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ABOUT JOURNAL

Kosuyolu Heart Journal is a peer-reviewed, open access e-journal that has been published three times a year in April, August and December. This is the scientific journal
of the Health Sciences University Kartal Kosuyolu High Specialization Training and Research Hospital, (namely in Turkish, Saglik Bilimleri Universitesi, Kartal Kosuyolu
Yilksek Ihtisas Egitim ve Arastirma Hastanesi, Istanbul, Turkiye).

The aim of the Kosuyolu Heart Journal; is to present advances in the field of cardiology, cardiovascular surgery, congenital cardiac surgery and cardiovascular anesthesia
to the readers. Kosuyolu Heart Journal publishes research articles, reviews, original case reports and images, letters and critiques on cardiovascular medicine. The
target reader population are the doctors specialized to the cardiovascular medicine. As an open access journal, all content is freely available.

Kosuyolu Heart Journal currently has an acceptance rate of 58%. The average time between submission and final decision is 40 days and the average time between
acceptance and final printed publication is 13 weeks. However, provisional copy of submissions are published online within 1 month after acceptance.

Journal History :

. Kosuyolu Heart Journal, ISSN 1300-8706, 1990 - 2007.

. Kosuyolu Kalp Dergisi, ISSN 1300-8706, 2009 - 2014.

. Kosuyolu Heart Journal, ISSN 2149-2972, elSSN 2149-2980, 2015-2021.
. Kosuyolu Heart Journal, elSSN 2149-2980, since 2022
Indexing/Abstracting

TR Dizin, Index Copernicus, Dergipark, Tirkiye Atif Dizini and Turk Medline.

Copyright Policy: The authors agree to transfer the copyright to Kosuyolu Heart Journal to be effective if and when the manuscript is accepted for publication and that
the manuscript will not be published elsewhere in any other language.

Creative Common License: KoCopyright Policy: The authors agree to transfer the copyright to Kosuyolu Heart Journal to be effective if and when the manuscript is
accepted for publication and that the manuscript will not be published elsewhere in any other language.

Submission Process: The manuscripts should be submitted via online.The journal do not charge any article submission or processing charges.
Subscription Procedures: All content of the Journal on this website is freely available without charge to the user or his/her institution.

Address: Kosuyolu Heart Journal, Kartal Kosuyolu Ylksek intisas Egitim ve Arastirma Hastanesi, Denizer Caddesi, Cevizli, 34846, Kartal, istanbul/TURKEY
Phone: +90 216 500 1500 Ext: 5112

Fax: +90 216 500 1507

E-Mail: info@kosuyoluheartjournal.com

Al

Contact Address

Kartal Kosuyolu Yiiksek ihtisas Egitim ve Arastirma Hastanesi

Denizer Caddesi Cevizli 34846 Kartal, istanbul, Turkey

Phone: +90 216 500 1500 Ext: 5112 Fax: +90 216 500 1507 E-mail: info@kosuyoluheartjournal.com
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EDITORIAL POLICIES

Aims and Scope

Kosuyolu Heart Journal aims to present advances in the field of cardiology,
cardiovascular surgery, congenital heart surgery, and cardiovascular anesthesia
to the readers. In order to achieve this goal, Kosuyolu Heart Journal publishes
research articles (for the clinical or laboratory studies), reviews (by invitation only),
case reports, original images, original techniques for cardiovascular surgery or
cardiovascular interventions and letters/critiques on cardiovascular medicine.
Kosuyolu Heart Journal publishes, after double blinded peer review, the articles for
the target reader population consisting of cardiologists, cardiovascular surgeons
and cardiac anesthesiologists. The articles should be submitted in English, while
the title and abstract should be written in both English and Turkish. Editorial and
publication process of Kosuyolu Heart Journal are congruent with the standards
of ICMJE, WAME, and COPE. Kosuyolu Heart Journal is an open access journal.

Originality of Manuscript

The corresponding author must certify that their article is original, has not been
published previously, and is not under consideration for publication by another
journal. The corresponding author should affirm originality of the work in the
Article Submission Form. If the work has been presented previously at a meeting
as an oral or poster presentation, corresponding author must state the name,
date and place of the meeting at the Title Page.

Autorship

An individual who has made substantial intellectual contributions to the article

should be an author. Each author must have a role in all of the following areas:

1. Conception and designing of study, or data collection, or analysis and
interpretation of data.

2. Writing article or revising it substantially.

3.  Final approval of the submitted version.

Other contributors who perform technical support, identify patients for study,
translate the texts, supply materials, provide funding have not been qualified
as author. These contributions may be acknowledged in the manuscript. Author
roles are stated at Article Submission Form.

Human Rights

The Kosuyolu Heart Journal accepts the Declaration of Helsinki Principles as
the policy of the Journal. Therefore, all studies concerning human subjects must
be approved by the Institutional Review Board. All study subjects should be
informed and written consent should be obtained. The editor may ask for a copy
of the approval document.

Animal Rights

All studies dealing with animal subjects must be performed according to The

Guide for the Care and Use of Laboratory Animals (https://www.nap.edu/

catalog/5140/guide-for-the-care-and-use-of-laboratory-animals) with the

approval of the Institutional Review Board. The editor may ask for a copy of the

approval document.

Editorial and Peer Review Process

1. Tecnical review by the Editorial Secretary.

2. 1%'review and similarity check by the deputy editor in chief (reject, sending
technical revision or further evaluation)

3.  Review by the Section Editor

ISSN 2149-2972
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Review by two external or more reviewers.

Review by Bioistatics Consultant (if required)

Revisions (if required)

Evaluation by the Section Editor (reject or accept)
Evaluation by the Editor-in-Chief (approval or reevaluation)

© N o oA

9.  Assignment of DOl number

10. Appearance of article title and list of authors in Journal’s website
11. English language editing

12. Galley proof preparation

13. Epub ahead of print

14. Publication

Authors and referees do not know each other’s identities, journals follow a
double-blind peer review process. All manuscripts submitted for publication
are reviewed for their originality, methodology, ethical nature and suitability
for the Kosuyolu Heart Journal. The editor has the right to format or reject the
manuscripts which do not follow the rules or send them back to the author for
correction. Authors who wish to withdraw their manuscripts need to state this to
the editor in written form. All manuscripts received are submitted to iThenticate,
a plagiarism checking system. Manuscripts judged to be plagiarised will not be
considered for publication.

Submitted papers are reviewed by, the editor, the associated editors, and at
least two reviewers. The editor and associated editors may decide to send the
manuscript to a third reviewer. The editor and associated editors is the complete
authority regarding reviewer selection. The reviewers may be selected from the
Journals Advisory Boards or independent national or international reviewers
may be selected when required for the topic of the manuscript. There are no
submission and processing charges.

Instructions for Authors

Instructions for authors can be accessed from https://kosuyoluheartjournal.com/
instructions-to-authors and printed samples of the Journal.

Scientific and Legal Responsibility of the Articles

Scientific and legal responsibility of the published articles belongs to the authors.
Authors are responsible for the contents of the articles and accuracy of the
references. Kartal Kosuyolu High Specialization Training and Research Hospital,
the Editor-in-Chief, the Associated Editors or the Publisher do not accept any
responsibility for the published articles.

Open Access Policy

Kosuyolu Heart Journal is an open access journal which means that all content
is freely available without charge to the user or his/her institution. The Journal
is licensed under CC BY-SA. The article content can be used provided that the
Kosuyolu Heart Journal is cited. Journal articles can be archiving without any
permission.

Citation
Kosuyolu Heart J
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PUBLICATION ETHICS STATEMENT

The publication of an article in a peer-reviewed journal occurs with the scientific
and ethical efforts of authors, reviewers, editors and publishers. Kosuyolu Heart
Journal expects to carry out the stakeholders the following ethical responsibilities.

Authors’ Responsibilities

1.

The work submitted for publication must have not been published in another
journal or submitted at the same time. Each application can be started
following the completion of the previous application. Published work in
another journal can not be sent to Kosuyolu Heart Journal.

Author(s) are required to make use of and / or quote in a complete and
accurate way in order to benefit from other studies or to use other studies.

If all work submitted for publication is to constitute a conflict of interest, and
if relevant, should be indicated.

The author(s) may request raw data on their framing of evaluation processes;
in such a case the author(s) should be ready to submit the expected data and
information to the editorial board.

The author(s) must have evidence that they have the necessary permissions
for the use rights of the data used, research / measurement tools / analyzes.

The author(s) has an obligation to cooperate with the editor in informing,
correcting or withdrawing the journal editor or publisher if he / she finds a
mistake or error related to his / her early published or evaluation work.

Reviewers’ Responsibilities

1.
2.
3.

Admit only to evaluate the work related to the field of expertise.
It should evaluate within impartiality and confidentiality.

If he / she thinks that he / she is confronted with a conflict of interest during
the evaluation process, he / she should refuse to examine the work and
inform the editor of the journal.

A-IV

Contact Address

Kartal Kosuyolu Yiiksek ihtisas Egitim ve Arastirma Hastanesi
Denizer Caddesi Cevizli 34846 Kartal, istanbul, Turkey
Phone: +90 216 500 1500 Ext: 5112 Fax: +90 216 500 1507 E-mail: info@kosuyoluheartjournal.com
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The privacy policy should destroy the work that has been reviewed by the
review process. Only the final versions of the studies can be used after
publication.

Assessment should be done objectively only with respect to the content
of the work. Nationality, gender, religious beliefs, political beliefs and
commercial concerns should not allow it to influence the evaluation.

Use a polite language when making an assessment. Avoid humiliating
personal interpretations of hostility, slander and insults.

The evaluation should be carried out on time and on the above ethical
responsibility.

Editors’ Responsibilities

1.

All publications are judged on the basis of their intellectual content,
regardless of the author’s gender, race, ethnicity, religion, citizenship and
political values.

Personal information about the articles is kept confidential.
The conflict of interest observed regarding the article must be explained.

The Editorial Board assumes the responsibility to make publishing decisions
for the submitted articles, based on the evaluation of the candidate’s
articles, the editorial board policies of the journal, and the legally prohibited
items against plagiarism and copyright infringement.

Publishers’ Responsibilities

1.

The publisher has a supporting role in the scholarly communication process
between editors, referees and authors.

The publisher provides the editors with similarity check reports for all
submissions to our editorial systems.

The publisher should not interfere with the editorial decision.
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INSTRUCTIONS for AUTHORS

Scope of the Journal

The Kosuyolu Heart Journal is published three times a year (april, august, and
december). The journal accepts articles in English language. However, the articles have
the titles and abstracts written in English and Turkish language. Terms written in another
language should be indicated within quotation marks in articles.

All manuscripts submitted for publication should comply with Uniform Requirements
for Manuscripts Submitted to Biomedical Journals produced and updated by the
International Committee of Medical Journals Editors (http://www.icmije.org/).

The Kosuyolu Heart Journal accepts the Declaration of Helsinki Principles (http:// www.
wma.net/en/30publications/10policies/b3/index.html) as the policy of the Journal.
Therefore, all manuscripts concerning human subjects must contain a statement in
the Materials and Methods section, indicating that the study was approved by the
Institutional Review Board. All study subjects should be informed and written consent
should be obtained and this should be declared in the Materials and Methods section.
All manuscripts dealing with animal subjects must contain a statement indicating that
the study was performed according to The Guide for the Care and Use of Laboratory
Animals (https://www.nap.edu/catalog/5140/guide-for-the-care-and-use-of-
laboratory-animals) with the approval of the Institutional Review Board, in the Materials
and Methods section. The Editor may ask for a copy of the approval document. The
journals editorial and publication process are also congruent with COPE (https://
publicationethics.org/guidance/Guidelines) standards.

Submission Process

The manuscripts should be submitted via online manuscript evaluation system (https://
submit.kosuyoluheartjournal.com).

Forms

An “Article Submission Form” consisting of author role, originality, and conflict of
interest disclosure, signed by the corresponding author, declaring that the manuscript
has not been published or is not currently submitted to another journal and that the
manuscript is approved by all the authors. The Article Submission Form should be
simultaneously uploaded together with manuscript files.

Kosuyolu Heart Journal “Copyright Transfer Form” might be uploaded together with
manuscript files or should be sent after acceptance of the manuscript via e-mail to
info@kosuyoluheartjournal.com. After submission of the copyright transfer form signed
by each author, changes of authorship or in the order of the authors listed will not be
accepted by Kosuyolu Heart Journal.

These forms are available on https://submit.kosuyoluheartjournal.com.
Manuscript Preparation

Style and Format: The manuscript text should be written in Times New Roman font,
12 point-type, double-spaced with 2 cm margins on the left and right sides. The article
should be prepared with Microsoft Words. The pages should be numbered starting
with the title page. Page numbers should appear at the bottom right corner of every
page. The main text file should not contain any information regarding author names
and affiliations.

Symbols, Units, and Abbreviations: In general, the Journal follows the conventions
of Scientific Style and Format, The CSE Manual for Authors, Editors, and Publishers,
Council of Science Editors, Reston, VA, USA (7th ed.). Please use Sl units. Abbreviations
should be internationally accepted and should be defined accordingly in the text in
parenthesis when first mentioned and used in the text. The abbreviated form should be
used all throughout the article.

Title Page: Title page of the manuscript should include the Turkish and English title
of the article, Turkish and English running title not exceeding 40 characters including
spaces as well as the full names, surnames and academic degrees of the authors.
The department, division and institution of the authors should be indicated. Title page
should also include address, e-mail, phone and fax number of the corresponding
author. Authors should indicate the name, the date, and the place of the meeting if the
research has been presented previously in a congress or symposia. Title page should
be submitted as a separated file.

Abstracts: All manuscripts should be in Turkish and English abstracts. Abbreviations
should be avoided as much as possible. References, figures, tables and citations
should not be used.

ISSN 2149-2972
e-ISSN 2149-2980

Keywords: There should be two to five key words complying with the Index Medicus
Medical Subject Headings (MeSH) and Tirkiye Bilim Terimleri for Turkish. Refer to
https://meshb.nim.nih.gov/search and https://www.bilimterimleri.com for English and
Turkish key words, respectively.

Original Investigations are clinical or experimental research articles. They should
include; Turkish title, Turkish structured abstract (limited to 300 words structured as
Girig, Hastalar ve Yontem, Bulgular and Sonug), Turkish key words and English title,
English structured abstract (limited to 300 words structured as Introduction, Materials
(or Patients) and Methods, Results and Conclusion), English key words. The other
sections of the manuscript should include Introduction, Materials (or Patients) and
Methods, Results, Discussion, Acknowledgement (if required) and References. All
sections of the manuscripts should start on a new page. Research articles are not
referred to exceed 5000 words and 40 references.

Reviews: Manuscripts in the form of Reviews are accepted when invited since 2009. In
case of wishing to write a review about a current topic without being invited, the editor
and the associate editors should be contacted before the manuscript is submitted.
Review Articles should include; Turkish title, Turkish abstract, Turkish key words and
English title, English abstract and English key words. The abstract should be prepared
as one paragraph in Review type articles and limited to 300 words. Structured abstract
is not required. Number of references should be limited to 40 if possible.

Case Reports should include Turkish title, Turkish abstract, Turkish key words, English
title, English abstract, English key words, Introduction, Case presentation, Discussion
and References. Introduction and Discussion sections of the Case reports should be
short and concise and the abstract should be prepared as one paragraph. Structured
abstract is not required. Case reports should not exceed 1500 words and the number
of references should not exceed 20.

Original Techniques should include Turkish title, Turkish abstract, Turkish key words,
English title, English abstract, English key words, Introduction, Technique, Discussion
and References. Introduction and Discussion sections of the Original Techniques
should be short and concise and the abstract should be prepared as one paragraph.
Structured abstract is not required. Original Surgical Techniques should not exceed
1500 words and the number of references should not exceed 10.

Original Images in cardiovascular system are images dealing with related subjects.
The title should not contain more than eight words. No more than three authors may
be listed. The legend should not exceed 150 words. The legend to the image should
succinctly present relevant clinical information, including a short description of the
patients history, relevant physical and laboratory findings, clinical course, response to
treatment (if any), and condition at last follow-up. All labeled structures in the image
should be described and explained in the legend. The number of references should not
exceed 3 and not include an abstract. Running title is not required.

Letter to the Editor: Readers are encouraged to write about any topic that relates to
cardiology, cardiovascular surgery, and cardiovascular anesthesiology and may include
discussions on material previously printed in the Journal. Letter to the Editor should
be short and concise limited to 1000 words and 5 references. Abstract is not required.

Tables and Figures: Tables, figures, graphics and pictures should be numbered with
Arabic numbers in order of reference in the text. Localization of tables, figures, graphics
and pictures should be indicated.

Each table should be prepared with double spacing on a separate page. Tables should
have a brief title. Authors should place explanatory matter in footnotes not in the
heading. Explanations should be made for all nonstandard abbreviations in footnotes.
The following symbols should be used for abbreviations in sequence: *,

#. Each table should be cited in text.

Figures should be either professionally drawn or photographed, and these items should
be submitted as photographic-quality digital images. Figures should be submitted in a
format that will produce high-quality image (for example, JPEG or GIF). Authors should
control the images of such files on a computer screen before submitting them to be
sure they meet their own quality standards. Information on staining and microscopic
images, the magnification ratio.

X-ray films, scans and other diagnostic images, as well as pictures of pathology
specimens should be submitted as sharp, glossy, black-and-white or color photographic
images. Letters, numbers, and symbols on figures should be clear and consistent

A-V

Contact Address
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throughout, and large enough to remain legible when the figure is reduced
for publication. Figures should be made as self-explanatory as possible. For
recognizable photographs of patients, signed releases of the patient or of his/
her legal representative should be submitted; otherwise, patient names or eyes
must be blocked out to prevent identification.

Legends for figures, graphics and pictures should be typed starting on a
separate page, double spaced, indicating the corresponding illustrations with
numbers. When symbols, arrows, numbers or letters are used to identify parts
of illustrations, define each one clearly under the illustration. If quoted parts,
tables, figures, graphics, pictures etc exist in the manuscript, the authors
should obtain written permission from the author and copyright holder and
indicate this.

Acknowledgements: All the entities that provide contribution to the technical
content, data collection and analysis, writing, revision etc. of the manuscript
and yet do not meet the criteria to be an author should be mentioned in the
acknowledgement part. If the contribution of the sponsor is only in the form
of financial support, this should be stated in the Acknowledgement section. If
the sponsor has participated in the methods, statistical analysis or manuscript
preparation, this contribution should also be stated in the Materials and
Methods section. If there is no conflict of interest it should also be stated.

References: Data and manuscript not published yet should not be included
among the references. These should be stated in the main text as “author(s),
unpublished data, year”.

Reference numbers should be indicated at the end of the sentences in the text
as superscripts and references should be numbered consecutively in the order
they are mentioned in the text. Journal names should be abbreviated as listed
in “Index Medicus” or in “ULAKBIM/Turkish Medical Index”. References should
be typed in consistence with the following examples. Native references should
be used as much as possible.

If the reference is a journal;

Author(s)’ surname and initial(s) of the first name (all authors if the number
of authors are 6 or less, first 6 authors if the number of authors of an
article is more than 6 followed by “et al.”). Title of the article, title of the
manuscript abbreviated according to Index Medicus (http://www.ncbi.nim.
nih.gov/sites/entrez/query.fcgi?db=nImcatalog). Year;Volume:First and last
page number.

Example: Suarez De Lezo J, Medina A, Pan M, Romero M, Segura J,
Pavlovic D, et al. Transcatheter occlusion of complex atrial septal defects.
Catheter Cardiovasc Interv 2000;51:33-41.

If the reference is a journal supplement;

Author(s)’ surname and initial(s) of the first name. Title of the article. Title of
the manuscript abbreviated according to Index Medicus (http://www.ncbi.
nim.nih. gov/sites/entrez/query.fcgi?db=nimcatalog). Year;Volume(Suppl
Supplement number):First and last page number.

Example: Parsonnet V, Lean D, Bernstein AD. A method of uniform
stratification of risk for evaluating the results of surgery in acquired adult
heart disease. Circulation 1989;79(Suppl 1):S3-S12.

If the reference is a book;

Author(s)’ surname and initial(s) of the first name. Title of the book. Edition
number. City of publication, Country: Publisher, Year of Publication: Page
numbers.

Example: Borrow K, Braunwald E. Heart Disease. 1st ed. Philadelphia, PA,
USA: WB Saunders, 1988:976.

If the reference is a book chapter;

Surname and initial(s) of the first name of the author(s) of the chapter.Title
of the chapter. In: Surname and initial(s) of the first name(s) of the editor(s)
(ed) or (eds). Title of the book. Edition number. City of publication, Country:
Publisher,

Year of publication: First and last page numbers of the chapter.

