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The Anatolian Journal of Cardiology is published in accordance with 
the principles of independent, unbiased, and double-blinded peer 
review. It publishes original research related to clinical, experimen-
tal and basic sciences on cardiology, editorial comments, reviews 
covering current issues, educational articles, scientific letters, case 
reports, letters to the editor, original images, articles on history of 
medicine and publication ethics, diagnostic puzzles, and interviews 
deemed appropriate for the purposes and scope of the journal.

The journal evaluates only the manuscripts submitted through its 
online submission system on the web site http://www.anatoljcardiol.
com. Manuscripts sent by other means will not be accepted.

The primary conditions for the acceptance of manuscripts for publi-
cation are originality, scientific value and citation potential.

STATEMENTS AND GUIDELINES

Statements

•	 All statements and opinions expressed in the manuscripts pub-
lished in the Anatolian Journal of Cardiology reflect the views of 
the author(s). All liability for the advertisements rests with the 
appropriate organization(s). The Turkish Society of Cardiology, 
the Editor-in-Chief and KARE do not accept any responsibility 
for articles and advertisements.

•	 The manuscripts submitted to the journal, except abstracts, pre-
sentations, reviews and parts of theses, should not have been ac-
cepted and published previously elsewhere in electronic or print-
ed format. Manuscripts evaluated and rejected by other journals 
must mention any previous submissions and supply reviewer’s 
reports. This will help to accelerate the evaluation process. If the 
submitted manuscript has been previously presented at a meet-
ing, the name, date, city and country must be specified.

•	 The authors transfer all copyrights of the manuscript in the 
framework of national and international regulations to the Turk-
ish Society of Cardiology as of evaluation process. A Copyright 
Transfer Form signed by corresponding author in order must be 
submitted to the journal with manuscript. After acceptance of 
manuscript, all of authors must fill and sign Copyright Transfer 
form. A separate form for each manuscript should be submitted. 
Manuscripts submitted without a Copyright Transfer Form will 
not be accepted. In the case of rejection, all copyrights transfer to 
the authors again. Authors must confirm that they will not submit 
the work to another journal, publish it in the original or another 
language and or allow a third party to use the manuscript without 
the written permission of the Turkish Society of Cardiology.

•	 All contents are the authors’ responsibility. All financial liability and 
legal responsibility associated with the copyright of submitted ta-
bles, figures and other visual materials protected by national and 
international laws rest with the authors. The authors take respon-
sibility for any legal proceedings issued against the journal.

•	 Rejected manuscripts will not be returned except for artwork.
•	 To clarify scientific contributions and responsibilities and any 

conflict of interest issues relevant to the manuscript, all parts of 
the ‘Authors’ Contribution’ form must be completed by the cor-
responding author and the ‘ICMJE Uniform Disclosure Form for 
Potential Conflicts of Interest’ must be completed online by all 
authors. Both forms should be included in the manuscript at the 
time of original submission.

Guidelines

•	 The format of the manuscripts must be in accordance with the ICM-
JE Recommendations for the Conduct, Reporting, Editing and Pub-
lication of Scholarly Work in Medical Journals (updated in December 
2014: http://www.icmje.org/icmje-recommendations.pdf).

•	 The presentation of the manuscripts must be in accordance 
with international guidelines. CONSORT should be used for 

randomized trials, STROBE for observational studies, STARD 
for diagnostic studies, PRISMA for systematic reviews and 
meta-analyses, ARRIVE for animal studies, and TREND for non-
randomized behavior and public health studies.

Ethics

•	 All manuscripts will be vetted by the Editor-in-Chief’s Office for 
possible plagiarism and duplication. Sanctions will be imposed 
in accordance with the guidelines of the Committee on Publica-
tion Ethics (COPE) and with the principles of the HEART Group 
when non-ethical issues arise. The authors must obtain the per-
mission of the copyright holder for non-original tables, figures, 
graphs, images and other visuals.

•	 The authors should acknowledge and provide detailed informa-
tion on any contributions in kind and financial support given by 
any foundations, institutions and firms.

•	 An ethics committee report prepared in conformity with the 
WMA Declaration of Helsinki - Ethical Principles for Medical Re-
search Involving Human Subjects and the Guide for the Care and 
Use of Laboratory Animals is required to be submitted with ex-
perimental and clinical studies, drug trial studies and some case 
reports. Authors may be asked by the Editor-in-Chief’s Office 
for an ethics committee report or similar in other circumstances 
also. Manuscripts reporting the results of experimental studies 
must explain in detail all procedures which volunteer subjects 
and patients have undergone and a statement indicating that 
consent for the study has been obtained from all subjects should 
be included in the text. Animal studies should clearly specify 
how pain or discomfort has been relieved.

Artificial Intelligence (AI)–Assisted Technology

At submission, the journal should require authors to disclose wheth-
er they used artificial intelligence (AI)– assisted technologies (such 
as Large Language Models [LLMs], chatbots, or image creators) in 
the production of submitted work. Authors who use such technology 
should describe, in both the cover letter and the submitted work, how 
they used it. Use of AI for writing assistance should be reported in the 
acknowledgment section. Authors who used AI technology to conduct 
the study should describe its use in the methods section in sufficient 
detail to enable replication to the approach, including the tool used, 
version, and prompts where applicable. Chatbots (such as ChatGPT) 
should not be listed as authors because they cannot be responsible for 
the accuracy, integrity, and originality of the work, and these responsi-
bilities are required for authorship. Therefore, humans are responsible 
for any submitted material that included the use of AI-assisted tech-
nologies. Authors should carefully review and edit the result because AI 
can generate authoritative-sounding output that can be incorrect, in-
complete, or biased. Authors should not list AI and AIassisted technol-
ogies as an author or co-author, nor cite AI as an author. Authors should 
be able to assert that there is no plagiarism in their paper, including in 
text and images produced by the AI. Humans must ensure there is ap-
propriate attribution of all quoted material, including full citations.

PREPARATION AND SUBMISSION OF MANUSCRIPTS

Manuscript files should be prepared with Microsoft Office Word. 
The online submission system will direct authors during all stages of 
submission and provide necessary support for accelerating the sub-
mission process. A list of the files that should be supplied through the 
online submission system is provided below.

1. Title Page
2. Main Text
3. Tables, Graphs and Figures
4. Copyright Transfer Form
5. Author Contribution Form
6. ICMJE Uniform Disclosure Form for Potential Conflicts of Interest
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A-IV

1.	 Title Page

Information about the authors and their institutions should not be 
included in the main text, tables, figures and video documents. Since 
submitted manuscripts are evaluated by the reviewers through the 
online system, personal identification is excluded in the interests of 
unbiased interpretation. Thus, only information about the manuscript 
as specified below should be included on the title page. For each type 
of manuscript, it is mandatory to upload a title page as a separate 
Microsoft Word document through the online submission system. The 
title page should include the names of the authors with their latest 
academic degrees, and the name of the department and institution, 
city and country where the study was conducted. If the study was 
conducted in several institutions, the affiliation of each author must be 
specified with symbols. The correspondence address should contain 
the full name of the corresponding author, postal and e-mail address-
es, phone and fax numbers. If the content of the manuscript has been  
presented before, the name, date and place of the meeting must be 
noted. Disclosure of conflict of interest, institutional and financial 
support, author contributions, acknowledgments, and ORCID iDs of 
the authors should be included on the title page.

2.	 Main Text
The manuscripts submitted to our journal are classified and evaluat-
ed according to the manuscript types stated below. During prelim-
inary evaluation, the editors assess whether a manuscript’s format 
and sub-headings are prepared in accordance with the journal’s 
guidelines. Therefore, it is important that authors check the accura-
cy of the main text in terms of the following.

A. Manuscript types
	 • Original investigation
	 • Editorial comment
	 • Review
	 • Education
	 • Scientific letter
	 • Case report
	 • Original image
	 • Letter to the editor
	 • Publication ethics
	 • Scientific puzzle
	 • Miscellaneous articles

B. References
C. Special Terms and Conditions

A.	 Manuscript types

•	 Original Research
•	 Title
•	 Highlights: Each submission should be accompanied by 3 to 5 

“highlight points” which should emphasize the most striking re-
sults of the study and highlight the message that is intended to 
be conveyed to the readers. It should be limited to 70 words.

•	 Structured Abstract: It should be structured with Objective, 
Methods, Results and Conclusion subheadings and should be 
limited to 250 words.

•	 Keywords: This section should contain a minimum of three and 
a maximum of six items in accordance with Medical Subject 
Headings (MeSH) terms prepared by the National Library of 
Medicine (NLM) and should be placed just below the abstract.

•	 Main Text: It should consist of Introduction, Methods, Results, 
Discussion, Limitations of the Study and Conclusion sections 
and should not exceed 5000 words excluding the references.

•	 References: The reference list should be provided following the Main 
Text. Limiting the number of references to 50 is usually sufficient.

•	 Tables, Figures and Images: They should be placed below the 
reference list and numbered according to their consecutive 
order in the main text.

•	 Title, Structured Abstract and Keywords should also be provid-
ed in Turkish for manuscripts submitted by Turkish authors or 
from Türkiye. However, translations of these sections for man-
uscripts submitted by foreign authors outside Türkiye will be  
the responsibility of the publisher.

Statistical Analysis: Statistical analysis should be conducted in ac-
cordance with the guidelines on reporting statistical data in medical 
journals [Altman DG, Gore SM, Gardner MJ, Pocock SJ. Statistical 
guidelines for contributors to medical journals. Br Med J 1983: 7; 1489-
93 and Lang T, Altman D. Basic statistical reporting for articles pub-
lished in clinical medical journals: the SAMPL Guidelines. In: Smart P, 
Maisonneuve H, Polderman A (editors). Science Editors’ Handbook, 
European Association of Science Editors, 2013.]. The software used 
for statistical analysis must be described. Data must be expressed 
as mean ± standard deviation when parametric tests are used to 
compare continuous variables. For nonparametric tests, data must be  
expressed as median (minimum-maximum) or percentiles (25th and 
75th percentiles). In advanced and complex statistical analyses, rel-
ative risk (RR), odds ratio (OR) and hazard ratio (HR) must be support-
ed by confidence intervals and p values. The outcomes of statistical 
analyses and interpretation of the results must be in evidence-based 
scientific language (Editors of Heart Group journals. Statement on 
matching language to the type of evidence used in describing out-
comes data. Anatolian Journal of Cardiology 2012;12:709).

•	 Editorial Comment

Authors are selected and invited by the Editor-in-Chief. This type 
of manuscript aims at providing a brief commentary on an article 
published in the journal by a researcher who is an authority in the 
relevant field or by the reviewer of the article.

•	 Title
•	 Main Text: It should not include subheadings and should be limit-

ed to 500 words.
•	 References: The reference list should follow the main text and 

the number of references should be limited by 15.
•	 Abstract, Keywords, Tables, Figures, Images and other visuals 

are not included in editorial comments.
•	 The title should also be provided in Turkish for works submitted 

by Turkish authors or from Türkiye. The title of the manuscripts 
submitted by foreign authors outside Türkiye will be translated 
into Turkish by the Editor-in-Chief’s Office.

•	 Review

Reviews prepared by authors with extensive knowledge on a par-
ticular field, which has been reflected in international literature 
by a high number of publications and citations, are evaluated. The 
authors may be invited by the Editor-in-Chief. A review should be 
prepared in the format describing, discussing and evaluating the 
current level of knowledge or topic that is to be used in the clinical 
practice and it should guide further studies.

•	 Title
•	 Highlights: Each submission should be accompanied by 3 to 5 

“highlight points” which should emphasize the most striking re-
sults of the study and highlight the message that is intended to 
be conveyed to the readers. It should be limited to 70 words.

•	 Abstract: It should not include subheadings and should be limit-
ed to 250 words.

•	 Keywords: This section should contain a minimum of three and 
a maximum of six items in accordance with Medical Subject 
Headings (MeSH) terms prepared by the National Library of 
Medicine (NLM) and should be provided just below the abstract.

•	 Main Text: It should include Introduction, other subheadings and 
Conclusion sections and should be limited to 5000 words ex-
cluding the references.
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•	 References: The reference list should be placed just below the 
main text and the number of references should not exceed 50.

•	 Tables, Figures and Images: They should be provided after the 
reference list according to their order of appearance in the text.

•	 For reviews submitted by Turkish authors or from Türkiye, Title,  
Abstract and Keywords should also be provided in Turkish. For 
reviews submitted by foreign authors outside Türkiye, transla-
tions of these sections will be the responsibility of the publisher.

NOTE: The originality of the visuals included in the reviews should be 
assured by submission of an accompanying letter by the authors. Ap-
propriate citation should be done for the visuals adapted from pre-
viously published sources, in accordance with the original versions 
of the printed or electronic copies. The written permission obtained 
from the copyright holder (publisher, journal or authors) should be 
sent to the Editor-in-Chief’s Office.

•	 Education
	 Knowledge confirmed by the results of recent research studies, 

involved in education at academic level and used in clinical prac-
tices should be presented in detail in this type of manuscript.

•	 Title
•	 Abstract: It should not include subheadings and it should be lim-

ited to 250 words.
•	 Keywords: This section should contain a minimum of three and 

a maximum of six items in accordance with Medical Subject 
Headings (MeSH) terms prepared by the National Library of 
Medicine (NLM) and should be provided just below the abstract.

•	 Main Text: It should include Introduction, other subheadings and 
Conclusion sections and should not exceed 5000 words exclud-
ing the references.

•	 References: The reference list should be provided just below the 
main text and the number of references should be limited to 50.

•	 Tables, Figures and Images: They should be provided after the ref-
erence list according to their order of appearance in the main text.

•	 For educational articles submitted by Turkish authors or from 
Türkiye, Title, Abstract and Keywords should also be provid-
ed in Turkish. For articles submitted by foreign authors outside  
Türkiye, the translation of these sections will be carried out by 
the Editor-in-Chief’s Office.

•	 Scientific Letter
	 Manuscripts which announce a new scientific invention, are 

clinically significant, and are in the form of a preliminary report 
are accepted for publication as scientific letters.

•	 Title
•	 Main Text: It should include Introduction, other subheadings and 

Conclusion sections and should not exceed 900 words excluding 
the references.

•	 References: The reference list should be provided just below the 
main text and the number of references should be limited to 10.

•	 Tables, Figures and Images: They should be provided below the 
reference list according to their order of appearance in the text 
and should be limited to two.

•	 Abstract and Keywords should not be included.
•	 For scientific letters submitted by Turkish authors or from  

Türkiye, the Title should also be provided in Turkish. For letters 
submitted by foreign authors outside Türkiye, the translation  
of these sections will be carried out by Editor-in-Chief’s Office.

•	 Case Report
	 Since a limited number of case reports is published, only reports 

which are related to rare cases and conditions that constitute 
challenges in diagnosis and treatment, offer new methods or 
suggest knowledge not included in books, and are interesting 
and educational are accepted for publication.

•	 Title
•	 Main Text: It should include Introduction, Case Report, Discus-

sion and Conclusion sections and should not exceed 700 words 
excluding the references.

•	 References: The reference list should follow the main text and 
the number of references should be limited to 10.

•	 Tables, Figures and Images: They should be provided after the 
reference list according to their order of appearance in the text 
and should be limited to two.

•	 Abstract and Keywords are not included.
•	 For case reports submitted by Turkish authors or from Türki-

ye, the Title should also be provided in Turkish. For case reports 
submitted by foreign authors outside Türkiye, the translation of 
these sections will be carried out by the Editor-in-Chief’s Office.

NOTE 1: Case reports that include video images have a better 
chance of publication.

•	 Original Image
	 Impressive and rare images that reflect significant findings 

based on clinical science,
	 shed light on fundamental mechanisms of diseases, emphasize 

abnormalities or
	 introduce new treatment methods are accepted for publication.
•	 Title
•	 Main Text: It should not include subheadings and it should be 

limited to 250 words.
•	 Tables, Figures and Images: They should be provided after the 

main text according to their order of appearance in the text and 
should be limited to two.

•	 Abstract, Keywords and References are not included.
•	 For original images submitted by Turkish authors or from Türkiye, 

the Title should also be written in Turkish. For images submitted 
by foreign authors outside Türkiye, the translation of this section 
into Turkish will be carried out by the publisher.

NOTE 1: Those manuscripts with video images have a better chance 
of publication.

NOTE 2: Manuscripts prepared in accordance with original image 
criteria are published only as an e-page at the journal’s website 
http://www.anatoljcardiol.com.

•	 Letter to the Editor
	 Letters to the Editor aim to discuss the importance of a man-

uscript previously published in the journal. This type of manu-
scripts should also include a comment on the published manu-
script. Moreover, articles on topics of interest to readers within 
the scope of the journal, especially on educational issues, can be 
published in the format of a Letter to the Editor.

•	 Title
•	 Main Text: It should not include subheadings and it should be 

limited to 500 words.
•	 References: The reference list should follow the main text and 

the number of references should be limited to five. The volume, 
year, issue, page numbers, authors’ names and title of the man-
uscript should be clearly stated, included in the list of references 
and cited within the text.

•	 Abstract, Keywords, Tables, Figures and Images, and other vi-
suals are not included.

•	 For manuscripts submitted by Turkish authors or from Türkiye,  
the Title should also be written in Turkish. For manuscripts  
submitted by foreign authors outside Türkiye, the translation of  
this section into Turkish will be carried out by the publisher.

•	 Publication Ethics
	 These articles include current information on research and pub-

lication ethics and also cases of ethical violation.
•	 Title
•	 Main Text: It should not exceed 900 words.
•	 References: The reference list should follow the main text and 

the number of references should be limited to 10.
•	 Tables, Figures and Images: They should be placed after the 

reference list according to their order of appearance in the text 
and limited to two.

A-V

THE ANATOLIAN
JOURNAL OF
CARDIOLOGY



A-VI

•	 Abstract and Keywords are not included.
•	 For articles submitted by Turkish authors or from Türkiye, the 

Title should also be written in Turkish. For articles submitted  
by foreign authors outside Türkiye, the translation of this  
section into Turkish will be carried out by the publisher.

•	 Scientific Puzzle

Images obtained directly or on operation, visuals revealed through 
EKG and/or imaging methods, and macroscopic-microscopic 
anatomical, pathological findings of attentiongrabbing and rare cas-
es can be published. Unlike original images, the diagnosis and out-
come of the case and image are hidden at the beginning in diagnostic 
puzzles. Four multiple-choice questions are prepared. In the following 
pages of the journal, the correct answer in terms of precise diagno-
sis and outcome is given with an explanation and didactic images and 
then discussed. The Editor-in-Chief will convert suitable images into 
the format of a diagnostic puzzle with the authors’ permission.

•	 Title
•	 Main Text: It should not exceed 500 words.
•	 References: The reference list should follow the main text and 

be limited to a maximum of three.
•	 Tables, Figures and Images: They should be placed after the 

reference list according to their order of appearance in the text 
and should be limited to five.

•	 Abstract and Keywords should not be included
•	 For diagnostic puzzles submitted by Turkish authors or from Türki-

ye, the Title should also be provided in Turkish. For diagnostic puz-
zles submitted by foreign authors outside Türkiye, the translation 
of this section into Turkish will be carried out by the publisher.

•	 Miscellaneous
	 This type of manuscript covers important events and obituaries.
•	 Title
•	 Main Text: It should not exceed 1000 words.
•	 References: The reference list should follow the main text and 

the number of references should be limited to 10.
•	 Tables, Figures and Images: They should be placed after the 

reference list according to their order of appearance in the text 
and should be limited to five.

•	 Abstract and Keywords should not be included.
•	 For manuscripts submitted by Turkish authors or from Türkiye, 

the Title should also be provided in Turkish. For manuscripts  
submitted by foreign authors outside Türkiye, the translation of 
this section into Turkish will be carried out by the publisher.

B.	 References
•	 References should be numbered in the order in which they are 

cited within the main text.
•	 Only manuscripts published or accepted for publication should 

be cited.
•	 Recent publications related to the topic of the manuscript 

should be reviewed.
•	 References that are inaccessible and not indexed in any data-

base should not be cited.
•	 The titles of journals should be abbreviated in accordance with 

(Patrias K. Citing medicine: the NLM style guide for authors, ed-
itors, and publishers [Internet]. 2nd ed. Wendling DL, technical 
editor. Bethesda (MD): National Library of Medicine (US); 2007

	 - [updated 2011 Sep 15; cited Year Month Day].

When there are six or fewer authors, all authors should be listed. If 
there are seven or more authors, the first three authors should be 
listed followed by “et al.” In the main text of the manuscript, refer-
ences should be cited in superscript after punctuation.Both in-text 
citations and the references must be prepared according to the AMA 
Manual of style.The style and punctuation of the references should 
be formatted as in the following examples.

Journal: Muller C, Buttner HJ, Peterson J, Roskomun H. A random-
ized comparison of clopidogrel and aspirin versus ticlopidine and 
aspirin after placement of coronary artery stents. Circulation. 
2000;101(6):590-593.

Book Chapter: Sherry S. Detection of thrombi. In: Strauss HE, Pitt B, 
James AE, eds. Cardiovascular Medicine. St Louis: Mosby; 1974:273-285.

Book with Single Author: Cohn PF. Silent Myocardial Ischemia and 
Infarction. 3rd ed. New York: Marcel Dekker; 1993.

Editor(s) as author: Norman IJ, Redfern SJ, eds. Mental Health Care 
for Elderly People. New York: Churchill Livingstone; 1996.

Conference Paper: Bengisson S. Sothemin BG. Enforcement of data 
protection, privacy and security in medical informatics. In: Lun KC, 
Degoulet P, Piemme TE, Rienhoff O, eds. MEDINFO 92. Paper pre-
sented at the 7th World Congress on Medical Informatics; Septem-
ber 6-10 1992; Geneva, Switzerland. Amsterdam: North-Holland; 
1992:1561-1565.

Scientific or Technical Report: Smith P. Golladay K. Payment for du-
rable medical equipment billed during skilled nursing facility stays. 
Final report. Dallas (TX) Dept. of Health and Human Services (US). 
Office of Evaluation and Inspections: October 1994. Report No: 
HHSIGOE 169200860.

Thesis: Kaplan SI. Post-hospital Home Health Care: Elderly Access 
and Utilization. Dissertation. Washington University; 1995.

Manuscripts accepted for publication but not published yet:  
Leshner AI. Molecular Mechanisms of Cocaine Addiction. N Engl  
J Med. Forthcoming 1997.

Epub ahead of print articles: Aksu HU, Ertürk M, Gül M, Uslu N. Suc-
cessful treatment of a patient with pulmonary embolism and biatri-
al thrombus. Anatolian J Cardiol. December 26, 2012. doi: 10.5152/
akd.2013.062. [Epub ahead of print].

Manuscript published in electronic format: Morse SS. Factors in the 
emergence of infectious diseases. Emerg Infect Dis (serial online). 
l995 Jan-Mar (cited 1996 June 5): 1(1): (24 screens). Available from: 
http:/ www.cdc.gov/ncidodlElD/cid.htm.

C. Special Terms and Conditions

•	 For double-blinded peer-review process, the names of the cor-
responding author and other authors, their affiliations and any 
information on the study centres should not be included in any 
part of the submitted manuscripts and images, except the Title 
Page.

	 This information should be added to the relevant section of the 
online submission system and included in the Title Page.

•	 Pharmaceutical products should be written with their generic 
names and brand and company names, city and country should 
be specified for medical equipment and devices.

3.	 Tables, Graphs and Figures
•	 Tables, Graphs, Figures and other visuals should be numbered in 

the order of their citation within the text and names of patients, 
doctors and institutions should not be disclosed.

•	 Tables should be prepared in a Microsoft Office Word document 
using the command ‘Insert Table’ and inserted at the end of the 
references in the main text.

•	 Tables should not be submitted in JPEG, TIFF or other visual for-
mats. For microscopic images, the magnification ratio and staining 
technique used should be specified in addition to figure legends. 

•	 All visuals should have a high resolution (minimum 300 dpi).
•	 The thickness of the lines in graphs should be sufficient to min-

imize loss of quality if size reduction is needed during the print-
ing process. The width of the graphs should be 9 cm or 18 cm. 

THE ANATOLIAN
JOURNAL OF
CARDIOLOGY



Drawings should be performed by professionals. No grey colours 
should be used.

•	 Abbreviations should be explained in alphabetical order at the 
bottom of the tables, graphs and figures

•	 Roman numbers should be avoided in tables and figures within 
the text and their titles.

•	 Decimal numbers used in text, tables and figures should be 
separated by commas in Turkish sections and by dots in English 
sections.

•	 Tables should be easily understandable and should not repeat 
the data in the main text.

•	 In addition to the pictures included in case reports and original 
images, video and movie images are published on the journal’s 
website. These images should be prepared in MPEG format with 
a maximum size of 2 MB. They should be submitted to the journal 
with the manuscript documents. The names of patients, doctors, 
institutions and places should be omitted from all documents.

NOTE: All visuals in the manuscripts are printed in black and white 
without charge. If color printing is required, Turkish authors must pay 
300 TL, while foreign authors must pay 300 USD. For payment meth-
ods, please contact the Editor-in-Chief’s Office of the Anatolian 
Journal of Cardiology.

EVALUATION AND PUBLICATION

•	 The main text submitted to the journal must be in English. Man-
uscripts written in other languages are not accepted. Citation 
potential is higher for manuscripts in English.

•	 The Editor-in-Chief’s Office checks the conformity of the man-
uscript with the journal’s general guidelines before sending it to 
associate editors and reviewers. Any manuscripts not prepared 
in accordance with the journal’s guidelines will be returned for 
revision. The evaluation period is limited to 21 days. If revision 
is requested, authors should submit their revised manuscripts 
within 24 days. Manuscripts and revisions should be submitted 
through the online manuscript submission system at the web-
site http://www.anatoljcardiol.com. Manuscripts sent by e-mail 
will not be accepted.

•	 Manuscripts are evaluated in accordance with the principles 
of double-blinded peer review. Of the submitted manuscripts, 
those considered to be suitable are subjected to preliminary 
evaluation by the Editor-in-Chief’s assistants in terms of style, 
format, etc. and by the Editor-in-Chief in terms of their con-
tent. Manuscripts considered to be scientifically adequate are 
assigned to four reviewers. These reviewers are independent 
experts and members of the editorial board who have published 
internationally on the topic of the manuscript. Research arti-
cles, systematic reviews and meta-analyses are also evaluat-
ed by the Editor-in-Chief’s statistician counsellors in addition 
to peer review. When needed, the manuscripts are scanned by 
the Editor-in-Chief’s Office using the iThenticate program for 
determination of plagiarism and non-ethical situations. Also, 
all manuscripts are reviewed and edited for compliance with 
the rules of English grammar. All contributing authors of a man-
uscript accepted for publication are deemed to have accepted 
the right of editors to make corrections provided that no fun-
damental change is made to the basic meaning of the origi-
nal text. Manuscripts not accorded priority for publication by 
the Editor-in-Chief, Editor, Associate Editors and Referees are 
rejected.

•	 Reviewers who seek assistance from a trainee or colleague in 
the performance of a review should acknowledge these individ-
uals’ contributions in the written comments submitted to the 
editor. Reviewers must maintain the confidentiality of the man-

uscript, which may prohibit the uploading of the manuscript to 
software or other AI technologies where confidentiality cannot 
be assured. Reviewers must request permission from the journal 
prior to using AI technology to facilitate their review.

•	 The retraction requests of the manuscripts close to the final 
decision in evaluation process, without any reasonable expla-
nation (not contrary to the Publication Ethics) is considered in 
the scope of rejection decision. Manuscripts that are not revised 
and resubmitted within the specified time and fail to notify the 
journal accordingly will be rejected.

•	 Once a manuscript is accepted for publication, addition to 
the author list, removal from the author list and order change 
cannot be effected.

•	 Manuscripts accepted for publication are prepared as ‘Epub 
ahead of print articles’ and published with an assigned DOI on 
the journal website http://www.anatoljcardiol.com.

•	 Information on the latest status of manuscripts submitted for 
evaluation and other information about the journal are available 
on the website http://www.anatoljcardiol.com. Contact details 
for the Editor-in-Chief’s Office and the publisher are given below.

ARTICLE PROCESSING CHARGE

As of March 1, 2026, the Anatolian Journal of Cardiology will request 
an article processing charge (APC) for newly submitted manuscripts 
accepted for publication.

APC rates are determined by article type and the corresponding au-
thor’s membership status in the Turkish Society of Cardiology.

1.	 Research Articles, Review Articles, and Meta-Analyses

•	 USD 1,000 + 20% VAT for non-member foreign authors
•	 USD 600 + 20% VAT for the Turkish Society of Cardiology members

2.	 Case Reports

•	 USD 500 + 20% VAT for non-member foreign authors
•	 USD 300 + 20% VAT for the Turkish Society of Cardiology members

APCs finance the publishing services offered by the journal, such as 
managing peer reviews, handling administrative expenses, producing 
articles in PDF and other formats, distributing articles to different plat-
forms, and other publishing-related activities.

Owner	 : Turkish Society of Cardiology
Address	 : Çobançeşme Sanayi Cad., No: 11, Nish İstanbul, 
	   A Blok, No: 47-48, 34196, Yenibosna, Bahçelievler,
	   İstanbul, Türkiye
Phone	 : +90 212 221 17 30 / +90 0212 221 17 38
Fax	 : +90 212 221 17 54
E-mail	 : tkd@tkd.org.tr

Editor-in-Chief	 : Prof. Dr. Çetin Erol
Address	 : Çobançeşme Sanayi Cad., No: 11, Nish İstanbul, 
	   A Blok, No: 47-48, 34196, Yenibosna, Bahçelievler, 
	   İstanbul, Türkiye
Phone	 : +90 (535) 461 41 62
Fax	 : +90 (212) 221 17 54
E-mail	 : info@anatoljcardiol.com 

Publisher	 : KARE PUBLISHING
Address	 : �Göztepe Mah. Fahrettin Kerim Gökay Cad. No: 

200, da: 2, Kadıköy, İstanbul, Türkiye
Phone	 : +90 216 550 61 11
E-mail	 : kare@karepb.com
Web page	 : www.karepb.com

A-VII

THE ANATOLIAN
JOURNAL OF
CARDIOLOGY



A-VIII

CONTENTS

EDITORIAL

630	 Becker Muscular Dystrophy, Biomarkers and 
Risk Scores
Çetin Erol; Ankara, Türkiye

REVIEW

631	 Clinical Presentation, Diagnosis, Treatment, 
and Outcome of Heart Disease in Becker 
Muscular Dystrophy
Josef Finsterer; Vienna, Austria

ORIGINAL INVESTIGATIONS

644	 Mid-Term Outcomes of the Ozaki Procedure: 
A Single-Center Experience
Tuna Demirkıran, Yiğit Tokgöz, Veli Can Özdemir, 
Tayfun Özdem, Emre Kubat, Gökhan Erol, 
Murat Kadan, Serdar Fırtına, Salim Yaşar, 
Kubilay Karabacak; Ankara, Hatay, Türkiye

651	 Coronary Artery Perforation During Percutaneous 
Coronary Intervention: A Two-Center Real-World 
Case Series and Review of Management Strategies
Fahrettin Turna, Asım Enhoş, Oğuzhan Abanoz, 
Mehmet Şirin Yıldız, Mahmut Uluganyan; Sakarya, 
İstanbul, Tunceli, Türkiye

661	 Uric Acid-to-High-Density Lipoprotein Cholesterol 
Ratio and Coronary Slow Flow: An Integrative 
Marker of Microvascular Dysfunction
Ramazan Astan, Eyyüp Erkiz, Erdoğan İlkay; 
Batman, Ankara, Türkiye

668	 A Comparative Study of Cardiovascular Risk 
Calculation Systems and the New PREVENT Model
Yasemin Atıcı, Makbule Beyza Şen, Doğan Yücel; 
Ankara, Türkiye

684	 Circulating Protein Biomarkers for Primary 
Cardiomyopathy: Evidence from Mendelian 
Randomization and Clinical Validation
Jie He, Xiaoyan Liu, Jianhui Tang, Chunrong Tang, 
Xiaofen Liu, Zhuoyuan Yu; Sichuan, Chongqing, 
People’s Republic of China

693	 Composite Uric Acid Index for Prediction of 
Significant Coronary Stenosis on Computed 
Tomography Angiography
Volkan Çamkıran, Gediz Doğay Us, Eray Aksoy, 
Şahhan Kılıç, Gülsüm Bingöl, Leyla Bulut, Haşim Tüner, 
Elif Ayduk Gövdeli, Ümit Acar, Batool Achmar, 
Barış Ökçün, Melih Us; İstanbul, Çorlu, Türkiye, 
Maastricht, The Netherlands, London, United Kingdom

700	 Longitudinal Assessment of Diastolic Function and 
Myocardial Strain in Type 2 Diabetes: A Comparison 
of Empagliflozin and Linagliptin
Oğuz Kaan Kaya, Gökhan Köker; Antalya, Türkiye

CASE REPORT

708	 Percutaneous Treatment of Ascending Aortic 
Pseudoaneurysms: A Case Series
Fatma Can, Muhsin Melik, Gönül Zeren, 
İlhan İlker Avcı, Mustafa Azmi Sungur, Melih Öz, 
Utku Uluköksal, Barış Şimşek, Mehmet Fatih Yılmaz, 
Can Yücel Karabay; İstanbul, Türkiye

LETTER TO THE EDITOR

713	 Interpreting Early Reticulocyte Response After 
Intravenous Iron Therapy in Heart Failure
Hasan Burak İşleyen, Sercan Bulut, Fatih Kızkapan 
Cevahir Alioğlu; İstanbul, Türkiye

LETTER TO THE EDITOR REPLY

715	 Reply to the Letter to the Editor: “Interpreting 
Early Reticulocyte Response After Intravenous Iron 
Therapy in Heart Failure”
Zeynep Kumral, Hacer Uysal, Mehmet Birhan Yılmaz; 
İzmir, Türkiye

LETTER TO THE EDITOR

716	 Ambiguity of Medina 0.0.1 Bifurcation Disease 
Without Intravascular Imaging
Ezgi Gültekin Güner, Ahmet Güner; İstanbul, Türkiye

LETTER TO THE EDITOR REPLY

718	 Reply to the Letter to the Editor: “Ambiguity 
of Medina 0.0.1 Bifurcation Disease Without 
Intravascular Imaging”
Halil Akın, Önder Bilge, Ferhat Işık, 
Abdurrahman Akyüz, Emre Kıvrak, Esra Yılmaz, 
İlke Çelikkale, Özcan Özdemir, İbrahim Halil Tanboğa; 
Ankara, Diyarbakır, İstanbul, Türkiye

E-PAGE ORIGINAL IMAGE

E-24	Spontaneous Echo Contrast or Thrombus? 
Intracardiac Echocardiography and Isoproterenol 
Infusion Provide the Answer
Can Sezer, Cem Çöteli, Gül Sinem Kılıç, 
Uğur Canpolat, Hikmet Yorgun, Kudret Aytemir; 
Ankara, Türkiye

THE ANATOLIAN
JOURNAL OF
CARDIOLOGY



Official journal of the

630

TURKISH
SOCIETY OF
CARDIOLOGY

THE ANATOLIAN
JOURNAL OF
CARDIOLOGY

Erol.

Apical Periodontitis and CVD, Neuron Specific Enolase, Shenfu Injection…

EDITORIAL

Becker Muscular Dystrophy, Biomarkers and 
Risk Scores

Becker muscular dystrophy (BMD) is a primary myopathy caused by mutations in 
the dystrophin gene on chromosome Xq21.2, which often affects the myocardium 
and cardiac conduction system. However, there is limited experience with cardiac 
disease in BMD. This review by Finsterer J from Austria aims to summarize and dis-
cuss recent advances and future perspectives regarding the clinical presentation, 
diagnosis, treatment, and outcome of cardiac involvement in BMD.

Demirkıran et al from Türkiye assessed the mid-term clinical and echocardio-
graphic outcomes of the Ozaki (aortic valve neocuspidization, AVNeo) procedure 
performed at a single center. What did they find?

Coronary artery perforation (CAP) is a rare life-threatening complication of per-
cutaneous coronary intervention (PCI). Although several risk factors for CAP have 
been described, real-world multicenter studies analysing the clinical outcomes 
remain limited. Turna et al from Türkiye presents a comprehensive two-center 
evaluation of CAP, focusing on angiographic severity, management strategies, 
and short- and long-term outcomes.

The uric acid-to-HDL cholesterol ratio (UHR) has recently emerged as a novel com-
posite biomarker reflecting both pro-oxidant and anti-inflammatory balance. 
Astan et al from Türkiye evaluated the relationship between UHR and coronary 
slow flow.

Atıcı et al from Türkiye performed a simulation to compare CVD risk scores using 
the widely applied Framingham and Reynolds systems, as well as more recently 
developed PREVENT system. Which one is the best?

Primary (non-ischemic) cardiomyopathy poses diagnostic challenges due to phe-
notypic heterogeneity and non-specific clinical presentation, and commonly used 
circulating biomarkers have limited disease specificity. He et al from China aimed 
to prioritize mechanism-informed plasma biomarkers and evaluate their diagnos-
tic discrimination in a clinical cohort. New findings?

A recently proposed uric acid index combining fasting glucose, triglycerides, and 
uric acid has shown promise in cardiovascular risk stratification. Çamkıran et al 
from Türkiye assessed whether the index could predict significant coronary artery 
stenosis (≥50%) on coronary CT angiography and compared its diagnostic perfor-
mance with serum uric acid.

The cardiovascular effects of sodium–glucose cotransporter-2 inhibitors and 
dipeptidyl peptidase-4 inhibitors (DPP-4i) have attracted increasing interest in 
patients with type 2 diabetes mellitus. Kaya and Köker from Türkiye compared 
the time-dependent effects of empagliflozin and linagliptin on left ventricular 
diastolic function and global longitudinal strain in these patients.

And a case report, letters, e-page original…

I hope this new issue of our journal will be interest of our readers.

Çetin Erol

Editor-in-Chief, Ankara, Türkiye
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Finsterer.

Cardiomyopathy in BMD ​

REVIEW

Clinical Presentation, Diagnosis, Treatment, 
and Outcome of Heart Disease in Becker 
Muscular Dystrophy

ABSTRACT

Becker muscular dystrophy (BMD) is a primary myopathy caused by mutations in the dys-
trophin gene on chromosome Xq21.2, which often affects the myocardium and cardiac 
conduction system. However, there is limited experience with cardiac disease in BMD. This 
review aims to summarize and discuss recent advances and future perspectives regard-
ing the clinical presentation, diagnosis, treatment, and outcome of cardiac involvement 
in BMD. Data were retrieved by searching for relevant articles in the PubMed and Google 
Scholar databases. Cardiac disease in BMD is characterized by myocardial fibrosis, can be 
subclinical or clinical, and manifests as left or right ventricular systolic dysfunction with/
without heart failure due to dilated or hypertrophic cardiomyopathy, diastolic dysfunc-
tion with preserved/decreased systolic function, conduction disturbances and supraven-
tricular/ventricular arrhythmias, thrombus formation, arterial hypertension, pulmonary 
hypertension, left ventricular hypertrabeculation, coronary artery disease, and valve 
defects. Cardiac involvement in BMD must be detected and treated at an early stage, 
because it progresses over time and has a significant impact on the course of the disease. 
Established treatment methods include non-invasive therapies with small molecules 
and catheter-based invasive therapies (stent implantation, endocardial and epicardial 
ablation), device-related treatments (pacemaker, implantable cardioverter–defibrilla-
tor, cardiac resynchronization therapy, left ventricular assist device), and heart surgery. 
Cardiac involvement in BMD occurs in about two-thirds of patients, is subclinical in the 
early stages but becomes symptomatic as the heart disease progresses, requires early 
diagnosis, and can be treated with non-invasive and invasive therapies, with prognosis 
improving with early detection and adequate treatment.

Keywords: Arrhythmias, Becker muscular dystrophy, cardiomyopathy, dystrophin, 
noncompaction

INTRODUCTION

Becker muscular dystrophy (BMD) is a rare primary myopathy that is usually caused 
by large in-frame duplications or deletions affecting one or more exons, and rarely 
by small deletions/duplications/insertions, splice site variants that maintain the 
reading frame, or point mutations, including nonsense mutations that gener-
ate a stop codon and missense mutations that disrupt the reading frame in the 
dystrophin gene on chromosome Xq21.2.1 Becker muscular dystrophy manifests 
phenotypically as skeletal muscle myopathy,1 significant cardiovascular com-
plications,2 occasional epilepsy,3 and occasional cognitive impairment.4,5 Joints, 
ligaments, and bones may be secondarily affected due to skeletal muscle weak-
ness, joint dislocations, and contractures.6 Becker muscular dystrophy differs 
from allelic Duchenne muscular dystrophy (DMD) by the presence of dystrophin in 
Western blot or immunohistochemistry. Becker muscular dystrophy is an X-linked 
recessive disorder that is either transmitted via female carriers of a dystrophin 
mutation in one of their X-chromosomes or occurs spontaneously in males due to 
germline mutations in the X-chromosome.1 Not only males but also female carri-
ers show phenotypic symptoms if the major part of the chromosome carrying the 
mutation is not inactivated according to the Lyon hypothesis.7 The prevalence of 
BMD is estimated at 1 in 18 000 male births.8 This narrative review aims to sum-
marize and discuss recent advances and future perspectives regarding the clinical 
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presentation, diagnosis, treatment, and outcome of cardiac 
involvement in BMD.

METHODS

Data for this review were obtained through a literature 
search in the PubMed, Embase, and Google Scholar data-
bases using the search terms “Becker muscular dystrophy,” 
“dystrophinopathy,” “dystrophin,” and “X-linked myopathy” 
in combination with “heart,” “myocardium,” “arrhythmias,” 
“heart failure,” “systolic dysfunction,” “diastolic dysfunc-
tion,” “thrombus,” “heart valve,” “cardiac conduction,” 
“treatment,” and “therapy.” In addition, reference lists were 
searched for articles that met the search criteria. Articles 
containing original data on the occurrence, diagnosis, treat-
ment, and course of heart disease in BMD were included. 
Articles that did not contain original data, were not available 
as full articles, were not written in English, or were duplicates 
were excluded (Figure 1).

RESULTS

Clinical Manifestations
A total of 86 articles meeting the inclusion criteria were 
identified (Figure 1). Heart disease within the BMD encom-
passes not just a single disease, but several different clinical 
entities.

Types of Cardiac Involvement
The most common manifestation of cardiac involvement in 
BMD is dilated cardiomyopathy (dCMP), which results from 
the replacement of cardiomyocytes by fibrous tissue, lead-
ing to impaired contractility and thus dilation of the left and 
right ventricles (Table 1).9,10 In rare cases, BMD can also mani-
fest as hypertrophic cardiomyopathy.11,12 If systolic dysfunc-
tion exceeds a certain level, patients develop heart failure, 
which is clinically characterized by jugular vein enlargement, 
exertional dyspnea, and leg edema. Liver congestion may also 
cause pain in the upper abdomen. Reduced myocardial con-
tractility can lead not only to left ventricular systolic dysfunc-
tion, but also to left ventricular diastolic dysfunction, which is 
classified into four degrees of severity: 1. impaired relaxation 
(E/A ratio <1), 2. pseudonormal filling, 3. reversible restric-
tive filling pattern (E/A ratio >2), and 4. irreversible restrictive 
filling pattern.13 Patients with BMD often also show cardiac 
conduction disorders (atrial, Hissian, and infra-Hissian)14 or 
supraventricular and ventricular arrhythmias,13 including 
sinus tachycardia, atrial fibrillation (AFIB),15 atrial flutter 
(AFLU), ventricular extrasystoles, non-sustained or sustained 

ventricular tachycardia, or cardiac arrest.16 Depending on the 
stage of the disease, ECG abnormalities can be detected in up 
to 77% of patients.14 The classic pattern of ECG abnormalities 
in patients with BMD includes high R-waves, Q-waves in the 
left precordial leads, right axis deviation, and complete right 
bundle branch block.17 These ECG abnormalities correlate 
with a predilection for myocardial fibrosis in the posterobasal 
wall.17,18 Rare manifestations of cardiac involvement include 
arterial hypertension,19 pulmonary hypertension,3 coronary 
artery disease,20 valvular heart disease (mitral regurgita-
tion),21 left ventricular hypertrabeculation (LVHT) (Figure 2),22-

24 congenital heart disease (bicuspid aortic valve),25 coronary 
artery dissection,19 or Takotsubo syndrome (broken heart syn-
drome) (Table 1).26 Early-onset cardiomyopathy is associated 
with mutations that disrupt the spectrin repeat in the rod 
domain region, as well as with mutations in exons 12, 14-17, or 
31-42, whereas late-onset cardiomyopathy is associated with 
a deletion of exons 2-9 and 45-49.27

Prevalence of Cardiac Involvement
The frequency of cardiac involvement in BMD is between 
60% and 75%.19 In the vast majority of cases, heart disease 
develops after the onset of muscular symptoms,20 but there 
are rare cases in which cardiomyopathy preceded the mus-
cular manifestations.22,28,29 In a recent study of 163 patients 
with BMD, heart disease occurred before the onset of mus-
cle symptoms in only 5 patients with an average age of 33 
years.29 Another case of heart disease occurring before mus-
cle disease has also been reported.30 The prevalence of heart 
disease increases with age.31

Symptoms and Signs
Symptoms that patients with CMP and BMD may experi-
ence include fatigue, exercise intolerance, shortness of 
breath at rest or during exertion, edema, palpitations, 
chest pain, fainting, headache, dizziness, polyuria, or noc-
turia. Cardiologic signs may include arrhythmias, ventricu-
lar extrasystoles, tachycardia, bradycardia, abnormal heart 
sounds, crackles, crepitus, leg edema, liver enlargement, or 
jugular venous distension.

Diagnosis
The diagnosis of heart disease in BMD is usually made by a 
cardiologist based on medical history, clinical examination, 
standard ECG, long-term ECG, loop recording, stress test-
ing, transthoracic or transesophageal echocardiography, 
stress echocardiography, cardiac MRI (cMRI), coronary angi-
ography, or scintigraphy (e.g., TC-99m single photon emission 
computed tomography (SPECT) or methoxyisobutylisonitrile 
(MIBI) SPECT. Cardiac MRI is preferable to echocardiography, 
as echocardiography can be difficult in patients with scolio-
sis, chest deformities, ventilation disorders, and contractures. 
In addition, cMRI can detect late gadolinium enhancement 
(LGE), which occurs predominantly in the postero-basal region 
in a subendocardial distribution. Late gadolinium enhance-
ment correlates with myocardial fibrosis, increases with age, 
and correlates with the decline in ejection fraction (EF).31

Treatment
The treatment of heart disease in BMD can be classified as 
approved (established) or in development/experimental/

HIGHLIGHTS
•	Cardiac involvement in Becker muscular dystrophy 

(BMD) occurs in about two-thirds of patients.
•	Cardiac involvement is subclinical in the early stages but 

becomes symptomatic as the heart disease progresses.
•	Cardiac involvement requires early diagnosis.
•	Cardiac disease in BMD can be treated with non-inva-

sive and invasive therapies, with prognosis improving 
with early detection and adequate treatment.
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innovative (Table 2). Approved therapies can be further sub-
divided into non-invasive or invasive, as well as prophylactic 
(presymptomatic) or symptomatic therapies. Established 
non-invasive therapies include physical therapy, pharma-
cological treatment, avoidance of cardiotoxic drugs, and 
partially gene therapies (read-through, exon skipping, 
gene editing, and gene replacement) (Table 2). Invasive 
treatments can be classified as catheter-based (minimally 
invasive), device-related, or surgical (HTX, aortocoronary 
bypass, left atrial appendage resection, trabecular resection 
in LVHT, valve replacement, thoracic or spinal stabilization). 
Future therapies can be classified as pharmacological, cell-
based, or gene therapies. The question of who should treat 
heart disease in BMD can be answered clearly. The cardiolo-
gist should treat symptomatic patients, while prophylaxis 
can also be prescribed by the treating neurologist.

Standard (Established) Therapies
There is evidence that several medications can have a posi-
tive effect on heart function in patients with BMD and car-
riers. However, drug therapy for heart disease is often only 

effective to a limited extent, as heart disease can progress 
rapidly and require a switch to invasive therapy. In advanced 
stages of cardiac involvement, only a combination of differ-
ent therapies is often beneficial.

