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INSTRUCTIONS FOR AUTHORS

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

e Allstatements and opinions expressed in the manuscripts pub-
lishedinthe 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.

e  The manuscripts submitted to the journal, except abstracts, pre-
sentations, reviews and parts of theses, should nothave 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.

e 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
notbe 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.

e Allcontentsare the authors’ responsibility. All financialliability 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.

e Rejected manuscripts will not be returned except for artwork.

e To clarify scientific contributions and responsibilities and any
conflict of interestissues 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

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

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

e Allmanuscripts 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-ethicalissues arise. The authors must obtain the per-
mission of the copyright holder for non-original tables, figures,
graphs, images and other visuals.

e Theauthorsshould acknowledge and provide detailed informa-
tion on any contributions in kind and financial support given by
any foundations, institutions and firms.

e 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 (Al)—Assisted Technology

At submission, the journal should require authors to disclose wheth-
er they used artificial intelligence (Al)— 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 Al for writing assistance should be reported in the
acknowledgment section. Authors who used Al 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 Al-assisted tech-
nologies. Authors should carefully review and edit the result because Al
can generate authoritative-sounding output that can be incorrect, in-
complete, or biased. Authors should not list Al and Alassisted technol-
ogies asan author or co-author, nor cite Al 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 Al. 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

6.1CMJE Uniform Disclosure Form for Potential Conflicts of Interest
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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
unbiasedinterpretation. Thus, only information aboutthe 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
conductedinseveralinstitutions, the affiliation of eachauthormustbe
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, itisimportant that authors check the accura-
cy of the main text in terms of the following.

A.Manuscript types
¢ Original investigation
e Editorial comment
® Review
e Education
¢ Scientificletter
e Casereport
¢ Originalimage
o Letter to the editor
e Publication ethics
¢ Scientific puzzle
¢ Miscellaneous articles

B. References
C. Special Terms and Conditions

A. Manuscripttypes

e Original Research

o Title

e 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 thatis 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.

e 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.

e  References: Thereferencelistshould be provided following the Main
Text. Limiting the number of references to 50 is usually sufficient.

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

e Title, Structured Abstract and Keywords should also be provid-
ed in Turkish for manuscripts submitted by Turkish authors or
from Turkiye. However, translations of these sections for man-
uscripts submitted by foreign authors outside Tiurkiye 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
guidelinesfor contributorsto medicaljournals. BrMed J1983:7;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
comparecontinuousvariables.Fornonparametrictests,datamustbe
expressed as median (minimum-maximum) or percentiles (25th and
75th percentiles). In advanced and complex statistical analyses, rel-
ativerisk (RR), oddsratio (OR) and hazard ratio (HR) must be support-
ed by confidence intervals and p values. The outcomes of statistical
analyses andinterpretation 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).

e 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.

o Title
e Main Text: It should notinclude subheadings and should be limit-
ed to 500 words.

e References: The reference list should follow the main text and
the number of references should be limited by 15.

e Abstract, Keywords, Tables, Figures, Images and other visuals
are notincluded in editorial comments.

e The title should also be provided in Turkish for works submitted
by Turkish authors or from Turkiye. The title of the manuscripts
submitted by foreign authors outside Tirkiye will be translated
into Turkish by the Editor-in-Chief'’s Office.

e 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.

e Title

e 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 thatis intended to
be conveyed to the readers. It should be limited to 70 words.

e Abstract: It should notinclude subheadings and should be limit-
ed to 250 words.

e 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.



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

NOTE: The originality of the visualsincluded 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,
involvedin education atacademicleveland usedin clinical prac-
tices should be presented in detail in this type of manuscript.
Title

Abstract: It should notinclude 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 listaccording to their order of appearance in the main text.
For educational articles submitted by Turkish authors or from
Turkiye, Title, Abstract and Keywords should also be provid-
ed in Turkish. For articles submitted by foreign authors outside
Turkiye, 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
Turkiye, the Title should also be provided in Turkish. For letters
submitted by foreign authors outside Turkiye, the translation
of these sections will be carried out by Editor-in-Chief'’s Office.

Case Report

Since alimited 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.
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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 notincluded.

For case reports submitted by Turkish authors or from Turki-
ye, the Title should also be provided in Turkish. For case reports
submitted by foreign authors outside Turkiye, 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 notincluded.

For original images submitted by Turkish authors or from Tirkiye,
the Title should also be written in Turkish. Forimages submitted
by foreign authors outside Turkiye, 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.

A-V

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 educationalissues, 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,
yeadr, issue, page numbers, authors’ names and title of the man-
uscriptshould 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 notincluded.

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

Publication Ethics

These articlesinclude currentinformation 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.
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e  Abstract and Keywords are notincluded.

e  For articles submitted by Turkish authors or from Turkiye, the
Title should also be written in Turkish. For articles submitted
by foreign authors outside Tirkiye, the translation of this
sectioninto Turkish will be carried out by the publisher.

e 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.

e Title
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Selexipag for Pulmonary Hypertension,
TAVIand more

Atrial septal defect closure can be performed surgically or via transcatheter

intervention, yet comparative outcomes remain inconsistent between children

and adults. Kannady et al from Indonesia in their meta-analysis synthesized

observational evidence to evaluate procedural success, complications, and peri- EDITORIAL
procedural characteristics across both populations.

Transcatheter aortic valve replacement (TAVR) is the standard therapy for severe
aortic stenosis, particularly in elderly patients with comorbidities. Simple biomark-
ers to predict mid-term mortality are still needed. Aslan et al from Tirkiye evalu-
ated the prognostic value of the preprocedural neutrophil percentage-to-albumin
ratio for 2-year all-cause mortality after TAVR.

Serum miR-107 may have significant potential in diagnosing cardiac hypertrophy
in maintenance hemodialysis (MHD) patients and is a potential biological indica-
tor for cardiac hypertrophy in MHD patients. Li et al from China found this result
in their study.

Patients with atrial fibrillation (AF) undergoing transcatheter aortic valve implan-
tation (TAVI) often require long-term oral anticoagulation, which may not be
appropriate for those at high bleeding risk. Performing left atrial appendage clo-
sure (LAAC) during TAVI can reduce the risk of thromboembolism while avoiding the
need for prolonged anticoagulation. Kivrak et al from Tirkiye did same-session TAVI
and LAAC in AF patients with high bleeding risk and found that it was technically
feasible and showed an acceptable short-term safety profile.

Tokg6z et al from Tirkiye assessed the efficacy and tolerability of the oral IP recep-
tor agonist selexipag as part of sequential triple combination therapy in patients
with pulmonary arterial hypertension. This is such an important study that two
well known expertin this topic Roberto Badagliacca and Khodr Tello wrote an edi-
torial on this sudy. Thanks all the contributors.

Najafov and Alekberov from Azerbaijan aimed to assess the prognostic signifi-
cance of clinical, biochemical, and duplex ultrasound parameters in predicting
ASCVD, and to determine the prevalence and predictors of preclinical atheroscle-
rosis in dyslipidemic patients without clinically evident CAD.

And a case report, letters, e-page originals...

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

CetinErol

Editor-in-Chief, Ankara, Tirkiye
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Transcatheter Versus Surgical Closure of
Atrial Septal Defectin Children and Adults:
A Systematic Review and Meta-Analysis of
Observational Studies

ABSTRACT

Background: Atrial septal defect closure can be performed surgically or via transcath-
eter intervention, yet comparative outcomes remain inconsistent between children and
adults. This review synthesizes observational evidence to evaluate procedural success,
complications, and peri-procedural characteristics across both populations.

Methods: A systematic review and meta-analysis following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines was con-
ducted, including 36 observational studies published through 2024. Study quality was
assessed using the Newcastle—Ottawa Scale. Random effects models were applied, with
subgroup analyses by age and procedure type. Publication bias was examined using fun-
nel plots and Egger's test.

Results: The pooled procedural success rate was 95% (95% Cl: 92%-97%; I*=90.2%). Among
children, raw procedural success was 87% (1445/1656) for transcatheter closure and 99%
(505/510) with surgery. In adults, transcatheter closure achieved 97% (95% Cl: 90%-99%),
whereas surgery reached 98% (95% Cl: 70%-100%). Transcatheter closure resulted in
shorter hospitalization (mean difference: -3.86 days, 95% Cl: =6.03 to -1.69; P = .0004)
and fewer major complications (risk ratio: 0.58, 95% Cl: 0.39-0.86; P=.006). Sensitivity
analysis restricted to high-quality studies (n =12) remained consistent. Egger's regression
did not indicate significant publication bias (P =.069).

Conclusion: Both approaches provide high closure success, yet transcatheter interven-
tion offerslower complication rates and faster recovery, particularly in anatomically suit-
able patients. These findings support individualized treatment selection based on age,
anatomy, and institutional experience.

Keywords: Atrial septal defect, complications, meta-analysis, procedural outcomes, sur-
gical repair, transcatheter closure

INTRODUCTION

Atrial septal defect (ASD) is one of the most common congenital heart diseases,
accounting for 10%-15% of cases in both children and adults. The secundum sub-
type predominates and, when left untreated, may lead to progressive right-sided
volume overload, arrhythmia, pulmonary hypertension, and early mortality.™
Closure is therefore recommended in symptomatic patients and in those with evi-
dence of right ventricular dilation regardless of age.®

Surgicalrepair haslong been the definitive treatment for ASD, achieving excellent
long-term outcomes and near-complete defect closure. However, since the 1990s,
transcatheter closure has emerged as a less invasive alternative for anatomically
suitable patients, offering shorter recovery, reduced postoperative morbidity, and
superior cosmetic results.**> Current guidelinesincreasingly support transcatheter
closure as first-line therapy when feasible.**¢

Despite these advantages, comparative evidence remains inconsistent. Most
available data originate from observational studies rather than randomized trials,
and reported outcomes vary considerably across age groups and clinical settings.

e 0 Copyright@Author(s) - Available online at anatoljcardiol.com.
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Some studies suggest that transcatheter closure provides
comparable or even superior safety profiles with fewer com-
plications, while others emphasize the procedural durability
of surgery, particularly in cases with complex or unfavorable
anatomy.®? Additionally, children and adults exhibit distinct
technical challenges and comorbidity profiles that influence
procedural success and complication risk, complicating com-
parative interpretation.’

Given these uncertainties, an updated synthesis is needed
to clarify outcome differences between transcatheter and
surgical closure across age groups. A systematic review and
meta-analysis of observational studies comparing both
approaches was conducted, focusing on procedural success,
complication patterns, and peri-procedural characteristics
in children and adults.

METHODS

Study Design

We conducted a systematic review and meta-analysis of
observational studies comparing transcatheter and surgi-
cal ASD closure. This review adhered to PRISMA 2020 guide-
lines.® The protocol was registered prospectively in the
International Prospective Register of Systematic Reviews
(PROSPERO;CRD420251052612). Because the published data
was analyzed and did not include new patient contact, no
ethical approval or consent was required.

Eligibility Criteria

We included observational studies such as prospective
cohort studies, retrospective cohort studies, case-control
studies, and national registries that reported outcomes of
transcatheter or surgical ASD closure in children or adults. A
study was eligible if it reported at least one of the following
outcomes: procedural success, procedural characteristics
including procedure duration, fluoroscopy duration, radia-
tion exposure, length of stay, or complications during the
procedure or follow-up period. Case reports, review arti-
cles, conference abstracts, and studies without extractable
quantifiable outcome data were excluded.

Search Strategy

We conducted a comprehensive search of PubMed, Embase,
Scopus, and Web of Science up to December 2024. Search
terms included “atrial septal defect,” "ASD,” “transcatheter
closure,” "device closure,” “surgical repair,” and "outcomes”

HIGHLIGHTS

e Transcatheter closure of atrial septal defect signifi-
cantly reduces hospital stay and procedural complica-
tions compared to surgery.

e Both transcatheter and surgical approaches achieve
high procedural success (>95%) across children and adult
patients.

e Surgery remains indispensable for complex anatomy
and large defects not amenable to device closure.

e Age-specific differences suggest that transcatheter
closureis especially advantageousin pediatric patients.
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combined with Boolean operators. Reference lists from eli-
gible studies were manually screened to identify additional
publications.

Study Selection

Threereviewersindependently screenedtitlesand abstracts.
Full text review followed for studies that met preliminary cri-
teria. Disagreements were resolved through discussion with
afourth reviewer. The selection processis summarizedin the
PRISMA flow diagram.™

Data Extraction

Three reviewers extracted data independently using a
structured data form. Extracted variables included study
design, publication year, country, sample size, patient
demographics including age, sex, and weight, anatomical
characteristics of the defect, type of intervention, success
rates, intra-procedural and follow-up complications, pro-
cedure duration, fluoroscopy duration, and length of hospi-
tal stay. Device type and device diameter for transcatheter
closure were recorded when available and are presented in
Supplementary Tables Tand 2.

Procedural success was defined in this review as success-
ful closure confirmed by imaging without major complica-
tions during the same admission. The included studies did
not use a uniform definition because some investigators
defined success based on device deployment alone, while
others required the absence of complications or complete
closure on follow-up imaging. To address these differ-
ences, a single operational definition was applied and the
data elements that matched this definition as closely as
possible were extracted. Only a limited number of stud-
ies used identical criteria; therefore, a sensitivity analysis
restricted to studies with fully consistent definitions could
not be performed.

Risk of Bias Assessment

We assessed methodological quality using the Newcastle—
Ottawa Scale (NOS)." This tool evaluates 3 domains: patient
selection, comparability of groups, and outcome assess-
ment. Studies with a score of 7 or higher were classified as
high quality.

The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) Assessment

We assessed certainty of evidence using the GRADE frame-
work. A summary of grading for each outcome is provided in
Supplementary Table 3.

Outcomes of Interest

The primary outcome was procedural success, defined
according to the standardized operational definition applied
inthisreview. Secondary outcomesincluded procedure dura-
tion, fluoroscopy duration, radiation exposure, length of stay,
and peri-procedural or follow-up complications. Variation in
follow-up duration across studies limited time-specific out-
come comparison.

Statistical Analysis
Meta analyses were performed using random effects mod-
els (DerSimonian—Laird). All analyses were conducted in
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RStudio (RStudio version 2024.12.0)." Risk ratios for dichoto-
mous outcomes and mean differences for continuous out-
comes were reported, each with 95% Cls. Data distribution
for continuous outcomes including procedure duration and
fluoroscopy duration was visually inspected and demon-
strated right skew patterns in several studies. However,
because most publications reported only mean and standard
deviation without providing median or interquartile range
values, transformation into nonparametric effect measures
was not possible. Mean difference was therefore retained for
consistency in pooled synthesis.

For outcomes thatincluded 1 or more O event cells, a conti-
nuity correction of 0.5 was applied to enable computation
of risk ratios. Peto or modified Mantel—Haenszel estima-
tors were not applied because several outcomes contained
studies with unbalanced sample distribution, and risk
ratios provided a more clinically interpretable measure for
comparison.

Statistical heterogeneity was quantified using the /* sta-
tistic.™ Follow-up duration varied substantially across the
included studies and ranged from early in-hospital assess-
ments to long-term evaluations. Because the studies did
not provide a consistent prespecified follow-up window, the
outcome that most closely reflected the first systematic
evaluation after the intervention was extracted. The analy-
sis was not restricted to a single follow-up length because
too few studies reported outcomes at identical time points.
Stratified pooling based on short-term or long-term follow-
up could not be performed for the same reason. The pooled
estimates for late complications should therefore be inter-
preted as summaries of heterogeneous follow-up intervals
rather than strictly comparable time-matched outcomes.
Prespecified subgroup analyses were performed according
to procedure type (transcatheter versus surgical) and age
group (children versus adults). Sensitivity analyses restricted
to high-quality studies with Newcastle Ottawa Scale score
7 or greater were conducted to assess the robustness of the
pooled estimates. Publication bias was evaluated by funnel
plot assessment and Egger regression.™

RESULTS

Study Selection

The initial search retrieved 1683 records. After duplicate
removal and screening of titles and abstracts, 36 observa-
tional studies met the eligibility criteria and were included
in the quantitative synthesis. The study selection process is
presented in the PRISMA 2020 flow diagram (Figure 1).

Study Characteristics

The 36 included studies comprised a total of 12 739 patients
undergoing transcatheter or surgical ASD closure (7014
transcatheter; 5725 surgical). Study designs consisted of
prospective and retrospective cohorts, case-control studies,
and 1 nationwide registry. Mean age in adult cohorts ranged
from 28 to 42 years, while pediatric cohorts ranged from
1.5 to 7 years. Baseline characteristics including age, sex,
weight, and defect size on echocardiography or angiography
are summarizedin Table 1.
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Detailed baseline patientdemographics and peri-procedural
characteristics stratified by closure approach are presented
in Table 2.

Most studies reported the type of device used for transcath-
eter closure.

Amplatzer devices predominated (78.9% of all transcatheter
implants), with much smaller contributions from Starflex
(4.7%), Occlutech (3.7%), CardioSEAL (2.6%), Helex (2.9%),
and Angelwing (2.3%). Use of other devices was uncommon
or not reported.

Risk of Bias Assessment

Newcastle—Ottawa Scale scores ranged from 6 to 9. Twelve
studies (33%) achieved high quality (=7 points), while the
remainder were of moderate quality. The most common
limitation was lack of a concurrent control group, which
affected comparability. A detailed summary of NOS assess-
mentis provided in Supplementary Table 4.

Procedural Success

The pooled procedural success rate for ASD closure without
major complications was 95% (95% Cl: 92%-97%; I>= 90.2%).
To better quantify expected effect variability across future
studies, a prediction interval (0.55-1.00) was calculated,
indicating a wide range of possible true effects and reflect-
ing substantial clinical heterogeneity among included
cohorts. Leave-one-out sensitivity analysis (sequential
exclusion of each study) demonstrated stability of the
pooled procedural success estimate. Sequential removal
of individual studies produced changes of <0.85% in the
pooled estimate, with no single study altering the direction
or magnitude meaningfully. These results are reported in
Supplementary Table 5.

Baujat analysis identified 2 studies, Meyer et al’ and Marini
et al*, as the largest contributors to statistical heteroge-
neity while also exerting notable influence on the pooled
success estimate. Several other studies, including Esraa,
Formigari, and Martins, contributed moderate variability,
whereas most remaining cohorts showed minimal impact on
heterogeneity or the overall pooled effect. These findings
are shownin Supplementary Figure 1.

In children, the raw procedural success rates were 87.3%
(1445/1656) for transcatheter closure and 99.0% (505/510) for
surgical closure (Table 3). The pooled meta-analytic model
estimated success at 93% and 97%, respectively; differences
reflect study weighting and between-study variance.

Device generation likely contributed to outcome vari-
ability. Early cohorts predominantly used first-generation
Amplatzer/AGA devices, while more recent studies increas-
ingly employed Occlutech and CERA systems, which may
offer improved deployment control and stability. In the sur-
gical group, outcomes represented a combination of ster-
notomy and minimally invasive approaches, although most
studies did not report these separately, limiting direct com-
parison of technique-specific morbidity.

Cumulative meta-analysis of transcatheter procedures
(studies added chronologically by publication year) showed
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only to ASD (n=17)

- Other Complication
Mentioned (n=1)

Figure1. PRISMA 2020 flow diagram of study selection.

early variability in pooled success rates with progressive
stabilization after 2008. At the most recent cumulative
step (including studies up to 2022), the pooled transcath-
eter success proportion was 0.788 (95% Cl: 0.771-0.805).
Supplementary Figure 2 provide the full cumulative plot.

Procedural Characteristics

Transcatheter closure demonstrated shorter procedure
duration compared with surgery (adults: 43.2 * 11.9 min-
utes vs 89.8 * 32.6 minutes; children: 70.7 £ 37.2 minutes vs
83.2 £ 55.0 minutes; both P < .001). Hospital stay was also
significantly shorter (mean difference: -3.86 days; 95%
Cl: =6.03 to -1.69; P=.0004). Fluoroscopy time averaged
12.0 = 3.6 minutes in adults and 19.3 £ 34.5 minutes in chil-
dren, although pediatric comparison was limited due to
fewer surgical comparators. These findings are displayed in
Figure 2.
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Complications During Procedure
Transcatheter closure had lower intra-procedural complica-
tionrates.

Among children, the most frequent events were residual
shunt (1.8%), arrhythmia (1.2%), and device embolization
(1.0%). In adults, device embolization (1.3%) and arrhythmia
(1.6%) were most commonly reported. Surgical closure was
associated with higher rates of pleural effusion (0.7%), peri-
cardial effusion (2.1%), pulmonary edema (11%), and shock
(3.9%). Full complication distribution is summarized in Table 3
and visualized in Figure 3.

Complications on Follow-Up

During follow-up, residual shunt was observed in 4.6% of chil-
drenand 7.2% of adults following transcatheter closure, com-
pared with 1.7% in surgically treated children. Arrhythmia
was lower after transcatheter closure versus surgery (0.7%



Kannady et al. Transcatheter vs. Surgical ASD Closure: Meta-analysis and Systematic Review

Anatol J Cardiol 2026; 30(4): 213-224

*(Apnas |pulblio aY3 Woly 9|gDASIILS] 30U 10 pa1iodal 30U UOIIDWIIOJUI) |GD|IDAD 30U DIDP = VN

INpY ovelL L8LL VN 3404oo |DUOIDN pup|bug SYdord [019 ysi|bug
INpY 8L VN 8l 110yod sAipIpdwod pubjod [4dor4 [D 13 Z2IM3{IDIMS
INpY LOL VN 66 11oyod sAipIpdwod puUD|ISZ3IMS 9L0¢ |D 13 19AS N
INpY 99 L [4S] 31oyod aAdadsold D310} Yinos £10¢ D312 997
INpY 809 £0S VN 310yod sAipIpdwod pbuly> ¥10¢ |p 38 Busayz
ualip|iyd LS VN LS }Joyod aAl3dadsold 9dUD.4 'slibd 1002 |D 33 IULIDN
uaJipjiyo | A4 VN 6le 110yod aA0adso1ay ABNL 1444 |039 unboq
NPV S¢ VN 14 310yod aAipIpdwod pipu| [440)4 |0313 10BDS
usipiiys L9 VN L9 110yod aApdadsold puly> cLoc [P 39S UDNA
uaipjiyo ov VN ov 310yod aAdadsold VN LLOC |[P3IS UlypsS
usipiiys 29 VN 89 110yod aApdadsold puly> 800¢ |03s Bubny
ualip|iyd ZS VN 6% 11oyod aAdadsonnay pibjag 1002 |D 39 SDUSPIDD
uaipjiys LLL 8¢ [ 310yod aAnRDIDdWOD D|pWa1bNY 900¢ D39 DPIA
ualip|iyd 29 6l 4 }Joyod aAdadsold DI|DIISNY 2002 |p19 saybnH
uaipjiys 9v 6l 144 14oyod aAidadsold AN ¢00¢ |P3S uoswoy
ualip|iyd 08 0s 0 }Joyod aAdadsold Aubwiisg 666l |D 3 J9ydsi4
uaipiyo Sel SelL VN 31040 dA13dadsonay PUD|I3Z1IMS ‘|9sDg S00¢C D13 z|og
uaipjiys 0s VN Ly 310402 dARd8dsoud 9dUD.4 ‘slibd cLoc |P3S IULDIN
uaipjiys LS VN S 310402 dARDIDdWOD VSN ‘sojpg L00¢ 1038 1IpBIwIoS
uaipjiys 144 VN 144 310402 dA13D9ds0119Y 1dAB3 710¢ P32V
uaipjiys 144 VN 144 |013U0d - 38sb) DIgDJY IpNDS 8L0¢C |P39 131DYS
uaJipliyo o8l SoL SL 310yod sAipIpdwod |lzplg ¢Loc P39 D3SO
uaJipliyo 144 VN VN 110yod aAdadsol1ay puly> jxdord |P3S 0Dl
uaJipjiyo LL VN LL 31oyod aAdadsold puly> [4dor4 [P3= N7
uaip|iyd /9 VN 59 1Joyod aAndadsonay 1dAB63 0702 |D 3 DDIS]
ualip|iyd 67l VN 59 }Joyod aAl3dadsolyay Aubwiag 002 |D3d Ndzn|
uaJipjiyo 4 oL VN 31oyod aAipIpdwod pbuly> £00¢ |03 Bupyz
uaJipjiyo ¢¢ VN g 110yod aA0adsolay ysi|bug 800¢ |P 38 Yjlws
uaip|iyd /L VN /L 1Joyod aAdadsolyd 1dAB3 ¢1L0T |D 32 JIDWwwy
uaJipjiyo 98l VN 98 31oyod aAipIpdwod puly> 0¢o¢ |P3S UbH
ualip|iyd a4 Sy VN 11oyod aAldadsonnay DpDUDD 2002 |D 31D ||9ssNy
ualip|iyd S¢ VN s¢ 11oyod aAldadsonnay 9ouDl14 800¢ |D 19 9sSIDI4
uaipliyos 66 VN 08 110yod aAdadso1ay SAD|INL 'DID}UY S00¢ [D 32 119D
uaJp|iyd / VN [ }Joyod aA3dadsolyd Aubpwiiag ‘Binqiali4 1661 |D 3@ UISp|1D
uaipjiys LT VN LT 310402 dAiDadsoN DY [1zD1g 'SY-3163|y 03104 £00¢ |ID 39 1SS0y
uaip|iyd ST VN ST 11oyod aA3dadsonlay puD|D®7Z M3N ‘PUDPONY 002 |D 39 MBA
uonpjndod aby uonp|ndod (u) Awo3soobioyy (u)1933y3pdsubi) ubisag Annunon IDSA loyyny

uadQ/|poibing

S3IpN1S PapN|oU| JO SOIISII91ODIDYD ‘L 3|qPL

217 ——



Kannady et al. Transcatheter vs. Surgical ASD Closure: Meta-analysis and Systematic Review

Table 2. Baseline Demographics and Defect Characteristics of
Patients Undergoing Transcatheter and Surgical Closure

Age Transcatheter Surgical

(Years) (Mean *SD) (Mean *SD) P
Adult 33.67 £ 614 (n=5625) 31.36 £10.6 (n=2632) <.001
Child 3.69+3.73(n=1389) 4.03£199(n=603) .035
Gender (male)

Adult n=1939 n=1865 <.001
Child n=1298 n=588 .056
Weight (kg)

Adult 4570 £15.7 (n=254) 52.4+13.85(n=508) <.001
Child 22.57+874(n=1352) 14.6+3.8(n=416) <.001

vs. 5.8% in children). Late device-related complications such
as embolization were rare (0.2%-0.8%). Surgical follow-up
complications included heart failure (1.9%) and renal failure
(0.5%). Complete outcome data are provided in Table 4 and
Figure 4.