A-VI
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Kartal Kosuyolu Yiiksek ihtisas Egitim ve Arastirma Hastanesi
Denizer Caddesi Cevizli 34846 Kartal, istanbul, Turkey

Example: Nguyen A, Imoto E, Eklof BGH. Pulmonary embolism. In: Barros
DSa AAB, Chant ADB (eds). Emergency Vascular and Endovascular
Surgical Practice. 2" ed. London, UK: Hodder Arnold, 2005:251-60.

If the reference is an article presented in a meeting;

Author(s)’ surname and initial(s) of the first name (all authors if the number
of authors are 6 or less, first 6 authors if the number of authors of an article
is more than 6 followed by “et al.” in international references).Title of the
article, If applicable In:Surname and initial(s) of the first name(s) of the
editor(s) (ed) or (eds). Title of the book. Title of the meeting; Date; City of
the meeting; Country.

Publisher; Year. Page numbers.

Example: Bengtsson S, Solheim BG. Enforcement of data protection,
privacy and security in medical informatics. In: Lun KC, Degoulet P,
Piemme TE, Reinhoff O (eds). MEDINFO 92. Proceedings of the 7th World
Congress on Medical Informatics; 1992 Sep 6-10; Geneva, Switzerland.
North-Holland; 1992. p. 1561-5.

If the reference is an online journal;

Author(s)’ surname and initial(s) of the first name (all authors if the number
of authors are 6 or less, first 6 authors if the number of authors of an article
is more than 6 followed by “et al.” in international references). Title of the
article, title of the manuscript abbreviated according to Index Medicus
Year; Volume (Number). Available from: URL address. Accessed date:day.
month.year.

Example: Morse SS. Factors in the emergence of infectious disease.
Emerg Infect Dis 1995;1(1). Available from: http://www/cdc/gov/ncidoc/
EID/eid.htm. Accessed date: 25.12.1999.

If the reference is a website;

Name of the web site. Access date. Available from: address of the web
site.

Example: World Health Organization (WHO). Access date: 9 July 2008.
Available from: http://www.who.int

If the reference is a thesis;

Author’s surname and initial of the first name. Title of the thesis (Thesis).
Name of the university (or educational hospital, institution, etc), City,
Country, Year.

Example: Kalender M. The effect of using internal mammarian artery graft
on coronary bypass morbidity and mortality in octogenarian. (Thesis).
Kartal Kosuyolu Yiksek lhtisas Egitim ve Arastirma Hastanesi, Istanbul,
Turkiye, 2011.

Reprints

Reprint of the article is not sent to the authors. The issue of the journal is sent

by Publishing House.

Correspondence Address

Manuscript can only be submitted through our online system. Other

correspondence may be directed to: e-mail: info@kosuyoluheartjournal.com or

Kosuyolu Heart Journal, Kartal Kosuyolu Yuksek Ihtisas Egitim ve Arastirma

Hastanesi, Denizer Caddesi Cevizli Kavsagi No: 2, Cevizli 34846 Kartal,
Istanbul, Turkiye.

Phone: +90 216 500 1500 Ext: 5112 Fax: +90 216 500 1507 E-mail: info@kosuyoluheartjournal.com
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By submitting this form, each author agrees with the copyright to this article transferred to Kosuyolu Heart Journal, the scientific publication of
Kartal Kosuyolu Yiiksek ihtisas Egitim ve Arastirma Hastanesi.

The authors warrants that their contributions are original. Each author signs for and accepts responsibility for releasing this material. The
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ABSTRACT

Introduction: Aortic aneurysms are chronic diseases associated with inflammatory/immunological mecha-
nisms. Interleukins (ILs) with pro-inflammatory and anti-inflammatory activities are shown to be related to
the development of aortic damage. In this context, this study aims to evaluate the serum IL-4,IL-10, IL-17A,
and IL-22 in patients with sporadic thoracic ascending aortic aneurysms.

Patients and Methods: The population of this prospective study consisted of all consecutive patients with
sporadic ascending aortic aneurysms who underwent thoracic aortic aneurysm repair between November 2019
and September 2022. In the end, 29 patients (the patient group) and 19 healthy voluntary participants without
aortic pathology (the control group) were included in the study. The study’s primary outcome was the differ-
ences in serum IL levels between the groups.

Results: The patient group was significantly older than the control group (p= 0.042). Significantly higher
neutrophil-to-lymphocyte ratio (NLR) values were detected in the patient group (p= 0.031). The median IL-
10 (p=0.001), IL-17A (p< 0.001), and IL-4 (p< 0.001) levels were significantly lower in the patient group
than in the control group. There were no significant correlations between serum IL levels and the aneurysm
diameter (p> 0.05). On the other hand, there were moderate correlations between IL-10 and IL-17A (r=0.409,
p=0.038),IL-10 and IL-22 (r= 0.464, p= 0.017), and IL-17A and IL-4 (r= 0.496, p= 0.006). NLR =1.95 was
found to be an independent risk factor for sporadic ascending aortic aneurysms [Odds Ratio (OR)=4.53,95%
confidence interval (CI)= 1.12-21.17, p= 0.040].

Conclusion: IL-10, IL-17A, and IL-4 were significantly lower in patients with sporadic ascending aortic
aneurysms larger than 55 mm. NLR was an independent risk factor for sporadic ascending aortic aneurysms.
The diameter of the aneurysm was not correlated with ILs. There were positive correlations between IL-10,
IL-17A, and IL-4 levels.

Key Words: Ascending aorta; inflammation; interleukins

Serum Interlokin-4, interlkin-10, interlokin-17a ve interlokin-22 Diizeylerinin
Sporadik Asendan Aort Anevrizmalarinin Gelisimine Etkisi

OZET

Girig: Aort anevrizmalari inflamatuvar/immiinolojik mekanizmalarla iliskili kronik hastaliklardir. Proinfla-
matuvar ve antiinflamatuvar aktivitelere sahip interlokinlerin (IL) aort hasar1 gelisimiyle iligkili oldugu goste-
rilmigtir. Bu baglamda, bu caligmanin amaci sporadik torasik asendan aort anevrizmasi olan hastalarda serum
IL-4,1L-10, IL-17A ve IL-22 diizeylerinin degerlendirilmesidir.

Hastalar ve Yontem: Bu prospektif ¢alismanin popiilasyonu, Kasim 2019 ile Eyliil 2022 arasinda torasik
asendan aort anevrizmasi onarimi yapilan, cerrahi tedavisi yapilan ardisik hastalar icermistir. Calismaya 29
hasta (hasta grubu) ve aort patolojisi olmayan 19 saglikli goniillii (kontrol grubu) dahil edildi. Calismanin
birincil sonlanimi, gruplar arasindaki serum IL seviyelerindeki farkliliklar olarak belirlendi.

Bulgular: Hasta grubundaki hastalar, kontrol grubuna gore anlamli olarak daha yasliyd: (p= 0.042). Ortanca
IL-10 (p= 0.001), IL-17A (p< 0.001) ve IL-4 (p< 0.001) diizeyleri ¢aligma grubunda kontrol grubuna gore
anlamli olarak daha diisiiktii. Serum IL diizeyleri ile anevrizma c¢api arasinda anlamli bir iligki yoktu (p>0.05).
IL-10 ile IL-17A (r= 0.409, p= 0.038), IL-10 ile IL-22 (r= 0.464, p= 0.017) ve IL-17A ile IL-4 (r= 0.496, p=
0.006) arasinda orta diizeyde korelasyon tespit edildi. Notrofil-lenfosit oran1 (NLO) degerleri hasta grubundaki
hastalarda daha yiiksekti (p=0.031). NLO degerinin >=1.95 olmasi sporadik asendan aort anevrizmalari i¢in ba-
81msiz bir risk faktorii olarak bulundu [Odds Ratio (OR)=4.53, %95 giiven aralig1 (CI)=1.12-21.17, p=0.040].
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Sonug: IL-10, IL-17A ve IL-4, 55 mm’den biiyiik sporadik asendan aort anevrizmasi olan hastalarda anlamli olarak daha diisiiktii. NLO degeri, sporadik
asendan ¢ikan aort anevrizmalari i¢in bagimsiz bir risk faktorii olarak bulundu. Anevrizma c¢api ile IL diizeyleri arasinda bir korelasyon yoktu. IL-10, IL-17A

ve IL-4 seviyeleri arasinda pozitif korelasyonlar tespit edildi.

Anahtar Kelimeler: Asendan aorta; inflamasyon; interlokinler

INTRODUCTION

The aorta can be subject to aortic dilatation/aneurysm,
which, if left untreated, may cause aortic rupture and aortic
dissection in the context of several diseases!?. Giant cell
arteritis, immunoglobulin (Ig) G4-related pathologies,
Kawasaki disease, and Marfan syndrome are specific diseases
that may lead to the development of aortic dilatations and
aneurysms""®. However, atherosclerotic pathogenesis-related
sporadic aortic aneurysms constitute the most frequent etiology.
Although several risk factors, including smoking, arterial
hypertension, and male gender, have been defined as risk
factors, aortic aneurysm is a chronic inflammatory disease!’*".
The mechanisms that weaken the immune response might be
beneficial in preventing the extent of aortic damage®.
Nevertheless, the relationship between inflammatory/
immunological mechanisms and aortic injury remains

controversial'""?.

Interleukins (ILs) are biologically active small peptides
with different mechanisms of action, either pro- or anti-
inflammatory, or immunomodulatory properties®®. IL-1a,
IL-1B, IL-4, IL-6, IL-10, IL-17A, IL-19, IL-22, and IL-32 are
the ILs that promote, halt, or suppress the inflammatory
processes 081019 1t has been speculated that several ILs
might potentially play a role in developing aortic aneurysms.
The potentially beneficial effects of genetic and pharmacological
inhibition of ILs on the progression of aortic dilatation have
been studied in the literature®. However, some of these studies
have failed to demonstrate any prominent relationship between
these ILs and aortic aneurysm formation in animal and human
studies, whereas others reported controversial results!'>. On
the other hand, the relationship between ILs and arterial
aneurysms has been demonstrated in animal studies. In
contrast, the relevant human studies were contradictory and
could not reveal any positive potential effect of ILs". In
addition, most of the experimental and clinical studies were
related to the inflammatory changes in abdominal aortic
aneurysms. Only a few were about non-familial thoracic
ascending aneurysms''®!”), necessitating further studies to be
conducted in order to clarify the regulatory function of the ILs
with pro-inflammatory activity and the effect of the anti-
inflammatory treatment strategies based on ILs'®).

This study was carried out to evaluate the serum levels of
ILs,i.e., IL-4,IL-10, IL-17A, and IL-22, in patients with non-
familial thoracic ascending aortic aneurysms in comparison

with healthy control subjects, considering the limited number
of studies about the impact of ILs with anti-inflammatory and
pro-inflammatory properties on the development of the thoracic
aneurysms.

PATIENTS and METHODS

Study Design

The population of this prospective study consisted of all
consecutive patients with sporadic ascending aortic aneurysms
who underwent thoracic aortic aneurysm repair between
November 2019 and September 2022. The study protocol was
approved by the local ethics committee (Approval date,
Number: 08.05.2022 & E-10420511-050-14513). The study
was carried out in accordance with the principles outlined in
the Declaration of Helsinki. Written informed consent was
obtained from all participants.

Population and Sample

Among the consecutive patients who underwent thoracic
aortic aneurysm repair, the ones with non-familial sporadic
thoracic aortic aneurysms diagnosed using transthoracic
echocardiography (ECHO), computed tomography (CT), or
magnetic resonance imaging (MRI), and an aortic diameter
larger than 55 mm, which indicated surgical repair, were
included in the study(lg). On the other hand, patients with
familial and syndromic forms and autoimmune connective
tissue disorders associated with aortic dilatation/aneurysm,
active cancer, and an aortic diameter <55 mm were excluded
from the study. In the end, 29 patients with sporadic ascending
aortic aneurysms who underwent surgical repair were included
in the patient group. The median diameters of the tubular
ascending aorta at 2 cm above the sinotubular junction and the
level of sinuses of Valsalva in the patient group were 51.0 mm
(range 37.0-62.0) and 42.0 mm (range 32.0-60.0),

respectively®?.

In addition, 19 healthy voluntary participants without a
dilatation/aneurysm of the thoracic ascending aorta were
included in the control group. The median diameter of the
tubular ascending aorta in the control group was 32.4 mm
(range 27.3-36.2).

Interventions

Transthoracic ECHO and CT&MRI were performed in all
patients and healthy control subjects by an echocardiographer

with at least 12 years of ECHO experience and a radiologist
with 30 years of CT&MRI experience, respectively. Fasting
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blood samples were taken from the patients in the last 48 hours
before the surgical treatment for laboratory investigations. The
serum samples were stored for immunological parameters per
standard procedures at -80 °C until analysis. The IL
measurements described in the literature used the techniques
described in the literature®®. The LEGENDplex™ Custom
Human T Helper Cytokine Panel (version 2, ID: 741028,
BioLegend, USA) was used to quantify the ILs simultaneously.

Variables

Demographic characteristics (age, gender, weight, and
height) and laboratory characteristics [hemoglobin, neutrophil-
to-lymphocyte ratio (NLR), creatinine, glycated hemoglobin
(HbAlc), high-density lipoprotein (HDL), low-density
lipoprotein (LDL), triglycerides, e-glomerular filtration rate
(eGFR), and C-reactive protein (CRP)] were prospectively
determined during the last admission before the surgical
treatment and recorded into a predesigned worksheet. Body
mass index (BMI) was calculated by dividing the weight in
kilograms by the square of height in meters (kg/m?). The
patients’ diameters were determined during the last ECHO
examination and recorded for the ascending aorta (in cm) and
the sinus of Valsalva, along with the ejection fraction (%). The
ILs investigated within the scope of the study were IL-4,IL-10,
IL-17A, and IL-22.

Statistical Analysis

The descriptive statistics obtained from the collected data
were expressed as mean + standard deviation values in the case
of continuous variables with normal distribution, as median
with minimum-maximum values in the case of continuous
variables without normal distribution, and as numbers and
percentages in the case of categorical variables. The Shapiro-
Wilk, Kolmogorov-Smirnov, and Anderson-Darling tests were
used to analyze the normal distribution characteristics of the
numerical variables.

Pearson’s Chi-squared and Fisher’s exact tests were used to
compare the differences between categorical variables in 2 x 2
tables.

The Mann-Whitney U test was used to compare two
independent groups where numerical variables had no normal
distribution.

Spearman’s rho correlation coefficients were calculated to
analyze the relationships between numerical variables without
normal distribution.

Univariate and multivariate logistic regression analyses
determined the independent risk factors for sporadic thoracic
aortic aneurysm development. Statistically significant and
clinically essential factors in the univariate analysis were
included in the multivariate analysis.

The receiver operating characteristic (ROC) analysis using
the DeLong method with the Youden index was used to
determine the optimal cut-off values of NLR, IL-10, IL-17A,
and IL-4 in predicting sporadic thoracic aortic aneurysm
development. The area under the curve (AUC) values and the
corresponding 95% confidence interval (CI) values were
calculated.

Jamovi project 2.3.24.0 (Jamovi, version 2.3.24.0, 2023,
retrieved from https://www.jamovi.org) and JASP 0.17.1
(Jeffreys’” Amazing Statistics Program, version 0.17.1, 2023,
retrieved from https://jasp-stats.org) software packages were
used in the statistical analyses. The probability (p) statistics of
<0.05 indicated statistical significance.

RESULTS

The patient group was significantly older than the control
group (p=0.042). There was no significant difference between
the groups in gender and BMI values (p> 0.05) (Table 1).

Table 1. Comparison of the study and control groups in terms of demographic characteristics and clinical/laboratory findings

Patient Group

Control Group

(n= 29)

(n=19) p

Age (year) # 62.0 (20.0-76.0)

Sex ##
Female 8 (27.6)
Male 21(72.4)

Body mass index (kg/m2) # 27.0 (20.5-41.5)

Obesity (=30 kg/m?), yes ## 9 (31.0)

45.0 (19.0-81.0) 0.042%*
10 (52.6) 0.148%%*
9(474)

26.0 (24.0-32.0) 0.315%
3(15.8) 0.316%*

##: 1 (%), #: median (min-max)
*: Mann-Whitney U test.
*%; Pearson Chi-square/Fisher’s exact test.
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Table 2. Laboratory parameters of the groups

Patient group (n= 29)

Hemoglobin, (g/dL) # 14.2 (9.9-16.1)
56 (50-6.9)

45.0 (30.0-119.0)

HbAlc (%) #

HDL (mg/dL) #
LDL (mg/dL) # 120.0 (40.0-168.0)
Triglycerides (mg/dL) # 112.0 (54.0-337.0)
CRP (mg/dL) # 0.3 (0.0-9.7)
Creatinine (mg/dL) # 0.9 (0.4-1.6)

eGFR (ml/min/1.73 m?) # 95.4 (40.9-121.0)

Neutrophil/lymphocyte ratio# 2.2(1.2-5.0)
Serum interleukin levels
IL-10 (pg/mL) # 1.7 (1.5-2.1)
IL-17A (pg/mL) # 0.1 (0.1-0.2)
IL-4 (pg/mL) # 1.7 (14-3.5)
IL-22 (pg/mL) # 22 (1.4-4.7)

Control group (n=19) p*

143 (10.9-17.3) 0.555
55(53-6.3) 0.345
61.0 (38.0-89.0) 0.010
132.0 (61.0-195.0) 0.129
76.0 (42.0-223.0) 0.054
0.1 (0.0-1.3) 0.004
0.8 (0.6-1.3) 0916
88.0 (65.0-127.0) 0.712
1.8 (09-3.2) 0.031
2.0 (1.6-3.8) 0.001
0.2 (0.1-0.3) <0.001
2.2 (1.7-7.8) <0.001
2.5(1.5-63) 0.092

#: Median (min-max)
*: Mann-Whitney U test.

HbAlc: Glycosylated hemoglobin, HDL: High density lipoprotein, LDL: Low density lipoprotein, CRP: C-reactive protein, eGFR: Estimated glomerular filtration rate,

IL: Interleukin.

The median ejection fraction was higher, yet not
significantly, in the control group than in the patient group
(62.0% vs. 60.0%) (p=0.121).

The distribution of the laboratory characteristics by the
groups is shown in Table 2. The groups had significant
differences in HDL and CRP levels and NLR values. The median
HDL values were higher in the patient group (61.0 mg/dL) than
in the control group (45.0 mg/dL) (p= 0.010). For the patient
group, the median CRP values were measured at 0.3 mg/d,
whereas 0.1 mg/dL in the control group (p= 0.004). The patient
group had significantly higher NLR values than the control
group (for median NLR, 2.2 vs. 1.8) (p=0.031) (Table 2).

The median IL-10 levels were significantly lower in the
patient group than in the control group (1.7 pg/mL vs 2.0

pg/mL) (p= 0.001). The patient group had significantly lower
median values of IL-17A (0.1 pg/mL vs. 0.2 pg/mL, p< 0.001)
and IL-4 (1.7 pg/mL vs. 2.2 pg/mL, p< 0.001) than the control
group. On the other hand, there was no significant difference
between the groups in IL-22 levels (2.2 pg/mL vs. 2.5 pg/mL9.
p=0.292).

In predicting the development of sporadic ascending
thoracic aneurysms, the ROC curve analysis revealed that
optimal cut-off values of NLR, IL-10, IL-17A, and IL-4 were
>1.95 (65.52% for sensitivity, 78.95% for specificity), <1.99
pg/mL (96.15% for sensitivity, 52.63% for specificity), <0.16
pg/mL (86.21% for sensitivity, 89.47% for specificity), and
<1.92 pg/mL (79.31% for sensitivity, 88.24% for specificity),
respectively (Table 3) (Figure 1). IL-17A had the highest AUC

Table 3. The receiver operating characteristics (ROC) curve analysis of the demographic and interleukin levels in predicting development of

sporadic ascending aortic aneurysms

AUC Sensitivity Specificity Cut off 95% CI P
Neutrophil/lymphocyte ratio 0.686 65.52 78.95 >1.95 0.536-0.812 0.018
IL-10 (pg/mL) 0.803 96.15 52.63 <1.99 0.657-0.906 <0.001
IL-17A (pg/mL) 0.885 86.21 89.47 <0.16 0.760-0.959 <0.001
IL-4 (pg/mL) 0.862 79.31 88.24 <1.92 0.728-0.946 <0.001

AUC: Ara under the curve, CI: Confidence interval, IL: interleukin.
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Figure 1. The receiver operating characteristics (ROC) curve analysis of ILs in predicting the develop-
ment of sporadic ascending aortic aneurysms.

value (AUC=0.085, 95% CI=0.760-0.959, p< 0.001). IL/17A The results of the univariate and multivariate regression
values of <0.16 pg/mL predicted sporadic ascending aortic analyses on the predictive powers of the variables in predicting
aneurysms with 86.21% sensitivity and 89.47% specificity. the development of sporadic ascending aortic aneurysms are

shown in Table 4. Based on the multivariate analysis, there was

Table 4. Univariate and multivariate regression analysis in predicting the development of sporadic ascending aortic aneurysms

Univariate Multivariate

OR (95% CI) p OR (95% CI) P
Age (year) 1.05 (1.01-1.10) 0.034 1.04 (0.96-1.13) 0.294
Sex
Male vs. Female 2.92 (0.88-10.19) 0.084 - -
Obesity
=30 vs. <30 2.40 (0.60-12.18) 0.241 -- -
Neutrophil/lymphocyte
>1.95 vs. <1.95 7.12 (2.00-30.60) 0.004 2.48 (0.30-20.82) 0.403
IL-10 (pg/mL)
>1.99 vs. <1.99 27.78 (4.43-548.29) 0.003 9.46 (0.37-244.59) 0.176
IL-17A (pg/mL)
>0.16 vs. <0.16 53.12 (10.54-436.53) <0.001 3.70 (0.25-53.87) 0.338
IL-4 (pg/mL)
>1.92 vs. <1.92 28.75 (6.09-219.07) <0.001 14.67 (0.70-305.23) 0.083

OR: Odds ratio, CI: Confidence interval, IL: Interleukin.
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no independent risk factor in predicting the development of
sporadic ascending aortic aneurysms.