Non-invasive Therapies

Pre-symptomatic Treatment
The question of whether asymptomatic patients with BMD 
with normal systolic function should receive drugs that pre-
vent or delay the development of myocardial fibrosis has 
not yet been investigated in large-scale studies. However, 
there is evidence from studies with patients with DMD that 
angiotensin-converting enzyme inhibitors (ACEIs), angio-
tensin receptor blockers (ARBs), mineralocorticoid receptor 
antagonists (MRAs), and glucocorticoids delay the devel-
opment of fibrosis and dCMP.32,33 Angiotensin-converting 
enzyme inhibitors and ARBs are known to not only reduce 
cardiac afterload but also mitigate myocardial fibrosis by 
interfering with the renin–angiotensin system (RAS) and 
blocking angiotensin II,34 transforming growth factor-beta 

Figure 1.  Flow chart of literature search results and study selection process.
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(TGF1b), an important mediator of fibrosis, fibroblast prolif-
eration, collagen synthesis, and the overall development of 
fibrotic tissue.35 Similarly, ARBs reduce myocardial fibrosis by 
counteracting the pro-fibrotic effects of the RAS by reduc-
ing inflammation, myofibroblast differentiation, and the 
production of extracellular matrix proteins involved in the 
fibrotic process.36 Mineralocorticoid receptor antagonists 
are known to counteract fibrosis and improve ventricular 
function by blocking the action of aldosterone, which stim-
ulates the transcription of collagen genes.37 Angiotensin-
converting enzyme inhibitor, ARBs, and MRAs are typically 

used when myocardial fibrosis is documented on cardiac 
magentic resonance tomography (cMRT) but systolic func-
tion is preserved, there is an asymptomatic decrease in ejec-
tion fraction (EF), EF is <55%, or asymptomatic arrhythmias 
occur. Whether glucocorticoids (e.g., deflazacort, pred-
nisone, and prednisolone) can delay myocardial fibrosis in 
asymptomatic patients with BMD has not yet been system-
atically investigated. However, studies in patients with DMD 
have shown that glucocorticoids can delay the decline in 
cardiac function by suppressing TGF1b and the inflammatory 
immune response following fibrosis.38 In a study of 21 patients 
with DMD treated with deflazacort for 3 years, the preva-
lence of dCMP was lower compared to the control group.39 
In a study of 48 patients with DMD who received either 
deflazacort or prednisone, the patients treated with steroids 
had higher fractional shortening (FS) than the untreated 
patients.40 In a study of 14 patients with DMD who received 
steroids over a period of 4.5 years, the patients treated with 
steroids had less ventricular dilation and systolic dysfunc-
tion than the untreated patients.41 In a study involving 462 
patients with DMD, the onset of dCMP was delayed by 2.1 
years in patients treated with steroids.42 The limitations of 
all these studies are that they are retrospective and that the 
steroid doses administered varied considerably.31 As a rule, 
only a few patients with BMD are treated with prednisone in 
the long term (9 in a study involving 163 cases).29

Table 1.  Cardiac Abnormalities in Becker Muscle Dystrophy 
and Their Treatment

Abnormality Treatment

Hypertrophic cardiomyopathy GDMT

Dilated cardiomyopathy GDMT

Systolic dysfunction GDMT

Diastolic dysfunction GDMT

Conduction defects GDMT

Supra-ventricular arrhythmias GDMT

Ventricular arrhythmias GDMT

Thrombus formation OAC

Coronary heart disease GDMT

Arterial hypertension GDMT

Pulmonary hypertension GDMT

Mitral valve insufficiency Valve replacement

Congenital heart disease GDMT

LVHT Depends on type of 
complications

Takotsubo syndrome Beta-blockers
GDMT, guideline-directed medical treatment; LVHT, left ventricular 
hypertrabeculation; OAC, oral anticoagulation.

Figure  2.  cMRI of a female carrier of a dystrophin deletion 
showing extensive left ventricular hypertrabeculation in the 
short axis view. cMRI, cardiac MRI.

Table 2.  Classification of Established and Experimental 
Therapies for Cardiac Disease in Becker Muscular Dystrophy

Approved Standard Therapies

  Non-invasive therapies
​    Drug (pharmaceutical)
      Pre-symptomatic
      Symptomatic
        Systolic dysfunction
        Diastolic dysfunction
        Arrhythmias and conduction disturbances
        Thrombus formation
        Other cardiac abnormalities
    Avoidance of cardiotoxic compounds
    Resistance training
  Invasive therapy
    Catheter-based
    Implants
    Surgery

Upcoming therapies
  Pharmacological
  Cell-based therapies
  Genetic therapy
    Targeting the disease causing gene
      Correction of the genetic defect
​        Read through therapies
        Exon skipping
        Gene editing
          DNA editng
          RNA editing
      Gene replacement therapy (mini-/micro-dystrophin)
  �  Targeting non-disease-causing genes (SERCA2a, Trum63, 

S100A1, ARC)
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Symptomatic Treatment

Pharmacological

Systolic Dysfunction
The treatment of systolic dysfunction (EF <50%, FS <28%) 
with/without heart failure in patients with BMD is carried out 
according to the established American Heart Association/
American College of Cardiology/Heart Failure Society of 
America (AHA/ACC/HFSA) guidelines from 2022.43 This 
guideline-directed drug therapy (GDMT) is based on the 
administration of a combination of 4drug classes (quad 
therapy): 1. A neprilysin inhibitor (e.g., sacubitril) together 
with an ARB (e.g., valsartan) or an ACEI, 2. Beta-blockers 
(e.g., bisoprolol), 3. MRAs (e.g., eplerenone, spironolactone, 
vamorolone), and 4. Sodium-glucose cotransporter 2 inhibi-
tors (SGLT-2) (e.g., sitagliptin, dapagliflozin).43 Additionally, 
loop diuretics (e.g., furosemide) and fibrates (e.g., fenofi-
brate) may be administered. Beta-blockers are known to 
reduce heart rate and myocardial oxygen demand. However, 
there is also evidence that perindopril and bisoprolol do 
not improve ventricular function in patients with DMD.44 
Arterial hypotension may limit the use of beta-blockers. 
Mineralocorticoid receptor antagonists are usually admin-
istered to patients with New York Heart Association class 
III or IV who are already optimally controlled with ACEI and 
beta-blockers.45 In a study of 20 patients with DMD with pre-
served EF, eplerenone resulted in a smaller reduction in left 
ventricular circumferential strain compared to 20 controls.46 
In a single patient with BMD, heart failure was treated with 
sacubitril/valsartan (2×50 mg/day), furosemide (2×20 mg/
day), spironolactone (25 mg/day), dapagliflozin (10 mg/day), 
fenofibrate (160 mg/day), and bisoprolol (2.5 mg/day).47

Whether steroids (e.g., deflazacort, prednisone, and pred-
nisolone), which are used to inhibit the progression of fibro-
sis and dystrophy in skeletal muscle, are also beneficial in 
symptomatic heart disease, particularly dCMP, has not been 
systematically investigated in patients with BMD. However, 
there is evidence from studies in patients with DMD that 
steroids, especially deflazacort (0.9 mg/kg/day) and predni-
sone (0.75 mg/kg/day or 10 days of treatment, 10 days off), 
can improve systolic function and increase cardiac output.38 
Steroids are known to modulate gene expression by acti-
vating/suppressing transcription, inhibit or delay second-
ary inflammation after muscular dystrophy by inhibiting 
TGF-β, and modulate metabolic stress even in symptom-
atic patients.34 Givinostat, a histone deacetylase inhibitor 
approved by the FDA and EMA for the treatment of patients 
with DMD aged 6 years and older with all genetic variants 
of DMD, has not been studied for a potential effect on heart 
disease in BMD.

Diastolic Dysfunction
Treatment of stage I diastolic dysfunction focuses on treat-
ing the underlying causes, such as high blood pressure, diabe-
tes, and coronary heart disease, as well as lifestyle changes 
(e.g., healthy diet, regular exercise, avoiding nicotine, bal-
anced nutrition, aerobic exercise, reducing saturated fats, 
sugar, and sodium intake, stress reduction, and adequate 
sleep). In pseudonormalization (stage II), medications such 

as ACEI, calcium channel blockers, and diuretics may be 
helpful, whereas other medications may control blood pres-
sure or heart rate. In severe cases (stages III and IV), treat-
ments may include advanced options such as left ventricular 
assist devices (LVADs) or, in rare cases, heart transplantation 
(HTX).

Arrhythmias and Conduction Disturbances
Arrhythmias and conduction disturbances are thought to be 
caused by fibrosis of the cardiac conduction system (Purkinje 
fibers).48 Beta-blockers are usually administered to reduce 
the heart rate in cases of sinus tachycardia. If beta-blockers 
are ineffective or cause side effects, amiodarone is usually 
tried.49 If amiodarone is ineffective, ivabradine, a selective 
I(f) current blocker in sinus node cells, is an option.50 Unlike 
beta-blockers, ivabradine does not cause hypotension. In a 
22-year-old patient with BMD, dCMP, systolic dysfunction, 
and sinus tachycardia, ramipril was successfully replaced with 
candesartan, ivabradine, and furosemide.50 Discontinuation 
of ivabradine led to recurrence of sinus tachycardia and arte-
rial hypotension.50 In a DMD rat model, ivabradine reduced 
the progression of cardiomyopathy and lowered the heart 
rate to normal values.51 Premature ventricular complexes 
(beats) usually do not require treatment, but if they cause 
syncope or non-sustained ventricular tachycardia, or if they 
are associated with a positive family history of sudden car-
diac death (SCD), treatment with beta-blockers, calcium 
channel blockers, or ablation is indicated. Non-sustained 
ventricular tachycardias are treated with beta-blockers and, 
if these are ineffective, with an implantable cardioverter 
defibrillator (ICD) according to the 2017 AHA/ACC guidelines 
for ventricular arrhythmias.52 QT dispersion has been shown 
to be increased in BMD, which is associated with an increased 
risk of SCD.53 Wolff-Parkinson-White (WPW) syndrome has 
been shown to be the first manifestation of BMD, but no 
accessory pathways could be identified during attempted 
radiofrequency ablation.54 Atrial fibrillation or AFLU should 
be treated according to the established AHA/ACC guidelines 
from 2023.55 Atrial, Hissian, or infra-Hissian conduction dis-
turbances are a domain of invasive therapy.

Thrombus Formation
The question of whether and when patients with BMD 
should receive oral anticoagulants (OAC) has not yet been 
clarified. However, according to the 2024 AHA/ACC guide-
lines, patients with AFIB or AFLU should receive OAC if the 
CHA2DS2-VASc score is >1 in men and >2 in women56 and if 
the HAS-BLED score is below 3. However, the decision should 
be made on an individual basis, using the HAS-BLED score 
to assess bleeding risk, not to deny treatment, but to iden-
tify and treat modifiable bleeding factors. The AHA/ACC 
guidelines also recommend OAC for patients with severe 
systolic dysfunction, especially shortly after diagnosis of 
heart fialure (HF) or if there is a history of thromboembo-
lism or AFIB.43 A case of cardioembolic thromboembolism 
with ischemic stroke has been reported in a 65-year-old BMD 
patient who was treated with OAC in addition to diuret-
ics and dopamine.15 The question of whether patients with 
BMD and LVHT should receive OAC due to the risk of cardio-
embolic thromboembolism remains unresolved. However, 
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if thrombi are documented in the intertrabecular spaces on 
cMRI, experts recommend the administration of OAC.57,58 

Medications used as OACs include vitamin-K antagonists 
(e.g., phenprocoumon and warfarin), direct thrombin antag-
onists (e.g., dabigatran, argatroban, bivalirudin, and lepiru-
din), thrombin receptor antagonists (e.g., vorapaxar), and 
factor-X-inhibitors (e.g., rivaroxaban, apixaban, and edoxa-
ban). Only vitamin K antagonists should be used in patients 
with mechanical heart valves.

Other Cardiac Abnormalities
Pulmonary hypertension is treated in accordance with 
established guidelines using endothelin receptor antagonists 
(e.g., ambrisentan and bosentan), phosphodiesterase inhibi-
tors (e.g., sildenafil), and OAC.16,59 Heart transplants should 
only be considered in cases of treatment-resistant disease. If 
patients with BMD also suffer from coronary heart disease, 
valve stenosis, or valve insufficiency, GDMT should be used. 
The use of statins or PCSK-9 inhibitors for hyperlipidemia 
and elevated low density lipoprotein (LDL) or elevated Lp(a) 
should be considered.60 However, statins and fibrates should 
be administered with caution as they can trigger rhabdomy-
olysis, cause cardiomyopathy, and lead to HF.

Avoidance of Cardiotoxic Compounds: Side effects of cardiac 
therapy may include myopathies caused by beta-blockers or 
statins. There is evidence that statins can also cause cardio-
myopathy and heart failure.61 Amiodarone is known to cause 
thyroid dysfunction and visual disturbances. Volatile haloge-
nated anesthetics and succinylcholine can cause malignant 
hyperthermia with tachycardia, ventricular arrhythmias, 
and disseminated intravascular coagulation. Therefore, 
beta-blockers (e.g., propranolol, labetalol), statins, amio-
darone, succinylcholine, and volatile anesthetics should be 
administered with caution.19,62,63 It is also recommended to 
avoid QT-prolonging drugs (e.g., amiodarone, sotalol, halo-
peridol, ziprasidone, macrolides, fluoroquinolones, citalo-
pram, and tricyclics). Nonsteroidal anti-inflammatory drugs 
have been shown to exacerbate heart failure in patients with 
isolated BMD.64 Certain chemotherapeutic agents can cause 
heart failure, and local anesthetics and proton pump inhibi-
tors can trigger ventricular arrhythmias.

Resistance Training: Although resistance training can improve 
muscle strength, functional ability, and quality of life in 
patients with BMD, its effects on cardiac function are less 
clear. This is because no systematic studies have been con-
ducted on the effect of resistance training on cardiac func-
tion in patients with BMD. A study involving a single patient 
with BMD who completed 12 weeks of resistance training 
failed to demonstrate any positive effect on cardiac func-
tion.65 In a study involving 5 patients with BMD who com-
pleted a 12-week resistance training program, the mean 
maximum voluntary contraction increased, and the time 
taken to move from sitting to standing and to climb and 
descend stairs became significantly faster, but the effects on 
the myocardium were not investigated.66 In a study involving 
11 patients with BMD, 12 weeks of training improved VO2max 
by 47% and maximum work capacity by 80%.67 However, sys-
tolic function did not change.67

Invasive Therapy
There are no systematic studies on the benefits of catheter-
based intervention, device-based treatment, or surgical 
treatment of heart disease in patients with BMD, but case 
reports and case studies provide promising results. There is 
also evidence from patients with DMD that invasive thera-
pies are becoming increasingly important for the treatment 
of heart disease in patients with BMD.

Catheter Based
In cases of non-valvular AFIB or AFLU where OAC is not pos-
sible, ablation of the left atrium may be attempted.16,68 If 
patients with non-valvular AFIB have a high risk of stroke 
but also a high risk of bleeding or other reasons that pre-
vent long-term OAC, closure of the left atrial appendage 
(LAA) is a therapeutic option.69 However, it must be consid-
ered that the LAA is an actuator in a control loop for intra-
vascular volume regulation and may lose this function upon 
closure. Closure of the LAA aims to prevent embolization of 
clots from the LAA into the general circulation. However, this 
goal cannot be achieved if the closure leaks.70 In patients 
with BMD presenting with acute symptomatic or asymp-
tomatic coronary artery disease, a stent should be inserted 
in accordance with established guidelines.71 In chronic coro-
nary artery disease, aortocoronary bypass surgery (ACBP) is 
indicated.71 In cases of concomitant congenital heart disease 
(e.g., tetralogy of Fallot),72 closure of an atrial septal defect 
(ASD) or ventricular septal defect (VSD) using catheter-
based implants may be considered. If, despite the indica-
tion for valve reconstruction, thoracotomy and the use of a 
heart-lung machine or general anesthesia are contraindi-
cated, this can be performed by transcatheter valve implan-
tation (e.g., TAWI).

Implants
In cases of sick sinus syndrome, atrioventricular-block, or 
symptomatic sinoatrial-block, implantation of a pacemaker 
(PM) should be considered.73 In cases of survived cardiac 
arrest or persistent ventricular tachycardia, an ICD should 
be implanted in accordance with the AHA/ACC guidelines.73 
Cardiac resynchronization therapy (CRT) with or without a 
defibrillator (CRT-D) is indicated if heart failure is present 
together with asynchrony between the innervation of the 
right and left ventricles.22,73 Left ventricular assist devices 
may be indicated for mechanical circulatory support when 
conventional drug therapies or CRT/CRT-D systems are inef-
fective for treating heart failure and patients with BMD are 
not eligible for HTX.74 Left ventricular assist devices can be 
implanted in patients on the waiting list for HTX to bridge 
the time until surgery. In a female BMD carrier with dCMP as 
the only symptom of the disease, heart failure progressed so 
rapidly that she required an LVAD prior to HTX.74

Surgery
Heart transplant is an established alternative to drug and 
device-based cardiac therapy when these prove unsuc-
cessful in BMD presenting with heart failure (refractory sys-
tolic dysfunction). It is indicated for patients with end-stage 
heart failure who cannot be treated with other means, espe-
cially in cases of refractory heart failure or life-threatening 
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ventricular arrhythmias.75 In a study of 29 patients with mus-
cular dystrophy (52% had BMD), the results in terms of infec-
tion rates, rejection, and allograft vasculopathy were similar 
to those of 275 controls.76 Aortocoronary bypass surgery is 
indicated when stent implantation is no longer indicated for 
coronary artery disease or when chronic coronary artery ste-
nosis is present. Valve replacement is indicated for severe 
secondary mitral regurgitation, but can also be performed 
transcutaneously. Resection of the left atrial appendage in 
AFIB has been proposed, but its effectiveness is controversial. 
Whether patients with LVHT could benefit from trabecular 
resection, as has been suggested,77 is also controversial, as 
such procedures do not guarantee that the trabeculae will 
not recur. If valve replacement cannot be performed trans-
cutaneously, thoracotomy with open-heart surgery remains 
an option. All cardiac surgery can only be performed if respi-
ratory function is not impaired and the overall survival rate 
is considered sufficient. Since all cardiac surgeries are usu-
ally performed under general anesthesia, there is a risk of 
malignant hyperthermia, which is why individual patients 
may need to be tested for susceptibility to malignant hyper-
thermia before surgery. It should also be noted that some of 
the immunosuppressants administered to prevent transplant 
rejection after heart transplantation may be cardiotoxic and 
may impair not only cardiac function but also the function of 
striated skeletal muscle.78 Because scoliosis or thoracic defor-
mities can also be a feature of BMD, especially in patients who 
are wheelchair-bound, the scoliosis can become so severe 
that it impairs heart and lung function. In this case, patients 
can benefit cardiologically from surgical correction of sco-
liosis using Harrington rods.79 Overall, there is currently only 
limited experience with applicable invasive cardiac therapies 
in patients with BMD. In a study of 163 patients with BMD, 8 
patients had a PM implanted, 11 had an ICD implanted, 4 had 
an LVAD implanted, and 7 had undergone HTX.29 Left-sided 
cardiac sympathetic denervation is a surgical technique that 
could be used to prevent malignant arrhythmias.

Upcoming (Experimental) Therapies

Pharmacological
To counteract the loss of sarcolemmal integrity, synthetic 
amphiphilic copolymers, in particular poloxamer-188, have 
been investigated as membrane-stabilizing therapy in pre-
clinical animal models for DMD (mdx mice and dystrophic 
dogs) and have shown promising results.80 Poloxamer-188 
works by selectively attaching itself to sites of membrane 
damage where mechanical stress or micro-tears expose 
the hydrophobic interior of the lipid bilayer.81 It is unknown 
whether this effect also applies to BMD animal models (dmd 
del 52-55 mice, dmd del exon 3-16 rats, and del 45-47 bmx 
mice82). Poloxamer-188 localizes and seals membrane dis-
turbances and effectively reduces membrane permeability. 
Treated animals showed improved cardiac output and better 
structural preservation, underscoring the potential for mem-
brane repair.80 An initial clinical trial with patients with DMD 
is currently underway to investigate the safety and efficacy 
of the approach, but no results are available yet. However, 
there are also reports that demonstrate a positive effect on 
the heart muscle but a harmful effect on skeletal muscle.83

Cell Based
CAP-1002 [Deramiocel®] is derived from mesenchymal stem 
cells from the heart and is a cell-based therapy based on 
the ability of stem cells to secrete regulatory, regenerative, 
and anti-inflammatory factors that support muscle repair. 
CAP-1002 aims to improve regenerative capacity to reduce 
inflammation, promote tissue healing, and potentially regen-
erate damaged cardiomyocytes. CAP-1002 was evaluated in 
a phase-2 study of 26 patients with DMD who received either 
CAP-1002 or placebo quarterly for 1 year.84 The primary end-
point was the change in Performance of Upper Limb version 
1.2 (PUL 1.2) scores for the mid-elbow after 12 months.84 The 
mean change in PUL 1.2 score in the mid-elbow region after 
12 months compared to baseline favored CAP-1002 over pla-
cebo.84 It was concluded that CAP-1002 is safe and effec-
tive in reducing the deterioration of upper limb function in 
patients with late-stage DMD. Under CAP-1002, various 
measures of cardiac function and structure (e.g., FS, EF, wall 
thickness, and LVEDD) determined by cMRI improved.84 In a 
study of 13 patients with DMD who received 75 million mes-
enchymal stem cells (MSCs) injected into the right circum-
flex artery, areas of fibrosis decreased visibly on cMRI and 
regional wall motion abnormalities improved.

Genetic Therapy
Gene therapy aims to restore the production of functional 
dystrophin protein in affected muscle and heart muscle tis-
sue.81 Gene therapy is necessary because sustained dystro-
phin expression is essential for the continuous protection of 
cardiomyocytes.85 Gene therapy can be divided into thera-
pies that target the disease-causing gene and therapies that 
target non-disease-causing genes (e.g., S100A1, SERCA2a, 
and ARC).

Targeting Disease-Causing Gene
Gene therapy targeting the disease-causing gene is per-
formed either by correcting the underlying mutation in the 
dystrophin gene (e.g., exon skipping, read-through approach, 
and gene editing) or by introducing a new functional copy of 
the gene into the patient's cells.86

Correction of the Genetic Defect:

Read-through Therapies
In patients with a nonsense mutation (10%-20% of BMD 
cases), in which premature stop codons interrupt dystrophin 
production, read-through therapy with agents that enable 
the ribosome to bypass the faulty stop signal and continue 
translation, thereby potentially restoring functional dystro-
phin, is justified.81 One drug that showed promising results in 
mice in bypassing stop codons was gentamicin.81 However, 
gentamicin failed in human trials.87 It is unknown whether 
read-through therapies can also be beneficial for the myo-
cardium in BMD, but data from a few patients with DMD 
show that ataluren, an oxadiazole for which the EMA did not 
extend approval in 2024, has shown not only motor improve-
ment but also a positive effect on the myocardium.88 In a 
study of 7 ambulatory patients with DMD who received atal-
uren for an average of 4 years at an average age of 7.5 years, 
only 1 of them developed dCMP at the age of 11 and suffered 
acute myocardial injury.88 In a study of 4 patients with DMD 
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who received ataluren over a period of 4 years, FS improved 
in 3 patients. Only 1 patient developed dCMP.89

Exon Skipping
Exon skipping is another promising approach to restore 
the disrupted reading frame and generate a truncated but 
functional dystrophin protein. Exon skipping utilizes anti-
sense oligonucleotides (AONs) such as phosphodiamidate 
morpholino oligomers (PMOs), the 2'OMe modification, or 
tricycloDNA oligomers. These bind to specific splice sites 
and mask certain exons during the splicing process, thereby 
promoting the exclusion of the target exons.90 The applica-
tion of AONs led to an improved EF in mdx mice.91 However, 
FDA-approved AONs such as eteplirsen, golodirsen, vilto-
larsen, brogidirsen, and casimersen showed only a moderate 
improvement in muscle performance and a limited effect 
on the heart.90 In a retrospective study of 122 patients with 
DMD who received eteplirsen (targets exon 51), the annual 
decline in EF was −0.66% in the eteplirsen-treated patients 
compared to −1.38% in the control group.90 Patients treated 
with eteplirsen had a lower risk of developing heart fail-
ure.90 Golodirsen and viltolarsen target exon 53, casimersen 
targets exon 45, and brogirdisen targets exon 44, but so far 
none have shown benefit for cardiac function or the preven-
tion of myocardial fibrosis in patients with DMD. Drisapersen, 
a 2'OMe-based ASO targeting exon 51 in DMD, also failed to 
demonstrate clinical benefit in a phase-3 trial despite prom-
ising initial results.92 Its effect on the heart has not been 
investigated. To overcome the challenges of administer-
ing AONs to myocardial tissue, peptide-conjugated PMOs 
(PPMOs) represent a promising alternative to single AONs. 
In a study in dystrophic dogs, intracoronary administration 
of PPMOs for multiexon skipping resulted in a reduction of 
Q-amplitude and Q/R ratio, as well as restoration of dystro-
phin expression in the Purkinje fibers of the heart, leading 
to improvement or prevention of cardiac conduction abnor-
malities.93 Another new generation of AONs is tricyclo-DNA, 
which improved cardiorespiratory function in mdx mice.91

Gene Editing

DNA Editing
CRISPR/Cas9 gene editing technologies are used to repair 
specific mutations, either by knock-in of deleted exons or 
knock-out of mutated exons, and have shown promising 
results in preclinical models and hold potential for personal-
ized mutation-specific interventions.94 In mdx mice, removal 
of the mutated exon 23 from the dystrophin gene by admin-
istration of the CRISPR/Cas9 system via adeno-associated 
viruses (AAV) for expression of the modified dystrophin 
gene led to partial restoration of functional dystrophin pro-
tein in myofibers and heart muscles and improved muscle 
function.95 Delivery of the CRISPR/Cas9 system via AAV to 
express the modified dystrophin gene resulted in partial res-
toration of functional dystrophin protein in myofibers and 
heart muscles, improvement in muscle biochemistry, and 
increased muscle strength.94 In a DMD mouse model with 
deletion of exons 52-54 that develops an early-onset cardiac 
phenotype, CRISPR/Cas9 administered intravenously via 
AAV restored functional dystrophin expression by excision or 

skipping of exon 55.95 Transcript editing and dystrophin res-
toration were primarily limited to cardiac tissue.95 In a mouse 
model with a deletion of exon 44 in the dystrophin gene, 
single-swap editing, in which an adenine base editor edits a 
single base pair at a splice donor site or splice acceptor site to 
enable exon skipping, restored dystrophin protein expression 
in cardiomyocytes derived from induced pluripotent stem 
cells (iPSCs) by restoring the 3 most therapeutically relevant 
exons, 45, 51, and 53.96

By applying this knock-in approach to correct all mutations 
downstream of exon 44 in DMD-specific iPSC lines harboring 
mutations in exons 45 and 51, the expression of mini-dystro-
phin was confirmed by Western blot and immunofluores-
cence staining.97 Transplantation of gene-edited myogenic 
progenitor cells derived from DMD iPSCs into NSG/mdx4Cv 
mice resulted in the formation of donor-derived myofibers, 
as evidenced by the dual expression of human dystrophin and 
lamin A/C. This provided proof-of-concept for the use of pro-
grammable nucleases to develop an autologous iPSC-based 
therapy for muscular dystrophies.97 In a study of DMD iPSCs 
with deletion of exon 50, full-length dystrophin expression 
and membrane localization in cardiomyocytes were restored 
by targeted addition of exon 50 at the junction of exon 49 
and intron 49 using homologous recombination (HDR).98

RNA Editing
Using a mini-dCas13X-mediated RNA adenine base editing 
strategy (mxABE) for the treatment of the nonsense point 
mutation c.4174CYT in the dystrophin gene, robust expres-
sion of the dystrophin protein was achieved at over 50% of 
the wild-type (WT) level by enabling premature termination 
codon (PTC) read-through in muscle tissue and by 54% in the 
myocardium.99

Gene Replacement Therapy
Gene replacement therapies can be classified as in vivo gene 
therapy, in which genetic material is introduced directly into 
the patient's body, often via infusion or targeted treatment 
of a specific organ, whereas in ex vivo gene therapy, the 
patient's cells are isolated, modified in the laboratory, and 
then reinfused to the body. In vivo therapy is used for organs 
that are difficult to access, whereas ex vivo therapy is used 
for diseases that affect accessible tissues such as blood. Both 
methods use a vector, often derived from a modified virus, to 
transport the therapeutic genes to the cells.

Gene replacement therapy involves the administration of 
a mini-dystrophin or micro-dystrophin gene (μ-dys) that is 
engineered to fit within the packaging limits of the most 
commonly used AAV.100,101 In mini-dystrophins, part of the 
rod domain is removed, whereas in μ-dys, a significant por-
tion of the rod domain and C-terminus is removed. These 
truncated versions of the gene encode truncated forms of 
dystrophin that retain essential functional domains of full-
length dystrophin and may offer significant clinical benefit.81 
Gene therapy using AAV to deliver mini-/μ-dys is currently 
the most promising strategy for DMD.102 Mini-dystrophin 
transferred into a DMD mouse model resulted in normaliza-
tion of the ECG, reduction of fibrosis, and improvement in EF. 
Similarly, μ-dys normalized heart rate, PR- and QT-intervals, 
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and cardiomyocyte integrity.103 In a study of a site-specific 
gene addition strategy in iPSCs derived from a DMD patient 
with exon 50 deletion, a mini-dystrophin cassette was pre-
cisely targeted to the ribosomal RNA gene locus by homol-
ogous recombination using transcription activator-like 
effector nickases (TALENickases).104 After differentiation of 
the target clone into cardiomyocytes, dystrophin expression 
and membrane localization were restored, and increased 
spontaneous contraction was observed in the modified car-
diomyocytes.104 Howard et al105 recently developed the first 
DMD mouse model (Fiona mice) that reproducibly led to heart 
failure. This model shows that heart inflammation and fibro-
sis occur before functional decline. Fibrosis does not progress 
further, but inflammation persists after functional loss. The 
model was also used to test the efficacy of μ-dys therapy for 
the prevention of heart failure.105 μ-dys therapy prevented a 
decline in heart function and suppressed the occurrence of 
inflammation and fibrosis.105

Another gene replacement therapy is the intravenous 
administration of delandistrogen moxeparvovec [Elevidys®] 
from Sarepta Therapeutics, which has been approved by the 
FDA.81 However, there are still some challenges regarding 
the immune response, efficient administration, long-term 
expression, and safety.81 Reports of myocarditis-like reac-
tions due to immune responses targeting either the AAV 
vector or the μ-dys have emerged in ongoing studies. In 
addition, a recently published report showed that a Phase 3 
study with Elevidys failed to demonstrate a significant ther-
apeutic effect. There have also been 3 deaths of patients 
who suffered acute liver failure after receiving experi-
mental gene therapy for DMD.81 The severe hepatotoxicity 
underscores the need for a better understanding of dose 
thresholds for vectors, patient susceptibility, and long-term 
safety. Rigorous evaluation of these side effects, particu-
larly immune-related complications, is essential. The com-
bination of AAV therapy with PPMO resulted in a significant 
improvement in myocardial structure.106 Several other μ-dys-
based gene replacement therapies are currently in clinical 
trials to evaluate safety and efficacy.81

Numerous other microgen configurations and different AAV 
serotypes have been investigated in animal models in many 
laboratories. Bottlenecks in gene therapy for DMD/BMD 
using mini/µ-dys administration include the fact that most 
of these approaches are only suitable for infants with strong 
muscle cell regeneration and immature immune systems and 
require a high dose of rAAV.102 However, a high dose of rAAV 
can cause an immune response and acute liver toxicity.102

Targeting Non-disease Genes
Gene therapy targeting non-disease-causing genes is based 
on the upregulation and expression of non-dystrophin genes 
whose gene products have a positive effect on cardiac 
function.86 Increasing calcium concentration in the endo-
plasmatic reticulum through SERCA2q expression restores 
calcium homeostasis and prevents cell death. Gene therapy 
through SERCA2a gene expression is based on pumping cal-
cium from the cytoplasm into the sarcoplasmic reticulum.86 
Increasing the expression of SERCA2a in mice using AAV 

serotype-9 led to normalization of the ECG.86 In a phase-2 
study, SERCA2a gene therapy improved heart failure, sys-
tolic function, and diastolic volume.107 Dual overexpression of 
S100A1 and ARC in mdx mice improved diastolic dysfunction, 
long-term cardiac outcome, and heart failure caused by μ-
dys expression.108

Monitoring
Patients with heart disease in BMD must be monitored regu-
larly in order to start, adjust, or intensify cardiac therapy. 
Patients with BMD should be examined regularly (at least 
once/year) for heart disease from the age of 10 years [https://​
www.mda.​org/dise​ase/beck​er-muscu​lar-dyst​rophy/me​
dical-ma​nagement]. If cardiac involvement in BMD pro-
gresses rapidly during the course of the disease,109 follow-
up intervals may need to be shortened to 6 months or less. 
During follow-up examinations, patients should undergo 
long-term ECG and echocardiography. In patients with non-
compaction, it is advisable to perform repeated cMRT with 
contrast medium to determine whether intraventricular or 
intertrabecular thrombus formation is present, so that the 
appropriate time for OAC to prevent cardiac embolism is 
not missed. If patients develop ventricular arrhythmias, a 
decision must be made as to whether they require implanta-
tion of a pacemaker or an ICD to prevent SCD. If the heart 
disease cannot be treated with medication or devices, HTX 
should be considered, as the survival rate without severe COI 
is usually quite good.110

Outcome
The course of heart disease in BMD depends heavily on the 
quality of diagnostic and therapeutic treatment of heart 
defects. Although there are few systematic studies on the 
optimal treatment of heart disease in BMD, it can be assumed 
that early detection, the use of prophylaxis, and optimized 
symptomatic treatment could be factors that determine the 
course of heart disease in these patients. Despite improved 
cardiac therapies for heart disease in BMD, these patients 
still die mainly from difficult-to-treat systolic dysfunction 
or difficult-to-treat malignant arrhythmias.45 In addition, 
some patients die of SCD despite having an implanted ICD.110 
In a study of 163 patients with BMD, no association was found 
between heart disease and loss of walking ability.29 There 
may also be deterioration of systolic and diastolic dysfunc-
tion similar to patients with DMD.111

CONCLUSIONS

Cardiac involvement is now a well-established phenotypic 
feature of male patients with BMD, female carriers, and ani-
mal models of BMD, and has been extensively described and 
discussed in the literature. Patients with BMD must be pro-
spectively evaluated for cardiac disease, as it may be sub-
clinical at onset and early treatment may prevent or delay 
potentially difficult-to-treat complications of the myocar-
dium and intracardiac conduction system. Symptomatic 
cardiac therapy should remain in the hands of cardiolo-
gists and cardiac surgeons, as specialists are required to 
adequately treat the complex abnormalities that can occur 
during the course of the disease. There is growing evidence 
that steroids, read-through approaches, exon skipping, or 

https://www.mda.org/disease/becker-muscular-dystrophy/medical-management
https://www.mda.org/disease/becker-muscular-dystrophy/medical-management
https://www.mda.org/disease/becker-muscular-dystrophy/medical-management
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gene replacement therapies may be beneficial not only for 
muscle impairment but also for cardiac involvement in BMD. 
Various approaches to gene therapy are promising for the 
future, and some of them have already found their way into 
clinical application. There is also evidence that early treat-
ment leads to better outcomes than late initiation of cardiac 
therapy. Much work remains to be done in the future to clar-
ify open questions regarding the optimal and most effective 
therapeutic treatment of cardiac disease in BMD. Overall, 
the hearts of patients with BMD require proactive treatment 
within the framework of a multidisciplinary care model.
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Mid-Term Outcomes of the Ozaki Procedure: 
A Single-Center Experience

ABSTRACT

Background: To assess the mid-term clinical and echocardiographic outcomes of the 
Ozaki (aortic valve neocuspidization (AVNeo)) procedure performed at a single center.

Methods: A total of 258 patients who underwent the AVNeo procedure between 
February 2019 and February 2025 were retrospectively analyzed. Demographic, opera-
tive, and echocardiographic data were evaluated. Patients were followed up with clinical 
examinations and transthoracic echocardiography at discharge, 3 months, 6 months, and 
annually thereafter.

Results: The mean follow-up duration was 36 ± 17.5 months. The average age was 56.4 
± 15.1 years, and 31.6% were female. The mean peak pressure gradient across the aortic 
valve was 17.0 (11.8-20.2) mm Hg immediately after surgery, then 14.0 (11.0-19.0) mm Hg 
at 1 year and 17.0 (12.0-23.0) mm Hg at 3 years. The Friedman analysis demonstrated a 
statistically significant change in peak pressure gradient over time (χ² = 68.103, P < .001). 
Preoperatively, ejection fraction was 58.0 (52.0–64.0) %, increasing to 60.0 (56.0–62.0) 
% at 1 year and 61.0 (59.0–62.0) % at 3 years. Mild aortic regurgitation was seen in 2.7% 
of patients, and the reoperation rate was 0.38%. There were 3 in-hospital deaths (1.1%). 
Minimally invasive approaches (5 patients via a right anterior thoracotomy, 7 patients via 
an upper J sternotomy) were successfully performed in selected patients without need-
ing to convert to full sternotomy.

Conclusion: The AVNeo procedure provides excellent mid-term outcomes with low com-
plication and reoperation rates. Its compatibility with minimally invasive approaches and 
avoidance of anticoagulation make it a promising, durable alternative to conventional 
aortic valve replacement.

Keywords: Aortic valve neocuspidization, aortic valve reconstruction, autologous peri-
cardium, minimally invasive cardiac surgery, Ozaki procedure

INTRODUCTION

Since Dr. Dwight Harken performed the first successful aortic valve replacement 
(AVR) in 1960, it has remained the standard treatment for aortic valve disease (AVD) 
and is now the most common heart valve surgery worldwide. Despite advances in 
prosthetic valve technology, an ideal prosthetic valve has not yet been developed. 
Mechanical heart valve prostheses require lifelong anticoagulation, which car-
ries an estimated 2% annual risk of major bleeding after AVR.1 On the other hand, 
bioprosthetic valves are mainly limited by structural valve degeneration, which 
often requires reoperation.2 The growing popularity and standardization of repair 
techniques for atrioventricular valves, combined with the limitations of prosthetic 
valves, have increased interest in aortic valve repair for AVD.3 However, few cen-
ters perform this procedure, which is mostly used for aortic valve insufficiency, 
and few surgeons specialize in it.

The first documented aortic valve reconstruction using glutaraldehyde-treated 
autologous pericardium was reported by Duran et  al.4,5 Building on this method, 
Ozaki et al standardized aortic valve reconstruction—now called the “Ozaki pro-
cedure”—by tailoring 3 different cusp sizes, usually based on the distance between 
the commissures, while accounting for the different hemodynamic stresses on 
each cusp.6,7 The Ozaki procedure has become a valuable treatment option for 
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various aortic valve conditions, including aortic stenosis (AS), 
aortic regurgitation (AR), and infective endocarditis, and its 
use is growing globally.8

The aortic valve neocuspidization (AVNeo) procedure was 
introduced at the center in February 2019. This study aims 
to evaluate the mid-term clinical outcomes of patients who 
underwent the AVNeo procedure at the institution.

METHODS

Study Design and Patient Population
The Institutional Ethics Committee approved the study pro-
tocol (Approval date: October 9, 2025, No: 2025/176). The first 
consecutive 258 patients who underwent the AVNeo pro-
cedure at the center between February 2019 and February 
2025 were included in the study. Data were collected and 
analyzed retrospectively to evaluate the mid-term clinical 
outcomes of the procedure after receiving ethics commit-
tee approval. Throughout the study period, the institution 
routinely performed both conventional AVR and the AVNeo 
procedure. The AVNeo procedure was offered to patients 
with suitable valve anatomy who declined prosthetic valves, 
had a small aortic annulus with a risk of patient–prosthe-
sis mismatch, or were deemed good candidates based on 
the heart team’s assessment. Patients requiring redo aortic 
valve surgery were excluded from the study. Additionally, 
the AVNeo procedure was avoided at the institution when 
usable autologous pericardium was unavailable (e.g., due to 
prior pericarditis or prior thoracic radiation). All patients pro-
vided informed consent before surgery. They underwent rou-
tine postoperative follow-up with clinical evaluations and 
transthoracic echocardiography at 3 months, 6 months, and 
annually afterward. The study was conducted in accordance 
with the Declaration of Helsinki.

Surgical Technique
The surgical procedure was performed through a median 
sternotomy in 244 patients. As the expertise in the AVNeo 
technique and minimally invasive cardiac surgery increased, 
alternative approaches in select cases with isolated aortic 
valve issues were used: 5 patients underwent surgery via 
a right anterior thoracotomy, and 7 patients were treated 

through an upper J sternotomy. All cases employed standard 
cannulation techniques and routine myocardial protection 
with antegrade cold blood cardioplegia. Autologous pericar-
dium was harvested and prepared to at least 7 × 8 cm. Proper 
sizing was emphasized as a key factor for procedural success. 
After excising and customizing the native aortic valve cusps, 
new pericardial cusps were implanted using the standard-
ized AVNeo procedure (Figure 1).6,7,9 In patients with bicuspid 
or unicuspid morphology, tricuspidization was performed 
(Figure 2).9, 25

Statistics
Continuous variables were assessed for normal distribu-
tion using the Shapiro–Wilk test and visual inspection of 
Q-Q plots. Data that followed a normal distribution were 
reported as mean ± standard deviation, while non-normally 
distributed variables were presented as median [interquar-
tile range (IQR)]. Categorical data were summarized with 
frequencies and percentages. Since the study included mul-
tiple surgical groups with repeated echocardiographic mea-
surements across follow-up periods (preoperative, 1st month, 
3-12 months, and beyond 12 months), a repeated-measures 
analysis was applied. As continuous echocardiographic 
variables were predominantly non-normally distributed, 
within-group changes over time were analyzed using the 
Friedman non-parametric 2-way ANOVA. Post-hoc pair-
wise comparisons between time points were performed 
using the Wilcoxon signed-rank test with Bonferroni cor-
rection (adjusted significance threshold: α = 0.05/6 = 0.0083). 
Between-group comparisons at each time point were 
performed using the Kruskal–Wallis test. For significant 
Kruskal–Wallis results, post-hoc pairwise comparisons were 
conducted using the Mann–Whitney U-test with Bonferroni 
correction (α = 0.05/3 = 0.017). All statistical analyses were 
conducted using IBM SPSS Statistics, version 26 (Armonk, 
NY, USA).

RESULTS

Preoperative Characteristics
The study cohort had a mean age of 56.4 ± 15.1 years (range 
17-80), with females comprising 31.6% (n = 79). Detailed clini-
cal and preoperative echocardiographic baseline charac-
teristics are shown in Tables 1 and 2. Valve morphology was 
bicuspid in 17% (n = 44), unicuspid in 0.003% (n = 1), and tri-
cuspid in the remaining 82.5% (n = 213). The median logistic 
EuroSCORE was 3.0 (1.0-4.0).

Operative Data
Concomitant surgical interventions included coronary artery 
bypass grafting (CABG) in 18 patients, mitral valve replace-
ment (MVR) in 21, and ascending aortic surgery in 36 patients 
(comprising 19 Florida sleeve procedures and 17 supracoro-
nary ascending aortic replacements). Additionally, 1 patient 
underwent combined MVR and ascending aortic surgery, 3 
had combined MVR and CABG, one had CABG with ascend-
ing aortic surgery, and 1 had simultaneous CABG and carotid 
endarterectomy. The mean durations for cardiopulmonary 
bypass and aortic cross-clamp were 166.6 ± 47.8 minutes 
and 122.5 ± 30.9 minutes, respectively. For isolated AVNeo 
procedures, these times were shorter, averaging 132.6 ± 

HIGHLIGHTS
•	The Ozaki procedure showed excellent mid-term 

hemodynamic performance and valve durability in 258 
patients.

•	The technique demonstrated low reoperation rates 
(0.38%) and minimal postoperative complications, with 
no need for prosthetic conversion.

•	The technique was feasible in complex combined cardiac 
surgeries and through minimally invasive approaches, 
including right anterior thoracotomy and upper J ster-
notomy, and was safely implemented.

•	The Ozaki procedure maintained natural aortic annular 
dynamics, showed good hemodynamic performance 
even in patients with small aortic annuli, and eliminated 
the need for lifelong anticoagulation therapy.
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36.9 minutes for cardiopulmonary bypass and 101.7 ± 24.3 
minutes for cross-clamping. None of the minimally invasive 
approaches required conversion to full median sternotomy. 
Intraoperative transesophageal echocardiography con-
firmed satisfactory hemodynamic function of all recon-
structed aortic valves, with no cases needing conversion to 
prosthetic valve replacement.

Postoperative Outcomes
Hospitalization and ICU stay: The average length of stay in 
the intensive care unit was 1.2 ± 0.8 days, while the total hos-
pital stay averaged 6.5 ± 2.1 days.

Echocardiographic findings: The mean follow-up period 
was 36 ± 17.5 months. Predischarge transthoracic echocar-
diography showed a mean peak pressure gradient of 17.0 
(11.8-20.2) mm Hg, with mild AR identified in 7 patients. At 
1-year and 3-year follow-ups, mean peak gradients were 

14.0 (11.0-19.0) mm Hg and 17.0 (12.0-23.0), respectively. The 
Friedman analysis showed a statistically significant change 
in peak pressure gradient over time (χ² = 68.103, P < .001). 
Post hoc Wilcoxon analysis with a Bonferroni correction con-
firmed that the gradient decreased significantly from pre-
operative values at all postoperative time points (all P < .001), 
with no significant differences between postoperative time 
points (all P > .0083), indicating stable, sustained hemody-
namic improvement. One patient who underwent an iso-
lated AVNeo procedure required reoperation due to grade 2 
AR at 2 months postoperatively. A significant improvement 
in left ventricular function was observed in patients after 
the Ozaki procedure. Preoperatively, ejection fraction was 
58.0 (52.0–64.0)%, increasing to 60.0 (56.0–62.0)% at 1 year 
and 61.0 (59.0–62.0)% at 3 years. A Friedman test showed 
a statistically significant change over time (χ² = 30.314, P 
< .001). Post hoc pairwise comparisons indicated that the 

Figure 1.  Intraoperative images before and after the AVNeo (Ozaki) aortic valve reconstruction. The image on the left displays 
the native aortic valve with calcified cusps before removal, while the image on the right shows the reconstructed valve with 
autologous pericardial leaflets after the procedure.

Figure  2.  Intraoperative images showing the morphology of a bicuspid native aortic valve before removal (left), the excised 
native valve leaflets (center), and the reconstructed aortic valve with autologous pericardial cusps after completing the 
tricuspidization procedure (right).
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improvement became significant at 1 year and was main-
tained at 3 years (P < .001 for both comparisons vs. baseline). 
The median left ventricular end-diastolic diameter was 60.0 
(57.0–62.0) mm preoperatively and decreased significantly 
to 52.0 (49.0–55.0) mm at 1 year, further declining to 49.0 
(46.0–52.0) mm at 3-year follow-up. A Friedman test showed 
a statistically significant change over time (χ² = 52.751, P < 
.001). Post hoc pairwise comparisons confirmed significant 
reductions at both 1 year and 3 years compared with base-
line (P < .001), consistent with progressive and sustained ven-
tricular reverse remodeling. Within-group temporal changes 

in echocardiographic parameters for the surgical subgroups 
(isolated AVNeo, AVNeo + CABG, AVNeo + MVR, ascending 
aortic procedures) and between-group comparisons at cor-
responding follow-up time points are presented in Table 3.

Anticoagulation strategy: Routine anticoagulation was not 
given after isolated AVNeo procedures. Patients without 
other reasons for anticoagulation received 100 mg of aspirin 

Table 1.  Preoperative Clinical Characteristics of the Patients

​
Number of 

Patients
Percentage  

(%)

Diabetes mellitus 73 28.29

Hypertension 154 59.68

Hyperlipidemia 36 13.95

Coronary artery disease 59 22.86

Previous cerebrovascular 
accident

6 2.32

Glomerular filtration rate ​ ​

  <30 6 2.32

  30-60 18 6.97

  >60 234 90.69

Table 2.  Preoperative Echocardiographic Characteristics of 
Patients

Parameters Values

Ejection fraction, (IQR) (%) 58.0 (52.0-64.0)

  ≥55 190 (73.64)

  45–54 29 (11.24)

  36–44 24 (9.3)

  ≤35 15 (5.81)

Left atrium (mm) 42.2 ± 7.1

Left ventricular end-diastolic diameter, 
(IQR) (mm)​

60.0 (57.0-62.0)

Aortic annulus (mm) 23.3 ± 2.6

Patology (%) ​

  Aortic stenosis (AS) 127 (49.22)

  Aortic regurgitation (AR) 88 (34.1)

  Mixed lesion (AS + AR) 43 (16.66)

Table 3.  Echocardiographic Parameters in the Preoperative and Postoperative Follow-up Periods According to Concomitant 
Surgical Procedure Groups

Variables Time
Group 1 

Isolated AVNeo
Group 2 

AVNeo + CABG
Group 3 

AVNeo + MVR
Group 4 

AVNeo + AAS

P (Between 
Groups) 

Kruskal–Wallis

P (Over time) 
Friedman G1 
/ G2 / G3 / G4

Ejection 
fraction 
(%)

Preoperative 60.0 (60.0-65.0) 60.0 (60.0-65.0) 60.0 (50.0-60.0) 60.0 (60.0-65.0) <.001* G1: <.001***
G2: .024*

G3: .201 NS
G4: .002**

Predischarge 60.0 (60.0-60.0) 60.0 (55.0-60.0) 55.0 (50.0-60.0) 60.0 (55.0-60.0) .082 ​

1st year 60.0 (60.0-60.0) 60.0 (52.5-60.0) 58.0 (50.0-60.0) 60.0 (60.0-65.0) <.001* ​

3rd year 60.0 (60.0-61.2) 60.0 (60.0-65.0) 60.0 (55.0-60.0) 60.0 (60.0-60.0) .032* ​

Maximum 
gradient 
(mm Hg)

Preoperative 
(Aortic stenosis)

73.0 (65.8-96.0) 74.0 (54.0-90.0) 75.0 (40.8-83.0) 65.5 (26.0-76.2) .043* G1: <.001***
G2: .004**
G3: .710 NS
G4: .005**

Predischarge 16.5 (12.0-20.0) 17.0 (14.0-21.0) 10.5 (10.0-21.0) 17.0 (12.0-20.0) .410 ​

1st year 16.5 (12.0-23.0) 13.0 (11.2-18.5) 13.0 (11.0-14.0) 12.0 (10.0-18.0) .127 ​

3rd year 17.0 (12.0-21.0) 19.5 (16.5-23.2) 22.0 (13.0-24.0) 12.0 (9.0-14.8) .039* ​

Mean 
gradient 
(mm Hg)

Preoperative 
(Aortic stenosis)

46.0 (41.0-58.0) 43.0 (37.2-60.0) 48.0 (36.8-55.8) 41.0 (30.0-52.0) .053 G1: <.001***
G2: .670 NS
G3: .740 NS
G4: .002**

Predischarge 11.0 (9.0-15.8) 9.0 (5.5-11.8) 5.0 (3.0-12.0) 8.0 (7.5-10.0) .122 ​

1st year 10.0 (8.2-14.5) 8.5 (6.5-10.2) 7.0 (4.0-8.0) 8.0 (5.0-11.0) .074 ​

3rd year 8.5 (5.0-13.0) 11.0 (10.2-14.8) 10.0 (6.0-14.0) 4.0 (4.0-10.5) .263 ​
Data are presented as median (IQR). P (between groups): Kruskal–Wallis test. P (Over time): For each group, a separate Friedman non-parametric 
2-way ANOVA (G1-G4) was performed. Post-hoc comparisons were conducted using the Wilcoxon signed-rank test with Bonferroni correction 
(α = 0.0083).
AAS, ascending aortic surgery; CABG, coronary artery bypass graft; MVR, mitral valve replacement; NS, not significant.
*P < .05, **P < .01, ***P < .001. 
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daily for 1 month after surgery. One patient had an ischemic 
stroke on postoperative day 7; no other thromboembolic 
events were reported.

