related complications.

In studies evaluating a limited number of patients, tissue or dye
leakage or spreading out of the bag were observed in 9-33%
of the cases when morcellation was performed in the bag
(24,25). Some of the leaks, perhaps, represent microscopic
spread. However, there is no data yet on whether this will affect
survival in case of malignancy.

Preoperative sarcoma diagnosis

Risk factors include age, history of pelvic irradiation, tamoxifen
usage, genetic syndromes (i.e. hereditary leiomyomatosis and
renal cell cancer mutation, Lynch syndrome) and history of
retinoblastoma in childhood and have been shown to increase
the risk of sarcoma (9). If the lesion shows rapid growth in a
3-month period (exact clinical and radiological criteria have
not been determined), and especially if there is a lesion greater
than 8 cm in the menopausal period, or lesions with central
necrosis, heterogeneous appearance, non-calcified cystic
degeneration and irregular high blood supply may arouse
suspicion of sarcoma (9). However, none of these criteria is
effective enough to establish a definitive preoperative diagnosis
(26).

Preoperative endometrial biopsy

Although it is an effective diagnostic method in the diagnosis
of endometrial pathologies, the effectiveness of endometrial
biopsy in the diagnosis of uterine sarcomas is low. It was shown
that endometrial biopsy identified only 36% of leiomyosarcomas
in submucous lesions (27). In the diagnosis of endometrial
stromal sarcoma, the sensitivity was 33% (28). Localization of
lesions can vary significantly, and therefore endometrial biopsy
is not considered as a useful preoperative diagnostic test in
these lesions. Besides, in asymptomatic women, no benefit has

been shown. However, endometrial biopsy can help clinicians
in patients with preoperative abnormal uterine bleeding.

Imaging methods

Ultrasonography is the first and most frequently used radiological
method but differential diagnosis between leiomyoma and
sarcoma cannot be made always (29,30). In color doppler,
atypical vessel pattern, low resistance index and high systolic
velocity is observed in sarcomas (31). However, depending on
variables, such as location of the lesion, menopausal status of
the patient, and size of the lesion, ultrasonographic features of
sarcoma and leiomyomas may overlap and are not distinctive
in the majority of cases.

Magnetic resonance imaging (MRI) may show more diagnostic
accuracy in differentiation of leiomyoma and sarcoma (13,32).
Features such as necrosis, rapid growth, intense contrast
enhancement, and restriction on diffusion-weighted imaging
can ease the diagnosis and help to differentiate sarcomas from
leiomyomas. However, specificity and positive predictive value
are low (32). If diffusion-weighted images and contrast imaging
are used, discrimination can increase (33). However, despite
studies that reported diagnostic efficacy as 88% with these
methods (34), some studies have reported imprecision in the
successful distinction of fibroid and sarcoma (33). Therefore,
the role of MRI should be evaluated in further studies involving
more patients. Also, MRI is not recommended for routine use
in all lesions and should be used after ultrasonography, in the
presence of clinical suspicion (13).

Computed tomography and a positron emission tomography
scan are not helpful to discriminate leiomyoma and sarcoma,
and they should not be used pre-operatively, solely for this
purpose.

Biochemical markers

It is thought that elevated levels of lactate dehydrogenase
(LDH) may serve as an indicator of necrosis in the tumoral
tissue and invasion into the intravascular area in the presence
of sarcoma. Studies have shown that increased levels of LDH
are significantly more frequent in the sarcoma group than in
the leiomyoma group (35). In one study, the diagnostic success
rate of a combination of LDH and MRI was reported to be
100% (32). Success in evaluations with LDH subtypes was also
reported, investigating LDH isozyme type 1 and 3 (32,35). In
a study using receiver operating characteristic curve analysis
for the prediction of sarcoma in the pre-operative period, the
optimum cut-off value for LDH was 279.0 U/L (36). However,
further studies are needed to confirm the utility of LDH in
differential diagnosis.
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Intraoperative management

Some characteristics of uterine lesions raise suspicion for
sarcoma intraoperatively. These are: no clear mass borders
like leiomyoma; no bulging during uterine incision; soft,
homogenous, yellowish appearance; and increased tissue
fragility. However, these features may also present in patients
with degenerative myoma or after use of pre-operative
hormonal treatment. In advanced stages, sarcomas may lead to
overgrowth and local invasion to adjacent organs (e.g bladder,
rectum). Intraoperative frozen-section analysis does not have
much efficacy and diagnostic accuracy was reported as only
11-38% (37).

Postoperative management

A uniform clinical management plan for patients with
morcellated uterine sarcoma does not exist. Several authors
have advised completion of surgery with hysterectomy in case
of myomectomy and the abdominal cavity can be evaluated for
the presence of metastatic implants (38). Also, patients with
late surgical (>30 days) re-exploration had a higher mortality
rate (39).

Opinions and suggestions

Since uterine sarcomas are rare and most of the available
data are based on retrospective studies, it is difficult to provide
certain and conclusive suggestions. The following opinions and
suggestions are presented in line with the available data. The
following statements can be potentially modified or altered as
per new evidence.

1. There is no method that can definitively differentiate
sarcomas pre-operatively in patients who are going to be
operated with a preliminary diagnosis of uterine myoma.

2. Uterine sarcomas usually occur in women of advanced
age, but there is no exact age limit. Especially in patients aged
>35 years who are being considered for morcellation, it is
recommended that the risk factors should be investigated,
that the patient should be examined with advanced imaging
methods in case of suspicion, and the necessary precautions
should be taken to prevent peritoneal contamination in case of
intraoperative suspicion.

3. Ultrasonography is the recommended first-line imaging
method. Routine MRI is not recommended for every pre-
operative patient and should be performed when malignancy
is suspected. A pre-operative endometrial biopsy may only
be useful in patients with abnormal uterine bleeding. Its
effectiveness in diagnosing sarcomas is very poor.

4. Survival outcomes are worse in uterine sarcomas, even
in the early stages, compared to endometrial malignancies.

The morcellation of sarcomas can result in disease
progression and worsen survival outcomes compared to
non-morcellation.

5. The peritoneal seeding resulting from morcellation increases
the incidence of benign sequelae. These sequelae account
for the vast majority of morcellation-related morbidities and
should not be ignored.

6. Although it is assumed that morcellation with tissue
containment may be protective against negative outcomes,
there is not enough evidence regarding the preventive efficacy
of this method. Further studies are needed to establish
conclusive data.

7. Patients should be informed in detail regarding the advantages
of minimally invasive surgery and the risks of morcellation.
In patients in whom malignancy is suspected, morcellation
should be avoided (or not performed at all), regardless of the
patient’s consent.

8. In patients who will be operated with a preliminary
diagnosis of uterine myoma, intact removal of the uterus
may be primarily considered, depending on the patients’
fertility preferences and age.

9. Studies should be designed to determine the efficacy of pre-
operative diagnostic methods and the preventive potential of
contained morcellation techniques. These studies should aim
for the inclusion of as many centers as possible due to the low
prevalence of the disease.
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“Hey Siri! Perform a type 3 hysterectomy. Please watch
out for the ureter!”
What is autonomous surgery and what are the latest
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Abstract

As a result of major advances in deep learning algorithms and computer processing power, there have been important developments in the
fields of medicine and robotics. Although fully autonomous surgery systems where human impact will be minimized are still a long way off,
systems with partial autonomy have gradually entered clinical use. In this review, articles on autonomous surgery classified and summarized,
with the aim of informing the reader about questions such as “What is autonomic surgery?” and in which areas studies are progressing. (J Turk
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Introduction

“Come on! Self-driving automobiles are okay, but autonomous
surgery? Impossible!”

“Sooner or later, this dream will come true too, I'm sure ...”
“Oh God! Are we going to be unemployed?”

In the face of revolutionary technological developments,
people react more or less like the above examples. Weaving
workers in England at the dawn of the industrial revolution
thought they would be unemployed after the invention of the
moving shuttle, which is the key component of automatic
looms. Subsequently they committed acts of violence in the
form of breaking automatic looms and burning factories,
known as the “Luddite Movement”. Despite these impulsive
outbreaks, technological development continued and, as a
result, a new balance was established between machine and
human, and this inter-relationship has continued to develop

to the present day. Looking from this perspective, we can
think that weaving loom workers and future surgeons may
not be too different.

When it comes to changing habits in the face of new products,
I always think of our world-famous photographer, “Ara Giiler”,
who was once quite resistant to digital technology. The
following exchange illustrates his attitude to the advances in
photographic technology:

- fotograf.net: What do you use as a camera?

- Ara Giiler: I can even take pictures with a Singer sewing
machine.

- fotograf.net: Do you have a digital camera?