There was no significant correlation between ILs and
the aneurysm diameter (p> 0.05). Nevertheless, there were
moderate correlations between IL-10 and IL-17A (r=0.409, p=
0.038), IL-10 and IL-22 (r= 0.464, p=0.017), and IL-17A and
IL-4 (r=0.496, p=0.006) levels.

DISCUSSION

The study indicated that serum IL-10, IL-17A, and IL-4
levels were significantly lower in patients with sporadic
ascending aortic aneurysms larger than 55 mm. Even though
IL-22 did not significantly differ between the patient and
control groups, the significant correlations between IL-10,
IL-17A, and IL-4 might indicate a compensatory anti-
inflammatory status.

Previous studies reported that aortic injury, either
aneurysms and/or dissection, usually lead to altered expressions
and changed epigenetic regulations of several ILs, including
IL-4, IL-6, IL-17, and IL-10-19-161721-29) Nevertheless, there
were notable, controversial findings related to the IL families
and their increased or decreased levels in various clinical
presentations of aortic aneurysms®'?¥. We also detected that
the number of studies focusing on sporadic aortic aneurysms
was limited.

Malm et al. detected significantly higher IL-10 levels in
patients with abdominal aortic aneurysms than in healthy
control subjects!”. Other studies reported conflicting outcomes
on the plasma and tissue extract levels of IL-1032%, Besides,
some studies reported lower levels of anti-inflammatory ILs,
including IL-10, in patients with ruptured aortic aneurysms®?.
As in this study, Liao et al. detected significantly lower IL6,
IL10, and IL17A levels in patients with abdominal aortic
aneurysms®®. They also showed that IL10 was significantly
correlated with aneurysm development and growth rate in the
positive direction®. In sum, the exact role of IL-10, as an
anti-inflammatory cytokine, in human aortic aneurysmatic
pathologies remains obscure. Furthermore, the positive
correlations found between some of the ILs analyzed in the
study might suggest complex relationships between pro-
inflammatory and anti-inflammatory cytokines. Counter
relations between anti-inflammatory and pro-inflammatory ILs
and the potentially compensatory roles of some of the ILs
might lead to such controversies.

The impact of pro-inflammatory ILs, such as IL-6, IL-22,
and IL-17-A, on developing aortic aneurysms has been
investigated. Elevated serum levels of pro-inflammatory
cytokines have been associated with aortic aneurysms®*-0,
Dawson et al. found elevated IL-6 levels within the aorta of the

patients with abdominal and thoracic aortic aneurysms who
underwent endovascular aneurysm repair®. In one
experimental animal model, the authors reported a critical role
of IL-17 in promoting inflammation during abdominal aortic
aneurysm formation®”. Ye et al. showed significantly higher
levels of IL-22 and IL-6 in patients with acute thoracic aortic
dissection than those without dissection®". They concluded
that IL-22 might be a prognostic factor for the acute presentation
of thoracic aortic aneurysms. The findings of this study
contradicted the previously drawn conclusions. We found
lower levels of IL-17A in patients with sporadic ascending
aortic aneurysms. Besides, there were no significant differences
in IL-22 levels between the patient and control groups. The
compensatory mechanisms between anti-inflammatory and
pro-inflammatory ILs might be essential during the development
of aortic aneurysms.

The impact of ILs on aneurysm size, morphology, and
growth rates has been addressed in the literature. Ahmad et al.
found no significant relationship between IL-lo and the
features of infrarenal abdominal aortic aneurysms®. Liao et al.
found a weak and negative correlation between IL10 levels and
maximal aortic diameters and a positive correlation between
IL-17A levels and the maximal cross-sectional area of the
aneurysms of 476 aortic aneurysm patients®®. In comparison,
no significant correlation was found in this study between the
ILs, i.e., IL-4, IL-10, IL-17-A, and IL-22, and the diameter of
the ascending thoracic aneurysms. Further large-scale studies
are needed to establish the potential benefits of ILs in
monitoring disease activity.

Despite the challenges in obtaining reliable data from
animal models for human studies evaluating aortic aneurysms,
several experimental studies that aimed to enhance anti-
inflammatory and dampen pro-inflammatory pathways have
been performed. In one of these studies, Adam et al. reported a
reduction in the rates of aortic dissection when they transfected
an IL-10 transcribing nonimmunogenic minicircle vector in a
mouse model®. They speculated that the augmentation of
systemic IL-10 expression and corresponding plasma levels
led to significant reductions in the aneurysm size. IL-19,1L-32,
and IL-38 were other ILs studied experimentally featuring the
suppression of abdominal aortic aneurysm formation!*!1>).
IL-6 infusion animal models featuring the initiation of
macrophage accumulation and aortic dilatation and IL-la
disruption leading to more giant aneurysms were also
performed®!D. IL-22 is another cytokine that reportedly
increased in patients with aortic dissection®”. In parallel,
Wang et al. demonstrated the inhibition of aortic dissection via
IL-22 deficiency in an experimental abdominal aortic aneurysm
model'?. In contrast, the findings of this study did not support
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the impact of IL-22 on aneurysm formation. Nevertheless,
future studies may reveal the potential benefits of these
molecules in preventing aortic aneurysms and prolonging the
time between diagnosis and the need for interventions.

The small sample size was the primary limitation of this
study. On the other hand, it was essential to include only the
patients with sporadic ascending thoracic aneurysms larger
than 55 mm in the study to ensure the homogeneity of the
sample. The age differences between the groups might be a
confounding factor impacting the IL levels.

In conclusion, it was determined that the serum IL-10,
IL-17A, and IL-4 levels were decreased in patients with
sporadic ascending thoracic aortic aneurysms larger than 55
mm. The reduced levels of these ILs might be associated with
the development of aortic aneurysms in the thoracic part of the
aorta. The cytokine correlations indicate a compensatory
mechanism associated with aortic aneurysm formation. Future
studies are needed to further analyze the cause-and-effect
relationships in the context of the development of sporadic
thoracic ascending aortic aneurysms.
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ABSTRACT

Introduction: Upper respiratory tract infections (URTI) are common medical problems in athletes. Many
athletes with URTI continue to train at high-levels and even compete. Using a mask as an additional measure
may be beneficial to prevent the spreading of infection among teammates. However, there are many concerns
about the effects of mask use on exercise safety and performance. Although some studies have investigated
the effects of masks on performance in healthy individuals, studies in athletes are even more limited. Thus, we
aimed to evaluate the impact of surgical masks on performance and safety during a cardiorespiratory exercise
test (CPET) test applied to both athletes and non-athletes.

Patients and Methods: A cross-over, non-randomized study was designed. The study was conducted in two
phases. In phase 1, the CPET was performed without using a surgical mask. In phase 2, CPET was performed
with a surgical mask in addition to the spiro mask 48 hours after the first test. Thirty participants aged 18-35
were included in the study. They were further divided as athletes (n= 17) and non-athletes (n= 13) subgroups.

Results: Significant decreases were observed in some parameters of submaximal exercise [VEan, BFan, VE/
VOZ, VE/VCO2 (p< 0.001)] and in maximal exercise [VEmax, BFmax, TVmax, VE/VOZ, VE/VCO2 (p<
0.001)]. There were also significant decreases in VO, levels (VO,an, VO,max) when compared with and with-
out a surgical mask in both submaximal and maximal exercise (p< 0.001). Additionally, PETO, decreased,
and PETCO, increased in maximum exercise (p< 0.001), whereas no significant changes were detected at
the submaximal level. In subgroup analysis, VEan, VEmax, VOzan, VOzmax parameters were decreased in
athletes compared to non-athletes in surgical masked tests.

Conclusion: Surgical masks for athletes and non-athletes decrease performance but have no detrimental effect
on cardiorespiratory parameters. Athletes should be aware of this negative effect when high-level performance
is demanded.

Key Words: Mask; oxygen consumption; exercise; athlete

Sporcu ve Sporcu Olmayan Bireylerde Maske ile Egzersiz Yapmak Giivenlidir
Ancak Performansi Diisiiriir

OZET

Giris: Ust solunum yolu enfeksiyonlar: (USYE) sporcularda ¢ok yaygin gériilen tibbi problemler arasinda yer
alir. USYE gecirmekte olan sporcularin birgogu yiiksek seviyelerde antrenman yapmaya ve hatta yarigmaya
devam etmektedir. Hijyen prosediirlerine ek bir 6nlem olarak maske kullanilmasi, enfeksiyonun takim iginde
yayilmasini 6nlemek icin faydali olabilir. Ancak maske kullaniminin egzersiz giivenligi ve performansi iize-
rindeki sonuglar1 hakkinda ¢esitli tartigmalar vardir. Her ne kadar maske kullaniminin saghikl bireylerin eg-
zersiz performans iizerine etkileri ile ilgili ¢caligmalar olsa da sporcularda yapilan ¢alismalar kisitlidir. Bu ne-
denle bu ¢alismada hem sporcu hem de sporcu olmayan bireylere uygulanan kardiyorespiratuvar egzersiz testi
(KPET) sirasinda, cerrahi maskelerin performans ve giivenlik iizerindeki etkisini degerlendirmeyi amagladik.

Hastalar ve Yontem: Capraz, kontrollii bir ¢aligma tasarlandi. Calisma iki fazda gerceklestirildi. Faz 1’de
KPET (kardiyopulmoner egzersiz testi) katilimcilara cerrahi maske kullanilmadan yapildi. Faz 2°de katilim-
cilara ilk testten 48 saat sonra spiro maskesine cerrahi maske takilmak suretiyle KPET yapildi. Calismaya
18-35 yas aras1 30 katilimci dahil edildi. Katilimeilar sporcu (n= 17) ve sporcu olmayan (n= 13) seklinde iki
alt gruba ayrildr.
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Bulgular: Submaksimal egzersizin bazi parametrelerinde [VEan, BFan, VE/VOZ, VE/VCO2 (p< 0.001)] ve maksimal egzersiz parametrelerinde [VEmax,
BFmax, TVmax, VE/VO,, VE/VCO, anlaml diisiis gozlendi (p< 0.001)]. Hem submaksimal hem de maksimal egzersizde cerrahi maskeli ve maskesiz de-
gerler kargilagtinldiginda VO, seviyelerinde de (VO,an, VO,max) anlamli diisiis goriildii (p< 0.001). Ayrica maksimum egzersizde PETO, azalip PETCO,
artarken (p< 0.001), submaksimal diizeyde anlamli bir degisiklik saptanmadi. Alt grup analizinde VEan, VEmax, VO,an, VO,max parametreleri maskeli

testlerde sporcu olmayanlara gore sporcularda azalmigti.

Sonug: Sporcular ve sporcu olmayanlar i¢in cerrahi maske performansi disiiriir ancak kardiyorespiratuvar parametreler iizerinde zararl bir etkisi yoktur.
Sporcular ve antrenérler, iist diizey performans talep edildiginde bu olumsuz etkinin farkinda olmalidir.

Anahtar Kelimeler: Maske; oksijen tiiketimi; egzersiz; sporcu

INTRODUCTION

Upper respiratory tract infections (URTI) are very common
medical problems in athletes and cause the highest illness
burden among professional football players!?. It was also
shown that intense exercise required for competitive sports is
linked to a threefold increase in upper respiratory tract
infections®. Illnesses not only affect the health of athletes but
also impair their ability to train and compete. Prevention
strategies for illnesses, in addition to injuries in sports, are
critical for reducing athletes’ absence from training and
competitions. In the context of upper respiratory tract
infections, in addition to measures like regular handwashing
and maintaining distance between athletes and the team, it is
crucial to control droplets when speaking, coughing, and
sneezing. Obviously, preventing the spread of any upper
respiratory tract infection within the team is the key factor in
reducing the absence time for all athletes. However, maintaining
distance between an athlete with URTT and their teammates in
a team environment can be challenging due to the contact
nature of some sports, travel requirements, and the natural
tendency of young athletes to socialize with their teammates®.
On the other hand, given that many athletes with URTIs
continue to train at high levels and even compete, using masks
could be a significant measure to prevent the transmission of
the infection to teammates. A mask blocks the spread of
aerosols and protects healthy athletes when speaking, sneezing,

or coughing®®.

However, many hypotheses about the effects of using a
mask during exercise have been put forward. One of these
hypotheses is that respiratory air trapping and rebreathing of
carbon dioxide may lead to hypercapnic hypoxia, especially
during high-intensity exercise. Another is that the mask will
increase the respiratory workload by creating resistance during
breathing'”. How the use of masks affects exercise performance
is another question, especially in the minds of athletes.
Because athletes have expressed worries about their physiologic
performance while wearing a face mask, as anything that
covers the mouth and/or nose can theoretically increase the
resistive work of breathing®.

To date, some studies have investigated the effects of
masks on physiological and physical performance in healthy
individuals. Studies in the athlete population are even more
limited.

Therefore, our study aimed to examine the impact of
surgical masks on maximal and submaximal exercise using the
cardiopulmonary exercise test (CPET) applied to both athletic
and non-athletic individuals. In this context, we primarily
evaluated the following parameters: maximum oxygen
consumption (VOzmax), exercise test duration, maximum
heart rate (HRmax), maximum minute ventilation (VEmax),
and end-tidal carbon dioxide pressure (pETCO,).

PATIENTS and METHODS

General Design

A non-randomized, cross-over study was conducted in two
phases. In phase 1, the CPET was performed without using a
surgical mask. In phase 2, CPET was performed with a surgical
mask in addition to the spiro mask 48 hours after the first test.
The participants were asked not to consume caffeine and
alcohol, to avoid strenuous physical activity, and to have at
least 6-8 hours of night sleep before the tests.

Participants

The study included 30 participants, aged 18-35, without
any health problems related to cardiopulmonary, orthopedic, or
neurological systems. They were further divided into athletic
(n=17) and non-athletic physically active (n= 13) subgroups,
according to their sport activity level. All participants
underwent a detailed physical examination before enrolment in
the study. The demographics of the participants were recorded.

Ethical Approval

Participants provided written informed consent prior to the
study. The study was registered at ClinicalTrials.gov
(NCT05282472,15.03.22).

This study was performed in line with the principles of the
Declaration of Helsinki. Approval was granted by the Ethics
Committee of Istanbul University, Istanbul Faculty of
Medicine (File no: 2021/659).
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Figure 1. Fitting of mask.

Cardiopulmonary Exercise Test (CPET)
Surgical Mask and CPET Mask Compatibility

The metabolic test device was first put on the mask
(Rudolph Mask 2 way 7910) during the test. Participants were
instructed to exhale forcefully, and the presence of an air leak
was subsequently assessed. Following this, a 3-layer surgical
mask (UNL mask, Tiirkiye) was applied over the original mask
and secured using a CPET turbine (Figure 1).

CPET Test Protocol

The resting arterial blood pressure, heart rate, oxygen
saturation (SpOz) (EDAN Vital Sings Monitor M3A, Edan
Instruments, China), and electrocardiography (ECG)
measurements were performed. CPETs were carried out using
the Q 5000 (Quinton 5000, USA) stress test system and the
ergospirometric test system (Metalyzer 3B system, Metasoft
2.7 software, Cortex, Germany) on the Quinton 65 treadmill.
O, and CO, gases were analyzed with the breath by breath
method during the test, and O, consumption (VO,) and CO,
production (VC02) values were determined.

Bruce protocol was used and blood pressure, SpO, and
ECG were monitored throughout the test. The test was
terminated when the participants reached the maximum
exercise level.

The criteria for reaching the maximum included:
1) A respiratory exchange ratio (RER) value above 1.10,

2) The age-related target heart rate reaching + 10 beats per
minute, or

3) A plateau in VO,. Participants who met two of these
three criteria were considered to have reached their maximum®.
Active recovery was performed with a three-minute walk after
the test was terminated. The highest VO, value analyzed
within the 15-second period in the maximum phase of CPET
was considered VO, max.

Descriptive and Outcome Data

The values for heart rate (HR), target heart rate percent
(HRpred%), systolic blood pressure (SBP)-diastolic blood
pressure (DBP), oxygen consumption (VOZ), RER value,
minute ventilation (VE), ventilation/carbon dioxide curve (VE/
VCO, slope), ventilation/oxygen curve (VE/VO, slope), oxygen
pulse (VO,/HR), respiratory frequency (BF), tidal volume (TV),
end-tidal oxygen pressure (pETO,) and end-tidal carbon dioxide
pressure (PETCO,) for anaerobic threshold and maximum level
were recorded during the CPET. The anaerobic threshold was
calculated using the V-slope method (slope of the linear
relationship between VCO, and VOZ)(IO).

Data Analysis

Data were analyzed using SPSS 26 package software. The
mean and standard deviation were calculated for the numerical
data; nominal and original data were expressed as numbers and
percentage distributions. The distribution of normality was
tested using the Kolmogorov-Smirnov test. According to the
result, the analysis of dependent groups before and after was
performed with the paired sample t-test. p-value of <0.05 was
considered significant. The differences between the subgroups
of physically active individuals and athletes were revealed by
the Linear Model Anova review.

RESULTS

Atotal of 30 people were included in the study. 50% (n= 15)
of the participants were women, 56.7% (n= 17) were athletes.
The mean + Std age of all participants was 23.1 + 3.5, height
174.5 + 8.68 cm, weight 68.4 + 10.2 kg, and BMI 22.46 +2.72.
The demographics of the participants are given in Table 1.