Sensitivity Analysis

Sensitivity analysis restricted to 12 high-quality studies (NOS
> 7) yielded similar results to the primary analysis, reinforc-
ing robustness. Corresponding forest plots are shown in
Supplementary Figure 3.

Publication Bias

Funnel plot distribution appeared largely symmetrical, and
Egger’s regression test showed no significant small study
effects (P=.069), although minor asymmetry suggests pub-
lication bias cannot be fully excluded.

DISCUSSION

Principal Findings

This systematic review and meta-analysis of 36 observa-
tional studies involving more than 12 thousand patients
provides updated comparative evidence for transcath-
eter and surgical ASD closure. Both approaches demon-
strated very high procedural success, consistently above
95%. Transcatheter closure resulted in shorter hospital stays,
shorter procedure duration, and lower complication rates,
particularly in children. Surgical closure remained effective
and continues to be the preferred option for patients with
large defects, deficient rims, or anatomical variants that are
not suitable for device placement.

Many factors caused the wide differences between stud-
ies. Centers used different device generations, starting
from early Amplatzer and AGA devices and later moving to

Anatol J Cardiol 2026; 30(4): 213-224

Occlutech and CERA models. Operators also became more
skilled over time, so older studies often reflect early learning
periods while newer studies show more stable practice. Each
center also used different rules for choosing which patients
were suitable for device closure, which changed the types of
defects included. The length of follow-up and the way out-
comes were defined also varied a lot. Some studies reported
only events during the hospital stay, while others followed
patients for months or years. Practice patterns also differed
across countries, including the type of device used, the style
of care, and whether surgeons preferred a small chest cut or
a full chest opening. All these differences created the large
variation seen in the results, and readers should keep this
in mind when interpreting the pooled findings. Cumulative
meta-analysis suggests that pooled transcatheter suc-
cess rates became more consistent after 2008, supporting
the hypothesis that improvements in device generation and
growing operator experience contributed to more reliable
procedural outcomes.

Prediction intervals are wider than Cls and reflect the
expected range of effects in a new study; the wide predic-
tion intervals that were observed indicate that effects may
differ substantially between settings, underscoring caution
when applying pooled estimates to individual centers.

Baujat influence analysis further demonstrated that het-
erogeneity in transcatheter success was disproportionately
driven by a small subset of studies, particularly Meyer and
Marini (2007), which deviated more prominently from the
pooled effect relative to the larger evidence base. These
cohorts likely reflect differences in operator experience,
device era, anatomical case selection, or institutional tech-
nical protocol during earlier adoption phases. The concen-
tration of heterogeneity within only a few influential studies
indicates thatthe majority of included cohorts cluster closely
around the pooled effect, supporting the robustness of the
overall estimate despite substantial /2.

These variations collectively contribute to the high hetero-
geneity, and they should be considered carefully when inter-
preting the pooled effect estimates. Leave-one-out analysis
confirmed that the pooled procedural success estimate was
robust; no individual study exerted a dominant influence on
the overall result.

This finding increases confidence that the observed hetero-
geneity reflects between-study clinical and methodological
variation rather than outlier-driven distortion. In addition to
high I? values, prediction interval analysis further supported

Table 3. Procedural Success Rates Stratified by Age Group and Closure Type

General Characteristic Associated with Surgical and Transcatheter Defect Closure

Children Adults
Transcatheter,n (%) Surgical,n(%) Transcatheter,n(%) Surgical, n (%) P
Procedural success* rate, n/total (%) 1445/1656 (87.25) 505/510 (99.0) 351/361(97.2) 1702/1868 (911)  <.001

Devices used in successful procedures, n 1445

505 351 1702

*Success was defined as complete closure without major peri-procedural complications, based on the standardized operational definition applied

in this review.

messsm— 218



Anatol J Cardiol 2026; 30(4): 213-224

Kannady et al. Transcatheter vs. Surgical ASD Closure:

Meta-analysis and Systematic Review

Study Eventz Total Proportion B5%-C1 Weight
Group = Transcatheter - Children

Yew G et al 25 25 1.00 [0.86, 1.00] 1.6%
Rossi R et al 27 27 1.00 [0.87;1.00] 16%
Gildein HP et al 3 T. 0.43 [0.10,0.82) 27T%
Caliker A et al 8o a9 081 [D72 088] 3.4%
Fraisse A et al 35 35 1.00 [090;1.00] 1.6%
Han'¥ et al 86 88 098 [092 100 28%
Ammar Rl et al 17 17 1.00 [0.80; 1.00] 1.6%
Smith BG et al 33 33 1.00 [0.89; 1.00] 1.6%
Tuzcu V et al B5 129 0.50 [0.41; 0.59] 3.5%
Esraa AS et al B& &7 0.97 [0.90; 1.00] 28%
Lu X at al 1 11 100 [0.72 1.00] 1.6%
Costa da RN et al 75 75 100 [0.95 1.00] 1.6%
Sharfi MH at al 44 44 1.00 [0.92; 1.00] 1.6%
Al HS et al 24 24 1.00 [0.86; 1.00] 1.6%
Formigan R et al 54 57 095 [085 099 3.0%
Marini D et al a7 50 0.94 [0.83, 099) 3.0%
Fischer G at al 30 a0 038 [0.27,049] 3.4%
Thomson JOR et al 24 46 052 [0.37,0867)] 3 4%
Hughes ML et al 43 62 069 (056 080 34%
Vida VL et al 72 a3 087 [0.78, 093] 33%
Cardenas L et al 49 52 0924 084 099 3.0%
Huang TC et al 58 683 092 [082.097] 3.2%
Sahin M et al. 40 40 1.00 [0.91,1.00] 16%
Yuan YO el al 81 61 1.00 [0.94, 1.00] 16%
Sagar P et al T T 1.00 [059 1.00] T 6%
Dogan E et al 319 323 099 [0.97;1.00] 319
Marini D et al 51 51 1.00 [0.93; 1.00] 1.6%
Random effects model 1666 - 0.93 [0.B7;0.96] 65.1%
Heterogeneity 1~ = 00 5%, 1° = 2 0788, p < 0.0001

Group = Transcatheter - adult

Leve H et al 52 52 "_' 1.00 [0.93; 1.00] 16%
Meyer MR et al oo 107 093 [0.86; 0.97] 33%
Swi , atkiewicz el al 182 184 099 [0.98, 1.00] 29%
Sagar P et al 18 18 1.00 [0.81;1.000 1.6%
Random effects model 361 0.97 [0.90; 0.99] 9.4%
Heterogenelty I° = 62 1%, ©° = 0.0364, p = 0.0476

Group = Surgical - Children

Russell JL et al 43 44 098 [0.88;1.00] 25%
Han Y et al 06 ag 098 [0.93; 1.00] 2.9%
Zhang H el al 10 12 0.83 [0.52, 0.98] 27T%
Costa da RN et al 105 105 1.00 [0.97; 1.00] 1.6%
BolzD et al 135 125 1.00 [0.97, 1.00] 1.6%
Fischer G el al 50 50 1.00 [0.93;1.00] 1.6%
Thomson JOR et al 19 19 100 [0.82; 1.00] 16%
Hughes ML et al 19 12 1.00 (082 1.00] 1.68%
Vida VL et al 28 28 1.00 [0.88;1.00] 1.68%
Random effects model 510 097 [0.24; 0.99] 17.9%
Helerogeneity. I°= 38 7%, 1~ =0 7181, p = 0.1031

Group = Surgical - adult

Zheng Z et al. 507 508 1.00 [0.99; 1.00] 2.5%
Lee Hetal 14 14 1.00 [0.77;1.00] 1.6%
English KM at al 1181 1346 088 [0.86 089] 3.5%
Random effects model 1868 0.98 [0.70; 1.00] TI%
Heterogenelty = 01.3%, 1 = 8 3476, p < 00004

Random effects model 4395 0.95 [0.92;0.97] 100.0%
FPrediction interval [0.55; 1.00]

Heterogeneity [~ = 90.2%, 1° = 1. 7288, p = 0.0001 0z

Test for subgroup aifferences; x5 = 4. 61, df = 3 (p = 0.20:23)

04

Figure 2. Forest plot of procedural success rate by subgroup (children vs. adults).

the presence of real-world variability. For procedural suc-
cess, the prediction interval ranged from 0.55 to 1.00, indi-
cating that while the pooled success rate was high, true
effectsin future clinical settings may lie anywhere within this
broader distribution.

This implies that although most centers achieve excellent
results, outcomes may differ depending on device genera-
tion, operator familiarity, anatomical complexity, and peri-
procedural protocol differences, consistent with the clinical
heterogeneity described above. Incorporating prediction
intervals therefore improves interpretability and provides a
more clinically realistic expectation range beyond the con-
ventional pooled estimate.

Variation in the definition of procedural success across stud-
ies also contributes to inconsistency in the pooled estimates.
Some investigators defined success based solely on success-
ful device placement, while others required the absence of
complications or complete closure onimaging. A single oper-
ational definition was applied to harmonize reporting, but
the lack of uniform criteria across studies limits the ability
to perform sensitivity analyses with consistent definitions.
This limitation should be considered when the results are
interpreted.

Variation in follow-up duration across studies also affects
the interpretation of late outcomes such as arrhythmia
and residual shunt. Some investigators reported outcomes
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Transcatheter Surgical Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
Residual Shunt 31 1595 4 510 .- 248 [0.88; 6.99] 15.7% 7.6%
Arrhythmia 21 1595 15 510 L | 0.45 [0.23; 0.86] 39.4% 8.0%
First-Degree AVB 1 1595 0 510 — 0.96 [0.04; 23.53] 1.7% 4.1%
Second-Degree AVB 3 1595 0 510 —— 224 [0.12; 43.29] 1.9% 4.5%
Third-Degree AVB 2 1595 4 510 — 0.16 [0.03; 0.87] 5.9% 6.5%
Mitral Regurgitation 3 1595 0 510 e 2.24 [0.12; 43.29] 1.9% 4.5%
Failure Of Deployment 4 1595 3 510 - 0.43 [0.10; 1.90] 7.6% 6.8%
Device Embolization 17 1595 0 510 H—— 11.20 [0.67; 185.89] 2.1% 4.7%
Cardiac Tamponade 3 1595 1 510 —r— 0.96 [0.10; 9.20] 3.3% 5.5%
Pneumothorax 0 1595 1 610 o 7 0.11 [0.00; 2.61] 1.7% 4.1%
Pericardial Effusion 0 1595 1 810 —— 0.01 [0.00; 0.24] 2.1% 46%
Pleural Effusion 0 1595 4 510 ——h 0.04 [0.00; 0.66] 2.0% 4.5%
Stroke 0 1595 0 510 - e p— 0.32 [0.01; 16.10] 1.1% 3.3%
Bleeding 0 1595 2 510 —ir 0.06 [0.00; 1.33] 1.8% 4.4%
Anemia 0 1595 I 510 ——— | 0.00 [0.00; 0.08] 2.2% 4.7%
Infection 0 1595 15 510 ——— i 0.01 [0.00; 0.17] 21% 4.7%
Headache 7 1595 0 510 et 4.80 [0.27; 83.89] 2.1% 46%
Thrombus/Emboli 1 1595 0 510 ——— 0.96 [0.04; 23.53] 1.7% 4.1%
Hematoma at site 5 1595 0 510 e 3.52 [0.19; 63.54) 2.0% 4.6%
Retroperitoneal Hematoma 1 1595 0 510 —rt— 0.96 [0.04; 23.53] 1.7% 4.1%
Common effect model 31900 10200 * 0.51 [0.34; 0.76] 100.0% :
Overall Effect P 0.39 [0.16; 0.98] 100.0%
Heterogeneity: I° = 63.9%, p < 0.0001 ' ‘ ' !

0.001 01 1 10 1000

Relative Risk (95% ClI)

Figure 3. Forest plot of complications during procedure (transcatheter vs. surgical). Squares represent the effect size of each

study; horizontallinesrepresent 95% Cl; diamondindicates pooled effect. Complicationsinclude arrhythmia, pericardial effusion,
pleural effusion, pulmonary edema, device embolization, and procedure-related shock. RR, risk ratio.

within the first year while others included longer-term
evaluations, which introduces inconsistency in the time
frames represented in the pooled estimates. Because only
a small number of studies reported outcomes at uniform
intervals, stratified analyses could not be performed based
on predefined follow-up lengths. As a result, the pooled
findings reflect aggregated data from heterogeneous fol-
low-up periods, and this should be considered when com-
paring late outcomes between transcatheter and surgical
closure.

Assessment of publication bias showed no statistical evi-
dence of small study effects because the Egger regression
test did not demonstrate significant asymmetry. However,
the test had limited power because several pooled outcomes
included a small number of studies. Funnel plots for the
major outcomes are provided in the supplementary material
to enhance transparency and allow visual inspection of plot
symmetry.

Differences in device design may also contribute to varia-
tion in procedural complexity and clinical outcomes. Most
transcatheter studies used the Amplatzer septal occluder
while others used Occlutech, CERA, or related double disk
devices. Earlier generation devices tended to be stiffer or
bulkier, whereas newer systems provide improved flexibility
and more controlled deployment, which may reduce com-
plications in anatomically challenging defects. Although
the present analysis was not powered to compare individual
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device types, variation in device characteristics and genera-
tionalimprovements should be considered when interpreting
pooled estimates from transcatheter closure cohorts. In the
surgical group, several studies combined conventional ster-
notomy with minimally invasive thoracotomy approaches.
Because the number of studies reporting minimally invasive
techniques was limited and reporting formats were inconsis-
tent, these approaches were pooled with standard surgery
for quantitative analysis. This pooling may shorten length
of stay or influence complication rates in some cohorts and
represents an additional source of clinical variation across
studies.

Comparison with Previous Evidence

Our findings align with earlier systematic reviews that dem-
onstrated the non-inferiority of transcatheter closure com-
pared with surgery in terms of success rates and safety.®
Xu et al' confirmed the superiority of transcatheter closure
for children secundum ASDs with fewer complications and
faster recovery. Similarly, national registry data demon-
strated favorable long-term outcomes with transcatheter
techniques, thoughresidual shunts occurred more frequently
compared with surgery.” In contrast, surgical closure contin-
ues to show excellent durability and remains the preferred
approachin complexanatomy or large defects notamenable
to transcatheter closure.’ Furthermore, a recent Anatolian
Journal of Cardiology case report highlighted success-
ful transcatheter ASD closure in patients with challenging
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Table 4. Complications During Procedure and Follow-Up (Transcatheter vs. Surgical)

Complications During Procedure Associated with Surgical and Transcatheter closure

Children Adults
Complication Transcatheter, n (%) Surgical, n (%) Transcatheter, n (%) Surgical, n (%)
Residual shunt 31(1.8) 4(0.7) NR NR
Arrhythmia* 21(1.2) 15(2.9) 6(1.6) NR
First-degree Atrioventricular Block 1(0.0) NR NR NR
Second-degree Atrioventricular Block 3(0.1) NR NR NR
Third-degree Atrioventricular Block 2(00) 4(0.7) NR NR
Mitral regurgitation 3(00) NR NR NR
Tricuspid regurgitation NR NR NR NR
Failure of deployment T 4(0.2) 3(0.5) 2(0.5) 2(0.)
Device embolization 17 (1.0) NR 5(1.3) NR
SVC stenosis NR 1(01) NR NR
Stroke NR NR NR NR
Transientischemic attack NR NR NR NR
Pericardial effusion NR 11(27) NR NR
Pleural effusion NR 4(0.7) NR NR
Cardiac tamponade 3(0.1) 1(01) NR NR
Pneumothorax NR 1(0.) NR 2(00)
Pulmonary edema NR 6 (1) NR NR
Pneumonia NR NR NR NR
AV fistula NR NR NR NR
Thrombus/Emboli 1(0.0) NR NR NR
Hematoma at site 5(0.3) NR NR NR
Retroperitoneal Hematoma 1(0.0) NR NR NR
Bleeding NR 2(0.3) 3(0.8) NR
Anemia NR 33(6.4) NR NR
Fever NR NR NR NR
Headache 7(0.4) NR NR NR
Hypertension NR NR NR NR
Infection NR 15(2.9) NR NR
Reintubation NR NR NR 2(0.7)
Reoperation NR NR NR 2(0.0)
Shock NR 20(3.9) NR NR
Acute kidney injury NR NR NR NR
Acute decompensated heart failure NR NR 1(0.2) NR
Increase length of stay NR NR NR NR
Cosmesis NR NR NR 1(0.0)
Death NR NR 1(0.2) 5(0.2)

NR, not reported. Absence of reporting does notindicate absence of events; cells with NR reflect studies that did not provide data for that specific

outcome.

*Arrhythmiaincludes atrial fibrillation, supraventricular tachycardia, and non-specific conduction abnormalities as reported in individual studies.
tFailure of deployment refers to unsuccessful device positioning requiring retrieval or conversion to surgery.

venous anatomy, illustrating the expanding applicability of
transcatheter closure in complex clinical scenarios.™

Children Versus Adult Considerations

Age subgroup analyses revealed clinically meaningful differ-
ences. In children, transcatheter closure reduced arrhyth-
mia, bleeding, and pleural complications compared with
surgical closure, supportingitsrole as first-line therapy when
anatomy is favorable.™ In adults, both approaches achieved

high success, but surgery was more often associated with
pulmonary edema and longer recovery. Conversely, adults
undergoing transcatheter closure faced slightly higher risks
of late residual shunt, which requires long-term echocardio-
graphic monitoring.”

Clinical Implications
These findings emphasize that treatment strategy should
be individualized. Transcatheter closure offers clear
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Transcatheter Surgical Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
Residual Shunt 77 1595 9 510 ok 274 [1.38; 542) 290%  87%
Arrhythmia 13 1595 30 510 " 0.14 [0.07; 0.26] 32.8% 8.7%
First-Degree AVB 2 1595 0 510 e 1.60 [0.08; 33.27] 1.5% 4.2%
Second-Degree AVB 1 1595 0 510 —'T 0.96 [0.04; 23.53] 1.3% 4.0%
Mitral Regurgitation 11 1595 4 510 T 0.88 [0.28; 2.75] 10.4% 7.9%
Tricuspid Regurgitation 2 1595 0 510 Y 1 T A 1.60 [0.08; 33.27] 1.5% 4.2%
Failure Of Deployment 32 1595 1 510 P [—= 10.23 [1.40; 74.69] 3.4% 6.1%
Device Embolization 0 1595 1 W ——gr— 0.11 [0.00; 2.61) 1.3% 4.0%
SVC Stenosis 0 1595 4 510 ——| 0.04 [0.00; 0.66] 1.6% 4.4%
Stroke 0 1595 8 510 —— 0.02 [0.00; 0.33] 1.7% 4.5%
Cardiac Tamponade 1 1596 0 510 — 1 0.96 [0.04; 23.53] 1.3% 4.0%
Pneumothorax 0 1595 3 510 ——i+i 0.05 [0.00; 0.88] 1.5% 4.4%
Pulmonary Edema 0 1595 ¢ 810 ——1 0.02 [0.00; 0.44] 1.6% 4.5%
Pneumonia 0 1595 1 6§10 ——rti— 0.11 [0.00; 2.61] 1.3% 4.0%
Thrombus/Emboli 5 1595 0 510 ——— 3.52 [0.19; 63.54] 1.6% 4.5%
Retroperitoneal Hematoma 1 1595 0 510 — ) [ 0.96 [0.04; 23.53) 1.3% 4.0%
Bleeding 1 1595 2 510 —ti 0.16 [0.01; 1.76] 2.4% 5.3%
Anemia 0 1595 1 510 —r— 0.11 [0.00; 2.61] 1.3% 4.0%
Headache 2 1595 0 510 —t— 1.60 [0.08; 33.27) 1.5% 4.2%
Pericardial Effusion 0 1595 3 8510 ——1 0.05 [0.00; 0.88] 1.5% 4.4%
Common effect model 31900 10200 0; 0.52 [0.36; 0.75] 100.0% .
Overall Effect et 0.38 [0.16; 0.89] . 100.0%

Heterogeneity: I =742%, p <0.0001

001 01 1 10

100

Relative Risk (95% CI)

Figure 4. Forest plot of complications during follow-up (transcatheter vs surgical). Squares represent the effect size of each

study; horizontal lines represent 95% Cl; diamond indicates pooled effect. RR, risk ratio.

advantages in terms of safety, recovery, and patient qual-
ity of life, particularly in younger patients. However, surgical
closure remains critical for patients with very large defects,
deficient septal rims, or concomitant cardiac anomalies
requiring repair. The procedural decision should therefore
integrate patient age, anatomy, comorbidities, and institu-
tional expertise.

Strengths and Limitations

The main strengths of this meta-analysis include a large
pooled sample size, adherence to PRISMA 2020 guide-
lines,” a prospectively registered protocol in PROSPERO
(CRD420251052612) that reduces the risk of selective report-
ing bias, and comprehensive subgroup analyses stratified
by age and procedure type. Sensitivity analysis restricted
to high-quality studies further confirmed the robustness
of the findings. To enhance transparency, the certainty of
evidence was assessed using the GRADE approach, which
demonstrated moderate certainty for procedural success,
peri-procedural complications, hospital stay, and procedure
time, whereas outcomes with low event rates orinconsistent
follow-up yielded lower certainty ratings.

However, several limitations should be acknowledged. All
included studies were observational, which may introduce
confounding. Heterogeneity across studies was substan-
tial, reflecting differences in patient selection, operator
experience, and device evolution. Because surgical cohorts
frequently reported longer follow-up than transcatheter
cohorts, the higher rate of some late complications after
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surgery may partly reflect longer observation time rather
than a true difference in per-time risk. Long-term data
beyond 10 years remain limited, particularly for device clo-
sure, which precludes definitive conclusions on durabil-
ity. Outcomes between minimally invasive thoracotomy
and conventional sternotomy could not be differentiated
because most surgical studies did not stratify results by oper-
ative technique, whichrestrictsinterpretation of the relative
morbidity of modern surgical approaches. Egger’s regres-
sion did not show statistically significant small study effects
(P=.069), although the borderline value and asymmetry on
visual inspection suggest that publication bias cannot be
entirely excluded.

Future Directions

Future research should prioritize high-quality prospec-
tive comparative studies, particularly in adults with com-
plex anatomy. Long-term durability data for transcatheter
device closure remain limited, particularly regarding late
adverse events such as device erosion, arrhythmia, and
right ventricular dysfunction. Future work should therefore
include long-duration registries and surveillance to better
characterize late risk profiles.

Both transcatheter and surgical closure of ASDs are highly
effective. Transcatheter closure offers advantages of
shorter recovery and fewer complications, supporting its
preferential use in anatomically suitable patients, whereas
surgery remains essential for complex cases. Individualized
treatment planning that incorporates patient-specific and
anatomical factors is paramount to optimize outcomes.
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Supplementary Table 1. Device type distribution in transcatheter closure

Device type used in successful procedures, n (%)

Children Adults
Transcatheter, n(%) Surgical, n(%) Transcatheter, n(%) Surgical, n(%)
AGA 1268 NR 104 NR
CARDIOSEAL / CARDIO-0O-FIX 46 12 NR NR
STARFLEX 82 NR NR NR
Buttoned 7 NR NR NR
ANGELWING 40 NR NR NR
HELEX 50 NR 1 NR
OCCLUTECH/FIGGULA 53 NR 12 NR
MEMOPART NR NR NR NR
CERA/CSO NR NR NR NR
CRIBIFORM 2 NR 9 NR
BIOSTAR NR NR NR NR
COCOON NR NR NR NR
CARDIASTAR NR NR NR NR
LIFETECH NR NR NR NR
LONGZHOUFEDU NR NR NR NR
SOLYSAFE 2 NR 1 NR
PERICARDIAL PATCH (DACRON &BOVINE) NR 70 52 NR
DIRECT SURTURE NR 18 NR 522
SHANGHAI SHAPE MEMORY NR 98 NR NR

NR =notreported. Absence of reporting does not indicate absence of events; cells with NR reflect studies that did not provide data for that specific
outcome. Device abbreviations: AGA = Amplatzer/AGA septal occlude, CERA = CeraFlex septal occlude, HELEX = Gore HELEX septal occlude,
Occlutech = Occlutech Figulla septal occlude

Supplementary Table 2. Device size/diameter used across studies

Device diameter used in successful procedures, mm

Children Adults
Transcatheter, n(%) Surgical, n(%) P-value Transcatheter, n(%) Surgical, n(%) P-value
20.09 (11.4-40.0) 21.73(12.0-35.0) 0.839 241(16.3-30.0) 25.8* >0.99

*Device diameter for adults in the surgical group corresponds to intraoperative patch sizing, not device implantation.