- Ara Giiler: I do. I haven't even put my hands on it yet ...
However, years after this interview, according to his assistant,
Fatih Aslan, one day he saw a digital camera in the hands of a
photojournalist and looked at what he shot: “Awesome! Does this
machine give such a result? [ want the same right now, Fatih!”
From then on until his death, he carried a digital camera with
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him, besides his famous Leica with a 35 mm Summicron lens.
All kinds of changes are painful processes, and no professional
group is pleased with its waning importance or the idea of no
longer being socially needed...human nature. However, we
know historically that professions have changed, disappeared,
new professions have emerged and a new equilibrium has
beenreached each time. Thanks to the autopilot and computer-
aided flight assistance systems that have been used in aircraft
for a long time and are now considered indispensable, airline
transportation has become the most reliable form of travel
today. Similarly, worker robots used in Amazon’s warehouses
have distinct advantages such as high performance, 24-hour
working and low error rates compared to human workers. For
now, the best approach, taking into account the examples we
have given above, is to look at the revolutionary developments
in terms of “social benefit” rather than developing resistance. It
is also important for interested parties - the surgeons - not to be
left out of the process at the development stage.

Autonomous surgery has great similarities with autonomous
driving, both in terms of development stages and definitions.
Although autonomous surgery seems to be less popular and
overshadowed by studies on autonomous driving, it is actually
an area where investments and studies have been increasingly
made in recent years. When we look at the companies and
funds investing in this area, it is also surprising to see that the
vast majority of them are the same companies and funds trying
to develop autonomous driving. Apart from academic and state-
sponsored studies, many international technology companies
are also involved in autonomous surgery research. Highlights
include Intuitive Surgical, Google, Verb Surgical (a joint venture
of Google and Johnson & Johnson), Siemens, Toyota Research
Institute, Autodesk, Honda, Intel, Comcast, Hewlett Packard,
PhotoNeo, NVidia, National Science Foundation, and National
Robotics Initiative.

For this review, a search was performed in PubMed and
Institute of Electrical and Electronics Engineers databases
with the keywords “surgery, robotics, surgical and medical
robotics, skill learning, skill analysis, learning to perceive,
machine learning, deep learning” and the articles were
classified and summarized in order to give the reader
information about questions such as what autonomic surgery
actually is, what are the current developments and which
areas are progressing.

1. Definitions and concepts

“Autonomous” means to be independent and capable of self
decision-making. However, due to the ambiguity in the definitions
and the lack of a standard, we encounter inappropriate use
of the word in many cases. For example; the master-slave
systems, which are now used in many surgical centers and

are actually a high-tech motion repeater manipulator, have
been mis-named as “robots”. This robot terminology, which
is actually completely wrong, is unfortunately now in place.
Therefore, it would be appropriate to create an autonomous
terminology and classification to be used in surgery as soon as
possible, in order to prevent a similar situation from occurring
for autonomic surgery. The norms determining the degree
of autonomy are not yet available for surgical systems, but
the classification being used in the automotive industry can
be helpful to give an idea. It is likely that future standards for
autonomic surgery will be very similar.

The Society of Automotive Engineers standards are as follows:
Level 0: Full control by the human driver; just warnings provided
by the machine.

Level 1: Hands are on the steering wheel with full control taken
over immediately (hands-on).

Level 2: Hands are not on the steering wheel, but with full
control taken over immediately (hands-off).

Level 3: Driving does not have to be monitored, driver may
concentrate on anything else, but may take the control at any
time (eyes-off).

Level 4: The driver can leave his seat and even sleep (mind-off).
Level 5: Fully autonomous driving, no human contribution
required (driverless robotic taxis).

Only Level 0 to 2 systems (driver-assistance) are legally allowed
in Europe today.

We do not know exactly how autonomous systems will
achieve the maturity and reliability to enter clinical use and into
which surgical systems autonomic features will be integrated
(robotic laparoscopic devices, endoscopic robots, microbots,
bio-inspired robots, etc). Classification according to the
developmental order of the post-traditional surgical systems
can give an idea about this issue (1):

1st generation (Stereotaxic robots):

- PUMA 200 and Neuromate were developed for use in
stereotaxic brain biopsies and tumor excisions as the first
examples of this group. Subsequently, systems named SCARA
robot, ROBODOC and AcroBot were developed and used for
various stereotaxic procedures.

- These systems could not perform multiple consecutive
procedural steps and needed the control of a human surgeon
after each step. They were more suitable systems for use in
tissues and areas with sharp boundaries (such as orthopedics)
using mathematical/mechanical strategies. The definition of
master/slave appeared during this period.

2nd generation (Endoscopic robots):

- Mainly developed for use in soft tissue surgery and in difficult-
to-reach surgical fields.
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- The first sample, PROBOT (Imperial College, London) was
developed to be used in the excision of pre-defined prostate
tissue volumes.

In 1998 The Zeus (Computer Motion, Goleta, CA, USA) and
in 2000 da Vinci (Intuitive Surgical Inc, Mountain View, CA,
USA) emerged as two of the most famous robotic systems
to date. The Zeus was used in Canada for the first beating-
heart coronary surgery and in 2001 in the first trans-Atlantic
telerobotic operation. In 2003, Intuitive Surgical bought The
Zeus company, making da Vinci the only commercial product
in this field. Within a relatively short period of time, many
disciplines of surgery besides gynecology found a common
ground and wide spectrum of applications with the da Vinci
system. The limit/range of indications for gynecological
operations performed with the da Vinci system also gradually
expanded (2).

- Although da Vinci dominates the market as leader, a
small number of other second generation robotic systems
continue to be offered to the market. Among these, Raven
(University of Washington) has made significant progress
and has come to the fore as a programmable, modular
system with a certain degree of autonomy, having surgical
arms with 6-Degrees of Freedom (DOF). Another notable
system, DLR MicroSurge (German Aerospace Center), has
the advantage of using a common platform with Raven
and sharing the same console, allowing surgeons to share
teleoperative experiences.

3rd generation (Bio-inspired robots):

- In the development process of minimally invasive surgery,
single-port laparoscopy and natural orifice transluminal
endoscopic surgery (NOTES) platforms have been developed
claiming fewer intervention ports and less scarring. The third
generation surgical robots logged in, therefore, with snake-like
systems having high articulation numbers to be used in NOTES.
- We can classify existing bio-inspired systems under three
headings:

1. Flexible systems working with tendons:

- i-SNAKE (Imperial College, London), CardioArm.

2. Catheter navigation systems:

- Developed for percutaneous cardiovascular interventions. It
is divided into two:

- Mechanical: Amigo (Catheter Robotics Inc.), Magellan
(Hansen Medical Inc.).

- Electromagnetic: Niobe (Stereotaxis Inc.), CGCI (Magnetecs
Inc.).

These are the robotic systems being guided by changing
magnetic fields. Newer systems operating with regular magnetic
resonance imaging (MRI) systems (keeping the investment
costs at an appropriate level) are also under development.

3. Concentric tube devices:

- Since catheter robots have problems in transferring power to
the end region as the length increases, concentric tube systems
have been developed in order to overcome this problem. They are
used especially in cardiovascular, neurovascular and respiratory
system interventions, since they have very suitable structures for
tubular organ groups. These systems are also suitable for fetal
imaging and surgery during pregnancy due to the advantage of
having very small footprint and needle size entry.

4th generation (Microbots):

- These are systems that have been dreamed about since the
science fiction movie “Fantastic Journey”, released in 1966.

- They comprise systems ranging from nanometer scale to a
few millimeters in size.

- A popular example is the capsule endoscope (PillCam) system
that moves passively through the digestive tract by peristaltic
organ movement and wirelessly transmits image and data.

- New generation microbots will soon be put into clinical use.
Studies continue on improvements in higher image quality,
movement, location, telemetry, power, diagnosis and tissue
manipulation. Biological systems are closely imitated to
achieve these improvements. For example; insect, fish, snake,
bacteria and parasite (flagella) movement patterns are being
studied for locomotion. There are also highly promising studies
on microbots in which locomotion is provided externally by the
electromagnetic field of MRI systems (Metin Sitti et al.).

5th generation (systems capable of autonomous decision
making):

- Over time, we can expect that some of the surgical methods
mentioned above in each of the technological generations will
become more prominent, and some will decrease in popularity.
Although current studies are mainly conducted on endoscopic
robots, autonomous decision-making capability in the future
will be able to be integrated into one or more systems that we
cannot predict today.

The acceleration of autonomous surgery studies has been
made possible by the development of deep learning algorithms.
Artificial intelligence (AI) applications in medicine have often
started in the form of enhancing human performance with
computer systems, but are gradually evolving into systems
that make more independent decisions. Successful examples
include algorithms that reduce the error rates of pathologists
in the diagnosis of cancer-positive lymph nodes from 3.4%
to 0.5%, and help breast radiologists and breast surgeons to
identify the high-risk group and reduce lumpectomy rates
by 30%. While these applications are at the lower end of the
spectrum, autonomous systems are located at the advanced
stages of the spectrum of Al in medicine.
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2. Current developments

When defining autonomic surgery, it is necessary to mention the
complex relationship of elements including anatomy, surgical
instruments and surgical techniques and also a plethora of
subgroups within each element. If we use an analogy with
autonomous driving so as to facilitate understanding; anatomy
can be compared to the highway and all other environmental
factors (buildings, trees, garbage bins, pedestrians, other
vehicles, etc), the surgical instrument to the automobile, and
surgical technique to the driving techniques and styles. In this
analogy, the asymmetrical nature of both anatomy and highway
components is immediately apparent. It is the anatomy
(highway) component that causes the main difficulties in
studies related to autonomous surgery and is responsible for
the fact that the fully autonomous surgical systems will be
delayed for a long time, even beyond our estimates. While
surgical studies in real-time anatomical models are difficult
enough, the in vivo situation is even more complex. Additional
disadvantages include anatomical variations, respiratory
movements, different tissue characteristics, similar textural
properties of different organs, internal movements of tissue
(positional changes caused by peristalsis), and deformation.
For this reason, studies on autonomic surgery, which are
still in the early stages of development, have focused and
progressed almost entirely on surgical instruments, technical
components and performing some predetermined limited
subgroup tasks, such as suturing, knot tying, palpation and
debridement.