Early postoperative complications: Eight patients (3.1%) 
required surgical re-exploration for bleeding in the early 
postoperative period, including 2 who underwent isolated 
AVNeo procedures. There were 3 in-hospital deaths: 1 from 
low cardiac output syndrome on postoperative day 1 (com-
bined AVNeo and bioprosthetic MVR operation), 1 due to 
mesenteric ischemia on day 3 (isolated AVNeo procedure), 
and 1 from ischemic stroke on day 7 (isolated AVNeo proce-
dure). A permanent pacemaker was implanted in 1 patient 
with severe annular calcification.

DISCUSSION

This study reinforces the AVNeo procedure as a safe, effec-
tive, and reproducible option for aortic valve reconstruction, 
showing excellent mid-term clinical and echocardiographic 
outcomes. The procedure’s adaptability to minimally inva-
sive approaches and complex concomitant surgeries further 
expands its applicability. The results are consistent with and 
add to the growing evidence supporting the AVNeo tech-
nique as a valuable alternative to traditional prosthetic valve 
replacement.

The cohort included the first consecutive 258 patients who 
underwent the AVNeo procedure at the center over 6 years. 
The average cardiopulmonary bypass and cross-clamp times 
are consistent with previous reports, despite a significant 
number of patients undergoing additional procedures such 
as CABG, MVR, and ascending aortic surgery.7,8 This indicates 
that the AVNeo technique can be safely incorporated into 
complex cardiac surgeries without substantially increasing 
operative time.

While most procedures were performed via median ster-
notomy, the use of minimally invasive approaches—includ-
ing right anterior thoracotomy and upper J sternotomy—in 
selected cases without converting to full sternotomy or pros-
thetic valve replacement highlights the growing versatility 
and safety of the AVNeo procedure. These findings comple-
ment recent literature showing the feasibility of minimally 
invasive AVNeo surgery, which may reduce surgical trauma 
and promote faster recovery.10,11 To the best of the knowl-
edge, this is the first report in the literature describing the 
performance of the Ozaki procedure through a right anterior 
thoracotomy using a direct vision approach.

Hemodynamic performance was excellent, with mean peak 
pressure gradients remaining low and stable over a mean 
follow-up of 36 months. Only a small subset of patients 
exhibited mild AR, and the reoperation rate was low (0.38%). 
Additionally, there was a gradual decrease in left ventricular 
dimensions during the first postoperative year, which may 
reflect favorable reverse remodeling following valve recon-
struction. These outcomes align with prior studies show-
ing durable valve function and favorable hemodynamics of 
glutaraldehyde-treated autologous pericardial cusps.8,12 The 

low rate of significant regurgitation and reoperation indi-
cates good mid-term valve function.

Although aortic valve repair avoids the disadvantages of 
prosthetic valves, it is still performed in a limited set of con-
ditions, mainly aortic insufficiency, and only by a few sur-
geons.13 Bioprosthetic valves, which eliminate the need 
for lifelong anticoagulation, have durability limitations, 
whereas mechanical valves require lifelong anticoagulation 
with associated risks. Additionally, neither type of prosthe-
sis can achieve hemodynamics as favorable as those of the 
native aortic valve. In a healthy aortic valve, opening begins 
with systolic dilation of the annulus, creating a maximal 
effective orifice area that reduces stress on the aortic cusps. 
As a result, even if the healthy native aortic valve has a small 
annulus, it maintains a low gradient. Conversely, prosthetic 
valves restrict annular motion throughout the cardiac cycle 
because they are fixed with a rigid ring. The most signifi-
cant advantage of the AVNeo procedure is the preservation 
of this dynamic function.14,15 Additionally, full systolic open-
ing of each cusp in a reconstructed valve helps achieve the 
maximum effective orifice area. It also maintains coordina-
tion between the left ventricle and the aortic root during the 
cardiac cycle, leading to excellent hemodynamic results, as 
shown in the study.

The incidence of calcific AS has increased approximately 
fourfold over the past 3 decades, and aortic valve stenosis 
is now the most common valvular pathology in developed 
countries.16,17 The increasing prevalence of AS has led to more 
patients with small aortic annuli, requiring advanced surgi-
cal techniques such as annular enlargement or complete 
root replacement to prevent patient-prosthesis mismatch. 
These procedures pose risks, including perioperative mor-
tality, readmission, reoperation, and impacts on long-term 
survival.18,19 The AVNeo procedure eliminates these risks 
by maintaining native annular dynamics and offering bet-
ter hemodynamic performance without requiring annu-
lar enlargement or root replacement, especially in older 
patients.

Durability in aortic valve repair largely depends on the 
effective height between the free edges of the cusps and 
their attachment points, which should be at least 8-9 mm. 
In the AVNeo procedure, the free edges of the cusps are 
raised to the level of the sinotubular junction, ensuring an 
effective height of at least 10 mm.20 Also, glutaraldehyde-
treated autologous pericardium has superior mechanical 
strength—4 times greater than non-calcified native valves 
and 10 times greater than calcified valves—and shows a low 
tendency for calcification.21 Additionally, using autologous 
tissue lowers the risk of infection by avoiding foreign mate-
rials. These factors together support the long-term durabil-
ity and function of the reconstructed valve. Furthermore, 
autologous pericardium is easily accessible and cost-effec-
tive for all patients.

Valve-in-valve transcatheter aortic valve replacement (ViV 
TAVR) offers a less invasive option than redo surgery for 
high-risk patients with failing bioprosthetic valves, but it is 
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limited by patient-prosthesis mismatch, elevated residual 
gradients, and the risk of coronary obstruction.22 Although 
not part of this cohort, the AVNeo procedure’s preservation 
of native annular dynamics may support future transcath-
eter interventions without the limitations seen in ViV TAVR, 
providing a clear advantage.23

Our study also highlights low thromboembolic complication 
rates and the avoidance of routine anticoagulation in iso-
lated AVNeo cases, providing quality-of-life benefits over 
mechanical prostheses, especially for younger patients.

The AVNeo technique is feasible and applicable to various 
aortic valve pathologies, including AS, AR, and infective 
endocarditis. It can also be adapted for bicuspid, unicuspid, 
and quadricuspid morphologies.9,24,25 Additionally, it is com-
patible with root reimplantation procedures for annuloaor-
tic ectasia.12 In this series, 36 patients underwent the AVNeo 
procedure along with ascending aortic surgery, including 
the Florida sleeve technique and supracoronary ascend-
ing aortic replacement. The previous study introduced a 
novel combination of the Florida sleeve with AVNeo recon-
struction for patients with concomitant AVD and sinus of 
Valsalva aneurysm.26 This novel approach has been used for 
the simultaneous treatment of sinus of Valsalva aneurysms 
with aortic valve abnormalities, providing a comprehen-
sive surgical strategy that combines the benefits of both 
procedures.

This study presents a large series of 258 patients undergoing 
the AVNeo procedure at a single center. The sizable sample 
and systematic follow-up enhance the reliability and gener-
alizability of the findings, providing one of the most compre-
hensive mid-term evaluations of this surgical technique to 
date. By including not only the standard median sternotomy 
but also minimally invasive approaches like right anterior 
thoracotomy and upper J sternotomy, the study demon-
strates the versatility and adaptability of the AVNeo proce-
dure in real-world clinical settings. Additionally, the inclusion 
of patients undergoing complex combined surgeries (e.g., 
CABG, MVR, ascending aortic surgery) highlights the pro-
cedure’s feasibility and safety in complex cardiac interven-
tions. This research adds to the growing global evidence 
supporting the AVNeo procedure as a viable alternative to 
traditional valve replacement.

CONCLUSION

The AVNeo procedure is a safe, effective, and feasible option 
for aortic valve reconstruction, especially advantageous for 
patients with small aortic roots or those seeking alternatives 
to prosthetic valves. Its compatibility with minimally inva-
sive approaches and simultaneous surgeries broadens surgi-
cal choices, potentially enhancing recovery and minimizing 
trauma. The low thromboembolic risk and the avoidance of 
lifelong anticoagulation further increase its attractiveness, 
particularly for younger patients. These promising mid-term 
results justify further long-term and multicenter studies to 
determine durability and compare its effectiveness with tra-
ditional valve replacement methods.

Study Limitations
Although the study offers valuable mid-term clinical and 
echocardiographic outcomes with an average follow-up 
of about 36 months, longer-term data are needed. The 
results are based on a single-center cohort, which could limit 
how widely the findings apply. Differences in surgical skills, 
patient selection, and perioperative care across centers can 
affect outcomes. Multi-center studies would help confirm 
reproducibility and wider applicability. Without a random-
ized comparison to traditional prosthetic valve replace-
ment or other surgical methods, it's hard to definitively 
determine superiority or equivalence. The study includes 
relatively few patients with unicuspid, bicuspid, and quadri-
cuspid valve morphologies, as well as those undergoing mini-
mally invasive approaches, which may restrict conclusions 
about these groups. Additionally, the influence of concomi-
tant procedures on long-term valve function needs further 
investigation.
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ABSTRACT

Background: Coronary artery perforation (CAP) is a rare life-threatening complication 
of percutaneous coronary intervention (PCI). Although several risk factors for CAP have 
been described, real-world multicenter studies analyzing the clinical outcomes remain 
limited. This study presents a comprehensive 2-center evaluation of CAP, focusing on 
angiographic severity, management strategies, and short- and long-term outcomes.

Methods: In this study, patients of CAP were included and perforations were classified 
according to the Ellis system. Primary outcomes were procedural success, cardiac tam-
ponade, pericardiocentesis, cardiogenic shock, and 30-day mortality. Secondary out-
comes were late mortality and ejection fraction at the end of first month.

Results: Totally, 53 cases of CAP were identified. Ten patients had Ellis grade I, 30 patients 
had grade II, and 13 patients had grade III perforations. The rate of successful procedure 
was 100% in grade I, 90% in grade II, and 30.8% in grade III (P < .001). Hemodynamic com-
promise was observed predominantly in grade III perforations. Early mortality occurred 
in 7 patients (13.2%) and was strongly associated with severe Ellis grades (P < .001). Late 
mortality occurred in 5 patients (9.4%), and chronic renal insufficiency was identified as 
a significant predictor of mortality (P = .018). Ejection fraction was significantly lower in 
grade III perforations at the end of first month (P = .005).

Conclusion: Increasing Ellis grade was strongly associated with procedural failure, hemo-
dynamic instability, and early mortality, whereas late outcomes were predominantly 
influenced by systemic comorbidities rather than the severity of perforation. These find-
ings underscore the importance of prompt intraprocedural management and compre-
hensive post-discharge care in patients with CAP.

Keywords: Complications, coronary artery disease, coronary artery perforation, Ellis 
classification, percutaneous coronary intervention, tamponade

INTRODUCTION

Coronary artery perforation (CAP) is one of the most feared complications of 
percutaneous coronary intervention (PCI). Although it is a rare event, it can lead 
to catastrophic outcomes, rapidly progressing to cardiac tamponade, hemody-
namic collapse, the need for emergency surgery, and even death. The reported 
incidence of CAP in contemporary practice ranges from 0.1% to 0.6%. However, 
its occurrence is significantly more common in complex PCI scenarios, such as 
interventions involving heavily calcified lesions, bifurcations, and chronic total 
occlusions (CTOs).1-3 With the increase in high-risk PCI procedures globally and a 
growing number of elderly and comorbid patients undergoing revascularization, 
the absolute number of CAP cases has risen, despite the overall incidence remain-
ing stable.4 These trends highlight the importance of understanding the mecha-
nisms, risk factors, and evidence-based management strategies related to CAP 
in real-world practice.

The mechanisms that lead to CAP are diverse and closely related to factors such 
as lesion morphology, wire behavior, balloon or stent over-sizing, and the use of 
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plaque-modifying technologies. Guide-wire related inju-
ries—particularly those caused by hydrophilic or stiff CTO 
wires—are the leading cause of distal perforations. In con-
trast, oversized balloons, high-pressure post-dilatation, 
rotational or orbital atherectomy, and intravascular litho-
tripsy (IVL) can increase the risk of proximal or main-vessel 
perforations in patients.5-8 Coronary artery perforation 
severity is commonly graded using the Ellis classification, 
introduced in 1994. This system categorizes perforations 
from mild extraluminal crater formation (Grade I) to frank 
contrast extravasation (Grade III).1 This classification not 
only predicts the likelihood of hemodynamic compromise 
but also guides clinical management. Grades I and II lesions 
generally respond to prolonged balloon inflation or conser-
vative therapy; however, Grade III perforations often require 
covered stent implantation, coil or balloon embolization, 
and may necessitate emergency surgery.5-6,9-10 Notably, Ellis 
Grade III perforations have been associated with mortality 
rates as high as 20%-44%, primarily due to rapid progression 
to tamponade and cardiogenic shock.6,11

Despite these risks, real-world multicenter data evaluat-
ing the characteristics, mechanisms, and outcomes of CAP 
remain limited.4 Previous studies are often single-center 
or confined to specific PCI subgroups, such as CTO inter-
ventions. Furthermore, many contemporary analyses lack 
detailed stratification of outcomes based on Ellis grades or 
do not differentiate between determinants of acute versus 
late mortality. Therefore, a combined case series with an 
integrated review can provide meaningful clinical insights by 
contextualizing experiences from individual centers within a 
broader evidence base.

Management of CAP necessitates immediate recognition 
and rapid escalation through a structured therapeutic algo-
rithm. Prolonged balloon inflation is the first-line approach 
for achieving hemostasis; however, many cases—particu-
larly those classified as Ellis Grade II or III—require addi-
tional therapies. Covered stents are preferred for large 
proximal perforations, while coil or microcoil embolization 
is often employed for distal vessel injuries and small-caliber 

branches.12-14 In severe cases involving evolving tamponade or 
failed percutaneous strategies, emergency pericardiocen-
tesis and surgical intervention may be life-saving. Despite 
these established principles, real-world outcomes exhibit 
variability influenced by perforation severity, lesion com-
plexity, and the presence of shock or renal dysfunction at the 
time of presentation.

The present study offers a comprehensive 7-year, 2-cen-
ter retrospective analysis of CAP. A total of 53 cases with 
complete clinical and procedural data were included in the 
final evaluation. This dataset represents one of the more 
detailed real-world cohorts of CAP from the region, encom-
passing both early and late clinical outcomes while providing 
insights into the interplay between Ellis classification, proce-
dural strategies, hemodynamic deterioration, and mortality. 
By integrating detailed angiographic characteristics with 
contemporary management approaches, this study aims 
to enhance understanding of CAP prognosis in modern PCI 
practice and identify potential avenues for prevention, early 
recognition, and more effective intervention.

METHODS

This retrospective, observational study encompassed all 
patients who underwent coronary angiography or PCI at 2 
high-volume centers from January 2018 to January 2025. 
Within this time interval, a total of 44 428 coronary angio-
grams and 21 515 PCI procedures were conducted across the 
participating institutions. All cases of CAP identified during 
or immediately following PCI were screened for inclusion. 
The diagnosis of CAP was based on angiographic visualiza-
tion and was classified according to the Ellis classification 
system. Initially, 53 perforation cases were identified, and 
detailed procedural images, angiography recordings, and 
operator reports were subsequently reviewed for each spe-
cific case.

Data collection was conducted in multiple stages. Initially, 
imaging archives from the catheterization laboratories were 
reviewed to extract procedural characteristics, including 
lesion morphology, types of guidewires used, balloon and 
stent parameters, inflation pressures, timing of perfora-
tion, and treatment modalities employed. Subsequently, 
electronic hospital databases were searched to gather 
demographic information, comorbidities, laboratory values, 
echocardiographic findings, and in-hospital outcomes.

For cases with missing or incomplete clinical follow-up 
data—such as late mortality, re-hospitalization, or clinical 
status within the 1- to 12-month period—patients or their 
first-degree relatives were contacted via telephone. If fol-
low-up data could not be verified through database review 
or patient contact, those cases were excluded from the final 
analysis. As a result, the dataset reflects a fully validated 
cohort in which both procedural and clinical details were reli-
ably obtained.

Management strategies following perforation were cat-
egorized into 5 distinct approaches: (1) prolonged balloon 
inflation, (2) covered stent implantation, (3) coil or wire-
induced embolization, (4) balloon embolization, and (5) 

HIGHLIGHTS
•	Coronary artery perforation occurred in approximately 

0.25% of percutaneous coronary intervention proce-
dures in this real-world 2-center cohort.

•	Increasing Ellis grade was strongly associated with pro-
cedural failure, hemodynamic instability, and early mor-
tality, with Ellis grade III representing the highest-risk 
subgroup.

•	Ellis grade III perforations were characterized by high 
rates of cardiac tamponade, cardiogenic shock, emer-
gency surgery, and markedly reduced procedural 
success.

•	Early mortality was primarily driven by acute hemody-
namic collapse and unsuccessful hemostasis, whereas 
late mortality was predominantly related to systemic 
comorbidities, particularly chronic renal insufficiency.
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emergency surgical repair. Hemodynamic complications, 
including hypotension, cardiac tamponade, pericardiocen-
tesis requirement, and cardiogenic shock, were documented 
systematically. Early mortality was defined as any death 
occurring within 30 days after the index procedure, while 
late mortality referred to death occurring between 1 and 12 
months post-procedure. The left ventricular ejection frac-
tion at the 1-month mark was obtained from transthoracic 
echocardiography reports.

Statistical analysis was conducted using SPSS software (IBM 
SPSS Statistics, Version 26.0; IBM Corp., Armonk, NY, USA). 
Normality of continuous variables was assessed using the 
Shapiro–Wilk test. Continuous variables are reported as 
mean ± standard deviation for those with a normal distri-
bution or as median (interquartile range) for non-normally 
distributed variables. Categorical variables are presented 
as counts and percentages. Group comparisons involved the 
use of the Student’s t-test or Mann–Whitney U-test for con-
tinuous variables, and the chi-square test or Fisher’s exact 
test for categorical variables. For comparisons among Ellis 
groups, analysis of variance (ANOVA) or Kruskal–Wallis test-
ing was employed. A P value of less than .05 was regarded 
as statistically significant. This study was approved by the 
Local Ethics Committee (decision date: 17 June 2025, deci-
sion number: E-43012747-050.04-481619/351). The study 
was conducted in accordance with the principles of the 
Declaration of Helsinki.

RESULTS

A total of 53 patients with complete clinical and procedural 
data were included in the final analysis. The mean age of the 
population was 66 years, with 69.8% of the population being 
male. According to the Ellis classification, 10 patients (18.9%) 
were categorized as Ellis grade I, 30 patients (56.6%) as Ellis 
grade II, and 13 patients (24.5%) as Ellis grade III.

Baseline Characteristics According to Ellis Classification
Baseline demographic and clinical variables did not show sig-
nificant differences among the 3 Ellis groups (Table 1).

The Ellis-III group exhibited a higher mean age (70.2 ± 6.3 
years) compared to the Ellis-I (61.6 ± 10.9 years) and Ellis-II 
(65.6 ± 11.9 years) groups, although this difference was not 
statistically significant (P = .159). Key cardiovascular risk fac-
tors—including hypertension, diabetes mellitus, hyperlipid-
emia, chronic renal insufficiency, and prior coronary artery 
disease—were consistently distributed among the groups 
(P > .05 for all). Furthermore, no significant variations were 
observed concerning multivessel disease, the presence of 
CTO, calcification grade, or the rates of pre- and post-dil-
atation across the groups. These results highlight the uni-
formity of the patient population, ensuring a more reliable 
analysis of outcomes based on Ellis classification.

Procedural Findings
Perforation timing exhibited significant differences among 
the Ellis groups (P = .005). Patients classified as Ellis-I and 
Ellis-II experienced coronary perforations primarily fol-
lowing balloon predilatation and stent implantation, while 
wire-induced and post-dilatation perforations were more 

prevalent in the Ellis-III group. Although inflation pressures 
were numerically higher in the Ellis-I group (15.6 ± 2.8 atm), 
these did not reach statistical significance across groups 
(P = .130). Additionally, the use of hydrophilic wires was noted 
in 23.3% of Ellis-II patients and 15.4% of Ellis-III patients, with 
no significant difference observed (P = .282).

The treatment strategy for perforation varied significantly 
between the groups (P = .001). Balloon tamponade was the 
most commonly employed approach in Ellis-I (90.0%) and 
Ellis-II (63.3%) patients, while covered stent implantation 
(61.5%) and emergency surgery (38.5%) were more frequently 
necessary in the Ellis-III group.

Clinical Outcomes and Complications by Ellis Group
An increasing Ellis grade was strongly associated with worse 
clinical outcomes (Table 1). Procedural success was achieved 
in 100% of Ellis-I, 90% of Ellis-II, but only 30.8% of Ellis-III 
patients (P < .001). Hemodynamic complications, including 
cardiogenic shock (69.2%), hypotension (92.3%), cardiac tam-
ponade (69.2%), and the need for pericardiocentesis (38.5%), 
were overwhelmingly concentrated in the Ellis-III group (P 
< .001 for each). Additionally, early mortality significantly 
increased with the severity of perforation, reaching 38.5% in 
Ellis-III patients compared to 0% in Ellis-I and 6.7% in Ellis-II (P 
= .012).

Left ventricular ejection fraction at 1 month also decreased 
progressively with Ellis severity, showing values of 57.5 ± 5.9% 
for Ellis-I, 52.1 ± 7.9% for Ellis-II, and 45.0 ± 8.9% for Ellis-III 
(P = .005).

Early Mortality (First 30 Days)
Among the 53 patients in the study, 7 experienced early mor-
tality, resulting in a rate of 13.2% (Table 2).

Age, sex, and most cardiovascular risk factors did not signifi-
cantly differ between survivors and non-survivors. However, 
hypertension was more prevalent among survivors (71.7% vs. 
28.6%; P = .038). Additionally, procedural variables such as 
stent implantation, inflation pressure, the use of hydrophilic 
wires, and the prevalence of CTOs showed no significant 
association with early mortality.

Several intra-procedural and post-procedural factors were 
significantly associated with early mortality. Perforation 
timing was notably different (P = .033), with non-survivors 
often experiencing perforations during the mid-procedure 
period (after stent implantation). Unsuccessful interventions 
were more frequent in non-survivors (28.6% vs. 84.8% suc-
cess in survivors; P = .004). Cardiogenic shock (85.7% vs. 8.7%; 
P < .001), tamponade (71.4% vs. 10.9%; P = .002), hypotension 
(85.7% vs. 34.8%; P = .016), and the need for pericardiocen-
tesis (57.1% vs. 8.7%; P = .007) were significantly associated 
with early mortality. Ellis-III lesions were also disproportion-
ately represented among early mortality cases (P = .013). 
Thrombolysis in myocardial infarction (TIMI) flow grade 
scores differed markedly, with lower TIMI flow observed in 
non-survivors (P < .001).

Late Mortality (1-12 Months)
Late mortality was observed in 5 patients (9.4%) (Table 3).
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No significant differences were noted with respect to age, 
sex, multivessel disease, the presence of CTOs, calcification 
grade, or procedural characteristics. Unlike early mortality, 
the timing of perforation and the Ellis grade did not show a 
correlation with late mortality rates.

Chronic renal insufficiency was identified as the primary pre-
dictor of late mortality, being significantly more prevalent 

among patients who died within 1-12 months (80.0% vs. 
22.0%; P = .018). Notably, there were no significant differ-
ences in the incidence of cardiac tamponade, pericardiocen-
tesis, or shock during the index hospitalization, suggesting 
that late mortality was predominantly driven by underlying 
comorbidities rather than the acute severity of the proce-
dural event. Furthermore, the use of anticoagulants showed 
a borderline association with outcomes (P = .053), suggesting 

Table 1.  Distribution of Clinical and Procedural Variables Across Ellis Groups

Variables

Ellis Groups

PGroup 1 (n = 10) Group 2 (n = 30) Group 3 (n = 13)

Age 61.6 ± 10.9 65.6 ± 11.9 70.2 ± 6.3 .159*

Gender (F/M) 2/8 11/19 4/9 .671£

HT (%) 7 (70.0) 21 (70.0) 7 (53.8) .580 £

HL (%) 3 (30.0) 22 (73.3) 8 (61.5) .053 £

DM (%) 6 (60.0) 19 (63.3) 8 (61.5) 1.000 £

Chronic renal insufficiency (%) 3 (30.0) 11 (36.7) 3 (23.1) .785 £

History of CAD (%) 6 (60.0) 18 (60.0) 9 (69.2) .861 £

History of past percutaneous coronary artery 
intervention (%)

4 (40.0) 15 (50.0) 6 (46.2) .930 ¥

Multivessel (%) 6 (60.0) 23 (76.7) 11 (84.6) .383 £

Calcification Grade (0/I/II/III) 0/2/3/5 2/4/18/6 0/1/5/7 .225 £

CTO (%) 2 (20.0) 7 (23.3) 2 (15.4) .899 £

Pre-dilatation (%) 10 (100.0) 27 (90.0) 13 (84.6) .573 £

Stent (%) 8 (80.0) 22 (73.3) 11 (15.4) .902 £

Post-dilatation (%) 5 (50.0) 17 (56.6) 5 (38.5) .546 ¥ 

Perforation time (1/2/3/4) 4/2/0/4 9/4/12/5 2/5/0/6 .005 £

Inflation pressure 15.6 ± 2.8 13.7 ± 2.9 13.5 ± 1.7 .130*

Guidewire tip stiffness (operator-reported) 1 (1-3) 1 (0.8-4.5) 1 (0.8-4.5) .454 ＃

Hydrophilic wire (%) 0 (0.0) 7 (23.3) 2 (15.4) .282 £

Technique for the treatment of perforation 
(1/2/3/4/5)

9/1/0/0/0 19/8/2/1/0 2/8/0/0/3 .001 £

Successful intervention (%) 10 (100.0) 27 (90.0) 4 (30.8) <.001 £

Pericardiocentesis (%) 0 (0.0) 3 (10.0) 5 (38.5) .018 £

Prompt surgery (%) 0 (0.0) 0 (0.0) 5 (38.5) <.001 £

Cardiogenic shock (%) 0 (0.0) 1 (3.3) 9 (69.2) <.001 £

Hypotension (%) 3 (30.0% 7 (23.3) 12 (92.3) <.001 ¥

Cardiac tamponade (%) 0 (0.0) 1 (3.3) 9 (69.2) <.001 £

Anticoagulant usage (%) 0 (0.0) 2 (6.6) 3 (23.1) .166 £

Anti-aggregant usage (%) 5 (50.0) 24 (80.0) 9 (69.2) .182 £

Mortality in the first month (%) 0 (0.0) 2 (6.7) 5 (38.5) .012 £

Mortality between 1 and 12th months (%) 1 (10.0) 5 (16.7) 6 (46.2) .999 £

EF at the end of the first month 57.5 ± 5.9 52.1 ± 7.9 45.0 ± 8.9 .005*

Effusion during discharge (%) 0 (0.0) 4 (13.2) 3 (23.1) .085 £

TIMI flow grade (0/1/2/3) 0/0/1/9 1/3/3/22 4/0/0/4 .029 £

TIMI flow grade: 0 = no perfusion; 1 = penetration without perfusion; 2 = partial perfusion; 3 = normal perfusion. Guidewire tip stiffness was recorded 
based on operator assessment and manufacturer-reported characteristics.Technique for the treatment of perforation: (1) prolonged balloon 
inflation, (2) covered stent implantation, (3) coil or wire-induced embolization, (4) balloon embolization, and (5) emergency surgical repair. 
Perforation time: (1) predilatation, (2) stent implantation, (3) wire-induced, (4) postdilatation with non-compliant balloon.
CAD, coronary artery disease; CTO, chronic total occlusion of coronary arteries; DM, diabetes mellitus; EF, ejection fraction (echocardiography); 
Ellis, Ellis classification of coronary artery perforation during angiography; HL, hyperlipidemia; HT, hypertension.
*ANOVA [mean S.D].
¥X2 test [number (percentage)]
£Fisher Exact test [number (percentage)].
＃Kruskal-Wallis H test [median (min.-max.].
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that pharmacological management may play a significant 
role in influencing long-term survival among this patient 
cohort.

Factors Associated With Procedural Failure
A total of 12 patients (22.6%) experienced an unsuccessful 
intervention (Table 4).

Baseline characteristics—including age, sex, diabetes, 
hypertension, hyperlipidemia, and renal insufficiency—
were comparable between successful and unsuccess-
ful intervention groups. In contrast, procedural variables 
exhibited significant differences, suggesting that the fac-
tors associated with the intervention's success may be 
more closely tied to the specific management strategies 

employed rather than the demographic or clinical baseline 
features of the patients.

Successful cases are more likely to involve stent implantation 
(82.9% vs. 58.3%; P = .007) and post-dilation (61.0% vs. 16.7%; 
P = .007). Additionally, inflation pressures were significantly 
higher in successful interventions (P = .045), indicating that 
optimized stent deployment may play a crucial role in effec-
tively sealing perforations.

Severe complications were significantly more prevalent in 
unsuccessful interventions, including cardiac tamponade 
(75.0% vs. 2.4%), cardiogenic shock (75.0% vs. 2.4%), hypo-
tension (75.0% vs. 31.7%), and the need for pericardiocen-
tesis (33.3% vs. 9.8%; P < .01 for all). Emergency surgery was 

Table 2.  Distribution of Study Variables According to Early Mortality

Variables

Mortality Within the First Month

PSurvivors (n = 46) Exitus (n = 7)

Age 66 (44-85) 72 (44-85) .269 Ʊ

Gender (F/M) 13/33 4/3 .192 £

HT (%) 33 (71.7) 2 (28.6) .038 £

HL (%) 30 (65.2) 3 (42.9) .405 £

DM (%) 29 (63.0) 4 (57.1) 1.000 £

Chronic renal insufficiency (%) 13 (28.3) 4 (57.1) .192 £

History of CAD (%) 29 (63.0) 4 (57.1) 1.000 £

History of past percutaneous coronary artery intervention (%) 21 (45.7) 4 (57.1) .694 £

Multivessel (%) 34 (73.9) 6 (85.7) .667 £

Calcification Grade (0/I/II/III) 1/7/24/14 1/0/2/4 .162 £

CTO (%) 11 (23.9) 0 (0.0) .667 £

Pre-dilatation (%) 43 (93.5) 7 (100.0) 1.000 £

Stent (%) 35 (76.1) 6 (85.7) .679 £

Post-dilatation (%) 24 (52.2) 3 (42.9) .704 ¥ 

Perforation time (1/2/3/4) 14/7/10/15 1/4/2/0 .033 £

Inflation pressure 14 (10-22) 12 (12-16) .384 Ʊ

Guidewire tip stiffness (operator-reported) 1 (0.8-4.5) 1 (0.8-4.5) .953 Ʊ

Hydrophilic wire (%) 7 (15.2) 2 (28.6) .587 £

Technique for the treatment of perforation (1/2/3/4/5) 29/11/2/1/3 1/6/0/0/0 .036 £

Successful intervention (% 39 (84.8) 2 (28.6) .004 £

Pericardiocentesis (%) 4 (8.7) 4 (57.1) .007 £

Prompt surgery (%) 4 (8.7) 1 (14.3) 1.000 £

Cardiogenic shock (%) 4 (8.7) 6 (85.7) <.001 £

Hypotension (%) 16 (34.8) 6 (85.7) .016 £

Cardiac tamponade (%) 5 (10.9) 5 (71.4) .002 £

Anticoagulant usage (%) 4 (8.7) 1 (14.3) 1.000 £

Anti-aggregant usage (%) 35 (76.1) 3 (42.9) .090 £

ELLIS Score (1/2/3) 0/3/9 10/27/4 .013 £

TIMI flow grade (0/1/2/3) 1/3/3/34 4/0/1/1 <.001 £

TIMI flow grade: 0 = no perfusion; 1 = penetration without perfusion; 2 = partial perfusion; 3 = normal perfusion. Guidewire tip stiffness was recorded 
based on operator assessment and manufacturer-reported characteristics.Technique for the treatment of perforation: (1) prolonged balloon 
inflation, (2) covered stent implantation, (3) coil or wire-induced embolization, (4) balloon embolization, and (5) emergency surgical repair. 
Perforation time: (1) predilatation, (2) stent implantation, (3) wire-induced, (4) postdilatation with non-compliant balloon.
CAD, coronary artery disease; CTO, chronic total occlusion of coronary arteries; DM, diabetes mellitus; EF, ejection fraction (echocardiography); 
Ellis, Ellis classification of coronary artery perforation during angiography; HL, hyperlipidemia; HT, hypertension.
ƱMann–Whitney U-test [median (min.*max)].
¥X2 test [number (percentage)].
£Fisher Exact test [number (percentage)].
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required exclusively in the failed-intervention group (41.7%; P 
< .001). Furthermore, the majority of unsuccessful cases were 
categorized as Ellis grade III (P < .001). The TIMI flow grade 
was also significantly lower in the unsuccessful group, with 
most patients exhibiting TIMI 0-1 flow (P < .001), underscor-
ing the correlation between procedural failure and adverse 
clinical outcomes.

Overall Mortality and Follow-Up
At the 12-month follow-up, total mortality reached 22.6% (12 
patients), including 7 early deaths and 5 late deaths. The dis-
tribution of outcomes aligns with the established bimodal risk 
pattern associated with coronary perforation, characterized 
by an initial phase primarily marked by acute hemodynamic 

collapse, followed by a later phase influenced by underly-
ing systemic comorbidities. The observed survival trends are 
consistent with findings from previous high-volume regis-
tries and multicenter studies on CAP, which similarly report 
early mortality rates and associated risk profiles.2,12

DISCUSSION

This 2-center, 7-year analysis provides a detailed real-world 
assessment of CAP in contemporary PCI practice. Although 
CAP remains an infrequent complication, the findings con-
firm that it is associated with substantial mortality both 
in the early and late stages. In this cohort, CAP occurred in 
approximately 0.25% of PCI procedures, with early and late 
mortality rates of 13.2% and 9.4%, respectively. These results 

Table 3.  Distribution of Study Variables According to Late Mortality

Variables

Mortality Between 1st and 12th Months

PSurvivors (n = 41) Exitus (n = 5)

Age 66 (44-85) 66 (64-82) .437 Ʊ

Gender (F/M) 11/30 2/3 .612 £

HT (%) 29 (70.7) 4 (80.0) 1.000 £

HL (%) 27 (65.9) 3 (60.0) 1.000 £

DM (%) 25 (61.0) 4 (80.0) .637 £

Chronic renal insufficiency (%) 9 (22.0) 4 (80.0) .018 £

History of CAD (%) 26 (63.4) 3 (60.0) 1.000 £

History of past percutaneous coronary artery intervention (%) 20 (48.9) 1 (20.0) .356 £

Multivessel (%) 34 (73.9) 6 (85.7) .594 £

Calcification Grade (0/I/II/III) 1/6/21/13 0/1/3/1 1.000 £

CTO (%) 11 (26.8) 0 (0.0) .317 £

Pre-dilatation (%) 38 (92.7) 5 (100.0) .317 £

Stent (%) 30 (73.2) 5 (100.0) .317 £

Post-dilatation (%) 22 (53.7) 2 (40.0) .659 £ 

Perforation time (1/2/3/4) 13/5/10/13 1/2/0/2 .311 £

Inflation pressure 14 (10-22) 15 (14-16) .218 Ʊ

Guidewire tip stiffness (operator-reported) 1 (0.8-4.5) 1 (1-1) .328 Ʊ

Hydrophilic wire (%) 7 (17.1) 0 (0.0) .580 £

Technique for the treatment of perforation (1/2/3/4/5) 26/9/2/1/3 3/2/0/0/0 .809£

Successful intervention (%) 34 (82.9) 5 (100.0) .580 £

Pericardiocentesis (%) 4 (9.8) 0 (0.0) 1.000 £

Prompt surgery (%) 4 (9.8) 0 (0.0) 1.000 £

Cardiogenic shock (%) 4 (9.8) 0 (0.0) 1.000 £

Hypotension (%) 13 (31.7) 3 (60.0) .325 £

Cardiac tamponade (%) 5 (12.2) 0 (0.0) 1.000 £

Anticoagulant usage (%) 2 (4.9) 2 (40.0) .053 £

Anti-aggregant usage (%) 31 (75.6) 4 (80.0) 1.000 £

ELLIS Score (1/2/3) 0/3/9 10/27/4 .999 £

TIMI flow grade (0/1/2/3) 1/2/3/30 0/1/0/4 .443 £

TIMI flow grade: 0 = no perfusion; 1 = penetration without perfusion; 2 = partial perfusion; 3 = normal perfusion. Guidewire tip stiffness was recorded 
based on operator assessment and manufacturer-reported characteristics.Technique for the treatment of perforation: (1) prolonged balloon 
inflation, (2) covered stent implantation, (3) coil or wire-induced embolization, (4) balloon embolization, and (5) emergency surgical repair. 
Perforation time: (1) predilatation, (2) stent implantation, (3) wire-induced, (4) postdilatation with non-compliant balloon.
CAD, coronary artery disease; CTO, chronic total occlusion of coronary arteries; DM, diabetes mellitus; EF, ejection fraction (echocardiography); 
Ellis, Ellis classification of coronary artery perforation during angiography; HL, hyperlipidemia; HT, hypertension.
ƱMann–Whitney U-test [median (min.*max)].
¥X2 test [number (percentage)].
£Fisher Exact test [number (percentage)].
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are consistent with prior registry data and meta-analyses, 
reinforcing the clinical relevance of CAP despite its low inci-
dence.1,12 A clear association was observed between per-
foration severity, as defined by the Ellis classification, and 
adverse procedural and clinical outcomes. An increasing Ellis 
grade was associated with higher rates of procedural failure, 
hemodynamic instability, and mortality, underscoring the 
continued relevance of this classification for risk stratifica-
tion and management guidance in patients with CAP.1,7

The most compelling observation derived from this cohort is 
the pronounced risk gradient across Ellis grades. Ellis grade 

III perforations were found to be correlated with signifi-
cantly higher rates of cardiogenic shock, cardiac tampon-
ade, pericardiocentesis, emergency surgical interventions, 
and procedural failure, culminating in an early mortality rate 
approaching 40%. These findings substantiate the foun-
dational observations articulated by Ellis and colleagues.1 
They are consistent with subsequent large-scale analyses 
that reinforce the association between Ellis grade III perfo-
ration and adverse clinical outcomes.2-3 In contrast to earlier 
registries that reported early mortality rates ranging from 
approximately 10% to 20% for Ellis grade III lesions, the higher 
mortality observed in the cohort is likely reflective of the 

Table 4.  Distribution of Study Variables Between Groups Based on Intervention Success

Variables

Success of Intervention

PUnsuccessful (n = 12) Successful (n = 41)

Age 67 (57-85) 66 (44-85) .509 Ʊ

Gender (F/M) 5/7 12/29 .418 ¥

Mortality within the first month (%) 5 (41.7) 2 (4.9) <.001¥

Mortality between 1st and 12th months (%) 0 (0.0) 5 (12.2) .331 £

HT (%) 6 (50.0) 29 (70.7) .182 ¥

HL (%) 7 (58.3) 26 (63.4) .749 ¥

DM (%) 7 (58.3) 26 (63.4) .749 ¥

Chronic renal insufficiency (%) 3 (25.0) 14 (34.2) .551 ¥

History of CAD (%) 6 (50.0) 27 (65.9) .319 ¥

History of past percutaneous coronary artery intervention 
(%)

6 (50.0) 19 (46.3) .823 ¥

Multivessel (%) 9 (75.0) 31 (75.6) .966 ¥

Calcification Grade (0/I/II/III) 0/0/5/7 2/7/21/11 .173 £

CTO (%) 2 (16.7) 9 (22.0) .691 ¥

Application of pre-dilatation (%) 11 (91.7) 39 (95.1) 1.000 £

Stent usage (%) 7 (58.3) 34 (82.9) 0.007 ¥

Application of post-dilatation (%) 2 (16.7) 25 (61.0) 0.007 ¥ 

Perforation time (1/2/3/4) 2/5/2/3 13/6/10/12 0.279 £

Inflation pressure 12 (10-16) 14 (10-22) .045 Ʊ

Guidewire tip stiffness (operator-reported) 1 (1-4.5) 1 (0.8-4.5) .786 Ʊ

Hydrophilic wire 1 (8.3) 8 (19.5) .364 ¥

Technique for the treatment of perforation (1/2/3/4/5) 4/5/0/0/3 26/12/2/1/0 .017 £

Pericardiocentesis (%) 4 (33.3) 4 (9.8) .044 ¥

Prompt surgery (%) 5 (41.7) 0 (0.0) <.001 £

Cardiogenic shock (%) 9 (75.0) 1 (2.4) <.001 ¥

Hypotension (%) 9 (75.0) 13 (31.7) .007 ¥

Cardiac tamponade (%) 9 (75.0) 1 (2.4) <.001 ¥

Anticoagulant usage (%) 2 (4.9) 2 (40.0) .576 £

Anti-aggregant usage (%) 8 (66.7) 30 (73.2) .660 £

ELLIS Score (1/2/3) 0/3/9 10/27/4 <.001 £

TIMI flow grade (0/1/2/3) 5/1/0/0 0/2/4/35 <.001 £

TIMI flow grade: 0 = no perfusion; 1 = penetration without perfusion; 2 = partial perfusion; 3 = normal perfusion. Guidewire tip stiffness was recorded 
based on operator assessment and manufacturer-reported characteristics.Technique for the treatment of perforation: (1) prolonged balloon 
inflation, (2) covered stent implantation, (3) coil or wire-induced embolization, (4) balloon embolization, and (5) emergency surgical repair. 
Perforation time: (1) predilatation, (2) stent implantation, (3) wire-induced, (4) postdilatation with non-compliant balloon.
CAD, coronary artery disease; CTO, chronic total occlusion of coronary arteries; DM, diabetes mellitus; EF, ejection fraction (echocardiography); 
Ellis, Ellis classification of coronary artery perforation during angiography; HL, hyperlipidemia; HT, hypertension.
ƱMann–Whitney U-test [median (min.*max)].
¥X2 test [number (percentage)].
£Fisher Exact test [number (percentage)].
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modern PCI landscape. This landscape is characterized by 
more complex lesion subsets, an aging patient demographic, 
and a greater prevalence of comorbid conditions, which col-
lectively contribute to the increased risk associated with 
these perforations.3,6

In this study, nearly all patients with Ellis grade III perfora-
tions exhibited profound hemodynamic instability, with 
hypotension and cardiac tamponade observed in the major-
ity of cases. These rates significantly exceed those reported 
in various studies focusing on CTOs and registry data, where 
the frequency of cardiac tamponade typically ranges from 
30% to 40%.2,3,6 This observation implies that, within the 
context of contemporary clinical practice, Ellis grade III per-
foration may represent not solely a mechanical complica-
tion but also a surrogate marker for extreme procedural and 
physiological stress. Upon the occurrence of rapid contrast 
extravasation, the subsequent cascade of acute blood loss, 
elevated pericardial pressure, myocardial compression, and 
cardiogenic shock may become self-perpetuating, even 
when successful angiographic sealing of the vessel is techni-
cally accomplished.2,6,12

The present study elucidates significant distinctions in the 
mechanisms underlying CAP and corresponding therapeutic 
responses. In line with established management algorithms, 
balloon tamponade was generally effective in Ellis grade I 
and many grade II perforations.7,12,15 In contrast, Ellis grade 
III lesions frequently required the implantation of a covered 
stent or surgical intervention.11,13 Although covered stents 
were promptly deployed in most severe cases, procedural 
success remained limited, suggesting that mechanical ves-
sel sealing alone may be insufficient once profound hemody-
namic deterioration has developed.10,16

Distal, wire-related perforations exhibit a distinct clinical 
profile that warrants specific consideration in the manage-
ment of CAP. In alignment with existing literature, these 
injuries—predominantly attributed to hydrophilic or stiff 
guidewires—demonstrate a favorable response to inter-
vention techniques such as coil or wire-tip embolization. 
Furthermore, they are infrequently associated with severe 
complications, including cardiac tamponade, cardiogenic 
shock, or the necessity for surgical intervention.5,9,14,17 These 
findings reinforce the importance of tailoring treatment 
strategies to both perforation location and mechanism, 
supporting algorithmic, mechanism-driven management 
approaches rather than a uniform therapeutic response for 
all CAP types.15

A significant contribution of this study is the precise distinc-
tion established between the determinants of early and late 
mortality related to CAP. Early mortality was predominantly 
influenced by acute hemodynamic compromise, specifi-
cally manifesting as cardiogenic shock, cardiac tamponade, 
and failure to achieve immediate hemostasis. Notably, car-
diogenic shock was identified as the most significant pre-
dictor of mortality, corroborating findings from previous 
registry and observational studies.2,6,12 These results under-
score the premise that early survival following CAP is con-
tingent mainly upon operator skill and procedural dynamics, 

necessitating swift recognition of complications, prompt 
and decisive intervention, and effective coordination within 
the catheterization laboratory team. Such insights are criti-
cal for refining clinical strategies and improving patient out-
comes in the context of CAP.

In contrast, the patterns of late mortality observed between 
1 and 12 months post-procedure exhibited a fundamentally 
distinct trajectory. Notably, neither the Ellis grade nor spe-
cific procedural characteristics demonstrated a significant 
association with late mortality outcomes. Instead, chronic 
renal insufficiency emerged as the predominant predic-
tor of late mortality, underscoring the critical influence of 
systemic disease burden on long-term prognoses following 
PCI.18,19 This temporal dissociation between immediate and 
delayed mortality outcomes supports the conceptualization 
of a bimodal risk model in the context of CAP. Specifically, 
the acute phase is characterized by risks that are predomi-
nantly driven by the severity of the procedure and the ensu-
ing hemodynamic instability. In contrast, the chronic phase 
appears to be governed by patient vulnerability as well as the 
burden of comorbid conditions. Patients who survive the ini-
tial perforation event transition away from a risk profile that 
is directly influenced by the perforation incident, towards a 
broader cardiovascular risk continuum that is shaped pre-
dominantly by renal function and overall systemic health.

Procedural characteristics that correlate with successful 
intervention underscore the critical importance of techni-
cal optimization in PCI. Higher rates of stent implantation, 
appropriate post-dilation, and adequate inflation pressures 
were associated with improved procedural success. These 
results suggest that meticulous attention to vessel seal-
ing and stent expansion might effectively mitigate persis-
tent extravasation and prevent subsequent hemodynamic 
deterioration., Conversely, unsuccessful interventions pre-
dominantly cluster within the category of Ellis grade III per-
forations, which are characterized by severe complications, 
poor TIMI flow, and an increased requirement for emergency 
surgical intervention.10

Collectively, these findings suggest that CAP should not 
be viewed merely as an unpredictable technical mishap; 
instead, it should be recognized as an operator-dependent 
complication whose outcomes are significantly influenced 
by procedural decision-making, the readiness of devices, 
and established pathways for the rapid escalation of care. 
While prevention remains paramount, the data emphasize 
that once perforation occurs, patient survival hinges on 
the operator’s technical expertise within the catheteriza-
tion laboratory, alongside a systematic and protocol-driven 
approach to managing hemodynamic compromise.12,15

Ultimately, this study offers a comprehensive and contem-
porary examination of CAP within the context of real-world 
PCI practice. It substantiates the premise that the severity 
of perforation serves as a pivotal element in the early risk 
stratification of affected patients. At the same time, the 
long-term prognosis is predominantly determined by the 
presence of systemic comorbidities, rather than the perfo-
ration event itself. Conceptualizing CAP as a 2-stage clinical 
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syndrome—encompassing both acute and chronic phases—
may facilitate the optimization of immediate management 
strategies and the development of structured post-dis-
charge follow-up protocols. This approach aims to enhance 
clinical outcomes in patients experiencing this rare but clini-
cally significant complication.