There were no significant differences in the following
CPET parameters; HRrest (p= 0.64), HRan (p= 0.69), HRmax
(p= 0.95), HRmax/HRpred% (p= 0.84), HRrec (p= 0.96),
SBPrest (p= 0.27), SBPmax (p= 0.45), SBPrec (p= 0.92),
DBPrest (p=0.10), DBPmax (p= 0.54) and DBPrec (p=0.21),
when comparing the tests with and without surgical masks in
the study group (Table 2).
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Table 1. Demographic features of participants

Demographic Information n (%) Demographic Information Mean =+ Std
Gender Female 15 (50%) Age 23.1+35
Male 15 (50%) Height 1745 +8.7
Sports Participation Athlete 17 (56.7%) Weight 684 +10.2
Non-Athlete 13 (43.3%) BMI 225+27
AUC: Ara under the curve, CI: Confidence interval, IL: Interleukin.
Table 2. Results of the cardiopulmonary exercise test of volunteers with and without surgical masks
Measure Without Mask (Mean + Std) With Mask (Mean + Std)  Difference (95% CI) Effect Size P
VEan (L/min) 5441 + 18.86 46.71 = 14.26 4.08-11.32 2.86 <0.001
VEmax (L/min) 101.41 +29.84 8327 +£19.93 11.90-24.38 337 <0.001
BFan (/min) 3139844 28.36 =747 1.08-5.00 348 <0.001
BFmax (/min) 4447 + 8.66 40.78 +7.39 2.41-4.98 4.94 <0.001
TVan (L/min) 1.76 £ 0.54 1.72 £ 0.49 -0.08-0.17 0.33 048
TVmax (Lmin) 2.30 £0.58 207+043 0.12-0.35 0.85 <0.001
VO,an (ml/kg/min) 29.50 + 6.55 2627 £4.92 1.33-5.13 431 <0.001
VO,max (ml/kg/min) 42.07 = 8.84 38.03 £ 6.68 2.20-5.86 472 <0.001
RERmax 122+0.11 122 +0.11 -0.06-0.04 -0.55 0.72
VE/VO,an 2525+293 24.12+£2.82 0.25-2.01 7.61 0.01
VE/VO,max 33.88 +4.89 3098 £4.46 1.56-4.24 6.14 <0.001
VE/VCO,an 25.76 £3.01 2472 +2.88 0.22-1.86 7.66 0.01
VE/VCO,max 27.83 +3.09 2527 +2.79 1.83-3.29 7.31 <0.001
pETO,an (mmHg) 105.90 + 6.32 104.89 = 4.71 -0.45-2.47 18.49 0.17
pETO,max (mmHg) 115.55+4.92 112.96 +£5.54 1.18-4.00 20.50 <0.001
pETCO,an (mmHg) 42.58 £5.48 4335 +4.44 -1.94-0.39 8.39 0.18
pETCO,max (mmHg) 39.07 = 4.60 4231 +5.15 -4.33-2.14 7.88 <0.001
CPET duration (sec) 863.23 + 156.87 879.43 + 167.98 -36.46-4.06 539 0.11
HRrest (BPM) 82.53 £ 12.97 83.57 £ 13.55 -5.48-3.41 6.20 0.64
HRan (BPM) 157.03 £ 10.31 157.53 +11.40 -3.00-2.00 14.45 0.69
HRmax (BPM) 191.40 = 13.76 19127 +9.19 -3.97-4.24 16.35 0.95
HRmax/HRpredic % 97.33 +6.83 97.13 £4.97 -1.85-2.25 16.07 0.84
HRrec (BPM) 127.67 + 16.35 127.57 +17.81 -4.16-4.36 744 0.96
SBPrest (mm/Hg) 12293 + 13.03 120.53 + 16.21 -2.00-6.80 744 0.27
SBPmax (mm/Hg) 169.43 +20.63 166.53 + 18.33 -4.88-10.68 5.71 045
SBPrec (mm/Hg) 144.50 +20.97 144.83 +20.18 -7.49-6.82 6.08 0.92
DBPrest (mm/Hg) 68.77 £ 8.34 71.77 £ 10.10 -6.60-0.60 8.19 0.10
DBPmax (mm/Hg) 64.60 = 10.60 66.27 +11.93 -7.14-3.81 8.56 0.54
DBPrec (mm/Hg) 5937 £8.14 62.23 +11.19 -748-1.74 7.02 021

an: Anaerobic threshold, max: Maximum, VE: Minute ventilation, BF: Breath frequency, TV: Tidal volume, VO,: Oxygen consumption, VCO,: Carbon dioxide production,
RER: Respiratory exchange ratio, pET: End tidal pressure, CPET: Cardiopulmonary exercise test, Sec: Second, HR: Heart rate, pred: Predicted, rec: Recovery, BPM: Beat per
minute, SBP: Systolic blood pressure, DBP: Diastolic blood pressure.
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When the ventilation parameters were evaluated; significant
decreases were observed in Vean (p< 0.001), Vemax (p<
0.001), Bfan (p< 0.001), Bfmax (p< 0.001) and TVmax
(p<0.001) parameters during CPET tests performed with
surgical masks compared to CPET tests performed without a
surgical mask (Table 2). There was no significant difference in
the TVan (p= 0.48) parameter (Table 2).

The VO, values at both the anaerobic threshold and the
maximum exercise level during the CPET tests with a surgical
mask were significantly lower than those obtained during the
CPET tests without a surgical mask (p< 0.001 and p< 0.001,
respectively). However, no significant change was identified in
the CPET duration (p=0.11) (Table 2).

When the VE/VCO, slope and VE/VO, slope results
obtained from the CPET tests with surgical masks were
compared to CPET tests without surgical masks, significant
decreases were detected in both the anaerobic threshold level
(p=0.01 and p=0.01, respectively) and the maximum exercise
level (p< 0.001 and p< 0.001, respectively) (Table 2).

Considering the gas pressure parameters, there was a
significant decrease in pETO, at the maximum level (p<
0.001), but no significant difference was observed at the
anaerobic threshold of the CPET tests (p= 0.17) when
comparing tests conducted with surgical masks to those
without (Table 2). The pETCO, did not show a significant
change in the anaerobic threshold level (p= 0.18), in the same
way as pETO,. However, the pETCO, value increased
significantly at the maximum exercise level (p< 0.001), unlike
pETO, (Table 2).

When the subgroups were analyzed using Linear Model
Anova, it was revealed that VEan (p= 0.005), VEmax

(p=0.002), VOZan (p=0.001), VOzmax (p=0.001) (Figure 2)
parameters were decreased significantly after the use of
surgical masks in athletes compared to physically active non-
athletes. Also, it was observed that the alterations in the
maximal pETCO, values in the CPET tests with and without
masks were not significant between the subgroups (p= 0.282).

DISCUSSION

From a physiological standpoint, the level of oxygen
consumption (VOZ) results from the pulmonary, cardiovascular,
and hematological systems and the aerobic ATP production
capacity of the muscles. VO, max stands as the most prominent
indicator of aerobic capacity.

VO,max measurement is accepted as the gold standard in
the evaluation of the aerobic capacity of individuals, especially
athletes, and these measurements are performed with CPET.
These tests can be carried out for clinical purposes, not only for
healthy individuals such as athletes but also for those with
pathologies of respiratory and circulatory systems. In one
phase of our study, a 3-layer surgical mask was used during
CPET. This way, the effect of the mask on the aerobic capacity
and anaerobic threshold levels of individuals was determined.
In addition, other cardiopulmonary parameters monitored
during the test were also evaluated.

Alterations in Maximum Exercise Level

Our results showed that surgical masks used during CPET
significantly decreased VO, max, and VEmax values, while
significantly increasing pETCO,max, similar to some studies
in the literature (Table 2)7. Alkan et al. reported a decrease in
VO,max as a performance output when a surgical mask is used
during maximal exercise in both young and older adult

VOzmax

48
46
44
42
40
38

36

32

30
Without Mask

With Mask

= Athletic === Non-Athletic

Figure 2. Maximum O, consumed per kg per minute (VO, max/kg) results of comparison of athletic and physi-

cally active non-athletic individuals; *p=0.001.
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groups''). Similar results were obtained in later studies, and
two hypotheses were proposed. The first is the increase in
airway resistance and, accordingly, the ventilatory workload
due to the structure of the surgical mask. The other is that it
traps a certain level of the exhaled air on the face area covered

by the surgical mask, and CO
(7.9)

, can be re-inspired, causing

hypercapnic hypoxia Another study by Driver et al.
reported that using cloth masks decreased VO, max, VEmax as
well as exercise duration and HRmax. Even though no direct
association with the cardiovascular system has been reported
in this study, due to the decrease in pulmonary function and

mask discomfort, the exercise had to be terminated early(m.

Shaw et al. claimed that the spirometer mask placed
separately on the surgical mask causes the surgical mask to
stick to the face and eventually impairs its external permeability.
They claimed that this situation might cause discomfort.
Although they did not perform any ergospirometric evaluation
or gas analysis, the same researchers reported that the use of
surgical masks and cloth masks did not cause any significant
changes in parameters such as exercise time, HRmax, SpOz,
and peak power!®.

On the other hand, Epstein et al. did not detect a significant
difference in tissue oxygenation parameters, but they found a
slight increase in pETCO, value. Despite this increase, they
stated that the use of surgical masks during exercise remains
safe('¥.

In our study, unlike the previous ones, we applied a 3-layer
surgical mask on the spirometer and fixed it with a CPET
turbine"*'¥. We believe that this method provides the
opportunity to evaluate gas exchange in conditions similar to
surgical masks in daily life.

In our findings,

1) There was no statistically significant difference between
CPET durations with and without a surgical mask,

2) None of the participants wished to terminate the test due
to ventilation-related difficulties,

3) In terms of cardiovascular parameters, our results were
in line with the studies conducted by Epstein and Shaw, which
did not involve the use of a spirometry mask (Table 2).

However, the detection of a decrease in VO,max during
CPET performed with a surgical mask in our study suggests
that masking individuals during maximal exercise may cause a
reduction in their exercise capacity and performance. This
finding distinguishes our study from the two studies above that

did not directly assess aerobic capacity!319.

Alterations in Submaximal Exercise (Anaerobic
Threshold) Level

The anaerobic threshold level is a frequently used marker
for exercise prescribing, especially in endurance sports.
Determination of the anaerobic threshold provides the
opportunity to evaluate the metabolic response to exercise
directly. It reveals the intensity of an exercise to be planned
more reliably and more personalized than the calculations
made on the VO,max and HRmax percentages!.

An exercise performed at the anaerobic threshold level is
known as submaximal exercise. In a typical aerobic exercise
session, activity is mostly performed at submaximal intensity.
For this reason, it is crucial to know whether using a surgical
mask during this type of exercise affects the anaerobic threshold
level and cardiopulmonary parameters during exercise.

Many studies in the literature evaluate the effects of the
mask during submaximal exercise. Lissing et al. stated that
using a surgical mask during submaximal exercise, similar to
maximal exercise, causes an increase in airway resistance and
a decrease in maximum oxygen consumption, but no difference
in endurance performance and perceived stress was observed'®).
On the other hand, Bar-on et al. stated that brisk walking with
a mask for five minutes causes a significant increase in
pETCO, and a slight decrease in oxygen saturation and that the
situation may have clinical significance in the elderly and
comorbid populations during longer exercise periods'!”.

Studies evaluating the effect of surgical mask use on the
anaerobic threshold and parameters during the anaerobic
threshold are limited. Egger et al., by using a bicycle ergometer
in their study, found that with well-trained athletes, the use of
surgical masks did not change the anaerobic threshold and
exercise parameters during the anaerobic threshold!®.

In our study, although changes were observed in ventilation
parameters at the maximum exercise level, no significant
change was found in pETCO, at the anaerobic threshold level.
In line with these findings, we can say that possible
re-inspiration of exhaled CO, during a submaximal exercise
with a mask may not cause additional metabolic load.

In light of these findings, we think that submaximal
exercise can be performed safely with a mask in crowded open
areas such as parks and in closed areas such as gyms where the
risk of URTI transmission is higher. In the medical literature
thus far, we have not come across any study that reports the
pETCO, value at the anaerobic threshold level during exercise
with a surgical mask.
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Differences Between the Sub-Groups

The results of both subgroups showed similar alterations in
the evaluated parameters, but these changes were statistically
significant in the athlete group.

Most of the studies we encountered in the literature were
conducted with healthy and physically active volunteers!>!¥.
Egger et al. suggested that the exercise test can be terminated
early without complete physical exhaustion due to leg fatigue,
lack of motivation, and pain intolerance in poorly trained
individuals. They stated that the mask used by individuals in
this population might be less deformed %%,

They also observed that as the duration of exercise
increases in well-trained individuals, there is an increase in
sweating and mouth breathing. Furthermore, individuals can
achieve higher minute ventilation, which results in more water
vapor retention in the surgical mask, leading to deformation of
the mask. This effect may adversely affect the maximum
exercise performance by causing an increase in respiratory
resistance.

Based on these findings and our study results, we believe
that a surgical mask has a comparable impact during exercise
in individuals with varying physical activity levels, but it
appears to have a more pronounced effect on the performance
of athletes.

CONCLUSION

Our data has revealed that surgical masks have a detrimental
impact on CPET parameters at the maximum exercise level for
both athletes and physically active healthy individuals, but
they can still be considered safe. In this regard, athletes and
coaches should be mindful of this detrimental effect, especially
in situations where peak performance is crucial, such as
competitive sports and competitions. In accordance with the
findings, we believe that using surgical masks during
submaximal exercise does not impose an additional metabolic
burden and can be considered safe. We believe that wearing
masks while exercising in locations where there is a risk of
transmission will have no negative consequences for physically
active healthy people. In our opinion, using a surgical mask
may also be safe for individuals who have chronic diseases
such as diabetes, obesity, and hypertension and who exercise
regularly while performing a submaximal exercise. However,
further studies with relevant populations are needed to reveal
the effects of surgical mask use during exercise in individuals
with chronic diseases.
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Predictive Value of the Naples Score for In-
Hospital Mortality in Patients with ST-Elevation
Myocardial Infarction Undergoing Primary
Percutaneous Coronary Intervention

Ender Oner , Serkan Kahraman

Clinic of Cardiology, University of Health Sciences, Mehmet Akif Ersoy Thoracic and Cardiovascular
Surgery Hospital, Istanbul, Tiirkiye

ABSTRACT

Introduction: ST-segment elevation myocardial infarction (STEMI) is a significant contributor to mortality.
The identification of high-risk patients holds great importance for prognosis. The development of a scoring
system that incorporates both inflammatory and nutritional status components can provide valuable insights
into prognosis.

Patients and Methods: This is a retrospective observational study comprising 570 consecutive ST-elevation
myocardial infarction patients who underwent primary coronary intervention between 2018 and 2020. Patient
data were obtained from the electronic database of the hospital.

Results: The incidence of in-hospital mortality rate was 4.9%. The entire group was then divided into two
groups based on the presence of in-hospital mortality: 542 patients without in-hospital mortality constituted
group 1, while 28 patients with in-hospital mortality formed group 2. In the multivariate logistic regression
analysis, the Naples score was identified as an independent predictor of in-hospital mortality.

Conclusion: A higher Naples score is associated with increased in-hospital mortality in patients with ST-
elevation myocardial infarction who undergo primary coronary intervention.

Key Words: ST-elevation myocardial infarction; inflammation; mortality; risk scores

ST-Elevasyonlu Miyokard infarktiisii Nedeniyle Primelj Perkiitan Koroner
("}irigim Yapilan Hastalarda Naples Skorunun Hastane I¢i Mortaliteyi
Ongordiiriicii Degeri

OZET

Giris: ST segment elevasyonlu miyokard infarktiisii mortalitenin 6nemli bir nedenidir. Yiiksek riskli hastalari
tespit etmek prognoz icin ¢ok dnemlidir. Inflamasyon ve nutrisyonel durumu gosteren skorlama sistemleri
prognozu éngdrmede daha fazla bilgi saglayabilir.

Hastalar ve Yontem: 2018 ve 2020 yillari arasinda, ST elevasyonlu miyokard infarktiisii nedeniyle primer
perkiitan girisim yapilan ardisik 570 hasta retrospektif olarak incelendi. Hasta verileri hastanenin elektronik
veri tabanindan elde edildi.

Bulgular: Hastane i¢i mortalite insidans1 %4.9 idi. Ttim grup hastane i¢i mortalite olmasina gore ikiye ayrildi;
hastane ici mortalite olmayan 542 hasta grup 1 ve hastane i¢i mortalite olan 28 hasta grup 2 olarak adlandirildi.
Cok degiskenli lojistik regresyon analizinde Naples skoru hastane i¢i mortalitenin bagimsiz 6ngordiiriiciisii
olarak bulundu.

Cite this article as: Oner E, Kahraman
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Current scoring systems do not include inflammatory
markers and nutritional status, which play a critical role in the
prognosis of STEMI®.

The Naples score (NS) is amultidimensional ,comprehensive
prognostic evaluation system based on serum albumin levels,
serum cholesterol levels, neutrophil/lymphocyte ratio (NLR),
and lymphocyte/monocyte ratio (LMR)®. Preoperative NS
was first established as an independent prognostic factor for
colorectal cancer patients by Galizia et al®. This score can
assess both the inflammatory and nutritional status of patients.
Inflammation is a well-known risk factor for atherosclerosis'”.
Low serum albumin level is also a risk factor for coronary
artery disease®. The NS can be useful for a more comprehensive
risk assessment of STEMI patients. Subsequent studies
demonstrated the prognostic value of the NS in patients with
STEMI®?),

We aimed to investigate the prognostic impact of NS at
admission on in-hospital mortality among patients with STEMI
who underwent PCI.

PATIENTS and METHODS

We collected data from 570 consecutive STEMI patients
who underwent PCI between January 2018 and September
2020 for this retrospective observational analysis. Patients
with active cancer, active autoimmune disease, active
infections, and chronic renal disease requiring hemodialysis
and peritoneal dialysis were excluded. This study was
conducted in accordance with the principles outlined in the
Declaration of Helsinki. The ethics committee of our hospital

approved the study (Decision no: 2023-04-53, Date:
16.05.2023). Due to the study’s retrospective nature, written
informed consent from the patient was not required.

Definitions and Risk Factors

The diagnostic criteria for STEMI were as follows: typical
chest pain for more than 20 minutes and ST-segment elevation
in at least two contiguous leads with the following cut-off
points: =0.2 mV in men =40 years old; =0.25 mV in men <40
years old or =20.15 mV in women in leads V2 to V3 and/or =0.1
mV in the other leads as well as posterior (V7-V9) and right
derivations (V3R-V4R)!D.

Demographic and clinical parameters were recorded from
the hospital database. Biochemical analyses including complete
blood count, serum creatinine, serum albumin, total cholesterol
(TC), (HDL-C),
triglycerides (TG), and serum electrolyte levels were assessed.

high-density lipoprotein cholesterol
The blood samples were obtained at the time of hospital

admission to the emergency service.

Hypertension was defined as a systolic blood pressure of
>140 mmHg and/or diastolic blood pressure of >90 mmHg,
requiring antihypertensive medication. Diabetes mellitus (DM)
was defined as a fasting glucose level of =126 mg/dL or
receiving antidiabetic therapy. Coronary angiography was
performed via femoral or radial access within 90 minutes of
admission for each patient.

The NS was calculated using serum albumin and serum
total cholesterol levels, NLR, and LMR ratios as described in
Figure 1.

Variable Cut-off Points NS group

Albumin (g/L) >40) 0 Group 0: 0 points
<40 1

Total cholesterol (g/dL) >180 0 Group 1: 1 or 2 points
<180 1

NLR <2.96 0 Group 3: 3 or 4 points
<2.96 1

LMR >4.44 0
<4.44 1

Figure 1. Formulation of Naples score.

NLR: Neutrophil to lymphocyte ratio, LMR: Lymphocyte to monocyte ratio, NS: Naples score.
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Statistical Analyses

Statistical analysis was conducted using the computer
software Statistical Package for Social Sciences (IBM SPSS
Statistics for Windows, IBM Corp., Armonk, New York, USA).
Pearson Chi-square analysis was used for categorical variables.
Fitness to normal distribution was analyzed with the
Kolmogorov-Smirnov test. Mann-Whitney U test was
performed for variables without normal distribution and
Student’s t-test was used for the variables with normal
distribution. Data were expressed as “mean =+ standard
deviation (SD)” for normal distribution and “median (25%-75®
percentiles)” for abnormal distribution while “n (%)” for
categorical variables. Univariate and multivariate logistic
regression analyses were used for predicting in-hospital
mortality. A p-value of <0.05 was considered statistically
significant.

RESULTS

A total of 570 patients who were admitted with STEMI
undergoing primary PCI were retrospectively included in this
study. The incidence of in-hospital mortality rate was 4.9% (28
patients). The entire group was divided into two groups based
on the presence of in-hospital mortality: group 1 consisted of
542 patients without in-hospital mortality, and group 2 included
28 patients with in-hospital mortality. The baseline demographic
and clinical variables are demonstrated in Table 1. There were

no differences in terms of gender, smoking status, hypertension,
diabetes
obstructive pulmonary disease, ejection fraction, and culprit

mellitus, peripheral arterial disease, chronic
vessel between groups. However, the mean age was higher in

group 2 compared to group 1.

The laboratory parameters are demonstrated in Table 2.
There were no significant differences in high-density
cholesterol (HDL), glucose, C-reactive protein, alanine
aminotransferase, hemoglobin, leukocyte, neutrophil, and
thrombocyte between groups. The total cholesterol, low-
density lipoprotein cholesterol (LDL), triglyceride, and
lymphocyte levels were lower in group 2, while creatinine
level, and NS were higher in group 2. The incidence of patients
with higher (>2.96) NLR, lower (<4.44) LMR, lower (<180
mg/dL) total cholesterol, and lower (<4 g/dL) serum albumin
were also demonstrated in group 2 compared to group 1.
Additionally, the incidence of patients with NS 0 and 1 or 2
was lower in group 2 while the incidence of patients with NS
three or four was higher in group 2.

Logistic regression analysis was performed, and significant
variables identified in the univariate analysis were included in
the multiple logistic regression analysis to predict the
independent risk factors for in-hospital mortality. In the
multivariate logistic regression analysis, NS was identified as
an independent predictor of in-hospital mortality (Table 3).