The autonomous robotic systems, which are either at the
project stage or under development are as follows (3):

1. The University of California Santa Cruz Surgical Robotics
Platform (RAVEN);

- It is a system that uses stereo imaging.

- It has low degree motion planning and ability to detect grasper
positions.

- It can perform multilateral debridement of phantom tissue.

2. Da Vinci Research Kit (DVRK);

- It can perform viscoelastic phantom tissue debridement.

-It can perform circular cutting in tissues with variable
viscoelasticity.

- It has the ability to dissect in cryogel phantoms with ultrasound
guidance.

3. RAVEN-I];

- It has a stereo tracking and near-infrared wavelength (NIR)
imaging system.

- It recognizes pseudoneuroblastoma, creates a surgical plan
and can perform semi-autonomous surgical ablation.

4. Smart Tissue Anastomosis Robot (STAR), John Hopkins
University;

-It is the first system that has made significant progress in
solving the problems of tissue movement, deformation and
tissue similarity in soft tissue surgery.

-A 7-DOF arm is used, utilizes NIR imaging and has deep
learning software for motion planning.

- Suture passing, knot tying and anastomosis features are
quite improved. It has recently shown great success in semi-
autonomous intestinal anastomosis. It can perform autonomic
intestinal anastomosis in ex-vivo and in-vivo animal models,
exceeding the performance of human surgeons.

-It can make straight cutting and tumor extraction in
experimental animal tissue.

5. Bone drilling in ear surgeries that require precision such as
cochlear implant placement.

6. Needle navigation in lung biopsies (Vanderbilt, University of
North Carolina).

7. Brain tumor resection (Brain Tool Lab, Duke University);

- Using image data obtained from tomography, ultrasound and
MRI systems, the robot arm precisely and accurately takes the
appropriate position proper for the tumor tissue.

- The route of the surgical laser incision, control of the firing
energy, safe firing and safe tissue ablation are provided using
an autonomous algorithm in a closed-loop feedback.

None of the systems listed above are currently Food and Drug
Administration (FDA) approved. For information purposes,
the FDA can approve any medical device in two ways:
Premarket approval (PMA) and 510 (k) permission. PMA
covers the permits for completely new products, is costly
(costs over $30 million per license) and requires a lengthy
process for approval. The 510 (k) authorization includes
approvals for improved versions of products that have already
received PMA or similar products, is a much lower cost
operation (costs less than $200,000) and can be completed
in a relatively short time. FDA has not approved any medical
device with the definition of a surgical robot to date. The da
Vinci robotic system, which is commonly referred to as a
robot with a misidentification, but is actually a master-slave
system based on the principle of motion repetition, received
FDA approval for the equivalent of “non-robotic laparoscopic
equipment” in 2000 [via 510 (k)]. However, PMA approval will
be required for autonomous surgery systems in the future.
Recently an autonomous anesthesia device, named Sedasys
by Johnson&Johnson, which can adjust the dose of sedation
drug administered intravenously by monitoring parameters
such as the patient's breathing, heart rhythm, and saturation,
has passed FDA approval (with PMA) (4).

If we think of autonomic surgery as a big and complex problem,
trying to solve it by dividing it into its small components is the
right method to follow and studies continue in this way. In the
near future, we will be able to find new generation robotic
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systems, which will facilitate the surgeon’s work during the
operation, and which will have added some equipment with
limited autonomy including the ability to perform certain
tasks such as needle grasping at the right angle, suturing, knot
tying, surgical ablation, and tumor resection with systems with
varying degrees of autonomy.

We can summarize the main areas where the studies are
concentrated as follows:

1. Identifying surgical instruments separately (segmentation)
and real-time tracking of their movements and paths,
Grasping the surgical needle from the right angle and point,
Suturing,

Knot tying,

o w o

Biopsy needle guidance and precise bone drilling

applications,

6. Real-time measurement of tissue flexibility and deformation,
adaptive tissue cutting procedures,

7. Palpation,

8. Ablation, resection, debridement,

9. Evaluation of surgical skills and surgical training,

10. Computer-aided anatomy.

2.1. Identifying surgical instruments separately
(segmentation) and real-time tracking of their movements
and paths

One of the most critical issues for autonomic surgery is
segmentation, which is the ability to identify the instruments
in the surgical console separately, both from the surrounding
tissues and from each other. In simpler terms, segmentation is
the process of the computer program to understand which pixels
belong to the living tissue, which pixels belong to the surgical
instrument and the region of the instrument while evaluating
the surgical area as a picture. This segmentation process is the
most critical step in the realization of most autonomous tasks
such as suturing, needle catching, knot tying, incision, ablation,
and debridement. Real-time monitoring of segmentation and
segmented structures are not easy processes due to reasons
such as shadowing, specular reflections during surgery, fogging

of the camera and lens, visual occlusion with blood and clots,
and dynamic and complex changes of the surgical tissue area
).

Successful segmentation studies have become possible as a
result of developments in high-resolution, new generation
cameras and deep learning algorithm architectures (U-Net,
TernasusNet, LinkNet) (Figure 1).

The next step, after successful segmentation, is the ability
to track the instruments in real-time. Real-time instrument
tracking is getting faster and more precise, thanks to highly
powerful computer processors and deep learning algorithms
that successfully determine spatial location. The success rate
can be increased further by linking the instruments to be used
to machine learning systems and pre-educating them before
the operation (6).

A secondary benefit and usage area of autonomous
surgical instrument tracking is that the camera can take an
autonomous position by tracking the instrument without
the need for an assistant (cameraman robot). Some of the
advantages of autonomous camera control compared to
human assistants can be: cameraman robots do not get
distracted, get tired, their stability does not decrease, they
can follow better and more precise positions, and since
there will be one less person in the operation team, it is
ensured that the remaining team has more movement area
in the operating room. In recent years, many cameraman
robot systems have been introduced and put into use
(EndoAssist, Aesop, EvoLap, etc). There are also systems
that have human-machine interface differences (foot pedal,
eye/head movements or voice control), whose common
purpose is to take the task of holding the camera by relaxing
the operator’s hand. However, these systems do not have
instrument segmentation, motion tracking and autonomy
capabilities. A laparoscopic system capable of autonomous
monitoring has recently been commercially available
(AutoLap, Medical Surgery Technologies, Yokneam, Israel).
However, there is no published article about the sensitivity,
success or deficiencies of this system yet (7).

Figure 1. An image section taken during robotic surgery: a) Original image, b) binary segmentation (instruments blue,
tissue red), ¢) multi-fold segmentation (three separate regions of the instrument can be identified: body, articulation joint,
grasper tip), d) multiclass segmentation (each instrument can be defined separately) (5)
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2.2, Grasping the surgical needle from the right angle and
point

Intelligent robotic surgical assistant systems, which are the next
stage of master/slave systems and capable of performing some
low-level surgical tasks autonomously, are on the horizon. The
first of these surgical tasks is to grasp the needle autonomously.
In this way, the problem of not grasping the surgical needle at
the appropriate point/angle and the prolongation of the surgery
time as a result of multiple regrasping attempts can be avoided.
Three parameters are considered in surgical needle grasping:
Manipulation, dexterity and torque metrics. Each of these
parameters is important for a successful needle grasping (8).
Studies on robot gripping/grasping were first developed with
the aim of facilitating the daily life activities of disabled people
with motor deficits, long before being co-opted into autonomic
surgery. While the first developed systems work with the help
of comprehension databases, prepared with previously 3-D
modeled objects (glass, fork, ball, etc), with the advancements
in deep learning algorithms, successful grasping/capturing
operations can be accomplished with machine learning today
without the need for any preformed database (9).

Studies on grasping the surgical needle proceed on similar
principles. The critical steps are the segmentation and
movement planning of the tail, body and tip parts of the needle
(10,11) (Figure 2, 3).

l
y

a

N Xy

Various visual-based algorithms are used in robot capture
studies. However, these algorithms are usually not suitable for
surgery as autonomous robotic capture is largely unpredictable.
In such cases, the surgeon’s choice among multiple capture
points and different capture scenarios has emerged as an
acceptable method. More successful systems can be developed
after the data pool created by these choices in a cloud system
is evaluated with deep learning (9).

2.3. Suturing

One of the most time consuming procedures in robotic,
minimally-invasive surgery is suturing, due to the lack of haptic
(touch sensitive) feedback, limited range of motion, and
narrow-angle field of view (12). After determining the basic
elements of suturing (needle entry/exit points and depth of
transition), autonomous needle capturing/grasping, suturing
and knot tying will shorten the duration of the surgery, as well
as causing less tiredness for the surgeon, less distraction and
healthy planning of the next surgical stage. We will soon see
some limited tasks added to the new generation of robotic
surgical equipment, which we can call “semi-autonomous” or
“restricted-authorized autonomy” (12) (Figure 4).