In the present study, no statistically significant associa-
tion was observed between traditionally recognized high-
risk lesion or device characteristics—such as CTOs, severe 
calcification, or hydrophilic guidewire use—and early mor-
tality. At first glance, this finding may appear inconsis-
tent with prior registry-based studies that have identified 
lesion complexity and device-related factors as impor-
tant contributors to coronary perforation and adverse 
outcomes.1-3 However, several considerations may help 
explain this observation. Contemporary PCI practice has 
evolved substantially, with improved operator experience, 
more meticulous procedural planning, and broader appli-
cation of refined interventional techniques, particularly 
in high-volume centers. In addition, advances in device 
technology—including improvements in guidewire design, 
plaque-modifying systems, and covered stent perfor-
mance—may attenuate the clinical impact of anatomical 
complexity once perforation occurs.3,6 Furthermore, care-
ful patient selection and procedural strategy in modern 
practice may limit the translation of lesion-related risk 
into early mortality. Finally, the relatively modest sample 
size of the cohort may have reduced the statistical power 
to detect smaller effect sizes. Therefore, the absence of 
statistical significance in the analysis should not be inter-
preted as the absence of clinical relevance, but rather as 
a reflection of evolving PCI practice and improvements in 
the contemporary management of coronary perforation. 
Taken together, these findings support the concept that, 
in contemporary PCI, outcomes following coronary perfo-
ration are influenced not only by lesion complexity but also 
by operator-dependent factors and advances in procedural 
management.1,6

CONCLUSION

In this contemporary 2-center cohort, CAP remained a rare 
but clinically serious complication of PCI. Perforation sever-
ity, as defined by the Ellis classification, was the primary 
determinant of procedural failure, hemodynamic instability, 
and early mortality. Ellis grade III perforations represented a 
true interventional emergency, frequently leading to tam-
ponade, cardiogenic shock, and the need for surgical inter-
vention despite prompt percutaneous management.

Importantly, this study demonstrates a temporal dissocia-
tion in prognostic determinants following CAP. While proce-
dural factors and acute hemodynamic stabilization primarily 
influenced early survival, late mortality was driven predomi-
nantly by systemic comorbidities, particularly chronic renal 
insufficiency. These findings underscore the importance 
of both optimized intraprocedural management and com-
prehensive post-discharge care in enhancing outcomes for 
patients with CAP.

Collectively, these real-world data underscore the impera-
tive of enhancing outcomes following coronary perfora-
tion through excellence in 2 interrelated domains: executing 
decisive and technically optimized interventions in the acute 
phase and implementing meticulous, longitudinal manage-
ment strategies for high-risk patients during the chronic 
phase.

Strengths and Limitations

Strengths
This study represents one of the most enormous real-
world, 2-center datasets on CAP in the region, offering a 
detailed and contemporary profile of this life-threatening 
complication.

There is a granular analysis of early versus late mortal-
ity: unlike most prior studies, the cohort clearly differenti-
ates between acute, perforation-driven mortality and late, 
comorbidity-driven mortality, providing a more nuanced 
understanding of patient risk trajectories.

The study provides detailed therapeutic stratification, offer-
ing precise comparisons of outcomes based on management 
strategies, including balloon tamponade, covered stenting, 
coil/guidewire embolization, balloon embolization, and sur-
gical intervention. These findings deliver insights directly 
applicable to clinical practice.

A comprehensive hemodynamic assessment is included, 
which involves the systematic evaluation of conditions such 
as shock, tamponade, hypotension, and TIMI flow, yielding a 
multidimensional perspective on clinical instability.

The comparison of Ellis subgroups facilitates a precise 
characterization of perforation severity, its clinical conse-
quences, and procedural responses, enhancing the under-
standing of CAP management.

Limitations
Retrospective design: While reflective of real-world prac-
tice, the retrospective methodology introduces inherent 
limitations related to data completeness and potential 
selection bias, which may affect the findings.

Absence of a uniform imaging strategy: The lack of stan-
dardized use of intravascular ultrasound or optical coher-
ence tomography restricts the ability to evaluate lesion 
morphology as a predictor of perforation risk or outcomes.

Detailed procedural device selection: Specific details regard-
ing device choices, such as the types of atherectomy systems 
or IVL used, were not uniformly recorded, limiting the ability 
to interpret the mechanistic aspects of these interventions.

Limited long-term follow-up: The absence of follow-up data 
beyond 1 year prevents a comprehensive assessment of very 
late outcomes, which could provide valuable insights into the 
long-term effects of CAP management.

Clinical Implications
Coronary artery perforation is a rare but life-threatening 
complication of PCI, especially concerning Ellis grade III 
lesions.
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Rapid recognition and immediate hemostasis are crucial 
for improving early survival rates; therefore, catheteriza-
tion laboratories performing complex PCI should have easy 
access to covered stents and embolization tools.

Treatment strategies should be tailored to the mechanism 
and location of the perforation, with embolization tech-
niques preferred for distal wire-related injuries.

Early mortality primarily results from hemodynamic col-
lapse, while late mortality is more closely related to systemic 
comorbidities, notably renal dysfunction.

Survivors of acute perforation require structured post-dis-
charge follow-up that emphasizes optimizing comorbidities 
rather than focusing solely on perforation-specific issues.
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Uric Acid-to-High-Density Lipoprotein 
Cholesterol Ratio and Coronary Slow Flow: An 
Integrative Marker of Microvascular Dysfunction

ABSTRACT

Background: Coronary slow flow (CSF) is an angiographic finding characterized by 
delayed distal vessel opacification despite normal epicardial coronary arteries. Its 
pathophysiology is multifactorial and involves microvascular dysfunction, endothelial 
impairment, and chronic inflammation. The uric acid-to-high-density lipoprotein (HDL) 
cholesterol ratio (UHR) has recently emerged as a novel composite biomarker reflecting 
both pro-oxidant and anti-inflammatory balance. This study aimed to evaluate the rela-
tionship between UHR and CSF.

Methods: In this retrospective cross-sectional study, 218 patients with normal or near-
normal coronary arteries on angiography were analyzed. Patients were divided into 2 
groups according to the presence of CSF based on thrombolysis in myocardial infarction 
(TIMI) frame count. Demographic, clinical, and laboratory parameters were compared 
between groups. Receiver operating characteristic (ROC) analysis was used to determine 
the discriminatory performance of UHR, and multiple logistic regression was performed 
to identify independent predictors of CSF.

Results: The mean UHR value was significantly higher in the CSF group compared with 
the control group (0.13 ± 0.04 vs. 0.09 ± 0.04, P < .001). Receiver operating characteris-
tic analysis demonstrated that a UHR cut-off >0.107 predicted CSF with moderate dis-
criminatory ability (area under the curve (AUC) = 0.733, 95% CI: 0.66-0.79, P < .001), with 
73.5% sensitivity and 76.2% specificity. Multiple analyses suggested that UHR was inde-
pendently associated with CSF (OR 1.20 per 0.01-unit increase, 95% CI 1.09-1.31, P < .001).

Conclusion: Elevated UHR was independently associated with CSF and may represent a 
readily available biomarker reflecting the metabolic-inflammatory balance contributing 
to coronary microvascular dysfunction. These findings should be interpreted as associa-
tive and hypothesis-generating.

Keywords: Coronary slow flow, endothelial dysfunction, inflammation, microcirculation, 
uric acid-to-HDL ratio

INTRODUCTION

Coronary slow flow (CSF) is an angiographic phenomenon characterized by 
delayed contrast opacification of the distal coronary vasculature in the absence of 
obstructive epicardial coronary artery disease. It is reported in 1%-7% of patients 
undergoing coronary angiography and is now considered a form of coronary micro-
vascular dysfunction (CMD).1-3 CSF has been associated with recurrent angina, 
arrhythmias, and sudden cardiac death, emphasizing its clinical relevance.4,5

Although the exact mechanisms underlying CSF are not fully understood, stud-
ies suggest that endothelial dysfunction, increased inflammatory burden, oxi-
dative stress, and microvascular autoregulatory abnormalities contribute to its 
pathophysiology.6-9

Serum uric acid, the final product of purine metabolism, reflects both oxidative 
and inflammatory status and is considered a mediator of endothelial injury.10,11 
Conversely, high-density lipoprotein cholesterol (HDL-C) exerts vasculoprotective 
effects through its antioxidant and anti-inflammatory properties.12,13 A reduction 
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in HDL-C levels has been linked to impaired endothelial func-
tion and atherosclerosis progression.14

The uric acid-to-HDL-C ratio (UHR) has emerged as a novel 
and integrated biomarker, capturing the detrimental influ-
ence of uric acid and the protective role of HDL-C. Uric 
acid-to-HDL-C ratio represents a balance between pro-
oxidant uric acid and anti-inflammatory HDL-C, providing a 
composite index of vascular homeostasis. Recent literature 
has shown that UHR is associated with several conditions, 
including inflammation, insulin resistance, metabolic syn-
drome, and cardiovascular disease.15,16

However, the potential relationship between UHR and CSF 
has not been previously studied. Considering the patho-
physiological overlap between the determinants of UHR and 
the mechanisms underlying CSF, it was hypothesized that an 
elevated UHR would be associated with the presence of CSF. 
Therefore, this study aimed to investigate the clinical utility 
of UHR as a potential biomarker in patients with CSF.

METHODS

Study Design and Population
This retrospective cross-sectional study included 218 con-
secutive patients who underwent coronary angiography 
between January 2023 and January 2025 at a tertiary refer-
ral center due to typical angina or positive noninvasive isch-
emia tests. Patients with angiographically normal or near 
normal epicardial coronary arteries were eligible. Exclusion 
criteria were significant coronary artery stenosis (>50%), 
prior myocardial infarction, valvular heart disease, left ven-
tricular systolic dysfunction (LVEF <50%), cardiomyopathy, 
chronic kidney disease (defined as estimated glomerular fil-
tration rate (eGFR) <60 mL/min/1.73 m²), liver disease, active 
infection, systemic inflammatory or autoimmune disease, 
malignancy, and use of drugs known to affect uric acid or 
lipid metabolism, including uric acid–lowering therapies 
(e.g., allopurinol), diuretics known to increase uric acid levels, 
or lipid-lowering therapy initiated within the last 3 months. 
Estimated glomerular filtration rate was calculated using 
the MDRD equation based on serum creatinine, age, and sex.

Angiographic Assessment
Coronary angiography was performed via the femoral 
or radial approach using the standard Judkins technique. 
Angiograms were acquired using the Siemens Artis Zee 
angiography system (Siemens Healthineers, Germany) at 15 
frames per second. Coronary slow flow (CSF) was defined 
using the corrected thrombolysis in myocardial infarction 
(TIMI) frame count (cTFC) method. The angiographic sys-
tem in the laboratory recorded at 15 frames per second (fps); 
therefore, all measured TIMI frame counts were multiplied by 
2 to ensure comparability with the conventional 30 fps refer-
ence values, consistent with the original definitions of Gibson 
et  al. Patients were classified as CSF if cTFC exceeded 27.6 
for LAD, 22.6 for LCx, and 20.4 for RCA. Coronary contrast 
was administered manually with an iodinated contrast agent 
at an estimated rate of 3-4 mL/s, in line with previous reports 
emphasizing the importance of injection speed and volume 
standardization for reliable TIMI frame count assessment. 
Thrombolysis in myocardial infarction frame counts were 
evaluated by 2 experienced interventional cardiologists who 
were blinded to the patients’ clinical data and group alloca-
tion. In cases of uncertainty, consensus was reached by the 
2 observers. Because independent duplicate measurements 
were not performed, intra- and inter-observer variability 
could not be formally assessed.

Biochemical Analysis
Blood samples were obtained after at least 12 hours of fast-
ing. Serum uric acid, HDL cholesterol, and other routine 
biochemical parameters were measured using standard 
enzymatic methods (Roche Diagnostics, Germany). The UHR 
was calculated by dividing the serum uric acid level (mg/dL) 
by the HDL cholesterol level (mg/dL).

Statistical Analysis
Continuous variables were tested for normality using the 
Kolmogorov–Smirnov test. Data were presented as mean ± 
standard deviation (SD) or median (interquartile range, IQR) 
for continuous variables, and as numbers (percentages) for 
categorical variables. Comparisons between groups were 
performed using Student’s t-test or Mann–Whitney U-test 
for continuous variables and chi-square test for categori-
cal variables. Receiver operating characteristic (ROC) curve 
analysis was performed to evaluate the predictive ability 
of UHR for CSF, and the area under the curve (AUC) with 
95% CI was calculated using the bootstrap method (2000 
resamples). Logistic regression analyses were performed to 
identify predictors of CSF. Variables with P < .10 in univari-
ate analysis were included in the multiple logistic regression 
model. The multiple logistic regression model was adjusted 
for age, sex, smoking status, triglyceride levels, and hyper-
tension. A 2-tailed P value <.05 was considered statisti-
cally significant. A post-hoc power analysis was performed 
based on the observed discriminative performance of UHR 
(AUC = 0.733). At a 2-sided α level of .05, the sample size of 
the present study provided greater than 85% statistical 
power to detect significant differences between groups. 
Multicollinearity was assessed using variance inflation fac-
tors (VIF). Analyses were performed using SPSS version 29.0 
(IBM Corp., Armonk, NY, USA).

HIGHLIGHTS
•	Coronary slow flow (CSF) represents a manifestation 

of coronary microvascular dysfunction and low-grade 
inflammation.

•	The uric acid-to-HDL cholesterol ratio (UHR) inte-
grates pro-oxidant burden and reduced vasoprotective 
capacity.

•	Uric acid-to-HDL cholesterol ratio levels were sig-
nificantly higher in patients with CSF compared with 
controls.

•	Uric acid-to-HDL cholesterol ratio remained inde-
pendently associated with CSF after multiple logistic 
regression adjustment.

•	Uric acid-to-HDL cholesterol ratio may serve as a 
simple, low-cost biomarker reflecting microvascular 
dysfunction.
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Ethical Considerations 
This study was conducted as a retrospective analysis under 
an existing ethics approval obtained for a broader investiga-
tion of coronary slow flow and related clinical and laboratory 
parameters. The present analysis represents a predefined 
secondary evaluation focusing on the UHR as a metabolic–
inflammatory marker. All data were collected retrospectively 
from anonymized clinical records and handled in accordance 
with the principles of the Declaration of Helsinki. The require-
ment for informed consent was waived by the Institutional 
Ethics Committee due to the retrospective design of the 
study (Decision No: 280118606,429; Date: June 25, 2025).

RESULTS

Patient Characteristics
A total of 218 patients were included, of whom 113 (51.8%) had 
CSF and 105 (48.2%) had normal coronary flow. There were 
no significant differences in diabetes mellitus or hyperlipid-
emia between the 2 groups, whereas hypertension was less 
frequent among patients with CSF (30.5% vs. 15.9%, P = .034) 
(Table 1). This finding likely reflects the younger age and male 
predominance of the CSF group rather than a true protec-
tive effect of hypertension. Age was significantly lower in 
the CSF group (49.1 ± 11.2 vs. 55.1 ± 11.0, P < .001) in univariate 
comparisons; however, in the multivariate model it showed 
only a borderline association with CSF (P = .091). Male sex 
and smoking were significantly more prevalent among 
patients with CSF (71.7% vs. 47.6%, P < .001; and 41.6% vs. 
25.7%, P = .001, respectively). Regarding laboratory param-
eters, patients with CSF had significantly higher serum uric 
acid levels and lower HDL-C concentrations (both P < .001). 
Consequently, the UHR was markedly elevated in the CSF 
group (P < .001) (Table 2).

Thrombolysis in Myocardial Infarction Frame Count 
Standardization
Because the angiography system used in the study recorded 
at 15 frames per second, TIMI frame counts were multiplied 
by 2 to standardize them to the conventional 30 fps reference 
values. Using the standard diagnostic thresholds defined 
by Gibson et al13 (LAD > 27.6, Cx > 22.6, and RCA > 20.4), 52 
patients (23.9%) had LAD-CSF, 36 (16.5%) had Cx-CSF, and 50 
(22.9%) had RCA-CSF (Table 3). These findings confirm that 
the CSF classification remained consistent after technical 
standardization.

Receiver Operating Characteristic Analysis
Receiver operating characteristic curve analysis demon-
strated that UHR had a moderate discriminatory power for 
predicting CSF (AUC = 0.733, 95% CI: 0.66-0.79, P < .001). The 
optimal cutoff value of 0.107 yielded 73.5% sensitivity and 
76.2% specificity (Figure 1). Boxplot analysis further con-
firmed that UHR values were significantly higher in the CSF 
group compared with controls (Figure 2).

Regression Analyses
In univariate logistic regression analysis, UHR was signifi-
cantly associated with the presence of CSF (P < .001). In the 
multiple logistic regression model (Table 4), adjusted for age, 
sex, smoking status, triglyceride levels, and hypertension, 

UHR remained an independent predictor of CSF (OR = 1.20 
per 0.01-unit increase; 95% CI: 1.09-1.31; P < .001). Model 
calibration was evaluated using the Hosmer–Lemeshow 
goodness-of-fit test, which indicated good calibration of 
the multiple logistic regression model (P > .05). Age showed 
a borderline association with the presence of CSF (OR = 0.97; 
95% CI: 0.93-1.00; P = .091), while sex, smoking, triglyceride 
levels, and hypertension were not independently associated 
with CSF. Sensitivity analyses were performed after exclud-
ing patients with diabetes mellitus and current smokers to 
assess the robustness of the findings. In these analyses, UHR 
remained independently associated with CSF.

Table 1.  Baseline Demographic and Clinical Characteristics of 
the Study Population

Variables CSF (–) CSF (+) P 

Age (years) 55.1 ± 11.0 49.1 ± 11.2 <.001

Male, n (%) 50 (47.6) 81 (71.7) <.001

Hypertension, n (%) 32 (30.5) 18 (15.9) .034

Diabetes Mellitus, n (%) 27 (25.7) 22 (19.5) .308

Hyperlipidemia, n (%) 42 (40.0) 54 (47.8) .275

Smoking, n (%) 27 (25.7) 47 (41.6) .001

Glucose (mg/dL) 114.08 ± 41.38 108.96 ± 33.48 .022

Creatinine (mg/dL) 0.86 ± 0.34 0.86 ± 0.23 .251

Uric Acid (mg/dL) 4.8 ± 1.63 5.46 ± 1.42 <.001

CRP (mg/L) 3.94 ± 3.14 3.70 ± 2.85 .570

Total Cholesterol (mg/dL) 186.83 ± 38.78 178.5 ± 38.56 .036

HDL-C (mg/dL) 58.6 ± 14.2 46.4 ± 11.4 <.001

LDL-C (mg/dL) 104.4 ± 32.97 98.3 ± 30 .152

Triglyceride (mg/dL) 140.6 ± 78.1 177.1 ± 101.7 .007

AST (U/L) 25 ± 10.1 30.1 ± 33.1 .188

ALT (U/L) 23.74 ± 11.88 33.23 ± 44.31 .033

Sodium (mmol/L) 136.72 ± 11.95 138.76 ± 2.52 .019

Potassium (mmol/L) 4.38 ± 0.44 4.25 ± 0.42 .034

WBC (103/µL) 7.85 ± 2.22 8.36 ± 2.43 .104

Hemoglobin (g/dL) 14.1 ± 1.54 14.7 ± 1.79 .006

Platelets (103/µL) 255.54 ± 72.35 243.98 ± 65.96 .630

eGFR (mL/min/1.73 m2) 86.99 ± 22.48 92.99 ± 25.90 .069
ALT, alanine aminotransferase; AST, aspartate aminotransferase; CSF, 
coronary slow flow; CRP, C-reactive protein; eGFR, estimated 
glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; WBC, white blood cell.

Table 2.  Comparison of UHR and Coronary TIMI Frame Counts 
Between Groups

Variables
CSF (–) 

(n = 105)
CSF (+) 
(n = 113) P 

Uric acid to HDL 
cholesterol ratio (UHR)

0.09 ± 0.04 0.13 ± 0.05 <.001

LAD TIMI frame count 16.45 ± 3.46 27.56 ± 13.56 <.001

Cx TIMI frame count 9.30 ± 1.68 14.54 ± 7.36 <.001

RCA TIMI frame count 9.97 ± 1.73 20.12 ± 8.03 <.001
Cx, circumflex artery; LAD, left anterior descending artery; RCA, right 
coronary artery; TIMI, thrombolysis in myocardial infarction; UHR, uric 
acid-to-HDL cholesterol ratio.
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DISCUSSION

In this study, the relationship between UHR and CSF were 
investigated, an angiographic phenomenon characterized 

by delayed opacification of the distal coronary vasculature 
in the absence of obstructive epicardial coronary artery dis-
ease. The findings showed that UHR levels were significantly 
higher in patients with CSF compared with those with normal 
coronary flow. Furthermore, UHR demonstrated a moder-
ate discriminatory ability for predicting CSF in ROC analysis 
(AUC = 0.733, 95% CI: 0.66-0.79, P < .001) and remained inde-
pendently associated with CSF in multiple logistic regres-
sion analysis after adjustment for age, sex, smoking status, 
triglyceride levels, and hypertension. These findings suggest 
a statistically significant but modest association between 
UHR and CSF.

Coronary slow flow is a manifestation of microvascular dys-
function, low-grade inflammation, and endothelial impair-
ment. Although first described by Tambe et  al in 1972, its 
pathophysiological mechanisms remain incompletely under-
stood.14 Inflammation, increased oxidative stress, and altered 
rheological properties of blood have been implicated. In par-
ticular, studies have demonstrated that impaired endothe-
lial nitric oxide production and microvascular constriction 
significantly contribute to CSF development. Furthermore, 
inflammatory cytokines such as CRP and IL-6 are frequently 
elevated in patients with CSF.15-18

Elevated uric acid levels can promote endothelial dysfunc-
tion, vascular smooth muscle proliferation, and oxida-
tive stress, whereas low HDL cholesterol levels are known 
to impair reverse cholesterol transport and antioxidant 
defense.19-22 Thus, UHR may provide a composite measure 
of pro-inflammatory and atherogenic burden. Previous 
studies have linked hyperuricemia19 and low HDL-C20 to 
CSF separately, but the combined use of these parame-
ters as a ratio may provide additional pathophysiological 
insight into the metabolic–inflammatory milieu underly-
ing microvascular dysfunction. UHR may serve as a prag-
matic integrative biomarker reflecting both pro-oxidant 
burden and reduced vasoprotective capacity. However, 
the present study did not formally evaluate whether UHR 
provides incremental predictive value beyond its individual 

Table 3.  Adjusted TIMI Frame Count Values (Standardized to 
30 fps) and CSF Positivity Rates

TIMI Variables​
Threshold 

(30 fps) Mean ± SD
CSF Positive 

(n, %)

LAD TIMI (adjusted) >27.6 44.41 ± 22.94 52 (23.9)

Cx TIMI (adjusted) >22.6 24.03 ± 12.03 36 (16.5)

RCA TIMI (adjusted) >20.4 30.37 ± 15.53 50 (22.9)
As the angiography system operates at 15 frames per second, all 
measured TIMI frame counts were multiplied by 2 to align with the 
standard 30 fps-based thresholds. Coronary slow flow (CSF) was 
defined using the classical thresholds proposed by Gibson et al13: 
LAD > 27.6, Cx > 22.6, and RCA > 20.4 (all in 30 fps terms).

Figure  1.  Receiver operating characteristic (ROC) curve of 
the uric acid-to-HDL cholesterol ratio (UHR) for predicting 
coronary slow flow (CSF). The area under the curve (AUC) 
was 0.733 (95% CI: 0.66-0.79). UHR, uric acid-to-HDL 
cholesterol ratio; CSF, coronary slow flow.

Figure 2.  Boxplot showing the distribution of UHR in patients 
with CSF and in controls with normal coronary flow. UHR was 
significantly higher in the CSF group (P < .001).

Table 4.  Multiple Logistic Regression for Predictors of 
Coronary Slow Flow

Variables OR
95% CI 

(Lower)
95% CI 

(Upper) P

UHR (per 0.01 unit) 1.20 1.09 1.31 <.001

Age (per year) 0.97 0.93 1.00 .091

Sex: male vs. female 
(reference)

1.55 0.75 3.21 .239

Smoking: yes vs. no 
(reference)

0.79 0.35 1.75 .554

Triglycerides (per mg/dL) 1.00 1.00 1.00 .825

Hypertension: yes vs. no 
(reference)

0.64 0.30 1.37 .250

The multiple logistic regression model was adjusted for age, sex, 
smoking status, triglyceride levels, and hypertension. Odds ratios are 
presented with 95% CI. The UHR odds ratio is expressed per 0.01-unit 
increase to provide clinically interpretable effect sizes given the 
relatively small numerical range of UHR. UHR, uric acid-to-HDL 
cholesterol ratio
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components, and UHR should therefore be interpreted as a 
pragmatic composite index rather than a statistically vali-
dated superior marker.

In addition to biochemical markers, the findings also revealed 
that male sex and smoking were significantly more prevalent 
among patients with CSF. These demographic and behav-
ioral patterns are consistent with previous reports, which 
have identified the male sex as a predisposing factor due to 
sex-related differences in endothelial function and vascular 
reactivity.5,14Similarly, cigarette smoking has been shown to 
promote oxidative stress, impair nitric oxide bioavailability, 
and induce microvascular dysfunction, all of which are cen-
tral to the pathogenesis of CSF.6,18 The additive impact of 
smoking on uric acid levels and HDL metabolism may further 
potentiate the pro-inflammatory milieu captured by UHR, 
amplifying microvascular compromise.

Recently, UHR has gained attention as a novel biomarker 
for cardiovascular risk stratification. Studies have shown its 
association with metabolic syndrome, atherosclerotic car-
diovascular disease, arterial stiffness, and adverse outcomes 
in patients with acute coronary syndrome. Furthermore, 
elevated UHR levels are associated with increased coro-
nary artery calcium scores and subclinical atherosclerosis in 
asymptomatic individuals. 23-27

The optimal cut-off value for UHR in predicting CSF was 
determined to be 0.107 in the study, with a sensitivity of 
73.5% and specificity of 76.2%. This supports the notion that 
UHR may be a useful non-invasive biomarker for identifying 
patients at risk for CSF, although further studies are needed 
to compare its performance with its individual components. 
The association of UHR with CSF may reflect the dual con-
tribution of uric acid–induced oxidative stress and impaired 
HDL-mediated vasoprotection in microcirculation.

A corrected TIMI frame count methodology was applied 
because the angiographic acquisition rate in the catheter-
ization laboratory was 15 frames per second (fps), which dif-
fers from the standard 30 fps used in most prior studies. To 
ensure compatibility with published diagnostic thresholds, 
the measured TIMI frame counts were adjusted by mul-
tiplying them by 2. This allowed a direct comparison with 
the standard reference values reported in the literature, 
namely >27.6 for LAD, >22.6 for CX, and >20.4 for RCA.13 
Importantly, the threshold values themselves were not 
altered, as they were already established based on a 30 fps 
acquisition rate. This methodological correction enhanced 
the precision of the CSF classification and ensured the 
validity and comparability of the results with those of previ-
ous research.

The study included a relatively modest but comparable 
sample size to previous investigations of CSF, together with 
detailed laboratory profiling. The higher uric acid levels and 
lower HDL-C concentrations observed in the CSF group are 
consistent with previous findings and support the use of UHR 
as a synthesized inflammatory/metabolic marker. Moreover, 
the ROC and regression analyses confirmed a statistically 
significant association between UHR and CSF.

The multiple logistic regression analysis suggested that UHR 
was independently associated with CSF, even after adjust-
ment for age, sex, smoking, triglycerides, and hypertension 
(Table 4). An OR of approximately 1.20 per 0.01-unit increase 
underscores the potential clinical relevance of UHR, war-
ranting further prospective investigation in the context of 
microvascular dysfunction. This effect size represents a sta-
tistically significant but modest association, suggesting that 
small variations in UHR within the observed clinical range 
may be associated with differences in the likelihood of CSF. 
The absence of significant multicollinearity (all VIF values 
<10) supports the robustness of this association.

In the cohort, hyperlipidemia tended to be more frequent in 
patients with CSF, consistent with previous reports, although 
without reaching statistical significance. Conversely, hyper-
tension and diabetes mellitus were less common among CSF 
patients, likely reflecting the younger age and male pre-
dominance of this group rather than a true protective effect. 
These findings indicate that CSF can occur even in patients 
with relatively few conventional cardiovascular risk factors, 
underscoring the role of alternative mechanisms such as 
inflammation and microvascular dysfunction. Interestingly, 
UHR remained associated with CSF even among patients 
with fewer traditional cardiovascular risk factors, support-
ing its potential role as a non-traditional metabolic indicator 
of microvascular dysfunction.

Despite these contributions, several limitations should be 
acknowledged. This study had a retrospective, observa-
tional, cross-sectional, and single-center design, which 
inherently limits causal inference and the generalizability 
of the findings. The relatively modest sample size may have 
limited the statistical power of the study, although it was 
comparable to previous CSF investigations. Waist circumfer-
ence data were unavailable; therefore, formal diagnosis of 
metabolic syndrome could not be established. Although sev-
eral metabolic components (fasting glucose, triglycerides, 
HDL-C, and hypertension) were available and considered 
in the analyses, residual confounding related to metabolic 
syndrome cannot be fully excluded. Potential confound-
ers such as dietary habits, serum insulin, or medication use 
(e.g., diuretics, statins) that could influence uric acid or HDL 
levels were not assessed. Although recently initiated lipid-
lowering therapy was an exclusion criterion, long-term sta-
ble statin use was allowed and may represent a potential 
residual confounder. A single measurement of laboratory 
parameters was relied on, and did not evaluate longitudinal 
outcomes such as recurrent angina or cardiovascular events. 
Thrombolysis in myocardial infarction frame counts were 
assessed by 2 blinded interventional cardiologists in consen-
sus; since independent duplicate measurements were not 
performed, intra- and inter-observer variability could not 
be calculated. Furthermore, mechanistic assays to directly 
evaluate oxidative stress and endothelial dysfunction were 
not performed, and the observed associations remain obser-
vational. Finally, although the cohort was homogeneous and 
carefully selected, the results may not be generalizable to 
other populations without external validation.



Astan et al. Uric Acid-to-High-Density Lipoprotein Cholesterol Ratio and Coronary Slow Flow� Anatol J Cardiol 2026; 30(10): 661-667

666

From a mechanistic standpoint, the findings are consistent 
with contemporary evidence indicating that CSF represents 
a state of increased microvascular resistance, reflected by 
elevated cTFC, and is closely linked to systemic inflammation 
and endothelial dysfunction. Although recent analyses have 
shown that angiographic CSF is an imperfect surrogate for 
invasively measured CMD, the application of standardized 
imaging protocols and validated cTFC thresholds continues 
to support its role as a clinically relevant phenotype of micro-
vascular disease.28-31Consistent with the findings, Lu et  al 
demonstrated that endothelial dysfunction–related bio-
markers are closely associated with coronary heart disease, 
supporting the biological plausibility of integrative indices 
such as the uric acid–to–HDL cholesterol ratio in coronary 
microvascular disorders.32

From a clinical perspective, UHR constitutes a readily avail-
able, low-cost composite biomarker integrating the pro-
oxidant burden (uric acid) with diminished vasoprotective 
function (HDL-C). Large-scale, population-based cohorts 
have consistently demonstrated that higher UHR levels are 
associated with an increased incidence of cardiovascular 
disease, as well as with both all-cause and cardiovascular 
mortality, particularly among individuals with diabetes or 
prediabetes.33,34 These converging data reinforce the obser-
vation that elevated UHR parallels the presence of CSF. They 
also provide a rationale for prospective investigations to 
determine whether UHR-guided risk stratification or longi-
tudinal surveillance could improve outcomes in patients with 
suspected microvascular angina.

CONCLUSION

This study introduces UHR as a novel, simple, and easily 
accessible biomarker that is significantly associated with 
CSF. The moderate association between UHR and CSF high-
lights the intertwined role of low-grade inflammation and 
metabolic imbalance in the pathophysiology of slow coro-
nary flow. Future multicenter and prospective studies are 
needed to validate these findings and to determine whether 
UHR may complement existing clinical risk models for risk 
stratification and treatment monitoring in patients with CSF.
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ABSTRACT

Background: Cardiovascular diseases (CVD) are a largely preventable cause of death 
worldwide. There are many risk factors that influence CVD, some of which are modifi-
able and others non-modifiable. Several systems, such as the widely used Framingham, 
Reynolds, and the most recently developed Predicting Risk of Cardiovascular Disease 
EVENTs (PREVENT), are used to calculate an individual’s CVD risk based on the effects of 
these risk factors.

Methods: This study compared CVD risk scores calculated using the Framingham, 
Reynolds, and PREVENT systems. The risk factors common to these 3 systems were 
determined to be age, gender, smoking status, high-density lipoprotein cholesterol, total 
cholesterol, and systolic blood pressure, and the effects of these risk factors on CVD risk 
were evaluated. The numerical risk scores obtained because of the effects of risk factors 
were presented comparatively in tables created based on gender and smoking status.

Results: According to the results obtained, it was observed that the PREVENT system pro-
vides more individualized results by including renal, metabolic, and social markers in the 
calculation and provides a more detailed assessment by also considering the age of risk.

Conclusion: These features may enable PREVENT to classify both low- and high-risk 
patients more clearly. This classification of patients may contribute to changing the 
course of CVD, a major global disease, by enabling appropriate interventions and 
treatments.

Keywords: Cardiovascular disease, Framingham heart study, PREVENT model, Reynolds 
risk score, risk assessment

INTRODUCTION

According to the World Health Organization, non-communicable diseases (NCDs) 
cause 74% of deaths globally. The majority of NCDs are caused by a group of dis-
eases called cardiovascular diseases (CVDs).1 Cardiovascular diseases include 
rheumatic heart disease, myocarditis, endocarditis, hypertensive heart disease, 
pulmonary arterial hypertension, aortic aneurysm, and many other conditions in 
which the heart and blood vessels are damaged.2,3

Cardiovascular disease is largely preventable, and modifiable risk factors include 
smoking, alcohol consumption, obesity, low physical activity, and high body mass 
index (BMI). Non-modifiable factors include environmental factors such as air pol-
lution, metal exposure, and genetic factors. In addition, metabolic and behav-
ioral risk factors such as high systolic blood pressure (SBP) and secondhand smoke 
exposure also play important roles in the development of CVD.2,4 Considering the 
global morbidity and mortality rates of CVD, interventions targeting risk factors 
are critically important for preventing the development of the disease (primary 
prevention) and for preventing recurrence by improving risk factors in existing 
patients (secondary prevention). These interventions also play a major role in pro-
longing survival time and improving quality of life.5,6

For the identification of risk factors and the resulting CVD due to their combina-
tion, disease risk can be estimated based on age, gender, and the number and 
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severity of risk factors. These estimations enable the devel-
opment of preventive treatment strategies for low-risk indi-
viduals, early diagnosis, appropriate treatment, and urgent 
interventions for high-risk individuals. In this way, more tar-
geted and effective measures can be taken to protect indi-
vidual health.7

To calculate CVD risk, various risk prediction models are avail-
able that assess the combined effect of one or more modifi-
able and/or non-modifiable risk factors. Examples of these 
systems include the Framingham Heart Study, PROCAM, 
SCORE,8 ASSIGN,9 Reynolds,10,11 QRISK,12 PREVENT.13 These 
systems are used to predict an individual’s risk of CVD. Age, 
gender, and smoking status are among the common risk fac-
tors included in these systems. These factors are considered 
fundamental elements for calculating and predicting CVD 
risk. Over time, additional factors such as SBP, total choles-
terol (TC), high-density lipoprotein cholesterol (HDL-C), BMI, 
left ventricular hypertrophy, diabetes mellitus (DM), fam-
ily history (FH), use of antihypertensive medications, use of 
lipid-lowering medications, low-density lipoprotein choles-
terol (LDL-C), hemoglobin A1c (HbA1c) levels, high-sensitiv-
ity C-reactive protein (hsCRP), a FH of premature coronary 
heart disease, and social deprivation have also been incor-
porated. These additional factors contribute to predicting 
the CVD risk score.14,15

The first cohort of the Framingham study was initiated in 
1948 with 5209 participants aged 30-62 years, and it was 
later followed by 5 additional cohorts.16 This study identified 
risk factors contributing to CVD, investigated their effects, 
and introduced the term “risk factors for CVD.”17 As a result 
of the Framingham study, major cardiovascular risk factors 
were identified, and their effects on the disease were exten-
sively investigated.16,18

The Reynolds system was developed in 2007 to estimate the 
risk of CVD, diabetes, and cancer in women, with approxi-
mately 24 500 female participants over 45 years of age, ini-
tially without health problems.10 The system was also used to 
calculate the risk score in US male participants aged 50 years 
and older who were free of CVD, diabetes, and cancer.11

The most recently developed PREVENT study, conducted 
between 1992 and 2017, included approximately 6.6 million 

individuals aged 30-79 without known CVD and 46 different 
data sets. The PREVENT study is gender-specific and race-
independent, offering high discrimination power and cali-
bration ability across various patient groups. Additionally, 
it allows the predicted risk score for CVD subtypes to be 
estimated based on specified parameters and simulation 
scenarios.13

The aim of this study is to calculate CVD risk using the widely 
applied Framingham and Reynolds risk prediction systems, as 
well as the most recently developed PREVENT system. The 
study also aims to compare the output and classifications 
of estimated risk score results for different patient popula-
tions, taking into account the effects of modifiable and non-
modifiable risk factors for each system. Calculations were 
performed taking into account risk factors common to all 3 
systems.

METHODS

This study was designed as a simulation to evaluate CVD risk 
score results. First, common and non-common risk factors 
used to calculate CVD risk in all 3 systems were identified. 
Based on these factors, scenarios representing different risk 
levels were created, and the final impact of these risk factors 
on CVD risk was systematically analyzed. In this study, CVD 
risk was calculated using the Framingham, Reynolds, and 
PREVENT risk prediction systems, and the results obtained 
by each system were compared. To compare the 3 systems, 
2 separate tables containing common values for women and 
men were prepared, and each table was organized to include 
2 sub-tables covering smokers and non-smokers.

The risk factors common to all 3 CVD risk calculation systems 
(gender, age, smoking status, SBP, TC, and HDL-C) have been 
identified, and the following ranges have been established 
for these parameters: age (30-75 years), SBP (90-160 mmHg), 
TC (130-320 mg/dL), and HDL-C (20-100 mg/dL) have been 
defined for these parameters. In addition to the risk factors 
common to the Framingham, Reynolds, and PREVENT sys-
tems, each system also includes non-common risk factors 
that affect the calculation results. The non-common risk 
factors are: vascular disease (VD), DM, and antihypertensive 
medication use (AntiHT) in the Framingham system; hsCRP 
factor in the Reynolds system, and BMI, estimated glomeru-
lar filtration rate (eGFR), DM, AntiHT, lipid-lowering drugs, 
urine albumin/creatinine ratio (uACR), and HbA1c in the 
PREVENT system, which is the most comprehensive system. 
To prevent these factors from affecting the risk score results 
in different systems and to enable a more transparent com-
parison, reference values for healthy individuals were taken 
into account. In the Reynolds system, the hsCRP level (0.7 
mg/L) was entered, while in the PREVENT system, BMI (22 
kg/m²) and eGFR (95 mL/min/1.73 m²) values were entered, 
and other non-common risk factors were not included in the 
calculations.

To calculate your 10-year CVD/ASCVD risk, use the 
Framingham risk score calculator https://​referenc​e.medsca​
pe.com/c​alculato​r/252/fr​amingham​-risk-sc​ore-2008, the 
Reynolds risk score calculator https://www.scymed.com/

HIGHLIGHTS
•	Systems like Framingham, Reynolds, and Predicting Risk 

of Cardiovascular Disease EVENTs are available to cal-
culate cardiovascular diseases (CVD) risk.

•	Predicting Risk of Cardiovascular Disease EVENTs offers 
detailed assessment and classification capabilities for 
10- and 30-year periods.

•	Predicting Risk of Cardiovascular Disease EVENTs also 
evaluates the calculated “risk age,” offering more indi-
vidualized results.

•	Predicting Risk of Cardiovascular Disease EVENTs can 
contribute to altering the course of CVD through clear 
classification.

https://reference.medscape.com/calculator/252/framingham-risk-score-2008
https://reference.medscape.com/calculator/252/framingham-risk-score-2008


Atıcı et al. A Comparative Study of Cardiovascular Risk� Anatol J Cardiol 2026; 30(10): 668-683

670

en/smnxph/phqgg440.htm and the PREVENT risk score cal-
culator https://​professi​onal.hea​rt.org/e​n/guidel​ines-and​
-stateme​nts/prev​ent-calc​ulator.

The risk score was obtained by simulating the 6 jointly 
determined risk factor values, where the numerical values 
assigned to each relevant field in each system were entered 
individually. Each risk score result in the tables has different 
risk factor values. The systems used are automated sys-
tems, and the results obtained by entering each risk factor 
(parameter) value individually into the systems in the form 
of numerical values determined for that factor in the tables 
were used to create the tables. The systems automatically 
calculate risk scores, provide a numerical risk score result, 
and interpret these results. The risk score result in each cell 
of the tables and the total risk profile emerging according to 
that system are presented, enabling comparison between 
systems. The cumulative effect of all risk factors common to 
the tables is presented simultaneously and transparently.

The systems used are automated tools that perform math-
ematical calculations based on manually entered risk factor 
parameter values. In this study, the scenarios were designed 
using combinations of risk factor values, and each parame-
ter value was manually entered into the systems individually. 
For women and men separately, 720 scenarios were gener-
ated for each system, and considering all 3 systems together, 
a total of 4320 scenarios were obtained.

The 10-year CVD risk score results obtained by comparing 
the Reynolds, PREVENT, and Framingham systems (ASCVD 
- atherosclerotic CVD for PREVENT) are interpreted dif-
ferently by each system. To avoid confusion in the tables, 
these interpretations are shown in different colors. In the 
Framingham system, patients with a risk score <10% are clas-
sified as low risk, those between 10% and 20% as moderate 
risk, and those above 20% as high risk. This classification is 
presented in Framingham tables with low risk in blue, mod-
erate risk in yellow, and high risk in red. The Reynolds system 
classifies risk scores as normal (<10%) or abnormal (>10%). 
This classification is presented in the Reynolds system tables 
with normal scores in blue and abnormal scores in red. The 
PREVENT system uses percentage ranges to classify risk: 
<5% is low risk, 5%-7.4% is borderline risk, 7.5%-19.9% is mod-
erate risk, and ≥20% is high risk. In this classification, low risk 
is blue, borderline risk is yellow, moderate risk is orange, and 
high risk is red in the PREVENT tables.

Statistical Analysis
This study has a simulation-based comparative design and 
does not rely on empirical data analysis. Therefore, infer-
ential statistical methods and hypothesis testing were 
not applied. Scores for the Framingham, Reynolds, and 
PREVENT risk models were calculated using standardized 
input parameters, and the results were evaluated descrip-
tively. Differences between the models were compared 
using absolute values ​​and relative changes, and discrepan-
cies between risk classifications were analyzed. All calcu-
lations were performed using the official web-based tools 
of the respective models; no additional statistical software 
was used. Data organization and comparative evaluation 

were carried out using Microsoft Excel 365, version 2602 
(Microsoft Corp., Redmond, WA, USA). This approach is 
consistent with simulation-based comparative studies 
focusing on model output evaluation rather than statistical 
inference.

RESULTS

Examination of Risk Scores in Women

Results of the Framingham Risk Scoring System
According to the Framingham CVD risk calculation system, 
low risk is represented by blue, moderate risk by yellow, and 
high risk by red (Table 1). Based on the obtained data, mod-
erate- and high-risk levels were detected at certain ages in 
women who smoke. In smoking women, a moderate risk (10%) 
was observed at age 35 years and a high risk (21.5%) at age 50 
years, given specific HDL-C, TC, and SBP values. Similarly, in 
non-smoking women, a 45-year-old with an HDL-C value of 
100 mg/dL, TC value of 280 mg/dL, and SBP of 160 mm Hg, her 
risk score is 10.0%, indicating moderate risk. Additionally, a 
65-year-old woman who does not smoke, with the same bio-
chemical values, was observed to have a high-risk situation, 
with a risk score of 21.5%.

Results of the Reynolds Risk Scoring System
In the Reynolds CVD risk calculation system, blue repre-
sents normal values, and red represents abnormal values 
(Table 2). According to the obtained data, among women 
who smoke, a 60-year-old with an HDL-C value of 35 mg/
dL, a TC of 320 mg/dL, and SBP of 120 mmHg showed abnor-
mal biochemical values. In this case, the risk score was cal-
culated as 10.1%.

Similarly, among non-smoking women, a 70-year-old with 
an HDL-C value of 50 mg/dL, TC of 320 mg/dL, and SBP of 
150 mmHg also showed abnormal biochemical values. In this 
case, the risk score was calculated as 10.6%.

Results of the PREVENT Risk Scoring System
In the PREVENT ASCVD risk calculation system, low risk is 
represented by blue, borderline risk by yellow, and moderate 
risk by orange (Table 3).

According to the results obtained, among women who 
smoke, the PREVENT ASCVD risk calculation system first 
showed borderline risk at age 50. At this age, the woman 
with an HDL-C value of 20 mg/dL, a TC value of 320 mg/
dL, and an SBP value of 90 mm Hg had a risk score of 5.0%. 
Later, at the age of 65, moderate risk was encountered, with 
a woman having an HDL-C value of 35 mg/dL, a TC value of 
280 mg/dL, and an SBP value of 120 mm Hg, resulting in a risk 
score of 7.5%.

Among non-smoking women, borderline risk was observed 
at age 65. At this age, the woman with an HDL-C value of 
60 mg/dL, TC of 200 mg/dL, and SBP of 150 mm Hg had a risk 
score of 5.0%. Additionally, at the age of 70, another woman 
with an HDL-C value of 20 mg/dL, TC of 280 mg/dL, and SBP 
of 90 mm Hg showed moderate risk, with a calculated risk 
score of 7.6% (Table 3).

https://professional.heart.org/en/guidelines-and-statements/prevent-calculator
https://professional.heart.org/en/guidelines-and-statements/prevent-calculator
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Table 1.  Effect of Smoking on Framingham Risk Score Outcomes in Women

​HDL-C 
(mg/dL)

Female

​SBP 
(mm Hg)

Smoking (%)
Framingham

Age 
(years)

No Smoking (%)
Framingham

100 21.5 24.8 >30 >30 >30 >30 75 13.7 15.9 21.5 24.8 28.5 28.5 160

60 18.5 21.5 28.5 >30 >30 >30 11.7 13.7 18.5 21.5 24.8 24.8 150

50 15.9 18.5 24.8 28.5 >30 >30 10.0 11.7 15.9 18.5 21.5 21.5 140

45 15.9 18.5 24.8 28.5 >30 >30 10.0 11.7 15.9 18.5 21.5 21.5 130

35 15.9 18.5 24.8 28.5 >30 >30 10.0 11.7 15.9 18.5 21.5 21.5 120

20 11.7 13.7 18.5 21.5 24.8 24.8 7.3 8.6 11.7 13.7 15.9 15.9 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 18.5 21.5 28.5 >30 >30 >30 70 11.7 13.7 18.5 21.5 24.8 24.8 160

60 15.9 18.5 24.8 28.5 >30 >30 10.0 11.7 15.9 18.5 21.5 21.5 150

50 13.7 15.9 21.5 24.8 28.5 28.5 8.6 10.0 13.7 15.9 18.5 18.5 140

45 13.7 15.9 21.5 24.8 28.5 28.5 8.6 10.0 13.7 15.9 18.5 18.5 130

35 13.7 15.9 21.5 24.8 28.5 28.5 8.6 10.0 13.7 15.9 18.5 18.5 120

20 10.0 11.7 15.9 18.5 21.5 21.5 6.3 7.3 10.0 11.7 13.7 13.7 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 15.9 18.5 24.8 28.5 >30 >30 65 10.0 11.7 15.9 18.5 21.5 21.5 160

60 13.7 15.9 21.5 24.8 28.5 28.5 8.6 10.0 13.7 15.9 18.5 18.5 150

50 11.7 13.7 18.5 21.5 24.8 24.8 7.3 8.6 11.7 13.7 15.9 15.9 140

45 11.7 13.7 18.5 21.5 24.8 24.8 7.3 8.6 11.7 13.7 15.9 15.9 130

35 11.7 13.7 18.5 21.5 24.8 24.8 7.3 8.6 11.7 13.7 15.9 15.9 120

20 8.6 10.0 13.7 15.9 18.5 18.5 5.3 6.3 8.6 10.0 11.7 11.7 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 13.7 15.9 21.5 24.8 28.5 28.5 60 8.6 10.0 13.7 15.9 18.5 18.5 160

60 11.7 13.7 18.5 21.5 24.8 24.8 7.3 8.6 11.7 13.7 15.9 15.9 150

50 10.0 11.7 15.9 18.5 21.5 21.5 6.3 7.3 10.0 11.7 13.7 13.7 140

45 10.0 11.7 15.9 18.5 21.5 21.5 6.3 7.3 10.0 11.7 13.7 13.7 130

35 10.0 11.7 15.9 18.5 21.5 21.5 6.3 7.3 10.0 11.7 13.7 13.7 120

20 7.3 8.6 11.7 13.7 15.9 15.9 4.5 5.3 7.3 8.6 10.0 10.0 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 11.7 13.7 18.5 21.5 24.8 24.8 55 7.3 8.6 11.7 13.7 15.9 15.9 160

60 10.0 11.7 15.9 18.5 21.5 21.5 6.3 7.3 10.0 11.7 13.7 13.7 150

50 8.6 10.0 13.7 15.9 18.5 18.5 5.3 6.3 8.6 10.0 11.7 11.7 140

45 8.6 10.0 13.7 15.9 18.5 18.5 5.3 6.3 8.6 10.0 11.7 11.7 130

35 8.6 10.0 13.7 15.9 18.5 18.5 5.3 6.3 8.6 10.0 11.7 11.7 120

20 6.3 7.3 10.0 11.7 13.7 13.7 3.9 4.5 6.3 7.3 8.6 8.6 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 10.0 11.7 15.9 18.5 21.5 21.5 50 6.3 7.3 10.0 11.7 13.7 13.7 160

60 8.6 10.0 13.7 15.9 18.5 18.5 5.3 6.3 8.6 10.0 11.7 11.7 150

50 7.3 8.6 11.7 13.7 15.9 15.9 4.5 5.3 7.3 8.6 10.0 10.0 140

45 7.3 8.6 11.7 13.7 15.9 15.9 4.5 5.3 7.3 8.6 10.0 10.0 130

35 7.3 8.6 11.7 13.7 15.9 15.9 4.5 5.3 7.3 8.6 10.0 10.0 120

20 5.3 6.3 8.6 10.0 11.7 11.7 3.3 3.9 5.3 6.3 7.3 7.3 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 7.3 8.6 11.7 13.7 15.9 15.9 45 4.5 5.3 7.3 8.6 10.0 10.0 160

60 6.3 7.3 10.0 11.7 13.7 13.7 3.9 4.5 6.3 7.3 8.6 8.6 150

50 5.3 6.3 8.6 10.0 11.7 11.7 3.3 3.9 5.3 6.3 7.3 7.3 140

45 5.3 6.3 8.6 10.0 11.7 11.7 3.3 3.9 5.3 6.3 7.3 7.3 130

35 5.3 6.3 8.6 10.0 11.7 11.7 3.3 3.9 5.3 6.3 7.3 7.3 120

20 3.9 4.5 6.3 7.3 8.6 8.6 2.4 2.8 3.9 4.5 5.3 5.3 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

(Continued)
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Examination of Risk Scores in Men

Results of the Framingham Risk Scoring System
According to the Framingham CVD risk calculation system, 
moderate risk was first encountered at the age of 35 in men 
who smoke. At this age, individuals with an HDL-C value of 
35 mg/dL, TC of 280 mg/dL, and SBP of 120 mm Hg had a risk 
score of 11.2%. High risk was first encountered at age 45, with 
the same biochemical parameters, and the individual’s risk 
score was 21.6%.