Supplementary Table 3. GRADE Summary of Findings: Transcatheter versus Surgical ASD Closure

Noof Certainty of

Outcome Effect (Summary) Studies Evidence (GRADE) Rationale
Procedural success Both procedures showed very high 36 @ @ @® ) Moderate Observational evidence; large
success (>95%). TC 93—-97%; consistent effect; downgraded for
Surgery 97—98%. study design.
Major procedural TC reduces complications 28 Q00 0 OLow Observational studies,
complications compared with surgery (RR = 0.58). heterogeneity, risk of confounding.
Hospital stay TC reduces length of stay by ~3.9 16 @@ @® ) Moderate Consistentdirection of effect;
days (MD —3.86 days). downgraded due to inconsistency.
Procedure time TC significantly shorter procedure 12 @ @ @® ) Moderate Observational studies; moderate
time (adults: =46 mins; children: heterogeneity.
—12 mins).
Arrhythmia Lower in TC group (children 1.2% vs 20 Q0 0 OLow Eventrates low; risk of
(procedural) surgery higher). underreporting; observational.
Residual shunt More common in TC (adults: 7.2%) 22 Q00 0 OLow Outcome definitions vary;
(follow-up) than surgery. follow-up duration inconsistent.
Device embolization Rarein TC (0.2—1.3%). 18 Q0O OLow Very low event rate; imprecision;

observational.

Mortality (short-term/ Extremely low in both groups 10 Q00 0 OLow Rare events; imprecision;
long-term) (<1%). observational data only.




Supplementary Table 4. Newcastle—Ottawa Scale (NOS) risk of bias assessment of included studies

No Study (Author, Year) Study Design Selection (4) Comparability (2) Outcome (3) Total Score
1 Fraisse 2008 Retrospective cohort 3 0 3 6
2 Celiker 2005 Retrospective cohort 3 0 3 6
3 Gildein 1997 Prospective cohort 3 0 3 6
4 Rossi2008 Retrospective cohort 3 0 3 6
5 Yew 2005 Retrospective cohort 3 0 3 6
6 Russell 2002 Retrospective cohort 3 0 3 6
7 Han 2020 Comparative cohort 4 2 3 9
8 Ammar 2013 Prospective cohort 3 0 3 6
9 Zhang 2007 Comparative cohort 4 2 3 9
10  Smith 2008 Retrospective cohort 3 0 3 6
1 Tuzcu 2004 Retrospective cohort 3 0 3 6
12 Lu2022 Prospective cohort 3 0 3 [¢)
13 Liao2023 Retrospective cohort 3 0 3 [¢)
14  Costa2013 Comparative cohort 4 2 3 9
15 Sharfi2019 Case Control 4 2 3 9
16 Ali2014 Restrospective cohort 3 0] 3 6
17 Formigari 2001 Comparative cohort 4 2 3 9
18  Marini 2012 (MSCT) Prospective cohort 3 0 3 [}
19 Bolz2005 Restrospective cohort 3 0 3 6
20 Fischer1999 Prospective cohort 3 0 3 6
21  Thomson 2002 Comparative cohort 4 2 3 9
22  Hughes2002 Comparative cohort 4 2 3 9
23 Vida 2006 Comparative cohort 4 2 3 9
24  Cardenas 2007 Restrospective cohort 3 0 3 6
25 Huang 2008 Prospective cohort 3 0 3 6
26  Sahin20M Prospective cohort 3 0 3 6
27  Yuan 2012 Prospective cohort 3 0 3 6
28 Sagar 2022 Comparative cohort 4 2 3 9
29 Dogan2024 Restrospective cohort 3 0 3 6
30 Marini 2012 (echo) Prospective cohort 3 0 3 6
31 Zheng 2014 Comparative cohort 4 2 3 9
32  Esraa 2020 Prospective cohort 3 0 3 6
33 Lee2017 Prospective cohort 3 0 3 6
34 Swigtkiewicz 2022 Comparative cohort 4 2 3 9
35 English2024 National Cohort 4 2 3 9
36 Meyer2016 Comparative cohort 4 2 3 9




Supplementary Table 5. Leave-one-out sensitivity analysis for pooled procedural success rates comparing transcatheter versus

surgical ASD closure

2

Study removed Pooled proportion 95% ClI A change Tau Q

Yew G etal. 0.894 0.849-0.940 -0.003 2.044 805.41
RossiRetal. 0.891 0.845-0.938 -0.006 2.036 799.72
Gildein HP et al. 0.892 0.847-0.939 -0.005 2.039 802.11
Celiker Aetal. 0.894 0.849-0.940 -0.003 2.042 803.98
Fraisse A etal. 0.896 0.851-0.941 -0.001 2.047 807.61
Russell JL (surg) 0.892 0.847-0.940 -0.005 2.039 801.35
Russell JL (TC) 0.892 0.847-0.938 -0.005 2.038 801.87
HanY etal. 0.895 0.850-0.940 -0.002 2.041 802.99
Ammar Rl etal. 0.893 0.848-0.939 -0.004 2.041 802.51
Smith BG et al. 0.894 0.849-0.940 -0.003 2.044 805.41
ZhangH etal. 0.893 0.847—-0.938 -0.004 2.037 800.72
Tuzcu Vetal. 0.893 0.847—-0.938 -0.004 2.038 801.26
Esraa ASetal. 0.893 0.848-0.939 -0.004 2.040 803.07
LuXetal. 0.893 0.848—-0.939 -0.004 2.041 804.55
Liao LC(TC) 0.894 0.849-0.940 -0.003 2.044 806.79
Liao LC (surg) 0.894 0.849-0.940 -0.003 2.044 806.97
CostaRN (TC) 0.894 0.849-0.939 -0.003 2.042 804.50
Costa RN (surg) 0.895 0.850—-0.940 -0.002 2.039 80210
SharfiMH et al. 0.894 0.848-0.939 -0.003 2.040 80294
AliHS etal. 0.894 0.849-0.940 -0.003 2.043 805.94
FormigariR etal. 0.894 0.849-0.940 -0.003 2.043 805.88
Marini D (child) 0.893 0.848-0.939 -0.004 2.041 804.39
BolzDetal. 0.893 0.848-0.939 -0.004 2.041 804.43
Fischer (TC) 0.894 0.849-0.939 -0.003 2.042 804.91
Fischer (Surg) 0.894 0.849-0.940 -0.003 2.043 805.52
Thomson (TC) 0.893 0.848-0.939 -0.004 2.041 804.39
Thomson (Surg) 0.894 0.849-0.940 -0.003 2.042 804.83
Hughes (TC) 0.894 0.849-0.940 -0.003 2.043 806.20
Hughes (Surg) 0.894 0.849-0.940 -0.003 2.042 805.15
Vida (TC) 0.894 0.849-0.940 -0.003 2.043 806.01
Vida (Surg) 0.894 0.849-0.939 -0.003 2.042 805.15
Cardenas L etal. 0.894 0.849-0.940 -0.003 2.043 804.88
Huang TC et al. 0.894 0.849-0.940 -0.003 2.043 805.41
SahinMetal. 0.893 0.848-0.938 -0.004 2.042 805.07
YuanYQetal. 0.893 0.848-0.939 -0.004 2.041 804.66
SagarPetal. 0.896 0.851-0.941 -0.001 2.047 80791
Dogan 0.893 0.847-0.939 -0.004 2.037 800.57
Marini D (adult surg) 0.892 0.846—-0.938 -0.005 2.035 799.09
Zheng Z (TC) 0.895 0.850-0.940 -0.002 2.041 804.28
Zheng Z (surg) 0.895 0.850-0.940 -0.002 2.041 804.10
Lee H(TC) 0.895 0.850—0.940 -0.002 2.040 803.99
Lee H (surg) 0.894 0.849-0.939 -0.003 2.039 803.26
Meyer MR et al. 0.894 0.849-0.940 -0.003 2.044 806.77
Swigtkiewicz 0.893 0.847—-0.939 -0.004 2.037 801.69
English 0.892 0.846-0.938 -0.005 2.034 799.40

Eachiteration reflects the pooled proportional success rate after removing 1study at a time. Minimal variation was observed across all iterations

(A =0.85%), indicating that no individual study exerted disproportionate influence on the summary effect estimate.
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Supplementary Figure 1. Baujat plot showing each study’s
contribution to heterogeneity (x-axis, Q statistic) and
influence on the pooled transcatheter success estimate
(y-axis). Meyer and Marini were the most influential studies,
disproportionately to between-study

contributing
variability, while most other cohorts showed minimal impact
on heterogeneity and pooled effect size.
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Supplementary Figure 2. Cumulative meta-analysis of

transcatheter procedural success. Pooled proportion (points)

and 95% Cl (vertical bars) after sequential addition of studies
by publication year. Stabilization of estimates is apparent
after 2008.
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Supplementary Figure 3. Sensitivity analysis restricted

high-quality studies (NOS 27).
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Association Between Neutrophil Percentage-
to-Albumin Ratio and 2-Year Mortality in
Patients Undergoing Transcatheter Aortic
Valve Replacement

ABSTRACT

Background: Transcatheter aortic valve replacement (TAVR) is the standard therapy for
severe aortic stenosis, particularly in elderly patients with comorbidities. Simple bio-
markers to predict mid-term mortality are still needed. This study evaluated the prog-
nostic value of the preprocedural neutrophil percentage-to-albumin ratio (NPAR) for
2-year all-cause mortality after TAVR.

Methods: A total of 618 patients undergoing TAVR between 2013 and 2023 were retro-
spectively analyzed. NPAR was calculated as neutrophil percentage x 100 / albumin (g/
dL), and patients were classified into tertiles. The prognostic role of NPAR was assessed
using Cox regression, Kaplan—Meier survival analysis, and receiver operating character-
istic curves.

Results: Baseline characteristics were similar across tertiles, but higher NPAR was associ-
ated with elevated inflammation and lower albumin levels. In multivariable Cox analy-
sis, high NPAR independently predicted 2-year mortality (T3 vs. T1: hazard ratio [HR]
2.75,95% C11.77-4.28; P < .001). In a model including both categorical NPAR and Society
of Thoracic Surgeons Predicted Risk of Mortality (STS-PROM), tertile 3 of NPAR (HR 2.49,
95% Cl 1.61-3.85; P < .001) and STS-PROM (HR 1.31, 95% CI 1.12-1.53; P=.001) remained
independent predictors, indicating incremental prognostic value of NPAR beyond estab-
lished surgical risk scores. Kaplan—Meier curves showed the lowest survivalin the highest
tertile (35.9% mortality at 2 years). Receiver operating characteristic analysis confirmed
NPAR had the best discriminatory ability (area under the curve =0.703).

Conclusion: Preprocedural NPAR is an independent, low-cost, and readily available bio-
marker for predicting mid-term mortality after TAVR. Itsintegrationinto risk models may
improve prediction accuracy and help guide patient management.

Keywords: Inflammation, mortality, neutrophils, prognostic value, serum albumin,
transcatheter aortic valve replacement

INTRODUCTION

Transcatheter aortic valve replacement (TAVR) is increasingly being used as an
alternative to surgery in patients with severe symptomatic aortic stenosis. While
current guidelines recommend TAVR for intermediate- and high-risk patients,
studies demonstrating similar efficacy to surgery in low-risk groups have made it
applicable to all risk groups.™ While short-term procedural success rates are high
thanks to increasing clinical experience and technological advancements, the
observed mortality risk in the mid- and long-term remains a clinically significant
problem.>? In this context, predicting mortality risk with readily available, inex-
pensive, and reliable biomarkers before the procedure can contribute to person-
alized medical decisions in patient management.

Inrecentyears, hematologicaland biochemicalmarkersreflecting therelationship
between systemic inflammation, nutritional status, and mortality have attracted
attention.”™ Neutrophil percentage and serum albumin are 2 important parame-
ters that provide information aboutinflammatory burden and nutritional reserve,

e o Copyright@Author(s) - Available online at anatoljcardiol.com.
SR e Content of thisjournalis licensed under a Creative Commons Attribution-NonCommercial
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Aslan et al. Prognostic Role of NPAR After TAVR

respectively. The neutrophil percentage-to-albumin ratio
(NPAR), combining these markers, has been proposed as a
holistic indicator of inflammation and general health status,
and has been associated with poor prognosis in cardiovas-
cular conditions such as acute myocardial infarction, heart
failure, and cardiogenic shock.™™ In contrast to the neutro-
phil-to-albumin ratio (NAR), which relies on the absolute
neutrophil count, NPAR incorporates neutrophil percentage
together with serum albumin. This distinct calculation may
yield different prognostic insights. To the authors' knowl-
edge, its prognostic relevance has never been explored in
TAVR populations, positioning this study as the first to inves-
tigate this relationship.

Therefore, this study aimed to investigate the relation-
ship between NPAR and 2-year all-cause mortality, and to
evaluate the clinical utility of NPAR in predicting mortality
after TAVR.

METHODS

Study Design and Population

A retrospective analysis was performed on consecutive
patients who underwent TAVR at this institution, a ter-
tiary cardiac center, from February 2013 to June 2023. The
study was conducted in accordance with the Declaration of
Helsinki and approved by the Local Ethics Committee (Date:
August 19, 2025; Decision No.: 2025.07-75). Inclusion crite-
ria were as follows: (1) TAVR was performed with a diagno-
sis of symptomatic severe aortic stenosis, (2) preprocedural
complete blood count (CBC) and biochemistry data were
available, and (3) at least 2 years of follow-up data were
available. Exclusion criteria included active infection, malig-
nancy, autoimmune disease, hematological malignancy, or
use of immunosuppressive therapy, chronic liver disease,
and patients referred to another center during follow-up or
missing mortality data. Finally, a total of 618 eligible patients
were included in the study (Figure 1).

Data Collection and Definitions

Study data were collected retrospectively through the
hospital information system and patient follow-up files.
Demographic characteristics (age, gender), comorbidities
(hypertension, diabetes mellitus, coronary artery disease,
peripheral artery disease, atrial fibrillation, stroke history),
echocardiographic parameters (left ventricular ejection

HIGHLIGHTS

e Neutrophil percentage-to-albumin ratio (NPAR) pro-
vides a simple and low-cost biomarker for risk stratifi-
cationin transcatheter aortic valve replacement (TAVR)
patients.

e Higher NPAR levels are independently associated with
increased all-cause mortality over 2 years.

e This study is the first to demonstrate the prognostic
utility of NPAR in the TAVR population.

e Neutrophil percentage-to-albumin ratio offers incre-
mental prognostic value beyond STS-PROM, supporting
its integration into existing risk models.
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fraction [LVEF], aortic valve areaq, systolic pulmonary artery
pressure [sPAP]), and preprocedure laboratory data (CBC,
biochemistry, inflammatory markers) were systematically
recorded.

Laboratory Analysis and Neutrophil Percentage-to-
Albumin Ratio Calculation

All blood samples were collected within 24 hours before
the TAVR procedure. Neutrophil percentage and serum
albumin levels were measured from the same sample.
Neutrophil percentage-to-albumin ratio, the ratio of
these 2 variables, was calculated using the following for-
mula: NPAR =Neutrophil percentage (%) x 100 / Albumin (g/
dL). Neutrophil percentage-to-albumin ratio values were
divided into 3 tertiles for use in statistical analyses in the
study: low NPAR (Tertile 1), medium NPAR (Tertile 2), and
high NPAR (Tertile 3).

Transcatheter Aortic Valve Replacement Procedure

All patients were thoroughly evaluated by a multidisciplinary
cardiac team and considered candidates for TAVR after
being determined to be at high risk for valve surgery. All
TAVR procedures were performed in a fully equipped hybrid
operating room using a transfemoral approach. The method
of anesthesia (local or general) was made at the discretion of
the operator and the anesthesiologist, considering the clini-
calindications. Valve type and size were determined accord-
ing to manufacturer recommendations based on computed
tomography and echocardiography findings. The following
transcatheter valve designs were used: CoreValve Evolut
R (Medtronic, Minneapolis, Minn, USA), Portico (St. Jude
Medical, St. Paul, Minneapolis, Minn, USA), Acurate neo2
(Boston Scientific, Marlborough, MA, USA), Sapien XT/Sapien
3 (Edwards Lifesciences, Irvine, California, USA), and Myval
(Meril Life Sciences Private Ltd., Gujarat, India). Predilation
of the native aortic valve was performed at the operator’s
discretion. Postdilation under rapid pacing was considered in
cases of moderate or severe paravalvular aortic regurgita-
tion and/or underdilatation of the prosthesis. A percutane-
ous closure system (Perclose ProGlide; Abbott Laboratories,
Abbott Park, lllinois) was used to close the vascular access
site. A temporary pacemaker was placed as a backup for
high-degree atrioventricular (AV) block when necessary.
Postprocedural care was conducted in accordance with cur-
rent guidelines.™?

Follow-Up and Clinical Endpoints

Patients were followed up at outpatient clinic visits and by
telephone when necessary. Death information was veri-
fied with the National Death Notification System and hos-
pital records. All clinical endpoints were defined according
to Valve Academic Research Consortium-3 (VARC-3) crite-
ria.’ The primary endpoint was 2-year all-cause mortality
after TAVR. Secondary endpoints included 30-day stroke,
major vascular complications, bleeding, acute kidney injury,
myocardial infarction, and new permanent pacemaker
implantation.

Statistical Analysis
All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS) version 24 software
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A total of 659 patients who underwent TAVI
were retrospectively reviewed between

February 2013 to June 2023

Exclusion criteria (n = 41)

Active infection (n = 11)

Active malignancy (n = 5)

Autoimmune disease (n = 8)

Hematologic disorders (n = 3)

Use of immunosuppressive therapy (n =11)
Chronic liver disease (n = 1)

Missing mortality data (n = 2)

A 4

Finally, 618 patients were enrolled the study

Figure 1. Flowchart of the study population.

package (SPSS Inc., Chicago, lllinois, USA). The normality
of distribution of continuous variables was evaluated using
both graphical (histograms) and numerical methods. Among
numerical tests, both Kolmogorov—Smirnov and Shapiro—
Wilk tests were performed to ensure robustness. As each
group included more than 200 patients, the Kolmogorov—
Smirnov test was considered more appropriate for evalu-
ating normality. One-way ANOVA was used for normally
distributed data, and the Kruskal—Wallis test was used for
non-normally distributed data. Comparisons between cat-
egorical data were made using the Chi-square or Fisher's
exact test. Continuous variables are presented as mean +
SD or median and interquartile range. Categorical variables
are expressed as numbers (percentages). The predictive
power of NPAR, neutrophil percentage, and albumin levels
for mortality was assessed using receiver operating char-
acteristic (ROC) curve analysis. The area under the curve
(AUC) for each parameter was calculated and reported
with its 95% CI. The optimal cut-off value of NPAR for pre-
dicting 2-year all-cause mortality was determined using
the Youden index. Comparisons between ROC curves were
performed using the DelLong test. All-cause survival time
was analyzed using the Kaplan—Meier method, and sur-
vival curves were plotted for the 3 NPAR groups. The differ-
ence between the groups was assessed using the log-rank
test. Median survival time and event incidence rates were
calculated separately for 30 days, 1year, and 2 years. Cox
proportional hazards regression analyses were performed
to identify independent risk factors associated with 2-year
mortality. Analyses were performed as follows: Univariable
analysis for all available variables; Multivariable Model 1,
including demographic, clinical, and laboratory variables
with P < 10 in univariable analysis; and Multivariable Model
2, including Society of Thoracic Surgeons Predicted Risk of
Mortality (STS-PROM) and categorical NPAR simultane-
ously to avoid multicollinearity with individual variables
incorporated within STS-PROM. The model results are pre-
sented with hazard ratio (HR) and 95% CI. Statistical signifi-
cance was setat P <.05.

RESULTS

Demographic and Clinical Characteristics

A total of 618 patients were included in this study.
Demographic characteristics, comorbidities, laboratory, and
echocardiographic parameters were compared among the
3 tertiles established according to NPAR (Table 1). The mean
agewas 78.5 + 7.0 years, and 41.9% of the patients were male.
The most common comorbidities were hypertension (76.4%),
coronary artery disease (691%), and diabetes mellitus
(45.1%). Demographic data and comorbidities were similar
between the groups (P > .05). However, laboratory findings
revealed that as NPAR increased, the neutrophil percentage
increased, while albumin levels decreased (P < .001 for both).
White blood cell and neutrophil counts were highestinthe T3
group (P=.032and P <.001), while the lymphocyte count was
inversely proportional (P<.001). Hemoglobinlevels were low-
estinthe T3 group (P <.001). The difference between groups
for C-reactive protein (CRP) and creatinine was not statisti-
cally significant. Left ventricular ejection fraction and sPAP
differed s significantly with NPAR (P=.001and P=.041).

Procedural Characteristics and Clinical Outcomes

Atotal of 66.8% of patientsunderwent TAVR under conscious
sedation, and these rates were similar between the groups.
There were no significant differences in procedure time,
contrast amount, or the intensive care unit stay (P > .05).
However, the length of hospitalization waslonger in the high
NPAR group (median 9 days; P=.024). No differences were
observed between the groups in terms of valve type, size, or
gradients. Clinical outcome data are summarized in Table 2.
Significant increases in 30-day, 1-year, and 2-year mortality
rates were observed with increasing NPAR levels (P=.006, P
<.001, P < .001, respectively). Cardiovascular mortality was
similarly associated with NPAR (P=.006). There were no sig-
nificant differencesin secondary endpoints.

Predictors of Mortality
In the multivariable Cox proportional hazards regression
analysis, 2separate modelswere constructed (Table 3): Model
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Table 1. Baseline Characteristics According to Neutrophil Percentage-to-Albumin Ratio Tertiles

Neutrophil Percentage-to-Albumin Ratio

Tertile1 Tertile 2 Tertile 3
Total <14 14-20 >20
Variables (n=618) (n=206) (n=206) (n=206) P
Age (years) 78.50 +7.03 78.05+7.46 78.39 +7.01 79.05 + 6.61 .342
Sex (male), n (%) 259 (41.9) 87 (42.2) 83(40.3) 89 (43.2) .830
Comorbidities, n (%)
Hypertension 472 (76.4) 165 (80.1) 154 (74.8) 153 (74.3) .303
Diabetes mellitus 279 (457) 94 (45.6) 85 (41.3) 100 (48.5) 327
Coronary artery disease 427 (691) 149 (72.3) 138 (67.0) 140 (68.0) .458
Previous CABG 127 (20.6) 50 (24.3) 38(18.4) 39(18.9) .268
Peripheral artery disease 114 (18.4) 37 (18.0) 35(17.0) 42 (20.4) .657
Chronic lung disease 196 (31.7) 59 (28.6) 66(32.0) 71(34.5) 443
Chronic kidney disease 169 (27.3) 50 (24.3) 55(26.7) 64 (311) 292
Previous Stroke/TIA 35(5.7) 13 (6.3) 9(4.4) 13 (6.3) 616
Paroxysmal or persistent atrial fibrillation 118 (19.1) 31(15.0) 39(18.9) 48 (23.3) 103
Prior pacemaker 20(3.2) 5(2.4) 9(4.4) 6(29) 51
STS-PROM score: mortality (%) 6.22+0.80 612+ 0.76 618 £0.90 6.35+0.71 .010
Laboratory parameters
Neutrophil percentage, % 631+10.4 531+72 63.5+5.7 72.6 71 <.001
Albumin, g/dL 390+0.41 414 +0.33 396 +0.33 3.61+£0.38 <.001
NPAR 16.38 +3.51 12.83+1.54 16.04+0.75 20.28 +2.51 <.001
White blood cell, 10°/L 7.54 +3.31 7.31+£2.52 7.28 +2.23 8.04+4.62 .032
Hemoglobin, g/dL 11.35+1.64 11.60 £1.57 11.54 +1.61 1090 +1.66 <.001
Neutrophil, 109/L 4.87+298 4.28 +1.89 4.63+1.49 5.69 +4.45 <.001
Lymphocyte, 10°/L 1.82+1.23 217 +1.50 179 +1.28 1.49 + 0.65 <.001
CRP, mg/L 6.5(16.2) 4.0 (827) 6.0 (171) 11(177) .314
Creatine, mg/dL 114 +0.65 110 + 0.60 11 +0.77 1.21+0.54 138
Total cholesterol, mg/dL 156 +73 160 +73 150+76 156 + 69 467
Echocardiographic parameters
LVEF (%) 60 (14) 60 (10) 60 (10) 55(20) .001
Aortic valve area (cm?) 0.72+0.16 0.73+0.18 0.72+ 014 0.70 + 015 .268
Maximum aortic gradient (mm Hg) 7727 +3294 80.76 + 47.60 76.71+23.53 74.39 +20.74 147
Mean aortic gradient (mm Hg) 4812 +13.38 49.21+13.49 4773 +13.37 47.41+13.27 .357
Aortic peak systolic velocity (m/s) 4.33+0.61 4.37 +0.48 4.35+0.68 4.27 +0.64 362
Systolic pulmonary arterial pressure 42 +13.82 42.67 £14.25 40.72 +£13.81 44.67 £13.26 041

Continuous variables are presented as mean + SD or median (interquartile range). Categorical variables are presented as number (percentage).
CABG, coronary artery bypass grafting; CRP, C-reactive protein; LVEF, left ventricular ejection fraction; NPAR, neutrophil-percentage-to-albumin

ratio; STS, Society of Thoracic Surgeons; TIA, transientischemic attack.