Table 1. Baseline demographic and clinical variables of the study population

Patients without in-hospital

Patients with in-hospital

mortality (n= 542) mortality (n= 28) P

Age (years) 552112 598 105 0.034
Gender (female), n (%) 104 (19.2) 7(25.0) 0.449
Smoking, n (%) 260 (48.0) 11 (39.3) 0.370
Hypertension, n (%) 182 (33.6) 9(32.1) 0.875
Diabetes mellitus, n (%) 111 (20.5) 5(17.9) 0.737
Peripheral arterial disease, n (%) 19 (3.5) 0 (0) 0.378
Chronic obstructive pulmonary disease, n (%) 17 (3.1) 1(3.6) 0.602
Ejection fraction (%) 468 +9.8 481 +18 0.523
Culprit vessel, n (%)
LAD 285 (52.6) 12 (42.9)

0.550
CXA 84 (15.5) 6(214)
RCA 173 (31.9) 10 (35.7)

LAD: Left anterior descending, CXA: Circumflex artery, RCA: Right coronary artery.
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Table 2. Laboratory variables of the patients

Patients without in-hospital mortality Patients with in-hospital mortality
(n= 542) (n=28) p

Total cholesterol (mg/dL) 2022 435 158.1 £259 <0.001
LDL cholesterol (mg/dL) 123 + 38 85 +23 <0.001
HDL cholesterol (mg/dL) 39 (34-46) 43.5 (37.5-47) 0212
Triglyceride (mg/dL) 182 (120-260) 130.5 (100-200.5) 0.018
Creatinine (mg/dL) 0.84 (0.73-1.0) 0.93 (0.80-1.13) 0.048
Glucose (mg/dL) 135 (110-194) 145 (102-212) 0.736
ALT (U/L) 20 (15-29) 18 (14-29) 0.663
C-reactive protein (mg/dL) 3.83 (1.82-8.37) 4.77 (2.28-38.61) 0.100
Hemoglobin (g/dL) 1443 +1.81 14.08 + 1.90 0.329
Leukocyte x 10%/mm3 11.9 (9.6-14.0) 12.1 (10.3-1.43) 0.589
Lymphocyte (10°/L) 25(1.8-3.7) 1.8 (1.5-2.6) 0.002
Neutrophil (10%/L) 7.3 (5.5-10.0) 8.5 (6.5-10.6) 0.191
Thrombocyte x 10*/mm® 261 (222-318) 266.5 (234-312.5) 0.795
NAPLES score 1 (0-1) 3(2-3) <0.001
NLR, n (%)

=<2.96 (0 point) 293 (54.1) 5(17.9) <0.001

>2.96 (1 point) 249 (45.9) 23 (82.1)
LMR, n (%)

>4.44 (0 point) 529 (97.6) 22 (78.6) <0.001

=4.44 (1 point) 13 (2.4) 6 (21.4)
Total cholesterol, n (%)

>180 (0 point) 379 (69.9) 5(17.9) <0.001

=180 (1 point) 163 (30.1) 23 (82.1)
Serum albumin, n (%)

=4 (0 point) 506 (93.4) 11 (39.3) <0.001

<4 (1 point) 36 (6.6) 17 (60.7)
NAPLES group, n (%)

Group 1 (0 point) 195 (63.0) 4 (14.3)*

Group 2 (1 or 2 points) 311 (57.4) 6 (21.4)" <0.001

Group 3 (3 or 4 points) 36 (6.6) 18 (64.3)°

2= Significantly lower in group 2, °= Significantly higher in group 2.
LDL: Low-density lipoprotein, HDL: High-density lipoprotein, ALT: Alanine transaminase, NLR: Neutrophil to lymphocyte ratio, LMR: Lymphocyte to monocyte ratio.

Table 3. Multivariate logistic regression analysis to predict the independent predictors of in-hospital mortality

Odds ratio 95% CI (Lower-Upper) P
NAPLES score 4368 2.881-6.625 <0.001
Age 1.018 0.982-1.054 0.330

Creatinine (mg/dL) 0.791 0.335-1.872 0.594
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DISCUSSION

The present study revealed that higher NS is associated
with higher in-hospital mortality in STEMI patients treated
with PCI. STEMI is a complex clinical scenario that requires
rapid therapeutic management and early risk stratification. The
identification of high-risk patients with STEMI is of great
significance in guiding medical management. Inflammatory
processes are believed to trigger cardiovascular disease
development and final clinical events. Neutrophils drive the
early inflammatory response following myocardial infarction,
and a high neutrophil count is an important marker for
cardiovascular mortality'”. Lymphocytes have inflammation-
suppressing properties, which leads to a lower immune
response and suppressed myocardial damage'. Inflammatory
responses induce lymphopenia due to increased lymphocyte
apoptosis. Lower lymphocyte levels are associated with a
higher risk of cardiovascular mortality'”. Monocytes have a
role in inflammation and the procoagulant state observed
during STEMI"®. Monocytes actively bind to platelets,
forming highly thrombotic monocyte-platelet aggregates, and
markers of monocyte and platelet activation involved in
regulating their function are also increased in STEMI!®,
Albumin has many functions that affect the cardiovascular
system besides regulating osmotic pressure in extracellular
fluid. Decreased levels of albumin lead to an increase in blood
viscosity and impaired endothelial dysfunction'”. Albumin
has antioxidant properties and an inverse relationship with
inflammation!® . Biccire et al.!”’ demonstrated that a low level
of albumin was associated with mortality in STEMI patients.
Hypercholesterolemia is a well-known risk factor for the
development of coronary artery disease®”. However, some
studies showed an inverse association between TC and
mortality, mostly attributable to concomitant conditions such
as advanced age, frailty, and poor health status®". However,
the explanation for this paradigm remains elusive.

The NS is a useful prognostic scoring model for determining
survival in various types of cancer®?. Recent studies showed
the efficacy of the NS in predicting the prognosis of STEMI
patients®!? All individual components of the NS have a
prognostic value for the in-hospital survival of STEMI patients.
Simultaneous assessment of these components might provide
complementary information to predict mortality. Routine
blood tests obtained from STEMI patients can contribute to
identifying patients who should be followed more closely and
treated more aggressively.

This study has several limitations, with the first being its
retrospective and single-center design. Secondly, we did not

compare our results with well-known scoring systems, such as
the Global Registry of Acute Coronary Events (GRACE).
Thirdly, this study involved only STEMI patients. Therefore,
the results might only apply to some of the spectra of acute
coronary syndrome.

CONCLUSION

The Naples score (NS), which reflects the inflammation
and nutritional status of patients, can serve as a predictor of
in-hospital mortality among STEMI patients treated with PCI.
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ABSTRACT

Introduction: Surgical treatment of structural heart diseases continues to predominantly involve median ster-
notomy, despite the ongoing trends favoring minimally invasive approaches that have persisted for many
years. In this study, we present data on structural heart disease (SHD) surgeries conducted by our institute
using a right mini-thoracotomy approach.

Patients and Methods: This single-center retrospective study included 58 patients who underwent right mini-
thoracotomy procedures between February 2018 and June 1, 2023. Preoperative demographic and medical
data were collected from patient files and records. Perioperative and 30-day outcome data were obtained
through the national electronic record system.

Results: The average age of the participants was 39.9. Female patients accounted for 31.6% (n= 18) of the
participants. The majority of surgeries in this study involved peripheral cannulation and conventional car-
dioplegia. Mitral valve repair and atrial septal defect closure were the most common procedures performed.
Intraoperative outcomes showed favorable results, with no instances of significant bleeding, structural com-
plications, or mortality. Regarding the postoperative 30-day outcomes, the stroke rate was 1.8% (n= 1) among
the patients. There were no reported cases of transient ischemic attack (TIA), myocardial infarction (MI), and
mortality. The conversion to median sternotomy occurred in 3.4% (n= 2) of the cases. Reoperation and re-
exploration were required in 1.8% (n= 1) of the cases. The mean length of stay in the ICU was 1.7 days, while
the mean length of ward stay was 4.2 days.

Conclusion: This study contributes to the evidence supporting the shift towards minimally invasive ap-
proaches in the surgical management of structural heart disease. The low rate of intraoperative conversion,
absence of major complications, and favorable postoperative outcomes highlight the safety and feasibility of
right mini-thoracotomy. Continued advancements in surgical techniques and clinical expertise are expected to
further optimize patient outcomes and improve the quality of care in this field.

Key Words: Thoracotomy; MICS; MVR; mitral repair

Yapisal Kalp Hastaliklarinin (YKH) Cerrahi Tedavisinde Sag Mini-Torakotomi:
Enstitii Tecriibesi

OZET

Girig: Yapisal kalp hastaliklarinin cerrahi tedavisi, yillardir siiregelen minimal invaziv egilimlere ragmen
halen daha ¢ok median sternotomi ile yapilmaktadir. Bu calismada, enstitiimiiz tarafindan sag mini torakotomi
ile gerceklestirilen kalp ameliyatlarini sunuyoruz.

Hastalar ve Yontem: Bu tek merkezli retrospektif ¢aligmaya, Subat 2018 ile 1 Haziran 2023 tarihleri ara-
sinda sag mini torakotomi uygulanan 58 hasta dahil edildi. Ameliyat &ncesi demografik ve tibbi veriler, hasta
dosyalar1 ve sistem kayitlarindan toplandi. Perioperatif ve 30 giinliik sonug verileri ulusal elektronik kayit
sisteminden elde edildi.

Bulgular: Katilimcilarin yas ortalamasi 39.9’du. Katilimetlari %31.6’sin1 (n= 18) kadin hastalar olugturmak-
taydi. Ameliyatlarin cogunda periferik kaniilasyon ve konvansiyonel kardiyopleji kullanildi. Mitral kapak ta-
miri ve atriyal septal defektin onarimi en stk uygulanan prosediirlerdi. Intraoperatif sonugclar, Gnemli kanama,
yapisal komplikasyon veya 6liim vakasi olmadan olumlu sonuglar gosterdi. Postoperatif 30 giinliik sonuglara
bakildiginda, hastalarda inme orani %1.8 (n= 1) idi. Gegici iskemik atak (GIA), miyokard enfarktiisii (MI) ve
oliim vakasi bildirilmedi. Vakalarin %3 .4’linde (n= 2) medyan sternotomiye gecis oldugu goriildii. Olgularin
%]1.8’inde (n= 1) tekrar operasyon ve tekrar eksplorasyon uygulandi. Yogun bakimda ortalama kalig siiresi 1.7
glin, serviste ortalama kalis siiresi ise 4.2 giindii.

Sonug: Bu caligma, yapisal kalp hastaliginin cerrahi tedavisinde minimal invaziv yaklagimlara gegisi destek-
leyen kanitlara katkida bulunmaktadir. Diisiik intraoperatif doniisiim oran1, major komplikasyonlarin olmama-
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s1 ve olumlu postoperatif sonuclar, sag mini torakotominin giivenligini ve fizibilitesini vurgulamaktadir. Cerrahi teknikler ve klinik uzmanlikta devam eden
ilerlemelerin hasta sonuglarini daha da optimize etmesi ve bu alandaki bakim kalitesini iyilestirmesi beklenmektedir.

Anahtar Kelimeler: Torakotomi; MICS; MVR; mitral onarim

INTRODUCTION

Open heart surgery initially relied predominantly on
sternotomy in the early 20" century, during its experimental
stages, and later during the latter part of the 20" century and
the 21% century when it became widely adopted and
standardized". However, thoracotomy has resurfaced as a
prominent approach in the past two decades and has gained
widespread acceptance'". Particularly, mini-thoracotomy has
gained popularity, initially in the repair of septal defects, and
subsequently in interventions involving the mitral and tricuspid
valves®*_ In contrast to median sternotomy, mini-thoracotomy
offers advantages such as accelerated recovery and shorter
hospitalization periods due to the avoidance of bone tissue
incision, which facilitates quicker physical recuperation®®.
Additionally, mini-thoracotomy minimizes the surgical area,
resulting in reduced bleeding and a decreased need for blood
transfusions, thereby lowering perioperative morbidity and
shortening hospital stays®®. However, the diminished surgical
field in mini-thoracotomy poses challenges to surgical exposure
and visibility, especially in complex heart surgeries involving
multiple valve repairs and procedures, casting doubt on the
technical success of such operations”®.

The present study aims to present the perioperative and

postoperative 30-day outcomes of patients with structural heart
conditions who underwent right mini-thoracotomy between

Heart Disease?

Key Question

* Can Right Minithoracotomy Improve Recovery and Enable Early Discharge in Structural

2018 and 2023 at our institution, where over 2000 heart
surgeries per year were performed using median sternotomy.

PATIENTS and METHODS

Study Design

This single-center retrospective study aimed to assess the
feasibility and outcomes of right mini-thoracotomy heart
surgery in patients with structural heart diseases. A total of 58
patients who underwent this surgical technique between
February 2018 and June 1, 2023, were included in the
evaluation.

Procedure

CT scan was performed on all patients in order to make
preoperative anatomical evaluation and to detect possible
adhesions. A 5 to 10 cm long thoracotomy was performed at
the right Submammarian area through the 3™, 4™ or 5
intercostal space according to the procedure (Figure 2). For
aortic interventions, it could be also performed at the second
intercostal space. A soft tissue retractor or mini-thoracotomy
retractor was used to expose the surgical area. (Figure 3). The
incisions were extended if adequate exploration was not
obtained. Mostly direct right femoral arterial and venous
cannulation was performed after ultrasonographic evaluation
in addition to jugular venous cannulation with the Seldinger
technique under Transesophageal Echocardiography (TEE)

Study Cohort (n=58)

was 96.4% and the surgical approach conversion rate was 3.4%.

was 4.2 days.

Key Finding(s)

reduced perioperative morbidity.
Take-home

Message

Figure 1. Central figure.

» The overall survival rate at 30 days was 100%, the composite outcome-free survival rate

* the mean length of stay in the Intensive Care Unit (ICU) was 1.7 days and mean ward stay

* Right minithoracotomy has been successfully performed in patients with structural heart
diseases, demonstrating its safety and providing the added benefit of early discharge and

® Double Valve Surgery  ® Mitral Valve Replacement

® [solated ASD Repair Others
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Figure 2. Right minithoracotomy incision.

Figure 3. Operative view of mini thoracotomy during
mitral valve intervention.

guidance. The pericardium was opened from the diaphragm to
the aorta by securing the phrenic nerve. Direct aortic arterial
and bi-caval venous cannulation were also performed for
suitable patients. A cardioplegia cannula was inserted directly
into the aorta. Antegrade cold blood cardioplegia was most
commonly utilized. Del Nido and Custadiol solutions were
also used for complex cases. The aorta was clamped with a
Chit-wood clamp through a 1 cm skin incision which then
would be used for chest tube insertion.

Patients and Data

The preoperative demographic and medical information of
patients who underwent surgery between 2018 and 2023 were

meticulously gathered from patient files and records. This task
was performed by a cardiac surgery resident, closely supervised
by an academic cardiac surgeon, following the approval of the
ethics committee. The collection of perioperative and 30-day
outcome data was facilitated through the national electronic
record system, with the active involvement of both the cardiac
surgery resident and the academic heart surgeon.

Statistical Analysis

In our report, for non-continuous variables, we presented
percentages and counts, while for continuous variables, we
reported mean values and standard deviations (SDs).

RESULTS

Patient Characteristics

Table 1 presents the preoperative demographics and
medical background of 58 individuals who underwent
thoracotomy. The average age of the participants was 39.9
years, with a standard deviation of 16.1. Among the participants,
31.6% (n= 18) were female. The mean body mass index (BMI)
was 24.1, with a standard deviation of 5.5. Smoking was
reported by 29.6% (n= 16) of the participants. In terms of
comorbidities, 5.4% (n= 3) had coronary artery disease (CAD),
21.8% (n= 12) had hypertension (HT), 39.3% (n= 22) had
pulmonary hypertension (PHT), 3.6% (n= 2) had peripheral
artery disease (PAD), 20% (n= 11) had atrial fibrillation
(AFib), 10.9% (n= 6) had chronic obstructive pulmonary
disease (COPD), 10.9% (n= 6) had type 2 diabetes mellitus
(T2DM), and 3.6% (n= 2) had chronic kidney disease (CKD).
The left ventricular ejection fraction (LVEF) was measured to
be 62.2% with a standard deviation of 7.4. The mean
hemoglobin (HGB) level was 12.5 g/dL with a standard
deviation of 2.0, and the mean hematocrit (HCT) was 38.6%
with a standard deviation of 5.3.

Surgical Techniques and Approaches

Table 2 presents the surgical techniques and surgeries.
Regarding cannulation, peripheral cannulation was the chosen
method in the majority of cases, accounting for 83.4% (n= 45)
of the participants, while central cannulation was used in
16.6% (n=9) of the cases. In terms of cardioplegia techniques,
the Del Nido approach was employed in 12.3% (n= 7) of the
surgeries, conventional cardioplegia in 68.3% (n= 39) of the
surgeries, and custadiol cardioplegia in 10.5% (n= 6) of the
surgeries. Various types of surgeries were performed on the
participants. Mitral valve replacement (MVR) accounted for
27.5% (n= 16) of the cases, while aortic valve replacement
(AVR) and myxoma resection were performed in only 1.8%
(n= 1) each. Mitral valve repair (MVR) was conducted in
22.4% (n= 13) of the cases, followed by tricuspid valve repair
in 15.5% (n= 9). Atrial septal defect (ASD) closure was
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Table 1. Preoperative demographics and medical history

Thoracotomy (n= 58)

Variable Mean * SD % (n)
Age 399+ 16.1

Gender (female) 31.6 (18)
BMI 241£55

Smoking 29.6 (16)
CAD 5403)
HT 218 (12)
PHT 39.3 (22)
PAD 3.6 (2)
AFib 20 (11)
COPD 10.9 (6)
T2DM 10.9 (6)
CKD 3.6(2)
LVEF (%) 622+74

HGB (g/dL) 125+£20

HCT (%) 38.6+53

BMI: Body mass index, CAD: Coronary artery disease, HT: Hypertension, PHT: Pulmonary hypertension, PAD: Peripheral arterial disease, AFib: Atrial fibrillation,
COPD: Chronic obstructive pulmonary disease, T2DM: Type 2 diabetes mellitus, CKD: Chronic kidney disease, LVEF: Left ventricular ejection fraction, HGB: Hemoglobin,
HCT: Hematocrit.

Table 2. Surgical techniques and surgeries

Thoracotomy (n= 58)

Variable Mean = SD % (n)
Cannulation
Peripheral 83.4 (45)
Central 16.6 (9)
Cardioplegia
Del Nido 12.3(7)
Conventional 68.3 (39)
Custadiol 10.5 (6)
Surgery
MVR 275 (16)
AVR 1.8 (1)
MVr 224 (13)
Tricuspid repair 155 (9)
ASD Closure 448 (26)
Complex surgery (two or more procedures) 224 (13)

MVR: Mitral valve replacement, AVR: Aortic valve replacement, MVr: Mitral valve repair, ASD Closure: Atrial septal defect closure.
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Table 3. Intraoperative outcomes

Thoracotomy (n= 58)

Variable Mean = SD % (n)
CPB time 138.0 +65.8
AXC time 85.1+543
Transfusion requirement 26.3 (15)
Transfused PRBC (U) 1.1+08
Transfused FFP (U) 1.1+0.8
Conversion to median sternotomy 34(2)
Massive bleeding 0.0 (0)
Structural complications 0.0 (0)
Mortality 0.0 (0)

CPB time: Cardiopulmonary bypass time, AXC time: Aortic cross-clamp time, Transfused PRBC (U): Transfused packed red blood cells (Units), Transfused FFP (U):

Transfused fresh frozen plasma (Units).

performed in 44.8% (n= 26) of the surgeries. In addition,
complex surgeries involving two or more procedures were
carried out in 22.4% (n= 13) of the cases.

Intraoperative Findings

Table 3 presents the intraoperative outcomes. The mean
cardiopulmonary bypass (CPB) time in this study was 138.0
minutes, with a standard deviation of 65.8. The mean aortic
cross-clamp (AXC) time was 85.1 minutes, with a standard
deviation of 54.3. Transfusion requirements were observed in
26.3% (n= 15) of the cases, with an average of 1.1 units of
packed red blood cells (PRBC) and fresh frozen plasma (FFP)
transfused. The conversion to median sternotomy was
necessary in 3.4% (n= 2) of the cases. Notably, no instances of
massive bleeding, structural complications, or mortality were
encountered during the procedures.

Postoperative Outcomes

The postoperative outcomes at the 30-day mark are
demonstrated in Table 4: 40.0% (n= 22) required transfusion,
3.5% (n= 2) experienced infection, 1.8% (n= 1) had new-onset
atrial fibrillation, 15.5% (n= 9) developed acute kidney injury,
and 1.8% (n= 1) suffered a stroke. There were no reported
cases of TIA, myocardial infarction, and mortality.
Re-exploration and reoperation occurred in 1.8% (n= 1) of the
cases. The average drainage volume was 377 mL, the mean
intubation time was 8.6 hours, and the mean length of stay in
the ICU was 1.7 days. The length of ward stay was 4.2 days.
At postoperative day one, the mean hemoglobin level was 10.6
g/dL and the mean hematocrit level was 29.4%.