There are three components required for a successful suturing
process: needle, surgical thread and tissue. These three
components should be defined separately by segmentation

e

Figure 2. Steps in the process of grasping a surgical needle stuck into a tissue phantom at an appropriate angle and
extracting it from the tissue by calculating the tensile force vector. a) Calibration, b) snapshot image creation, c) planning
the segmentation and extraction phase, d) approaching phase, e) withdrawal phase, f) complete removal of the needle from
the tissue (10)

Figure 3. The segmentation regions (tail, body and tip) determined by the tracking algorithm that adapts to changing
positions autonomously. a) Ideal position, b) position at the border of the endoscope’s visual field, c) the position at which
the needle angle changes in the spatial plane. Segmentation of the needle was successful in all three cases (11)
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and their real-time movements should be followed in terms of
both each individual component and the inter-relationship with
the other two components. We have covered segmentation,
and the grasping of the surgical needle in the previous section.
Identifying the thread along its entire visible length in the
surgical area and following it in real-time is essential for both
suturing and the next step, knotting. Various methods have
been proposed to identify and follow-up the suture material.
Some studies have reported success with RGB plus imaging,
which provides a high level of depth information, but RGB
plus is not usually available in systems used today. In recent
studies, stereo imaging, which is already widely used in
existing systems and is starting to become standard, has been
used and successful results have been obtained. Non-Uniform
Rational B-Spline, a modeling algorithm for non-linear curves,
can perform real-time suture thread identification and tracking
by analyzing the stereo image pair used in existing systems (13)
(Figure 5).

The first example of successful suturing in living tissue is
STAR, developed by John Hopkins University. It consists of a
needle systemn activated by a modified Endo360 attached to

é*’

4X AUTONOMOUS

Figure 4. Fully autonomous suturing (needle grasping,
needle transfer between instruments, suturing and knot
tying) performed on a gel phantom after determining the
starting point, distance between sutures and tissue depth

(12)

a 7-DOF arm. Using NIRF and multispectral vision systems,
it can perform the segmentation process in real-time. In its
first results, published in 2014, it was reported that STAR
performed intestinal anastomosis with acceptable accuracy
(<0.5 mm) and deviation rates (0.2 mm). Subsequent
studies continued on both 3-D models and live tissue,
and successful preliminary results were published (14)
(Figure 6).

2.4. Knotting

Surgical knotting is a sequential procedure by rotating the
suture thread held with instrument A around instrument B, then
grasping the free suture tip with instrument B, and tightening
the knot by pulling both instruments in opposite directions,
as shown in Figure 7. This sequential task, which seems
quite simple, is one of the reasons for the prolongation of the
operation time in minimally invasive surgery. Difficulties during
knotting are related to folding of the suture thread, narrow
working area, limited depth perception, inability to feel the
correct pulling force to be applied and insufficient experience.
Studies on this subject can be divided roughly into two groups:
new instrument designs that facilitate knotting and autonomous
knotting algorithms using already existing instruments. The
issue of new instrument designs, which are not widespread
and far from developing a standard yet, will not be addressed
here (15) (Figure 7).

Most of the studies were done with stereo cameras and two or
three arms having at least 3-DOF, with standard grasper tips.
Autonomous knot tying begins with the determination of the
spatial planes of the needle entry and exit points and the step
of removing the needle from the tissue and pulling the suture.
Surgical arms, which are placed in opposite positions close to
the needle entry and exit sites, are ready for the next step, ring
formation. Often the distal end of the suture is left at a length
of 25-35 mm. Two different methods can be used to wrap the
suture on the opposite arm to form a ring: Spiral ring creation
(slower) or rolling-arc method (faster). The knot is completed

L4
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Figure 5. Identification of the suture thread along the entire length by segmentation and additionally determining the control
points for motion tracking (tracking the dynamic relationship of the changing points in respect to each other is especially
important during the knot tying phase). a) Multiple control points along the suture length, b) as a knot is tightened, the
control points get closer and closer, c¢) after sufficient knot tightening, the knot with multiple points is redefined after a

while, d) as a single control point (13)
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by grasping the distal end and pulling it mutually, after forming
a suitable ring (15).

There are some studies on the use of skill transfer from humans
which is a new learning method, mostly used in the field of
rehabilitation robotics. Together with successful studies on this
skill transfer with machine learning methods, which learns by
analyzing the human surgeon’s movements in detail, a faster
development of autonomic surgery may occur (16).

2.5. Biopsy needle guidance and precise bone drilling
applications

Semi-autonomous biopsy needle guidance studies find use
in three main areas: ablation, biopsy and brachytherapy. The
common goal here can be summarized as minimizing tissue
damage with increased sensitivity and smart maneuvers.
Neuro-interventional procedures and spinal surgical
procedures that require precise positioning and orientation,
working with similar principles, are also clinical uses for these
robotic systems. Clinical applications include ultrasound,
MRI or luminous coherent tomography-guided interventions,
cochlear implantation, motion compensation and orthopedic/
neurological/radiosurgery robots. “MiniAture Robot for
Surgical” procedures, Mazor Surgical Technologies, Israel,
which provides instrument positioning and orientation in spinal
surgery using a 6-DOF arm, SpineAssist robot used in spinal
fusion surgery and precision percutaneous pedicle screwing,
NeuroArm used under MRI guidance (University of Calgary,
Canada) are examples of these systems (17-21).

2.6. Real-time measurement of tissue flexibility and
deformation, adaptive tissue cutting procedures

In surgery, almost all tissues except bone structures are
deformable. Among the studies on deformable objects, studies
of surgical cutting procedures in virtual environment have been
especially prominent in recent years. Deformation calculations
are used not only in cutting processes, but also in stereotaxic
biopsies and suturing, in which the needle should pass through
the correct line and exit from the correct point (Figure 8).

In orderto solve the problem of tissue flexibility and deformation,
we should consider three consecutive steps:

1. Modeling the textures with different material properties,

2. Analysis of traction and counter-traction responses,

3. Updating the new geometry and topology of the changed
model after each cutting process.

In order for the tissue procedures to be suitable for real-time
surgery, they must have 30 Hz refresh rates visually and 1,000 Hz
as haptic feedback. In other words, the three steps mentioned
above should be calculated over and over again each time
and these calculations should be repeated at least 30 times
per second in order to create a real-time perception. For this
purpose, very high processing power is required. Studies often
were done on mesh sheets, first in 2-dimensional models, then
3-dimensional models using multi-layered mesh. However,
methods and hybrid models that do not use mesh have been
recently studied. These are methods commonly referred to

as point-based approaches. The precision and accuracy rates

Figure 6. STAR procedures; a) intestinal anastomosis in ex-vivo pig tissue, b) in-vivo vaginal cuff (RGB camera view) after
hysterectomy of pig, c) plenoptic camera view with the markings of the beginning, end and suture transition points (vaginal

cuff closure was completed in about five minutes) (14)
STAR: Smart Tissue Anastomosis Robot
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Figure 7. Trajectory of rolling arc looping (15)
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are significantly higher in point-based approaches than mesh
models, especially in models with large deformations, but
require proportionately higher processor power (22).

2.7. Palpation

Palpation is one of the main components of the physical
examination. It is defined as the feeling and differentiation
of parts with different degrees of hardness from the
normal tissue, such as lymph nodes, nodules, and masses.
Such lesions are the most common signs and symptoms
encountered in the diagnosis of some diseases. Today, many
robotic systems have force and position feedback features to
different degrees and sensitivities. There are experimental
systems used in the diagnosis of breast tumors, thyroid
nodules and for determining the precise location of kidney
stones during laparoscopy (17).

2.8. Ablation, resection, debridement

We mentioned in previous sections projects designed to
perform surgical tasks such as ablation, resection and
debridement with certain degrees of autonomy. RAVEN, which
can perform multilateral debridement in phantom tissue, and
DVRK, which can determine circular targets in viscoelastic
tissue phantom, perform circular cutting and ultrasound-
guided resection in cryogel phantom are the leading projects
in this field. The drawbacks of these projects are that they
have not been tested in animal tissues and they are limited to
single-pass mechanical cutting. The problems of tissue motion,
deformation and structural similarity in living tissues could not
be solved in either of the projects. STAR is the first soft tissue
surgery system that has found satisfactory answers to these
problems. Using plenoptic and NIR imaging, the STAR platform
can overcome the deformation problem by calculating metric
co-ordinates in living tissue when marked with biocompatible
markers. In a study using STAR and electrocautery, it was
reported that electrical power, cutting speed and cutting
depth were autonomously and precisely adjusted. Successful
resection with STAR was also reported in the same study when

the margin of resection of tumor tissue stored in pig living tissue
was marked with biomarkers (21).

2.9. Evaluation of surgical skills and surgical training

“I climb the steepest mountains, jump over the high cliffs, dive
deep into cold waters ...”