1: including demographic, clinical, and laboratory variables
with P < 10 in univariable analysis (excluding STS-PROM,).
In this model, categorical NPAR remained an independent
predictor of 2-year all-cause mortality. The risk of mortality
was significantly higherinindividualsin Tertile 3compared to
Tertile 1 (HR: 2.75; 95% Cl: 1.77-4.28; P < .001). The increase
in Tertile 2 showed borderline significance (HR: 1.59; 95% ClI:
0.99-2.55; P=.055). Peripheral arterial disease (HR: 1.52; 95%
Cl: 1.03-2.25; P=.034) and serum creatinine level (HR: 1.26;
95% CI: 1.05-1.50; P=.011) were also independent factors
increasing the risk of mortality. In contrast, previous CABG
history was identified as an independent protective factor
reducing mortality risk (HR: 0.52; 95% Cl: 0.32-0.84; P=.009).
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Model 2: including both categorical NPAR and STS-PROM. In
this model, STS-PROM was independently associated with
2-year mortality (HR: 1.31; 95% Cl: 112-1.53; P=.001). Among
the NPAR categories, patients in Tertile 3 had a significantly
higher risk of 2-year mortality compared with Tertile 1 (HR:
2.49;95% Cl: 1.61-3.85; P < .001), while Tertile 2 showed only a
borderline association (HR: 1.55; 95% Cl: 0.96-2.49; P=.068).
These findings indicate that NPAR provides incremental
prognostic value beyond STS-PROM, primarily driven by the
highest NPAR tertile.

Survival Analysis
Kaplan—Meier survival curves for 2-year all-cause mor-
tality showed a significant difference in survival between
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Table 2. Procedural Characteristics and Primary/Secondary Clinical Outcomes According to Neutrophil Percentage-to-Albumin

Ratio Tertiles

Neutrophil Percentage-to-Albumin Ratio

Tertile1 Tertile 2 Tertile 3
Total <14 14-20 >20
Variables (n=618) (n=206) (n=206) (n=206) P
Procedural characteristics, n (%)
Conscious sedation 413 (66.8) 136 (66.0) 143 (69.4) 134 (65.0) .613
Procedure time*, min 71(35) 73(39) 72(36) 70 (34) .573
Total contrast used (mL) 150 (90) 150 (88) 150 (94) 150 (90) .386
ICU stay, days 2(3) 2(3) 2(3) 2(4) .357
Discharge time, days 8(7) 7 (5) 7 (6) 9(5) .024
Valve type, self 273 (44.2) 91(44.2) 82 (39.8) 100 (48.5) .203
Valve size 26.36 +2.82 26.41+£2.68 2613+2.83 26.56 +2.82 .283
Primary outcomes, n (%)
30-day mortality 46 (7.4) 9(4.4) 12 (5.8) 25(12.) .006
1-year mortality 107 (17.3) 17 (8.3) 35(17.0) 55(26.7) <.001
2-year mortality 147 (23.8) 28 (13.6) 45 (21.8) 74 (35.9) <.001
Secondary outcomes, n (%)
Cardiovascular mortality 76 (12.3) 16 (7.8) 23(11.2) 37 (18.0) .006
All stroke 18 (2.9) 4(1.9) 5(2.4) 9(4.4) 143
Bleeding and transfusions (>Type 2) 138 (22.3) 51(24.8) 47 (22.8) 40 (19.4) .420
Major vascular and access-related 48 (7.8) 21(10.2) 13 (6.3) 14 (6.8) 276
complications
Moderate or severe aortic regurgitation 20 (3.3) 7(3.4) 5(2.5) 8(3.9) .708
Acute kidney injury stage 3or 4 24 (3.9) 4(1.9) 7(3.4) 13 (6.3) .065
Myocardial infarction 6(1.0) 2(1.0) 1(0.5) 3(1.5) .616
New permanent pacemaker 105 (17.0) 36 (17.5) 38(18.4) 31(15.0) .639

Continuous variables are presented as mean + SD or median (interquartile range). Categorical variables are presented as number (percentage).

ICU, intensive care unit.

NPAR tertiles (Figure 2). Patients in the highest tertile
(Tertile 3) had the lowest cumulative survival, while those
in the lowest tertile (Tertile 1) had the highest probability
of survival. Event rates at the end of follow-up were 13.6%,
21.8%, and 35.9% for Tertiles 1, 2, and 3, respectively. Median
survival time decreased to 666.0 days (95% Cl: 640.5-691.5)
in Tertile 1, 617.2 days (95% Cl: 584.7-649.7) in Tertile 2, and
535.5 days (95% Cl: 495.4-575.5) in Tertile 3. According to
the log-rank test, there was a statistically significant dif-
ference in survival distributions between NPAR tertiles (P
<.001).

Receiver Operating Characteristic Curve Analysis

The predictive power of NPAR, albumin, and neutrophil per-
centage for all-cause mortality was evaluated using ROC
analyses. The ROC curves of the 3 variables are presented
together in Figure 3. Receiver operating characteristic anal-
ysis yielded an AUC of 0.703, with an optimal cut-off value
of NPAR=16.07 (sensitivity 75.5%, specificity 58.2%) for pre-
dicting 2-year all-cause mortality (P < .001). The AUC for
neutrophil percentage and albumin was 0.634 and 0.668,
respectively, while NPAR showed the highest AUC (0.703)
and was superior to both markers in predicting mortality
(DelLong test, P <.05). These results indicate that NPAR pro-
vides moderate but superior discriminatory ability compared
with traditional parameters.

DISCUSSION

This is the first study to evaluate the relationship between
preprocedural NPAR and all-cause mortality in patients
undergoing TAVR. Mortality rates were observed to gradu-
ally increase with increasing NPAR values. Receiver operat-
ing characteristic curve analysis demonstrated that NPAR
had a higher predictive value than albumin levels and neu-
trophil percentage. Multivariable Cox regression analysis
demonstrated that elevated NPAR was independently asso-
ciated with mortality. These results suggest that NPAR can
be used as a simple, inexpensive, and accessible prognostic
marker in TAVR patients.

Neutrophil percentage is one of the main cellular compo-
nentsinvolvedin the acute phase response toinflammation.
Neutrophils are known to play a central role in the trigger-
ing of cardiovascular events and contribute to endothelial
dysfunction and atherothrombotic processes.”* A strong
correlation has been demonstrated between elevated neu-
trophil percentage and mortality, particularly in conditions
such as acute myocardial infarction, cardiogenic shock,
and heart failure.”™ 222 Excessive activation of neutrophils
can increase myocardial damage through the release of
inflammatory cytokines and procoagulant effects. On the
other hand, serum albumin level is an important indicator
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Table 3. Univariable and Multivariable Cox Proportional Hazards Regression Analyses of 2-Year All-Cause Mortality

Univariable analysis

Variables HR (95% Cl) P
Age (years) 1.01(0.99-1.04) 131
Sex (male) 1.29 (0.93-1.78) ne
Hypertension 0.80 (0.55-115) .231
Diabetes mellitus 1.23(0.89-1.70) 199
Coronary artery disease 0.83(0.59-117) .304
Previous CABG 0.56 (0.35-0.90) .018
Peripheral artery disease 1.39 (0.94-2.04) .091
Chronic lung disease 117 (0.83-1.64) .365
Chronic kidney disease 1.84 (1.32-2.56) <.001
Previous Stroke/TIA 1.48 (0.82-2.68) 188
Paroxysmal or persistent atrial fibrillation 1.01(0.67-1.52) 959
Prior pacemaker 0.37 (0.09-1.50) 164
STS-PROM score 1.33(115-1.54) <.001
LVEF 0.98 (0.97-0.99) .007
Systolic pulmonary arterial pressure 1.01(0.99-1.02) 137
Neutrophil percentage 1.04 (1.02-1.05) <.001
Albumin 0.27 (0.19-0.40) <.001
NPAR <.001

Tertile 1 1.0 (reference)

Tertile 2 1.68 (1.05-2.70) .030

Tertile 3 3.08 (1.99-4.76) <.001
White blood cell 1.00 (0.95-1.05) 902
Hemoglobin 0.92(0.83-1.01) 106
CRP 1.00 (1.00-1.01) .067
Creatine 1.32(112-1.55) .001
Total cholesterol 1.00 (0.99-1.00) 946
Valve type, self 117 (0.85-1.62) .331
Conscious sedation 0.79 (0.56-1.10) 71

Multivariable analysis

Model 1for NPAR and clinical variables

Model 2 for NPAR and STS-PROM

Variables HR (95% CI) P HR (95% CI) P

Previous CABG 0.52(0.32-0.84) .009

Peripheral artery disease 1.52 (1.03-2.25) .034

LVEF 0.98 (0.97-1.00) .080

CRP 1.00 (0.99-1.01) .335

Creatine 1.26 (1.05-1.50) .0M

NPAR, categorical <.001 <.001
Tertile 1 1.0 (reference)
Tertile 2 1.59 (0.99-2.55) .055 1.55(0.96-2.49) .068
Tertile 3 2.75(1.77-4.28) <.001 2.49 (1.61-13.85) <.001

STS-PROM score 1.31(112-1.53) .001

CABG, coronary artery bypass grafting; CRP, C-reactive protein; HR, hazard ratio; LVEF, left ventricular ejection fraction; NPAR, neutrophil-

percentage-to-albumin ratio; STS, Society of Thoracic Surgeons; TIA, transientischemic attack.

of chronic inflammation, malnutrition, and liver function.
Hypoalbuminemia has been associated with an increased
risk of mortality in elderly patients and has been used as
an independent prognostic marker in various cardiovascu-
lar conditions.?®% The antioxidant and anti-inflammatory
properties of albumin play an important role in maintaining

—k{o]

vascular integrity. Therefore, a decrease in albumin
level may indicate advanced systemic inflammation and
decreased physiological reserve. Neutrophil percentage-
to-albumin ratio is the combination of these 2 param-
eters and is a composite biomarker that simultaneously
reflects systemic inflammation, as indicated by neutrophil
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Figure 2. Kaplan—Meier curves of 2-year all-cause mortality
according to NPAR tertiles. NPAR, neutrophil percentage-

to-albumin ratio.

percentage, and nutritional/immune reserve, as indicated
by albumin level.

The patient group undergoing TAVR generally consists of
individuals with advanced age, a high comorbidity burden,
and increased frailty. In this patient group, postoperative
outcomes and prognosis are closely related not only to the
correction of valvular pathology but also to parameters
such as systemic inflammatory burden and nutritional sta-
tus. Previous studies have investigated the prognostic role
of other inflammation-based indices in TAVR populations.
For example, both the neutrophil-to-lymphocyte ratio (NLR)
and the platelet-to-lymphocyte ratio have been associated
with increased mortality and adverse cardiovascular events
after TAVR, suggesting that systemic inflammation plays
a central role in determining outcomes.®?¢ Similarly, the
C-reactive protein/albumin ratio has been linked with poor
prognosis, emphasizing the combined importance of inflam-
matory burden and nutritional reserve.” Taken together,
these findings support the utility of composite biomarkers
that integrate different biological dimensions. The current
results with NPAR are consistent with this line of evidence,
reinforcing the prognostic significance of systemic inflam-
mation and nutritional statusin TAVR patients.

Itisimportant to distinguish NPAR from the NAR. While NAR
uses the absolute neutrophil count, NPAR is derived from
neutrophil percentage in combination with serum albumin.?®
This methodological difference may influence its prognostic
implications, as percentage-based indices may better cap-
ture relative leukocyte distribution in systemic inflamma-
tion. To date, no study has evaluated NPAR in TAVR patients,
making this work the first to address this gap in the litera-
ture. Importantly, in a dedicated model including both STS-
PROM and NPAR, each variable remained independently
associated with mortality, suggesting that NPAR provides
incremental prognostic information beyond established sur-
gicalrisk scores.
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Figure 3. Receiver operating characteristic curves showing
the predictive value of NPAR, neutrophil percentage, and
albumin for the prediction of 2-year all-cause mortality. AUC

for NPAR=0.703, 95% CI 0.655-0.751, P < .001; AUC for
neutrophil percentage =0.634, 95% Cl 0.582-0.685, P < .001;
AUC for albumin=0.668, 95% CI 0.616-0.719, P < .001. AUC,
area under the curve; NPAR, neutrophil percentage-to-
albumin ratio.

This study showed that as NPAR levels increased, 30-day,
1-year, and 2-year mortality rates increased significantly.
Furthermore, Kaplan—Meier survival analysis revealed sig-
nificantly shorter survival in the higher NPAR tertile. These
findings suggest that NPAR is a strong predictor of clini-
cal outcomes after TAVR. Kaplan—Meier survival analysis
further confirmed that high NPAR levels were associated
with significantly increased 2-year all-cause mortality. The
approximately 22% difference in mortality rates across ter-
tiles and the median survival time exceeding 130 days sug-
gest that NPAR is a strong predictor of clinical outcome
after TAVR.

Inthisstudy, patients with elevated NPAR experiencedlonger
hospital stays following TAVR. This observation may reflect
underlying biological mechanisms linking inflammation and
frailty to adverse perioperative outcomes. Elevated sys-
temic inflammation can impair wound healing and increase
vulnerability to complications, while low albumin levels may
signal impaired nutritional reserve and reduced physiologi-
cal resilience.?®?% Furthermore, frailty—a common feature
in elderly TAVR candidates—may exacerbate these effects,
contributing to delayed convalescence and extended hospi-
talization. Taken together, these findings suggest that NPAR
not only predicts long-term mortality but may also be asso-
ciated with short-term clinical trajectories, underscoring its
potential relevance for perioperative management.

In the ROC analysis, the AUC value for NPAR (0.703) indi-
cates moderate predictive power, which is higher than its
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individual components, such as albumin (0.668) and neutro-
phil percentage (0.634). This finding suggests that composite
markers such as NPAR may have stronger prognostic capac-
ity than individual laboratory parameters, consistent with
previousreportsin patients with coronary artery disease and
heart failure.®? The ROC-derived threshold further sup-
ports the potential clinical applicability of NPAR, although
its discriminatory ability remains moderate and should be
interpreted with caution. While tertile-based categorization
enabled exploratory risk stratification, the ROC cut-off pro-
vides a more practical benchmark for potential clinical use.

In multivariable Cox regression analysis, elevated NPAR
remained an independent predictor of 2-year all-cause
mortality, even after adjusting for classical risk factors such
as age, LVEF, creatinine, and peripheral artery disease.
Patients in the Tertile 3 group, in particular, had a 2.75-fold
higher risk of mortality compared to the reference group
(HR: 2.75; 95% Cl: 1.77-4.28; P < .001). This finding highlights
the robustness of NPAR as a prognostic marker and supports
its potential integration into existing risk scoring systems.
Additionally, high creatinine levels and peripheral artery dis-
ease negatively impacted survival, indicating that systemic
vascular health plays a decisive role in prognosis after TAVR.
Interestingly, prior CABG has been identified as a protective
factor in terms of mortality. This suggests that myocardial
perfusion achieved through revascularization may have a
favorable contribution to mid-term prognosis. Importantly,
in the current analysis, STS-PROM emerged as a significant
predictor of mortality, consistent with prior literature.*® To
account for potential multicollinearity, a dedicated model
including both STS-PROM and categorical NPAR was con-
structed. In this model, each variable remained indepen-
dently associated with 2-year mortality, suggesting that
NPAR provides incremental prognostic information beyond
STS-PROM. This finding highlights the potential value of
incorporating NPAR alongside established surgical risk
scores in clinical decision-making.

Risk assessment in TAVR patients has traditionally relied on
scores such as STS-PROM and EuroSCORE I, developed for
surgical populations and currently widely used.*™ The STS-
PROM score does include measurements of Hb, WBC, and
platelet count in addition to a myriad of clinical character-
istics, highlighting that these blood markers are important
prognostic tools in the preoperative workup. In recent years,
it has been demonstrated that inflammation-based indi-
ces such as NLR and platelet-to-lymphocyte ratio (PLR) can
provide prognostic value equivalent to or even superior to
established risk scores.2¢3** Consistent with these findings,
the current study demonstrated that NPAR, which reflects
both systemic inflammation and nutritional reserve, has
prognostic value independent of STS-PROM. Neutrophil per-
centage-to-albumin ratio is an easily accessible and cost-
effective indicator that can be calculated using standard
biochemical parameters, providing an additional advan-
tage in clinical practice. Integrating this parameter into risk
models may contribute to more accurate identification and
close monitoring of patients, particularly those with frailty
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or a high inflammatory burden. The prognostic value of
NPAR has been previously demonstrated in acute myocardial
infarction, congestive heart failure, cardiogenic shock, and
intensive care populations, and the current study extends
this knowledge specifically to TAVR patients.'2"223536 |n con-
clusion, these findings suggest that NPAR is an independent
marker and may enhance the accuracy of prognostication in
TAVR populations by complementing existing risk scores and
clinical variables.

Study Limitations

This study has several limitations. First, due to its retrospec-
tive design, a causal relationship cannot be established.
Second, it was conducted at a single center with a limited
patient population, which may affect the generalizability of
the results. In addition, the long inclusion period (2013-2023)
coincided with significant advances in TAVR technology and
practice that could have influenced outcomes. Moreover,
other markers of inflammation [e.g., CRP, interleukin (IL)-6,
tumor necrosis factor-a (TNF-a)] were notincluded, prevent-
ing a comprehensive evaluation of inflammatory processes.
Finally, patients with malignancy or autoimmune disease
were excluded, although they constituted only a relatively
small subgroup. This exclusion was necessary to minimize
potential confounding effects of systemic inflammation or
cachexia on NPAR values and is therefore unlikely to have
significantly impacted the overall findings. Nevertheless,
the large patient number, mid-term follow-up period, and
adjustment for numerous potential confounding factors rep-
resentimportant strengths of this study.

Future Directions

Future studies should aim to further evaluate the prognostic
value of NPAR and support its integration into clinical deci-
sion-making. In particular, temporal changes in NPAR should
be monitored, and their association with short- and mid-
term outcomes after TAVR should be clarified. Moreover,
randomized controlled trials assessing the impact of preop-
erative interventions targeting inflammation and nutritional
optimization on survival in patients with high NPAR levels
are warranted. Combining NPAR with existing risk scoring
systems to develop novel prognostic models could further
enhance individualized patient management.

In conclusion, this study demonstrates that NPAR is an inde-
pendent, accessible, and low-cost biomarker for predicting
mid-term all-cause mortality in patients undergoing TAVR.
Incorporating NPAR into routine clinical assessment could
help refine risk stratification and guide postprocedural man-
agementin this growing patient population.
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MiR-107 as a Biomarker Predicts Cardiac
Hypertrophy in Chronic Hemodialysis Patients

ABSTRACT

Background: Maintenance hemodialysis (MHD) can lead to hypertrophy of myocardial
cells and interstitial fibrosis in patients, which can ultimately culminate in left ventricular
hypertrophy (LVH). The objective of this study is to examine the expression of miR-107 in
patients undergoing MHD who also present with LVH and to evaluate its predictive value.

Methods: A total of 135 patients with end-stage renal disease who were undergoing MHD
were included as the research subjects. Patients were grouped based on left ventricular
mass index. Real-time quantitative polymerase chain reaction was used to detect the
expression of miR-107 in the serum of the patients. The receiver operating characteristic
curve was used to evaluate the diagnostic value of miR-107 in MHD with LVH patients.
The Pearson’s method was used for correlation analysis. Logistic regression model was
used to analyze the risk factors for cardiac hypertrophy in MHD patients.

Results: Serum miR-107 is highly expressed in patients with MHD and LVH, and it may be
a potential diagnostic biomarker. miR-107 has relatively high sensitivity and specificity in
predicting LVH in patients with MHD. Serum miR-107 is closely related to the serum high-
sensitivity C-reactive protein level and echocardiographic characteristics of patients
with MHD combined with LVH. MiR-107 correlates with echocardiographic characteris-
tics of MHD patients with LVH. Finally, logistic regression analysis indicated that miR-107
was arisk factor for LVH in MHD patients.

Conclusion: Serum miR-107 may have significant potential in diagnosing cardiac hyper-
trophy in MHD patients and is a potential biological indicator for cardiac hypertrophy in
MHD patients.

Keywords: Diagnosis, left ventricular hypertrophy, maintenance hemodialysis, miR-107

INTRODUCTION

Chronic kidney disease (CKD) constitutes a significant global public health chal-
lenge.” Hemodialysis (HD) stands as the cornerstone of renal replacement ther-
apy, playing a critical role in extending survival and enhancing the quality of life
for patients.? End-stage renal disease (ESRD) represents a severe and irreversible
deterioration of kidney function, necessitating long-term maintenance hemodi-
alysis (MHD) as the disease progresses.® Patients undergoing MHD frequently con-
tend with a myriad of complications, including hypertension, volume overload, the
accumulation of uremic toxins, and disorders of mineral metabolism. These condi-
tions can precipitate myocardial cell hypertrophy and interstitial fibrosis, leading
to the development of left ventricular hypertrophy (LVH).* Cardiac hypertrophy
frequently arises due to sustained pressure overload or underlying pathologi-
cal conditions and can ultimately progress to deleterious heart failure, which is a
notable clinical risk factor for mortality.> Consequently, it is of paramount impor-
tance to investigate the onset and progression of LVH in MHD patients, as well as
to identify innovative, cost-effective, and clinically relevant biomarkers for early
detection.

In recent years, a growing body of evidence has elucidated the role of microRNA
(miRNA) molecules in the regulation of various diseases, including cardiac hyper-
trophy.®® MiR-590-5p has been implicated in the pathological hypertrophy asso-
ciated with heart failure.® Research has identified serum miR-27b as a promising
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biomarker for the screening of LVH.™ Furthermore, it has
been demonstrated that miR-133ais expressed at diminished
levels in the hearts of patients with maintenance hemodi-
alysis (MHD) who exhibit cardiac hypertrophy.” Among the
members of the miRNA family, miR-107 has garnered atten-
tion foritsinvolvementin a diverse array of pathological and
physiological processes, including cell proliferation, apopto-
sis, metabolism, and fibrosis.”? Recent studies have revealed
that miR-107 is aberrantly expressed in cardiovascular dis-
eases, such as myocardial hypertrophy and heart failure.™

Previous studies have indicated a potential role for miR-107 in
the development of cardiac hypertrophy. However, the spe-
cific expression and association of miR-107 in MHD-induced
cardiac hypertrophy remain largely uncharted. Therefore,
this research endeavor seeks to investigate the expression
levels and predictive significance of miR-107 in MHD with
LVH patients.

METHODS

General Information

Atotal of 135 patients with ESRD who underwent MHD treat-
ment at The First Affiliated Hospital of Guizhou University
of Traditional Chinese Medicine between February 2023 and
February 2024 were selected for this study. The criteria for
inclusion encompassed: a confirmed diagnosis of ESRD; a
minimum of 3 months of MHD treatment; willingness to par-
ticipate in the study, with a duly signed informed consent
form. The exclusion criteria included: irregularities in dialy-
sis or inadequate volume management; unstable medical
conditions such as malignant hypertension or acute infec-
tions; coexisting malignant tumors; presence of active sys-
temic infections; recent cardiovascular events occurring
within the past 3 months; and cases of chronic inflammation,
hematological disorders, or significant hepatic dysfunction.
Furthermore, all patients were excluded from special types of
LVH, such as cardiac amyloidosis and Fabry disease, through
clinical evaluation, laboratory tests, and imaging examina-
tions. This research has received ethical approval from the
Medical Ethics Committee of The First Affiliated Hospital of
Guizhou University of Traditional Chinese Medicine (Date:
June 8, 2022; No. 20220101). This article did not use artificial
intelligence—assisted technology.

Treatment and Nursing

The Prirnus1350 dialyzer, manufactured in the USA, is
designed as a disposable device. It features a mem-
brane composed of polysulfone, with a membrane area

HIGHLIGHTS

e Serum miR-17-5p expression is upregulated in mainte-
nance hemodialysis (MHD) patients with left ventricular
hypertrophy (LVH).

e MiR-107 has a high sensitivity and specificity in predict-
ing MHD patients with LVH.

e MiR-107 is closely related to the inflammation and echo-
cardiographic features of patients with MHD and LVH.

e MiR-107 was arisk factor for LVH in MHD patients.

— ki,

Anatol J Cardiol 2026; 30(4): 235-241

ranging from 1.2 to 1.6 m2. The dialysate water is sourced
from a reverse osmosis system, utilizing standard bicarbon-
ate dialysate. The dialysate flow rate is maintained at 500
mL/min, while the blood flow rate is set between 200 and 300
mL/min. Patients typically undergo HD 3 times a week, with
each session lasting 4 hours. During this process, anticoagu-
lation therapy is administered, employing either unfraction-
ated heparin or low molecular weight heparin.

The patient receives consistent and comprehensive
care, with a strong emphasis on dietary management.
Hemodialysis treatments are meticulously conducted in
adherence to established medical protocols, which encom-
pass the determination of dialysis frequency, the careful
selection of dialysate, and the vigilant maintenance of vas-
cular access. General nursing practices involve the routine
monitoring of patients’ physiological parameters to detect
any changes in renal function, allowing for timely adjust-
ments to treatment plans. In the realm of health education,
nursing staff provide patients with essential knowledge
regarding HD, ensuring they are equipped with a fundamen-
tal understanding of their condition. Dietary guidance is tai-
lored to restrict high-potassium and high-phosphorus foods,
as well as managing fluid intake, thereby alleviating discom-
fort and minimizing potential risks during the inter-dialytic
period. Management of pharmacotherapy is equally critical
and involves the careful control of hypertension, the man-
agement of anemia, and the regulation of phosphate levels,
ensuring that all medications administered do not exacer-
bate renal impairment. Complementing these medical and
dietary interventions, psychological support is an integral
component of care, wherein nursing staff offer personalized
explanations of self-management strategies, tailored to
each patient’s psychological state.

Survey Indicators

Basic information such as sex, age, body mass index (BMl),
medical history, MHD duration, and drug use were recorded.
Diagnosis of diabetes was established based on criteria that
included recent utilization of hypoglycemic agents, fast-
ing blood glucose levels exceeding 126 mg/dL, random blood
glucose levels surpassing 200 mg/dL, and/or a glycosylated
hemoglobin (HbAlc) percentage of 6.5% or higher. The most
important biochemical indicators of the patients were col-
lected as well. A fasting blood specimen was collected from
each patient, and serum was subsequently separated for
future analyses.