Among men who do not smoke, moderate risk was first 
encountered at the age of 45. At this age, individuals with 
an HDL-C value of 35 mg/dL, a TC value of 280 mg/dL, and 
an SBP value of 120 mm Hg had a risk score of 11.2%. High risk 
was first encountered at the age of 55, with the same bio-
chemical parameters, and the risk score was 21.6% (Table 4).

Results of the Reynolds Risk Scoring System
According to the Reynolds CVD risk calculation system, in 
men who smoke, abnormal biochemical values were first 
encountered at age 55. At this age, individuals with an 
HDL-C value of 35 mg/dL, TC of 280 mg/dL, and SBP of 120 
mm Hg had a risk score of 10.2% (Table 5).

Among men who do not smoke, abnormal values were first 
encountered at the age of 60. At this age, individuals with an 
HDL-C of 45 mg/dL, TC of 280 mg/dL, and SBP of 130 mm Hg 
had a risk score of 10.1% (Table 5).

Results of the PREVENT Risk Scoring System
According to the PREVENT ASCVD risk calculation system, 
in men who smoke, borderline risk was first encountered at 
age 40. At this age, the individual with an HDL-C of 20 mg/
dL, TC of 320 mg/dL, and SBP of 90 mm Hg had a risk score of 
5.1%. Moderate risk was first encountered at age 50 with the 
same biochemical parameters, and the risk score was 8.3%. 
High risk was first encountered at age 70, with a risk score of 
20.2%.

Among those who do not smoke, borderline risk was first 
encountered at age 50. At this age, the individual with an 
HDL-C of 20 mg/dL, TC of 320 mg/dL, and SBP of 90 mm Hg 
had a risk score of 5.5%. Moderate risk was first encountered 
at age 60, with an HDL-C of 50 mg/dL, TC of 320 mg/dL, 
and SBP of 140 mm Hg, resulting in a risk score of 7.7%. High 
risk was encountered at age 70, with a risk score of 21.2% 
(Table 6).

​HDL-C 
(mg/dL)

Female

​SBP 
(mm Hg)

Smoking (%)
Framingham

Age 
(years)

No Smoking (%)
Framingham

100 6.3 7.3 10.0 11.7 13.7 13.7 40 3.9 4.5 6.3 7.3 8.6 8.6 160

60 5.3 6.3 8.6 10.0 11.7 11.7 3.3 3.9 5.3 6.3 7.3 7.3 150

50 4.5 5.3 7.3 8.6 10.0 10.0 2.8 3.3 4.5 5.3 6.3 6.3 140

45 4.5 5.3 7.3 8.6 10.0 10.0 2.8 3.3 4.5 5.3 6.3 6.3 130

35 4.5 5.3 7.3 8.6 10.0 10.0 2.8 3.3 4.5 5.3 6.3 6.3 120

20 3.3 3.9 5.3 6.3 7.3 7.3 2.0 2.4 3.3 3.9 4.5 4.5 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 4.5 5.3 7.3 8.6 10.0 10.0 35 2.8 3.3 4.5 5.3 6.3 6.3 160

60 3.9 4.5 6.3 7.3 8.6 8.6 2.4 2.8 3.9 4.5 5.3 5.3 150

50 3.3 3.9 5.3 6.3 7.3 7.3 2.0 2.4 3.3 3.9 4.5 4.5 140

45 3.3 3.9 5.3 6.3 7.3 7.3 2.0 2.4 3.3 3.9 4.5 4.5 130

35 3.3 3.9 5.3 6.3 7.3 7.3 2.0 2.4 3.3 3.9 4.5 4.5 120

20 2.4 2.8 3.9 4.5 5.3 5.3 1.5 1.7 2.4 2.8 3.3 3.3 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 3.3 3.9 5.3 6.3 7.3 7.3 30 2.0 2.4 3.3 3.9 4.5 4.5 160

60 2.8 3.3 4.5 5.3 6.3 6.3 1.7 2.0 2.8 3.3 3.9 3.9 150

50 2.4 2.8 3.9 4.5 5.3 5.3 1.5 1.7 2.4 2.8 3.3 3.3 140

45 2.4 2.8 3.9 4.5 5.3 5.3 1.5 1.7 2.4 2.8 3.3 3.3 130

35 2.4 2.8 3.9 4.5 5.3 5.3 1.5 1.7 2.4 2.8 3.3 3.3 120

20 1.7 2.0 2.8 3.3 3.9 3.9 1.0 1.2 1.7 2.0 2.4 2.4 90

​ 130 160 200 240 280 320 ​ 130 160 200 240 280 320 ​

​ Total cholesterol (mg/dL) Total cholesterol (mg/dL) ​

 According to the Framingham system, in women aged 30-75 years, smoking (left) and no smoking (right), HDL-C (100, 60, 50, 45, 35, 20 mg/dL), TC 
(130, 160, 200, 240, 280, 320 mg/dL), and SBP (160, 150, 140, 130, 120, 90) parameters for women who smoke between the ages of 30 and 75 are 
presented. In the Framingham system, those with a risk score <10% are classified as low risk (blue color in the table), those with a score of 10%-20% 
are classified as moderate risk (yellow color in the table), and those with a score >20% are classified as high risk (red color in the table).
HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol.

Table 1.  Effect of Smoking on Framingham Risk Score Outcomes in Women (Continued)
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Table 2.  Effect of Smoking on Reynolds Risk Score Outcomes in Women

HDL-C 
(mg/dL)

Female

SBP 
(mm Hg)

Smoking (%)
Reynolds

Age 
(years)

No Smoking (%)
Reynolds

100 7.8 9.3 12.4 15.7 19.1 22.4 75 3.5 4.2 5.7 7.3 8.9 10.6 160

60 11.4 13.5 17.9 22.4 27 31.5 5.2 6.2 8.3 10.6 12.9 15.4 150

50 11.3 13.5 17.9 22.4 26.9 31.4 5.2 6.2 8.3 10.6 12.9 15.3 140

45 10.2 12.2 16.2 20.3 24.5 28.7 4.6 5.6 7.5 9.5 11.7 13.9 130

35 10.6 12.7 16.8 21.1 25.4 29.7 4.8 5.8 7.8 9.9 12.1 14.4 120

20 8.5 10.1 13.5 17.0 20.6 24.3 3.8 4.6 6.2 7.9 9.7 11.5 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 5.3 6.3 8.5 10.8 13.2 15.7 70 2.4 2.8 3.9 4.9 6.1 7.2 160

60 7.8 9.3 12.4 15.7 0.19 22.4 3.5 4.2 5.7 7.2 8.9 10.6 150

50 7.7 9.2 12.4 15.6 18.9 22.3 3.5 4.2 5.7 7.2 8.9 10.6 140

45 7.0 8.3 11.2 14.1 17.2 20.3 3.1 3.8 5.1 6.5 8.0 9.5 130

35 7.3 8.7 11.6 14.7 17.9 21.1 3.3 3.9 5.3 6.8 8.3 9.9 120

20 5.8 6.9 9.3 11.8 14.4 17 2.6 3.1 4.2 5.4 6.6 7.9 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 3.6 4.3 5.8 7.4 9.1 10.8 65 1.6 1.9 2.6 3.3 4.1 4.9 160

60 5.3 6.3 8.5 10.8 13.2 15.6 2.4 2.8 3.8 4.9 6.0 7.2 150

50 5.3 6.3 8.5 10.8 13.1 15.6 2.4 2.8 3.8 4.9 6.0 7.2 140

45 4.7 5.7 7.6 9.7 11.9 14.1 2.1 2.5 3.4 4.4 5.4 6.5 130

35 4.9 5.9 8.0 10.1 12.4 14.7 2.2 2.7 3.6 4.6 5.7 6.8 120

20 3.9 4.7 6.3 8.1 9.9 11.8 1.7 2.1 2.8 3.6 4.5 5.4 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 2.4 2.9 3.9 5.0 6.2 7.4 60 1.1 1.3 1.8 2.2 2.8 3.3 160

60 3.6 4.3 5.8 7.4 9.0 10.8 1.6 1.9 2.6 3.3 4.1 4.9 150

50 3.6 4.3 5.8 7.4 9.0 10.7 1.6 1.9 2.6 3.3 4.1 4.9 140

45 3.2 3.8 5.2 6.6 8.1 9.7 1.4 1.7 2.3 3.0 3.7 4.4 130

35 3.3 4.0 5.4 6.9 8.5 10.1 1.5 1.8 2.4 3.1 3.8 4.6 120

20 2.6 3.2 4.3 5.5 6.7 8.0 1.2 1.4 1.9 2.5 3.0 3.6 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 1.6 2.0 2.6 3.4 4.2 5.0 55 0.7 0.9 1.2 1.5 1.9 2.2 160

60 2.4 2.9 3.9 5.0 6.2 7.4 1.1 1.3 1.7 2.2 2.8 3.3 150

50 2.4 2.9 3.9 5.0 6.1 7.3 1.1 1.3 1.7 2.2 2.8 3.3 140

45 2.2 2.6 3.5 4.5 5.5 6.6 1.0 1.2 1.6 2.0 2.5 3.0 130

35 2.3 2.7 3.7 4.7 5.8 6.9 1.0 1.2 1.6 2.1 2.6 3.1 120

20 1.8 2.1 2.9 3.7 4.6 5.5 0.8 0.9 1.3 1.7 2.0 2.5 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 1.1 1.3 1.8 2.3 2.8 3.4 50 0.5 0.6 0.8 1.0 1.3 1.5 160

60 1.6 1.9 2.6 3.4 4.2 5.0 0.7 0.9 1.2 1.5 1.9 2.2 150

50 1.6 1.9 2.6 3.4 4.2 5.0 0.7 0.9 1.2 1.5 1.9 2.2 140

45 1.5 1.7 2.4 3.0 3.7 4.5 0.6 0.8 1.1 1.3 1.7 2.0 130

35 1.5 1.8 2.5 3.2 3.9 4.7 0.7 0.8 1.1 1.4 1.7 2.1 120

20 1.2 1.4 2.0 2.5 3.1 3.7 0.5 0.6 0.9 1.1 1.4 1.7 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 0.7 0.9 1.2 1.5 1.9 2.3 45 0.3 0.4 0.5 0.7 0.8 1.0 160

60 1.1 1.3 1.8 2.3 2.8 3.4 0.5 0.6 0.8 1.0 1.3 1.5 150

50 1.1 1.3 1.8 2.3 2.8 3.4 0.5 0.6 0.8 1.0 1.2 1.5 140

45 1.0 1.2 1.6 2.0 2.5 3.0 0.4 0.5 0.7 0.9 1.1 1.3 130

35 1.0 1.2 1.7 2.1 2.6 3.2 0.5 0.5 0.7 0.9 1.2 1.4 120

20 0.8 1.0 1.3 1.7 2.1 2.5 0.4 0.4 0.6 0.7 0.9 1.1 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

(Continued)
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DISCUSSION

In this study, a simulation was performed to compare CVD risk 
scores using the widely applied Framingham and Reynolds 
systems, as well as more recently developed PREVENT sys-
tem. The effects of age, gender, smoking status, HDL-C, TC, 
and SBP on CVD risk were examined. The findings indicated 
that advancing age, male gender, smoking, low HDL-C, high 
TC, and elevated SBP all increased risk. When comparing the 
systems, it was observed that the Framingham system lim-
its detailed risk differentiation because all values above 30% 
are grouped into a single “high-risk” category. The Reynolds 
system classifies risk only as “normal” or “abnormal” and 
generally produces the same risk score for individuals under 
50 years of age. In contrast, the PREVENT system offers both 
10- and 30-year risk estimates and calculates an individual’s 
“risk age,” allowing for a more detailed assessment.

This study, conducted using systems that estimate the 
10-year CVD-ASCVD risk, presents the impact of these iden-
tified risk factors on CVD from a broad perspective.

The findings demonstrate that the effects of risk factors on 
CVD can vary according to different age groups and gen-
ders, emphasizing the importance of developing personal-
ized approaches in risk calculation systems. For instance, the 

impact of smoking varies depending on gender and age, indi-
cating that risk assessments should be made more precise by 
considering individual health histories.

The data indicated that within the Framingham CVD risk 
calculation system, when the same biochemical parameters 
are considered, the levels of moderate and high CVD risk are 
greater in men than in women across all age groups. Among 
both smokers and non-smokers with identical param-
eter values, although the age at which moderate risk first 
appears is similar between men and women, the risk scores 
are observed to be higher in men. Many age and parameter 
values that are classified as low or moderate risk for women 
fall into the moderate or high-risk categories for men. These 
findings indicate that gender is a significant factor affect-
ing CVD risk and that men encounter high-risk levels at ear-
lier ages.

In the Reynolds CVD risk calculation system, similar to the 
Framingham system, abnormal risk scores are higher in men 
than in women. Abnormal CVD risk is observed at younger 
ages in men compared to women. Age and parameter values 
that are considered low/moderate risk for women may fall 
into the moderate/high-risk categories for men. This finding 
suggests that men begin to experience CVD risk at earlier 
ages, indicating that earlier intervention may be required.

HDL-C 
(mg/dL)

Female

SBP 
(mm Hg)

Smoking (%)
Reynolds

Age 
(years)

No Smoking (%)
Reynolds

100 0.7 0.9 1.2 1.5 1.9 2.3 40 0.3 0.4 0.5 0.7 0.8 1.0 160

60 1.1 1.3 1.8 2.3 2.8 3.4 0.5 0.6 0.8 1.0 1.3 1.5 150

50 1.1 1.3 1.8 2.3 2.8 3.4 0.5 0.6 0.8 1.0 1.2 1.5 140

45 1.0 1.2 1.6 2.0 2.5 3.0 0.4 0.5 0.7 0.9 1.1 1.3 130

35 1.0 1.2 1.7 2.1 2.6 3.2 0.5 0.5 0.7 0.9 1.2 1.4 120

20 0.8 1.0 1.3 1.7 2.1 2.5 0.4 0.4 0.6 0.7 0.9 1.1 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 0.7 0.9 1.2 1.5 1.9 2.3 35 0.3 0.4 0.5 0.7 0.8 1.0 160

60 1.1 1.3 1.8 2.3 2.8 3.4 0.5 0.6 0.8 1.0 1.3 1.5 150

50 1.1 1.3 1.8 2.3 2.8 3.4 0.5 0.6 0.8 1.0 1.2 1.5 140

45 1.0 1.2 1.6 2.0 2.5 3.0 0.4 0.5 0.7 0.9 1.1 1.3 130

35 1.0 1.2 1.7 2.1 2.6 3.2 0.5 0.5 0.7 0.9 1.2 1.4 120

20 0.8 1.0 1.3 1.7 2.1 2.5 0.4 0.4 0.6 0.7 0.9 1.1 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 0.7 0.9 1.2 1.5 1.9 2.3 30 0.3 0.4 0.5 0.7 0.8 1.0 160

60 1.1 1.3 1.8 2.3 2.8 3.4 0.5 0.6 0.8 1.0 1.3 1.5 150

50 1.1 1.3 1.8 2.3 2.8 3.4 0.5 0.6 0.8 1.0 1.2 1.5 140

45 1.0 1.2 1.6 2.0 2.5 3.0 0.4 0.5 0.7 0.9 1.1 1.3 130

35 1.0 1.2 1.7 2.1 2.6 3.2 0.5 0.5 0.7 0.9 1.2 1.4 120

20 0.8 1.0 1.3 1.7 2.1 2.5 0.4 0.4 0.6 0.7 0.9 1.1 90

​ 130 160 200 240 280 320 ​ 130 160 200 240 280 320 ​

​ Total cholesterol (mg/dL) ​ Total cholesterol (mg/dL) ​

 According to the Reynolds system, in women, smoking (left) and no smoking (right), between the ages of 30 and 75, HDL-C (100, 60, 50, 45, 35, 20 
mg/dL), TC (130, 160, 200, 240, 280, 320 mg/dL), and SBP (160, 150, 140, 130, 120, 90) parameters for women aged 30-75 are presented. The Reynolds 
system classifies risk scores as normal (blue color in the table) if <10% and abnormal (red color in the table) if >10%.
HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol.

Table 2.  Effect of Smoking on Reynolds Risk Score Outcomes in Women (Continued)
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Table 3.  Effect of Smoking on PREVENT Risk Score Results in Women

HDL-C 
(mg/dL)

Female

SBP 
(mm Hg)

Smoking (%)
PREVENT

Age 
(years)

No Smoking (%)
PREVENT

100 9.8 9.8 9.9 9.9 9.9 10.0 75 7.3 7.3 7.3 7.4 7.4 7.4 160
60 12.0 12.0 12.0 12.1 12.1 12.2 8.9 9.0 9.0 9.0 9.1 9.1 150
50 12.0 12.0 12.0 12.1 12.1 12.2 8.9 9.0 9.0 9.0 9.1 9.1 140
45 11.6 11.6 11.6 11.7 11.7 11.8 8.6 8.7 8.7 8.7 8.8 8.8 130
35 11.6 11.6 11.6 11.7 11.7 11.8 8.6 8.6 8.7 8.7 8.8 8.8 120
20 12.8 12.9 12.9 13.0 13.0 13.1 9.6 9.6 9.7 9.7 9.8 9.8 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 6.8 7.0 7.2 7.5 7.7 7.9 70 4.9 5.0 5.1 5.3 5.5 5.7 160
60 8.9 9.1 9.4 9.7 10.0 10.3 6.4 6.5 6.7 6.9 7.1 7.4 150
50 8.9 9.1 9.3 9.6 9.9 10.2 6.3 6.5 6.7 6.9 7.1 7.3 140
45 8.4 8.6 8.9 9.2 9.5 9.8 6.0 6.2 6.4 6.6 6.8 7.0 130
35 8.4 8.6 8.9 9.1 9.4 9.7 6.0 6.1 6.3 6.5 6.7 6.9 120
20 9.4 9.6 9.9 10.2 10.6 10.9 6.7 6.9 7.1 7.3 7.6 7.8 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 4.7 5.0 5.3 5.6 5.9 6.3 65 3.2 3.4 3.6 3.8 4.0 4.3 160
60 6.6 6.9 7.3 7.7 8.2 8.7 4.5 4.7 5.0 5.3 5.6 5.9 150
50 6.5 6.8 7.2 7.6 8.1 8.6 4.4 4.6 4.9 5.2 5.6 5.9 140
45 6.1 6.4 6.8 7.2 7.6 8.1 4.2 4.3 4.6 4.9 5.2 5.5 130
35 6.0 6.3 6.7 7.1 7.5 8.0 4.1 4.3 4.6 4.9 5.2 5.5 120
20 6.8 7.1 7.6 8.0 8.5 9.0 4.7 4.9 5.2 5.5 5.8 6.2 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 3.3 3.5 3.8 4.2 4.5 5.0 60 2.1 2.3 2.5 2.7 3.0 3.2 160
60 4.8 5.1 5.6 6.1 6.7 7.3 3.1 3.4 3.7 4.0 4.4 4.8 150
50 4.7 5.1 5.5 6.0 6.6 7.2 3.1 3.3 3.6 4.0 4.3 4.7 140
45 4.4 4.7 5.1 5.6 6.1 6.6 2.9 3.1 3.3 3.6 4.0 4.4 130
35 4.3 4.6 5.0 5.5 6.0 6.5 2.8 3.0 3.3 3.6 3.9 4.3 120
20 4.9 5.3 5.7 6.3 6.8 7.4 3.2 3.4 3.8 4.1 4.5 4.9 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 2.2 2.4 2.7 3.1 3.5 3.9 55 1.4 1.5 1.7 1.9 2.2 2.4 160
60 3.5 3.8 4.3 4.8 5.4 6.1 2.2 2.4 2.7 3.0 3.4 3.8 150
50 3.4 3.8 4.2 4.7 5.3 6.0 2.1 2.3 2.6 3.0 3.4 3.8 140
45 3.1 3.4 3.8 4.3 4.8 5.4 1.9 2.1 2.4 2.7 3.0 3.4 130
35 3.1 3.3 3.8 4.2 4.8 5.3 1.9 2.1 2.4 2.7 3.0 3.4 120
20 3.5 3.9 4.3 4.9 5.5 6.1 2.2 2.4 2.7 3.1 3.4 3.9 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 1.5 1.7 2.0 2.3 2.7 3.1 50 0.9 1.0 1.2 1.4 1.6 1.8 160
60 2.5 2.8 3.3 3.8 4.4 5.1 1.5 1.7 2.0 2.3 2.7 3.1 150
50 2.5 2.8 3.2 3.7 4.3 5.0 1.5 1.7 1.9 2.2 2.6 3.0 140
45 2.2 2.5 2.9 3.3 3.8 4.4 1.3 1.5 1.7 2.0 2.3 2.7 130
35 2.2 2.4 2.8 3.3 3.8 4.4 1.3 1.5 1.7 2.0 2.3 2.6 120
20 2.5 2.8 3.3 3.8 4.4 5.0 1.5 1.7 2.0 2.3 2.6 3.0 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 1.0 1.2 1.4 1.7 2.0 2.4 45 0.6 0.7 0.8 1.0 1.2 1.4 160
60 1.8 2.1 2.5 3.0 3.6 4.2 1.1 1.2 1.4 1.7 2.1 2.5 150
50 1.8 2.0 2.4 2.9 3.5 4.1 1.0 1.2 1.4 1.7 2.0 2.4 140
45 1.6 1.8 2.1 2.6 3.1 3.6 0.9 1.0 1.2 1.5 1.8 2.1 130
35 1.5 1.8 2.1 2.5 3.0 3.5 0.9 1.0 1.2 1.4 1.7 2.0 120
20 1.8 2.0 2.4 2.9 3.5 4.1 1.0 1.2 1.4 1.7 2.0 2.4 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​

(Continued)



Atıcı et al. A Comparative Study of Cardiovascular Risk� Anatol J Cardiol 2026; 30(10): 668-683

676

According to the results of the PREVENT ASCVD risk calcula-
tion system, the age at which CVD risk first appears is lower 
in men than in women. Furthermore, when considering all 
risk factors, tables created for men show a higher risk score, 
while high-risk status is not observed in the tables created for 
women. These findings suggest that men display a higher and 
more intense risk profile in the CVD risk chart. Many of the 
values seen as borderline and moderate risk in women fall into 
the moderate and, in some cases, high-risk categories in men.

According to the findings, all 3 different CVD risk calculation 
systems used in the study show a linear relationship between 
age and risk. Specifically, the Framingham system demon-
strates that, independent of smoking, CVD risk increases 
with age when HDL-C, TC, and SBP values remain constant 
in both men and women. However, the Framingham system 
does not calculate a risk score above 30%; therefore, individ-
uals with a risk score of 30% or higher are classified into the 
same high-risk category.

Similarly, in the Reynolds system, an increase in CVD risk 
was observed in both women and men after the age of 50. 
However, in groups younger than 50, individuals with the 
same biochemical parameters showed the same CVD risk 
score. This indicates that the Reynolds system makes the 

effect of age on CVD risk more pronounced at a certain age 
threshold.

The PREVENT ASCVD risk calculation system can more 
clearly calculate age-related CVD risk scores compared to 
other systems. Independent of smoking, it has been found 
that CVD risk increases with age in both men and women 
with the same parameter values. This feature allows 
PREVENT to assess the effect of age on CVD risk within sce-
narios designed with specified simulation parameters.

These findings demonstrate that age is an important fac-
tor in increasing CVD risk, and that this relationship can 
vary depending on gender and the risk calculation system 
used. Systems in which the effect of age is more pronounced 
can offer personalized approaches in risk assessments. 
Understanding the role of age in CVD risk is essential for 
planning individualized health interventions and for accu-
rately performing age-based risk calculations. The findings 
obtained in the study also show that smoking increases CVD 
risk in both women and men across all 3 CVD risk calculation 
systems. A significant increase in risk was observed in indi-
viduals who smoke compared to those who do not.

In the CVD risk tables, created using the Framingham, 
Reynolds, and PREVENT calculation systems, risk scores 

HDL-C 
(mg/dL)

Female

SBP 
(mm Hg)

Smoking (%)
PREVENT

Age 
(years)

No Smoking (%)
PREVENT

100 0.7 0.8 1.0 1.2 1.5 1.9 40 0.4 0.5 0.6 0.7 0.8 1.0 160
60 1.3 1.6 1.9 2.3 2.9 3.5 0.7 0.9 1.1 1.3 1.6 2.0 150
50 1.3 1.5 1.8 2.3 2.8 3.4 0.7 0.8 1.0 1.3 1.5 1.9 140
45 1.1 1.3 1.6 2.0 2.4 3.0 0.6 0.7 0.9 1.1 1.3 1.6 130
35 1.1 1.3 1.6 1.9 2.3 2.9 0.6 0.7 0.9 1.1 1.3 1.6 120
20 1.3 1.5 1.8 2.2 2.7 3.4 0.7 0.8 1.0 1.2 1.5 1.9 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 0.5 0.6 0.7 0.9 1.2 1.5 35 0.3 0.3 0.4 0.5 0.6 0.8 160
60 1.0 1.1 1.5 1.8 2.3 2.9 0.5 0.6 0.8 1.0 1.2 1.6 150
50 0.9 1.1 1.4 1.8 2.2 2.8 0.5 0.6 0.7 0.9 1.2 1.5 140
45 0.8 0.9 1.2 1.5 1.9 2.4 0.4 0.5 0.6 0.8 1.0 1.3 130
35 0.8 0.9 1.2 1.5 1.8 2.3 0.4 0.5 0.6 0.8 1.0 1.2 120
20 0.9 1.1 1.4 1.7 2.2 2.8 0.5 0.6 0.7 0.9 1.2 1.5 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 0.3 0.4 0.5 0.7 0.9 1.2 30 0.2 0.2 0.3 0.3 0.4 0.6 160
60 0.7 0.8 1.1 1.4 1.9 2.4 0.4 0.4 0.6 0.7 1.0 1.2 150
50 0.7 0.8 1.1 1.4 1.8 2.3 0.3 0.4 0.5 0.7 0.9 1.2 140
45 0.6 0.7 0.9 1.2 1.5 2.0 0.3 0.3 0.5 0.6 0.8 1.0 130
35 0.5 0.7 0.9 1.1 1.5 1.9 0.3 0.3 0.4 0.6 0.7 1.0 120
20 0.6 0.8 1.0 1.3 1.7 2.2 0.3 0.4 0.5 0.7 0.9 1.1 90
​ 130 160 200 240 280 320 ​ 130 160 200 240 280 320 ​
​ Total cholesterol (mg/dL) ​ Total cholesterol (mg/dL) ​

 According to the PREVENT system, in women aged 30-75, smoking (left) and no smoking (right), HDL-C (100, 60, 50, 45, 35, 20 mg/dL), TC (130, 160, 
200, 240, 280, 320 mg/dL), and SBP (160, 150, 140, 130, 120, 90) parameters for women aged 30-75 are presented. The PREVENT system classifies risk 
scores into percentile ranges as follows: <5% low risk (blue color in the table), 5%-7.4% borderline risk (yellow color in the table), 7.5%-19.9% moderate 
risk (orange color in the table), and ≥20% high risk (red color in the table).

HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol.

Table 3.  Effect of Smoking on PREVENT Risk Score Results in Women (Continued)
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Table 4.  Effect of Smoking on Framingham Risk Score Outcomes in Men 

HDL-C 
(mg/dL)

Male

SBP 
(mm Hg)

Smoking (%)
Framingham

Age 
(years)

No Smoking (%)
Framingham

100 >30 >30 >30 >30 >30 >30 75 25.3 29.4 >30 >30 >30 >30 160

60 >30 >30 >30 >30 >30 >30 21.6 25.3 29.4 >30 >30 >30 150

50 >30 >30 >30 >30 >30 >30 25.3 29.4 >30 >30 >30 >30 140

45 >30 >30 >30 >30 >30 >30 25.3 29.4 >30 >30 >30 >30 130

35 >30 30 >30 >30 >30 >30 25.3 29.4 >30 >30 >30 >30 120

20 >30 >30 >30 >30 >30 >30 21.6 25.3 29.4 >30 >30 >30 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 >30 30 >30 >30 >30 >30 70 21.6 25.3 29.4 >30 >30 >30 160

60 >30 >30 >30 >30 >30 >30 18.4 21.6 25.3 29.4 >30 >30 150

50 >30 >30 >30 >30 >30 >30 21.6 25.3 29.4 >30 >30 >30 140

45 >30 >30 >30 >30 >30 >30 21.6 25.3 29.4 >30 >30 >30 130

35 >30 >30 >30 >30 >30 >30 21.6 25.3 29.4 >30 >30 >30 120

20 >30 >30 >30 >30 >30 >30 18.4 21.6 25.3 29.4 >30 >30 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 29.4 >30 >30 >30 >30 >30 65 15.6 18.4 21.6 25.3 29.4 29.4 160

60 25.3 29.4 >30 >30 >30 >30 13.2 15.6 18.4 21.6 25.3 25.3 150

50 29.4 >30 >30 >30 >30 >30 15.6 18.4 21.6 25.3 29.4 29.4 140

45 29.4 >30 >30 >30 >30 >30 15.6 18.4 21.6 25.3 29.4 29.4 130

35 29.4 >30 >30 >30 >30 >30 15.6 18.4 21.6 25.3 29.4 29.4 120

20 25.3 29.4 >30 >30 >30 >30 13.2 15.6 18.4 21.6 25.3 25.3 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 25.3 29.4 >30 >30 >30 >30 60 13.2 15.6 18.4 21.6 25.3 25.3 160

60 21.6 25.3 29.4 >30 >30 >30 11.2 13.2 15.6 18.4 21.6 21.6 150

50 25.3 29.4 >30 >30 >30 >30 13.2 15.6 18.4 21.6 25.3 25.3 140

45 25.3 29.4 >30 >30 >30 >30 13.2 15.6 18.4 21.6 25.3 25.3 130

35 25.3 29.4 >30 >30 >30 >30 13.2 15.6 18.4 21.6 25.3 25.3 120

20 21.6 25.3 29.4 >30 >30 >30 11.2 13.2 15.6 18.4 21.6 21.6 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 21.6 25.3 29.4 >30 >30 >30 55 11.2 13.2 15.6 18.4 21.6 21.6 160

60 18.4 21.6 25.3 29.4 >30 >30 9.4 11.2 13.2 15.6 18.4 18.4 150

50 21.6 25.3 29.4 >30 >30 >30 11.2 13.2 15.6 18.4 21.6 21.6 140

45 21.6 25.3 29.4 >30 >30 >30 11.2 13.2 15.6 18.4 21.6 21.6 130

35 21.6 25.3 29.4 >30 >30 >30 11.2 13.2 15.6 18.4 21.6 21.6 120

20 18.4 21.6 25.3 29.4 >30 >30 9.4 11.2 13.2 15.6 18.4 18.4 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 15.6 18.4 21.6 25.3 29.4 29.4 50 7.9 9.4 11.2 13.2 15.6 15.6 160

60 13.2 15.6 18.4 21.6 25.3 25.3 6.7 7.9 9.4 11.2 13.2 13.2 150

50 15.6 18.4 21.6 25.3 29.4 29.4 7.9 9.4 11.2 13.2 15.6 15.6 140

45 15.6 18.4 21.6 25.3 29.4 29.4 7.9 9.4 11.2 13.2 15.6 15.6 130

35 15.6 18.4 21.6 25.3 29.4 29.4 7.9 9.4 11.2 13.2 15.6 15.6 120

20 13.2 15.6 18.4 21.6 25.3 25.3 6.7 7.9 9.4 11.2 13.2 13.2 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 11.2 13.2 15.6 18.4 21.6 21.6 45 5.6 6.7 7.9 9.4 11.2 11.2 160
60 9.4 11.2 13.2 15.6 18.4 18.4 4.7 5.6 6.7 7.9 9.4 9.4 150

50 11.2 13.2 15.6 18.4 21.6 21.6 5.6 6.7 7.9 9.4 11.2 11.2 140

45 11.2 13.2 15.6 18.4 21.6 21.6 5.6 6.7 7.9 9.4 11.2 11.2 130

35 11.2 13.2 15.6 18.4 21.6 21.6 5.6 6.7 7.9 9.4 11.2 11.2 120

20 9.4 11.2 13.2 15.6 18.4 18.4 4.7 5.6 6.7 7.9 9.4 9.4 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

(Continued)
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were calculated by evaluating HDL-C and SBP values. The 
results indicate that low HDL-C levels significantly increase 
CVD risk, and this increase becomes more pronounced when 
combined with elevated SBP. The interaction between 
HDL-C and SBP provides an important parameter for more 
accurate and comprehensive CVD risk assessments. These 
findings suggest that increasing HDL-C levels and control-
ling SBP could be important strategies for the prevention and 
management of CVD.

The results of the study indicate that, among individuals 
with the same gender, age, HDL-C, and SBP values, analy-
ses performed using the Framingham CVD risk calculation 
system show that increases in TC levels generally lead to 
an elevated CVD risk. However, it was observed that when 
TC levels rise from 280 mg/dL to 320 mg/dL, the risk does 
not change. This finding suggests that in the Framingham 
system, TC levels may stabilize at a certain point in risk 
assessment, and beyond this level, the risk does not further 
increase.

Similarly, in the Reynolds system, it was found that increases 
in TC levels elevated CVD risk. The system appears to con-
firm that as TC levels rise, the risk continues to increase. 
However, it was observed that the Reynolds system provides 

a broader risk range, and the increase in risk becomes more 
pronounced with higher TC levels.

According to evaluations specific to the PREVENT system, it 
was observed that in both smoking and non-smoking women 
aged 75, increases in TC levels raised CVD risk, although the 
risk ratios were close to each other and sometimes even 
identical. In other age groups as well, it was concluded that 
increases in TC levels generally elevated CVD risk. The 
PREVENT system appears to offer more specific risk score 
calculations based on age and highlights TC level as a key 
factor influencing risk. In men, it was determined that CVD 
risk increased with rising TC levels among individuals with 
the same values. This finding indicates that the PREVENT 
system systematically associates increases in TC levels with 
elevated CVD risk in men.

Overall, these findings demonstrate that TC levels are an 
important parameter in the assessment of CVD risk, and 
that all 3 systems show a significant impact of TC increases 
on risk. However, since each system has different risk cal-
culation mechanisms, the effect of changes in TC levels 
varied across the systems. These differences arise from 
the specific characteristics of how each system calculates 
CVD risk.

HDL-C 
(mg/dL)

Male

SBP 
(mm Hg)

Smoking (%)
Framingham

Age 
(years)

No Smoking (%)
Framingham

100 9.4 11.2 13.2 15.6 18.4 18.4 40 4.7 5.6 6.7 7.9 9.4 9.4 160

60 7.9 9.4 11.2 13.2 15.6 15.6 3.9 4.7 5.6 6.7 7.9 7.9 150

50 9.4 11.2 13.2 15.6 18.4 18.4 4.7 5.6 6.7 7.9 9.4 9.4 140

45 9.4 11.2 13.2 15.6 18.4 18.4 4.7 5.6 6.7 7.9 9.4 9.4 130

35 9.4 11.2 13.2 15.6 18.4 18.4 4.7 5.6 6.7 7.9 9.4 9.4 120

20 7.9 9.4 11.2 13.2 15.6 15.6 3.9 4.7 5.6 6.7 7.9 7.9 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 5.6 6.7 7.9 9.4 11.2 11.2 35 2.8 3.3 3.9 4.7 5.6 5.6 160

60 4.7 5.6 6.7 7.9 9.4 9.4 2.3 2.8 3.3 3.9 4.7 4.7 150

50 5.6 6.7 7.9 9.4 11.2 11.2 2.8 3.3 3.9 4.7 5.6 5.6 140

45 5.6 6.7 7.9 9.4 11.2 11.2 2.8 3.3 3.9 4.7 5.6 5.6 130

35 5.6 6.7 7.9 9.4 11.2 11.2 2.8 3.3 3.9 4.7 5.6 5.6 120

20 4.7 5.6 6.7 7.9 9.4 9.4 2.3 2.8 3.3 3.9 4.7 4.7 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 3.9 4.7 5.6 6.7 7.9 7.9 30 1.9 2.3 2.8 3.3 3.9 3.9 160

60 3.3 3.9 4.7 5.6 6.7 6.7 1.6 1.9 2.3 2.8 3.3 3.3 150

50 3.9 4.7 5.6 6.7 7.9 7.9 1.9 2.3 2.8 3.3 3.9 3.9 140

45 3.9 4.7 5.6 6.7 7.9 7.9 1.9 2.3 2.8 3.3 3.9 3.9 130

35 3.9 4.7 5.6 6.7 7.9 7.9 1.9 2.3 2.8 3.3 3.9 3.9 120

20 3.3 3.9 4.7 5.6 6.7 6.7 1.6 1.9 2.3 2.8 3.3 3.3 90

​ 130 160 200 240 280 320 ​ 130 160 200 240 280 320 ​

​ Total cholesterol (mg/dL) ​ Total cholesterol (mg/dL) ​

 According to the Framingham system, in men aged 30-75 who smoking (left) and no smoking (right), HDL-C (100, 60, 50, 45, 35, 20 mg/dL), TC (130, 
160, 200, 240, 280, 320 mg/dL), and SBP (160, 150, 140, 130, 120, 90) parameters for women who smoke between the ages of 30 and 75 are presented. 
In the Framingham system, those with a risk score <10% are classified as low risk (blue color in the table), those with a score of 10%-20% are 
classified as moderate risk (yellow color in the table), and those with a score >20% are classified as high risk (red color in the table).
HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol.

Table 4.  Effect of Smoking on Framingham Risk Score Outcomes in Men (Continued)
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Table 5.  Effect of Smoking on Reynolds Risk Score Results in Men 

HDL-C 
(mg/dL)

Male

SBP 
(mm Hg)

Smoking (%)
Reynolds

Age 
(years)

No Smoking (%)
Reynolds

100 18.3 20.5 24.7 28.7 32.5 0.36 75 12.6 14.2 17.3 20.2 23.1 25.8 160

60 22.3 25 30 34.6 38.9 42.9 15.5 17.4 21.2 24.7 28.0 31.2 150

50 21.6 24.1 0.29 33.5 37.7 41.7 15.0 16.8 20.4 23.8 27.1 30.2 140

45 19.5 21.9 26.4 30.6 34.5 38.2 13.5 15.2 18.5 21.6 24.6 27.5 130

35 19.3 21.6 26.1 30.2 34.1 37.8 13.3 15.0 18.2 21.3 24.3 27.1 120

20 15.7 17.6 21.3 24.9 28.3 31.4 10.7 12.1 14.8 17.4 19.9 22.3 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 13.8 15.6 18.9 22.1 25.2 28.1 70 9.5 10.7 13.1 15.4 17.6 19.8 160

60 17.0 19.1 23.1 26.9 30.5 33.9 11.7 13.2 16.1 18.9 21.6 24.1 150

50 16.4 18.5 22.4 26.1 29.5 32.8 11.3 12.7 15.5 18.2 20.8 23.3 140

45 14.8 16.7 20.3 23.7 26.9 30.0 10.2 11.5 14.0 16.5 18.8 21.1 130

35 14.6 16.5 20.0 23.4 26.5 29.6 10.0 11.3 13.8 16.3 18.6 20.9 120

20 11.8 13.3 16.3 19.1 21.8 24.3 8.1 9.1 11.2 13.2 15.1 17.0 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 10.2 11.5 14.1 16.5 18.9 21.2 65 6.9 7.8 9.6 11.4 13.1 14.7 160

60 12.6 14.2 17.3 20.3 23.1 25.9 8.6 9.7 11.9 14.0 16.1 18.1 150

50 12.2 13.7 16.7 19.6 22.4 25.0 8.3 9.4 11.5 13.5 15.5 17.5 140

45 11.0 12.4 15.1 17.7 20.2 22.7 7.4 8.4 10.3 12.2 14.0 15.8 130

35 10.8 12.2 14.9 17.5 20.0 22.4 7.3 8.3 10.2 12.0 13.8 15.6 120

20 8.7 9.8 12.0 14.2 16.2 18.3 5.9 6.7 8.2 9.7 11.2 12.6 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 7.3 8.3 10.1 12.0 13.7 15.5 60 4.9 5.6 6.9 8.1 9.4 10.6 160

60 9.1 10.2 12.5 14.8 16.9 19.0 6.1 7.0 8.5 10.1 11.6 13.1 150

50 8.7 9.9 12.1 14.2 16.3 18.3 5.9 6.7 8.2 9.7 11.2 12.6 140

45 7.8 8.9 10.9 12.8 14.7 16.6 5.3 6.0 7.4 8.7 10.1 11.4 130

35 7.7 8.7 10.7 12.7 14.5 16.3 5.2 5.9 7.3 8.6 9.9 11.2 120

20 6.2 7.0 8.6 10.2 11.7 13.2 4.2 4.7 5.8 6.9 8.0 9.0 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 5.0 5.7 7.0 8.3 9.6 10.8 55 3.4 3.8 4.7 5.6 6.5 7.4 160

60 6.3 7.1 8.7 10.3 11.9 13.4 4.2 4.8 5.9 7.0 8.1 9.1 150

50 6.0 6.8 8.4 10.0 11.4 12.9 4.1 4.6 5.7 6.8 7.8 8.8 140

45 5.4 6.1 7.6 8.9 10.3 11.6 3.7 4.1 5.1 6.1 7.0 7.9 130

35 5.3 6.1 7.5 8.8 10.2 11.5 3.6 4.1 5.0 6.0 6.9 7.8 120

20 4.3 4.8 6.0 7.1 8.2 9.2 2.9 3.3 4.0 4.8 5.5 6.3 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 3.3 3.8 4.7 5.6 6.4 7.3 50 2.2 2.6 3.2 3.7 4.3 4.9 160

60 4.2 4.7 5.8 6.9 8.0 9.0 2.8 3.2 3.9 4.7 5.4 6.1 150

50 4.0 4.6 5.6 6.7 7.7 8.7 2.7 3.1 3.8 4.5 5.2 5.9 140

45 3.6 4.1 5.0 6.0 6.9 7.8 2.4 2.7 3.4 4.0 4.7 5.3 130

35 3.6 4.0 5.0 5.9 6.8 7.7 2.4 2.7 3.3 4.0 4.6 5.2 120

20 2.8 3.2 4.0 4.7 5.5 6.2 1.9 2.2 2.7 3.2 3.7 4.2 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 2.1 2.4 3.0 3.5 4.1 4.6 45 1.4 1.6 2.0 2.4 2.8 3.1 160

60 2.7 3.0 3.7 4.4 5.1 5.8 1.8 2.0 2.5 3.0 3.4 3.9 150

50 2.6 2.9 3.6 4.3 4.9 5.6 1.7 1.9 2.4 2.9 3.3 3.8 140

45 2.3 2.6 3.2 3.8 4.4 5.0 1.5 1.7 2.2 2.6 3.0 3.4 130

35 2.3 2.6 3.2 3.8 4.3 4.9 1.5 1.7 2.1 2.5 2.9 3.3 120

20 1.8 2.0 2.5 3.0 3.5 3.9 1.2 1.4 1.7 2.0 2.3 2.6 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

(Continued)
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The results of the study indicate that TC is an effective risk 
factor for CVD and stands out as a key parameter across all 
risk calculation systems. It was observed that high TC levels 
increase CVD risk, and that this increase is evident in both 
men and women. Additionally, it was found that the impact 
of rising TC levels becomes more pronounced with age, with 
the effect increasing as age advances. These findings fur-
ther emphasize how critical TC is as a parameter in CVD risk 
assessment.

In this study, the CVD risks of individuals with speci-
fied parameters were compared using the Framingham, 
Reynolds, and PREVENT systems. While all 3 systems share 
several common parameters, each also includes unique 
parameters of its own. The Framingham system, unlike the 
other 2, produces higher numerical risk scores. Risk scores in 
the Framingham system are categorized into low, intermedi-
ate, and high-risk levels.

In the Reynolds system, CVD risk scores for individuals under 
50 years of age were found to be the same. Moreover, in the 
Reynolds system, risk outcomes are classified as either nor-
mal or abnormal. Although the Framingham system gener-
ates higher numerical risk scores, some values considered 
normal according to the Framingham system were evaluated 
as abnormal by the Reynolds system.

The PREVENT system, unlike the other 2 systems, calculates 
CVD and ASCVD risks using a broader range of risk factors. 
This system provides separate risk calculations for 10-year 
and 30-year periods, allowing for a more detailed assess-
ment. Risk scores are categorized into low risk, borderline 
risk, intermediate risk, and high risk, with clearly defined 
value ranges for each category.

The PREVENT system generally produces lower risk scores 
compared to the other 2 systems for individuals with the same 
conditions. This difference may be attributed to the fact that 
PREVENT was developed using more recent data, a contem-
porary population, and a more updated methodology.

In addition to traditional risk factors, the PREVENT system 
also considers additional factors such as HbA1c, BMI, uACR, 
Social Deprivation Index (SDI), and eGFR. This enables risk 
assessment for a broader patient population, including 
those with cardiovascular, kidney, and metabolic diseases. 
Furthermore, factors such as the SDI are included to provide 
a more comprehensive analysis. The risk score outcomes 
calculated through simulation by PREVENT can provide 
information on treatment options for patients, assist health-
care professionals in disease management, and thus offer 
an important opportunity to potentially alter the course of 
high-mortality diseases such as CVD. This holistic approach 

HDL-C 
(mg/dL)

Male

SBP 
(mm Hg)

Smoking (%)
Reynolds

Age 
(years)

No Smoking (%)
Reynolds

100 2.1 2.4 3.0 3.5 4.1 4.6 40 1.4 1.6 2.0 2.4 2.8 3.1 160

60 2.7 3.0 3.7 4.4 5.1 5.8 1.8 2.0 2.5 3.0 3.4 3.9 150

50 2.6 2.9 3.6 4.3 4.9 5.6 1.7 1.9 2.4 2.9 3.3 3.8 140

45 2.3 2.6 3.2 3.8 4.4 5.0 1.5 1.7 2.2 2.6 3.0 3.4 130

35 2.3 2.6 3.2 3.8 4.3 4.9 1.5 1.7 2.1 2.5 2.9 3.3 120

20 1.8 2.0 2.5 3.0 3.5 3.9 1.2 1.4 1.7 2.0 2.3 2.6 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 2.1 2.4 3.0 3.5 4.1 4.6 35 1.4 1.6 2.0 2.4 2.8 3.1 160

60 2.7 3.0 3.7 4.4 5.1 5.8 1.8 2.0 2.5 3.0 3.4 3.9 150

50 2.6 2.9 3.6 4.3 4.9 5.6 1.7 1.9 2.4 2.9 3.3 3.8 140

45 2.3 2.6 3.2 3.8 4.4 5.0 1.5 1.7 2.2 2.6 3.0 3.4 130

35 2.3 2.6 3.2 3.8 4.3 4.9 1.5 1.7 2.1 2.5 2.9 3.3 120

20 1.8 2.0 2.5 3.0 3.5 3.9 1.2 1.4 1.7 2.0 2.3 2.6 90

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

100 2.1 2.4 3.0 3.5 4.1 4.6 30 1.4 1.6 2.0 2.4 2.8 3.1 160

60 2.7 3.0 3.7 4.4 5.1 5.8 1.8 2.0 2.5 3.0 3.4 3.9 150

50 2.6 2.9 3.6 4.3 4.9 5.6 1.7 1.9 2.4 2.9 3.3 3.8 140

45 2.3 2.6 3.2 3.8 4.4 5.0 1.5 1.7 2.2 2.6 3.0 3.4 130

35 2.3 2.6 3.2 3.8 4.3 4.9 1.5 1.7 2.1 2.5 2.9 3.3 120

20 1.8 2.0 2.5 3.0 3.5 3.9 1.2 1.4 1.7 2.0 2.3 2.6 90

​ 130 160 200 240 280 320 ​ 130 160 200 240 280 320 ​

​ Total cholesterol (mg/dL) ​ Total cholesterol (mg/dL) ​

 According to the Reynolds system, in men who smoking (left) and no smoking (right), between the ages of 30 and 75, HDL-C (100, 60, 50, 45, 35, 20 
mg/dL), TC (130, 160, 200, 240, 280, 320 mg/dL), and SBP (160, 150, 140, 130, 120, 90) parameters for women aged 30-75 are presented. The Reynolds 
system classifies risk scores as normal (blue color in the table) if <10% and abnormal (red color in the table) if >10%.
HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol.