Everyone is a very good surgeon! - from the rookie assistant
who has just completed his first month, to our seniors who
are at retirement age. The lack of a system that objectively
measures surgical skills is a large deficit here. The accepted
standard today in the evaluation of surgical skills is peer review
of either live surgery or video images during traditional surgery
or retrospectively by a peer or more senior surgeon. However,
there are question marks about the objectivity and accuracy/
sensitivity issues that depend on human evaluators. The first
studies to overcome this problem have been tried with surgical
scenarios built on virtual reality systems. However, although it
is indisputable that virtual surgery systems are very useful in
education and gaining some skills, there are opinions that they
cannot be assessed with the same criteria when it comes to
surgical skill measurement.

A new field of the objective measurement of surgical skills
was developed during studies of deep learning in medicine.
Developing autonomous skills and teaching/transferring
surgical experiences to deep learning systems have shown
promising results. Since it is possible to convert and analyze
video recording and quantitative motion data into descriptive
mathematical models in robotic surgery, these data can also
be used for surgical training and extraction of automatic
performance metrics (OPM). JIGSAWS (skill assessment set
developed by John Hopkins University), a robotic surgery
database open to everyone, is a system based on scoring of
three parameters: Suturing, needle threading and knot tying.
The JIGSAWS database was created by assessing these three
parameters in a total of eight surgeons with different experience
levels. Many parameters such as the spatial position (x, y,
z), tracking of the surgical instrument tip, its rotation, linear
velocities, angular velocities and the angle of the gripper tip are

Figure 8. Autonomously calculated traction and counter-traction to overcome the problem of significant tissue deformation.
a) Directing the biopsy needle tip towards the target, b) adjusting the needle exit point, ¢) completing the circular cutting

process with high precision (21)



J Turk Ger Gynecol Assoc 2021; 22: 58-70

Giiltekin et al.
Autonomous surgery and the latest developments 67

recorded as kinematic motion data in the JIGSAWS database
(23) (Figure 9).

Studies in the field of measuring surgical skills can be divided
into two main categories:

1. Descriptive statistical analysis: Skill analysis is performed
using movement time, length of the path taken, motion
pollution, curvature, semantic signs, instrument orientation,
and vectoral force evaluations. However, very intensive manual
engineering effort is required to properly arrange such optimal
skill metrics. Another problem encountered here is the open-
ended discussion about what is the best skill.

2. Predictive model-based methods: This is based on the
principle of predicting skill measurement from the motion
database. In itself it is divided into two parts; a) Descriptive
and b) generative (machine learning). Recent studies have
focused on the latter, the generative predictive model-based
method. This model works on the basis of the analysis of OPM
data (action data such as instrument and endoscopic camera
motion tracking, energy modality usage times, etc) collected
in live surgery with the da Vinci System’s recorder (dVLogger;
Intuitive Surgical Inc) with machine learning algorithms. The
data obtained here are extremely extensive and often contain
details that can be missed by human observers.

One of the important differences between machine learning
and traditional methods is the need for a reference for
comparisons in traditional analysis. However, even among
expert surgeons, there is often no consensus on what “good
surgery” should be used as a reference and standard. There
is no need for such a reference system in machine learning
systems. Here, instead of a pre-built model, there are surgical
templates shaped and learned with data itself. When the clinical
outcomes of the patients are also added to the performance
metrics in a machine-learning algorithm, such as intraoperative
complications, postoperative complaints/findings, and length
of hospital stay, a more objective evaluation can be obtained
(24).

If we examine a system based on the machine learning
principle as an example, the subject might be a little clearer.

In this example, the basic setup of a machine learning system
for robotic radical prostatectomy operation is given. By using
only the determined OPMs, the length of stay of the patient
can be predicted with an accuracy rate of 87.2%. When some
extra data concerning the patient are added (age, body mass
index, prostate specific antigen level, prostate volume), the
accuracy rate increased up to 88.5%. There is an ongoing study
to determine the effectiveness of this model in predicting
oncological and functional outcomes in the future and this will
be possible after enough clinical data have been obtained over
time. In this study, some different and unpredicted results were
also obtained, which even experienced surgeons may not be
aware of. For example; while the view that a balanced use of
both hands is ideal for good surgery is widely accepted, this
study found that master-level surgeons use their dominant
hands more than novice surgeons (25) (Figure 10).

2.10. Computer-aided anatomy

Autonomic surgery will only be possible after the development
of computer-assisted anatomy. Anatomy still remains a difficult
problem to model digitally, not only because of the spatial
volumes of highly complex physical structures but also because
of their functional relationships with each other. Pioneering
studies on this subject started with the studies of matching
topographic anatomical information with radiological images
by radiologists. Thanks to the developed algorithms, the
location and segmentation of complex organs such as the
pancreas, has recently become possible. There are studies in
digital anatomy-related diagnoses and treatment assistance,
radiotherapy planning, surgical simulation and estimation of
tissue damage severity. In parallel with the widespread use
of tomography and MRI, the number of such studies is also
increasing (a study showing that studies involving multi-organ
analyzes increased parallel to the number of tomography/MRI
tests in the UK between 1995 and 2013).

The developments in this field will accelerate with the
development and widespread use of 3-D modalities in medical

imaging, the introduction of low artifact and high-resolution

Figure 9. a) Suturing, b) needle passing, c¢) knotting tasks (parameters evaluated and reported by JIGSAWS) (22)



Giiltekin et al.
6 8 Autonomous surgery and the latest developments

J Turk Ger Gynecol Assoc 2021; 22: 58-70

systems, and algorithms that make anatomically-consistent
single organ and system segmentations.

This review will not go into details about the anatomical
models, which is a large subject in its own right. Among
these, 3-D MRI and probability calculations using deep
learning algorithms and the generation of temporal and
spatial data from 2-D MR and tomography sections stand out
as promising methods, especially in multi-organ analyses
(26). When anatomical studies are performed by dividing the
body into regions, the most difficult region to analyze is the
abdominal area. The reasons for this include the existence
of more complex relationships between organs, peristaltic
movements of the digestive system, respiratory movements,
and changing anatomical relationships depending on factors
such as age, disease and edema. Since deep-learning
systems can process high-density data regarding abdominal
anatomy more easily with increased processor speeds, there
had been a significant increase in the number of publications
in this area. When we look at the distribution of the studies
by anatomical regions, the frequency of publications are as
follows: the abdomen 24%, chest 8%, vertebrae 7%, pelvic
organs (bladder, rectum, prostate, vagina) 7%, hand 3%,
hip joint 3%, knee 2%, and elbow 1%. There are two freely
accessible anatomical image databases (Tomography, MR,
positron emission tomography) to be used in digital anatomy
studies: National Institute of Health Cancer Imaging Archive
and UK (United Kingdom) Biobank Imaging Study. It is an
important advantage that these databases include normal

@) Training input

anatomy as well as non-normal anatomy (cancerous organs,
displacement of the remaining organs after surgery, etc)
(18,27).

3. Ethical and legal issues

Although technical developments related to autonomic surgery
are still in the very early stages, disproportionately intense
ethical discussions are reported in the literature. Why is Al in
surgery, which is still in its infancy, heavily discussed ethically
and legally? We are not in a hurry, right? Actually, we are.
Before the systems are put into use, ethical discussions should
be completed and legal regulations should be started. While
longer time is needed for the development of fully autonomous
surgical systems, hybrid systems are on the horizon. A road
map study was carried out in Geneva in 2006 by European
Robotics Research Network and attention was drawn to these
issues (28).

Currently, three areas where ethical debates are particularly
heated are nuclear physics, genetic engineering and
autonomous robotic systems. The first scientific symposium
on robotics was held in 2004 and the World Robot Declaration,
defining the basic features that a robotic system should have,
was published. Accordingly, a robot;

1. should work on the basis of partnership with people,

2. should help people physically and psychosocially,

3. should contribute to the realization of a safe and peaceful
society.
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Figure 10. A machine learning model in which surgical performance in the surgical treatment of prostate cancer is measured

with OPM and its effects on hospital stay are predicted (24)
OPM: Automated performance metrics
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The vast majority of the publications regarding the ethical issues
of Al and autonomous systems are related to medicine (e.g.
surgical robots), civilian vehicles (e.g. autonomous cars) and
military technologies (e.g. armed drones, targeting systems).
Discussions and recommendations share similarities for all
three areas.

The main discussion in the aforementioned systems is within
the framework of “responsibility” (29). Responsibility has three
elements:

1. Accountability: The ability to explain each transaction made.
In the series of operations consisting of three parts, which are
input, internal state (deep learning algorithm) and output, there
is often no full transparency, especially concerning algorithms,
for reasons such as the “black box” architecture specific to
deep learning systems, and also non-disclosure of source
codes because of trade secrets and copyright laws.

2. Liability: Who is primarily responsible for the system -
manufacturer, operator or maintenance service provider?

3. Culpability: Who is guilty and should be punished
in the event of a malfunction, such as an interruption of
telecommunication during telesurgery? Again the candidates
would be the manufacturer, operator or maintenance service
provider.