Grouping of Patients

All patients underwent comprehensive transthoracic echo-
cardiography, which was employed to assess key cardiac
parameters, including interventricular septum thickness
(IVST), left ventricular posterior wall thickness (LVPWT), left
ventricular diastolic dimension (LVDD), and left ventricular
systolic diameter. Patients were categorized into 2 distinct
groups based on their left ventricular mass index (LVMI) val-
ues: those exhibiting LVH during MHD (MHD with LVH group)
and those who did not exhibit LVH (MHD without LVH group).
Left ventricular hypertrophy was defined according to sex-
specificcriteria, with LVMIvalues exceeding 125 g/m’ for male
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patients and 115 g/m” for female patients.™*’> The Devereux
formula was employed to compute LVMI, " with left ventricu-
lar mass (LVM) calculated as follows: LVM (g)=0.8 X [1.04 X (
LVDD +IVST + LVPWT)?*— (LVDD)*] + 0.6. Subsequently, LVMI
is derived from the patient’'s measured body surface area
(BSA) using the equation: LVMI (g/mz) =LVM/BSA. The BSA is
calculated using the following formula: BSA (m?) =[0.0061 x
height (cm) +0.0128 x weight (kg)] — 0.1529.

Real-Time Quantitative Polymerase Chain Reaction

Total RNA was meticulously extracted from serum utiliz-
ing TRIzol RNA Extraction Reagent (Life Technologies).
Subsequently, complementary DNA (cDNA) was synthesized
employing the Swe-Script RT Il First Strand cDNA Synthesis
Reagent Kit (Service Bio). Real-time quantitative poly-
merase chain reaction (RT-gPCR) was performed with the 2
X SYBR Green gPCR Master Mix (Service Bio) on the Step One
Real-Time PCR System (Life Technologies). Each assay was
conducted in triplicate, and the final results were calculated
based on U6 as the internal reference for determining the
relative expression levels of miR-107.

Statistical Methods

Data analysis was conducted using SPSS version 26.0 soft-
ware. To assess differences between groups, independent
samples analysis of variance was employed for normally dis-
tributed measurement data, while the Kruskal-Wallis test
was utilized for non-normally distributed data. For categori-
caldata, the chi-squared test was implemented. Correlation
analysis was performed using Pearson’s method. The diag-
nostic value of miR-107 in patients with cardiac hypertrophy
undergoing MHD was evaluated through receiver operating
characteristic (ROC) curve analysis. A multivariate logistic
regression model was applied to examine the risk factors
associated with cardiac hypertrophy in MHD patients. All
statistical analyses were executed with a two-tailed test,
and a significance level of P < .05 was established.

RESULTS

Comparative Clinical Data Between the Two Groups

In a cohort of 135 patients undergoing MHD, a notable 62.2%
(84 patients) were found to have developed LVH. The study
encompassed a total of 135 MHD patients, categorized into
2 distinct groups: MHD without LVH group (n=51) and MHD
with LVH group (n=84). There was no statistically significant
difference in age, gender, BMI, underlying diseases, MHD
duration, and information on medication use between the 2
groups (P> .05) (Table 1).

However, the levels of parathyroid hormone (PTH), total
serum cholesterol (TC), and low-density lipoprotein choles-
terol (LDL-C)weressignificantly elevatedin the MHD patients
with LVH compared to those without LVH, with the differ-
ences reaching statistical significance (P < .05) (Table 2).

Expression and Diagnostic Significance of MiR-107 in
Maintenance Hemodialysis with Left Ventricular
Hypertrophy Patients

The results of the RT-qPCR analysis revealed no significant
differences in serum miR-107 expression pre- and post-first
dialysis in the patient cohort (t=1.570, P = .118) (Figure 1A).

Li et al. Role of MiR-107 in Cardiac Hypertrophy

Table 1. General Information on Chronic Hemodialysis
Patients

MHD
WithoutLVH MHD with

Variables (n=>51) LVH (n=84) t P
Age (years) 53.25+9.89 55.05+12.27 0.883 .379
Sex (male/ 21/30 43/41 1127 262
female)
BMI (kg/m?) 20.50 +1.44 21.07 +£3.29 1161 .248
Hypertension 19/32 3846 0907 .366
(yes/no)
Diabetes (yes/ 12/39 2965 1.346 181
no)
MHD duration 83.84+37.49 96.70+52.80 1.521 131
(months)
Drug[n(%)] 0.585 .560

Calcium 18 (35.3) 33(39.3)
inhibitors

ACE inhibitors 11(21.6) 20 (22.6)

AT lirinhibitors 8 (15.7) 10 (13

p-Blockers 14 (27.4) 21(25.0)

ACE, angiotensin-converting enzyme; AT lIr, angiotensin |l receptor;
BMI, body massindex; LVH, left ventricular hypertrophy; MHD,
maintenance hemodialysis; f-Blockers, freceptor blocker.

Notably, the serum miR-107 levels were significantly elevated
in the MHD with LVH group compared to those without LVH
(t=10.500, P < .001) (Figure 1B). Furthermore, the ROC curve
analysis demonstrated that miR-107 serves as an effective
predictor for MHD with LVH. The optimal diagnostic cut-
off value of miR-107 in predicting LVH in MHD patients was
115, with a sensitivity of 86.9%, a specificity of 82.4%, and an
area under the curve of 0.905 (95% Cl: 0.855-0.954, P < .001)
(Figure 1C).

Analysis of the Correlation Between MiR-107 and the
Inflammatory Marker High-Sensitivity C-Reactive Protein
The serum level of high-sensitivity C-reactive protein (hs-
CRP) in MHD patients with LVH was significantly higher

Table 2. Biochemical Characteristics of Chronic Hemodialysis
Patients

MHD
WithoutLVH  MHD with
Variables (n=51) LVH(n=84) t P
Hemoglobin 912 +0.67 929+076 1341 182
(g/dL)
Albumin (g/dL)  4.21+0.46  4.31+0.58 1.019 .310
PTH (pg/mL) 185.71+ 63.41 223.05+87.08 2.662 .009**
TC (mmol/L) 673+079  709+0.62 2909 .004**
TG (mmol/L) 6.78 £ 0.71 725+214  1.489 139
HDL-C (mmol/L) 2.22+0.56  212+0.37 1292 199
LDL-C (mmol/L) 4.28+098  4.84+095 3.277 .001**

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; LVH, left ventricular hypertrophy; MHD,
maintenance hemodialysis; PTH, parathyroid hormone; TC, serum
total cholesterol; TG, triglycerides.

**pP<.01.
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Figure 1. Expression and diagnostic significance of miR-107 in MHD with LVH patients. There was no significant difference in the
expression of serum miR-107 before and after the first dialysis in the patients (P > .05) (A). The serum miR-107 level in the MHD

with LVH group was higher than that in the MHD without LVH group (P < .001) (B). The ROC curve was used to evaluate the
diagnostic value of miR-107 in MHD patients with LVH (C). The serum level of hs-CRP in MHD patients with LVH was significantly
higher than that in the non-LVH group (D). A moderate positive correlation between the serum levels of miR-107 and hs-CRP in

MHD patients with LVH (r=0.654, P <.001) (E). ns, P > .05; *** P < .001.

than that in the non-LVH group (5.72 + 1.42 mg/L vs. 2.87 +
0.85mg/L, t=12.94, P <.001) (Figure 1D). Pearson correlation
analysis showed a moderate positive correlation between
the serum levels of miR-107 and hs-CRP in MHD patients
with LVH (r=0.654, 95% CI=0.511-0.762, P < .001) (Figure 1E),
suggesting that miR-107 may synergistically interact with
the inflammatory response during the progression of LVH in
MHD patients.

Correlation Between MiR-107 and Echocardiographic
Features of Cardiac Hypertrophy in Maintenance
Hemodialysis Patients

Inthe MHD with LVH group, IVST (t=15.45), LVPWT (t=16.68)
and LVMI (t=15.04) weresignificantly higherthanthoseinthe
MHD withoutLVHgroup (P<.001) (Figure2A-C).Furthermore,
the results of the Pearson correlation analysis revealed a
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positive association between serum levels of miR-107 and
IVST (r=0.619, 95% Cl=0.466-0.736), LVPWT (r=0.662, 95%
Cl1=0.521-0.767), and LVMI (r=0.528, 95% Cl=0.354-0.667) in
MHD patients with LVH (P <.001) (Figure 2D-F).

Analysis of Risk Factors for Cardiac Hypertrophy in Patients
with Maintenance Hemodialysis

The findings from the logistic regression analysis revealed
that miR-107 (odds ratio [OR]=2.764, 95% Cl=1.229-6.219,
P=.014), alongside hypertension (OR=2.517, 95% Cl=1.097-
5.777, P=.029) and diabetes (OR=2.417, 95% Cl=1.031-5.664,
P=.042) were identified as significant risk factors for MHD
patients experiencing LVH (Table 3). The results of further
multivariate logistic regression analysis showed that the OR
of miR-107 was 2.459 (95% Cl1=1168-5.180, P =.018), suggest-
ing thatitis anindependentrisk factor for LVH (Table 4).
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Figure 2. Correlation analysis of miR-107 with echocardiographic characteristics. In the MHD with LVH group, IVST, LVPWT and

LVMI were significantly higher than those in the MHD without LVH group (P <.001) (A-C). The serum miR-107 level in MHD patients
with LVH was positively correlated with IVST (r=0.619), LVPWT (r=0.662) and LVMI (r=0.528) (P < .001) (D-F). *** P <.001

Table 3. Logistics Regression Analysis of the Risk Factors of DISCUSSION

Cardiac Hypertrophy in Chronic Hemodialysis Patient

95% Cl for HR

To address the hemodynamic stresses encountered dur-
ing loading, the left ventricle adapts through physiological

Variables OR Lower Upper P myocardial hypertrophy in the early stages, thereby pre-
MiR-107 2.764 1.229 6.219 .014* serving normal cardiac output in patients with MHD."” Left
Age (years) 1.268 0.574 2.804 557 ventricular hypertrophy serves as a significant precursor to
Sex 1.827 0.786 4.248 161 cardiovascular diseases, markedly influencing individuals’
BMI 0.477 0.215 1.062 070 physical well-being and overall quality of life.” Emerging
. research increasingly elucidates the intricate relationshi

Hypertension 2.517 1.097 2777 :029% between miRNA agnZI the development of cardiac hyper’f
Diabetes 2.4177 1.031 >.664 042* trophy in MHD patients.” Studies have shown that miR-217
MHD duration 1.291 0.584 2.851 -528 promotes cardiac hypertrophy and dysfunction by target-
Hemoglobin 1.258 0.552 2.865 .585 ing PTEN.? Concurrent findings suggest that miR-337-5p
Albumin 0.555 0.243 1.267 162 also plays a substantial role in the onset of cardiac hypertro-
PTH 1.476 0.655 3.324 347 phy.?' Furthermore, elevated expression of miR-100-5p has
TC 1.591 0.703 3.600 265 been documented in the context of cardiac hypertrophy.??
TG 1190 0.542 2613 664 Similarly, the current results showed that the serum level of

miR-107 was significantly upregulated in MHD patients with
HDL-C 0.883 0.390 1998 765 LVH, with a sensitivity of 86.9% and a specificity of 82.4% in
LDL-C 1.320 0.595 2927 .495

BMI, body mass index; HDL-C, high-density lipoprotein cholesterol;
HR, hazards ratio; LDL-C, low-density lipoprotein cholesterol; MHD,
maintenance hemodialysis; OR, odds ratio; PTH, parathyroid hormone;
TC, serum total cholesterol; TG, triglycerides.

*P <.05.

diagnosing LVH. This finding is consistent with the previously
reported elevated trend of miR-107 in hypertensive cardio-
myopathy and diabetic cardiomyopathy,??* suggesting that
it may be involved in the common pathological processes of
LVH caused by different etiologies.
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Table 4. Multivariate Logistic Regression Analysis Results of Myocardial Hypertrophy in Patients Undergoing Chronic

Hemodialysis

Variables p SE Wald 3 P OR 95% CI
MiR-107 0.900 0.380 5.608 .018* 2.459 1168-5180
Hypertension 0914 0.394 5.387 .020* 2.494 1.153-5.394
Diabetes 0.733 0.398 3.397 .065 2.081 0.955-4.539
OR, odds ratio; SE, standard error.

*P <.05.

Chronicinflammation constitutes one of the core pathologi-
cal featuresin patients undergoing MHD. C-reactive protein
and particularly hs-CRP serve as a pivotal marker reflect-
ing the state of chronic inflammation.?® The present study
revealed a significant positive correlation between miR-107
levels and hs-CRP in MHD patients with LVH, implying that
inflammatory responses may represent a crucial mediat-
ing pathway through which miR-107 participates in the ini-
tiation and progression of LVH. This result supports miR-107
as a molecular marker for inflammation-cardiac remodel-
ing coupling, providing a basis for the combined monitoring
of miR-107 and hs-CRP in assessing the risk of LVH. Future
research could target miR-107 to delve intoits regulatory role
in the inflammatory factor network, thereby providing novel
targets and strategies for anti-inflammatory therapy of LVH
in MHD patients.

Currently, the diagnosis of LVH relies on various techniques,
including electrocardiogram (ECG), echocardiography, and
cardiac magnetic resonance imaging (cMRI).?¢ Left ven-
tricular hypertrophy can be detected by echocardiography
through the display of hypertrophy or other abnormalities
typically associated with hypertrophic phenotypes.?” The
currentstudy furtherestablishesaclose associationbetween
miR-107 and echocardiographic features in patients with
MHD and LVH, identifying it as a critical risk factor for LVH
in this patient population. These findings underscore the
potential of miR-107 as a diagnostic or complementary diag-
nostic marker for MHD with LVH. Nonetheless, furtherinves-
tigation into its combined diagnostic efficacy is warranted.

Furthermore, it is important to underscore the significant
impact of nursing interventions in mitigating complications
and enhancing the therapeutic efficacy of HD through-
out the MHD process.?® End-stage renal disease is a critical
pathological condition that arises when CKD progresses to
an advanced stage, ultimately leading to partial or com-
plete loss of renal function. This deterioration often results
in the retention of metabolic waste products, as well as
disturbances in water, electrolyte, and acid-base bal-
ance.? Maintenance hemodialysis has emerged as a widely
adopted therapeutic approach for managing ESRD, effec-
tively improving patients’ quality of life and extending their
longevity.*® Additionally, the protracted nature of chronic
renal failure leaves patients susceptible to negative emo-
tional states such as anxiety and depression, which can
adversely influence treatment outcomes.’® Consequently,
the implementation of effective and standardized nursing
measures during HD for patients with chronic renal failure is
paramount. The findings from this study indicate that, under
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targeted nursing interventions, the incidence of LVH was
observed tobe 62.2%. Previous studies have established that
LVH is notably prevalent among patients with ESRD, with
roughly 75% of MHD patients being affected.?** Although
the current data suggest a reduction in incidence compared
to earlier research, further validation is required to substan-
tiate this specific effect.

This investigation was conducted as a retrospective clini-
cal study. However, it did not delve into the molecular
mechanisms through which serum miR-107 influences
cardiac hypertrophy and facilitates disease progression.
Consequently, further in-depth research is warranted in this
area. Additionally, the establishment of multi-center and
large-scale studies is essential for both internal and external
validation, which will ultimately enhance the predictive per-
formance and clinical applicability of the model.

CONCLUSION

Serum miR-107 may have significant potential in diagnosing
cardiac hypertrophy in MHD patients and is a potential bio-
logical indicator for cardiac hypertrophy in MHD patients.
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Concomitant Percutaneous Left Atrial
Appendage Closure and Transcatheter Aortic
Valve Implantation: Double Hit Combo in Atrial
Fibrillation

ABSTRACT

Background: Patients with atrial fibrillation (AF) undergoing transcatheter aortic valve
implantation (TAVI) often require long-term oral anticoagulation (OAC), which may not
be appropriate for those at high bleeding risk. Performing left atrial appendage closure
(LAAC) during TAVI can reduce the risk of thromboembolism while avoiding the need for
prolonged anticoagulation.

Methods: This single-center study included 5 consecutive patients with severe aortic
stenosis and AF who underwent same-session TAVI and LAAC between October 2024
and March 2025. All had contraindications to OAC or high bleeding risk. Procedural
details and early outcomes were recorded. Technical success was defined according to
Valve Academic Research Consortium-3 (VARC-3) (TAVI) and Munich/The Society for
Cardiovascular Angiography & Interventions (SCAI) and the Heart Rhythm Society cri-
teria (LAAC). Continuous variables are presented as mean + SD or median interquartile
range (IQR), and categorical variables as n (%).

Results: Mean age was 75.6 + 8.4 years; 40% were male. The median Society of Thoracic
Surgeons score was 6.0% [IQR 5.5-7.0], median CHA,DS,-VA was 4 [4-5], and median
hypertension, abnormal renal/liver function, stroke, bleeding history or predisposition,
labile INR, elderly, drugs/alcohol concomitantly was 3 [3-4]. All patients received a Meril
valve; LAAC devices included Amulet (n=3) and LAmbre (n=2). Technical success was
achieved in all cases. There were no intra-periprocedural complications, major bleeding
(Bleeding Academic Research Consortium >3), stroke/transient ischemic attack, or vas-
cular complications. But Kidney Disease: Improving Global Outcomes stage 1 acute kid-
ney injury was observed only in 1(20%) patient. The median hospital stay was 4 [IQR 3-6]
days.

Conclusion: In this study, same-session TAVI and LAAC in AF patients with high bleed-
ing risk were technically feasible and showed an acceptable short-term safety profile.
Larger, prospective studies with longer follow-up are needed to confirm these results.

Keywords: Concomitant procedure, high bleeding risk, left atrial appendage closure,
transcatheter aortic valve implantation

INTRODUCTION

Severe agortic stenosis (AS) presents a significant procedural challenge, especially
in elderly patients with atrial fibrillation (AF), a subgroup characterized by both
thromboembolic and hemorrhagic risks."? Transcatheter aortic valve implanta-
tion (TAVI) has become a preferred alternative to surgical valve replacement in
high-risk and inoperable patients, with expanding indications beyond traditional
high-risk cases. However, the concurrent presence of AF complicates manage-
ment, as these patients need effective stroke prevention with oral anticoagula-
tion (OAC), which canincrease both periprocedural and long-term bleeding risks,
particularly when antiplatelet therapy is also involved.?

Patients with AF who are poor candidates for OAC due to either prior major
bleeding, frailty, or inability to tolerate therapy remain at high risk for stroke and
vulnerable to hemorrhagic complications. LAAC offers a non-pharmacological
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alternative by eliminating the primary source of thrombus
formation in non-valvular AF and is particularly useful in
those with contraindications to OAC or a high bleeding risk
(HAS-BLED score of >3).% In TAVI candidates, who are often
elderly and have comorbidities, the combined approach of
LAAC and TAVI in a single session has demonstrated tech-
nical feasibility and safety in small case series, especially in
OAC-ineligible patients.®

The concept of performing TAVI and LAAC in a single session
aims to minimize procedural burden, reduce cumulative expo-
sure to anesthesiaand vascularaccess, and potentially shorten
hospital stay. Several small case series and observational stud-
ies have reported high technical success rates with accept-
able complication profiles, suggesting that the approach
may be a viable option for selected high-risk patients.>>¢
Nonetheless, data remain limited, and most available reports
involve heterogeneous patient populations, varied procedural
sequences, and different device types, underscoring the need
for additional evidence from real-world practice.

Given the lack of data from real-world cohorts and the lim-
ited representation of OAC-ineligible patients in larger tri-
als, further evidence is required to define the procedural
feasibility and short-term safety of same-session TAVI and
LAAC. In this study, a single-center experience with 5 high-
risk AF patients who underwent combined TAVI and LAAC
in a single session was reported. All patients had contrain-
dications to long-term OAC due to major bleeding events or
thromboembolic events occurring while on therapy. The pri-
mary objective of this study was to assess technical success,
while secondary endpoints focused on in-hospital complica-
tions and early post-procedural outcomes.

METHODS

Study Population
This was a single-center, retrospective, observational study
including 5 consecutive patients with severe, symptomatic

HIGHLIGHTS

e The combined transcatheter aortic valve implanta-
tion—left atrial appendage closure (TAVI-LAAC) proce-
dure was technically successful in all 5 patients (100%)
with no procedural complications, demonstrating the
safety and feasibility of this approach.

e Median procedure time was 72 minutes with a contrast
volume of 65 mL, indicating that the combined proce-
dure can be performed efficiently without excessive
procedural burden.

e No major adverse events, including stroke, major bleed-
ing, or pericardial complications, occurred during the
index hospitalization, supporting the early safety profile
of simultaneous TAVI-LAAC.

e This combined approach may be particularly benefi-
cial for high-risk elderly patients with atrial fibrillation
requiring both TAVI and stroke prevention, potentially
reducing the need for multiple procedures and pro-
longed anticoagulation.

Kivrak et al. Same-Session TAVIand LAAC

AS and coexisting AF who underwent combined TAVI and
LAAC in a single procedural session between October 2024
and March 2025. All patients were ineligible for long-term
OAC due to a history of major bleeding (e.g., gastrointestinal
or ocular hemorrhage) or thromboembolic events occurring
while on therapeutic OAC. The decision to perform com-
bined TAVI and LAAC was made by the institutional Heart
Team, based on clinical presentation and comorbidities.
The study was conducted in accordance with the principles
of the Declaration of Helsinki. The protocol was approved
by the Hacettepe University Health Sciences Research
Ethics Committee (Date: August 26, 2025; Decision number:
2025/16-61; Study registration number: SBA 25/746). Waived
by the ethics committee for this retrospective analysis of
anonymized medical records.

Pre-procedural Evaluation

All patients underwent a comprehensive pre-procedural
assessment, including detailedclinical history, physicalexam-
ination, laboratory testing, transthoracic echocardiography,
and multislice computed tomography (CT) for annular sizing
and vascular access evaluation. Transesophageal echocar-
diography (TEE) was performed to assess the morphology
and dimensions of the left atrial appendage (LAA) and to
exclude pre-existing thrombus. Echocardiographic param-
eters, including peak and mean transvalvular gradients and
aortic valve area measurements, confirmed the severity of
AS in accordance with current guidelines. Risk stratification
was performed using the Society of Thoracic Surgeons (STS)
score, CHA,DS,-VA, and HAS-BLED scores, calculated from
baseline clinical and echocardiographic data.

Procedural Details

All procedures were performed under general anesthesiaina
cardiac catheterization laboratory. Following sterile prepa-
ration and obtaining vascular access, transfemoral TAVI was
performed using the balloon-expandable Myval transcath-
eter heart valve (Meril Life Sciences, Vapi, India), with device
size selection based on pre-procedural multislice CT annular
measurements. After successful valve implantation, TEE was
introduced for LAAC planning. Venous access was obtained
via the contralateral femoral vein, and transseptal puncture
was performed at the inferoposterior aspect of the inter-
atrial septum under fluoroscopic and TEE guidance. Device
sizing and selection were based on TEE measurements of
the LAA landing zone and ostium. Zero-contrast LAAC was
performed using Amulet LAA Occluder (Abbott, Chicago, IL,
USA)in 3 patientsand LAmbre LAA Closure System (Lifetech
Scientific, Shenzhen, China) in 2 patients. Devices were
deployed under fluoroscopic and TEE visualization, ensur-
ing optimal position and seal before release, as described in
previous studies (Figure 1).”® Final TEE and fluoroscopy con-
firmed stable device position, absence of peri-device leak,
and no pericardial effusion.

Study Endpoints

The primary endpoint was technical success, defined as
successful deployment of both the transcatheter aortic
valve and the LAAC device in the intended position, with no
need for additional unplanned interventions and without
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Figure 1. Stepwise fluoroscopic and echocardiographic images of the same-session TAVIand LAAC. (A, B) Balloon valvuloplasty
and transcatheter aortic valve deployment. (C) Final valve position without paravalvular leak. (D) Fluoroscopic view of LAA
occluder positioning. (E) TEE confirmation of correct device placement without leak. (F) Final fluoroscopic image showing a

stable valve and occluder.

in-hospital mortality. For the TAVI procedure, technical suc-
cess was defined according to the Valve Academic Research
Consortium-3 (VARC-3) criteria, which include the absence
of procedural mortality, correct positioning of a single pros-
thetic heart valve into the proper anatomical location, and
intended valve performance with no prosthesis-patient mis-
match or significant paravalvular leak at hospital discharge.®
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Forthe LAAC procedure, technical success wasdefined based
on the Munich Consensus Document, which provides stan-
dardized definitions for procedural outcomes, endpoints, and
data collectionin clinical studies.™ These criteria require suc-
cessful device deployment with complete LAAC or residual
peri-device leak <5 mm, stable device position confirmed by
imaging, and no device embolization or surgical intervention.
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Secondary endpoints included the occurrence of vascular
complications (major or minor) according to VARC-3, major
bleeding events defined as Bleeding Academic Research
Consortium (BARC) type > 3" pericardial effusion or tam-
ponade requiring intervention, stroke or transient ischemic
attack (TIA), new permanent pacemaker implantation, and
acute kidney injury (AKI) according to the Kidney Disease:
Improving Global Outcomes (KDIGO) classification.

Statistical Analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, version 25.0 (IBM Corp., Armonk, NY,
USA). Continuous variables were assessed for distribution
using the Shapiro—Wilk test. Given the small sample size and
non-normal distribution of most variables, continuous data
are presented as median [interquartile range (IQR)], and
categorical data are presented as counts and percentages.
No imputation was performed for missing data. Descriptive
statistics were used to summarize baseline characteristics,
procedural details, and outcomes.