DISCUSSION

In the realm of surgical interventions for structural heart
diseases, the conventional approach has long involved highly
invasive procedures utilizing a median sternotomy. However,
with the advent of transcatheter therapies and the growing
emphasis on quality of life-centered medicine, there has been
a notable shift towards a minimally invasive paradigm in the
surgical management of structural heart disease’*. Recent
advancements in valve surgery have highlighted the growing
evidence supporting the benefits of mini-thoracotomy®'?. A
comprehensive meta-analysis, encompassing 109 studies and
38.106 patients, published in 2022, revealed that mini-
thoracotomy offers distinct advantages over median sternotomy,
including reduced hospitalization durations and decreased
blood product utilization!?).

Furthermore, the utilization of right mini-thoracotomy in
atrial septal defect (ASD) repair has gained significant traction.
This surgical approach, which has a longer history compared to
valve surgery, has become relatively more prevalent. In a meta-
analysis published in 2021, incorporating data from seven
studies and 665 patients, right mini-thoracotomy demonstrated
superior recovery parameters compared to median
sternotomy'". Notably, the analysis identified significantly
shorter hospitalization times, reduced intensive care unit stays,
and decreased intubation durations associated with the right

mini-thoracotomy technique.
In our study, a cohort of 58 patients with structural heart

disease underwent open heart surgery, with a notable subset
requiring complex cardiac procedures. Among these patients,
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Table 4. Postoperative outcomes at 30-day

Thoracotomy (n= 58)

Variable Mean = SD % (n)
Transfusion requirement 40.0 (22)
Infection 35(1)
AKI 155(9)
RRT 0.0 (0)
AFib 1.8 (1)
TIA 0.0 (0)
Stroke 1.8 (1)
MI 0.0 (0)
Surgical Re-exploration 1.8 (1)
Reoperation 1.8 (1)
Mortality 0.0 (0)
Drainage (ml) 377 + 236

Intubation Time (h) 8655

Length of ICU stay (D) 1.7+12

Length of Ward stay (D) 42+1.6

Po 1 HGB (g/dL) 106 £3.2

Po 1 HCT 294+54

AKI: Acute kidney injury, TIA: Transient ischemic attack, MI: Myocardial infarction, Drainage (ml): Drainage volume in milliliters, Intubation Time (h): Duration of

intubation in hours, Length of ICU stay (D): Length of stay in the intensive care unit in days, Length of Ward stay (D): Length of stay in the general ward in days, Po | HGB

(g/dL): Hemoglobin level at postoperative day 1 in grams per deciliter, Po 1 HCT: Hematocrit level at postoperative day 1, RRT: Renal replacement therapy.

because of strict adhesions, the need for intraoperative
conversion from median sternotomy was observed in a mere
3.4% (n= 2) of cases®®!?. Encouragingly, these individuals
experienced successful postoperative outcomes, with no
instances of morbidity or mortality. The observed conversion
rate aligns closely with the existing literature, reflecting the
effectiveness and feasibility of the surgical approach employed.
Furthermore, our findings revealed composite outcomes, such
as surgical reoperation and stroke, occurring in one patient
each. In addition, one patient had postoperative new atrial
fibrillation, which completely resolved on the postoperative
sixth day. However, no instances of myocardial infarction
(M), acute kidney injury (AKI), mortality, structural heart
defects, significant bleeding necessitating massive transfusion,
or the need for renal replacement therapy (RRT) were observed
in our patient cohort. These outcomes emphasize the favorable
nature of the surgical interventions performed and underscore
the successful management of structural heart disease in this
context.

At present, our study demonstrates a composite outcome-
free survival rate of 96.4% at 30 days, highlighting the overall

positive prognosis for patients. Moreover, the overall survival
rate of 100% further substantiates the favorable outcomes
achieved. Importantly, our study cohort exhibited recovery
parameters consistent with previous research, with an average
hospital discharge time of less than one week!!!". Looking
ahead, we anticipate that continued advancements in surgical
and clinical expertise will further optimize and expedite the
recovery process for patients undergoing open heart surgery
for structural heart disease. The promising results obtained in
this study underscore the potential for future refinement and
improvement in patient outcomes, thereby enhancing the
overall quality of care in this field.

CONCLUSION

Our study contributes to the growing body of evidence
supporting the shift towards minimally invasive approaches in
the surgical management of structural heart disease. By
analyzing a cohort of 58 patients who underwent mini-
thoracotomy, with a significant proportion requiring complex
cardiac procedures, we observed a remarkably low rate of
intraoperative conversion from median sternotomy (3.4%).
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Importantly, these conversions did not result in any adverse
events or mortality, reinforcing the safety and feasibility of the
surgical approach employed. Furthermore, our findings
highlight the favorable postoperative outcomes achieved in
this patient population. We observed low rates of composite
outcomes such as surgical reoperation and stroke, and no
occurrences of myocardial infarction, acute kidney injury,
mortality, structural heart defects, significant bleeding, or the
need for renal replacement therapy. These findings emphasize
the successful management of structural heart disease through
our surgical interventions.
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Utility of TAPSE/sPAP Ratio in Acute Pulmonary
Embolism as Valuable Prognostic Marker as PESI
Score

Ahmet Yasar Cizgici(!)), Recep Giilmez , Serkan Kahraman(/1)),
Ezgi Giiltekin Giiner ,Arda Giiler , Ali Kemal Kalkan , Fatih Uzun ,
Mustafa Yildiz , Mehmet Ertiirk

Clinic of Cardiology, Istanbul Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery Training and
Research Hospital, Istanbul, Tiirkiye

ABSTRACT

Introduction: The pulmonary embolism severity index (PESI) score is used to determine the risk of mortality
and severity of complications in acute pulmonary embolism (APE). Tricuspid annular plane systolic excur-
sion/systolic pulmonary arterial pressure (TAPSE/sPAP) ratio has been recently shown to predict poor 30-day
clinical outcome in APE. We aimed to analyze the prognostic value of the TAPSE/sPAP ratio for prediction of
30-day adverse clinical outcomes in APE patients, similar to PESI score.

Patients and Methods: This study enrolled 203 retrospectively evaluated patients (female 108, mean age=
574 £ 15.5 years) with the diagnosis of APE between 2010 and 2020. All patients underwent transthoracic
echocardiography before specific APE treatment. Primary endpoints were 30-day mortality, thrombolytic
therapy requirement, mechanical ventilation requirement, mental status deterioration, and persistent hypoten-
sion (systolic blood pressure <90 mmHg). The study population was divided into two groups according to the
TAPSE/sPAP ratio= 114 patients in group 1 with a low TAPSE/sPAP ratio (<0.494) and 89 patients in group
2 with a high TAPSE/sPAP ratio (>0.494).

Results: The incidence of in-hospital mortality (4.4 vs. 0%, p=0.045], 30-day mortality [n=8 (7.0%); 0 (0%),
p=0.009] and primary adverse outcomes (35.1 vs. 0%, p< 0.001) were higher in group 1. The TAPSE/sPAP
ratio was negatively correlated with PESI (r=-0.716, p< 0.001). In multivariate logistic regression analyses
revealed that the TAPSE/sPAP ratio [OR= 0.001, 95C% CI= 0.000-0.476, p= 0.028] was an independent
predictor of 30-day mortality in APE.

Conclusion: The present study showed that the TAPSE/sPAP ratio may be used in clinical practice for the
prediction of short-term adverse outcome risk estimation in APE patients, similar to PESI score.

Key Words: Acute pulmonary embolism; echocardiography; hypotension; death; single center

Akut Pulmoner Emboli Hastalarinda TAPSE/sPAP Oranminin PESI Skoru Kadar
Degerli Prognostik Bir Belirte¢ Olarak Kullanimi

OZET

Giris: Akut pulmoner emboli (APE) kliniginde hastane i¢i ve ilk ay mortalite ve morbidite 6ngordiiriicii ola-
rak “pulmonary embolism severity index (PESI)” skoru kullanilmaktadir. Trikiispid anniiler diizlem sistolik
hareketi/sistolik pulmoner arter basinct (TAPSE/sPAP) oraninin, APE’de son caligmalarda 30 giinliik kotii
klinik sonlanim ile iligkili olabilecegi gosterilmistir. Bu ¢alismada TAPSE/sPAP oraninin APE hastalarinda
PESI skoruna benzer sekilde mortalite ve morbidite 6ngordiiriiciisii olarak kullanilabilirliginin arastirilmasi
amaglanmistir.

Hastalar ve Yontem: Bu ¢alismaya 2010-2020 yillar1 arasinda, tek merkezli, retrospektif (203 hasta, ortala-
ma yas=57.4 + 15.5 y1l) ve yeni tan1 APE hastas1 alimmugtir. Daha 6nceden APE teshis ve tedavisi alan hastalar
caligma dig1 birakilmigtir. Transtorasik ekokardiyografik degerlendirmeleri spesifik APE tedavisi baglamadan
once yapilmistir. Caligmanin primer sonlanim noktasi 30 giinlilk mortalite, trombolitik tedavi ihtiyaci, sebat
eden hipotansiyon (sistolik arteryel kan basinci <90 mmhg), mekanik ventilator ihtiyact ve bozulmus mental
durum olarak belirlenmistir. Hastalar TAPSE/sPAP oranina gore diisiik TAPSE/sPAP orani (<0.494) olan grup
1 (114 hasta) ve yiiksek TAPSE/sPAP oran1 (>0.494) ile grup 2 (89 hasta) olmak tizere iki gruba ayrilmistir.

Bulgular: Hastane i¢i mortalite (4.4’e kars1 %0, p= 0.045), 30 giinliik mortalite (7’ye kars1 %0, p= 0.009) ve
birincil yan sonuglar (35.17e kars1 %0, p< 0.001) grup 1’de daha yiiksekti. TAPSE/SPAP orani, PESI ile negatif
korelasyon gosterdi (r=-0.716, p< 0.001). Cok degiskenli lojistik regresyon analizlerinde, TAPSE/sPAP orani-
nin [OR=0.001, 95C% CI= 0.000-0.476, p= 0.028] APE’de 30 giinliik mortalitenin bagimsiz bir belirleyicisi
oldugu ortaya ¢ikti.

Sonug: Bu ¢alismada APE hastalarinda TAPSE/sPAP oranmin PESI skoruna benzer sekilde erken donemde
olumsuz klinik sonlanimlar1 6ngoérmede kisa ve hizli bir parametre olarak kullanilabilecegi gosterilmistir.
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INTRODUCTION

Acute pulmonary embolism (APE) caused by venous
thromboembolism is the most common cardiovascular disease
in the world after acute coronary syndrome and stroke'". In
APE, the increase in the right ventricular (RV) afterload and
RV dysfunction secondary to obstruction in the pulmonary
vascular bed is the main cause of in-hospital and 30-day
mortality®. Cardiogenic shock or hemodynamic instability at
first admission is associated with increased mortality in APE
patients®. However, not all APE patients are hemodynamically
unstable at hospital admission. Therefore, in addition to early
diagnosis, it is important to evaluate the short-term mortality
risk in APE patients. Calculation of the pulmonary embolism
severity index (PESI) score™® to evaluate the mortality risk of
APE patients at admission is recommended in the latest
pulmonary embolism diagnosis and treatment guideline by the
European Society of Cardiology'”. Transthoracic
echocardiography (TTE) in APE has become an indispensable
diagnostic method in both early diagnosis and risk
67 Some TTE findings and criteria have been

associated with an increased risk of mortality in APE®.

assessment

Despite all these studies, no single echocardiographic parameter
has been found to be fully effective in assessing the risk of
mortality in APE patients. Tricuspid annular plane systolic
excursion (TAPSE) shows longitudinal systolic contraction of
the RV®. TAPSE is used as a prognostic tool in the course of
many cardiac diseases. systolic pulmonary arterial pressure
(sPAP) constitutes the afterload of RV. TAPSE/sPAP ratio, a
new echocardiographic index, has become a parameter that
included RV function and RV afterload, and thus provides
information about RV performance. An increase in the ratio,
approaching 1, indicates a favorable RV condition, whereas a
decrease to less than 0.5 is associated with a poor prognosis in
various cardiac diseases!”!". Recently, Lyhne et al. have
reported that the TAPSE/sPAP ratio may be a short-term
predictor of mortality in APE patients'?. The goal of this
study was to compare the PESI score, which shows the short-
term mortality risk, and the TAPSE/sPAP ratio in APE patients.

PATIENTS and METHODS

This retrospective study was conducted in accordance with
the principles of the Helsinki Declaration and approved by the
local institutional ethics committee. Written informed consent
was obtained from each patient. Clinical outcomes were
analyzed in 203 patients with APE who were admitted or
referred to our tertiary hospital between January 2010 and
August 2020. Patients with a contraindication to thrombolytic
therapy, onset of symptoms of >14 days, systemic arterial
systolic blood pressure of <90 or >200 mmHg, end-stage liver

disorder, severe thrombocytopenia (platelet count <50.000/
mm?), age <18, cardiogenic shock, poor image quality, chronic
thromboembolic pulmonary hypertension patients, recurrent
pulmonary embolism, moderate to severe aortic and mitral
valve diseases, a history of cardiac surgery, advanced-stage
heart failure, and congenital heart disease history were
excluded from the study. Patients were also excluded if they
had undergone thrombus-reducing therapy (e.g., thrombolysis)
or received extracorporeal membrane oxygenation (ECMO)
before undergoing echocardiography.

The flow chart for patient selection is summarized in
Figure 1. The PESI score of the patients in this study was
calculated based on the vital signs, clinical characteristics, and
background information recorded at the time of their admission
to the emergency service, prior to receiving treatment.

The echocardiographic parameters of the patients include
the procedures performed in the first 24 hours after the
diagnosis of APE and before specific treatment was started.
The primary endpoints of the study are in-hospital and 30-day
mortality, persistent hypotension (systolic blood pressure <90
mmHg lasting more than 10 minutes), thrombolytic therapy
requirement, as well as mental status disorder due to coma and
hypoperfusion (coma, stupor, and need for mechanical
ventilator). Following discharge, patients were scheduled for a
one-month outpatient clinic follow-up. In cases where patients
did not attend this initial one-month check-up, they were
contacted by phone to inquire about their health status, and if
applicable, to ascertain the date of death. The study population
was divided into two groups according to the TAPSE/sPAP
ratio= 114 patients in group 1 with a low TAPSE/sPAP ratio
(<0.494) and 89 patients in group 2 with a high TAPSE/sPAP
ratio (>0.494).

Echocardiography

Transthoracic echocardiography (TTE) was performed
within two hours of admission to the hospital.

The sPAP was calculated from the tricuspid regurgitation
(TR) jet velocity in accordance with the modified Bernoulli
equation without any degree of pulmonary valve stenosis and
the right atrial pressure was estimated as 10, 15, and 18 mmHg
for mild, moderate, and severe right atrial enlargement,
respectively!>!V Tricuspid annular plane systolic excursion
(TAPSE) was acquired by placing an M-mode cursor through
the lateral tricuspid annulus and measuring the amount of
longitudinal motion of the annulus at peak systole in the
standard apical four-chamber view. In all patients, the right
ventricular end-diastolic diameters were measured using the
apical four-chamber view, and left ventricular end-diastolic
(LVEDD) were

diameters measured with M-mode
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609 patients observed

:I No pulmonary embolism confirmed (n= 83)

v

526 patients identified

A4

434 patients include first acute
pulmonary embolism diagnosis

A 4
203 patients’ TAPSE/SPAP values
were measured before starting
spesific treatment

Figure 1. Flow chart of patient selection.

« 12 patients diagnosed
chronically tromboembolic
hypertension

« 2 patients preghant

« 20 patients have past pulmonary
embolism history

« b patients have congenital heart
disease

» 33 patients have heart failure (LV
EF<%35) and significant left side
valvular heart disease

LVEF: Left ventricular ejection fraction, TAPSE: Tricuspid annular plane systolic excursion, sPAP: Systolic

pulmonary arterial pressure.

echocardiography on the parasternal long-axis view. Left
ventricle ejection fraction (LVEF) was calculated by using
biplane Simpson’s method!>. The interpretation of the
echocardiographic findings was carried out by a cardiologist
who was blinded to the patients’ treatment assignments. A
dichotomous value of 40 mm Hg for sPAP was used to define
pulmonary hypertension.

RV enlargement was defined as a right-to-left ventricular
ratio (RV/LV) of 20.913!4),

Statistical Analysis

Statistical analysis was performed using the IBM SPSS
Statistics (IBM Corp., Armonk, NY, USA). The data were
expressed as n (%) for categorical variables. The Pearson Chi-
square and Fisher’s exact tests were performed for categorical
variables. After normal distribution was analyzed with the
Kolmogorov-Smirnov test, the data were expressed as median
25™ and 75" percentiles) for variables without a normal

distribution and mean + SD for variables with normal
distribution. Student’s t-test was used for comparing
quantitative variables with normal distribution while the
Mann-Whitney U test was used for comparing quantitative
variables without normal distribution. Univariate and
multivariate logistic regression analyses were used to determine
the independent predictors of 30-day mortality and primary
composite endpoints. Receiver operating characteristic (ROC)
curve analysis was performed to identify the optimal TAPSE/
sPAP ratio value that could predict mortality and primary
composite outcomes with the highest sensitivity and specificity.

Simple linear regression analysis was used to determine the
relation between the TAPSE/sPAP ratio and PESI score.
Additionally, Spearman correlation analysis was used to
predict the correlation between the TAPSE/sPAP ratio and
other clinical variables. A p-value of <0.05 was considered
statistically significant.
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Table 1. Baseline clinical and demographical variables of the study population

Parameters All patients (n= 203) TAPSE/sPAP <0.494 (n= 114) TAPSE/sPAP >0.494 (n= 89) p value
Age 574+155 60.77 = 14.92 53.18 £ 15.39 <0.001
Gender (women), n (%) 108 (53.2) 68 (59.6) 40 (44.9) 0.037
Height (cm) 165 (160-174) 165 (160-170) 168 (160-175) 0.028
Weight (kg) 80 (72-90) 80 (70-90) 80 (75-90) 0.533
BMI (kg/m?) 29.21 (26.12-32.59) 29.36 (26.30-33.20) 29.14 (26.12-31.60) 0410
CRP 29.95 (11.9-63.75) 21.1 (11.0-42.8) 36.8 (13.6-75.0) 0.025
Hs-Troponin I (positive or negative) 90 (49.2) 69 (67.6) 21 (25.9) <0.001
Hs-Troponin I Level 15 (6.9-90) 39 (10-106) 10 (1-23) <0.001
Hb 13.1 (11.7-14.4) 13.1 (11.6-144) 132 (12.2-14.3) 0.930
Htc 3943 £546 398+58 390+50 0.295
WBC 9.76 (8.02-11.83) 9.9 (8.1-11.8) 9.6 (8.0-11.7) 0.523
PLT 233 (199-290) 232 (185-282) 239 (210-304) 0.113
RDW 134 (12.5-14.7) 139 (13.0-15.7) 129 (12.4-13.8) <0.001
Neut 6.5 (5.1-8.49) 6.93 (5.25-8.66) 6.34 (4.95-8.09) 0.195
Lym 2.03 (1.47-2.71) 2.00 (1.45-2.67) 2.13 (1.60-2.75) 0.275
NLR 322 (2.25-4.98) 352352 30((2.1-44) 0.141
ALT 21 (14-36) 22 (15-45) 17 (13-30) 0.024
AST 23 (16-35) 24 (17-39) 22 (15-32) 0.051
Creatinine 0.89 (0.72-1.10) 0.9 (0.8-1.1) 0.8 (0.7-1.0) 0.024
Urea 15 (12-21) 17 (13-24) 14 (11-19) 0.005
INR 1.1 (1.03-1.19) 1.1 (1.0-1.2) 1.1 (1.0-1.2) 0.450
Systolic BP 124 (110-140) 120 (95-135) 130 (120-140) <0.001
Diastolic BP 75 (67-83) 70.5 (60-80) 80 (70-87) 0.004
Hypotension 17 (8.4) 17 (14.9) 0 (0) <0.001
Heart rate 96 (80-110) 103 (87-114) 89 (78-100) <0.001
Pulse O, saturation 94 (88-96) 89 (87-94) 96 (94-97) <0.001
Respiratory rate 22 (20-24) 23 (21-26) 21 (20-23) <0.001
Body fever 36.3 (36.1-36.6) 36.3 (36.1-36.5) 36.4 (36.1-36.6) 0.021
Altered mental status 7(3.4) 7(6.1) 0 (0) 0.016
DVT 82 (404) 49 (43.0) 33 (37.1) 0.395
Smoking status 38 (18.7) 20 (17.5) 18 (20.2) 0.627
DM 47 (23.2) 34 (29.8) 13 (14.6) 0.011
HTN 92 (45.3) 54 (47.4) 38 (42.7) 0.507
CRF 18 (8.9) 10 (8.8) 8(9.0) 0.957
CAD 32 (15.8) 18 (15.8) 14 (15.7) 0.991
CHF 20 (9.9) 18 (15.8) 2(22) 0.001
COAD 23 (11.3) 16 (14.0) 7(7.9) 0.169
History of cancer 10 (4.9) 6(5.3) 4(45) 0.535
Immobilization 25 (12.3) 13 (114) 12 (13.5) 0.655
Recent surgery history 14 (6.9) 6(5.3) 8(9.0) 0.299
Thrombolytic therapy 30 (14.8) 30 (26.3) 0 (0) <0.001
Anticoagulant therapy category 163 (80.3) 84 (73.7) 79 (88.8) 0.007
Subgroup