Table 5.  Effect of Smoking on Reynolds Risk Score Results in Men (Continued)
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Table 6.  Effect of Smoking on PREVENT Risk Score Results in Men 

HDL-C 
(mg/dL)

Male

SBP 
(mm Hg)

Smoking (%)
PREVENT

Age 
(years)

No Smoking (%)
PREVENT

100 9.5 10.2 11.2 12.4 13.6 15.0 75 7.9 8.5 9.4 10.4 11.4 12.6 160
60 12.1 13.0 14.3 15.7 17.2 18.8 10.1 10.9 12.0 13.2 14.5 15.9 150
50 12.3 13.2 14.5 15.9 17.4 19.1 10.3 11.0 12.2 13.4 14.7 16.1 140
45 12.0 12.9 14.2 15.6 17.0 18.7 10.0 10.8 11.9 13.1 14.4 15.8 130
35 12.2 13.1 14.4 15.8 17.3 18.9 10.2 11.0 12.1 13.3 14.6 16.0 120
20 16.3 17.5 19.1 20.9 22.8 24.7 13.8 14.8 16.2 17.7 19.4 21.2 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 7.0 7.6 8.6 9.6 10.8 12.0 70 5.5 6.1 6.8 7.6 8.6 9.6 160
60 9.3 10.1 11.3 12.6 14.1 15.7 7.4 8.1 9.0 10.1 11.3 12.6 150
50 9.4 10.2 11.4 12.7 14.2 15.7 7.4 8.1 9.1 10.2 11.4 12.7 140
45 9.0 9.8 11.0 12.2 13.6 15.2 7.2 7.8 8.7 9.8 11.0 12.2 130
35 9.1 9.9 11.0 12.3 13.7 15.3 7.2 7.9 8.8 9.9 11.0 12.3 120
20 12.3 13.3 14.8 16.5 18.3 20.2 9.8 10.7 12.0 13.3 14.8 16.5 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 5.2 5.7 6.5 7.4 8.4 9.6 65 3.9 4.3 4.9 5.6 6.4 7.3 160
60 7.1 7.8 8.9 10.1 11.4 12.9 5.4 5.9 6.7 7.7 8.7 9.9 150
50 7.1 7.8 8.9 10.1 11.4 12.9 5.3 5.9 6.7 7.7 8.7 9.9 140
45 6.7 7.4 8.4 9.6 10.8 12.3 5.1 5.6 6.4 7.3 8.3 9.4 130
35 6.7 7.4 8.4 9.5 10.8 12.3 5.0 5.6 6.4 7.3 8.3 9.4 120
20 9.1 10.0 11.4 12.9 14.5 16.4 6.9 7.7 8.7 9.9 11.2 12.7 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 3.8 4.2 4.9 5.7 6.6 7.6 60 2.7 3.0 3.5 4.1 4.7 5.5 160
60 5.4 6.0 6.9 8.0 9.2 10.6 3.9 4.3 5.0 5.8 6.7 7.8 150
50 5.3 5.9 6.9 7.9 9.2 10.5 3.8 4.3 5.0 5.7 6.6 7.7 140
45 5.0 5.5 6.4 7.4 8.6 9.9 3.5 4.0 4.6 5.4 6.2 7.2 130
35 4.9 5.5 6.3 7.3 8.5 9.8 3.5 3.9 4.6 5.3 6.1 7.1 120
20 6.7 7.5 8.7 10.0 11.5 13.1 4.8 5.4 6.3 7.3 8.4 9.7 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 2.7 3.1 3.7 4.3 5.1 6.0 55 1.9 2.1 2.5 3.0 3.5 4.1 160
60 4.1 4.6 5.4 6.3 7.4 8.7 2.8 3.1 3.7 4.4 5.1 6.0 150
50 4.0 4.5 5.3 6.2 7.3 8.6 2.7 3.1 3.6 4.3 5.0 5.9 140
45 3.6 4.1 4.9 5.7 6.7 7.9 2.5 2.8 3.3 3.9 4.6 5.4 130
35 3.6 4.0 4.8 5.6 6.6 7.7 2.4 2.8 3.3 3.8 4.5 5.3 120
20 4.9 5.6 6.5 7.7 9.0 10.5 3.4 3.8 4.5 5.3 6.2 7.3 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 2.0 2.3 2.7 3.3 3.9 4.7 50 1.3 1.5 1.8 2.1 2.6 3.1 160
60 3.0 3.5 4.2 5.0 6.0 7.1 2.0 2.3 2.7 3.3 3.9 4.7 150
50 3.0 3.4 4.1 4.9 5.8 6.9 1.9 2.2 2.6 3.2 3.8 4.5 140
45 2.7 3.1 3.7 4.4 5.2 6.3 1.7 2.0 2.4 2.9 3.4 4.1 130
35 2.6 3.0 3.6 4.3 5.1 6.1 1.7 1.9 2.3 2.8 3.3 4.0 120
20 3.6 4.1 4.9 5.8 7.0 8.3 2.3 2.7 3.2 3.8 4.6 5.5 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 1.4 1.7 2.0 2.5 3.0 3.7 45 0.9 1.0 1.3 1.5 1.9 2.3 160
60 2.3 2.7 3.2 3.9 4.8 5.8 1.4 1.6 2.0 2.4 3.0 3.6 150
50 2.2 2.6 3.1 3.8 4.6 5.6 1.4 1.6 1.9 2.3 2.9 3.5 140
45 2.0 2.3 2.8 3.4 4.1 5.0 1.2 1.4 1.7 2.1 2.5 3.1 130
35 1.9 2.2 2.7 3.2 3.9 4.8 1.2 1.3 1.6 2.0 2.4 3.0 120
20 2.6 3.0 3.7 4.4 5.4 6.5 1.6 1.9 2.3 2.8 3.4 4.1 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​

(Continued)
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enables healthcare systems to assess and conduct risk man-
agement within risk scenarios based on simulations.13,19

Krishnan et al developed an online calculation tool that also 
allows the estimation of individuals’ PREVENT risk age. This 
system enables the assessment of concordance between 
chronological age and risk age (i.e., whether one’s risk age 
exceeds their actual chronological age). The study found 
that discordance was more pronounced among middle-
aged adults, individuals with adverse social factors, those 
with lower educational attainment, and members of racial 
and ethnic minority groups. Notably, among individuals with 
lower education levels, 22.8% of women and 32.5% of men 
had a PREVENT risk age exceeding their chronological age 
by more than 10 years. Considering individuals’ risk age may 
provide a clearer understanding of risk factors and their con-
sequences. The online calculation tool can be accessed at: 
https://​nwkhanla​b.shinya​pps.io/r​iskage/.20 Recently, steps 
have also been taken through artificial intelligence–based 
research to identify individuals with CVD, diagnose CVD as 
a predictable disease, examine the impact of risk factors 
on the disease, and ensure that treatment interventions for 
patients can be carried out transparently.21

Study Limitations 
This study is a simulation study in which no real patient 
data were used. The common risk factors included in the 

3 cardiovascular risk assessment systems were identified, 
and the shared value ranges they cover were used to gen-
erate the reported risk scores. The absence of real patient 
data may be considered a limitation of this study. The point 
emphasized in the study is that different risk calculation sys-
tems yield numerically different scores and different classi-
fications when dealing with the same risk profiles. However, 
this study does not provide any output regarding accuracy 
and reliability. This is a significant limitation of the study.

In the PREVENT system, ASCVD risk is calculated instead 
of CVD risk, and the results of this risk score are presented 
in tables. During the study, while calculating CVD risk in 
the PREVENT system, the common risk factors of age, gen-
der, HDL-C, and SBP values were kept constant; when TC 
values were increased, contrary to expectations, CVD risk 
decreased rather than increased. This is a point that requires 
further investigation. Therefore, to provide a clear result, 
the 10-year ASCVD risk was calculated. This is a limitation of 
the study.

The different risk scoring systems examined in this study have 
different parameters. However, it is not possible to obtain the 
output of the whole system by including each parameter and 
comparing all parameters. Each system has different param-
eter values, but when the systems are considered as a whole 
in a comparison-based study, it is not possible to equalize 

HDL-C 
(mg/dL)

Male

SBP 
(mm Hg)

Smoking (%)
PREVENT

Age 
(years)

No Smoking (%)
PREVENT

100 1.0 1.2 1.5 1.9 2.3 2.9 40 0.6 0.7 0.9 1.1 1.4 1.7 160
60 1.7 2.0 2.5 3.1 3.8 4.7 1.0 1.2 1.5 1.8 2.2 2.8 150
50 1.6 1.9 2.4 2.9 3.6 4.5 1.0 1.1 1.4 1.7 2.1 2.7 140
45 1.4 1.7 2.1 2.6 3.2 3.9 0.8 1.0 1.2 1.5 1.9 2.3 130
35 1.4 1.6 2.0 2.4 3.0 3.7 0.8 0.9 1.2 1.4 1.8 2.2 120
20 1.9 2.2 2.7 3.4 4.1 5.1 1.1 1.3 1.6 2.0 2.5 3.0 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 0.8 0.9 1.1 1.4 1.8 2.3 35 0.4 0.5 0.6 0.8 1.0 1.3 160
60 1.3 1.5 1.9 2.4 3.0 3.8 0.7 0.8 1.1 1.3 1.7 2.1 150
50 1.2 1.4 1.8 2.3 2.9 3.6 0.7 0.8 1.0 1.3 1.6 2.0 140
45 1.0 1.2 1.6 2.0 2.5 3.1 0.6 0.7 0.9 1.1 1.4 1.7 130
35 1.0 1.2 1.5 1.8 2.3 2.9 0.5 0.6 0.8 1.0 1.3 1.6 120
20 1.4 1.6 2.0 2.5 3.2 4.0 0.8 0.9 1.1 1.4 1.8 2.3 90
​ ​ ​ ​ ​ ​ ​ ​ ​ ​
100 0.5 0.7 0.8 1.1 1.4 1.8 30 0.3 0.3 0.4 0.6 0.7 0.9 160
60 1.0 1.2 1.5 1.9 2.4 3.1 0.5 0.6 0.8 1.0 1.3 1.6 150
50 0.9 1.1 1.4 1.8 2.2 2.9 0.5 0.6 0.7 0.9 1.2 1.5 140
45 0.8 0.9 1.2 1.5 1.9 2.4 0.4 0.5 0.6 0.8 1.0 1.3 130
35 0.7 0.8 1.1 1.4 1.8 2.3 0.4 0.5 0.6 0.7 0.9 1.2 120
20 1.0 1.2 1.5 1.9 2.4 3.1 0.5 0.6 0.8 1.0 1.3 1.7 90
​ 130 160 200 240 280 320 ​ 130 160 200 240 280 320 ​
​ Total cholesterol (mg/dL) ​ Total cholesterol (mg/dL) ​
 According to the PREVENT system, in men aged 30-75 who smoking (left) and no smoking (right), HDL-C (100, 60, 50, 45, 35, 20 mg/dL), TC (130, 160, 
200, 240, 280, 320 mg/dL), and SBP (160, 150, 140, 130, 120, 90) parameters for women aged 30-75 are presented. The PREVENT system classifies risk 
scores into percentile ranges as follows: <5% low risk (blue color in the table), 5%-7.4% borderline risk (yellow color in the table), 7.5%-19.9% moderate 
risk (orange color in the table), and ≥20% high risk (red color in the table).
HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol.

Table 6.  Effect of Smoking on PREVENT Risk Score Results in Men (Continued)
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them. In this study, there is no other option but to obtain and 
compare the scoring output. However, since the comparison 
cannot be addressed as a whole, this is a limitation.

CONCLUSION

The aim of this study is to highlight the output differences 
and classification discordance for individuals when the same 
parameter values are considered using different risk scor-
ing systems. Considering all these assessments, the newly 
developed PREVENT system enables a clearer distinc-
tion between low-risk and high-risk patients. This allows 
healthcare professionals to evaluate patients within clearer 
boundaries and intervene more appropriately. These inter-
ventions, including lifestyle changes and the development of 
accurate treatment protocols, can alter the course of CVD. 
This, in turn, will contribute to reducing mortality and mor-
bidity rates associated with CVD worldwide. In terms of the 
prevention, delay, and clinical management of CVDs, the 
development and validation of risk prediction systems are 
crucial steps.

Ethics Committee Approval: This study was conducted exclusively 
using simulation-based methods and did not involve human partici-
pants, animals, biological specimens, or identifiable personal data. 
Therefore, in accordance with institutional regulations and interna-
tionally accepted research ethics guidelines, ethical approval and 
informed consent were not required for this study.

Peer-review: Externally peer-reviewed.

Acknowledgments: This study was made possible through the 
valuable support and facilities provided by Lokman Hekim University, 
to which the authors express their sincere gratitude. They used 
ChatGPT to improve the language and readability of this 
manuscript.

Author Contributions: Conceptualization - Y.A., M.B.Ş., D.Y.; Design 
– Y.A., M.B.Ş., D.Y.; Supervision – Y.A., M.B.Ş., D.Y.; Analysis and inter-
pretation - Y.A., M.B.Ş., D.Y.; Literature review - Y.A., M.B.Ş.; Writer - 
Y.A., M.B.Ş.; Critical review - Y.A., D.Y.

Declaration of Interests: The authors have no conflict of interest to 
declare.

Funding: The authors declared that this study has received no finan-
cial support.

REFERENCES

1.	 Proportional mortality. https://ncdportal.org/CountryProfile/
GHE110/Global. Accessed 12 January 2025

2.	 Vaduganathan M, Mensah GA, Turco JV, Fuster V, Roth GA. The 
global burden of cardiovascular diseases and risk: A compass for 
future health. J Am Coll Cardiol. 2022;80(25):2361-2371. [CrossRef]

3.	 Cardiovascular diseases. https://www.who.int/health-topics/
cardiovascular-diseases#tab=tab_1. Accessed 12 January 2025

4.	 Kaminsky LA, German C, Imboden M, Ozemek C, Peterman JE, 
Brubaker  PH. The importance of healthy lifestyle behaviors in 

the prevention of cardiovascular disease. Prog Cardiovasc Dis. 
2022;70:8-15. [CrossRef]

5.	 Stewart  J, Manmathan  G, Wilkinson  P. Primary prevention of 
cardiovascular disease: a review of contemporary guidance and 
literature. JRSM Cardiovasc Dis. 2017;6:2048004016687211. 
[CrossRef]

6.	 Reamy BV, Williams PM, Kuckel DP. Prevention of cardiovascular 
disease. Prim Care. 2018;45(1):25-44. [CrossRef]

7.	 Perk J, De Backer G, Gohlke H, et al. European Guidelines on car-
diovascular disease prevention in clinical practice (version 2012): 
the Fifth Joint Task Force of the European Society of Cardiology 
and Other Societies on Cardiovascular Disease Prevention in 
Clinical Practice (constituted by representatives of nine socie-
ties and by invited experts). Atherosclerosis. 2012;223(1):1-68. 
[CrossRef]

8.	 Conroy  RM, Pyörälä  K, Fitzgerald  AP, et  al. Estimation of ten-
year risk of fatal cardiovascular disease in Europe: the SCORE 
project. Eur Heart J. 2003;24(11):987-1003. [CrossRef]

9.	 Woodward M, Brindle P, Tunstall-Pedoe H. Adding social depri-
vation and family history to cardiovascular risk assessment: the 
ASSIGN score from the Scottish Heart Health Extended Cohort 
(SHHEC). Heart. 2005;93(2):172-176.

10.	 Ridker PM, Buring JE, Rifai N, Cook NR. Development and vali-
dation of improved algorithms for the assessment of global car-
diovascular risk in women: the Reynolds Risk Score. JAMA. 
2007;297(6):611-619. [CrossRef]

11.	 Ridker PM, Paynter NP, Rifai N, Gaziano JM, Cook NR. C-reac-
tive protein and parental history improve global cardiovascular 
risk prediction: the Reynolds Risk Score for men. Circulation. 
2008;118(22):2243-2251. [CrossRef]

12.	 Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, May M, 
Brindle P. Derivation and validation of QRISK, a new cardiovas-
cular disease risk score for the United Kingdom: prospective 
open cohort study. BMJ. 2007;335(7611):136. [CrossRef]

13.	 Khan SS, Matsushita K, Sang Y, et al. Development and valida-
tion of the American Heart Association’s PREVENT equations. 
Circulation. 2024;149(6):430-449. [CrossRef]

14.	 Talha I, Elkhoudri N, Hilali A. Major limitations of cardiovascular 
risk scores. Cardiovasc Ther. 2024;2024(1):4133365. [CrossRef]

15.	 Berger JS, Jordan CO, Lloyd-Jones D, Blumenthal RS. Screening 
for cardiovascular risk in asymptomatic patients. J Am Coll Car-
diol. 2010;55(12):1169-1177. [CrossRef]

16.	 About the Framingham Heart study. https://www.framingham-
heartstudy.org/fhs-about/. Accessed 06 February 2025

17.	 O’Donnell  CJ, Elosua  R. Cardiovascular risk factors. Insights 
from Framingham Heart study. Rev Esp Cardiol (Engl Ed). 
2008;61(3):299-310.

18.	 Andersson  C, Johnson  AD, Benjamin  EJ, Levy  D, Vasan  RS. 70-
year legacy of the Framingham Heart Study. Nat Rev Cardiol. 
2019;16(11):687-698. [CrossRef]

19.	 Khan SS, Lloyd-Jones DM. Statins for primary prevention of car-
diovascular disease—with PREVENT, what’s a clinician to do? 
JAMA. 2024;332(12):961-962. [CrossRef]

20.	 Krishnan V, Huang X, Perak AM, et al. PREVENT risk age equa-
tions and population distribution in US adults. JAMA Cardiol. 
2025;10(9):962-964. [CrossRef]

21.	 Kırboğa  KK, Küçüksille  EU. Identifying cardiovascular disease 
risk factors in adults with explainable artificial intelligence. 
Anatol J Cardiol. 2023;27(11):657-663. [CrossRef]

https://dx.doi.org/10.1016/j.jacc.2022.11.005
https://dx.doi.org/10.1016/j.pcad.2021.12.001
https://dx.doi.org/10.1177/2048004016687211
https://dx.doi.org/10.1016/j.pop.2017.11.003
https://dx.doi.org/10.1016/j.atherosclerosis.2012.05.007
https://dx.doi.org/10.1016/s0195-668x(03)00114-3
https://dx.doi.org/10.1001/jama.297.6.611
https://dx.doi.org/10.1161/CIRCULATIONAHA.108.814251
https://dx.doi.org/10.1136/bmj.39261.471806.55
https://dx.doi.org/10.1161/CIRCULATIONAHA.123.067626
https://dx.doi.org/10.1155/2024/4133365
https://dx.doi.org/10.1016/j.jacc.2009.09.066
https://dx.doi.org/10.1038/s41569-019-0202-5
https://dx.doi.org/10.1001/jama.2024.13887
https://dx.doi.org/10.1001/jamacardio.2025.2427
https://dx.doi.org/10.14744/AnatolJCardiol.2023.3214


Official journal of the

684

TURKISH
SOCIETY OF
CARDIOLOGY

THE ANATOLIAN
JOURNAL OF
CARDIOLOGY

He et al.

​Protein Biomarkers for Primary Cardiomyopathy

ORIGINAL INVESTIGATION

Circulating Protein Biomarkers for Primary 
Cardiomyopathy: Evidence from Mendelian 
Randomization and Clinical Validation

ABSTRACT

Background: Primary (non-ischemic) cardiomyopathy poses diagnostic challenges due 
to phenotypic heterogeneity and non-specific clinical presentation, and commonly used 
circulating biomarkers have limited disease specificity. The aim was to prioritize mecha-
nism-informed plasma biomarkers and evaluate their diagnostic discrimination in a clini-
cal cohort.

Methods: pQTL data from 8 proteomic studies covering 5,034 proteins were integrated, 
and Mendelian randomization was performed across 3 cardiomyopathy GWAS datasets. 
Top MR candidates were clinically validated by enzyme-linked immunosorbent assays 
quantification in a prospective case–control cohort of 81 subjects (48 cardiomyopathy 
patients and 33 healthy controls). Echocardiography evaluated cardiac function and 
remodeling, correlating with plasma biomarker levels.

Results: Proteome-wide MR prioritized 27 proteins linked to cardiomyopathy risk. Clinical 
validation confirmed significant differences in plasma levels of 5 selected biomarkers 
(CD163, LGALS3BP, FABP5, FSTL3, VCAM1). CD163 (odds ratio (OR) = 1.019, P < .0001) was 
positively associated with CM, while LGALS3BP (OR = 0.390, P < .0001), FABP5, FSTL3, 
and VCAM1 showed inverse associations. Multivariate analysis revealed CD163 and 
LGALS3BP as independent CM predictors, strongly correlating with echocardiographic 
indices of cardiac dysfunction. Receiver operating characteristic analyses showed indi-
vidual area under the curve (AUC) ranging from 0.632 (VCAM1) to 0.917 (CD163). Given the 
modest discrimination of VCAM1, 5- versus 4-protein combined models were compared, 
and a parsimonious 4-protein panel was selected (CD163, LGALS3BP, FABP5, FSTL3). 
The 4-protein panel achieved an apparent AUC of 0.993, with optimism-corrected and 
repeated cross-validated AUCs of 0.988 and 0.980.

Conclusion: This integrative genetic-to-clinical approach supports a 4-protein plasma 
panel with promising diagnostic discrimination for primary cardiomyopathy, warranting 
external validation. CD163 and LGALS3BP emerged as particularly informative markers 
for further evaluation.

Keywords: CD163, clinical validation, ELISA, LGALS3BP, mendelian randomization, 
plasma biomarkers, primary cardiomyopathy

INTRODUCTION

Cardiomyopathy is a major contributor to heart failure, arrhythmias, and sudden 
cardiac death worldwide, with increasing prevalence and substantial clinical and 
socioeconomic impact.1,2 Although echocardiography and cardiac MRI can detect 
structural and functional abnormalities, diagnostic evaluation can be challeng-
ing in routine practice because phenotypic presentations are heterogeneous and 
symptoms are often non-specific, particularly in earlier or milder stages. In addi-
tion, commonly used circulating biomarkers reflect myocardial injury or hemody-
namic stress but have limited disease specificity. These gaps highlight the need for 
complementary circulating markers that can support diagnostic discrimination 
and patient characterization in primary cardiomyopathy.3-5

Mounting evidence suggests that chronic inflammation, myocardial fibrosis, met-
abolic dysregulation, and extracellular matrix remodeling play central roles in the 
pathogenesis and progression of cardiomyopathy—even before overt systolic 
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dysfunction develops.6-8 However, sensitive and mechanism-
specific plasma biomarkers that reflect these key processes 
are lacking in routine clinical practice. Most currently used 
blood-based markers predominantly reflect end-stage 
damage rather than upstream, actionable pathophysiol-
ogy.9 Recent studies reported oxidative stress and neurohu-
moral biomarkers associated with heart failure phenotypes, 
underscoring the need for mechanism-informed plasma 
markers.10,11

Large-scale genetic studies have now cataloged thousands 
of protein quantitative trait loci (pQTLs), providing a unique 
opportunity to systematically prioritize circulating proteins 
with potential causal relevance to disease.12,13 Mendelian ran-
domization (MR) can leverage these genetic instruments to 
identify proteins that may not only signal increased risk but 
could serve as future therapeutic targets. Nonetheless, few 
studies have moved beyond genetic discovery to real-world 
clinical translation—prospectively validating MR-nominated 
candidates in contemporary patient cohorts. Recent reports 
highlight genetic heterogeneity within primary cardiomy-
opathies, including β1-adrenergic receptor polymorphisms in 
hypertrophic cardiomyopathy, supporting precision, genet-
ics-anchored approaches.14

In this study, proteome-wide pQTL data were integrated 
with large-scale cardiomyopathy GWAS, using MR to iden-
tify candidate plasma biomarkers, and then validating their 
diagnostic utility in a prospectively recruited clinical cohort. 
The clinical validation focused on primary cardiomyopathy 
as an overall entity: although subtype heterogeneity exists, 
these phenotypes commonly converge on shared pathways 
of inflammation, fibrosis, and myocardial remodeling in real-
world diagnostic pathways. Therefore, the subtype distribu-
tion and key echocardiographic measurements are reported, 
while standardized echocardiographic assessment and tar-
geted enzyme-linked immunosorbent assays (ELISA) quan-
tification to develop a clinically relevant plasma biomarker 
panel for primary cardiomyopathy.

METHODS

Study Design
This study followed an integrative design beginning with 
proteome-wide genetic analyses and culminating in clinical 
validation (Figure 1). First, summary statistics from large-
scale plasma proteomic genome-wide association studies 
were assembled (pQTL GWAS). Protein quantitative trait 

loci (pQTLs) across the human proteome were identified and 
then applied 2-sample MR to test for causal effects of circu-
lating proteins on cardiomyopathy risk. Finally, top MR can-
didates were examined in a prospective clinical cohort using 
ELISAs for biomarker validation. The overall workflow from 
pQTL data integration and MR screening to clinical valida-
tion is illustrated schematically in Figure 1.

Proteomic Protein Quantitative Trait Loci Datasets
pQTL findings from 8 published proteomic studies, encom-
passing a total of 5 034 unique plasma proteins and 13 636 
independent pQTL instruments, were aggregated (2 157 cis-
pQTLs and 11 479 trans-pQTLs). The data sources and cohort 
details are as follows: Fenland study (UK), N = 10 708 par-
ticipants, 4 775 proteins assayed by SomaScan v4.15 Iceland 
study, N = 35 559 Icelanders, 4 719 proteins (Somalogic 
aptamers).16,17 INTERVAL study (UK), N = 3 301 blood donors, 
2,995 proteins (SomaScan assay).18 The UK Biobank Pharma 
Proteomics Project (UKB-PPP), N = 34 557 UK Biobank par-
ticipants, 2 922 unique proteins (Olink Explore 3072 panels).19 
This is the largest pQTL resource, with ~14,287 significant 
protein–variant associations (81% novel) reported. The pub-
lished primary pQTL hits from the full UKB-PPP release were 
used.19 Additionally, pQTL data from the initial UKB-PPP 
Pilot/Phase I (≈35 571 participants) for cross-validation was 
included.20 KORA F4 study (Germany), N = 1 000 adults, 1 124 
proteins (Somalogic v1).21 SCALLOP consortium (Europe), 
N = 30 931, 90 cardiovascular-related proteins (Olink pan-
els).22 FHS Offspring study (USA), N = 6 861 Framingham 
Heart Study participants, 71 selected CVD proteins (multi-
plex immunoassays).23

All pQTL coordinates were aligned to the human hg19 ref-
erence genome. Uniform quality control and instrument 
selection criteria were applied across datasets. Only pQTL 
variants reaching genome-wide significance (P < 5 × 10−8) 
in their original study were considered. The extended major 
histocompatibility complex (MHC) region on chr6 (positions 
25-34 Mb) were excluded to avoid complex LD. Within each 
protein’s locus, if multiple significant SNPs were in linkage dis-
equilibrium, LD clumping (r2 < .001) were performed to retain 
a single sentinel SNP per locus. For each protein, one or more 
independent pQTL instruments were selected that were suf-
ficiently strong (F-statistic > 10, corresponding to an approxi-
mate r2 > 1% in the discovery cohort). When a protein was 
measured in multiple studies, the dataset with the highest 
variance explained (e.g. the pQTL with highest r2 for that pro-
tein) was retained to represent that protein’s genetic instru-
ment. Cis-pQTLs were defined as variants located within or 
near the encoding gene (within ±500 kb of the gene locus), 
while trans-pQTLs were those mapping outside this cis win-
dow. In total, 13 636 SNP–protein instruments were curated 
(2 157 cis and 11 479 trans) for the MR analysis. Each instrument 
was oriented to the allele associated with higher protein level, 
and palindromic SNPs were aligned by effect allele frequency 
to ensure consistency between exposure and outcome data.

Cardiomyopathy GWAS Datasets
Three complementary genome-wide association datas-
ets for cardiomyopathy outcomes were obtained to serve 

HIGHLIGHTS
•	Proteome-wide MR screens 5,034 proteins for cardio-

myopathy risk.
•	Prospective enzyme-linked immunosorbent assays vali-

dation confirms 4 plasma biomarkers.
•	CD163 predicts higher risk; LGALS3BP is protective; both 

are independent.
•	Four-protein panel shows strong discrimination after 

internal validation.
•	Biomarker levels track echocardiographic dysfunction.
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as MR outcome data. (1) UK Biobank primary cardiomy-
opathy: Cases of primary (non-ischemic) cardiomyopathy 
in UK Biobank were defined as participants with any car-
diomyopathy diagnosis (e.g. dilated or hypertrophic car-
diomyopathy, ICD-10 I42/I43) not attributable to ischemic 
heart disease. There were 522 cases and 455 826 controls of 
European ancestry in this analysis. (2) FinnGen Non-ischemic 
Cardiomyopathy: FinnGen Release 11 results were used for 
the endpoint “Non-ischemic cardiomyopathy,” which had 
2 108 cases and 413 400 controls of Finnish ancestry. FinnGen 
cases were identified via ICD codes (e.g. I42.x excluding 
ischemic causes); summary statistics were obtained from 
the FinnGen open data portal. (3) FinnGen restrictive car-
diomyopathy: This analysis from FinnGen R11 included 114 
cases of restrictive cardiomyopathy (a rare phenotype) and 
492 699 controls. In both FinnGen GWAS, logistic models 
were adjusted for age, sex, genotype batch, and population 
structure, and individuals with confounding conditions (such 

as ischemic heart disease, chronic heavy alcohol use, uncon-
trolled diabetes, obesity, severe hypertension, or chronic 
kidney disease) were excluded by FinnGen’s endpoint defini-
tions to isolate idiopathic cardiomyopathy.

For each protein, its causal effect on cardiomyopathy were 
estimated in each GWAS dataset using appropriate MR 
methods: the Wald ratio for single-instrument proteins and 
inverse-variance weighted (IVW) meta-analysis for proteins 
with multiple independent pQTLs. Heterogeneity among 
instruments was evaluated using Cochran’s Q test, and a 
random-effects IVW model was used for sensitivity analy-
sis when significant heterogeneity was detected; however, 
fixed-effects IVW was used for primary results due to typi-
cally small instrument numbers.

In ther analysis, most MR P-values were relatively large, 
and after FDR correction, no protein reached statisti-
cal significance. Therefore, the MR results were treated 

Figure 1.  Study design and workflow for biomarker discovery and validation. An overview of the integrative pipeline combining 
proteome-wide pQTL data from 8 large-scale proteomic studies with 3 cardiomyopathy GWAS datasets (UKB–PCM, FinnGen–
NICM, and FinnGen–RCM) using Mendelian randomization (MR). After harmonization, filtering, and instrument selection, 13,636 
pQTLs (2,157 cis and 11,479 trans) across 5,034 proteins were evaluated. A multi-dimensional scoring system based on replication 
consistency, effect size, P-value, and literature evidence was used to prioritize candidate proteins for clinical validation. Five 
proteins (CD163, LGALS3BP, FABP5, FSTL3, and VCAM1) were selected for ELISA testing (48 CM patients, 33 healthy controls); 
subsequent panel refinement yielded a parsimonious 4-protein panel as the primary combined model. The pleiotropy-screening 
traits were used for instrument screening to mitigate horizontal pleiotropy, rather than representing a comprehensive list of 
clinical differential diagnoses.
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as hypothesis-generating signals for prioritization rather 
than definitive discovery. Nominal MR evidence together 
with a pre-specified multi-dimensional scoring framework 
were used to select candidates for prospective clinical test-
ing. This approach enables the identification of potentially 
meaningful biomarkers that might otherwise be overlooked 
due to statistical conservatism. Finally, MR results across the 
3 cardiomyopathy GWAS datasets were synthesized using 
fixed-effect meta-analysis (inverse-variance weighted) to 
generate overall estimates and assess consistency.

Protein Prioritization Scoring Scheme
To prioritize candidates for clinical testing, a pre-specified 
composite scoring framework (Supplementary Table 1) 
intended as a heuristic ranking tool rather than formal infer-
ence. The component weights and cutoffs were chosen 
pragmatically a priori to reflect translational considerations, 
and were not derived from an optimized statistical model. 
The score combines 4 domains capturing direction concor-
dance across datasets, magnitude of MR effects, nominal 
statistical support, and prior literature evidence. Proteins 
above a predefined score threshold were shortlisted, and 
final selection for ELISA testing further considered assay 
availability and clinical feasibility. This composite scoring 
framework was defined for the present study and has not 
been externally validated.

After performing 2-sample MR separately in 3 cardiomy-
opathy GWAS datasets (UK Biobank primary cardiomyopa-
thy, FinnGen non-ischemic cardiomyopathy, and FinnGen 
restrictive cardiomyopathy), each protein was prioritized 
using a 4-dimension composite score (range 0-9):

1.	 Direction concordance (0–2 points): Proteins received 
higher scores when the direction of association was con-
sistent across the three cardiomyopathy GWAS datasets.

2.	 Effect magnitude (0–2 points): Proteins were ranked 
according to the relative magnitude of the observed MR 
effect estimates, with larger effects receiving higher 
scores.

3.	 Nominal statistical support (0–2 points): Proteins with 
stronger nominal statistical evidence in the broader car-
diomyopathy GWAS analyses received higher scores.

4.	 Prior literature evidence (0–3 points): Prior evidence was 
evaluated according to the extent of human, genetic, 
clinical, or experimental support linking each protein to 
cardiomyopathy, heart failure, myocardial remodeling, 
fibrosis, inflammation, or related cardiac phenotypes.

Proteins with a total score ≥5 were shortlisted for potential 
clinical validation. Ties were broken by smaller meta-analytic 
P-values. This composite scoring framework was defined for 
the present study and has not been externally validated.

Clinical Cohort
This was a prospective case–control, exploratory clinical 
validation study. A total of 81 individuals were prospectively 
recruited for clinical validation of identified biomarkers, 
including 48 patients with cardiomyopathy (cases) and 33 
healthy controls. Cardiomyopathy subtypes (dilated, hyper-
trophic, and restrictive) were adjudicated by cardiologists 

based on comprehensive clinical records and echocardio-
graphic findings, in accordance with contemporary diag-
nostic criteria. Secondary causes were excluded based on 
documented clinical assessments and available investiga-
tions. Baseline assessment and blood sampling were com-
pleted at enrollment (morning phlebotomy prior to any 
cardiac-specific treatment); no longitudinal follow-up was 
conducted, and therefore no loss to follow-up occurred. 
The sample size was feasibility-based; no a priori calcula-
tion was performed. Effect sizes (odds ratios) with 95% con-
fidence intervals are reported, and findings require external 
validation in independent cohorts. Patients were enrolled 
from December 2022 to May 2025 at a single tertiary cen-
ter. All participants provided written informed consent, and 
the study protocol was approved by the Institutional Review 
Board (approval No. 2022-KY-003; April 2022). Inclusion cri-
teria for cases were a diagnosis of cardiomyopathy (pre-
dominantly non-ischemic etiologies, confirmed by imaging 
and clinical evaluation) prior to initiation of therapy. Controls 
were volunteers with no history of heart failure or structural 
heart disease, frequency-matched to cases by age and sex. 
At enrollment, a detailed medical history and physical exam-
ination were obtained. Laboratory personnel were blinded 
to case–control status. Whole blood (5 mL in EDTA) was pro-
cessed within 30 minutes of collection; plasma was aliquoted 
and stored at −80 °F until assays.

All participants underwent standard transthoracic echo-
cardiography using a Sonoscape ultrasound system, per-
formed by experienced sonographers. Key echocardiographic 
parameters included left ventricular end-diastolic diameter 
(LVEDD), left atrial diameter (LA), interventricular septal 
thickness (IVS), ejection fraction (LVEF), fractional shortening 
(FS), and mitral inflow velocities (E, A) for calculation of the E/A 
ratio. These measurements were used to assess left ventricu-
lar size and systolic function (LVEDD, LVEF, FS), wall thickness 
(IVS), atrial enlargement (LA), and diastolic filling patterns 
(E/A ratio). All procedures were conducted in accordance with 
the Declaration of Helsinki and applicable regulations.

All plasma samples were analyzed using commercially avail-
able sandwich ELISA kits for 8 proteins: CD163 (Proteintech, 
KE00190), LGALS3BP (Proteintech, KE00155), FABP5 
(CUSABIO, CSB-EL007946HU), FSTL3 (Thermo Fisher, 
EHFSTL3), VCAM1 (CUSABIO, CSB-E04753h), PICP (Cloud-
Clone, SEA573Hu), Galectin-3 (Proteintech, KE00126), and 
PIIINP (Cloud-Clone, SEA570Hu). All assays were performed 
in accordance with the manufacturers’ protocols. Briefly, 
samples and standards were loaded in duplicate into 96-well 
plates pre-coated with target antibodies, incubated, washed, 
and then treated with detection antibodies and colorimetric 
substrate according to the kit instructions. Optical density 
was read at the specified wavelength, and concentrations 
were calculated using standard curves generated for each 
assay. All samples were measured blinded to clinical group.

Receiver Operating Characteristic Analysis and 
Multivariable Biomarker Model
For the single-center case–control cohort (48 cardiomy-
opathy cases and 33 controls), plasma concentrations of 5 
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biomarkers (CD163, LGALS3BP, FABP5, FSTL3, VCAM1) were 
analyzed. Participants with missing biomarker values were 
excluded from Receiver operating characteristic (ROC) anal-
yses (complete-case analysis). Each biomarker was stan-
dardized to z-scores before modeling.

For individual ROC curves, a univariable logistic regression 
with case/control status as the outcome was fitted for each 
biomarker, and the model-based predicted probabilities 
were used to derive the ROC curve and area under the curve 
(AUC).

For combined prediction, the 4-protein panel (CD163, 
LGALS3BP, FABP5, and FSTL3) was selected as the pri-
mary combined model, given the modest individual dis-
crimination of VCAM1. To quantify the incremental value 
of VCAM1, a 5-protein model including VCAM1 was addi-
tionally fitted, and compared the discrimination of the 4- 
and 5-protein models using DeLong’s test (Supplementary 
Table 2). As VCAM1 provided negligible incremental con-
tribution, the 4-protein panel was retained as the primary 
combined model. Predicted probabilities from the multivari-
able biomarker model were used to construct the combined 
ROC curve and AUC; this multivariable analysis reflects 
mutual adjustment among biomarkers rather than adjust-
ment for clinical covariates.

Internal validation was performed using bootstrap optimism 
correction (2 000 resamples) and repeated 10-fold cross-
validation (50 repeats); corresponding performance metrics 
are reported in Supplementary Table 2. To assess incremen-
tal value beyond routinely available information, sensitivity 
analyses were conducted by adding the 4-protein panel to 
base models including age, sex, systolic blood pressure, and 
either LVEF or LVEDD (Supplementary Table 3).

Statistical Analysis
Clinical analyses were performed in R (v4.x) and/or Python 
(standard glm/scikit-learn routines for logistic regression and 
ROC computation) and GraphPad Prism 9 (for descriptive 

statistics, graphics, and correlation analysis). Associations 
between plasma biomarkers and echocardiographic param-
eters were assessed using Spearman correlation. Diagnostic 
performance was evaluated as described above. For the 
clinical validation analyses only, a 2-sided P < .05 was consid-
ered statistically significant.

RESULTS

Proteome‐Wide Data Integration and Mendelian 
Randomization Screening
First, pQTL data from 8 large proteomics cohorts were har-
monized z(Supplementary Table 4): Fenland (4 775 proteins 
in 10 708 participants),15 Iceland (4 719 proteins in 35 559 
participants),16,17 UKB-PPP (2 922 proteins in 34 557 partici-
pants),19 INTERVAL (2 995 proteins in 3 301 participants),18 
KORA F4 (1 124 proteins in 1 000 participants),21 UKB-PPP 
Phase I (1 463 proteins in 35 571 participants),20 SCALLOP (90 
proteins in 30 931 participants),22 and FHS (71 proteins in 6 861 
participants)23 (Figure 1). Altogether, 5 034 proteins (13 636 
pQTLs: 2 157 cis, 11 479 trans) were available for downstream 
MR (Figure 1).

Cardiomyopathy GWAS and Confounder Filtering
Proteome-wide MR was carried out in 3 cardiomyopathy 
GWAS datasets: primary cardiomyopathy (PCM) in UK Biobank 
(522 cases, 455 826 controls), Non-Ischemic Cardiomyopathy 
(NICM) in FinnGen R11 (2 108 cases, 413 400 controls), and 
restrictive cardiomyopathy (RCM) in FinnGen R11 (114 cases, 
492 699 controls). Prior to MR, all pQTLs were filtered to 
remove any variants (P < 5 × 10−8) associated with key con-
founders—alcohol consumption, smoking status, measures 
of adiposity, type 2 diabetes, systolic/diastolic blood pressure, 
and eGFR—thereby minimizing horizontal pleiotropy.

Mendelian Randomization‐Derived Protein Associations
Inverse-variance weighted MR (or Wald ratio when only 
1 instrument was available) was then performed in each 
GWAS, and the 3 sets of estimates were combined by fixed-
effects meta-analysis.

Figure  2.  Forest plots of odds ratios for candidate proteins across 3 cardiomyopathy GWAS datasets. Forest plots showing 
mendelian randomization-derived odds ratios (ORs) and 95% confidence intervals (CIs) for each candidate protein (CD163, 
LGALS3BP, FABP5, FSTL3, VCAM1) across UKB–Primary Cardiomyopathy (PCM), FinnGen Non-ischemic Cardiomyopathy 
(NICM), FinnGen Restrictive Cardiomyopathy (RCM), and the combined meta-analysis. Directionally consistent associations and 
pooled effects support the potential causal relevance of these proteins to cardiomyopathy risk.
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Overall, proteome-wide MR prioritized 27 proteins with 
scores ≥5 (Supplementary Table 1). From this set, 5 proteins 
were selected for further validation—CD163, LGALS3BP, 
FABP5, FSTL3, and VCAM1—based on prior evidence impli-
cating them in cardiomyopathy biology. In fixed-effects 
meta-analysis of MR estimates across primary cardiomyop-
athy, non-ischemic cardiomyopathy, and restrictive cardio-
myopathy GWAS, the pooled odds ratios per 1-SD increase 
in genetically predicted protein level were as follows: CD163, 
1.27 (95% CI, 1.12-1.44); LGALS3BP, 0.67 (95% CI, 0.49-0.93); 
FABP5, 0.67 (95% CI, 0.47-0.96); FSTL3, 0.70 (95% CI, 0.49-
0.98); and VCAM1, 0.63 (95% CI, 0.48-0.82) (Figure 2).

Clinical Enzyme-Linked Immunosorbent Assays Validation 
Cohort Characteristics
From December 2022 to May 2025, 81 participants were 
prospectively recruited at a single tertiary care hospital. 
All participants provided written informed consent prior 
to enrollment, and the study protocol was approved by the 
institutional ethics committee (IRB no. 2022-KY-003). A 
total of 48 patients diagnosed with primary cardiomyopa-
thy (CM) and 33 age- and sex-matched healthy controls were 
included. Demographic characteristics such as age, sex, BMI, 
blood pressure, smoking and drinking status, diabetes preva-
lence, and eGFR did not significantly differ between groups 
(Table 1).

Among cardiomyopathy patients (n = 48), 28 were diagnosed 
with dilated cardiomyopathy, 14 with restrictive cardiomy-
opathy, and 6 with hypertrophic cardiomyopathy. Key echo-
cardiographic measurements by subtype are summarized in 
Supplementary Table 5.

All participants underwent transthoracic echocardiography 
using a Sonoscape system. The following echocardiographic 
parameters were recorded: LVEDD, LA, IVS, LVEF, FS, and 
mitral inflow velocities (E and A) for E/A ratio calculation. 
Compared with controls, CM patients exhibited markedly 
impaired cardiac structure and function, including increased 
LVEDD (58.4 ± 10.7 mm vs. 49.6 ± 2.8 mm, P < .0001), enlarged 
LA (42.0 ± 3.6 mm vs. 34.5 ± 2.7 mm, P < .0001), thickened IVS 
(10.6 ± 2.4 mm vs. 9.0 ± 0.9 mm, P = .0001), reduced LVEF (50.3 
± 13.1% vs. 64.1 ± 4.5%, P < .0001), decreased FS (23.2 ± 7.7% 
vs. 34.3 ± 3.6%, P < .0001), and a non-significant trend toward 
higher E/A ratio (1.5 ± 1.1 vs. 1.2 ± 0.2, P = .0553).

Plasma concentrations of 8 biomarkers were quantified by 
sandwich ELISA (Table 1). CM patients exhibited significantly 
higher levels of inflammatory and fibrotic markers—CD163 

(339.7 ± 122.2 ng/mL vs. 143.4 ± 77.7 ng/mL; P < .0001), PICP 
(5.4 ± 1.0 ng/mL vs. 3.9 ± 1.0 ng/mL; P < .0001), PIIINP (71.6 ± 
12.4 ng/mL vs. 41.4 ± 5.5 ng/mL; P < .0001), and Gal-3 (1.9 ± 0.4 
ng/mL vs. 1.2 ± 0.4 ng/mL; P < .0001)—and significantly lower 
levels of candidate proteins LGALS3BP (3.1 ± 0.5 µg/mL vs. 
6.4 ± 1.0 µg/mL; P < .0001), FABP5 (3.8 ± 2.0 ng/mL vs. 5.1 ± 2.0 

Table 1.  Baseline Characteristics, Plasma Biomarkers, and 
Echocardiographic Parameters of Study Participants

Characteristics

Subjects [Mean ± SD or n (%)]

P

Healthy 
Controls 

(n = 33) (%)

Cardiomyopathy 
Patients 

(n = 48) (%)

Age (years) 50.2 ± 7.7 53.0 ± 11.0 .218

Male (%) 18/33 (54.6) 25/48 (52.1) >.9999

BMI (kg/m2) 24.6 ± 2.7 26.0 ± 3.6 .0613

SBP (mm Hg) 123.3 ± 9.8 126.9 ± 11.2 .1385

DBP (mm Hg) 79.3 ± 6.7 81.3 ± 8.0 .234

Smoking (%) 9 (27.27) 20 (41.67) .2402

Drinking (%) 12 (36.36) 16 (33.33) .8153

Diabetes (%) 2 (6.06) 6 (12.50) .462

eGFR (mL/min) 92.0 ± 7.7 90.0 ± 13.5 .442

Plasma markers ​ ​ ​

  CD163 (ng/mL) 143.4 ± 77.7 339.7 ± 122.2 <.0001

  LGALS3BP (μg/mL) 6.4 ± 1.0 3.1 ± 0.5 <.0001

  FABP5 (ng/mL) 5.1 ± 2.0 3.8 ± 2.0 .0022

  FSTL3 (ng/mL) 9.4 ± 1.9 8.0 ± 1.8 .0007

  VCAM1 (ng/mL) 649.1 ± 131.7 558.2 ± 232.9 .046

  PICP (ng/mL) 3.9 ± 1.0 5.4 ± 1.0 <.0001

  PIIINP (ng/mL) 41.4 ± 5.5 71.6 ± 12.4 <.0001

  Gal-3 (ng/mL) 1.2 ± 0.4 1.9 ± 0.4 <.0001

Echocardiographic parameters

  LVEF (%) 64.1 ± 4.5 50.3 ± 13.1 <.0001

  FS (%) 34.3 ± 3.6 23.2 ± 7.7 <.0001

  LVEDD (mm) 49.6 ± 2.8 58.4 ± 10.7 <.0001

  LA (mm) 34.5 ± 2.7 42.0 ± 3.6 <.0001

  IVS (mm) 9.0 ± 0.9 10.6 ± 2.4 .0001

  E/A ratio 1.2 ± 0.2 1.5 ± 1.1 .0553
BMI, body mass index; DBP, diastolic blood pressure; E/A, ratio of early 
to late mitral inflow velocity; eGFR, estimated glomerular filtration 
rate; FS, fractional shortening; IVS, interventricular septal thickness at 
end-diastole measured on routine transthoracic echocardiography; 
LA, left atrial diameter; LVEDD, left ventricular end-diastolic 
diameter; LVEF, left ventricular ejection fraction; SBP, systolic blood 
pressure.