As emphasized in Matthias’ (30) article and the European
Parliament Resolution of 16 February 2017 on the rules of civil
laws in robotics, there is great unpredictability in adaptive
autonomous robots that may cause damage and the traditional
laws of culpability would be unsuitable in such situations.
One of the suggested solutions for liability is similar to that in
autonomous cars, the surgeon sitting in the same room where
the system operates, both as an observer and as a safety
provider who can take full control any time. Another option
would be to use a restricted system that only helps and assists
the surgeon in routine operations, without giving full autonomy.
Instead of “automatic machine learning” (uninterpretable,
internal functioning, black box architecture), which is one of
the discussion topics, “interactive machine learning” stands
out as a more acceptable system in autonomous surgery. In
the interactive machine learning system, the process of how
the end-result is achieved can be monitored transparently,
contributing also to the professional development of surgeons.
4. Justification of why a discovery is needed should be
presented to the society for all inventions and developments
with huge potential that will directly affect the society and
will enter all our lives irreversibly. While the justification
is fairly easy and understandable in some cases (such as
laparoscopic vs conventional surgery), in some cases it can
be really difficult (there is still an intense debate about the
need and consequences of armed drones used in the military
field). The situation concerning autonomic surgery is also

more complicated than expected. Why should autonomic
surgery be needed when there are human surgeons? While
the debate continues about the need for autonomous systems
for routine surgical practice, it is easier to justify why it is
needed in some selected cases. Autonomous surgery can be
truly life-saving in war zones, large infection outbreaks, space
research stations and prolonged space flights. The intubation
and resuscitation of seriously ill patients infected with “Severe
acute respiratory syndrome” in 2002-2003 and during the
ongoing Coronavirus disease-2019 pandemic are procedures
that carry great risks for healthcare professionals. Robotic
systems with deep learning algorithms that will facilitate
teleoperative procedures (e.g. intubation) can be very useful
in such cases.

Another issue is the problem of cybersecurity. In 2017 Bonaci
et al. (31) published a case of hacking the control of a robotic
system during a teleoperation by infiltrating the UK National
Health System network. The issue was opened up to discussion
and emphasized that security certificates should be redefined
and strengthened, in much the same way as in military systems
Bn.

It is also useful to briefly mention a situation that is currently
under discussion for telesurgery (and the same discussion
will be held for autonomous systems in the future) called the
Tort Law. If a lower performance operation is performed by
a human surgeon while there is a possibility of performing a
high performance operation with telesurgery or advanced
autonomic surgery system by a more experienced surgeon,
can the human surgeon be held responsible and blamed for
this? It is highly controversial, but it will certainly raise the bar
for surgical skills that surgeons must have.

The discussion on ethicolegal regulations and more should be
completed before the development of a perfect autonomous
surgical system that is completely safe and exceeds human
performance.

Conclusion

Autonomous surgery will happen sooner or later, although it
may seem far away at present. First of all, we have to accept
this. On the other hand, we need to do something in order not to
adopt the position of the weaving workers during the Industrial
Revolution. While there are dizzying speeds in technology,
the relatively slow progress in autonomic surgery is actually
an important chance for surgeons to adapt to and influence
this process. Advances in Al and deep learning algorithms
in non-surgical disciplines are quite advanced, especially in
branches such as radiology, pathology, histology, embryology,
and dermatology, which are predominantly image-based. Al
systems that can evaluate mammography at the expert level,
make serious progress in the diagnosis of diabetic retinopathy,
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and select the embryo with the highest chance of pregnancy
in IVF cycles are rapidly coming into daily use. Most of our
colleagues working in these disciplines either remained
completely passive during the development phase of these
systems or are still unaware of the advanced development
stage the process has reached.

It would be an appropriate approach for surgeons to take
active roles in the development process and trigger innovative
initiatives, rather than passively waiting for the developed
technology to be presented to them. The point that should
be emphasized again and again is that the basic criterion
underlying every development related to Al/deep learning and
autonomic surgery in medicine is “social benefit”.
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Quiz 71

What is your diagnosis?

A 29-year-old, 20-month pregnant woman was admitted to our center, since she had a history of hydrocephalus and anencephaly in
her previous pregnancy. There was no history of taking folic acid tablets before pregnancy, but she took them in the first trimester
of her current pregnancy. A detailed obstetric history was taken and it was determined that the patient had a consanguineous
marriage with a second cousin. She had a history of three previous pregnancies. Two of them resulted in the birth of healthy babies
and one was terminated because of hydrocephalus and anencephaly.

Fetal ultrasonographic findings were: a hyperechogenic, cystic structure, measuring 28x31 mm in the right lobe of the liver,
hyperechogenic and polycystic left kidney, cystic hygroma, pulmonary hypoplasia and single umblical artery. On magnetic
resonance imaging, there were no cerebellar vermis and an absent corpus callosum (Figure 1). Informed consent was obtained
and amniocentesis was performed. The patient decided to terminate the pregnancy without waiting for the result of amniocentesis,
so the pregnancy was terminated and the fetus was sent for an autopsy examination.

The male fetus weighed 476 g. The crown rump length, chest circumference and abdominal circumference were measured as 18
cm, 19 cm, 21 cm, respectively. It was seen that cerebellar vermis and corpus callosum were absent. The fetus had bulging eyes,
broad nose, depressed nasal bridge, folded ears, large mouth with a protruding tongue, long philtrum, and small chin. An increase
in his nuchal fold thickness was found with the help of an external examination (Figure 2).

On dissection and internal examination: cardiac defect and diaphragmatic hernia were not observed. A serous cystic structure
with a size of 28x31 mm was observed in the right lobe of the liver (Figure 3). The left kidney parenchyma could not be observed.
Pulmonary hypoplasia was observed (total lung weight was 21 grams). Amniocentesis reported a normal karyotype.
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Figure 1. Magnetic resonance imaging of agenesis of corpus callosum
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Figure 2. Bulging eyes, broad nose, depressed nasal bridge,
folded ears, large mouth with a protruding tongue, long
philtrum, small chin and increase in nuchal fold thickness

Answer
Fryns syndrome is a rare, autosomal recessive disorder with
multiple congenital anomalies and has a prevalence of about
0.7 per 10,000 births (1). It is characterized by diaphragmatic
defects, typical face, distal digital or nail hypoplasia, pulmonary
hypoplasia and some associated anomalies which may include
polyhydramnios,
orofacial clefting, renal dysplasia/renal cortical cysts, and/
or malformations including

cloudy corneas and/or microphthalmia,
the cardiovascular system,
gastrointestinal system, brain or the genitals. It is also closely
related with consanguineous marriage. The diagnosis is based
on clinical findings and is made with the presence of three
criteria (2,3). Regarding genetic analysis, fetal karyotypes of
cases are usually normal, so it is important to diagnose the
syndrome at autopsy. Fryns syndrome, known as the most
common autosomal recessive disorder causing congenital
diaphragmatic hernia (CDH), is responsible for 4-10% of all
patients with CDH. Diaphragmatic defects are found in almost
all cases with Fryns syndrome (4). A limited number of cases
with Fryns syndrome without diaphragmatic hernia have been
identified in the literature (5).

The purpose of this autopsy case report is to show that Fryns
syndrome can be diagnosed without CDH and to show its
association with rare abnormalities, such as cystic hygroma,
agenesis of the corpus callosum and the cerebellar vermis.
Fryns syndrome is one of the most common syndromes
associated with CDH and is reported in up to 10% of patients
with CDH. Despite the fact that there wasn’t any diaphragmatic

Figure 3. Hyperechogenic cystic structure measuring 28x31
mm in the right lobe of the liver

defect, other findings of our patient were similar to the rest
of the typical diagnostic findings, with the exception of cystic
hygroma, and some other defects not previously described.
Several chromosomal abnormalities show symptoms similar
to Fryns syndrome. Therefore, the diagnosis of Fryns syndrome
can only be made if the karyotype is normal and the diagnosis
is confirmed by autopsy. In this case, autopsy findings were
very useful in making a differential diagnosis. Based on the
ultrasonographic findings, the first idea was chromosomal
anomaly. However, amniocentesis was reported as normal.
We did not recommend non-invasive prenatal testing as
an alternative to amniocentesis as non-invasive prenatal
testing is not suitable for genetic evaluation of ultrasound
anomalies (6). Simpson-Golabi-Behmel syndrome, an X-linked
overgrowth syndrome resulting from deletions or mutations
in the GPC3 gene, and conditions with hypoplasia or absence
of the distal phalanges such as DOOR syndrome (deafness,
onychodystrophy, osteodystrophy, and mental retardation),
Schinzel-Giedion syndrome, and Rudiger syndrome should be
considered in differential diagnosis. However, heterozygous
de novo mutation in the SETBPI gene is characteristic of
Schinzel-Giedion syndrome and none of the patients with
Rudiger syndrome has diaphragmatic hernia. The diagnosis of
Fryns syndrome without diaphragmatic hernia is quite difficult.
Although this patient is diagnosed as Fryns syndrome, it cannot
clearly be differentiated from Rudiger syndrome and Schinzel-
Giedion syndrome. Therefore, these diseases can be called
Fryns-like syndromes (7). In the presence of cystic hygroma,
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other signs of Fryns syndrome should be carefully monitored,
since the risk of recurrence is 25 percent per pregnancy and
should be kept in mind during subsequent pregnancies.
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Letter to the Editor

Elective peripartum hysterectomy for placenta accreta:
is it always a severe maternal morbidity?