Warfarin 176 (86.7) 102 (89.5) 74 (83.1)

NOAC 17 (8.4) 7 (6.1) 10 (11.2) 0.465

LMWH 10 (4.9) 544 5(5.6)

BMI: Body mass index, CRP: C-reactive protein, Hb: Hemoglobin, Htc: Hematocrit, WBC: White blood cell, PLT: Platelets, MPV: Mean platelet volume, RDW: Red cell
distribution width, Neut: Neutrophil, Lym: Lymphocytes, NLR: Neutrophil lymphocytes ration, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, BP: Blood
pressure, DVT: Deep vein thrombosis, DM: Diabetes mellitus, HTN: Hypertension, CRF: Chronic renal failure, CAD: Coronary artery disease, CHF: Chronic heart failure,
COAD: Chronic obstructive airway disease, NOAC: Novel oral anticoagulants, LMWH: Low-molecular-weight heparin.
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Table 2. Echocardiographic variables and clinical outcomes of the study population

All patients TAPSE/sPAP <0.494 TAPSE/sPAP >0.494

Parameters (n=203) (n=114) (n=89) p value
TAPSE 19 (16-22) 17 (14-20) 21 (19-24) <0.001
sPAP 40 (30-60) 56 (45-65) 30 (30-35) <0.001
TR

0 8(3.9) 1(0.9) 7 (7.9

1 87 (42.9) 16 (14.0) 71 (79.8)* <0.001

2 33 (16.3) 26 (22.8) 7 (19)°

3 51(25.1) 48 (42.1) 3(34)0°

4 24 (11.8) 23 (20.2) 1 (1.1)b
RV diameter 38 (33-42) 41 (37-45) 34 (29-38) <0.001
LV ED diameter 45 (41-48) 44 (40-46) 46 (43-50) <0.001
RV/LV ratio 0.83 (0.72-0.97) 0.93 (0.83-1.07) 0.74 (0.63-0.82) <0.001
LVEF 60 (60-65) 60 (60-60) 60 (60-65) 0.013
LVDD

None 95 (46.8) 53 (46.8) 42 (47.2)

Grade 1 100 (49.3) 57 (50.0) 43 (48.3) 0921

Grade 2 8(3.9) 43.5) 4 (4.5)
MR

0 116 (57.1) 61 (53.5) 55 (61.8)

1 72 (35.5) 41 (36.0) 31 (34.8) 0.053

2 13 (6.4) 10 (8.8) 3(34)

3 2 (1.0) 2 (1.8) 0 (0)
RA diameter 40 (34-45) 44 (38-50) 35 (31-40) <0.001
PESI score 87 (64-109) 107 (90-118) 65 (50-75) <0.001
PESI group

1 55 (27.1) 10 (8.8) 45 (50.6)*

2 42 (20.7) 12 (10.5) 30 (33.7)*

3 42 (20.7) 30 (26.3) 12 (13.5)° <0.001

4 42 (20.7) 40 (35.1) 2 (2.2)b

5 22 (10.8) 22 (19.3) 0 (0)°
In-hospital mortality 5(.5) 5044 0 (0) 0.045
30-day mortality 8(3.9) 8 (7.0) 0(0) 0.009
Primary outcomes 40 (19.7) 40 (35.1) 0 (0) <0.001
TAPSE/sPAP 0.454 (0.290-0.666) 0.312 (0.220-0.391) 0.700 (0.600-0.829) <0.001

= Significantly higher than group 1, = Significantly lower than group 1.
TAPSE: Tricuspid annular plane systolic excursion, SPAP: Systolic pulmonary arterial pressure, TR: Tricuspid regurgitation, RV: Right ventricle, LV ED: Left ventricle and
diastolic diameter, LVEF: Left ventricular ejection fraction, LVDD; Left ventricular diastolic dysfunction, MR: Mitral regurgitation, RA: Right atrium, PESI: Pulmonary

embolism severity index.

RESULTS

The baseline clinical and demographic variables of the
study population are given in Table 1.

ROC curve analysis was conducted to determine the
optimal TAPSE/sPAP ratio cut-off value to indicate 30-day
mortality. The highest combined sensitivity and specificity
values crossed the curve at 0.494 (sensitivity= 100.0%;
specificity= 45.6%) for 30-day mortality. The area under the

curve was 0.763 (95% CI= 0.628-0.899; p= 0.012). The study
population was divided into two groups according to the
TAPSE/sPAP ratio. The mean age (60.77 + 14.92 vs. 53.18 +
15.39 years, p< 0.001), troponin [39 (10-106); 10 (1-23), p<
0.001], RDW [13.9 (13.0-15.7) vs. 129% (12.4-13.8), p<
0.001], ALT [22 (15-45) vs. 17 U/L (13-30), p= 0.024],
creatinine [0.9 (0.8-1.1) vs. 0.8 mg/dL (0.7-1.0), p= 0.024],
urea [17 (13-24) vs. 14 mg/dL (11-19), p= 0.005] heart rate
[103 (87-114) vs. 89 bpm (78-100), p< 0.001] were lower in
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TAPSE/sPAP

TAPSE/sPAP

In-hospital mortality

1-month mortality

TAPSEIsPAP

100 o 1
C Primary endpoints

Figure 2. The TAPSE/sPAP ratios for patients with and without in-hospital mortality (A), 30-day mortality (B) and primary endpoints (C).

group 2 than group 1. CRP level [21.1 (11.0-42.8) vs. 36.8
mg/L (13.6-75.0), p= 0.025], systolic blood pressure [120 (95-
135) vs. 130 mmHg (120-140), p= 0.001], diastolic blood
pressure [70.5 (60-80) vs. 80 mmHg (70-87), p= 0.004],
oxygen saturation [89 (87-94) vs. 96% (94-97), p< 0.001],
fever [36.3 (36.1-36.5) vs. 36.4 (36.1-36.6) 0, p= 0.021] were
higher in group 2. The incidence of hypotension [17 (14.9%)
vs. 0, p< 0.001], mental disorder [7 (6.1%) vs. 0, p= 0.016],
diabetes mellitus (DM) [34 (29.8%) vs. 13 (14.6%),p=0.011],
heart failure (HF) [18 (15.8%) vs. 2 (2.2%), p= 0.001],
thrombolytic therapy [30 (26.3%) vs. 0, p< 0.001] were lower
in group 2 while anticoagulant therapy [84 (73.7%) vs. 79
(88.8%), p=0.007] was higher in group 2.

The echocardiographic variables and adverse clinical
events are demonstrated in Table 2. TAPSE [17 (14-20) vs. 21
mm (19-24), p< 0.001], LVEDD [44 (40-46) vs. 46 mm (43-
50), p< 0.001], LVEF [60 (60-60) vs. 60% (60-65), p= 0.013]
were higher in group 2 compared to group 1. sPAP [56 (45-65)
vs. 30 mmHg (30-35), p< 0.001], RV diameter [41 (37-45) vs.
34 (29-38) mm, p< 0.001], RV/LV ratio [0.93 (0.83-1.07) vs.
0.74 (0.63-0.82), p< 0.001], RA diameter [44 (38-50) vs. 35
(31-40) mm, p< 0.001], PESI score [107 (90-118) vs. 65 (50-
75), p< 0.001] were higher in group 1. The incidence of
in-hospital mortality [5 (4.4 vs. 0%, p= 0.045], 30-day
mortality [8 (7.0%) vs. 0, p= 0.009] and primary adverse
outcomes [40 (35.1 vs. 0%, p< 0.001] were higher in group 1.
Additionally, the incidence of moderate to severe TR was
higher in group 1.

Patients with in-hospital mortality had a higher PESI score
[87 (64-108) vs. 119 (108-152), p=0.006] and a lower TAPSE/
SPAP ratio [0.457 (0.300-0.667) vs. 0.200 (0.175-0.381), p=
0.031] compared to those without mortality (Figure 2A).
Patients with 30-day mortality also had a higher PESI score
[86 (63-108) vs. 117 (108-139), p= 0.003] and a lower TAPSE/
sPAP ratio [0.457 (0.300-0.667) vs. 0.264 (0.188-0.390), p=
0.012] (Figure 2B) compared to those without mortality.

Furthermore, patients who met the primary endpoints had a
higher PESI score [75 (59-98) vs. 125 (114-145), p< 0.001]
and a lower TAPSE/sPAP ratio [0.533 (0.361-0.720) vs. 0.270
(0.193-0.336), p< 0.001] (Figure 2C) compared to those
without mortality (Table 3). Patients with higher PESI scores
exhibited lower TAPSE/sPAP ratios, with values of 0.667
(0.514-0.800) for low PESI scores, 0.433 (0.356-0.533) for
intermediate PESI scores, and 0.264 (0.200-0.336) for high
PESI scores, respectively (p< 0.001) (Table 4).

The correlation between the TAPSE/sPAP ratio and clinical
variables is demonstrated in Table 5. The TAPSE/sPAP ratio
was negatively correlated with PESI (r= -0.716, p< 0.001)
(Figure 3), troponin (r=-0.490, p< 0.001), RDW (r=-0.307, p<
0.001), urea (r= -0.266, p< 0.001), heart rate (r= -0.355, p<
0.001), respiratory rate (r=-0.253, p< 0.001), RV diameter (r=
-0.540, p< 0.001), RV/LV ratio (r=-0.590, p< 0.001),

176 RA diameter (r=-0.558, p< 0.001) and age (r=-0.298,
p< 0.001). The TAPSE/sPAP ratio was positively correlated
with systolic blood pressure (r= 0.275, p= 0.001), diastolic
blood pressure (r= 0.227, p< 0.001), 178 saturation O,
(r= 0.638, p< 0.001), fewer (r= 0.158, p= 0.024), LVEDD
(r=0.325,p< 0.001) and LV EF (r= 0.230, p= 0.001).

The multivariate logistic regression analyses revealed that
the TAPSE/sPAP ratio [OR= 0.001, 95% CI= 0.000-0.476,
p=0.028] was an independent predictor of 30-day mortality in
APE.

The TAPSE/sPAP ratio [OR=0.009, 95% CI=0.000-0.972,
p= 0.049], PESI score [OR= 1.090, 95% CI= 1.050-1.132, p<
0.001], and HT [OR=4.864,95% CI=1.381-17.138, p=0.014]
were also independent predictors of primary composite
outcomes (Table 6). In simple linear regression analysis the
TAPSE/sPAP ratio was found to be associated with the PESI
score with (adjusted R?= 0.425, ANOVA p< 0.001) statistical
significance (PESI=-96.20 x TAPSE/sPAP + 134.992) (Figure
3). ROC curve analysis was conducted to determine the
optimal TAPSE, sPAP, and TAPSE/sPAP ratio cut-off values to
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Table 3. Comparison of TAPSE/sPAP ratio and PESI score in patients with and without adverse clinical events

All patients In-hospital mortality - In-hospital mortality +

Parameters (n=203) (n=198) (n=5) p value
TAPSE 19 (16-22) 19 (16-22) 14 (11-16) 0.051
sPAP 40 (30-60) 40 (30-60) 45 (45-80) 0.088
TAPSE/sPAP 0.454 (0.290-0.666) 0.457 (0.300-0.667) 0.200 (0.175-0.381) 0.031
PESI 87 (64-109) 87 (64-108) 119 (108-152) 0.006
1-month mortality — 1-month mortality + P
(n=195) (n=8)
TAPSE 19 (16-22) 19 (16-22) 15 (12-19) 0.040
sPAP 40 (30-60) 40 (30-60) 53 (45-70) 0.036
TAPSE/sPAP 0.454 (0.290-0.666) 0.457 (0.300-0.667) 0.264 (0.188-0.390) 0.012
PESI 87 (64-109) 86 (63-108) 117 (108-139) 0.003
Primary composite endpoints —  Primary composite endpoints + p
(n=163) (n= 40)
TAPSE 19 (16-22) 20 (17-22) 15 (12-19) <0.001
sPAP 40 (30-60) 35 (30-55) 60 (50-70) <0.001
TAPSE/sPAP 0.454 (0.290-0.666) 0.533 (0.361-0.720) 0.270 (0.193-0.336) <0.001
PESI 87 (64-109) 75 (59-98) 125 (114-145) <0.001
TAPSE: Tricuspid annular plane systolic excursion, sPAP: Systolic pulmonary arterial pressure, PESI: Pulmonary embolism severity index.
Table 4. The association between TAPSE/sPAP ratio and PESI score
PESI low (1-2) PESI intermediate (3) PESI high (4-5)
Parameters (n=97) (n=42) (n= 64) p value
TAPSE 20 (18-23) 19 (17-21) 16 (13-19)*° <0.001
sPAP 30 (30-37) 45 (35-55)° 60 (50-74)°4 <0.001
TAPSE/sPAP 0.667 (0.514-0.800) 0.433 (0.356-0.533)* 0.264 (0.200-0.336)*° <0.001

2= Significantly lower than group I, °= Significantly lower than group 2, °= Significantly higher than group 1, %= Significantly higher than group 2.

TAPSE: Tricuspid annular plane systolic excursion, SPAP: Systolic pulmonary arterial pressure, PESI: Pulmonary embolism severity index.

indicate 30-day mortality and primary adverse outcomes. In
the 30-day mortality analyses, the highest combined sensitivity
and specificity values crossed the curve at 14.5 (sensitivity=
50.0%; specificity= 83.6%) for TAPSE. The area under the
curve was 0.714 (95% Cl= 0.530-0.898; p= 0.040). The
highest combined sensitivity and specificity values crossed the
curve at 41 (sensitivity= 100.0%; specificity= 54.4%) for
SPAP. The area under the curve was 0.717 (95% Cl= 0.597-
0.837; p= 0.038). The highest combined sensitivity and
specificity values crossed the curve at 0.494 (sensitivity=
100.0%; specificity= 45.6%) for TAPSE/sPAP ratio (Figure
4A) The area under the curve was 0.763 (95% Cl= 0.628-
0.899; p= 0.012). In the primary outcomes analyses, the
highest combined sensitivity and specificity values crossed the
curve at 15.5 (sensitivity= 52.2%; specificity= 85.9%) for
TAPSE. The area under the curve was 0.749 (95% ClI= 0.660-
0.838; p< 0.01). The highest combined sensitivity and

specificity values crossed the curve at 49 (sensitivity= 85.0%;
specificity= 71.8%) for sPAP. The area under the curve was
0.811 (95% CI=0.752-0.870; p< 0.001). The highest combined
sensitivity and specificity values crossed the curve at 0.387
(sensitivity= 92.5%; specificity= 70.6%) for the TAPSE/sPAP
ratio (Figure 4B). The area under the curve was 0.855 (95%
CI= 0.804-0.907; p< 0.001).

DISCUSSION

In our study, it was demonstrated that impaired TAPSE/
sPAP ratio was a strong predictor of in-hospital and 30-day
mortality in acute pulmonary embolism. Additionally, it was
associated with adverse cardiovascular outcomes. We also
revealed that the TAPSE/sPAP ratio was negatively correlated
with the PESI score. To the best of our knowledge, this is the
first study to compare the correlation of TAPSE/sPAP ratio
with PESI score in patients with APE.
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Table 5. The correlation between TAPSE/sPAP ratio and clinical variables

Parameters Correlation coefficient p value
PESI -0.716 <0.001
Hs-Troponin I -0.490 <0.001
RDW -0.307 <0.001
Urea -0.266 <0.001
Systolic BP 0.275 0.001

Diastolic BP 0.227 <0.001
Heart rate -0.355 <0.001
Pulse O, saturation 0.638 <0.001
Respiratory rate -0.253 <0.001
Fever 0.158 0.024

RV diameter -0.540 <0.001
LV ED diameter 0.325 <0.001
RV/LV ratio -0.590 <0.001
LV EF 0.230 0.001

RA diameter -0.558 <0.001
Age -0.298 <0.001

RCW: Red cell distribution width, TAPSE: Tricuspid annular plane systolic excursion, sPAP: Systolic pulmonary arterial pressure, LV: Left ventricle, RV: Right ventricle,
LV ED: Left ventricle and diastolic diameter, LVEF: Left ventricular ejection fraction, RA: Right atrium, PESI: Pulmonary embolism severity index, BP: Blood pressure.
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Figure 3. The correlation between TAPSE/sPAP ratio and PESI score.

While mortality is around 30% in patients with APE who
are not properly diagnosed and treated, this rate ranges
between 2% and 8% with early diagnosis and successful
treatment'®. For this reason, prognostic determination and
choosing the right treatment for APE patients is a very
important step. The RV function is of great importance in the
prognostic evaluation of APE. The RV dysfunction detected in
APE patients not only provides information on hypotension,
cardiorespiratory deterioration and mortality that may develop,
but also provides useful information on treatment selection!:'®,
TAPSE is an echocardiographic parameter that provides
simple and rapid results in demonstrating right ventricular
function. Previous studies have shown that TAPSE can be a

physiological indicator of right ventricular systolic functions
and is a method that can be used to evaluate right ventricular
systolic function!”>". However, TAPSE alone provides only a
longitudinal measurement and is insufficient to show global
function®. Another parameter that determines the prognostic
value of pulmonary embolism is pulmonary artery pressure?.
The RV, normally working against a low afterload, causes
physical occlusion of the pulmonary arteries, hypoxic
vasoconstriction, and pulmonary artery vasoconstriction
leading to increased resistance in the pulmonary vascular bed
with RV afterload. As a result, increased pulmonary artery
pressure makes it difficult for the RV to cope with this pressure
load, and RV function is further impaired(23) . The TAPSE/sPAP
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Table 6. Multivariate analysis giving information about independent predictors of 30-day mortality and primary composite endpoints

Parameters Multivariate analysis

Odds ratio 95% CI p value
TAPSE/sPAP 0.001 0.000-0.476 0.028
DM 1.628 0.260-10.193 0.603
HTN 1.211 0.221-6.625 0.826
WBC 1.038 0.914-1.179 0.567
Creatinine 4202 0.737-23.971 0.106
Primary composite endpoints Odds ratio 95% CI P
Chronic renal failure 1.975 0.261-14.927 0.509
TAPSE/sPAP 0.009 0.000-0.972 0.049
PESI score 1.090 1.050-1.132 <0.001
Smoking 2478 0.621-9.886 0.199
DM 2.076 0.480-8.984 0.329
HTN 4.864 1.381-17.138 0014

TAPSE: Tricuspid annular plane systolic excursion, SPAP: Systolic pulmonary arterial pressure, DM: Diabetes mellitus, HTN: Hypertension, WBC: White blood cell,

PESI: Pulmonary embolism severity index.
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Figure 4. Receiver-operating characteristic curve indicating the discriminative ability of the TAPSE/sPAP ratio for

30-day mortality (A) and primary endpoints (B).

ratio, calculated by these two important echocardiographic
markers, provides valuable information about the global
function of the RVUI?¥.

The normal range for TAPSE/sPAP is typically between 0.8
and 1.8, and while these values may vary with age, they do not
vary with gender®. Similarly, we did not see a difference
between sexes in a disease state. A high ratio means the RV is
functioning well given the afterload. The ratio will decrease as
SsPAP increases, when RV function estimated by TAPSE

declines, or both(!924+29),

The TAPSE/sPAP ratio has been associated with short-term
outcomes in patients with APE in previous studies. In the study
conducted by Lyhne et al., the TAPSE/SPAP ratio in low-risk
APE patients was found to be 0.47 in patients with a primary

endpoint of seven-day mortality and the need for invaluable
treatment!'?. As a result of the data in this study, while TAPSE
and TAPSE/sPAP ratio were predictive in seven-day mortality,
sPAP alone was not significant. Interestingly, considering the
30-day mortality results of these patients, only the TAPSE/
sPAP ratio was associated with this outcome!'?. As a result of
the ROC curve analysis we conducted in our study, the
predictive value of the

TAPSE/sPAP ratio in APE patients was found to be 0.494.
As such, it appears to be consistent with previous studies. In
the present study, a low TAPSE/PASP ratio was found to be
associated with in-hospital mortality, 30-day mortality, and
primary outcomes that include hypotension, and thrombolytic
treatment requirement. Besides these poor outcomes, the
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TAPSE/PASP ratio also had a relationship with traditional
parameters of determining the right heart such as RV diameter,
RV/LV ratio, tricuspid regurgitation, right atrium diameter.