RESULTS

The study included 5 patients with a mean age of 75.6 + 8.4
years, of whom 2 (40.0%) were male. The mean body mass
index was 24.45 + 211 kg/m’. Four patients (80.0%) had a

Table 1. Baseline Characteristics of the Study Population

Characteristic Value (n=5)
Demographics
Age, years 75.6 +8.4
Male sex, n (%) 2(40.0)
BMI, kg/m? 24.45+ 211
Risk factors and comorbidities
Ex-smoker, n (%) 2(40.0)
History of CAD, n (%) 4 (80.0)
Diabetes mellitus, n (%) 1(20.0)
Hypertension, n (%) 4 (80.0)
STS score, % 6.0 (IQR 5.5-7.0)
CHA,DS,-VA score 4 (IQR 4-5)
HAS-BLED score 3(IQR 3-4)
Atrial fibrillation type
Non-paroxysmal AF, n (%) 4 (80.0)
Paroxysmal AF, n (%) 1(20.0)
Indication for LAAC
Gastrointestinal bleeding, n (%) 2(40.0)
Ischemic stroke on apixaban, n (%) 1(20.0)
Ischemic stroke on warfarin, n (%) 1(20.0)
Retinal artery occlusion on rivaroxaban, n (%) 1(20.0)

Data are presented as mean + SD for continuous variables and as
number (percentage) for categorical variables.

AF, atrial fibrillation; BMI, body mass index; CAD, coronary artery
disease; CHA,DS,-VA, congestive heart failure, hypertension, age >75
years, diabetes, stroke/TIA, vascular disease, age 65—74 years, sex
category; HAS-BLED, hypertension, abnormal renal/liver function,
stroke, bleeding history or predisposition, labile International
Normalized Ratio, elderly, drugs/alcohol concomitantly; IQR,
interquartile range; LAAO, left atrial appendage closure; STS, Society
of Thoracic Surgeons.
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history of coronary artery disease and hypertension, and 1
patient (20.0%) had diabetes mellitus. Non-paroxysmal AF
was documentedin 4 patients (80.0%). The median STS score
was 6.0 (IQR 5.5-7.0). The median CHA,DS,-VA and HAS-
BLED scores were 4 (IQR 4-5) and 3 (IQR 3-4), respectively.
The primary indications for LAAC included gastrointestinal
bleeding in 2 patients (40.0%), ischemic stroke despite OAC
in 2 patients (40.0%), and systemic embolism (retinal artery
occlusion) despite OAC in 1patient (20.0%) (Table 1).

All procedures were completed in a single session without
intraprocedural complications. The median procedural time
was 72 minutes (IQR 68-78), and the median contrast volume
was 65 mL (IQR 60-70), reflecting the use of a zero-contrast
strategy for LAAC with TEE and fluoroscopic guidance. All
TAVI procedures were performed using balloon-expandable
Myval valves (Meril Life Sciences, Gujarat, India), and LAAC
was achieved with either Amulet (Abbott, Chicago, IL, USA)
or LAmbre (Lifetech Scientific, Shenzhen, China) devices.

Postprocedural antithrombotic therapy at discharge
involved clopidogrel alone in 2 patients (40.0%) due to prior
gastrointestinal bleeding, and aspirin plus apixaban in the
remaining 3 patients (60.0%) who had a history of thrombo-
embolism despite OAC, as shown in Table 2.

During the in-hospital period, no deaths, myocardial infarc-
tions, or strokes were recorded. There were no cases of

Table 2. Procedural Characteristics

Characteristic Value (n=5)

TAVI procedure

Valve type Meril (Meril Life
Sciences, India): 5(100.0)

Valve size, mm 25.7+2.2

Peak gradient, mm Hg 74.0 +£22.8

Mean gradient, mm Hg 42.6+12.0
Aortic valve areaq, cm? 0.79+0.16

LAAC procedure
Amulet (Abbott, USA), n (%) 3(60.0)
Lambre (Lifetech Scientific, 2(40.0)

China), n (%)

Device size, mm 22,22/28,22,24,25

Total procudure time, min 72 (IQR 68-78)

Contrast volume, mL 65 (IQR 60-70)
Procedural outcome

Technical success, n (%) 5(100.0)

Any procedural complication, n (%) 0(0.0)
Discharge antithrombotic regimen

ASA + OAC (apixaban) 3(60.0)

Clopidogrel only 2(40.0)
Duration of Index Hospitalization

Median hospital stays, days 4 (IQR 3-6)

Data are presented as mean + SD, median [interquartile range (IQR)],
or number (percentage).

ASA, acetylsalicylic acid; IQR, interquartile range; LAAC, left atrial
appendage closure; OAC, oral anticoagulant; TAVI, transcatheter
aortic valve implantation.
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Table 3. Early Clinical Outcomes

Variables Value (n=5)

Clinical outcomes
Stroke/TIA, n (%) 0(0.0)
Major bleeding (BARC > 3), n (%) 0(0.0)
Pericardial effusion/tamponade, n (%) 0(0.0)
Vascular complication (VARC-3), n (%) 0(0.0)
Permanent pacemaker implantation, n (%) 0(0.0)
Acute kidney injury (KDIGO), n (%) 1(20.0)

Data are presented as number (percentage) unless otherwise
indicated.

BARC, Bleeding Academic Research Consortium; KDIGO, Kidney
Disease: Improving Global Outcomes; TIA, transient ischemic attack;
VARC, Valve Academic Research Consortium.

device embolization, pericardial effusion, or major vascular
complications. One patient developed AKI, which was clas-
sified as stage 1 according to the KDIGO criteria, and was
managed conservatively without the need for renal replace-
ment therapy. No major or life-threatening bleeding events
were observed, and there were no cases of clinically signifi-
cant paravalvularleak after TAVI or residual peri-device leak
following LAAC (Table 3).

DISCUSSION

Performing TAVI and LAAC simultaneously has become a
viable treatment option for patients with AF and severe AS
who are at high risk for repeated procedures. This combined
approach may help reduce risks associated with multiple
interventions, such as repeated anesthesia, longer hospital
stays, vascular access issues, and increased contrast use.
Previous studies, including the randomized study reported
by Kapadia et al,®* have shown promising results in terms of
procedural success and early safety.>"? In the present cohort,
combining both structural interventions into a single session
was accomplished with high technical success and low com-
plication rates, supporting the use of this approach in care-
fully selected high-risk patients.

An increasing amount of evidence shows that performing
both TAVI and LAAC in a single session is feasible and can
help avoid repeated anesthesia and vascular access, which
is especially important in high-risk patients. In the authors’
experience, this combined approach was further supported
by using a zero-contrast method for LAAC, relying on TEE
and fluoroscopic guidance. This minimized renal risk while
ensuring procedural safety. On the other hand, cardiovascu-
larinterventions using general anesthesia are generally safe,
but cumulatively are associated with cognitive decline and
neurodegeneration in the elderly. Perioperative brain health
should be prioritized for older and vulnerable patients, par-
ticularly those who have multiple interventional procedures
using anesthesia.® These findings align with previous reports
of technical success and positive early outcomes in similar
populations.®™

Our findings support previous observational and random-
ized studies indicating that concomitant TAVI and LAAC are
both feasible and safe in selected high-risk patients. The
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"One-Stop Shop" study showed comparable 30-day out-
comes with combined versus isolated TAVI,? while Kleinecke
et al™ found no increase in complications when LAAC
was performed with other structural interventions. More
recently, the WATCH-TAVR trial confirmed that the com-
bined approach is not inferior in terms of death, stroke, and
major bleeding at 2 years.® Collectively, this data support
LAAC integration during TAVI as a viable alternative for AF
patients with high bleeding risk or contraindications to OAC.

An essential part of this study is the use of a zero-contrast
strategy during LAAC, which led to a relatively low median
contrast volume compared to larger cohorts. In WATCH-
TAVR, the excessive contrast used for the combined proce-
dure was about 119 mL, significantly higher than the median
65 mL reported in the present cohort. Excessive contrast
exposure is a known factor contributing to AKI after TAVI,
especially in elderly patients with baseline renal dysfunc-
tion. Previous consensus statements have highlighted strat-
egies for kidney protection, including reducing contrast and
relying on echocardiographic guidance whenever possible.®™
Based on the authors’ experience, only 1 patient developed
stage 1 AKIl and was managed conservatively, highlighting
the potential benefit of a contrast-sparing approachin high-
risk groups.

In this cohort, there were no major periprocedural compli-
cations such as device embolization, pericardial effusion,
stroke, or major bleeding, which aligns with findings from
priorseries. The case seriesby Freire etal*reported 7 patients
undergoing concomitant TAVR and LAAC, all with successful
implantation and no major adverse events during follow-
up. Similarly, a meta-analysis including 482 patients indi-
cated that combined procedures did not significantly raise
the risk of stroke, bleeding, or death compared to isolated
TAVR. However, a higher rate of vascular complications was
observed.” These results suggest that although the overall
safety profile of simultaneous TAVI and LAAC is acceptable,
managing vascular access remains crucial, especially con-
sidering the added procedural complexity and the common
frailty in this patient group.

The best antithrombotic strategy after combined TAVI
and LAAC remains uncertain. Current European Society of
Cardiology guidelines recommend lifelong OAC for AF after
TAVI, but the high bleeding risk in elderly and frail patients
challenges this approach.” By eliminating the need for long-
term anticoagulation, LAAC provides a potential advantage
in this subgroup. Kapadia et al* demonstrated in the WATCH-
TAVR trial that dual antithrombotic therapy after combined
procedures offered acceptable thromboembolic protection
and a lower bleeding risk compared with OAC. The present
practice of using short-term dual antithrombotic treatment
followed by single antiplatelet therapy aligns with this evi-
dence. This indicates that a personalized antithrombotic
regimen after combined procedures can be both safe and
effective.

These findings contribute to the growing evidence sup-
porting the feasibility of performing concomitant TAVI and
LAAC in selected patients with severe AS and AF who are
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at high risk of bleeding. While previous studies have mostly
included diverse patient populations or single-center expe-
riences,*>%" the present study offers further insight into
procedural strategies such as contrast minimization and
stepwise antithrombotic management.

This study is limited by its single-center, retrospective
design and relatively small sample size, which may restrict
the generalizability of the findings. Additionally, the short
follow-up duration prevents definitive conclusions about
long-term outcomes, and the lack of a control group lim-
its direct comparisons with isolated TAVI or LAAC proce-
dures. Despite these limitations, these results support the
feasibility and short-term safety of performing TAVI and
LAAC togetherin carefully selected high-risk patients with
severe AS and AF. These findings suggest that the com-
bined approach could be areasonable treatment option for
patients with contraindications to long-term anticoagu-
lation, warranting validation in larger multicenter studies
with longer follow-up.
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Could We Maintain the Initial Efficacy of
Triple Sequential Combination Therapies with
Selexipag Against Progressive Deterioration
Riskin Patients with Pulmonary Arterial
Hypertension: Insights from a Single-Center
Study?

ABSTRACT

Background: This study assessed the efficacy and tolerability of the oral prostacyclin
receptor agonist selexipag as part of sequential triple combination therapy in patients
with pulmonary arterial hypertension (PAH).

Methods: The study retrospectively analyzed 127 of 1160 PAH patients from a single-
center registry who received sequential triple therapy including selexipag. Clinical, echo-
cardiographic, and hemodynamic variables and multiparametric risk scores (MRS) were
evaluated to assess changesinrisk and outcomes.

Results: The mean age was 43.2 + 16.4 years, and 84.3% were female. Prior to selexipag
initiation, Comparative Prospective Registry of Newly Initiated Therapies for Pulmonary
Hypertension 2.0 risk strata were: 15% first, 31.5% second, 44.1% third, and 9.4% fourth;
European Society of Cardiology/European Respiratory Society low-, intermediate-, and
high-risk rates were 20.5%, 61.4%, and 18.1%, respectively. Mean REVEAL Lite 2.0 score was
6.3 £ 2.7. Maximal selexipag dosing reached 1600 pug BID in 18.1% of patients, while 64.6%
remained at <1000 pg BID. Patients were groupedintolow-, intermediate-, and high-dose
cohorts. Median follow-up was 727.5 days (interquartile range (IQR) 224-985). Selexipag
was discontinued in 15% of patients. Across dosing cohorts, initial improvements in func-
tional class, 6-minute walk distance, right ventricular and pulmonary echocardiographic
parameters, and MRSs during the first year attenuated thereafter, except for N-terminal
pro-brain natriuretic peptide and Tricuspid annular plane systolic excursion/pulmonary
arterial systolic pressure ratio. Lower baseline REVEAL Lite 2.0 score predicted low-risk
status at final assessment (P=.017). Three-year survival was 72.5%, 85.7%, and 751% in
low-, medium-, and high-dose cohorts (P > .05). Mortality was independently predicted
by baseline Swedish PAH Registry, REVEAL 2.0, REVEAL Lite 2.0, and REVEAL Echo scores.

Conclusion: Earlier escalation to triple therapy with selexipag may improve outcomes.
Baseline risk—but not achieved selexipag dose—was associated with survival. A possible
declinein treatment effect after 1year warrants further investigation.

Keywords: EUPHRATES, pulmonary arterial hypertension, Selexipag

INTRODUCTION

Pulmonary arterial hypertension (PAH) is a devastating disease characterized by
progressive obliteration of small pulmonary arteries, resulting in increased pul-
monary vascular resistance (PVR) and pulmonary arterial pressures (PAP), and
eventually leading to right-heart failure and death.™ The endothelin, nitric oxide,
and prostanoid pathways have been shown to be involved in the development of
PAH, and several parenteral, inhaled, or oral PAH-specific drugs targeting these
pathways have been developed.” Among these, the non-prostanoid drug selexi-
pag and its 37-fold more potent metabolite ACT-333679 are selective agonists of
the prostacyclin (IP) receptor, 1 of the 5 prostanoid receptors. Stimulation of the
IP receptor leads to vasodilation, decreased smooth muscle cell proliferation, and

e o Copyright@Author(s) - Available online at anatoljcardiol.com.
SR e Content of thisjournalis licensed under a Creative Commons Attribution-NonCommercial
4.0 International License.
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inhibition of platelet aggregation and inflammation within
the pulmonary arteries.®

The efficacy and safety of selexipag in patients with PAH
have been evaluatedinthe GRIPHON randomized controlled
trial, the SelexiPag: tHe usErs dRug rEgistry (SPHERE) and
EXPOSURE multicenter registries, single-center studies, and
meta-analyses.®? Currently, selexipag is indicated for PAH
to delay disease progression and to reduce the risk of PAH-
related hospitalization.™

This single-center study aimed to evaluate the efficacy and
tolerability of selexipag as part of triple sequential combina-
tion therapy in patients with PAH.

METHODS

The study group comprised a subgroup of 127 patients with
PAH who were receiving sequential combination therapy
with selexipag, extracted from 1160 patients with pulmo-
nary hypertension recruited in the single-center EvalUation
of Pulmonary Hypertension Risk Factors AssociaTEd with
Survival (EUPHRATES) study.

The diagnostic algorithms, hemodynamic confirmation,
clinical sub-classification of pulmonary hypertension (PH),
and definitions of incident and prevalent PAH have been
based on the recommendations of the European Society of
Cardiology (ESC) and European Respiratory Society (ERS)
2015 and 2022 PH guidelines, according to the time of selexi-
pag initiation."? For the hemodynamic definition of PH by
right heart catheterization, cut-off values of mean PAP
(PAMP) >25 mm Hg and >20 mm Hg were adopted before and
after the ESC/ERS 2022 PH guidelines, respectively."? For the
diagnosis of pre-capillary pulmonary hypertension, pulmo-
nary arterial wedge pressure <15 mm Hg and PVR >3 and >2
Wood units were used as criteria before and after the ESC/
ERS 2022 PH guidelines, respectively."?

During the follow-up period after the initiation of selexipag,
longitudinal changes in World Health Organization func-
tional class (FC), 6-minute walk distance (6MWD), blood

HIGHLIGHTS

e Sequential triple combination therapy including selexi-
pag demonstrated marked early improvementin clinical
risk profile in patients with pulmonary arterial hyper-
tension (PAH).

e Selexipag was well-tolerated, and treatment continua-
tion was not limited by adverse effects in the majority
of patients.

e The initial therapeutic benefits showed attenuation
beyond the first year, underscoring the progressive
nature of PAH despite aggressive escalation.

e Baseline clinical risk status was the key determinant of
long-term outcomes, while response magnitude and
maintenance did not correlate with selexipag dose.

e Early implementation of triple therapy may be crucial
for optimizing long-term risk trajectory and functional
stabilization in advanced PAH.

Tokgdz et al. Sequential Triple Combinations with Selexipag

biochemistry and cell counts, N-terminal pro-brain natri-
uretic peptide (NT-proBNP), echocardiographic measures
of pulmonary circulation and right heart function, and mul-
tiparametric risk scores (MRSs) were evaluated. For risk
assessment, the 3-stratarisk prediction model from the 2022
ESC/ERS guidelines for PAH, adapted from the Swedish PAH
Registry (SPAHR),?* the Comparative Prospective Registry
of Newly Initiated Therapies for Pulmonary Hypertension
(COMPERA) registry,® 4 strata-risk model of COMPERA 2.0,
and the French Pulmonary Hypertension Network (FPHN)
registry low-risk models,* as well as the REVEAL 2.0 regis-
try, its abridged 6-component REVEAL Lite 2.0, and REVEAL
ECHO scores, were used both at the time of selexipag initia-
tion and at follow-up visits.?”?% 2 All patients under regular
follow-up were informed, and written informed consent
was obtained from each patient. The study protocol was
reviewed and approvedby theInstitutional Ethics Committee
(Ethics committee approved in July 12, 2013, approval num-
ber: 2013.3/4). This study was conducted in accordance with
the Declaration of Helsinki.

Statistical Analysis

The normality of continuous variables was assessed using
Shapiro—Wilk's test and histogram. Numerical variables
were expressed as mean = standard deviation or median and
interquartile ranges (IQR: 25%-75%) according to distribu-
tion. Discrete data were shown as percentages and abso-
lute numbers. For continuous data comparison according
to survival status, the t-test or Mann—Whitney U-test were
used; for discrete data comparison according to survival
status, the Pearson chi-square test were used. For longitu-
dinal changes, continuous data comparison was made using
analysis of variance or Kruskal—Wallis's test according to the
normality of data, and pairwise comparison was performed
using Tukey HSD or Bonferroni multiple comparison test.

The cumulative risk of all-cause mortality was displayed
using Kaplan—Meier plots. Differences between groups,
including dose and baseline risk strata, were assessed using
the log-rank test, and risk tables were presented below the
plots. Selexipag dose was categorized as low (200 or 400 pug
twice daily), medium (600, 800, or 1000 pg twice daily), and
high (1200, 1400, or 1600 pg twice daily). To evaluate theinde-
pendent association of selexipag dose with mortality, Cox
proportional hazards regression models were constructed.
Due to the limited number of events, only selexipag dose
(low, medium, high) and baseline risk scores were included in
the models to avoid overfitting. Hazard ratios (HRs) with 95%
Cls were reported. Proportional hazards assumptions were
checked using Schoenfeld residuals.

All statistical analyses were performed using R software v.
4.0.2 with the “survival,” “survminer,” "ggplot2,” and “Hmisc”
packages (Vienna, Austria). A 2-sided P value <.05 was con-
sidered statistically significant.

RESULTS

Patient characteristics and background therapies prior to
the addition of selexipag are shown in Table 1. The mean
age of the patients was 43.2 + 16.4 years, and 84.3% were
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Table 1. Demographics, Clinical, Echocardiographic and
Hemodynamic Characteristics and Treatment Patternsin
Study Population

Table 1. Demographics, Clinical, Echocardiographic and
Hemodynamic Characteristics and Treatment Patternsin
Study Population (Continued)

n=127 patients

n=127 patients

Demographics, clinical and laboratory

Age (years) 43.2(16.4)
Female sex, n (%) 107 (84.3)
Idiopathic PAH, n (%) 58 (45.7)
PAH associated with CHD, n (%) 58(45.7)
Eisenmenger Syndrome, n (%) 32(25.2)
Prevalent systemic-to-pulmonary shunt, n (%) 6(4.7)
PAH with small shunt defect, n (%) 1(0.8)
PAH with corrected congenital shunt, n (%) 19 (15)
Drug-associated PAH, n (%) 1(0.8)
Hereditary PAH, n (%) 2(1.6)
PAH associated with CTD, n (%) 8(6.3)
WHO Functional Class I, n (%) 24 (18.9)
WHO Functional Class lll, n (%) 84 (661)
WHO Functional Class IV, n (%) 19 (15)

6-minute walk distance (m)
NT-ProBNP levels (ng/L)

Echocardiographic measures

330 (238-403)
486 (171-946)

Pericardial effusion, n (%) 10(79)
LVEF, % 639 (3.25)
D-shaped septum, n (%) 104 (81.9)
PA diameter,cm 3.52(0.79)
RA area, cm? 23.3(7.89)
IVC diameter, cm 199(0.42)
TAPSE, cm 198 (0.46)
RV TDI, cm/sec 12.4(2.79)
TR grade not traceable, n (%) 1(0.8)
TR grade1,n (%) 46(36.2)
TR grade 2,n (%) 47 (37)
TR grade 3, n (%) 20 (15.7)
TR grade 4, n (%) 13(10.2)
TR Vmax, m/sec 4.3(3.4-493)

3,n (%) 56 (441)
4,n (%) 12(9.4)
FPHN—nRnon-invasive risk model
0 (%) 89 (70.1)
1(%) 19 (15)
2 (%) 13(10.2)
3 (%) 6(4.7)
REVEAL 2.0 score 8.45(19)
REVEAL Lite 2.0 score 6.3(2.7)
REVEAL—Echo score
Low risk (%) 62(48.8)
Intermediate risk (%) 48 (37.8)
High risk (%) 17 (13.4)
Back-ground PAH therapies
Monotherapy
Bosentan, n (%) 1(0.8)
Double combination therapy 118 (92.9)
Bosentan + Riociguat, n (%) 1(0.8)
Bosentan + Sildenafil, n (%) 20 (15.7)
Bosentan + Tadalafil, n (%) 11(8.6)
Ambrisentan + Sildenafil, n (%) 2(1.6)
Ambrisentan + Tadalafil, n (%) 3(2.3)
Macitentan + Riociguat, n (%) 6(4.7)
Macitentan + Sildenafil, n (%) 17 (13,4)
Macitentan + Tadalafil, n (%) 58 (45.6)
Triple combination therapy—switch to 8(6.3)
selexipag
Ambrisentan + Tadalafil +inhaled lloprost, 1(0.8)
n (%)
Macitentan + Sildenafil +inhaled lloprost, 2(1.6)
n (%)
Macitentan + Tadalafil + inhaled lloprost, 5(3.9)
n (%)
Daily Selexipag dose, ug
400, n (%) 14(1)
800, n (%) 19 (15)
1200, n (%) 13(10.2)
1600, n (%) 18(14.2)
2000, n (%) 18(14.2)
2400, n (%) 14(11)
2800, n (%) 8(6.3)
3200, n (%) 23(181)
Follow-up time, days 682 (224-985)
Clinical worsening before therapy, n (%) 34(26.7)
Clinical worsening after therapy, n (%) 29(22.8)
Patients discontinued therapy, n (%) 19 (15)
Long-term mortality, n (%) 19 (151)

TAPSE/PASP ratio 0.25(0.17-0.38)
Right heart catheterization

PASP, mm Hg 93.8(27.3)

PAMP, mm Hg 59.2(19.6)

PVR, Wood unit 10 (6-16)
ESC/ERS 2022 Risk Model (3-component)

Low risk, n (%) 26 (20.5)

Intermediate risk, n (%) 78 (61.4)

High risk, n (%) 23(181)
COMPERA 1.0 (3-component)

Low risk, n (%) 37 (297)

Intermediate risk, n (%) 69 (54.3)

High risk, n (%) 21(16.5)
COMPERA 2.0 (4-component)

1,n (%) 19 (15)

2,n (%) 40 (31.5)

(Continued)
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female. Idiopathic PAH (IPAH) was observed in 45.7% of
patients, while hereditary PAH and PAH associated with
congenital heart disease, connective tissue disease (CTD),
and drugs were documented in 1.6%, 45.7%, 6.3%, and 0.8%
of patients, respectively. Background combination thera-
pies were as follows: macitentan and tadalafil in 58 (45.6%),
macitentan and sildenafil in 17 (13.4%), macitentan and rio-
ciguatin é (4.7%), bosentan and tadalafil in 11 (8.6%), bosen-
tan and sildenafil in 20 (15.7%), bosentan and riociguat in 1
(0.8%), ambrisentan and tadalafil in 3 (2.3%), and ambrisen-
tan and sildenafil in 2 (1.6%) of the 127 patients (Table 1).PAH,
pulmonary arterial hypertension; CHD, congenital heart dis-
ease; CTD, connective tissue disease; WHO, World Health
Organization; NT-proBNP, N-terminal pro—B-type natri-
uretic peptide; LVEF, left ventricular ejection fraction; PA,
pulmonary artery; RA, right atrium; IVC, inferior vena cava;
TAPSE, tricuspid annular plane systolic excursion; RV, right
ventricle; TDI, tissue Doppler imaging; TR, tricuspid regur-
gitation; PASP, pulmonary artery systolic pressure; PAMP,
mean pulmonary arterial pressure; PVR, pulmonary vascu-
lar resistance; ESC, European Society of Cardiology; ERS,
European Respiratory Society; FPHN, French Pulmonary
Hypertension Network.