To the Editor,

The American College of Obstetricians and Gynaecologists
(ACOG) and the Society of Fetal Medicine (SFM) have published
a document saying that records of all women needing more
than 4 units of blood transfusion or intensive care unit (ICU)
admission must be reviewed to identify women with severe
maternal morbidity (1).

To date, there is no clear consensus as to what conditions
should be termed severe maternal morbidity. ACOG and SFM
have given an example list of diagnoses and complications
constituting severe maternal morbidity, wherein all women
undergoing emergency or unplanned peripartum hysterectomy
are assumed to have severe morbidity, while planned
peripartum hysterectomies for cancers are not considered to
cause severe morbidity. All cases of hysterectomy for placenta
accreta have been classified as severe morbidity irrespective of
the number of blood transfusions or ICU admission (1).

The government of India’s operational guidelines for the
“maternal near-miss” state that any woman who requires
emergency hysterectomy for controlling blood loss is to
be labeled as a near-miss (2). World Health Organization
classifies hysterectomy due to uterine infection or hemorrhage
as a critical intervention, labeling the woman as a near-miss
(3). However, in all these guidelines, a planned peripartum
hysterectomy done for a pre-operatively diagnosed placenta
accreta where the woman remains hemodynamically stable
does not find an appropriate mention.

Placenta accreta spectrum (PAS), formerly known as morbidly
adherent placenta, refers to the range of pathologic adherence
of the placenta, including placenta increta, placenta percreta,
and placenta accreta. This is definitely a potentially life-
threatening condition with an increasing incidence all over
the world, secondary to the rising caesarean section rate.
The recommended management is a planned caesarean

Received: 17 June, 2020 Accepted: 14 September, 2020

hysterectomy before term, where no attempt must be made
to separate the placenta from the uterus. Though the exact
timing of scheduled delivery remains controversial, with ACOG
recommending planned surgery at 34 to 36 weeks, Royal College
of Obstetrics and Gynecology at 35 to 36+6 weeks and SFM at
34 to 37 weeks, the basic principle is to balance the benefit of
fetal lung maturity with a risk of excessive haemorrhage when
the surgery is performed in an emergency setting (4-6).
Optimal pre-operative  preparation, adoption of a
multidisciplinary approach and minimizing blood loss
intraoperatively are the most critical steps in the management
of PAS. Many surgical approaches have been suggested over
time with variable benefits. One such approach is separating
the bladder up to the cervico-vaginal junction prior to uterine
incision so that the aberrant blood vessels traversing between
uterus and bladder are ligated and divided. We have reported
significantly reduced blood loss with this technique, minimizing
the need for massive blood transfusion. None of the women
out of 12 cases performed over 17 months required ICU stay or
had bladder or ureteric injury (7).

When performed in tertiary centers with all necessary
preparation by a multidisciplinary expert team, this surgery
may have significantly reduced morbidity. Thus the present
recommendation of considering all peripartum hysterectomy
performed for placenta accreta as a near miss may not always
be appropriate. In our opinion peripartum hysterectomy
performed for placenta accreta should be further classified in
order to properly categorize the cases which actually are near
misses.
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LESS hysterectomy through a bluntly created 11 mm
INCISIOoN
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Abstract

In the field of minimally invasive surgery, there is a constant drive to devise and execute the most minimally invasive surgeries possible. By
the very nature of laparoscopy and robotic surgery, what one can accomplish with several ports of a given size will invariably be studied and
attempted with fewer ports and with ports of smaller sizes. After researching the literature, we were not able to find any single port hysterectomies
performed through a port size of smaller than 15 mm. We were able to perform, described here, a technique for performing laparoscopic
hysterectomy through a single port of only 11 mm in diameter. We illustrate the technique in the accompanying video and believe the technique
to be safe and reproducible.

Keywords: Hysterectomny, single port, LESS, laparoendoscopic single site surgery, robotic hysterectomy, laparoscopic hysterectomy, laparoscopy
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Introduction

Unlike other specialties which are defined by the general
field of medicine they pertain to, “minimally invasive surgery”
itself can be understood as a challenge to its practitioners,
its very name encouraging them to pursue a more minimally
invasive approach. The specific issue we sought to address
here was attempting the most minimally invasive, single-
port hysterectomy ever performed, while still performing
meaningful laparoscopic visualization of the abdomen and
with the expectation to be able to realistically operate in the
abdomen from a laparoscopic approach. This meant that
we specifically did not wish to perform a procedure that
one could consider to be a laparoscopy then followed by
vaginal hysterectomy, and desired meaningful laparoscopic

access to deal with issues such as adhesions, mobilization
of the bladder flap, or performing a bilateral salpingo-
oophorectomy without significant vaginal assistance. After
researching the literature, we were not able to find any
single port hysterectomies performed through a port size of
smaller than 15 mm (1). The authors also wished to exclude
cases with no significant pathology or adhesive disease,
as the purpose of describing the technique is to show that
the technique can be used in many challenging situation,
not to demonstrate the technique can be successful on the
easiest of hysterectomies. All authors strongly contend that
hysterectomies that can be performed through a completely
vaginal technique should be, and that a vaginal hysterectomy,
or zero port hysterectomy, is superior to laparoscopic
hysterectomy, if it can be accomplished (2).
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Multiple authors have documented the feasibility of single
incision laparoscopic hysterectomy (3). Many authors have
commented that the idea, although novel, does not significantly
improve intra-operative pain, recovery or surgical cosmesis (4).
The most commonly used system is a robotic assisted single
port system. All systems, to the knowledge of the authors,
require incisions greater than 15 mm in the umbilicus (5,6). We
examined different single port systems and combined available
instrumentation to create a feasible, repeatable technique
for performing a laparoscopic single site hysterectomy using
only an 11 mm umbilical incision that is created with a blunt
laparoscopic trochar. We have explained the technique in a
video for reproducibility.

Objective

We devised a technique for laparoscopic single port
hysterectomy based on the concept that a bluntly created
incision would be less likely to herniate than a sharply

created incision. Therefore, after creating the initial skin
incision with an 11-blade scalpel, (Figure 1) rather than
perform an open dissection that would result in a large

Figure 1. An 11 mm incision is made at the bottom of the
patient’s umbilicus with an 11-blade scalpel

Figure 2. A blunt 11 mm laparoscopic trochar is utilized to
make the entry into the abdominal cavity, in order to avoid
a sharp dissection into the abdomen which would result in
a larger fascial footprint

incision and a much larger fascial footprint, we then place
an 1 mm blunt laparoscopic trochar (Figure 2) into the
incision after insufflating with a veress needle. The multi-
port device is then loaded into its introducer, (Figure 3) and
is inserted into the abdominal cavity after removing the 11
mm port from the umbilical incision (Figure 4). The multi-
port device can then be installed and actively utilized to
perform the hysterectomy through only an 11 mm incision
(Figure 5). Following this, the uterine pedicles are divided
with a bipolar power coagulation and division device, and
the circumferential colpotomy is made with a monopolar
cautery set to 30 watts of coagulating current with a
laparoscopic hook extender. The vaginal cuff is sewn from
the vaginal approach and ovaries and tubes are removed
after removal of the uterus. The patient returned foru weeks
post-operatively and no scars were visible (Figure 6). We

believe this technique to be significantly different from any

Figure 3. A multiport device is then loaded into the
introducer, for insertion into the abdomen

Figure 4. The multiport device is inserted through the
abdominal incision after withdrawing the 11 mm blunt
trochar. This ensures the incision width will not exceed
11 mm and has been created by blunt entry, which further
decreases the chance of postoperative hernia
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previously described techniques because of the usage of an
11 mm blunt trochar to create the umbilical incision. This
creates a reproducible footprint in the fascia that should be
identical and reproducible, regardless of circumstances. By
keeping the incision small and created bluntly we believe
the risk of postoperative herniation has been minimized
(Figure 7).

Design

A narrated video demonstration of the surgical procedure
(Canadian Task Force Classification III). We developed a novel
method for performing laparoscopic hysterectomy through a
single 11 mm incision that was created with a blunt trochar.
The most novel aspects of our procedure involve the placement
of a multiport manipulator device through a small, 11 mm
incision created by an 11 mm blunt trochar. It is our belief that
the small size of this blunt trochar likely makes fascial closure
unnecessary, although it is still recommended by the authors.
Interventions

A 32-year-old woman with endometriosis, adenomyosis and
chronic pelvic pain with recurrent ovarian cysts presented

Figure 5. The multipart device is in place and the
laparoscopic hysterectomy can proceed with one or two
instruments in addition to the 5 mm laparoscope

Figure 6. The patient’s abdomen at a visit four weeks after
surgery. No scars are visible

for laparoscopic hysterectomy with bilateral salpingo-
oophorectomy. The patient had previously tried more
conservative surgeries and medical treatments, including a six-
month course of luprolide acetate and multiple surgeries for
fulgaration of endometriosis. The patient completed her desired
childbearing and requested definite treatment. The patient
had a history of prior bilateral salpingectomy and one prior
cesarean section. The patient had confirmed endometriosis at
previous laparoscopic exploration, and was suspected to suffer
from adenomyosis, based on cyclic pain and pain that seemed
to originate from the uterus with gentle palpation with the
vaginal ultrasound probe. Patient was extensively counseled
to the risks of bilateral salpingo-oophorectomy and offered
more conservative surgical options including hysterectomy
without bilateral salpingo-oophorectomy. The patient refused
more conservative treatments, citing her fear of the necessity
of future surgeries for endometriosis or ovarian cysts, the desire
for definitive treatment of endometriosis, as well her fear of
ovarian cancer in the future, despite there being no family
history. Patient politely refused BRCA testing, citing that it would
not influence her decision for bilateral salpingo-oophorectomy.
The total operative time was 38 minutes, and the estimated
blood loss was 100 cc. The patient was discharged 18 hours
after surgery and the recovery was uneventful. The final
pathology report showed endometriosis and adenomyosis.