Although there are many parameters that determine the
prognosis in patients with pulmonary embolism, the PESI
score is the most commonly used tool as recommended by the
guidelines®®. This scoring, which was put into clinical practice
more than 15 years ago, is used in two different ways as the
traditional PESI, which includes 11 clinical variables®”, and
the simplified PESI, calculated with six criteria®®. The PESI
score, which is classified into five different groups, is
considered an important predictor of 30-day mortality in APE
patients. Mortality predictions ranging from 1% to 10% can be
made among these five groups“?®: Despite all these broad
usage and recommendations, the PESI scoremay not be
sufficient in terms of hemodynamic evaluation. It is especially
weak in evaluating the right ventricular dysfunction caused by
APE. For this reason, transthoracic echocardiographic
evaluations have been routinely used in APE patients in recent
years as they are easy to access, inexpensive and simple
methods that can be applied at the bedside, and studies have
shown that this evaluation has successful predictive effects®®.
In a study by Burgos et al., TAPSE and sPAP measurements
added to the PESI score were found to be a better predictor of
mortality than the PESI score alone in patients with APE??.
Although not as strong as the PESI score, TAPSE and sPAP
values separately gave predictive results in terms of one-month
mortality. On the other hand, they revealed that the TAPSE/
SsPAP ratio can be an alternative assessment to PESI. Indeed, in
the correlation analysis in our study, a strong negative
correlation was found between the TAPSE/sPAP ratio and the
PESI score (r=-0.716, p< 0.001). In addition, the TAPSE/sPAP
ratio was determined as an independent predictor of 1- month
mortality in patients with acute pulmonary embolism in
multivariate analysis [OR= 0.001, 95% CI= 0.000-0.476, p=
0.028].

Another data supporting the results we obtained in our
study is that PESI score parameters are correlated with the
TAPSE/sPAP ratio even when evaluated separately. As a matter
of fact, PESI score criteria such as age, high heart rate, low
oxygen saturation, fever, hypotension, and mental status
disorder were found to be significantly associated with a low
TAPSE/sPAP ratio. The TAPSE/sPAP ratio was found to be as
predictive as the PESI score in primary composite outcomes
including hypotension, shock, mental status impairment,
mechanical ventilator requirement, thrombolytic requirement,
and death. As such, our results seem to be compatible with the
study by Lyhne et al!?.

Limitations of the study

The main limitations of the study are that it is single-
centered and retrospective, and the number of patients is
relatively low. Furthermore, the fact that the
echocardiographically measured TAPSE measurement is only
an indicator of RV longitudinal systolic functions and not RV
global functions is considered a limitation. Furthermore, it’s
important to note that the measured systolic pulmonary arterial
pressures are calculated based on the tricuspid regurgitation
(TR) jet using the modified Bernoulli’s formula, and these
pressures are not measured invasively, which are among the
significant limitations of the study. The fact that the
echoparameters  measured in the  pre-treatment
echocardiographic evaluation at the first admission, which can
sometimes end in shock or cardiac arrest, such as APE, cannot
be performed by more than one person and reproducibly, also

creates significant limitations.

CONCLUSION

We found that the TAPSE/sPAP ratio is an important
indicator in determining the prognosis of patients with acute
pulmonary embolism. However, we determined a strong
negative correlation between the PESI score and the TAPSE/
sPAP ratio used in line with the guidelines in APE prognosis.

Therefore, the TAPSE/sPAP ratio may be used as an
alternative tool in determining the prognosis of APE patients as
it is easily accessible, affordable, and effective.
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ABSTRACT

Introduction: The aim of this study was to assess the efficacy of isolated coronary artery bypass grafting
(CABG) on preoperatively existing mild-to-moderate chronic ischemic mitral regurgitation.

Patients and Methods: A retrospective analysis was conducted on 30 patients who had coronary artery
disease and chronic ischemic mitral regurgitation, and underwent isolated CABG at the Department of Car-
diovascular Surgery, Kocaeli University, between January 2012 and February 2014. Preoperative demo-
graphic and clinical characteristics, as well as postoperative outcomes, were evaluated. The degree of IMR,
left ventricular ejection fraction (LVEF), left ventricular end-systolic dimension (LVESD), left ventricular
end-diastolic dimension (LVEDD), and left atrial dimension (LAD) were assessed preoperatively, and at the
postoperative 12" month.

Results: There was no mortality during the early postoperative period. There were statistically similar meas-
urements for LVEF, LVESD, LVEDD, and LAD between preoperative and postoperative periods (p> 0.05).
However, a decrease in the degree of IMR was detected during the specified periods (p< 0.05).

Conclusion: Isolated CABG can be safely performed in patients with mild/moderate chronic ischemic mitral
regurgitation. The efficacy of isolated CABG was demonstrated to improve the degree of mitral regurgitation
in selected patients based on echocardiographic measurements.

Key Words: Mitral valve regurgitation; echocardiography; coronary artery bypass surgery

izole Koroner Arter Bypass Cerrahisinin Ardindan Hafif ve Orta Dereceli
Kronik Iskemik Mitral Yetersizligine Ne Olur?

OZET

Giris: Hafif/orta mitral yetersizligi (MY) olan hastalarda izole koroner arter bypass grefti (CABG) cerrahi-
sinin etkinligini degerlendirmek.

Hastalar ve Yontem: Ocak 2012 ile Subat 2014 Kocaeli Universitesi Kalp Damar Cerrahisi biriminde izole
CABG uygulanan 30 hasta retrospektif olarak incelendi. Ameliyat oncesi demografik ve klinik 6zellikler
ile ameliyat sonrast sonuglar degerlendirildi. Hastalarin MY derecesi, sol ventrikiil ejeksiyon fraksiyonu
(SVEF), sol ventrikiil sistol sonu boyut (SVSSB) ve sol ventrikiil diyastol sonu boyut (SVDSB), sol atriyum
boyutu (SAB) ameliyat 6ncesi ve ameliyat sonrasi 12. ayda kontrol edildi.

Bulgular: Hicbir hastada mortalite goriilmedi. Hastalarin ameliyat 6ncesi ve ameliyat sonras1 SVEF, SVSSB,
SVDSB ve SAB o6l¢iimlerinde istatiksel olarak benzerlik mevcuttu (p> 0.05). Ancak belirtilen periyotlarda
hastalarin MY derecelerinde azalma tespit edildi (p< 0.05).

Sonug: Hafif/orta mitral yetmezligi bulunan hastalarda izole CABG giivenle uygulanabilir. CABG’nin et-
kinligi hastalarin ekokardiyografik ol¢iimlerinde 6zellikle MY derecesinin azalmasiyla olumlu bir sekilde
gosterilmistir.

Anahtar Kelimeler: Mitral kapak yetersizligi; ekokardiyografi; koroner arter bypass cerrahisi

INTRODUCTION

Ischemic mitral regurgitation (IMR) is a common complication after myocardial
infarction". There is no consensus on the surgical treatment of patients with coronary artery
disease and mild-to-moderate IMR. It was suggested in several studies that isolated coronary
artery bypass grafting (CABG) surgery may reduce the degree of IMR by improving left
ventricular function®.
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Some researchers recommend mitral annuloplasty repair at
the time of CABG to directly reduce the degree of IMR®™.
However, the addition of mitral valve repair to CABG may
increase operative morbidity and mortality rates. The aim of
this retrospective study was to evaluate the clinical and
echocardiographic results of changes in IMR degree at
postoperative one-year in patients who had mild or moderate
IMR and coronary artery disease and underwent isolated
CABG.

PATIENTS and METHODS

A retrospective analysis of 30 patients with mild/moderate
chronic IMR was performed among 298 patients who
underwent isolated CABG between January 2012 and February
2014 in the Cardiovascular Surgery Clinic of Kocaeli
University Faculty of Medicine. This study was approved by
Kocaeli University Clinical Ethics Committees on 30.12.2014
with KOUKAEK: 2014/353 certificate number.

Preoperative echocardiography was performed within one
week before surgery to determine the etiology and degree of
IMR. Patients with mild or moderate IMR were included in the
study. The exclusion criteria were determined as an absence of
sinus rhythm, severe valvular stenosis, mitral valve pathologies
due to prolapse, rheumatic, endocarditis, annular calcification,
leaflet damage, history of reoperation, and unstable clinical
conditions. Standard transthoracic echocardiography with
Philips IE 33 system (S5-1 probe, 2.5-5.5 MHz; Philips
Healthcare, Andover, Mass) was performed preoperatively and
at postoperative 12" month. Left ventricular ejection fraction
(LVEF), left ventricular end-systolic diameter (LVESD), left
ventricular end-diastolic diameter (LVEDD), and left atrial
diameter (LAD) were evaluated. IMR was assessed according
to the diagnostic criteria of the European Society of
Echocardiography.

Clinical data were recorded as age, sex, arterial blood
pressure, arterial hypertension, dyslipidemia, diabetes,
smoking, New York Heart Association (NYHA) functional
class, outcome (survival or death), length of intensive care unit
or hospital stay, and major complications related to the
operation, including respiratory complications, neurological
complications (stroke or transient ischemic attack), and low
cardiac output before or after surgery.

Regarding perioperative variables, low cardiac output
syndrome was defined as the need for an intra-aortic balloon
pump. Transient ischemic attack (TIA) was defined as a
transient neurological event with loss of neurological function

during less than 24 hours. Pneumonia and atelectasis have been
defined as respiratory complications. Renal complication was
defined as the need for dialysis after CABG, and serum Cr>1.8
mg/dL.

Standard median sternotomy was performed under general
anesthesia in all patients. After appropriate anticoagulation
with 400 IU/kg heparin, cardiopulmonary bypass (CPB) was
initiated by cannulation of the ascending aorta and right
atrium. All patients were monitored with moderate hypothermia
(28-32 °C) and myocardial protection was achieved with
antegrade-retrograde combined isothermic blood cardioplegia.
Mean arterial pressure was maintained between 60 and 80
mmHg during CPB.

All data were analyzed using the SPSS 20.0 package
program and were expressed as mean + standard deviation.
The Chi-square test was used for categorical data analysis. The
difference between preoperative and postoperative values was
evaluated by the Paired-t test for numerical variables with
normal distribution, and the Wilcoxon test for numerical
variables without normal distribution. Values of p< 0.05 were
considered statistically significant.

RESULTS

Patient’s Data

CABG procedure was performed with cardiopulmonary
bypass in 30 patients. The mean age was 62.6 = 6.4 years.
Baseline demographic data and EF values of the patients are
presented in Table 1.

Operative Data

There was no mortality in any patient. The mean
cardiopulmonary bypass (CPB) and aortic cross-clamp times
(ACC) were 74 + 24 minutes and 50 + 16 minutes, respectively.
One patient underwent reoperation due to bleeding at the
postoperative 5™ hour. In one patient, an intraaortic balloon
pump was administered because of low cardiac output.
Operative data of the patients are shown in Table 2.

Echocardiographic results

Echocardiography was performed in all patients
preoperatively, and at 12 months postoperatively. No statistical
difference was found in the LVEF, LVEDD, LVESD, and LAD
measurements of the patients preoperatively, and at 12 months
postoperatively (p> 0.05). However, a statistical difference
was found in terms of the degree of MR in the preoperative and

postoperative 12"-month periods (p< 0.05) (Table 3).
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Table 1. Patient data

Patients (n= 30) n/ % Mean * SD Range
Age 626+64 (51-74)
Gender (Male) 21 (70%)

BSA (m?) 1.79 £ 047 (1.65-2.04)
Euro-Score 78+3.1 (6.4-11)
Hypertension 16 (53.3%)

COPD 3 (10%)

Diabetes mellitus 14 (46.7%)

Smoking 12 (40%)

NYHA class III-IV 14 (46.6%)

Use of SVG 30 (100%)

LVEF 30 (100%)

<35% 5 (16.6%)

35-50% 21 (70%)

>50% 4 (13.3%)

MR (2+) (Mild to Moderate) 24 (80%)

MR (1+4) (Mild) 6 (20%)

BSA: Body surface area, COPD: Chronic obstructive pulmonary disease, NYHA: New York heart association, SVG: Saphenous vein graft, MR:

Mitral regurgitation.

Table 2. Operative data

Variables (n= 30) n/% Mean + SD Range
CPB (min) 74 £ 24 (50-98)
ACC (min) 5016 (35-66)
Mechanical Ventilation (hrs.) 105+28 (7.1-18.5)
ICU stay (hrs.) 216+58 (14-27)
Discharge (days) 76+29 (5-10)
Drainage (mL) 320 + 125 (250-600)
Bleeding Revision 1 (3.3%)
LCOS 1 (3.3%)

e IABP 1 (3.3%)
Renal Complication 2 (6.7%)

o Dialysis 1(3.3%)

. Creatinine >1.8 mg/dl 1 (3.3%)
Neurological Complication 1 (3.3%)

e TIA 1 (3.3%)
Respiratory Complication 2 (6.7%)

. Atelectasis 1 (3.3%)

. Pneumonia 1(3.3%)
ECMO 0
Mortality 0

CPB: Cardiopulmonary bypass, ACC: Aortic cross-clamp, ICU: Intensive care unit, IABP: Intra-aortic balloon pump, ECMO: Extracorporeal membrane oxygenation,

TIA: Transient ischemic attack.
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Table 3. Echocardiographic results

Echocardiography Echocardiography
Variable (Preoperative) (Postoperative one yr.) p
Patients n= 30 n= 30
Mean + SD 46.1 £5.7 48.1 £4.3
LVEF (%) 0.244
Range (30-60) (35-60)
Mean + SD 523+0.65 529 +0.64
LVEDD (cm) 0.567
Range (4.7-5.5) (4.9-5.6)
Mean + SD 3.60 £0.82 358 +£0.92
LVESD (cm) 0.897
Range (34-44) (3.2-44)
Mean + SD 435+04 445+04 0077
LAD (cm) Range (4.00-4.40) (4.30-4.70) ’
MR Mean + SD 1804 133047 0.034"

LVEF: Left ventricular ejection fraction, LVEDD: Left ventricular end diastole dimension, LVESD: Left ventricular end systolic dimension, LAD: Left atrial dimension,

MR: Mitral regurgitation, *: p< 0.05.

DISCUSSION

Ischemic mitral regurgitation (IMR), often referred to as
functional mitral regurgitation, is mitral regurgitation that
occurs as a result of myocardial ischemia or infarction. By
definition, the mitral valve leaflets are structurally normal in
IMR. IMR is due to the malcoaptation of the leaflets, and a
consequence of acute papillary muscle dysfunction or changes

in geometry with left ventricular remodeling®®.

Mitral valve insufficiency is a functional problem that
occurs in 30% to 50% of patients with myocardial infarction
(MD?. Geometric remodeling of the left ventricle displaces
the papillary muscles and subsequently affects the chordae
tendineae, leading to valvular insufficiency. Echocardiographic
evaluation of ischemic MR includes measurement of MR
severity, assessment of leaflet and chordal pathology,
assessment of papillary muscles, assessment of left ventricular
global and regional function, left ventricular ejection fraction,
left ventricular wall motion, and dimensions®.

The majority of these patients have 1+ to 2+ mitral
regurgitation, without evidence of heart failure®'¥. Optimal
management of IMR remains elusive. Although concomitant
severe (3+ and 4+) IMR should be managed surgically at the
time of CABG, the optimal management of mild to moderate
(1+, 2+) IMR remains controversial®.

In patients with acute post-infarction angina with 1+ or 2+
MR, urgent myocardial revascularization is indicated to relieve
angina and prevent infarct spread. Thrombolysis or
percutaneous coronary intervention is usually performed to
prevent the progression of IMR or the development of
congestive heart failure'®. Important factors to consider when
intervening for (1+), (2+) IMR include the impact of CABG

alone on the progression of IMR, the impact of CABG with
and without MV intervention on survival, the additional risk of
MV intervention during CABG, and the decision for valve
repair or replacement®.

To assess MR levels on echocardiography, MR is classified
as mild(1+), mild to moderate (2+), moderate (3+), and severe
(4+). Although mitral valve repair concomitant with CABG
may improve functional capacity and MR severity in advanced
MR, the appropriate surgical approach for mild to moderate
MR is still controversial. It has been reported that successful
revascularization may also be favorable for mitral valve
function in patients with MR, associated with a reduction in
left ventricular size, increased mitral valve closure forces,
increased

improved papillary-muscle synchrony, and

myocardial contractility'®),

In this study, we analyzed the changes in mitral valve and
left ventricular structures preoperatively and one year
postoperatively in patients with mild/moderate IMR who
underwent isolated CABG. Due to its efficacy and safety, there
are many studies aiming to evaluate the effects and outcomes
of adding mitral valve intervention to CABG or performing
isolated CABG. Fattouch et al. found that adding mitral valve
repair to CABG was associated with efficacy, improvement in
the percentage of LVEF in NYHA functional class, and
reduction in the degree of mitral regurgitation, left ventricular
end-diastolic and end-systolic diameters, pulmonary artery
pressure and left atrial size®®.

Those who advocate the conservative approach of
revascularization alone without treatment of the IMR argue
that revascularization will improve regional wall motion
abnormalities, and papillary muscle function, and potentially
correct IMRUIT718),
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Moreover, some data suggest that survival and long-term
functional status are not improved with concomitant MV
interventions'*?? . Previous studies suggest that CABG alone
improves IMR grade and functional status!'"'71®.

Kim et al. found similar five-year survival with combined
mitral valve repair and revascularization compared to
revascularization alone in patients with MR®Y| In addition, a
2009 meta-analysis reported no survival benefit of adding
mitral valve intervention to CABG®?. In another study, Sun et
al. stated that the outcomes of patients with moderate MR are
associated with LVEF and post-infarction timing, and that
isolated CABG is an effective approach in patients with good

LVEF and early post-infarction intervention®.

In this retrospective analysis, 30 patients were evaluated
preoperatively and at 12 months postoperatively. There was no
statistically significant difference between the preoperative EF,
LVEF, LVEDD, LVESD and LAD values and the postoperative
12-month values. This is a positive result in terms of
complications related to prolonged cardiopulmonary bypass
and aortic clamping times due to the addition of mitral valve
repair to CABG. In addition, the preoperative MR grade of the
patients was found to have regressed according to the 12-month
postoperative examination. This suggests that the approach
applied in patients with mild to moderate MR is correct.

CONCLUSION

In conclusion, our approach showed that patients with mild
to moderate MR are likely to benefit from isolated CABG and
is in line with similar studies. We believe that isolated CABG
may improve mitral regurgitation in cases of mild to moderate
MR. However, the limiting factors of this study include its
single-center and retrospective nature, potentially impacting
generalizability.

There are no randomized trials showing a survival benefit
with mitral valve repair/replacement in IMR. The similarity of
outcomes between surgical and medical treatment suggests
that the pathophysiology of IMR and left ventricular remodeling
needs to be better understood.

Mild (1+) IMR should be left alone, unless: (1) preoperative
signs and symptoms are suggestive of periods of more severe
mitral regurgitation; and (2) intraoperative TEE demonstrate
anatomical findings requiring MVR (i.e., significant annular
dilatation, leaflet tenting)(5>. We believe a randomized trial
investigating the clinical outcomes and survival benefits of
mitral valve surgery for IMR is warranted.
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Central venous catheter 1
Chemotherapy 1

Cilostazol 70

Coronary arteries 34

Coronary artery bypass 83
Coronary artery bypass surgery 139

D

Death 128
Debridement 88
Dialysis 96
Dizziness 43

E
Echocardiography 128, 139
Ectasia 34

26. Cilt Dizini
26" Volume Index
Subject Index
(January 2023-December 2023)

Electrocardiographic parameters 70

Exercise 107

F-G
Fructose 7
Glucose 34

H

Health services 62
Heart 7
Hypotension 128

I

Index 34

Inflammation 99, 115
Interleukins 99

Ischemia 7, 96

Ischemic heart disease 83

M

Marfan syndrome 55
Mask 107

Mediastinitis 88
Menopause 48

Mics 121

Mitral repair 121
Mitral valve regurgitation 139
Mitral valve stenosis 27
Mortality 20, 115

Mvr 121

o
Outpatient 62
Oxygen consumption 107

P-Q

Patient satisfaction 62
Pectoralis flap 88

Peripheral artery disease 70
Port catheter 1

Pulmonary valve stenosis 40
Quality of healthcare 62

R

Reperfusion 7
Risk assessment 48
Risk score 20, 115

S

Single center 128

St-elevation myocardial infarction 20,
115

T

Thiol 76
Thoracotomy 121
Thromboembolism 14
Triglyceride 34

V-W
Valve-sparing aortic root replacement 55
Women's health 48

2D
2D echocardiography 27
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26. Cilt Dizini
26" Volume Index

Hakem Dizini / Referee Index

(Ocak 2023-Aralik 2023 / January 2023-December 2023)

2023 yilinda Kosuyolu Kalp Dergisinin makalelerini degerlendirme gorevini {istlenen, agagida isimleri yer alan degerli meslektaslarima

tesekkiir ederim.
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