Table 2.  Association of Plasma Protein Levels with Cardiomyopathy Risk: Univariate and Multivariate Logistic Regression <.001

Protein

Univariate Multivariate

OR 95% CI P OR 95% CI P

CD163 1.019 1.01–1.03 <.001 1.044 1.01–1.08 .012

LGALS3BP 0.390 0.27–0.56 <.001 0.161 0.04–0.63 .009

FABP5 0.716 0.56–0.92 .008 0.488 0.22–1.10 .083

FSTL3 0.645 0.49–0.85 .002 1.700 0.72–4.00 .224

VCAM1 0.998 1.00–1.00 .050 0.994 0.99–1.00 .131
CI, confidence interval; OR, odds ratio.
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ng/mL; P = .0022), FSTL3 (8.0 ± 1.8 ng/mL vs. 9.4 ± 1.9 ng/mL; 
P = .0007), and VCAM1 (558.2 ± 232.9 ng/mL vs. 649.1 ± 131.7 
ng/mL; P = .0460).

Clinical Validation of Protein Biomarkers
In the ELISA‐validated cohort, univariate logistic regres-
sion showed that higher CD163 levels were associated with 
increased odds of cardiomyopathy [OR (odds ratio) 1.019; 95% 
CI, 1.010-1.030; P = 1.49 × 10−6], whereas higher LGALS3BP 
(OR 0.390; 95% CI, 0.270-0.560; P = 3.92 × 10−7), FABP5 (OR 
0.716; 95% CI, 0.560-0.920; P = .0077), FSTL3 (OR 0.645; 
95% CI, 0.490-0.850; P = .0018), and VCAM1 (OR 0.998; 95% 
CI, 1.000-1.000; P = .0504) levels were protective (Table 2). 
When CD163, LGALS3BP, FABP5, FSTL3, and VCAM1 were 
entered together in a multivariate model, only CD163 (OR 
1.044, 95% CI 1.010-1.078; P = .0116) and LGALS3BP (OR 0.161, 
95% CI 0.040-0.625; P = .0087) remained independent pre-
dictors of cardiomyopathy (Table 2). Spearman correlation 
analysis showed that CD163 and LGALS3BP were associated 
with several echocardiographic indices of cardiac structure 
and function, whereas FABP5 and VCAM1 showed weaker 
or limited correlations (Figure 3A). Receiver‐operating 
characteristic analysis further confirmed CD163’s superior 
discrimination (AUC = 0.917) and LGALS3BP’s strong perfor-
mance (AUC = 0.870), with FSTL3 (AUC = 0.716) and FABP5 
(AUC = 0.681) showing moderate accuracy and VCAM1 being 
less discriminative (AUC = 0.632). Figure 3B shows the ROC 
curves for CD163, LGALS3BP, FABP5, FSTL3, and the com-
bined four-protein panel, which achieved an apparent AUC 
of 0.993. Given the limited incremental value of VCAM1, 

the primary 4-protein combined panel (CD163, LGALS3BP, 
FABP5, FSTL3) were compared with the 5-protein model 
including VCAM1; the apparent AUCs were similar (0.993 
vs 0.991; P = .523). Internal validation indicated optimism-
corrected and repeated cross-validated AUCs of 0.988 and 
0.980 for the 4-protein panel (Supplementary Table 2). In 
pre-specified sensitivity analyses adjusting for age, sex, sys-
tolic blood pressure, and either LVEF or LVEDD, addition of 
the 4-protein panel improved discrimination compared with 
covariates alone (Supplementary Table 3).

DISCUSSION

In this study, large-scale proteomic data from 8 cohorts 
including more than 120 000 participants and 5 034 circu-
lating proteins were harmonized and integrated, followed 
by rigorous MR analyses across 3 cardiomyopathy GWAS 
datasets totaling over 460 000 individuals. After stringent 
filtering of confounding variants, MHC region exclusion, and 
LD clumping, 27 proteins with genetically informed associa-
tions with cardiomyopathy risk were informed. Five proteins 
(CD163, LGALS3BP, FABP5, FSTL3, VCAM1), selected based 
on robust biological plausibility and assay availability, under-
went detailed clinical validation in the prospectively enrolled 
cohort of 81 subjects. In panel refinement analyses with inter-
nal validation, VCAM1 provided negligible incremental dis-
crimination; therefore, a parsimonious 4-protein panel was 
adopted as the primary model. The 4-protein panel showed 
high apparent discrimination (AUC = 0.993), and boot-
strap optimism correction and repeated cross-validation 

Figure  3.  Clinical validation of candidate biomarkers in a prospective cohort. (A) Spearman correlation heatmap showing 
associations between plasma biomarker levels (CD163, LGALS3BP, FABP5, FSTL3, VCAM1) and echocardiographic parameters 
(LVEDD, LA, IVS, LVEF, FS, E/A ratio). Red indicates positive correlations; blue indicates negative correlations. (B) Receiver 
operating characteristic (ROC) curves for the 4 individual proteins (CD163, LGALS3BP, FABP5, and FSTL3) and the combined 
4-protein panel. The combined model achieved an apparent (in-sample) AUC of 0.993; given the modest sample size and case–
control design, apparent performance may be optimistic. Optimism-corrected and repeated cross-validated AUCs are reported 
in Supplementary Table 2, and external validation is warranted.
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supported its internal performance. However, given the 
modest sample size and lack of external validation, this 
result should still be interpreted cautiously.

The study emphasizes CD163 and LGALS3BP as particularly 
promising biomarkers. CD163, a macrophage-specific scav-
enger receptor, is widely recognized as a marker of macro-
phage activation and inflammation, playing a significant 
role in myocardial remodeling and fibrosis in various cardio-
vascular conditions.24 The data, consistent with previous 
clinical findings, indicate elevated CD163 levels in cardio-
myopathy patients correlating strongly with echocardio-
graphic markers of cardiac dysfunction, such as reduced 
LVEF. Conversely, LGALS3BP has primarily been studied in 
oncology as a regulator of immune response and extracel-
lular matrix remodeling, but its cardioprotective role in the 
results, demonstrated by reduced plasma levels and a pro-
tective MR effect, suggests an intriguing and previously 
unrecognized mechanism potentially opposing myocardial 
fibrosis and remodeling.25,26

FABP5 and FSTL3 showed moderate associations with car-
diomyopathy in the analyses. FABP5, involved in fatty acid 
transport and metabolism within cardiomyocytes, has 
been implicated in metabolic dysregulation contributing to 
cardiac hypertrophy and dysfunction.27,28 Similarly, FSTL3, 
known to modulate TGF-β signaling, has been associated 
with cardiac hypertrophic responses and fibrosis, sup-
porting its relevance as a potential biomarker in cardiac 
remodeling.29,30 Although their associations were relatively 
moderate, both proteins likely reflect distinct but comple-
mentary pathogenic pathways contributing to cardio-
myopathy. VCAM1 exhibited the weakest association in 
the study. This adhesion molecule, previously linked with 
endothelial dysfunction and inflammation in cardiovascu-
lar diseases, may reflect broader vascular and inflamma-
tory processes rather than specific myocardial pathology, 
explaining its relatively lower discriminative capacity.31-33 
Further research in larger and diverse cohorts is war-
ranted to clarify VCAM1’s clinical utility and precise role in 
cardiomyopathy.

Beyond these biological insights, the findings also carry 
potential clinical implications. In routine practice, establish-
ing an accurate diagnosis of cardiomyopathy can be chal-
lenging, and commonly used markers such as NT-proBNP and 
cardiac troponins are not specific for cardiomyopathy.34,35 
The 4-protein panel—particularly CD163 and LGALS3BP—
showed strong discrimination between cardiomyopathy 
patients and healthy controls in the cohort, supporting its 
potential as an adjunct to standard diagnostic evaluation. 
Further validation in larger, independent cohorts will be 
essential to confirm generalizability and to define its incre-
mental value over routinely available clinical and echocar-
diographic information.

The MR-driven identification process, integrating extensive 
proteomic and genetic data with targeted clinical valida-
tion, significantly reduces biases and enhances translational 
potential compared to previous biomarker studies lacking 
genetic causality support.

Several limitations should be acknowledged. First, the clini-
cal validation was conducted in a relatively small, single-cen-
ter case–control cohort with a feasibility-based sample size, 
and no a priori power calculation was performed. Although 
internal validation using bootstrap optimism correction and 
repeated cross-validation was performed, the very high 
apparent AUC of the 4-protein panel should be interpreted 
with caution, as some degree of model optimism or overfit-
ting cannot be fully excluded in the absence of external vali-
dation. Therefore, validation in an independent cohort will 
be essential to confirm the reproducibility and real-world 
clinical utility of this biomarker panel. Second, the cohort 
reflects real-world referrals and may include mild or border-
line phenotypes, and cardiomyopathy subtyping relied on 
clinical records and echocardiography without systematic 
CMR or genetic testing, introducing potential phenotype 
misclassification. Third, while extensive instrument filtering 
was applied, residual horizontal pleiotropy and other sources 
of bias cannot be fully excluded in MR analyses. In addition, 
no MR association survived FDR correction, and therefore 
the proteome-wide MR results should be interpreted as 
hypothesis-generating, with an increased risk of false-pos-
itive prioritization that requires independent replication. 
Fourth, candidate selection and panel construction were 
constrained by assay availability, and the cross-sectional 
design and sample size precluded prognostic assessment and 
reliable subtype-stratified modeling; therefore, subtype-
specific and longitudinal inferences require future studies.

In conclusion, the integrated MR-to-clinical pipeline pri-
oritized circulating protein candidates and identified a 
4-protein biomarker panel with promising diagnostic dis-
crimination for primary cardiomyopathy in this exploratory 
cohort. Given the very high apparent AUC and the lack of 
external validation, these findings should be considered 
preliminary and require confirmation in larger, independent 
cohorts.
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Supplementary Table 1.  Candidate Protein Prioritization

Protein
Direction-

concordance score
Effect-magnitude 

score
Nominal-

evidence score
Prior-evidence 

score
Total priority 

score
Selected for ELISA 

evaluation

CD163 2 2 0 3 7 Yes

LGALS3BP 2 2 0 3 7 Yes

FABP5 2 2 0 2 6 Yes

PTPRR 2 2 2 0 6 No

METTL1 2 2 1 0 5 No

GNRH1 2 2 1 0 5 No

ANXA2 2 0 0 3 5 No

PSAP 2 1 0 2 5 No

SDCBP2 2 2 1 0 5 No

DOS 2 2 1 0 5 No

RCOR1 2 2 1 0 5 No

KRT20 2 2 1 0 5 No

HMBS 2 2 1 0 5 No

HAGH 2 2 1 0 5 No

IL18BP 2 2 1 0 5 No

SH2D1B 2 2 1 0 5 No

PFDN2 2 2 1 0 5 No

DNAJB12 2 2 1 0 5 No

SERPINB4 2 2 1 0 5 No

CCL20 2 2 1 0 5 No

CADM3 2 2 1 0 5 No

CD33 2 2 1 0 5 No

VCAM1 2 2 1 0 5 Yes

ZNF275 1 2 2 0 5 No

FSTL3 2 2 1 0 5 Yes

DDHD2 2 2 1 0 5 No

DNAJB8 2 2 1 0 5 No
Note: The composite score was used as an exploratory heuristic tool for candidate prioritization and not for formal statistical inference. Among the 
27 proteins meeting the score threshold, five proteins were selected for ELISA evaluation after additional consideration of biological relevance, 
complementary pathway representation, commercial assay availability, and clinical feasibility.

Supplementary Table 2.   Internal validation of the biomarker panel models

Model Predictors
Apparent 

AUC
Optimism-

corrected AUC 95% CI

Repeated 
10-fold 

CV AUC 95% range

Four-protein 
panel (primary)

CD163, LGALS3BP, FABP5, FSTL3 0.993 0.988 0.973–1.000 0.98 0.975–0.985

Five-protein 
panel (sensitivity)

CD163, LGALS3BP, FABP5, FSTL3, VCAM1 0.991 0.985 0.972–1.000 0.98 0.973–0.985

AUCs were estimated using logistic regression. Internal validation was performed using bootstrap optimism correction (B = 2000 resamples) and 
repeated stratified 10-fold cross-validation (50 repeats). DeLong test comparing the four- vs five-protein panels: ΔAUC = 0.002, P = .523.
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Supplementary Table 4.   Summary Information of Included Proteomics Studies

Study Platform Ancestries Number of proteins Number of pQTLs Sample size

Fenland SomaLogic European 4,775 8,328 10,708

Iceland SomaLogic European 4,719 18,084 35,559

INTERVAL SomaLogic European 2,995 1,927 3,301

UKB-PPP Olink European 2,922 14,287 34,557

UKB-PPP phase I Olink European 1,463 10,248 35,571

KORA F4 SomaLogic European 1,124 539 1,000

SCALLOP Olink European 90 451 30,931

FHS xMAP European 71 16,602 6,861

Supplementary Table 5.   Key echocardiographic measurements by cardiomyopathy subtype

Subtype n LVEF LVEDD IVS LA E/A

DCM 28 42.4 ± 9.4 66.3 ± 6.0 9.8 ± 1.1 42.2 ± 3.1 0.75 ± 0.16

RCM 14 58.7 ± 9.3 48.4 ± 2.9 9.9 ± 1.0 43.6 ± 3.4 3.02 ± 0.82

HCM 6 67.7 ± 3.0 44.5 ± 2.3 16.2 ± 1.1 37.6 ± 3.4 1.49 ± 0.33
IVS denotes interventricular septal thickness at end-diastole, obtained from routine transthoracic echocardiography.
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Composite Uric Acid Index for Prediction of 
Significant Coronary Stenosis on Computed 
Tomography Angiography

ABSTRACT

Background: A recently proposed uric acid index combining fasting glucose, triglycer-
ides, and uric acid has shown promise in cardiovascular risk stratification. It was assessed 
whether the index could predict significant coronary artery stenosis (≥50%) on coronary 
computed tomography (CT) angiography and compared its diagnostic performance with 
serum uric acid.

Methods: In this retrospective, single-center study, 258 adults who underwent coronary 
CT angiography between January 2023 and December 2024 were included. Coronary 
calcification was scored using the Agatston method by 2 cardiologists. Clinical, demo-
graphic, and laboratory data were collected. The uric acid index was calculated as Ln 
[triglycerides × uric acid × glucose/2]. Univariable and hierarchical multiple logistic 
regression analyses were performed.

Results: Seventy-one patients (27.5%) showed ≥50% stenosis. Those with stenosis were 
older and had higher Agatston scores, creatinine, uric acid, glucose, HbA1c, and lower 
high-density lipoprotein cholestrol (HDL-C). In the final multiple models adjusted for 
age, sex, creatinine and Agatston score, the uric acid index remained a strong indepen-
dent predictor of ≥50% stenosis (odds ratio [OR] = 1.988, P = .019, 95% confidence interval 
[CI] = 1.117-3.538). The index demonstrated significant incremental predictive value over 
the base model, with a Net Reclassification Improvement (NRI) of 0.500 (P < .05) and an 
Integrated Discrimination Improvement (IDI) of 0.029. The area under the curve for the 
uric acid index (0.688) exceeded that of uric acid (0.664).

Conclusion: In a real-world coronary CT angiography cohort, the composite uric acid 
index independently predicted significant coronary stenosis. Its incremental predictive 
value requires validation in larger, prospective studies.

Keywords: Biomarkers, coronary stenosis, CT angiography, uric acid

INTRODUCTION

Ischemic heart disease remains a leading global cause of mortality, posing a sub-
stantial public health challenge. Obesity, diabetes, and hypertension—inter-
connected metabolic and genetic trends—are progressively driving the rise in 
prevalence.1 As these upstream risk factors continue to grow, future trends in isch-
emic disease may worsen, emphasizing the necessity for more accurate predictive 
metabolic biomarkers.2 Recent global data indicate an increasing prevalence of 
cardiovascular disease in individuals who appear healthy and asymptomatic and 
may harbor risk, thereby emphasizing the necessity for early risk assessment.3

Serum levels of triglycerides, glucose, and uric acid, which are interlinked through 
shared metabolic pathways, have been shown to predict cardiovascular risk 
more accurately when integrated into composite indices rather than assessed 
individually.4,5 A novel uric acid index incorporating glucose, triglycerides, and 
uric acid demonstrates enhanced predictive capability for cardiovascular risk, 
exceeding the predictive value of its individual components.6 However, it remains 
unclear whether this combined index offers superior predictive value over serum 
uric acid alone in identifying clinically significant coronary artery lesions. The 
present study therefore aims to assess the independent predictive power of the 
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uric acid index for detecting ≥50% coronary artery steno-
sis as determined by coronary computed tomography (CT) 
angiography.

METHODS

This retrospective observational study was conducted in the 
Department of Cardiology of a tertiary-care center. The 
study protocol was approved by a Local Institutional Ethics 
Committee at its meeting on January 5, 2023, with decision 
number 86. All participants provided informed consent. The 
study was carried out in accordance with the principles of 
the Declaration of Helsinki.

All consecutive adult patients (≥18 years) who underwent 
coronary computed tomography (CT) angiography between 
January 2023 and December 2024 were screened for eligi-
bility. The cohort included both outpatients and inpatients 
referred for diverse indications, such as routine health check-
ups of asymptomatic individuals, evaluation of atypical or 
typical angina (including intermittent or persistent chest 
pain), assessment of dyspnea or reduced exercise tolerance, 
and preoperative cardiac evaluation before noncardiac sur-
gery. Patients with complete demographic and laboratory 
data were included. Patients were excluded if they had preg-
nancy, incomplete or missing digital records, known coro-
nary artery disease or prior coronary revascularization (PCI 
or coronary artery bypass grafting (CABG)), active infection 
or inflammatory disease, chronic kidney disease (eGFR < 60 
mL/min/1.73 m2), hepatic dysfunction (ALT or AST > 3× upper 
limit of normal), gout or urate-lowering therapy, malignancy, 
or use of lipid-lowering or antidiabetic drugs that could influ-
ence metabolic parameters.

Coronary calcium scoring was performed using the stan-
dard Agatston method7 by 2 independent cardiologists, and 
results were recorded in a computerized database. Coronary 
stenosis severity was graded according to the Coronary 
Artery Disease—Reporting and Data System (CAD-RADS) 
classification, and significant stenosis was defined as CAD–
RADS ≥3 (≥50% luminal narrowing). Baseline demographic, 
clinical, and laboratory variables were retrieved from the 
hospital’s electronic medical records and entered into a 
dedicated study dataset. The uric acid index was calculated 
as previously described6 using the formula Ln [fasting tri-
glycerides (mg/dL) × fasting uric acid (mg/dL) × fasting glu-
cose (mg/dL)/2].

The normality of continuous variables was tested with the 
Kolmogorov–Smirnov test. Normally distributed data are 
presented as mean ± SD and compared using the Student’s 
t-test, whereas non-normally distributed data are pre-
sented as median [interquartile range] and compared 
using the Mann–Whitney U-test. Categorical variables are 
expressed as counts and percentages and compared with 
the chi-square test. Correlations between the uric acid 
index and metabolic or imaging parameters were assessed 
using Pearson’s (for normally distributed continuous data) 
or Spearman’s (for non-normally distributed continuous 
data) correlation coefficients as appropriate. To assess the 
independent predictive value of the uric acid index, a hier-
archical multiple logistic regression analysis that is strongly 
correlated with HbA1c were performed. To avoid multicol-
linearity, HbA1c was strictly excluded from the multiple 
models, as the uric acid index formula inherently incorpo-
rates fasting glucose levels. The incremental value of the 
uric acid index was assessed by adding it to a baseline model 
(containing age, sex, creatinine and Agatston score) and 
calculating the Net Reclassification Improvement (NRI) and 
Integrated Discrimination Improvement (IDI). Receiver-
operating characteristic (ROC) curves were compared 
using DeLong’s test to evaluate the superiority of the index 
over serum uric acid alone. Hierarchical logistic regression 
models were constructed: Model 1 (unadjusted), Model 2 
(adjusted for age, sex), and Model 3 (adjusted for age, sex, 
creatinine, and Agatston score). Receiver-operating char-
acteristic curves were constructed to compare the discrimi-
natory performance of the uric acid index versus uric acid 
alone, and area under the curve (AUC) values, sensitivities, 
and specificities were reported. A 2-sided P < .05 was con-
sidered statistically significant. All statistical analyses were 
performed using IBM SPSS Statistics, version 19 (IBM Corp., 
Armonk, NY, USA).

RESULTS

Among the 258 participants, 71 (27.5%) exhibited ≥ 50% ste-
nosis at coronary CT angiography, while 187 (72.5%) had < 
50% stenosis. Patients with significant stenosis were older 
(median 61 [50-70] vs. 51 [43-60] years, P < .001), had higher 
Agatston scores (54 [3-325] vs. 0 [0-13], P < .001), and larger 
ascending aortic diameters (34 [32-38] vs. 33 [29-35] mm, 
P = .002) compared with those without stenosis. Sex distribu-
tion did not differ significantly between groups (male 69% vs. 
58.3%, P = .114) (Table 1).

Laboratory analysis revealed that the ≥ 50% stenosis group 
had higher serum creatinine (1.0 ± 0.7 vs. 0.8 ± 0.2 mg/dL, 
P = .003), higher uric acid (6.2 [5.1-6.8] vs. 5.1 [3.8-6.2] mg/dL, P 
< .001), higher fasting glucose (97 [84-111] vs. 91 [83-100] mg/
dL, P = .030), higher HbA1c (6.1 ± 1.4 vs. 5.6 ± 0.7 %, P = .006), 
and lower HDL-C (43 [35-59] vs. 53 [41-64] mg/dL, P = .012). 
The uric acid index was also significantly higher among the 
participants with ≥ 50% stenosis (10.8 ± 0.7 vs. 10.3 ± 0.8, P < 
.001) (Table 2).

In univariable logistic regression analyses (Table 3), age 
(OR = 1.056, P < .001, 95% CI: 1.025-1.088), creatinine (OR = 11.710; 
P = .005, 95% CI: 2.132-64.302), HbA1c (OR = 1.776; P = .003, 95% 

HIGHLIGHTS
•	A composite uric acid score that combines fasting glu-

cose, triglycerides, and uric acid was tested for predict-
ing substantial coronary stenosis on coronary computed 
tomography angiography.

•	In a retrospective real-world cohort, patients with 
≥50% coronary artery stenosis had significantly higher 
uric acid levels.

•	These results provide credence to the possible use of a 
metabolic composite score in coronary risk assessment, 
which calls for further investigation.
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CI: 1.217-2.591), and the uric acid index (OR = 2.176; P = .001, 
95% CI: 1.392-3.401) were all significantly associated with the 
presence of ≥ 50% stenosis. Additionally, Agatston score and 
ascending aorta diameter were also significant predictors.

A hierarchical multiple logistic regression analysis were per-
formed to assess the robustness of the uric acid index as a 
predictor of ≥50% coronary stenosis (Table 3). In the unad-
justed model (Model 1), the uric acid index was strongly asso-
ciated with significant stenosis (OR = 2.176, P = .001, 95% CI: 
1.392-3.401). When adjusted for demographic factors includ-
ing age and male sex (Model 2), the association remained sig-
nificant (OR = 1.861, P = .018, 95% CI: 1.112-3.114). Finally, in the 
fully adjusted model (Model 3), which further included renal 
function (creatinine) and Agatston score, the uric acid index 
retained its independent association with significant stenosis 
(OR = 1.988, Pp = .019, 95% CI: 1.117-3.538). The addition of UAI 
to the base model (age, sex, creatinine, and Agatston score) 

significantly improved the model‘s performance (NRI: 0.500; 
IDI: 0.029). In this final model (Model 3), the Agatston score 
(OR = 1.005, P = .011, 95% CI: 1.001-1.009) and age (OR = 1.057, 
P = .021, 95% CI: 1.008-1.107) were identified as independent 
predictors, while male sex (P = .132) and creatinine (P = .297) 
did not reach statistical significance. HbA1c was excluded 
from this final model to avoid multicollinearity. This stepwise 
analysis demonstrates that the predictive value of the uric 
acid index is robust and independent of key demographic and 
metabolic confounders.

Receiver-operating characteristic analysis demonstrated 
that the uric acid index provided slightly superior discrimi-
nation for ≥50% stenosis compared with serum uric acid 
alone (AUC 0.688 vs. 0.664; sensitivity 67% vs. 63%; specific-
ity 70% vs. 65%). According to the DeLong test, this differ-
ence in diagnostic performance was statistically significant 
(P = .032) (Table 4).

Table 1.  Comparison of Clinical Data and Demographics Between Patients and Controls

Demographic and Clinical Variables

Patients
CAD–RADS ≥III ≥50% Stenosis (n = 71) 

(%)

Controls
CAD–RADS <III <50% Stenosis (n = 187) 

(%) P

Male gender, n (%) 49 (69) 109 (58.3) .114

Age (years) 61 (50-70) 51 (43-60) <.001

Agatston score* 54 (3-325) 0 (0-13) <.001

Ascending aorta (mm)* 34 (32-38) 33 (29-35) .002
Expressed as median (interquartile range).

Table 2.  Comparison of Laboratory Characteristics Between Patients and Controls

Laboratory Variables
CT Coronary Angiography ≥50% 

Stenosis (n = 71)
CT Coronary Angiography <50% Stenosis 

(n = 187) P

WBC (103/µL) 8.1 (6.9-9.5) 7.9 (6.8-9.4) .422

Hemoglobin (g/dL) 12.9±2.7 13.3±3.1 .224

Creatinine (mg/dL) 1±0.7 0.8±0.2 .003

Urea (mg/dL) 33±13 30±7.6 .387

Sodium (mmol/L) 142±3.9 140±3.4 .651

Potassium (mmol/L) 4.4±0.4 4.3±0.4 .239

Calcium (mg/dL) 9.6±0.5 9.4±1.2 .913

Uric acid (mg/dL) 6.2 (5.1-6.8) 5.1 (3.8-6.2) <.001

Glucose(mg/dL) 97 (84-111) 91 (83-100) .030

Albumin (g/L) 4.5±0.4 4.5±0.3 .233

AST (U/L) 20 (16-269) 19 (16-24) .798

ALT (U/L) 22 (17-30) 21 (16-31) .473

Total cholesterol (mg/dL) 206 (188-239) 212 (174-246) .832

LDL-C (mg/dL) 133 (105-155) 127 (90-158) .447

HDL-C (mg/dL) 43 (35-59) 53 (41-64) .012

Triglyceride (mg/dL) 161 (108-215) 134 (85-203) .062

Hb A1c (%) 6.1±1.4 5.6±0.7 .006

Homocysteine (µmol/L) 12 (9.5-15.3) 11.3 (9.7-14.5) .533

NT-pro BNP (pg/mL) 55 (29-339) 51 (33-74) .711

Uric acid index 10.8±0.7 10.3±0.8 <.001
Values are presented as mean ± SD or median (interquartile range) depending on normal distribution.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; NT-pro BNP, N-terminal natriuretic peptide; WBC, white blood cell.
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Scatter plots illustrating the relationships between the uric 
acid index and key metabolic and imaging parameters are 
presented in Figure 1. The uric acid index showed a significant 
negative correlation with HDL-C (panel a: r = −.477, P < .001, 
r2 = .228) and significant positive correlations with ascend-
ing aortic diameter (panel b: r = .365, P < .001, r2 = .133), non-
HDL-C (panel c: r  = 0.477, P < .001, r2 = 0.228), triglycerides 
(panel d: r = .795, P < .001, r2 = .632), serum uric acid (panel e: 
r  = .463, P < .001, r2 = .214), and glucose (panel f: r = .499, P < 
.001, r2 = .249).

DISCUSSION

This single-center study evaluated whether a composite uric 
acid index combining fasting triglyceride, glucose, and uric 
acid values could predict the presence of significant coro-
nary artery stenosis detected by CT angiography. The index 
was significantly elevated in individuals with ≥50% stenosis 
and remained an independent predictor even after adjust-
ment for conventional cardiovascular risk factors. Although 
its discriminatory capacity was modest, it slightly exceeded 
that of serum uric acid alone. To the best of the knowledge, 
this study is the first to examine the standalone predictive 
performance of the uric acid index in cardiovascular risk 
stratification.

While many studies have examined serum uric acid levels in 
relation to coronary atherosclerosis, compelling evidence 
in asymptomatic populations supports its value as a screen-
ing biomarker. In a community cohort, Kiss et al8 found that 
higher serum uric acid was independently associated with 
coronary artery calcium after adjusting for conventional 
risk factors. More recently, a CT angiography study showed 
elevated uric acid to be linked with greater plaque burden 
and stenosis severity,9 while another work demonstrated 
associations with noncalcified plaque beyond calcified 
lesions.10 Interestingly, in patients undergoing CABG, Wu 
et al11 reported that adding serum uric acid to the TyG index 
produced a significant improvement in prognostic predic-
tion—change in C-statistic 0.038, continuous NRI 0.336, IDI 
0.031 (P < .001)—indicating a synergistic effect in patients 
undergoing surgical revascularization. The findings are 
consistent with this, showing that in a CT angiography–
based cohort, a composite uric acid index retains indepen-
dent predictive power for ≥50% stenosis, suggesting that 
integrating uric acid into metabolic indices might modestly 
improve discrimination compared to uric acid alone. Taken 
together, these findings support the rationale for further 
evaluating simple, routinely available metabolic parame-
ters in combination as potential tools for early risk stratifi-
cation, particularly in populations undergoing noninvasive 
coronary imaging.

The diagnostic superiority of the uric acid index over serum 
uric acid alone has been rarely investigated in the literature. 
Most longitudinal cohorts have focused exclusively on serum 
uric acid. A large Korean cohort of approximately 92,000 
adults without gout reported that each 1 mg/dL increment 
in uric acid was associated with a 6% higher risk of incident 
cardiovascular disease or mortality (HR ~1.06).12 Similarly, the 

Table 3.  Univariate and Multiple Predictors of 50% Stenosis on Coronary CT Angiography

​ Univariate Predictors Multiple Predictors

​ OR 95% Cl P OR 95% Cl P

Age (years) 1.056 1.025-1.088 <.001 1.057 1.008-1.107 .021

Male sex 1.583 0.887-2.825 .114 0.417 0.133-1.302 .132

Agatston score 1.007 1.003-1.011 .001 1.005 1.001-1.009 .011

Ascending aorta 1.158 1.063-1.261 .001 ​ ​ ​

Creatinine 11.710 2.132-64.302 .005 1.755 0.610-5.047 .297

Uric acid 1.503 1.177-1.918 .001 ​ ​ ​

Glucose 1.013 1.002-1.023 .016 ​ ​ ​

HDL-C 0.974 0.952-0.996 .023 ​ ​ ​

Triglyceride 1.002 0.999-1.004 .165 ​ ​ ​

Hb A1c 1.776 1.217-2.591 .003 ​ ​ ​

Uric acid index 2.176 1.392-3.401 .001 1.988 1.117-3.538 .019

Hierarchical Models ​ ​ ​ ​ ​ ​

Model 1 ​ ​ ​ 2.176 1.392-3.401 .001

Model 2 ​ ​ ​ 1.861 1.112-3.114 .018

Model 3 ​ ​ ​ 1.988 1.117-3.538 .019
Model 1: Unadjusted Uric Acid Model. 
Model 2: Model 1 adjusted for Age and Male Sex.
Model 3: Model 2 adjusted for Creatinine and Agatston Score (Fully Adjusted Final Model).
CI, confidence interval; CT, computed tomography; HbA1C, glycated hemoglobin; HDL-C, high-density lipoprotein cholestrol; OR, odds ratio.

Table 4.  ROC Analysis for Prediction of 50% Stenosis in 
Coronary CT Angiography

​ Threshold Specificity Sensitivity
AUC 

(95% CI)

Uric acid >5.6 65 63 0.664

UA index >10.7 70 67 0.688
AUC, area under the curve; CT, computed tomography; ROC, receiver 
operating characteristic; UA, uric acid. 
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URRAH study demonstrated a graded association between 
uric acid levels and all-cause or cardiovascular mortality, 
independent of triglyceride levels (adjusted HR 1.53 for all-
cause, 2.08 for CVD per 1 mg/dL increase).13 These studies 
highlight the prognostic relevance of uric acid as a cardio-
metabolic biomarker, yet they do not address whether its 
predictive value improves when incorporated into composite 
indices.14 In another study, however, uric acid index showed 
a stronger correlation with cardiovascular risk (R2 = .31) 
than uric acid alone (R2 = .19), and remained independently 
associated with high cardiovascular risk after adjustment 
(PRa = 1.58, 95% CI 1.11-2.24).10 The results align with these 
findings, demonstrating that a composite uric acid index is 
elevated among individuals with significant coronary steno-
sis and retains independent predictive value after controlling 
for conventional risk factors.

The hierarchical analysis showed that the uric acid index 
remained a significant predictor even after adjusting for 
age, sex, renal function and Agatston score. Although the 
odds ratio decreased slightly from 2.176 to 1.988 after adjust-
ments, the persistence of statistical significance suggests 
that the index captures a metabolic risk profile not fully 
explained by traditional risk factors alone. This supports its 
potential utility as a practical, low-cost screening marker in 
asymptomatic individuals.

Few studies explored combinations of uric acid with other 
biomarkers to improve cardiovascular risk prediction. Yi 
et  al15 showed that the uric acid-to-HDL cholesterol ratio 
(UHR) was strongly associated with cardiovascular disease 
incidence, with participants in higher UHR quartiles show-
ing markedly greater CVD rates (quartile 4: 11%) and a non-
linear relationship between UHR and cardiovascular risk.15 
Similarly, Zhang et  al16 demonstrated that the uric acid-to-
albumin ratio predicted coronary slow flow even among indi-
viduals without significant stenosis, suggesting its potential 
utility in detecting early vascular dysfunction.16 These obser-
vations parallel the findings in a CT angiography cohort, in 
which a composite uric acid index independently predicted ≥ 
50% stenosis. Collectively, the evidence indicates that inte-
grating uric acid with metabolic parameters may modestly 
enhance cardiovascular risk discrimination compared with 
single-marker approaches.

The strengths of this study include the use of coronary CT 
angiography, which allows direct visualization and quanti-
fication of coronary artery stenosis, providing a more accu-
rate assessment of subclinical atherosclerosis compared 
with serum biomarkers or clinical scores alone. In addition, 
the relatively large sample size enhances the statistical 
robustness and generalizability of the findings. The study 
also utilized routinely available biochemical parameters, 

Figure 1.  Scatter plots demonstrating linear correlations between the uric acid index and cardiometabolic/imaging parameters. 
(A) HDL-C (r = −.477, P < .001, r2 = .228); (B) ascending aortic diameter (r = .365, P < .001, r2 = .133); (C) non-HDL-C (r = .477, P < .001, 
r2 = .228); (D) triglycerides (r = .795, P < .001, r2 = .632); (E) serum uric acid (r = .463, P < .001, r2 = .214); (F) fasting glucose (r = .499, 
P < .001, r2 = .249). r, correlation coefficient; r2, coefficient of determination; HDL-C, high-density lipoprotein cholesterol; non-
HDL-C, non-high-density lipoprotein cholesterol.
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making the uric acid index a practical and easily applicable 
tool in clinical settings.

Limitations of the Study
The study was conducted in a single tertiary-care center and 
relied on a retrospective review of consecutive cases, which 
may introduce selection bias and limit the generalizability 
of the findings. Although all available data were extracted 
from the digital archive, some potentially relevant variables 
could not be captured. Laboratory values were obtained 
in routine clinical practice rather than within a standard-
ized research protocol, introducing the possibility of mea-
surement variability. Due to the retrospective nature of the 
study, complete laboratory data (specifically HbA1c and 
creatinine) were not available for all patients, which neces-
sitated the exclusion of some participants from the multiple 
analysis. Furthermore, to prevent multicollinearity with the 
glucose component of the index, HbA1c was not included in 
the final regression model. Additionally, while the Agatston 
score is a potent predictor of stenosis, its inclusion in the 
fully adjusted hierarchical model (Model 3) did not attenu-
ate the independent predictive power of the uric acid index. 
This confirms that the index provides significant incremental 
value beyond traditional risk factors and coronary calcifica-
tion. However, larger prospective studies are still warranted 
to further validate its long-term prognostic utility across 
diverse populations. Finally, as an observational study, cau-
sality between the uric acid index and the presence of signif-
icant coronary artery stenosis on CT angiography cannot be 
established. Larger, prospective studies in different settings 
are warranted to validate the findings and to define practi-
cal cut-off values for the uric acid index in cardiovascular risk 
assessment.

CONCLUSION

In a real-life cardiology practice, the composite uric acid 
index—combining triglyceride, glucose, and uric acid—was 
independently associated with the presence of ≥ 50% ste-
nosis on coronary CT angiography, even after hierarchical 
adjustment for age, sex, renal function and Agatston score. 
Although its discriminatory performance was only modestly 
superior to that of uric acid alone, the findings suggest that 
combining simple metabolic biomarkers may provide incre-
mental value in cardiovascular risk evaluation. Prospective 
validation in larger, multi-center, and ethnically diverse 
cohorts is warranted before considering the routine clinical 
implementation of this index.
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ORIGINAL INVESTIGATION

Longitudinal Assessment of Diastolic Function 
and Myocardial Strain in Type 2 Diabetes: 
A Comparison of Empagliflozin and Linagliptin

ABSTRACT

Background: The cardiovascular effects of sodium–glucose cotransporter-2 inhibitors 
and dipeptidyl peptidase-4 inhibitors have attracted increasing interest in patients with 
type 2 diabetes mellitus. This study aimed to compare the time-dependent effects of 
empagliflozin and linagliptin on left ventricular diastolic function and global longitudinal 
strain (GLS).

Methods: This prospective longitudinal study included 350 patients with type 2 diabetes 
mellitus treated with empagliflozin (n = 200) or linagliptin (n = 150). Transthoracic echo-
cardiography and speckle-tracking strain analysis were performed at baseline, 1 month, 
and 6 months. Diastolic function was evaluated using septal e′ velocity, E/e′ ratio, iso-
volumetric relaxation time (IVRT), and mitral E-wave deceleration time. Longitudinal 
changes were analyzed using linear mixed-effects models including treatment group, 
time, and group × time interaction.

Results: Diastolic function parameters improved significantly over time in both groups (all 
P < .001). At follow-up, HbA1c levels decreased in both groups, with comparable glyce-
mic control achieved at 6 months. Significant group × time interactions were observed 
for septal e′ velocity, E/e′ ratio, and IVRT (all P < .001). These findings remained consistent 
after adjustment for baseline differences. At 6 months, empagliflozin was associated 
with greater improvement in septal e′ velocity and IVRT, whereas linagliptin resulted in 
a more pronounced reduction in the E/e′ ratio. Although GLS improved in both groups, its 
temporal pattern differed significantly between treatments (P < .001).

Conclusion: Empagliflozin and linagliptin exert distinct effects on left ventricular diastolic 
function and myocardial deformation in type 2 diabetes mellitus. Empagliflozin appears 
to provide earlier improvement in diastolic relaxation and GLS, whereas linagliptin may 
have a greater effect on filling pressures. These findings should be interpreted cautiously 
and considered hypothesis-generating; confirmation in randomized controlled trials is 
required to determine their clinical relevance.

Keywords: Diastolic dysfunction, diabetes mellitus, echocardiography

INTRODUCTION

Type 2 diabetes (T2D) is strongly associated with heart failure (HF), subclinical 
myocardial dysfunction, and diastolic dysfunction, beyond microvascular compli-
cations.1 In diabetes, early-stage left ventricular relaxation disorders, increased 
filling pressures, and myocardial deformation anomalies can occur; this pheno-
type is defined within the concept of "diabetic cardiomyopathy" and predisposes 
to the development of clinical HF.2

Sodium–glucose cotransporter-2 inhibitors (SGLT2i) have become one of the 
most potent classes of drugs for improving cardiovascular (CV) endpoints in 
T2D. Empagliflozin has demonstrated significant benefits on HF and renal 
endpoints; its efficacy has been demonstrated in randomized studies report-
ing positive effects on clinical endpoints, particularly in the Heart Failure with 
Reduced Ejection Fraction (HFrEF) population.3 The fact that empagliflozin also 
reduces HF hospitalizations in the Heart Failure with Preserved Ejection Fraction 
(HFpEF) population has supported its inclusion among the essential therapies 
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in the SGLT2i class of HF spectrum in current guidelines.4,5 
It is suggested that this clinical benefit is due to mul-
tiple mechanisms, including osmotic diuresis/natriuresis, 
reduced preload/afterload, reprogramming of cardiac 
energy metabolism, reduction of inflammation and oxida-
tive stress, improved endothelial function, and effects at 
the microvascular level.6,7

In the class of dipeptidyl peptidase-4 inhibitors (DPP-4i), 
cardiovascular safety is generally considered neutral, 
although interdrug heterogeneity and different effects 
depending on patient phenotype are discussed.8 Linagliptin 
has demonstrated a non-inferior safety profile in large-
scale studies, particularly with regard to renal safety and 
cardiovascular endpoints.9 However, prospective longitu-
dinal data directly comparing the effects of DPP-4i on dia-
stolic function and myocardial deformation with SGLT2i are 
limited.10

Classic ejection fraction (EF) measurements may be insuf-
ficient for detecting early myocardial involvement due 
to diabetes. Global longitudinal strain (GLS) obtained by 
speckle-tracking echocardiography is a sensitive indicator 
of subclinical systolic dysfunction and contributes to early 
risk stratification in the diabetic population.11 In diastolic 
function assessment, parameters such as septal e′, E/e′ 
ratio, isovolumetric relaxation time (IVRT), and deceleration 
time (DT) provide complementary information about both 
relaxation and filling pressures.12 Furthermore, the potential 
effects of different systemic stress conditions on diastolic 
function have been previously highlighted; for example, 
the potential effects of acute allergic reactions on diastolic 
function have been reported at the clinical level.13

In this context, the aim of the study is to compare the time-
dependent effects of empagliflozin and linagliptin on dia-
stolic function parameters (septal e′, E/e′, IVRT, DT) and 
absolute GLS in patients with T2D in a prospective longitu-
dinal design and to reveal treatment-specific differentiating 
patterns through group × time interaction.14

METHODS

Study Design and Patient Population
This prospective longitudinal study included a total of 350 
patients diagnosed with T2D and scheduled to begin treat-
ment with empagliflozin or linagliptin between January 2020 
and June 2024. Patients were divided into empagliflozin 
(n = 200) or linagliptin (n = 150) treatment groups according 
to clinical indications.

Treatment allocation was not randomized and was based on 
clinical indication and physician discretion, reflecting real-
world clinical practice.

Baseline concomitant medications, particularly those 
potentially affecting diastolic function, were recorded and 
analyzed.

Ethics Statement
The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. The study protocol 
was approved by an institutional Clinical Research Ethics 
Committee on 12 September 2019 (Decision No: 2019-272). 
Written informed consent was obtained from all participants 
prior to enrollment.

Inclusion and Exclusion Criteria
The study included patients over 18 years of age with T2D 
who were in sinus rhythm, had preserved left ventricular EF, 
and completed scheduled follow-up visits.

Patients meeting any of the following criteria were excluded 
from the study:

•	 Recent acute coronary syndrome (within the past 6 
months) or clinically unstable coronary artery disease,

•	 Clinically significant valvular disease,
•	 Heart failure (LVEF <50%),
•	 Atrial fibrillation or other persistent arrhythmias,
•	 Chronic renal failure (eGFR <30 mL/min/1.73 m2),
•	 Active infection, systemic inflammatory, or malignant 

disease,
•	 Changes in dosage or discontinuation of existing anti-

hypertensive or antidiabetic treatments (other than 
empagliflozin or linagliptin) during the study period,

•	 Inadequate image quality that may impair the reliability 
of echocardiographic measurements.

Patients with stable coronary artery disease were not 
excluded from the study.

Echocardiographic Evaluation
All patients underwent transthoracic echocardiography 
using a commercially available ultrasonography system 
(Philips EPIQ 7, Philips Medical Systems, Andover, MA, USA). 
Echocardiographic assessments were performed by expe-
rienced cardiologists, unaware of the treatment groups. 
The examinations were performed with the patients in the 
left lateral decubitus position; parasternal long and short 
axis and apical 2, 3, and 4-chamber views were obtained 
in accordance with the guidelines of the American Society 
of Echocardiography and the European Association of 
Cardiovascular Imaging.

HIGHLIGHTS
•	Empagliflozin and linagliptin demonstrate distinct time-

dependent effects on left ventricular diastolic function 
in type 2 diabetes.

•	Empagliflozin treatment is associated with earlier and 
more sustained improvement in diastolic relaxation 
parameters and global longitudinal strain.

•	Linagliptin shows a more pronounced effect on param-
eters reflecting left ventricular filling pressures.

•	Longitudinal strain imaging enables detection of sub-
clinical myocardial dysfunction despite preserved ejec-
tion fraction.

•	Findings highlight differential cardiac response pat-
terns between antidiabetic therapies.

•	These findings are hypothesis-generating and require 
confirmation in randomized controlled studies.
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Left ventricular diameters, wall thicknesses, and systolic 
function parameters were measured using 2-dimensional 
and M-mode echocardiography. Left ventricular EF was 
calculated using the biplane Simpson method. Pulsatile 
wave Doppler and tissue Doppler imaging techniques were 
used to evaluate diastolic function; septal early diastolic 
mitral annulus velocity (e′), transmitral E-wave velocity, E/e′ 
ratio, IVRT, and mitral E-wave deceleration time (DT) were 
measured.

Speckle-Tracking and Global Longitudinal Strain Analysis
Global longitudinal strain analysis was performed using the 
speckle-tracking method obtained from apical 4, 2, and 
3-cavity images. Global longitudinal strain measurements 
were calculated by averaging the values ​​obtained from 3 
apical planes. The analyses were performed blindly by an 
experienced observer. In the study, GLS values ​​were reported 
as absolute values ​​(absolute GLS) in accordance with clinical 
interpretation. Echocardiographic and strain assessments 
were repeated at baseline, at 1 month, and at 6 months of 
treatment.

Laboratory Evaluation
Fasting venous blood samples were taken from all patients 
and subjected to biochemical and hematological evalu-
ations. Serum urea and creatinine levels, as well as total 
cholesterol, LDL cholesterol, HDL cholesterol, and triglyc-
eride levels, were measured using automated biochemistry 
analyzers.

Complete blood count parameters (hemoglobin, hematocrit, 
leukocyte, and platelet counts) were evaluated using stan-
dard hematology analyzers. All laboratory measurements 
were performed in the hospital's central laboratory and in 
accordance with international quality control standards.

Statistical Analysis
Statistical analyses were performed using R software (R 
Foundation for Statistical Computing, Vienna, Austria). 
Continuous variables are expressed as mean ± SD, and cat-
egorical variables are expressed as number and percentage. 
For baseline comparisons between groups, the indepen-
dent samples t-test was used for continuous variables, and 
the chi-square or Fisher exact test was used for categorical 
variables.

Linear mixed-effects models were used to evaluate time-
dependent group differences, including treatment group, 
time, and their interaction (group × time) as fixed effects 
and a random intercept for each individual. Additionally, to 
account for potential confounding due to baseline differ-
ences, the models were further adjusted for clinically rel-
evant covariates including age, baseline HbA1c, smoking 
status, and coronary artery disease. These covariates were 
selected based on their clinical relevance and potential con-
founding effects on diastolic function. The group × time 
interaction term was considered the primary parameter for 
assessing differential temporal effects between treatment 
groups.

Given the non-randomized design, covariate-adjusted 
analyses and within-patient longitudinal comparisons were 

performed to mitigate the potential impact of baseline dif-
ferences and selection bias.

In addition, the consistency of the findings was evaluated by 
comparing adjusted and unadjusted models, which yielded 
similar results, supporting the robustness of the analysis.

As a sensitivity analysis, repeated-measures analysis of vari-
ance (RM-ANOVA) was additionally performed for GLS, sep-
tal e′ velocity, E/e′ ratio, and IVRT. Normality was assessed 
using the Shapiro–Wilk test. Outliers were assessed by visual 
inspection of boxplots and standardized residuals. Post-hoc 
pairwise comparisons were adjusted using the Holm method. 
The consistency of RM-ANOVA findings with the primary 
linear mixed-effects models was evaluated to assess the 
robustness of the results.

RESULTS

Initial Clinical and Echocardiographic Features
The study included a total of 350 patients with T2D: 200 who 
started treatment with empagliflozin and 150 who started 
treatment with linagliptin.

The groups were similar in terms of age and gender distribu-
tion (age: 55.9 ± 6.8 vs. 54.7 ± 7.1 years; male proportion: 46% 
vs. 44%; P > .05 for both). The prevalence of hypertension and 
coronary artery disease did not differ significantly between 
the groups (P > .05); however, smoking was more frequent in 
the empagliflozin group (P < .01). Baseline HbA1c levels were 
significantly higher in the linagliptin group (7.71 ± 1.02 vs. 7.11 
± 0.97; P < .001).