Conclusion

Our described technique is a feasible, reproducible procedure
for hysterectomy and may improve cosmesis and postoperative
pain over traditional laparoscopic and single port techniques.

11mm Diameter

i Py— 15mm Diameter
rea of 95mm

Need to Close
fascia?

Area of 177mm?
Need to Close fascia!

A 15mm incision is 86% larger in area than an 11mm
incision. This is relevant for pain and duration of
recovery, as well as likelihood of hernia formation

Figure 7. Secondary to the fact that laparoscopic incisions
are stretched into a circular shape by the penetrating
instrumentation, even a small decrease in the size of a
fascial incision will greatly decrease the area of the opening
that can pass through that incision. This figure compares
the large jump from an area of 95 mm? to 177 mm2 when
increasing the umbilical incision by only 3 mm
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Robot-assisted laparoscopic myomectomy for FIGO
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Abstract

To introduce a technique for robot-assisted laparoscopic myomectomy for FIGO type Il sub-mucosal leiomyoma with >50% myometrial extension,
without endometrial injury. A narrated video demonstration of our technique has been provided. Our patient was a 35-year-old, gravida 1, para 0
woman with secondary infertility. She had been married for three years. She complained of heavy menstrual bleeding and severe dysmenorrhea
with a pain score of 10 on visual analogue scale (VAS). Surgery was done after thorough counseling and an informed consent was obtained.
Institutional Review Board number: KC170ESI0375, approval date: 21.09.2018. Several steps can be taken to help prevent endometrial injury,
and these include: (1) proper preoperative imaging to plan surgery; (2) use of intraoperative ultrasound to determine best location of incision;
(3) use of a “cold cut” technique with monopolar curved scissors without energy to avoid obscuring the border between the leiomyoma and
the endometrium; (4) careful millimeter by millimeter dissection; (5) use of diluted indigo carmine to aid delineation of the endometrial cavity
during dissection. The patient had a normal post-operative course. On follow-up her VAS pain score was 0. Transvaginal ultrasound repeated four
months postoperatively showed normalization of uterine anatomy and endometrial contour. Robot-assisted laparoscopic myomectomy may be
an option to preserve fertility and minimize endometrial injury. This surgical method allows complete removal of large sub-mucosal leiomyomas
in one session with exact suturing.

Keywords: Endometrium, surgical procedures, robotic, fibroid uterus
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Introduction pregnancy and live birth rate, with a significantly higher

spontaneous abortion rate (4). Casini et al. (5) found that

Uterine leiomyomas are the most common benign gynecologic pregnancy rates were higher after myomectomy in women

tumors, with an estimated 70-80% of reproductive-aged women
having leiomyomas (1). Most patients are asymptomatic but
around 30% to 40% present with symptoms. Symptoms depend
on location, size and number of leiomyomas (2) and include
heavy menstrual bleeding, pain, pressure symptoms, infertility
and recurrent pregnancy loss (3).

Around 5-10% of patients with infertility are found to have
leiomyomas, with 1-2.4% having them as the only finding.
Patients with sub-mucous myomas were found to have a
lower clinical pregnancy rate, implantation rate, and ongoing

with sub-mucosal leiomyomas compared with expectant
management.

In this video (Video 1) we present our technique for
management of type Il lelomyoma, in a 35-year old woman
with a history of infertility. She had a history of one first
trimester miscarriage and was complaining of heavy
menstrual bleeding and severe dysmenorrhea. Management
options were discussed, and it was decided to opt for robot-
assisted laparoscopic removal as, in her case, hysteroscopic
removal may have resulted in a significant destruction of the
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enodometrial surface. Robot-assisted laparoscopic removal
can also be beneficial when the leiomyoma is large and
may need more than one operation for complete removal.
A robot-assisted technique is also a good option when the
distance between the leiomyoma and the serosa is small, in
order to avoid the risk of perforation.

A clinical aim was to keep the endometrium intact and this
was achieved through several steps, starting with proper

N

Figure 1. Pelvic magnetic resonance imaging (MRI). (A)
Sagittal and (B) coronal pelvic MRI showed a sub-mucosal,
posterior fundal uterine leiomyoma measuring 4x4x4.5 cm

preoperative imaging (Figure 1) and planning. In our
opinion it is also helpful to use a transvaginal ultrasound to
determine the best location for the incision. With the use
of “cold cut” technique, using a monopolar curved scissors
without energy, and by careful millimeter-by-millimeter
dissection, removal of the leiomyoma was accomplished
with minimal damage to the adjacent myometrium. Diluted
indigo carmine can aid in dissection as it delineates the
cavity and it can also aid in suturing the endometrium, in
case of injury (Figure 2).

After removal of the leiomyoma, the defect was closed
in two layers and the leiomyoma was then removed via
contained morcellation. The patient was followed up with
an ultrasound four months after surgery, which showed
normalization of the uterine anatomy and endometrial
contour (Figure 3).

Robot-assisted laparoscopic myomectomy may be an option to
preserve fertility and minimize endometrial injury. This surgical
method allows complete removal of large sub-mucosal
leiomyomas in one session with exact suturing.

Figure 2. Surgical procedure. Monopolar curved scissors without electrocauterization (also called “cold-cut”), was used
to make a transverse incision along the uterine wall overlying the leiomyoma (A). A tenaculum forceps was then used to
provide traction while sharp and mechanical dissection was continued (B). To ascertain endometrial integrity and to aid in
dissection a diluted indigo carmine solution was injected into the endometrial cavity through the RUMI uterine manipulator
(C). After enucleation of the leiomyoma, the defect was sutured in two layers (D)
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Figure 3. Transvaginal ultrasound of the uterus. Follow up transvaginal ultrasound (B) done 4 months postoperatively
showed normalization of uterine anatomy and endometrial contour, compared to the preoperative ultrasound (A)
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Essure® removal in 10 steps
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Abstract

Many women request Essure® removal because of possible side effects related to the device itself. Laparoscopic Essure® removal in symptomatic
women may be associated with improvement in quality of life. We aim to describe the surgical technique in ten steps in the accompanying video
as the standardization of the laparoscopic Essure® removal procedure could help to diminish the risk of fractures of the device with this easy

and safe 10-step procedure.

Keywords: Essure, surgical technique, salpingectomy, laparoscopy

Received: 06 September, 2020 Accepted: 18 November, 2020

Introduction

Several studies have demonstrated an improvement of
symptomatology and quality of life after removal of the Essure®
device in symptomatic patients (1,2). The pathophysiology
of adverse effects related to the device may be explained by
the release of heavy metals from a possible corrosion of the
implant (3). Therefore, because there is a risk of fracture in up
to 30% of cases (2), the implant should be removed completely
and safely (4). Our aim was to give a step-by-step description of
an easy surgical technique with a demonstrative video.

Surgery technique

This video clearly described the laparoscopic technique in 10
steps (Video 1): 1) pelvis exploration; 2) peritoneal cytology,
for two reasons a) heavy metal analysis b) usually done
in our department during prophylactic and opportunistic
salpingectomy because of the potential tubal pathway for
ovarian carcinogenesis (3,5); 3) longitudinal incision over the
proximal fallopian tube towards the uterine horn (Figure 1);
4) circumferential incision around the interstitial tubal portion;
5) circumferential incision on the 2/3 anterior portion of the
fallopian tube (Figure 2); 6) horizontal incision of the tube under
the proximal rectangular end of the microinsert; 7) hemostasis

of the uterine horn; 8) Essure® removal under visual control;
9) Inspection and dissection of the Essure® device on a
surgical drape (Figure 3); 10) bilateral salpingectomy and other
associated procedures, peritoneal washing and prevention

of postsurgical adhesions. As compared with laparoscopic

myomectomy, the small incision in the myometrium to

Figure 1. Longitudinal incision over the proximal fallopian
tube towards the uterine horn
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Figure 2. Circumferential incision on the 2/3 anterior

portion of the fallopian tube

Proximal end of
the internal part

| Proximal rectangular
Distal spherical end of the microinsert %
end of the insert "

e

Proximal end
of the internal part

Figure 3. Inspection of the complete implant Essure®

perform this mini-cornuectomy should theoretically limit the
risk of uterine rupture, if the patient wished to conceive via in
vitro fertilization later. However further studies are required to
confirm this retention of fertility (6).

Conclusion

Since improvement of quality of life has been demonstrated
after laparoscopic Essure® removal in symptomatic women
the standardization of the removal procedure could help to
diminish the risk of fractures of the device.

Video 1.
O %:4A 0
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