Baseline Parameters Before Selexipag Addition to Dual
Therapy

The FC was I, lll, and IV in 18.9%, 661%, and 15% of patients,
respectively. Median 6MWD was 330 m (IQR 238-403), and
median serum N-terminal pro-brain natriuretic peptide
(NT-proBNP) level was 486 ng/L (IQR 171-946) (Table 1).
Tricuspid annular plane systolic excursion (TAPSE), tricuspid
lateral annular tissue Doppler velocity (RV TDI), right atrial
area, and pulmonary arterial diameter were 198 + 0.46 cm,
12.4+2.79 cm/sec,23.3+7.89 cm? and 3.52 + 0.79 cm, respec-
tively. Invasively measured pulmonary arterial systolic and
mean pressures (PASP and mPAP) were 93.8 + 27.3 mm Hg and
59.2 + 19.6 mm Hg, respectively. Median PVR was 10 Wood
units (IQR 6-16).

Before the addition of selexipag to background therapies,
COMPERA 2.0 first, second, third, and fourth risk strata were
noted in 15%, 31.5%, 44.1%, and 9.4% of patients, and ESC/
ERS low-, intermediate-, and high-risk status were noted in
20.5%, 61.4%, and 18.1% of patients, respectively. The REVEAL
Lite 2.0 score was 6.3 + 2.7. Non-invasive FPHN scores of O, 1,
2, and 3 were documented in 701%, 15%, 10.2%, and 4.7% of

Tokgdz et al. Sequential Triple Combinations with Selexipag

patients, respectively. The REVEAL ECHO score showed low
riskin 48.8%, intermediate riskin 37.8%, and high risk in 13.4%
of patients (Table 1).

Maximally tolerated selexipag doses were 1600 pg BID in
18.1% of patients, 1400 pg BID in 6.3%, 1200 pg BID in 11%, and
<1000 ug BID in 64.6% (Table 2). Consistent with definitionsin
the GRIPHON study, patients were categorized as low-dose,
intermediate-dose, and high-dose cohorts in 26%, 38.6%,
and 35.4% of cases, respectively. Median and mean follow-
up periods were 682 days (IQR 224-985) and 683 + 481days,
respectively.

The Evolution of Measures and Risk Scores

The progressive improvementsin FC, NT-proBNP, PASP, right
atrial area and pressure estimates, pulmonary artery and
inferior vena cava diameters, pericardial effusion grade
assessed by echocardiography, and MRSs evaluated using
COMPERA, FPHN, REVEAL Lite 2.0, and REVEAL ECHO mod-
els during the first 12 months of selexipag treatment were
found to be attenuated thereafter (Supplementary Figures 1
and 2).

Regardless of dose status, 6MWD showed significant
improvement at 12 months compared with baseline (P =
.022), followed by attenuation thereafter (Figure 1A), while
NT-proBNP levels demonstrated significant reduction at the
final assessment (P=.018) (Figure 1B). All dose cohorts exhib-
ited significant improvements in TAPSE at 6 and 12 months
compared with baseline (P=.040 and P=.027, respectively),
with high- vs. low-dose associated with a greater increase
at 6 months (Figure 1C). Increases in RV TDI were consistent
across the 3 dose cohorts, although high- vs. low-dose was
linked to a greater increase at 6 months (P =.037) (Figure 1D).
Comparable reductions in PASP were observed at 6 and 12
months (P=.037 and P=.009, respectively), followed by sub-
sequentincreases (Figure 1E). Significant reductions in mPAP
were noted at 12 months across all cohorts (P=.049), and
low- vs. medium-dose associated with a more pronounced
reduction (P=.031). However, mPAP increased in all cohorts
after 12 months (Figure 1F). The TAPSE/PASP ratio showed
a marked but non-significant trend toward increase from
baseline to the final assessment, consistent across all 3 dose
cohorts (P > .05) (Figure 1G). Similarly, FC status improved up
to 12 months across all dose cohorts, followed by attenuation
of this trend (Figure 1H).

Table 2. Kaplan—Meier Estimated 1-, 3-, and 5-Year Survival According to Selexipag Dose Cohorts, Including Number at Risk and

Events
1, 3, 5year Survival—Dose
95% ClI

Levels time Number at Risk Number of Events Survival, % Lower, % Upper, %
Low dose (200-400 mcg) 12 16 3 89.8 79.3 100.0
Low dose (200-400 mcg) 36 3 2 72.5 52.6 100.0
Medium dose (600-1000 mcg) 12 36 2 95.3 891 100.0
Medium dose (600-1000 mcg) 36 10 3 85.7 74.6 98.4
High dose (1200-1600 mcg) 12 35 2 95.0 88.5 100.0
High dose (1200-1600 mcg) 36 12 6 751 61.2 92.2
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Figure 1. Longitudinal changes in functional, biochemical, and echocardiographic parameters according to selexipag dose
cohorts. (A) Six-minute walk distance (6MWD), (B) N-terminal pro—brain natriuretic peptide (NT-proBNP), (C) tricuspid annular

plane systolic excursion (TAPSE), (D) right ventricular tissue Doppler imaging velocity (RV TDI), (E) pulmonary arterial systolic
pressure (PASP), (F) pulmonary arterial mean pressure (mPAP), (G) TAPSE/PASP ratio, and (H) World Health Organization
functional class (FC). Data are presented at baseline, 6 months, 12 months, and final follow-up.

The 19 patients (15%) discontinued selexipag due to side
effects. The most common adverse events (AEs) were head-
ache; pain in the jaw, muscles, or legs; diarrhea; nausea;
vomiting; and flushing. Clinical worsening and all-cause mor-
tality were documented in 29 (22.8%) and 19 (151%) patients,
respectively. During the follow-up period, 5 of the 19 patients
who discontinued selexipag died.

Table 2 demonstrated survival estimates in 3 maximally tol-
erable selexipag dose cohorts. The 12-month and 36-month
survival were 89.8% (79.3%-100%) and 72.5% (52.6%-100%)
in low-dose cohort, 95.3% (891%-100%) and 85.7% (74.6%-
98.4%) in medium-dose cohort, and 95% (88.5%-100%) and
751 % (61.2%-92.2%) in high-dose cohort, respectively.

Figure 2A shows that Kaplan—Meier survival estimates were
comparable among the 3 dose cohorts. Baseline multipa-
rametric risk status at the time of selexipag initiation, as
assessed by the 4-component COMPERA 2.0 (Figure 2C), but
not by the 3-component COMPERA 1.0 (Figure 2B) or FPHN
(Figure 2D), was associated with significant differences in
Kaplan—Meier survival estimates.

Forest plots revealed that COMPERA 1.0, COMPERA 2.0, and
FPHN scores were not significantly associated with mortal-
ity after adjustment for dose groups, (Figure 3A-C). In con-
trast, the SPAHR score at baseline remained significantly
associated with mortality after adjustment for dose groups
(HR 6.41; 95% Cl12.49-16.49; P < .001) (Figure 3D).

REVEAL Lite 2.0 risk status was associated with significant
survival differences in Kaplan—Meier estimates (P=.0014)

—Ly]

(Figure 4A). Forest plots demonstrated that baseline
REVEAL 2.0, REVEAL Lite 2.0, and REVEAL Echo scores were
significantly associated with mortality after adjustment for
dose groupsin 3 separate models (Figures 4B-D). The HRs for
REVEAL 2.0 and REVEAL Lite 2.0 were 1.22 (95% Cl 1.03-1.46,
P=.024) and 1.48 (95% CIl 1.25-1.75, P < .001), respectively.
For the REVEAL Echo score, the HR increased incrementally
with higher risk strata, from 6.01 (95% Cl 1.09-33.15, P=.040)
atscore 3,t08.09 (95% Cl1.46-44.72, P=.017) at score 4, and
t0 26.34 (95% Cl1 3.39-204.86, P=.002) at score 5 (Figure 4D).
Moreover, initial REVEAL Lite 2.0 score was an independent
predictor of low-risk status at the final assessment accord-
ing to REVEAL Lite 2.0 (HR: 0.74; 95% C1 0.57-0.95, P=.017).

Follow-up showed that none of the risk scores, as assessed
by COMPERA 2.0, FPHN, or REVEAL Lite 2.0 models at 6
months of selexipag triple combination therapy, were signif-
icantly associated with survival differences, although there
was a trend toward worse outcomes in the high-risk cohorts
of each model (Figures 5A-C).

DISCUSSION

The results of single-center follow-up data appear to be
consistent with previously reported studies regarding the
efficacy and tolerability of selexipag-based triple sequen-
tial combination therapy, the maximally tolerated doses
achieved, and the patterns of discontinuation in patients
with PAH. Regardless of the maximally tolerated selexi-
pag dose, progressive improvements in FC, 6MWD, echo-
cardiographic measures of pulmonary and right ventricular
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Figure 2. Kaplan—Meier survival estimates according to selexipag dose and baseline risk status. (A) Survival estimates were
comparable among low-, medium-, and high-dose cohorts. (B) Baseline risk stratification using 3-component COMPERA 1.0

showed no significant difference in survival estimates. (C) Four-component COMPERA 2.0 was associated with significant
differencesin survival estimates. (D) FPHN risk assessment showed no significant difference in survival estimates.

hemodynamics, and MRSs during the first 12 months of treat-
ment were uniformly attenuated thereafter, except for
NT-proBNP levels and TAPSE. There were no differences in
3-year survival estimates among the 3 different maximally
tolerated dose cohorts. Mortality was found to be associ-
ated with baseline SPAHR, REVEAL 2.0, REVEAL Lite 2.0, and
REVEAL Echo scores at the time of initiating selexipag add-
on therapy, but not with selexipag doses or other MRSs at
baseline or at the first 6-month follow-up. However, a low
final REVEAL Lite 2.0 score could be predicted by the REVEAL
Lite 2.0 score at the initiation of selexipag therapy.

The GRIPHON randomized clinical trial showed that selexi-
pag use was associated with a consistent 40% reduction
in morbidity and mortality across subgroups and in mono-,
dual-, and triple-combination therapies, regardless of the
maximally tolerated dose attained.® The open-label exten-
sion phase of the GRIPHON study provided outcome datq,
as well as safety and tolerability profiles of selexipag over a
7-year follow-up period. Kaplan—Meier survival estimates at
1,3, 5, and 7 years for patients randomized to selexipag were
92.0%, 79.3%, 71.2%, and 63.0%, respectively.” The most fre-
quently reported AEs were related to well-known prostacy-
clin-related effects and/or underlying disease.”™ A greater
benefit from earlier initiation of selexipag on background
endothelin receptor antagonist (ERA) and phosphodiester-
ase type 5 inhibitor (PDE5i) combination therapy has been
shown in 2 sub-analyses of the GRIPHON data.®® Consistent

with theseresults, aretrospective study by Tsang et al” found
that initiation of selexipag within 12 months of PAH diagno-
sis, compared with no selexipag therapy during that period,
was associated with a lower rate of all-cause hospitaliza-
tions and reduced all-cause and PAH-related total medical
costs, but showed no significant difference in PAH-related
hospitalization rates or risk of disease progression.” In the
SPHERE (NCT03278002) prospective, real-world registry
including patients with PAH treated with selexipag, newly
initiated (<60 days) and previously initiated (>60 days) selex-
ipag cohorts were compared.’ At the initiation of selexipag,
55.6% of patients were in FC llI/IV, and 57.3% were classified
as intermediate- or high-risk according to the REVEAL 2.0
score.’”” Over a median titration period of 8.1 weeks, the low-
est, intermediate, and highest (21200 pg) maintenance doses
were achievedin 15%, 31%, and 41% of patients, respectively.®
This dose range was comparable to those in the GRIPHON
trial, in which thereportedrates of lowest, intermediate, and
highest maintenance doses were 23%, 31%, and 43%, respec-
tively.®® The FC and REVEAL 2.0 risk status were reported
to improve in 25% and 21% of patients, respectively, while
remaining stable in 61% and 57% of patients.” The 18-month
survival rates were 89.4%, 84.2%, and 94.5%, and discontinu-
ation rates for AEs were 22%, 32%, and 11.9%, in the overall,
newly, and previously initiated patient groups, respectively."
Importantly, discontinuation for AEs, hospitalization, and
survival were comparable regardless of maximally toler-
able selexipag doses attained,” and were consistent with
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Figure 3. Forest plot of baseline risk scores for mortality after adjustment for dose groups. (A) COMPERA 1.0, (B) COMPERA 2.0,

and (C) FPHN scores were not significantly associated with mortality after adjustment. (D) The Swedish (SPAHR) score remained
significantly associated with mortality after adjustment for dose groups (HR 6.41; 95% Cl 2.49-16.49; P <.001).

GRIPHON and the US prescribing information for prosta-
cyclin therapies.®'® The main limitations of SPHERE seem
to have originated from its observational nature and the
potential bias that might be associated with the previously
initiated selexipag cohort in which immortal time bias was
possible and no data were collected between treatment ini-
tiation and study enrollment.” Moreover, results of SPHERE
suggest that the adoption status of guideline recommenda-
tionsin real-world clinical practice remains unsatisfactory.

EXPOSURE (EUPAS19085) is an ongoing, multicenter, pro-
spective, observational study of patients with PAH who are
initiatinganew PAH-specifictherapyinEurope or Canada.”
Although half of incident patients were on combination
therapy, this rate seems to be insufficient in the presence of
the 70% rate of intermediate-high- or high-risk status in the
study population. Utilization of selexipag across risk groups
ranged from 74% to 81%. The survival rates in EXPOSURE
were comparable between the incident and prevalent
patients. Survival estimates were 98%, 98%, 93%, and 80% at
1year and 98%, 92%, 81%, and 67% at 2 years, in 4 risk strata
from low to high, respectively.”™ Similar to those in SPHERE,
the low rates of selexipag initiation in the EXPOSURE trial
also suggest a gap between real-life practice and guidelines
recommendations for treatment escalations.™™

memmmm— 254

In a subgroup analysis of EXPOSURE, rates of selexipag
including triple combinations were similar, and titration dura-
tion, maximally tolerable doses, and discontinuation rates
were comparable between Idiopathic Pulmonary Arterial
HypertensionlPAH and CTD-PAH patients.”™ However, the
proportion of triple-combination therapy including selexi-
pag decreased from 81% to 53% in IPAH and to 56% in CTD-
PAH cohorts at 12 months of selexipag treatment. Time to
all-cause hospitalizations and time to all-cause death curves
showed relatively better 36-month outcomes in IPAH com-
pared with CTD-PAH.™ Moreover, in a recently published
paper from the EXPOSURE study, pre-specified compara-
tive survival analyses based on propensity score weighting
between patients who newly initiated selexipag vs. other
PAH-specific therapiesrevealed thatthe mortality rate ratio
was significantly lower for selexipag-treated patients (0.55;
95% C10.31-0.99).™

In this study, the majority of patients at intermediate risk
status, and the mean and median time delay for the com-
bination of selexipag with background therapies were
1705 + 1363 days and 1424 days (IQR 541-2523), respectively.
Selexipag was titrated over a median of 8 weeks, with
200 pg twice-daily increments every 2 weeks in the absence
of AEs attributable to the drug. Maximally tolerable doses
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Figure 4. Kaplan—Meier and forest plot analyses for REVEAL risk models. (A) Kaplan—Meier survival curves according to baseline
REVEAL Lite 2.0risk status. (B-D) Forest plot analyses demonstrating the association of baseline REVEAL 2.0 (B), REVEAL Lite 2.0

(C), and REVEAL Echo (D) scores with mortality after adjustment for dose groups. The REVEAL Echo score showed anincremental

increase in hazard ratios with higher scores, indicating a dose—response relationship between risk category and mortality.

were maintained at lowest, intermediate, and highest dose
stratum in 11.7%, 70.4%, and 17.9%, respectively. In compari-
son to those in SPHERE and GRIPHON studies, the rate of
the highest dose was lower, but the discontinuation rate
was also lower. Side effects were not different from previ-
ously reported series. The study revealed that the marked
improvements in FC, 6MWD, NT-proBNP, echocardiographic
measures, and risk status as assessed by MRSs during the
first 12 months of selexipag treatment were followed by
an attenuation of these benefits in a nearly uniform pat-
tern. However, this trend was not seen for NT-proBNP and
TAPSE, and the statistically significant decrease from base-
line to final analysis was maintained in these 2 measures
regardless of the selexipag dose. The non-significant trend
toward increase in TAPSE/PASP ratio was also consistent
across all 3 dose cohorts. These results seem to implicate the
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progressive deteriorating nature of the disease rather thana
potential risk for loss in the efficacy of selexipag at the mid-
term period. In consistency with GRIPHON sub-analyses and
real-life data®*®, the lower risk status according to SPAHR,
REVEAL 2.0, REVEAL lite 2.0, and REVEAL-Echo models at
the start of selexipag was found to be independently associ-
ated with improved survival in the study. Moreover, a lower
REVEAL Lite 2.0 score at the start of selexipag begets a
lower final REVEAL Lite 2.0 score. Despite a signal implying a
relation between the risk status attained at the sixth month
of selexipag and survival, this trend did not achieve statisti-
cal significance.

Early addition of selexipag to double PAH therapy has been
evaluated in Komodo Health payer-complete dataset, and
all-cause hospitalizations, PAH-related hospitalizations,
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Figure 5. Kaplan—Meier survival estimates of selexipag triple combination therapy according to baseline risk status.

(A) COMPERA 2.0, (B) FPHN, and (C) REVEAL Lite 2.0 risk models. No statistically significant differences in survival were observed
betweenrisk strata, although high-risk cohorts showed a trend toward worse outcomes.
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and PAH-related progression were found to be significantly
improved if selexipag was added within 6 months as com-
pared to dual therapies without selexipag.” These benefits
were more pronounced when selexipag was added within
the first 3 months, and a treatment gap of no more than 45
days was allowed. However, these benefits were not docu-
mented in those whom selexipag was added to dual thera-
pies after 12 months.”

In a retrospective study including 192 patients with PAH
from 10 centers, different oral sequential triple combina-
tion therapies based on selexipag improved FC, number of
low-risk parameters, MWD, PASP, RV functions, eccentric-
ity index, and in NT-proBNP after 6 months of treatment.™
However, selexipag combined with background macitentan
vs. ambrisentan, or riociguat vs. tadalafil or sildenafil were
not associated with any difference in 6-month event-free
survival and all-cause survival.® Selexipag initiation within
12 months of PAH diagnosis demonstrated reductions in all-
cause hospitalization rate and medical costs,” and improved
prognosisin PAH.2°

The efficacy and safety of selexipag against oral treprosti-
nil, beraprost, or placebo have been evaluated in 3 recent
meta-analyses.?"? In the first meta-analysis based on 7 ran-
domized controlled studies and é cohort studies, selexipag
was reported to be associated with improvements in the
6MWD, NT-proBNP, cardiacindex, and WHO-FC.?' Selexipag
dose status was not associated with a difference in 6MWD
benefit, but highest doses related to more reduction in
PVR. Moreover, the increase in MWD and decrease in PVR
became more pronounced with selexipag treatment longer
than 6 months.?" In another recent meta-analysis based on
selexipag-including randomized controlled trials, selexipag
was safe and was associated with significant improvements
in the mPAP, NT-proBNP, cardiac index, FC, and hospitaliza-
tion for worsening of PAH.? In the last meta-analysis based
on data from 8 randomized controlled studies including 3023
patients receiving oral treprostinil, selexipag, or beraprost
and placebo, the risk of clinical worsening was significantly
reduced with selexipag and oral treprostinil, but not with
beraprost.?®

Current results from a nation-wide SIMURG registry and
a single-center EUPHRATES study demonstrated a trend
towards better clinical, echocardiographic, and hemody-
namic presentations and improved survival in the overall
PH population, PAH subgroups, and group IV PH across the
3 consecutive time periods, i.e., before 2016, between 2016
and 2019, and after 2019, that might be attributed to more
proactive management strategies favoring earlier initiation
of targeted combinationsincluding selexipag.>*

In an upcoming 2 x 2 randomized crossover trial including
patients with PAH established on guideline-recommended
dual therapy and implanted with CardioMEMS (a wireless
pulmonary artery sensor) and ConfirmRx (an insertable
cardiac rhythm monitor), triple combinations with ERA, rio-
ciguat, and selexipag or ERA, PDEi, and selexipag regimens
will be compared.® In this very complex design, the primary
endpoint will be the change in RV systolic volume measured

— LY.
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by magnetic resonance imaging from baseline to maximal
tolerable dose with each therapy. Moreover, secondary end-
points including physiological measures, hemodynamics,
physical activity, quality of life, and side effects will assess
whether remote technology facilitates early evaluation of
clinical efficacy and compare intra-patient efficacy of the 2
treatment strategies.>®

Study Limitations

The size of the patient population, retrospective analy-
sis, and non-randomized nature of this study are the main
limitations. The absence of routine periodical right heart
catheterization during follow-up might limit reflections
on the impact of the triple sequential combinations with
selexipag on pulmonary and right-heart hemodynamics.
However, nearly uniform changes in all measures and MRSs,
regardless of the selexipag dose status, should be mean-
ingful. Longer follow-up periods might provide more com-
prehensive evidence for efficacy and safety concerns of
selexipag. Most importantly, the cumulative data suggest
a delay in the initiation of selexipag. However, reimbursing
the upfront combinations with ERA and PDESi in the country
can also be expected to shorten the time to escalations to
triple combinations and may augment clinical benefit. The
last limitation was related to the low rate of triple combina-
tions including parenteral prostacyclins in high-risk status
at baseline or follow-up, despite the proven benefits. This
might berelated to the unwillingness of some patientstouse
parenteral prostacyclin and transient problems in coopera-
tion between the social security agency and the pharma-
ceutical industry.

CONCLUSIONS

The results highlighted the critical importance of earlier
escalation toselexipag, including triple combinationsin PAH,
and a better risk status at baseline, but not maximally toler-
able selexipag doses attained, seem to be associated with
better survival. However, a trend for the attenuation in the
efficacy after the first year of selexipag therapies should
also be taken into consideration. This trend seems to be con-
sistent with the progressive nature of PAH and may implicate
earlier quadruple combinationsincluding sotaterceptevenin
stable patients or the need for switching to parenteral pros-
tacyclinsin the case of clinical deterioration.
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Editorial Comment: “Could We Maintain the
Initial Efficacy of Triple Sequential Combination
Therapies with Selexipag Against Progressive
Deterioration Risk in Patients with Pulmonary
Arterial Hypertension: Insights froma
Single-Centre Study”

Pulmonary arterial hypertension (PAH) remains a progressive, fatal disease char-
acterized by progressive increase in pulmonary vascular resistance leading toright
ventricular failure. While modern pharmacotherapy targets the endothelin, nitric
oxide, and prostacyclin pathways, the timing of therapeutic escalation remains a
subject of intense clinical debate. The recent original investigation published in
The Anatolian Journal of Cardiology offers compelling real-world evidence sug-
gesting that the efficacy of the oral IP receptor agonist selexipag is tightly linked
to the patient’'srisk status at the time of initiation, thereby advocating for a para-
digm shift toward earlier intervention.’

The retrospective single-center study analyzed 127 patients receiving sequen-
tial triple therapy including selexipag. The authors observed that while selexi-
pag elicited significant initial improvements in functional class, 6-minute walk
distance, and echocardiographic parameters (such as TAPSE) during the first 12
months, these benefits appeared to attenuate in the longer term.” Crucially, the
study demonstrated that long-term survival was not dependent on the maxi-
mum achieved dose of the drug. Instead, mortality was independently predicted
by baseline risk scores—specifically the SPAHR, REVEAL 2.0, and REVEAL Lite 2.0
scores—at the moment selexipag was introduced.

These findings underscore a critical clinical axiom: the window of opportunity
to alter the disease trajectory is narrow. The study noted a substantial delay in
treatment escalation, with a mean time delay for combining selexipag with back-
ground therapies of over 1700 days. The authors suggested that the observed
attenuation of benefit after one year likely reflects the “progressive deteriorating
nature of the disease"” rather than a loss of drug efficacy. Consequently, delaying
triple therapy until a patient creates a high-risk profile significantly diminishes the
survival benefit, regardless of the dose titrated.

This "earlier is better” conceptis strongly supported by the broader literature. The
pivotal GRIPHON randomized clinical trial established that selexipag reduces the
risk of morbidity and mortality by 40%.2 However, subsequent sub-analyses of
GRIPHON data have highlighted that patients derive greater benefit when selexi-
pagisinitiated earlieronbackground double therapy rather than waiting for clinical
deterioration.® Furthermore, aretrospective analysis by Tsang et al* demonstrated
that initiating selexipag within 12 months of a PAH diagnosis was associated with
reduced hospitalization rates and medical costs compared to delayed initiation.

In conclusion, the currentstudy servesas astarkreminder that “treating to failure”
isan obsolete strategy in PAH management. The correlation betweenlower base-
line risk scores and improved survival mandates a proactive approach. Clinicians
should not wait for overt right heart failure to escalate therapy. To maintain

e o Copyright@Author(s) - Available online at anatoljcardiol.com.
SR e Content of thisjournalis licensed under a Creative Commons Attribution-NonCommercial
4.0 International License.

Official journal of the

5 TURKISH
SOCIETY OF
CARDIOLOGY

EDITORIAL COMMENT

Roberto Badagliacca’

Khodr Tello?

'Department of Cardiovascular and
Respiratory Sciences, Sapienza University
of Rome, Rome, Italy

2Department of Internal Medicine,
Justus-Liebig-University Giessen,
Universities of Giessen and Marburg Lung
Center, Member of the German Center
for Lung Research, Giessen, Germany

Corresponding author:
Roberto Badagliacca
P4 roberto.badagliacca@uniromal.it

Cite this article as: BadagliaccaR,
Tello K. Editorial comment: “Could we
maintain the initial efficacy of triple
sequential combination therapies with
selexipag against progressive
deterioration risk in patients with
pulmonary arterial hypertension:
Insights from a single-centre study”.
Anatol J Cardiol. 2026;30(4):259-260.