At baseline echocardiographic evaluation, left ventricular 
EF was preserved in both groups but was statistically sig-
nificantly higher in the empagliflozin group (61.9 ± 2.4 vs. 61.1 
± 2.5; P = .001). Among diastolic function parameters, IVRT 
and DT were longer in the empagliflozin group, whereas the 
E/e′ ratio was higher in the linagliptin group (P < .01 for all). 
Absolute GLS values were similar between groups at base-
line (16.0 ± 1.0 vs. 16.3 ± 1.3; P > .05). Baseline clinical and 
echocardiographic characteristics are summarized in Table 1.

Changes Over Time and Intergroup Comparisons
During the follow-up period, significant changes were 
observed in diastolic function parameters and myocardial 
deformation measurements in both groups (P < .001 for all 
parameters for time effect). Overall longitudinal changes in 
myocardial deformation during follow-up are summarized 
in Figure 1. In linear mixed-effects models, the group × time 
interaction was significant for septal e′, E/e′ ratio, IVRT, and 
absolute GLS (P < .001 for all).

At follow-up, HbA1c levels decreased in both groups, and 
comparable glycemic control was achieved at 6 months, 
suggesting that differences in cardiac parameters were not 
solely attributable to glycemic effects.

In covariate-adjusted analyses including age, baseline 
HbA1c, smoking status, and coronary artery disease, the 
main findings remained robust. Detailed model outputs are 
provided in the Supplementary Material (Supplementary 
Table 1). Significant group × time interactions persisted for 
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GLS (P < .001), septal e′ (P < .001), E/e′ ratio (P < .001), and 
IVRT (P < .001), indicating that the observed differential 
temporal patterns between empagliflozin and linagliptin 
were independent of baseline differences.

As a sensitivity analysis, RM-ANOVA was additionally per-
formed. The results were fully consistent with the primary 
linear mixed-effects models. Significant group × time 
interactions were observed for GLS (F = 70.327, P < .001), 
septal e′ velocity (F = 84.649, P < .001), E/e′ ratio (F = 16.101, 
P < .001), and IVRT (F = 70.889, P < .001) (Supplementary 
Table 2).

Septal e′
In the empagliflozin group, septal e′ values increased by 0.96 
± 0.11 cm/s at 1 month and by 1.98 ± 0.11 cm/s at 6 months com-
pared with baseline (P < .001 for both).

In the linagliptin group, a more limited increase was observed 
at month 1 (0.76 ± 0.12 cm/s; P < .001), while no significant 
change from baseline was detected at month 6 (P > .05). At 
6 months, the difference between groups was statistically 
significant in favor of empagliflozin (−1.99 cm/s; P < .001) 
(Table 2, Table 3). The longitudinal changes in septal e′ veloc-
ity according to treatment group are illustrated in Figure 2A.

E/e′ Ratio
In both groups, the E/e′ ratio decreased significantly over 
time. This decrease was more pronounced in the linagliptin 
group; a reduction of −0.21 ± 0.02 was observed at 6 months 
compared with baseline (P < .001), whereas a decrease of 
−0.07 ± 0.02 was observed in the empagliflozin group (P < 
.001). In intergroup comparisons, the linagliptin group exhib-
ited significantly lower E/e′ ratios at all time points (P < .01 for 
all) (Table 2). The longitudinal trends of the E/e′ ratio in both 
treatment groups are shown in Figure 2B.

Table 1.  Baseline Clinical and Echocardiographic 
Characteristics

Variables
Empagliflozin 

(n = 200)
Linagliptin 

(n = 150) P

Age (years) 55.9 ± 8.1 54.7 ± 7.9 .047

Male, n (%) 92 (46) 66 (44) .792

Hypertension, n (%) 110 (55) 82 (55) 1.000

Smoking, n (%) 38 (19) 53 (35) .0046

Coronary artery 
disease, n (%)

20 (10) 28 (19) <.001

HbA1c (%) 7.11 ± 0.62 7.71 ± 0.68 <.001

LVEF (%) 61.9 ± 3.4 61.1 ± 3.2 .001

IVS (mm) 11.0 ± 1.2 10.8 ± 1.1 .096

LVEDD (mm) 47.6 ± 3.8 48.0 ± 3.6 .242

LVESD (mm) 28.0 ± 3.1 27.6 ± 3.0 .059

IVRT (ms) 108 ± 14 104 ± 13 .002

DT (ms) 225 ± 28 200 ± 26 <.001

Septal e′ (cm/s) 6.14 ± 1.02 6.06 ± 1.01 .616

E/e′ 0.97 ± 0.21 1.18 ± 0.24 <.001

|GLS| (%) 16.0 ± 2.1 16.3 ± 2.0 .088
Data are presented as mean ± SD or number (percentage).
P values were calculated using the independent samples t-test for 
continuous variables and the chi-square test or Fisher’s exact test, as 
appropriate, for categorical variables.
DT, deceleration time; GLS, global longitudinal strain; IVRT, 
isovolumetric relaxation time; HbA1c, glycated hemoglobin; LVEF, left 
ventricular ejection fraction; IVS, interventricular septum; LVEDD, left 
ventricular end-diastolic diameter; LVESD, left ventricular end-
systolic diameter; IVRT, isovolumetric relaxation time; DT, deceleration 
time; septal e′, septal early diastolic mitral annular velocity; E/e′, ratio 
of early transmitral inflow velocity to early diastolic mitral annular 
velocity; GLS, global longitudinal strain.

Figure  1.  Temporal changes in absolute global longitudinal 
strain (GLS) during follow-up in patients treated with 
empagliflozin or linagliptin. Data are presented as mean ± SD 
at baseline, 1 month, and 6 months. A significant 
time × treatment interaction was observed, indicating 
differential longitudinal GLS responses between treatment 
groups. This interaction remained significant after 
adjustment for baseline differences. Higher absolute GLS 
values indicate better left ventricular systolic deformation. 

Table 2.  Between-Group Comparison of Baseline and 6-Month Changes in Echocardiographic and Metabolic Parameters

Parameters Empagliflozin Baseline
Empagliflozin 6 

months
Linagliptin 

Baseline
Linagliptin 6 

months
P for group × time 

interaction

|GLS| (%) 16.04 ± 1.00 17.48 ± 1.08 16.26 ± 1.05 16.75 ± 1.10 <.001 Pinteraction

Septal e′ (cm/s) 6.14 ± 1.49 8.12 ± 1.52 6.06 ± 1.43 6.13 ± 1.46 <.001 Pinteraction

E/e′ 0.97 ± 0.18 0.90 ± 0.17 1.18 ± 0.19 0.97 ± 0.18 <.001 Pinteraction

IVRT (ms) 108.5 ± 9.1 96.2 ± 10.4 104.4 ± 9.5 101.9 ± 10.1 <.001 Pinteraction
Data are presented as mean ± SD.
Between-group differences over time were assessed using linear mixed-effects models including fixed effects for treatment group, time, and 
group × time interaction, with a random intercept for each subject. P values represent the significance of the group × time interaction. Post-hoc 
pairwise comparisons were adjusted using the Holm method and were derived from estimated marginal means. All analyses were performed in 200 
empagliflozin-treated and 150 linagliptin-treated patients with complete follow-up.
GLS, global longitudinal strain; IVRT, isovolumetric relaxation time.
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Isovolumetric Relaxation Time and Deceleration Time
A significant reduction in IVRT and DT values was observed 
in the empagliflozin group. Isovolumetric relaxation time 
decreased by −12.3 ± 0.5 ms at 6 months compared with 
baseline in the empagliflozin group (P < .001), whereas a 
more limited reduction of −2.5 ± 0.6 ms was observed in the 
linagliptin group (P < .01). At 6 months, the between-group 
difference in IVRT was statistically significant in favor of 
empagliflozin (P < .001) (Table 2).

Global Longitudinal Strain
Absolute GLS values improved over time in both groups. In 
the empagliflozin group, absolute GLS increased from 16.0 ± 
1.0 at baseline to 17.5 ± 1.2 at 6 months (P < .001). In the lina-
gliptin group, although a more pronounced improvement was 
observed at 1 month (17.3 ± 1.3), this effect was partially atten-
uated at 6 months (16.8 ± 1.4). The pattern of GLS change 
over time differed significantly between groups, as reflected 
by a significant group × time interaction (P < .001) (Figure 1).

Table 3.  Within-Group Changes in Empagliflozin and Linagliptin

Parameters Baseline 1 month 6 months P (overall)

A (Empagliflozin)

  |GLS| (%) 16.04 ± 1.00 16.64 ± 1.06 17.48 ± 1.08 <.001

  Septal e′ (cm/s) 6.14 ± 1.49 7.10 ± 1.38 8.12 ± 1.52 <.001

  E/e′ 0.97 ± 0.18 0.93 ± 0.18 0.90 ± 0.17 <.001

  IVRT (ms) 108.5 ± 9.1 100.3 ± 11.5 96.2 ± 10.4 <.001

B (Linagliptin)

  |GLS| (%) 16.26 ± 1.05 17.26 ± 1.09 16.75 ± 1.10 <.001

  Septal e′ (cm/s) 6.06 ± 1.43 6.82 ± 1.40 6.13 ± 1.46 <.001

  E/e′ 1.18 ± 0.19 1.10 ± 0.18 0.97 ± 0.18 <.001

  IVRT (ms) 104.4 ± 9.5 101.0 ± 10.2 101.9 ± 10.1 <.001
Data are presented as mean ± SD.
Within-group changes over time in the empagliflozin group were assessed using linear mixed-effects models, including time as a fixed effect and a 
random intercept for each subject.
Post-hoc comparisons were performed using estimated marginal means with Holm adjustment for multiple comparisons.
P values represent comparisons of follow-up time points (month 1 and month 6) vs. baseline.
Within-group changes over time in the linagliptin group were evaluated using linear mixed-effects models including time as a fixed effect and a 
random intercept for each subject.
Post-hoc comparisons were conducted using estimated marginal means with Holm adjustment for multiple comparisons.
P values represent comparisons of follow-up time points (month 1 and month 6) versus baseline.
GLS, global longitudinal strain; IVRT, isovolumetric relaxation time.

Figure 2.  Longitudinal changes in diastolic function parameters during follow-up according to treatment group. (A) Septal early 
diastolic mitral annular velocity (septal e′). (B) Ratio of early mitral inflow velocity to septal mitral annular velocity (E/e′). Values 
are presented as mean ± SD at baseline, 1 month, and 6 months. Empagliflozin treatment was associated with greater 
improvement in septal e′, whereas a more pronounced reduction in E/e′ was observed with linagliptin, reflecting differential 
effects on left ventricular diastolic function over time. These findings remained consistent in covariate-adjusted analyses. e′, 
early diastolic mitral annular velocity; E/e′, ratio of early mitral inflow velocity to mitral annular early diastolic velocity.
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Summary of Results
In summary, empagliflozin treatment was associated with 
a more pronounced and sustained improvement in diastolic 
relaxation parameters (septal e′, IVRT, and DT) and absolute 
GLS, whereas linagliptin treatment exerted a stronger effect 
on the E/e′ ratio, reflecting left ventricular filling pressures. 
These differential response patterns suggest treatment-
specific effects on the underlying cardiac phenotype.

DISCUSSION

The findings of this study show that empagliflozin and lina-
gliptin have time-dependent but distinct effects on left 
ventricular diastolic function and myocardial deformation 
parameters in patients with T2D. Although improvements 
in diastolic function parameters and GLS measurements 
were observed in both treatment arms during the follow-up 
period, the significant group × time interaction for septal e′, 
E/e′, IVRT, and absolute GLS suggests that these changes are 
not solely time-dependent and that the antidiabetic agent 
used is a determining factor in the direction and magnitude 
of the cardiac response.

Importantly, these findings remained consistent after adjust-
ment for baseline differences, including age, HbA1c, smoking 
status, and coronary artery disease, supporting the robust-
ness of the observed treatment-specific temporal patterns.

Baseline differences between groups, particularly in HbA1c 
levels, smoking status, and coronary artery disease preva-
lence, should be considered when interpreting the findings, 
although covariate-adjusted analyses demonstrated con-
sistent results. Importantly, these variables were included in 
the adjusted mixed-effects models, and the primary findings 
remained robust after adjustment. Although stable coro-
nary artery disease was included in the study population, it 
was incorporated as a covariate in the adjusted statistical 
models and did not materially affect the primary findings. 
Furthermore, similar results were observed in both adjusted 
and unadjusted analyses, further supporting the robustness 
of the findings.

In particular, the empagliflozin group showed a more pro-
nounced and sustained increase in GLS along with early 
and progressive improvement in diastolic relaxation, while 
the linagliptin group featured a more significant decrease 
in the E/e′ ratio, reflecting filling pressures. These differing 
response profiles may be related to the specific and partially 
divergent effects of SGLT2 inhibitors and DPP-4 inhibitors on 
myocardial energy metabolism, preload/afterload balance, 
interstitial fibrosis, and microvascular function.

However, given the observational and non-randomized 
nature of the study, these findings should be interpreted 
with caution, and causal inferences cannot be definitively 
established.

In this context, the study observed significant changes in both 
diastolic function and myocardial deformation parameters in 
T2D patients treated with empagliflozin and linagliptin dur-
ing a 6-month follow-up period. The most important finding 
is that the group × time interaction was significant for septal 

e′, E/e′, and IVRT, and the improvement pattern in absolute 
GLS diverged between the 2 treatment arms. These results 
suggest that antidiabetic treatments may affect cardiac 
phenotype through different mechanisms.15

The strong effect of SGLT2i on HF endpoints has been dem-
onstrated with empagliflozin in the HFrEF population; one of 
the key explanations is that this class reduces hemodynamic 
overload and modulates congestion via the cardiac-renal 
axis.3 The clinical benefits reported with empagliflozin in 
HFpEF have also made the mechanisms that may affect dia-
stolic function and filling pressures more visible.4 In line with 
this clinical framework, the data showed a more pronounced 
increase in septal e′, particularly in the early phase, and 
shortening of IVRT in the empagliflozin arm, which presented 
a pattern consistent with improvement in the relaxation 
phase and an increase in relaxation rate.16 It is suggested 
that SGLT2i's effects on microvascular function, intracellular 
sodium–calcium balance, and mitochondrial efficiency may 
improve diastolic relaxation and deformation parameters.6,17

In the linagliptin group, a more significant decrease in the E/e′ 
ratio was observed, which may indicate a potential advan-
tage in terms of filling pressures. While cardiovascular safety 
has been well established,9 the extent to which these echo-
cardiographic improvements translate into meaningful clini-
cal outcomes remains uncertain, particularly in the absence 
of hard clinical endpoints in the present study.

When evaluated in terms of GLS, the improvement observed 
in absolute GLS values ​​in both groups is consistent with the 
early and modifiable nature of diabetic myocardial dysfunc-
tion.11 However, the divergence of the change pattern over 
time into 2 groups suggests that the effects of empagliflozin 
and linagliptin on myocardial deformation cannot be reduced 
to the same biological pathway.

There are observational/medium-scale studies reporting 
improvements in deformation parameters in the short-to-
medium term in SGLT2i through reduction in preload/after-
load and regression of interstitial edema.18,19 On the DPP-4i 
side, the data are more heterogeneous, with some studies 
reporting limited or neutral changes in strain parameters.20

In the study, the significant change in DT throughout the 
follow-up period and the significant signal it gave in terms 
of group × time interaction emphasize that diastolic filling 
dynamics should be considered dynamically, not only with 
relaxation/filling pressure indicators but also with the time 
components of the transmitral flow pattern.12 This concept 
is consistent with recent insights highlighting that the inter-
pretation of left ventricular diastolic function may sub-
stantially vary depending on the specific diastolic indices 
used, underscoring the importance of a comprehensive and 
methodologically nuanced echocardiographic assessment.21 
This finding is clinically significant because symptom burden 
and exertional dyspnea in diabetic patients may sometimes 
be associated with decreased diastolic reserve while EF is 
preserved.22

From a clinical perspective, these findings may suggest that 
different antidiabetic agents could exert heterogeneous 
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effects on cardiac functional profiles; however, such inter-
pretations should be considered hypothesis-generating and 
require confirmation in randomized controlled trials.

In conclusion, this prospective longitudinal study demon-
strated that empagliflozin and linagliptin exert time-depen-
dent but significantly different effects on left ventricular 
diastolic function and myocardial deformation parameters 
in patients with T2D.

While empagliflozin was associated with a more pronounced 
and sustained improvement in markers of diastolic relax-
ation and myocardial deformation, and linagliptin showed 
a greater effect on parameters reflecting filling pressures, 
these observations should be interpreted within the limita-
tions of an observational design.

Further randomized and outcome-driven studies are needed 
to determine the clinical relevance of these differential 
effects, ideally incorporating clinical endpoints and multi-
modal imaging approaches to better define their transla-
tional significance.

Study Limitations
This study has some limitations. First, the non-randomized 
design of the study introduces the possibility of selection bias 
and limits causal inference. Second, a single-center design 
can limit the generalizability of the results. Third, no inva-
sive hemodynamic measurements were performed; diastolic 
function was assessed using echocardiographic parameters. 
Fourth, the study’s primary endpoints did not include clinical 
events (such as hospitalization or mortality due to HF) but 
focused primarily on echocardiographic phenotyping.

During the follow-up period, dose adjustments or discon-
tinuation of concomitant treatments were minimized using 
exclusion criteria, but could not be completely ruled out. 
However, the prospective longitudinal design, the evalua-
tion with serial speckle-tracking echocardiography in the 
same patients, and the linear mixed-effects model approach 
based on group × time interaction enhance the methodolog-
ical power of the study in revealing treatment-specific car-
diac response patterns. Finally, although covariate-adjusted 
analyses were performed, residual confounding related to 
non-randomized treatment allocation cannot be completely 
excluded.

CONCLUSION

This prospective longitudinal study demonstrated that 
empagliflozin and linagliptin exert time-dependent but 
distinct effects on left ventricular diastolic function and 
myocardial deformation parameters in patients with T2D. 
Although improvements in diastolic function parameters 
and absolute GLS values ​​were observed in both treatment 
arms, the significant group × time interaction detected for 
septal e′, E/e′, IVRT, and GLS suggests that this improvement 
is related to the specific cardiac response profiles of the anti-
diabetic agents used. Empagliflozin treatment was associ-
ated with a more pronounced and sustained improvement 
pattern, particularly in indicators of diastolic relaxation and 
myocardial deformation, while linagliptin treatment showed 

a more significant effect on parameters reflecting filling 
pressures.

These findings should be considered hypothesis-generating, 
and further randomized controlled trials with clinical end-
points are required to determine their clinical relevance.
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Supplementary Table 1.  Group × Time Interaction Results from 
Linear Mixed-Effects Models

Outcome Model F value P 

GLS Adjusted 70.33 <0.001

Septal e′ Adjusted 84.65 <0.001

E/e′ Adjusted 16.10 <0.001

IVRT Adjusted 70.89 <0.001
Group × time interaction terms derived from linear mixed-effects 
models adjusted for age, baseline HbA1c, smoking status, and 
coronary artery disease. Results were consistent across adjusted and 
unadjusted models, supporting the robustness of the findings

Supplementary Table 2.  Group × Time Interaction Results 
from Repeated-Measures ANOVA (Sensitivity Analysis)

Outcome
Group × Time Interaction F 

value P

GLS 70.327 <0.001

Septal e′ 84.649 <0.001

E/e′ 16.101 <0.001

IVRT 70.889 <0.001
Group × time interaction terms derived from repeated-measures 
ANOVA models. Results were fully consistent with the primary linear 
mixed-effects models, supporting the robustness of the findings.
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​Percutaneous Treatment of Ascending Aortic Pseudoaneurysms

CASE REPORT

Percutaneous Treatment of Ascending Aortic 
Pseudoaneurysms: A Case Series

INTRODUCTION

Ascending aortic pseudoaneurysm is a rare clinical entity associated with a high 
mortality potential and most commonly occurs as a late complication of prior car-
diac or aortic surgery. These lesions typically originate from areas where aortic 
wall integrity has been disrupted during surgical manipulation and are most fre-
quently observed along suture lines, cannulation sites, and aortotomy regions. 
Nevertheless, cases related to traumatic, infectious, or inflammatory etiologies 
have also been reported, and in a small proportion of patients, no identifiable pre-
cipitating factor can be demonstrated.1,2

The clinical presentation spans a wide spectrum; depending on the size and ana-
tomical location of the pseudoaneurysm, patients may remain asymptomatic or 
may present with symptoms such as chest pain, dysphagia, or hoarseness sec-
ondary to compression of adjacent mediastinal structures. However, the clinical 
course of ascending aortic pseudoaneurysms is often unpredictable and may cul-
minate in life-threatening catastrophic complications, including rupture, fistuli-
zation to neighboring structures, embolic events, or the development of a chronic 
infectious focus. This potentially devastating natural history necessitates early 
diagnosis and an active treatment approach in most cases.3

Through this case series, 3 ascending aortic pseudoaneurysm cases with dis-
tinct clinical courses and outcomes are presented to contribute to the existing 
literature.

CASE REPORTS

Clinical, anatomical, and procedural characteristics of the patients are summa-
rized in Tables 1 and 2.

Case 1
A 76-year-old female patient with a history of aortic valve replacement (AVR) 20 
years earlier presented to the emergency department with a pulsatile mass on 
the chest wall (Video 1). Computed tomographic angiography (CTA) revealed a 10 
× 7 cm pseudoaneurysm originating from the proximal portion of the aortic arch 
and extending into the anterior mediastinum, with active contrast enhancement 
(Figure 1A).

Given the patient’s high surgical risk and the anatomical suitability of the lesion, 
percutaneous closure was planned. The procedure was performed via the right 
femoral artery. Initial aortography was performed using a pigtail catheter to 
assess the relationship between the pseudoaneurysm sac and the ascending 
aorta, as well as the location of the neck. A 7F ASD delivery system was positioned 
in the ascending aorta. A 6F right Judkins catheter was then advanced through 
the delivery system to provide telescopic coaxial support, and the pseudoaneu-
rysm sac was selectively cannulated. After a 0.014-inch ChoICE Extra Support 
Guide Wire was advanced into the pseudoaneurysm sac to provide stable intra-
luminal support, the delivery system was advanced to the pseudoaneurysm neck 
(Figure 1B). The position of the delivery system was confirmed by controlled con-
trast injection.
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Because the pseudoaneurysm neck measured 6 mm, an 
8-mm Amplatzer Septal Occluder device (Abbott) was 
selected to achieve adequate oversizing and stable anchor-
ing. The device was deployed under fluoroscopic guidance to 
cover the pseudoaneurysm neck (Figure 1C). Before release, 
control aortography confirmed stable device positioning 
and the absence of residual leakage. The device was then 
released, and final aortography demonstrated complete 
exclusion of the pseudoaneurysm. Follow-up imaging con-
firmed sustained complete occlusion throughout the 2-year 
follow-up period (Figure 1D, 1E).

Case 2
Eight months after the index surgery, the patient developed 
sternal discharge and was treated with antibiotic therapy. 
During follow-up, the patient underwent reoperation, and 
2 infected sternal wires were removed. While the patient 
was receiving treatment for sternal osteomyelitis, imaging 
revealed an ascending aortic pseudoaneurysm measuring 49 
× 41.5 mm, with a neck diameter of 7 mm (Figure 1F). Owing 
to the high surgical risk, the case was evaluated by the Heart 

Team, and percutaneous closure was planned because the 
pseudoaneurysm anatomy was considered suitable.

Under fluoroscopic and transesophageal echocardiographic 
(TEE) guidance, vascular access was obtained via the right 
femoral artery. A 7F ASD delivery system was advanced 
over Amplatz Super Stiff guidewire into the ascending aorta 
and positioned close to the pseudoaneurysm neck (Video 2). 
After removal of the dilator, a 6F right Judkins catheter was 
advanced through the lumen of the parked delivery system 
using a telescopic coaxial technique. The pseudoaneurysm 
sac was selectively cannulated under fluoroscopic guidance, 
and the position of the catheter tip within the sac was con-
firmed by controlled contrast injection.

Following successful cannulation, a 0.014-inch ChoICE 
Extra Support Guide Wire (Boston Scientific) was advanced 
through the 6F right Judkins catheter into the pseudoan-
eurysm sac, where a loop was formed to ensure adequate 
wire stability. After sufficient intraluminal support had been 
achieved, the 7F ASD delivery system was advanced in a 
controlled manner over the 6F right Judkins catheter to the 
level of the pseudoaneurysm neck while maintaining coaxial 
alignment (Video 3).

Because the pseudoaneurysm neck measured approximately 
7 mm on preprocedural imaging, an 8-mm Amplatzer Septal 
Occluder device (Abbott) was selected to achieve adequate 
oversizing and secure anchoring. After confirmation of the 
delivery system position by contrast injection (Video 4), the 
device was successfully deployed across the pseudoaneu-
rysm neck under combined fluoroscopic and TEE guidance 
(Video 5). Final angiography and TEE demonstrated com-
plete exclusion of the pseudoaneurysm, with no residual flow 
or device-related complications (Video 6).

Follow-up computed tomography performed 1 week after 
the intervention showed no evidence of active contrast 
extravasation and demonstrated thrombosis of the pseu-
doaneurysm sac. At the 3-month follow-up, computed 
tomography confirmed complete closure of the pseudoan-
eurysm sac, with a reduction in its size (Figure 1G). However, 

Table 1.  Clinical and Anatomical Characteristics of the Patients

​ Case 1 Case 2 Case 3

Age (years) 76 60 66

Sex Female Male Male

Previous cardiac surgery AVR + MVR (20 years 
prior)

CABG ×4 + septal myectomy + AML 
plication + neochordae (11 months prior)

AVR (2 years prior)

Time from index surgery 20 years 8 months (symptom onset) 2 years

Presentation Pulsatile chest wall mass Incidental Chest pain

Infection present No Yes (sternal osteomyelitis) No

Pseudoaneurysm location Ascending aorta Ascending aorta Ascending aorta

Sac diameter 100 × 70 mm 49 × 41.5 mm 76 × 71 mm

Neck diameter 6 mm 7 mm Not specified

Associated hematoma No Yes (~20 mm) Rupture present

Hemodynamic instability No No Yes
AVR, aortic valve replacement. MVR, mitral valve replacement. AML, anterior mitral leaflet. CABG, coronary artery bypass grafting

Table 2.  Procedural Results and Follow-up

​ Case 1 Case 2 Case 3

Device used 8 mm ASD 
occluder

8 mm ASD 
occluder

—

Technical 
success 
(angiography)

Complete 
exclusion

Complete 
exclusion

—

Early CT 
(≤1 week)

Mild residual 
leak

No 
extravasation

—

Mid-term CT Complete 
thrombosis 
(2 years 
follow-up)

Complete 
occlusion 
(3 months)

—

Late recurrence No Yes (14 months) —

Clinical status 
at last 
follow-up

Alive Died following 
redo surgical 
repair

Death 
before 
intervention

ASD, Atrial septal defect; CT, computed tomography.
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14 months later, the patient re-presented with recurrent 
discharge from the sternal incision site. Although computed 
tomography showed that the device remained in a stable 
position, a recurrent pseudoaneurysm with a maximum 
diameter of 37 mm, associated with an aortocutaneous fis-
tula, was detected adjacent to the device (Figure 1H). After 
re-evaluation by the Heart Team, redo surgery was per-
formed; however, the patient died in the early postoperative 
period.

Case 3
A ruptured ascending aortic pseudoaneurysm followed a 
catastrophic clinical course. Rapid hemodynamic deterio-
ration occurred shortly after diagnostic imaging, preclud-
ing definitive intervention and resulting in cardiovascular 
collapse.

DISCUSSION

The management of postoperative ascending aortic 
pseudoaneurysm remains clinically challenging due to its 
unpredictable course and the absence of a standardized 
treatment algorithm. In clinical practice, most cases require 
an invasive approach, and the treatment strategy is primar-
ily determined by surgical risk, the anatomical characteris-
tics of the pseudoaneurysm, and the patient’s overall clinical 
condition. Although surgical repair has long been established 
as an effective and definitive treatment modality, the need 

for redo sternotomy and cardiopulmonary bypass signifi-
cantly complicates decision-making, particularly in high-risk 
patients.

The case series illustrates the heterogeneous clinical spec-
trum of postoperative ascending aortic pseudoaneurysms 
and the variability in treatment response. In the first case, 
percutaneous closure was both technically and clinically suc-
cessful, and the patient remained stable during follow-up 
with a marked reduction in pseudoaneurysm size on serial 
imaging. In the second case, despite initial technical suc-
cess and early radiological improvement, recurrence was 
observed at 14-month follow-up. In the third case, although 
intervention was planned, the patient experienced rapid 
hemodynamic deterioration and died, underscoring the 
potentially fulminant nature of this condition.

Percutaneous closure of ascending aortic pseudoaneurysms 
has emerged as an important alternative therapeutic option 
in carefully selected patients with suitable anatomical char-
acteristics and prohibitively high surgical risk. The success of 
this approach depends on meticulous pre-procedural imag-
ing, appropriate device sizing according to pseudoaneurysm 
neck diameter, and careful assessment of device stability 
during the procedure.

In these cases, procedural planning was primarily guided 
by CTA. Computed tomographic angiography enabled 

Figure 1.  (A) Pre-procedural computed tomography angiography (CTA) demonstrating a 10 × 7 cm pseudoaneurysm arising from 
the ascending aorta and extending into the anterior mediastinum toward the chest wall with active contrast opacification, with 
the pseudoaneurysm sac indicated by an arrow and the pulsatile anterior chest wall mass marked with an asterisk. (B) Fluoroscopic 
image obtained after selective cannulation of the pseudoaneurysm neck with a 6F right Judkins catheter advanced through the 
7F ASD delivery system. The 6F right Judkins catheter is indicated by the arrow, and the looped 0.014-inch ChoICE Extra Support 
guidewire positioned within the pseudoaneurysm sac for stable intraluminal support is indicated by the asterisk. The 7F ASD 
delivery system was advanced over the wire toward the pseudoaneurysm neck. (C) Fluoroscopic image showing deployment of 
the 8-mm Amplatzer Septal Occluder device across the pseudoaneurysm neck. The device is indicated by the asterisk. (D) Early 
post-procedural CTA showing appropriate positioning of the septal occluder device at the pseudoaneurysm neck (arrow) with 
minimal residual contrast opacification within the sac. (E) Non-contrast CT obtained at 2-year follow-up demonstrating marked 
reduction in pseudoaneurysm size with complete thrombosis and the occluder device remaining in situ. (F) Pre-procedural CTA 
demonstrating a 49 × 41.5 mm ascending aortic pseudoaneurysm located at the 2 o’clock position adjacent to the ascending 
aorta, with the pseudoaneurysm neck indicated by an arrow and the pseudoaneurysm sac marked with an asterisk. An associated 
hematoma measuring approximately 20 mm is also observed. (G) Early post-procedural CTA demonstrating appropriate device 
positioning with complete thrombosis of the pseudoaneurysm sac. (H) Fourteen-month follow-up CTA demonstrating recurrent 
contrast opacification of the pseudoaneurysm sac, with the septal occluder device indicated by an arrow and the recurrent 
pseudoaneurysm sac marked with an asterisk.
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comprehensive evaluation of critical anatomical details, 
including pseudoaneurysm neck diameter, neck length, sac 
morphology, and the relationship of the orifice to the sur-
rounding aortic tissue and adjacent vital structures. During 
the procedure, fluoroscopy and TEE played complementary 
roles in real-time device guidance and procedural assess-
ment. The contribution of TEE was multifaceted, allowing 
confirmation of entry into the pseudoaneurysm sac, assess-
ment of device position and stability, detection of residual 
flow, and evaluation of the relationship between the device, 
the aortic wall, and adjacent cardiac structures. In particu-
lar, TEE served a complementary and critical role in confirm-
ing CTA-based neck measurements and assessing residual 
shunting after device deployment. This multimodal imaging 
approach facilitated accurate decision-making regarding 
device selection and sizing.4

During the device sizing process, a mildly oversized occluder 
device was selected relative to the measured neck diameter 
in order to ensure stable anchoring and minimize residual 
flow. Avoiding excessive protrusion of the device into the 
aortic lumen was considered a fundamental principle during 
device selection.5

Optimal device selection in ascending aortic pseudoaneu-
rysms is not standardized; therefore, the decision-making 
process should be individualized according to pseudoaneu-
rysm neck diameter, morphology, sac configuration, local-
ization, relationship with adjacent anatomical structures, 
landing zone suitability, and the ability to safely advance 
and stabilize the selected device and its delivery system 
within the ascending aorta.6 Various endovascular treat-
ment modalities, including septal occluders, vascular plugs, 
coil embolization, and covered stent-grafts, have been 
described in the literature. Previous systematic data have 
demonstrated that Amplatzer septal occluder devices were 
the most frequently used devices in endovascularly treated 
cases, followed by vascular plugs and muscular ventricular 
septal defect (VSD) occluders.1

In the treated cases, the presence of a discrete pseudoa-
neurysm neck with a relatively large sac favored the use of 
a double-disc occluder system. Atrial septal defect (ASD) 
occluders were preferred because their broad and symmet-
ric discs allow stable apposition on both sides of the neck, 
thereby enabling effective sac exclusion while minimizing 
the risk of device migration in the high-flow, pulsatile envi-
ronment of the ascending aorta.6 In contrast, vascular plugs 
rely primarily on cylindrical intraluminal apposition, which 
may represent a theoretical disadvantage in short-necked, 
high-flow pseudoaneurysms because of the potential risk of 
incomplete sealing, device migration, or late recanalization. 
Similarly, the bulkier waist configuration of muscular VSD 
occluders and the asymmetric/tubular design of patent duc-
tus arteriosus (PDA) occluders were considered less suitable 
for fragile postoperative ascending aortic tissue and wide-
sac, short-neck anatomy.

Although covered stent-graft implantation may represent 
another potential treatment option, it was not preferred 
in the patients because of ascending aortic localization, 

inadequate proximal and distal landing zones, aortic curva-
ture, and proximity to the coronary ostia and/or graft anas-
tomoses. These anatomical limitations may complicate safe 
stent-graft deployment and preservation of adjacent struc-
tures; therefore, in patients with favorable neck morphology, 
an off-label occluder-based closure strategy was consid-
ered more appropriate.6,7

In this context, procedural technique and system stability 
represent critical determinants of procedural safety. In the 
cases, aggressive manipulation within the pseudoaneu-
rysm sac was avoided; stiff guidewires were not used within 
the sac, and soft-tipped extra-support guidewires were 
preferred to provide controlled support. This strategy was 
adopted to minimize the risk of perforation, dissection, or 
sac rupture in the high-flow and structurally fragile environ-
ment of the ascending aorta. In cases of inadequate support, 
microcatheter use may provide additional coaxial stability 
and facilitate more controlled and safer advancement, par-
ticularly during selective cannulation of the pseudoaneu-
rysm neck.

Nevertheless, despite initially successful closure in the sec-
ond patient, recurrence developed during 1-year follow-
up. Similarly, the recurrence experience reported by Tang 
et  al4 in a postoperative ascending aortic pseudoaneurysm 
case and the clinical course described by Gormley et al8 in a 
patient with ascending aortic pseudoaneurysm secondary 
to sternal osteomyelitis suggest that, in pseudoaneurysms 
with an infectious etiology, a percutaneous approach should 
often be considered a bridge to surgery rather than defini-
tive therapy. Therefore, dynamic reassessment of treatment 
strategies remains essential in this subgroup of patients.

CONCLUSION

The management of postoperative ascending aortic pseu-
doaneurysms requires comprehensive evaluation of etiology, 
anatomical morphology, and clinical stability. Within a Heart 
Team–based, individualized treatment framework, percu-
taneous therapy may offer a safe and feasible alternative in 
patients with favorable anatomy and high surgical risk when 
performed with careful technical execution.

Artificial Intelligence Usage Statement: The authors declare that 
no artificial intelligence (AI)–assisted technologies were used in the 
preparation of this manuscript.
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patients.
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Video 1: Pulsatile anterior chest wall mass in Case 1 due to ascending 
aortic pseudoaneurysm.

Video 2: Advancement of the 7F ASD delivery system with dilator 
from the right femoral artery.
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Video 3: Advancement of the 7F delivery system over a coaxially sta-
bilized guidewire–catheter rail to the pseudoaneurysm neck.

Video 4: Contrast injection through the delivery system confirming 
intrapseudoaneurysmal position.

Video 5: Unsheathing and deployment of the septal occluder device 
through the delivery system.

Video 6: Contrast injection demonstrating final device position and 
assessment for residual leak.
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LETTER TO THE EDITOR

Interpreting Early Reticulocyte Response After 
Intravenous Iron Therapy in Heart Failure

To the Editor,

Kumral et al1 evaluated whether an early reticulocyte rise after intravenous ferric 
carboxymaltose identifies short-term hematologic response in hospitalized heart 
failure with left ventricular ejection fraction below 50%.¹ The topic is clinically 
relevant because intravenous iron is recommended in symptomatic heart failure 
with iron deficiency, but treatment monitoring still relies on ferritin and transferrin 
saturation measured weeks after administration.2

However, the present data support early biological signal detection rather than 
a definitive treatment-response marker. First, 183 of 251 screened patients were 
excluded, mainly because baseline or follow-up laboratory data and clinical fol-
low-up were unavailable.¹ This degree of post-screen exclusion can introduce 
substantial selection bias. The final analysis included only 68 patients, and the 
non-responder group was particularly small. Long-term comparisons based on 
such imbalanced subgroups are vulnerable to unstable event estimates.

Second, the 1-month hemoglobin increase is a post-baseline classification. 
Associations between this responder status and 2-year emergency visits or mor-
tality should therefore be interpreted as prognostic associations, not as evidence 
that the early reticulocyte rise mediates later clinical benefit. In the same study, 
responders already had higher baseline reticulocyte values.¹ This pattern sug-
gests that baseline marrow activity may identify a biologically fitter subgroup 
with greater erythropoietic reserve, independent of the treatment effect itself.

Third, the manuscript alternates between describing reticulocytes as a percent-
age of circulating red cells and reporting them in 10⁹/L.¹ Clarification of whether 
the primary analyses used relative reticulocyte percentage, absolute reticulocyte 
count, or both would improve reproducibility. This distinction is relevant because 
anemia severity can alter percentage-based interpretation, whereas absolute 
reticulocyte indices are generally preferred for response assessment.3

The current findings justify prospective validation of early reticulocyte kinetics 
after intravenous iron. They do not yet establish reticulocyte rise as a surrogate 
for long-term clinical benefit in heart failure, particularly when larger trials of 
intravenous iron have shown more consistent effects on hospitalization than on 
mortality.4,5
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LETTER TO THE EDITOR  
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Reply to the Letter to the Editor: “Interpreting 
Early Reticulocyte Response After Intravenous 
Iron Therapy in Heart Failure”

To the Editor,

We thank the authors1 for their interest in our study2 and for their constructive 
comments regarding the interpretation of early reticulocyte dynamics following 
intravenous iron therapy in patients with heart failure.

First, the authors note the high number of excluded patients. As stated in our 
manuscript, most exclusions were due to the absence of paired laboratory mea-
surements within the predefined 72- to 120-hour window or incomplete follow-up 
data. Because early reticulocyte assessment is not routinely performed in clinical 
practice, requiring both baseline and early post-treatment measurements inevi-
tably reduced the analyzable cohort. Nevertheless, this approach was necessary 
to evaluate early hematologic kinetics following intravenous iron therapy in a 
real-world clinical setting.

Second, we agree that classification based on a ≥1 g/dL hemoglobin increase at 1 
month represents a post-baseline categorization and therefore associations with 
long-term outcomes should be interpreted cautiously. Our primary aim was to 
assess whether early reticulocyte dynamics could identify patients demonstrat-
ing an active erythropoietic response after intravenous iron therapy. Although 
responders had higher baseline reticulocyte levels, the predictive signal was not 
limited to baseline measurements. Importantly, the early dynamic change in 
reticulocyte levels (delta reticulocyte) was also significantly associated with sub-
sequent hemoglobin increase.

Third, our analyses focused on the change in reticulocyte levels between baseline 
and 72-120 hours (delta reticulocyte). Receiver operating characteristic analysis 
identified a >9% increase in delta reticulocyte as the optimal threshold predict-
ing a ≥1 g/dL hemoglobin increase at 1 month, and patients were categorized 
accordingly.

These findings suggest that early reticulocyte kinetics may represent a practical 
indicator of early hematologic responsiveness to intravenous iron therapy. While 
hypothesis generating, they highlight the potential value of early erythropoietic 
markers for treatment monitoring in patients with heart failure.
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​Letter: Ambiguity of Medina 0.0.1 Classification

LETTER TO THE EDITOR

Ambiguity of Medina 0.0.1 Bifurcation Disease 
Without Intravascular Imaging

To the Editor,

We have recently read with great interest the article by Akın et al1 entitled “Safety 
Profile of Drug-Coated Balloon Angioplasty for Isolated Side Branch Lesions: A 
Single-Center Experience.”1 This study highlights that drug-coated balloon (DCB) 
angioplasty offers a significant clinical benefit in optimizing Medina 0.0.1 bifur-
cation disease. However, we believe there are several key points that need to be 
addressed.

Coronary lesions affecting only the side branch (SB) ostium, classified as Medina 
0.0.1, are exceedingly rare, comprising roughly 3-5% of total bifurcation lesions. 
From the perspective of most interventional cardiologists, they have been consid-
ered "non-true" bifurcations, assuming they possess diminished clinical relevance 
due to their infrequency, lack of main vessel (MV) involvement, and the restricted 
myocardial region supplied by the afflicted SB.2,3 Consequently, they are generally 
considered less clinically relevant and routinely omitted from key trials and guide-
lines. Recent registry-based analysis indicates that this assumption may be erro-
neous. Isolated SB lesions have been linked to unfavorable clinical outcomes that 
are equivalent to or exceed those of genuine bifurcation lesions following per-
cutaneous coronary intervention (PCI), despite their seemingly straightforward 
angiographic presentation.3 In isolated Medina 0.0.1 bifurcation lesions, angiogra-
phy-based diagnostic and treatment strategies raise some concerns, especially in 
the current era of intravascular imaging: 1) an angiographically “simple” appear-
ance leads to underestimation of disease severity; 2) foreshortening, an eccentric 
plaque, and an elliptical ostium can lead to an inaccurate severity assessment; 3) 
subclinical plaque extensions into the proximal MV are often missed without intra-
vascular imaging. In the present study, although the authors acknowledge the 
lack of intravascular imaging in the limitations section, we believe that concluding 
the current analysis of isolated ostial SB disease without performing intravascular 
evaluation in any patient may mislead clinicians. Additionally, in the present study, 
27.1% of patients had isolated ostial left circumflex artery (LCX) lesions.1 Ostial LCX 
disease (left main 0, 0, 1 lesion) has traditionally been viewed as undesirable for 
PCI due to its technical complexity and the potential for severe complications. A 
recent study indicated that 66% of patients presented with continuous plaques 
extending from the left main to the LCX, and 62% had plaques involving both the 
left main and the LCX.4 In the present study,1 we suggest that in some patients, 
DCB angioplasty might have been conducted without addressing the diseased 
section of the MV. Moreover, ostial SB disease is marked by significant calcifica-
tion, elastic fibrils, and fibrous components. As a result, these lesions require the 
use of adjuvant lesion preparation tools, such as cutting/scoring balloons and 
rotoablation. This study does not provide details about the lesion preparation 
methods used.
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LETTER TO THE EDITOR  
REPLY

Reply to the Letter to the Editor: “Ambiguity 
of Medina 0.0.1 Bifurcation Disease Without 
Intravascular Imaging”

To the Editor,

We thank the authors1 for their interest in our study2 and for their thoughtful 
comments.

First, we fully agree that intravascular imaging provides valuable information in 
the assessment of bifurcation lesions, particularly in Medina 0.0.1 disease. As the 
authors correctly emphasized, angiography may underestimate lesion extent 
because of vessel overlap, foreshortening, eccentric plaque distribution, and the 
presence of subclinical plaque extension into the main vessel. For this reason, the 
absence of intravascular imaging was explicitly acknowledged as one of the major 
limitations of our study. However, our investigation was designed to reflect real-
world practice in a retrospective cohort and to evaluate the procedural safety and 
feasibility of a DCB-only strategy rather than to establish definitive anatomical 
characterization. Therefore, our conclusions were intentionally limited to safety 
and feasibility and should be interpreted within this context.

Second, regarding ostial LCX lesions, we acknowledge the possibility of plaque 
extension from the left main coronary artery into the LCX. Nevertheless, all 
angiograms were reviewed by experienced interventional cardiologists, and 
lesions were classified according to angiographic Medina criteria. Furthermore, 
the primary objective of the present study was not to determine plaque distribu-
tion but to evaluate clinical and procedural outcomes following DCB treatment 
in lesions considered suitable for a DCB strategy in routine clinical practice. We 
agree that future studies incorporating systematic IVUS or OCT assessment 
would provide a more accurate understanding of plaque extension and lesion 
morphology.

Third, regarding lesion preparation, all lesions underwent mandatory predilata-
tion before DCB application. Drug-coated balloon treatment was performed only 
when accepted angiographic criteria were achieved, including TIMI 3 flow, resid-
ual stenosis ≤30%, and absence of severe dissection. Because of the retrospective 
nature of the study and the relatively small sample size, detailed data regarding 
the use of adjunctive lesion preparation devices, such as cutting balloons, scoring 
balloons, or atherectomy systems, were not consistently available and therefore 
were not included in the analysis. We agree that these devices may be particu-
larly valuable in selected calcified ostial lesions and require further investigation 
in future prospective studies.

In conclusion, we appreciate the authors’ comments, which highlight important 
considerations regarding lesion assessment and preparation in Medina 0.0.1 bifur-
cation disease. We believe our findings should be viewed as hypothesis-generating 
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and supportive of further prospective studies utilizing routine 
intravascular imaging and detailed lesion characterization.
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Spontaneous Echo Contrast or Thrombus? 
Intracardiac Echocardiography and Isoproterenol 
Infusion Provide the Answer

A 77-year-old man with heart failure and chronic kidney disease presented with 
dyspnea and palpitations. Atrial fibrillation (AF) was documented, and catheter 
ablation was planned. Pre-procedural transesophageal echocardiography dem-
onstrated a calcified echogenic structure located within the mid-portion of the 
left atrial appendage (LAA). The appendage appeared patent up to this level; 
however, the distal portion could not be clearly delineated. The region beyond 
the echogenic structure resembled the transverse sinus but did not demonstrate 
the typical anechoic appearance expected for the transverse sinus and con-
tained SEC-like swirling echoes. Consequently, it remained unclear whether this 
area represented the distal LAA or the pericardial transverse sinus, rendering 
TEE inconclusive for reliable assessment of LAA anatomy and thrombus exclusion 
(Figure 1; Video 1).

Given the inconclusive transesophageal findings, further evaluation with intracar-
diac echocardiography (ICE) was done. Initial imaging from the pulmonary artery 
provided improved delineation of the LAA anatomy, demonstrating a relatively 
shallow appendage surrounded by a prominent transverse sinus space. Despite 
the clearer anatomical visualization, a large, echogenic, mass-like appearance 
within the LAA raised persistent concern for thrombus formation (Figure 2A and 
2B; Video 2A and 2B). Therefore, additional functional assessment was required to 
differentiate the true thrombus from the dense spontaneous echo contrast.

Transseptal access was subsequently obtained under ICE guidance using a no-
touch technique. The ICE catheter was inserted into the left atrium and positioned 
in the left superior pulmonary vein to obtain dedicated views of the LAA. From this 
vantage point, integration of the appendage again demonstrated a large, echo-
genic, mass-like appearance, maintaining a strong suspicion for thrombus, and 
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Figure 1.  Transesophageal echocardiography of the left atrial appendage. (A) View 
at 45° demonstrating dense echogenic material within the left atrial appendage. 
(B) View at 88° confirming persistent echogenic appearance suspicious for 
spontaneous echo contrast versus thrombus.
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cancellation of the ablation procedure was initially consid-
ered. As a final diagnostic maneuver, isoproterenol infusion 
was initiated to differentiate thrombus from dense SEC. 
Following adrenergic stimulation, the echogenic material 
within the LAA rapidly and completely dispersed, confirming 
the diagnosis of dense SEC and effectively excluding throm-
bus (Figure 2C and 2D; Video 2C and 2D). Therefore, catheter 
ablation was continued safely. 

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

Declaration of Interests: The authors have no conflict of interest to 
declare.

Funding: The authors declared that this study has received no finan-
cial support.

Video 1: Transesophageal echocardiographic imaging of the left 
atrial appendage at 65° demonstrating dense echogenic material.

Video 2: Intracardiac Echocardiography With Pharmacologic 
Provocation. (A) Intracardiac echocardiographic view from the right 
atrium. (B) Left atrial view after transseptal access. (C) Dispersion of 
spontaneous echo contrast during isoproterenol infusion. (D) 
Resolution of spontaneous echo contrast after isoproterenol 
infusion.

Figure 2.  Intracardiac echocardiographic evaluation of the left atrial appendage. (A) Right atrial view demonstrating a globular 
echogenic structure within the left atrial appendage. (B) Left atrial view after transseptal access providing improved delineation. 
(C) During isoproterenol infusion, dispersion of spontaneous echo contrast is observed. (D) After isoproterenol infusion, resolution 
of spontaneous echo contrast.