DOI:10.14744/AnatolJCardiol.2026.6300

259 meess—


http://orcid.org/0000-0002-7887-5961
http://orcid.org/0000-0002-5557-623X
mailto:roberto.badagliacca@uniroma1.it
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Badagliacca and Tello. Editorial Comment

efficacy and improve prognosis, selexipag must be utilized
not merely as arescue therapy for late-stage disease, but as
an early, integral component of sequential triple combina-
tion therapy.
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Multimodal Cardiovascular Risk Discrimination:
Clinical, Biochemical, and Doppler Ultrasound
Insights from a Contemporary Atherosclerotic
Cardiovascular Disease Cohort

ABSTRACT

Background: Atherosclerotic cardiovascular disease (ASCVD) remains a leading cause of
global morbidity and mortality, underscoring the need forimproved early detection strat-
egies for preclinical atherosclerosis. This study evaluated comprehensive multimodal
cardiovascular risk predictors—clinical, biochemical, and vascularimaging parameters—
in dyslipidemic adults without established ASCVD.

Methods: A total of 847 adults underwent standardized clinical assessment, laboratory
profiling, and duplex-based vascular imaging, including carotid intima—media thick-
ness (IMT), plaque assessment, flow-mediated dilation (FMD), and ankle—brachial index.
Statistical analyses included multivariate logistic regression, receiver operating charac-
teristic (ROC) curve analysis, model calibration metrics, and correlation matrices using
Pearson or Spearman tests as appropriate. High-density lipoprotein cholesterol (HDL-C)
exhibited a stronginverse correlation with AIP (r=-0.57, P <.001).

Results: Triglycerides (TG) demonstrated a strong positive correlation with the athero-
genic index of plasma (AIP) (r=0.80, P < .001). Moderate correlations were observed
between age and left ventricular mass index (r=0.31, P < .001), age and fibrinogen
(r=0.32, P <.001), HbAlc and TG (r=0.26, P < .001), and HbAlc and AIP (r = 0.30, P < .001).
ASCVD and atherosclerosis total score positivity were independently associated with
age, HbAlc, IMT, and FMD in multivariable analyses, while model discrimination remained
robust (area under the curve values reported).

Conclusion: Multimodal integration of clinical, biochemical, and vascular imaging mark-
ers provides meaningful refinement of cardiovascular risk stratification and may enhance
early detection of preclinical ASCVD.

Keywords: Atherosclerosis, Duplex ultrasound, dyslipidemia, preclinical vascular disease,
risk discrimination

INTRODUCTION

Despite advances in preventive and therapeutic measures, atherosclerotic car-
diovascular disease (ASCVD) remains the leading cause of morbidity and mortal-
ity worldwide. Coronary artery disease (CAD) and stroke account for nearly half
of all cardiovascular deaths, and projections suggest a further rise in disease bur-
den until 2050, driven mainly by aging populations and the growing prevalence
of metabolic syndrome, obesity, and hypertension.”* These trends underscore
the need for improved risk estimation models to optimize prevention and reduce
global healthimpact.

Conventional risk factors such as age, sex, smoking, DM, hypertension, dyslipid-
emia, and heart failure (HF) form the cornerstone of ASCVD discrimination but
often lack accuracy, particularly for patients atintermediate risk. Novel contribu-
tors, including biochemical markers and vascular imaging, may provide added
value for individual risk stratification.>®

Emerging evidence highlights the prognostic role of markers such as glycated
hemoglobin (HbAlc), C-reactive protein (CRP), fibrinogen, and the atherogenic
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index of plasma (AIP), reflecting metabolic and inflam-
matory pathways of atherosclerosis. In parallel, vascular
imaging—especially duplex ultrasonography—has proven
effective for detecting preclinical disease. Parameters such
as carotid intima—media thickness (IMT) and plaque burden
are recognized predictors of future myocardial infarction
(MI) and stroke, offering complementary information to con-
ventional scores.”™

In Turkiye, the high prevalence of hypertension, dyslipid-
emia, and metabolic risk factors has drawn attention to the
limitations of traditional risk scores and the potential added
value of new biomarkers and imaging techniques. However,
limited evidence exists on the combined prognostic value of
clinical, biochemical, and imaging measures in dyslipidemic
populations. Therefore, the present study aimed to assess
the prognostic significance of clinical, biochemical, and
duplex ultrasound (DUS) parameters in predicting ASCVD,
and to determine the prevalence and predictors of preclini-
cal atherosclerosis in dyslipidemic patients without clinically
evident CAD."0

METHODS

Study Population

This cross-sectional study included 950 consecutive patients
diagnosed with dyslipidemia between January 2019 and
March 2025. Patients with established CAD, defined as a
history of Ml or obstructive CAD on angiography not previ-
ously revascularized, were excluded. Inclusion criteria were
as follows: age 30 years or older and a signed informed con-
sent form. Of 950 screened patients, a total of 847 consecu-
tive dyslipidemic adults without overt CAD were included in
this contemporary cohort study. Patients with missing clini-
cal, biochemical, or vascular imaging data were excluded to
ensure analytic consistency. Patient selection and exclusion
are summarized in the flowchart (Figure 1).

All participants underwent standardized clinical evaluation,
anthropometric measurements, blood sampling, and vascu-
larimaging.

Data Collection
All individuals were submitted to a comprehensive clini-
cal examination including an extensive medical history and

HIGHLIGHTS

e Cross-sectional study of 847 dyslipidemic patients eval-
uating clinical, biochemical, and imaging predictors of
atherosclerotic cardiovascular disease (ASCVD).

e Male sex, older age, diabetes mellitus, chronic kidney
disease, heart failure, and revascularization indepen-
dently predicted ASCVD and major adverse cardiovas-
cular events.

e Duplexultrasound positivity (ATS+) was a strong indica-
tor of systemic atherosclerosis.

e Final models achieved good discrimination (area under
the curve up to 0.855) and acceptable calibration.

e Supports a multimodal, patient-centered approach to
cardiovascular risk stratification.

— pl.yl
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950 patients with dyslipidemia screened
(January 2019 - March 2025)

Excluded:
- Established CAD (Ml or obstructive CAD)
- Missing consent

[847 patients included in final analysisJ

Stratified into groups:
- ASCVD (n=479)
- Non-ASCVD (n=368)

ATS positivity:
- ATS+ (n=499)
- ATS- (n=348)

Figure 1. Flowchart of the study population. A total of 950

patients with dyslipidemia were screened. After exclusions,
847 participants were included in the final analysis.

anthropometric measures [body mass index (BMI), waist
circumference (WC), neck circumference (NC)], as well as
hemodynamic parameters such as blood pressure [systolic
(SBP), diastolic (DBP), and mean arterial pressure (MBP)] and
pulse pressure (PP). Smoking status; history of DM, hyperten-
sion, and HF; chronic kidney disease (CKD); and family history
of cardiovascular disease (FH of CVD) were recorded.

Clinical and Anthropometric Assessment
Height, weight, BMI, WC, and NC were recorded by trained
clinicians.

Blood pressure (systolic, diastolic, mean arterial pressure,
and PP) was measured after >10 minutes resting in a seated
position.

Biochemical Measurements

Venous blood samples were analyzed for lipid profile [low-
density lipoprotein cholesterol (LDL-C), HDL-C, triglycer-
ides] [Total cholesterol (TC), LDL-C, HDL-C, triglycerides],
HbAlc, thyroid-stimulating hormone (TSH), and high-sensi-
tivity CRP (hs-CRP).
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Standardized enzymatic assays traceable to international
reference methods were used.

Echocardiographic Assessment

Transthoracic echocardiography was performed in accor-
dance with the American Society of Echocardiography'srec-
ommendations. Parameters collected were left ventricular
mass index (LVMI), relative wall thickness (RWT), and ejec-
tion fraction (EF); LVMI was indexed to body surface area.

Vascular Ultrasound Assessment

Carotid IMT, presence of carotid plaque, flow-mediated
dilation (FMD), and ankle—brachialindex (ABIl) were assessed
using DUS.

Measurements were obtained following international con-
sensus recommendations.

The carotid IMT was measured at the distal 1cm of the com-
mon carotid artery, in plaque-free segments, as the distance
between the lumen—intima and media—adventitia inter-
faces. A mean IMT value >0.9 mm or the presence of a focal
luminal protrusion >1.5 mm was classified as carotid plaque.

Ankle—brachial index was assessed as the ratio of SBP at
the posterior tibial/dorsalis pedis arteries to the higher of
the right or left brachial systolic pressure. An ABI <0.9 was
considered abnormal, reflecting peripheral arterial disease,
while values >1.40 were indicative of non-compressible
vessels.

Flow-mediated dilation of the brachial artery was measured
using standard protocols. The diameter of the brachial artery
was recorded at rest and 1 minute after cuff release follow-
ing 5 minutes of suprasystolic occlusion. Flow-mediated dila-
tion was expressed as the percentage change from baseline,
with impaired endothelial function defined as FMD <7%.

Definition of Atherosclerosis

ATS positivity was defined as: Carotid IMT > 0.9 mm, and/or
presence of carotid plaque, and/or ABI < 0.9, and/or impaired
FMD in accordance with guidelines for subclinical athero-
sclerosis assessment.

Clinical Endpoints

The primary clinicalendpoint was a major adverse cardiovas-
cular event (MACE). A MACE was defined as a composite of
cardiovascular death, nonfatal Ml, nonfatal stroke, and any
eventsrequiring percutaneous coronary intervention (PCl) or
coronary artery bypass grafting (CABG) as extracted from
medical records. This combined definition was intended to
capture systemic atherosclerotic disease burden and is con-
gruent with prior cardiovascular outcome trials.

Statistical Analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 26.0 (IBM Corp., Armonk,
NY, USA) and R software Version 4.3.1 (R Foundation for
Statistical Computing, Vienna, Austria).

Continuous variables were presented as mean + SD or
median (interquartile range, IQR) depending on distribution
according to the Shapiro—Wilk test. Categorical variables
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were expressed as counts and percentages. Group com-
parisons (ASCVD vs. non-ASCVD; ATS+ vs. ATS—) were per-
formed using: Student's t-test or Mann—Whitney U-test for
continuous variables, chi-square test or Fisher’'s exact test
for categorical variables.

Correlation Analyses

Pearson correlation was applied only to normally distributed
continuous variables, while Spearman rank correlation was
used for non-normally distributed variables, as required by
thereviewer.

Table 1. Baseline Characteristics of Study Participants
(n=847)

Variables

Value

Anthropometric

Age (years) 59.0 (52.0-66.0)
BMI (kg/m?) 28.54 (25.39-31.91)
WC (m) 1.02+ 010

NC (cm) 39.47 +318

Hemodynamic

SBP (mm Hg) 140.0 (130.0-160.0)
DBP (mm Hg) 90.0 (80.0-90.0)
MBP (mm Hg) 1059 +14.8

PP (mm Hg) 55.56 (45.45-70.71)

Echocardiographic

LV massindex (g/m?) 100.84 (82.21-121.65)

RWT 0.44 +£0.09

EF (%) 57.0 (45.0-61.0)
Lipid Profile

TC (mg/dL) 209.6 +56.69

LDL-C (mg/dL) 13514 + 46.21

HDL-C (mg/dL) 44.3(37.0-54.0)

TG (mg/dL) 148.9 (106.3-203.7)

AlP 016 (—0.02to 0.36)
Glycemic

HbA1lc (%) 6.05 (5.5-713)

Inflammatory / Endocrine

Fibrinogen (mg/dL) 29919 + 85.65

CRP (mg/L) 4.7 (19-12.45)
TSH (mU/L) 2.05(1.25-3.56)
Categorical, n (%)
Obesity 316 (37.3)
Smoking (current or former) 316 (37.3)
Diabetes mellitus 335 (39.6)
FH of CVD 241(28.5)
ASCVD 479 (56.6)

Values are expressed as mean + SD for normally distributed variables,
or median (interquartile range, IQR) for skewed variables (Shapiro—
Wilk test). Categorical variables are presented as n (%).

AIP, atherogenicindex of plasma; ASCVD, atherosclerotic
cardiovascular disease; BMI, body mass index; CRP, C-reactive protein;
CVD, cardiovascular disease; DBP, diastolic blood pressure; NC, neck
circumference; PP, pulse pressure; RWT, relative wall thickness; SBP,
systolic blood pressure; TG, triglycerides; WC, waist circumference.
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Regression Analysis

Multivariate logistic regression models evaluated the inde-
pendent association of clinical, biochemical, and vascular
imaging variables with ASCVD, ATS positivity, and MACE.

Covariates with P < 10 in univariate analysis were entered

into multivariable models.

Model Performance

Model discrimination was assessed using receiver operating
characteristic (ROC) curves with area under the curve (AUC)
values reported. Model accuracy was evaluated using preci-

sion, recall, and F1score.

Calibration was assessed using the Hosmer—Lemeshow
goodness-of-fit test. For comparison, pairwise Pearson/
Spearman correlation matrices were computed.

Statistical significance was set at P < .05 (three-decimal pre-

cision asrequested).

Clarification added:

were clarified.

Atherosclerotic cardiovascular disease was defined as a his-
tory of MI, coronary or peripheral revascularization, orische-
mic stroke. ATS positivity was defined by carotid IMT >0.9
mm or plaque presence on ultrasound. Major adverse cardio-
vascular events were ascertained retrospectively from hos-
pital records over a median follow-up of 24 months.

Anatol J Cardiol 2026; 30(4): 261-270

RESULTS

Baseline Characteristics
Baseline characteristics of the 847 included patients are
summarized in Table 1.

The median age was 59.0 years (IQR 52.0-66.0), and 48%
were male. Obesity (BM| >30 kg/m?) was presentin 316 par-
ticipants (37.3%), diabetes mellitus in 335 (39.6%), and cur-
rent or former smoking in 316 (37.3%). Hypertension was
highly prevalent, with a median SBP of 140 mm Hg and
DBP of 90 mm Hg, yielding a median PP of 55.6 mm Hg. The
mean MBP was 105.9 mm Hg. Echocardiography showed
preserved systolic function with a median EF of 57% and
moderately elevated LVMI of 100.8 g/m2. The mean RWT
was 0.44. Lipid profile revealed: mean TC 210 mg/dL, LDL-C
135 mg/dL, median HDL-C 44 mg/dL, triglycerides (TG) 149
mg/dL, with a median AIP of 0.16. Median HbAlc was 6.05%,
fibrinogen 299 mg/dL, and CRP 4.7 mg/L. Median TSH was
2.05mU/L.

Group Comparisons

In group comparisons (Table 2), ASCVD patients (n=479)
were older (median 61 vs. 56 years, P < .001) and had higher
SBP (145 vs. 140 mm Hg, P=.05), PP (60.6 vs. 50.5 mm Hg,
P=.03), and LVMI (112 vs. 97 g/m?, P < .01) compared with
non-ASCVD (n=368). They also showed higher: TG (157 vs.

Table 2. Comparison of Clinical and Biochemical Parameters Between Patients with and Without Atherosclerotic Cardiovascular

Disease
Variables No ASCVD Median (IQR) ASCVD Median (IQR) P
Anthropometric
Age (years) 56.0 (47.0-63.0) 61.0 (55.0-67.0) <.0071***
BMI (kg/m?) 28.4 (24.94-31.87) 28.73(25.8-31.9) .30
WC (m) 1.02 (0.94-1.09) 1.03 (0.95-1.08) 98
NC (cm) 39.0(38.0-42.0) 40.0 (38.0-42.0) .25
Hemodynamic
SBP (mm Hg) 140.0 (127.5-160.0) 145.0 (130.0-160.0) .05
DBP (mm Hg) 90.0 (80.0-90.0) 90.0 (80.0-95.0) .50
MBP (mm Hg) 106.67 (95.17-113.33) 106.67 (96.67-116.67) 12
PP (mm Hg) 50.51(40.4-70.71) 60.61(50.51-70.71) .03*
Lipid profile
LDL (mg/dL) 136.0 (102.55-161.4) 1321(102.0-164.6) 93
HDL (mg/dL) 46.0 (38.7-541) 44.0(35.5-52.0) .06
TG (mg/dL) 136.0 (97.4-198.5) 157.0 (111.5-210.65) .07**
Glycemic
HbA1lc (%) 5.7 (5.29-61) 6.4(5.7-7.7) <.0071***
Inflammatory
CRP (mg/L) 31(1.5-5.91) 6.6 (2.2-17.9) <.0071***
Fibrinogen (mg/dL) 267.0 (218.0-328.5) 317.0 (268.0-381.0) .002**
Endocrine
TSH (mU/L) 2.05(1.26-3.55) 2.04 (1.24-3.56) .67

Values are presented as median (interquartile range, IQR). P-values from Mann—Whitney U-test.
ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CRP, C-reactive protein; DBP, diastolic blood pressure; NC, neck
circumference; PP, pulse pressure; SBP, systolic blood pressure; TG, triglycerides; WC, waist circumference.

*P <.05.
**P<.01.
***P <.001.
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Table 3. Multivariable Logistic Regression of Predictors of MACE, Atherosclerotic Cardiovascular Disease, and ATS Positivity

Variables MACE OR (95% Cl) P ASCVD OR (95% Cl) P ATS Positivity OR (95% Cl) P
Male 1.75 (1.32-2.33) <.001* 1.75 (1.32-2.33) <.001* 1.62(1.25-2.11) <.001*
Age (years) 1.34(110-1.63) .004* 1.29 (1.08-1.55) .005* 1.31(110-1.57) .003*
LDL-C 1.09 (0.85-1.40) 52 114 (0.89-1.46) 31 1.05 (0.83-1.33) 68
HDL-C 0.83(0.68-1.02) .08* 0.83(0.64-1.09) 18 0.87 (0.71-1.07) 19
HbAlc 1.32 (112-1.55) .001* 1.32(0.99-1.75) 06 1.28 (1.05-1.56) 014*
CRP 114 (0.93-1.39) 19 1.09 (0.87-1.35) 47 112 (0.91-1.38) 28
CKD 2.05(1.47-2.85) <.0071* 1.69 (1.02-2.82) .04* 192 (1.33-2.76) <.0071*
HF 3.43(210-5.61) <.001* 3.43(2.00-5.88) <.001* 3.27(2.05-5.22) <.001*
Revascularization  6.29 (4.45-8.89) <.001* 6.29 (4.45-8.89) <.001* 6.01(4.26-8.47) <.001*

(PClor CABG).

*Statistically significant (P < 0.05). Multivariable logistic regression with harmonized and single-imputed dataset. Continuous predictors
standardized to 1SD.

ASCVD, atherosclerotic cardiovascular disease; ATS, composite atherosclerosis (ASCVD + DUS positivity); CKD, chronic kidney disease; CRP,
C-reactive protein; HF, heart failure; MACEs, major adverse cardiovascular events; OR, odds ratio.

136 mg/dL, P=.01), HbAlc (6.4% vs. 5.7%, P < .001), CRP (6.6  Multivariable Regression Analysis

vs. 31 mg/L, P<.001), fibrinogen (317 vs. 267 mg/dL, P=.002).  Multivariable regression analyses (Table 3, Figure 2) identi-
HDL-C tended to be lower in ASCVD (44 vs. 46 mg/dL, fied male sex (oddsratio [OR]1.75, 95% Cl1.32-2.33), age (OR
P=.06). Supplementary Table 1 demonstrated that ATS-  1.34, 95% CI 1.10-1.63), HbAlc (OR 1.32, 95% CI 1.12-1.55), CKD
positive patients (n=499) were older, more often male, and  (OR2.05,95% Cl1.47-2.85), HF (OR 3.43, 95% C12.10-5.61), and
had significantly worse glycemic and inflammatory profiles  prior revascularization (OR 6.29, 95% Cl 4.45-8.89) as inde-

compared with ATS negative (n=348). pendent predictors of MACE.
MACE ASCVD ATS positivity
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Figure 2. Forest plots of multivariable logistic regression analyses for MACE, ASCVD, and ATS positivity. ORs with 95% Cls are

shown onalogarithmic scale. Male sex, age, HbAlc, CKD, HF, and prior revascularization were consistently significant predictors.
ATS positivity independently predicted MACE.
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Table 4. Performance Metrics of Multivariable Logistic
Regression Models

MACE ASCVD  ATS Positivity
Metric Model Model Model
Accuracy (%) 79.8 85.5 83.2
Precision (%) 87.0 88.2 841
Recall (sensitivity) (%) 74.4 72.5 77.8
F1score (%) 80.2 799 80.8
AUC (ROC areaq) 0.804 0.855 0.842

Model performance metrics for multivariable logistic regression of
predictors of MACE, ASCVD, and ATS positivity. Values are expressed
as percentages except AUC.

ASCVD, atherosclerotic cardiovascular disease; ATS, composite
atherosclerosis (ASCVD + DUS positivity); AUC, area under the curve;
F1, harmonic mean of precision and recall; MACEs, major adverse
cardiovascular events; ROC, receiver operating characteristic.

Mixed Pearson-Spearman Correlation Heatmap
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Revascularization history showed the strongest associa-
tion across all outcomes. Similar predictors were significant
for ASCVD and ATS positivity. Notably, ATS positivity itself
remained anindependent predictor of MACE.

Model Performance

Model performance (Table 4, Figure 3) was robust.
Accuracy ranged from 79.8% (MACE) to 85.5% (ASCVD).
ROC AUC values were 0.804 for MACE, 0.855 for ASCVD,
and 0.842 for ATS positivity. The ROC curve confirmed
good discrimination, while the confusion matrix showed a
balanced trade-off between sensitivity and specificity ata
cutoff of 0.44. Sensitivity for ATS positivity reached 77.8%,
precision for ASCVD discrimination was 88.2%, and the F1
score exceeded 0.79 across all models, indicating overall
robustness.
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Figure 3. Heatmap of correlation coefficients between clinical, anthropometric, biochemical, and vascular parameters. Pearson

or Spearman correlation was applied depending on variable distribution. Values reflect direction and strength of correlations.
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ROC Curve (MACE Model)
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ROC curve demonstrates good discrimination (AUC = 0.778). The confusion matrix (cutoff = 0.44)illustrates the balance between
sensitivity and specificity. Supplementary correlation findings are presented in Supplementary Table 2.

Correlation Analysis
Correlation analysis (Figure 4, Supplementary Table 2)
revealed several clinically meaningful associations.

The strongest positive correlation was observed between
TG and the AIP (r=0.80, P < .001). Moderate positive corre-
lations were noted between age and LVMI (r=0.31, P <.001),
age and fibrinogen (r=0.32, P <.001), HbAlc and TG (r=0.26,
P <.001), and HbATc and AIP (r=0.30, P < .001).

HDL-C exhibited a strong inverse correlation with AIP
(r=-0.57,P<.007).

These findings indicate clustering of metabolic and inflam-
matory factors with preclinical atherosclerotic burden,
whereas remaining associations were weak, supporting min-
imal multicollinearity among predictors.

Clinical Outcomes

During follow-up, 372 patients experienced MACE (43.9%),
highlighting the systemic burden of atherosclerosis. Patients
with ATS positivity showed higher cumulative incidence of
MACE, consistent with their adverse risk profile.

Graphical Abstract

The graphical abstract (Figure 5) summarizes how integration
of clinical, biochemical, and vascular imaging parameters
improves risk discrimination compared with conventional risk
scores. This multimodal strategy provided superior discrimi-
nation for ASCVD, ATS positivity, and MACE, supporting its
potential clinical utility for individualized prevention.

DISCUSSION

This study provides comprehensive evidence supporting
the value of a multimodal cardiovascular risk assessment

framework that integrates clinical, biochemical, and vascu-
larimaging parameters.

These findings confirm the complex interplay among meta-
bolic, inflammatory, and vascular factors in the progression
of preclinical atherosclerosis and ASCVD risk.

Integration of Clinical, Biochemical, and Vascular Indicators
Age, systemic inflammation, dyslipidemia, and vascular
dysfunction emerged as central contributors to atheroscle-
rotic burden. This aligns with established pathophysiological
pathways in which chronic metabolic stress promotes endo-
thelial injury, vascular remodeling, and plaque formation.
ATS positivity demonstrated strong associations with age,
HbAlc, CRP, and fibrinogen, underscoring the additive effect
of glycemic and inflammatory dysregulation.

Interpretation of Correlation Patterns

Correlation analysis revealed a notably strong relationship
between TG and AIP (r=0.80), reflecting the shared meta-
bolic determinants of atherogenic dyslipidemia. Moderate
correlations between age—LVMI, age—fibrinogen, and
HbATc—AIP/TG highlight the clustering of cardiometabolic
risk factors, consistent with previous literature describing
combined metabolic and inflammatory pathways in early
atherosclerosis. Most other correlations were weak, demon-
strating minimal multicollinearity among predictors and sup-
porting the reliability of multivariable modeling.

Predictors of Clinical Outcomes

Multivariable analyses demonstrated that male sex, older
age, CKD, HF, and prior revascularization remained strong,
independent determinants of MACE. Notably, ATS positivity
independently predicted MACE, suggesting that preclinical
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Clinical Risk Factors
(Age, Sex, Diabetes,
Hypertension, Smoking,
HF, CKD, Revascularization)

Biochemical Markers
(HbAlc, CRP,
Fibrinogen, AIP)

Imaging Parameters
(Carotid IMT, Plaque,
DUS findings)

> €

Multimodal Risk Model
(Logistic Regression,
Integrated Prediction)

QOutcomes
- ASCVD
- ATS positivity
- MACE

Figure 5. Graphical abstract illustrating the multimodal cardiovascular risk discrimination model. Clinical factors (age, sex,
diabetes, hypertension, smoking, HF, CKD, prior revascularization), biochemical markers (HbA1lc, CRP, fibrinogen, AIP), and

imaging parameters (carotid IMT, plaque, duplex ultrasound findings) were integrated into logistic regression models. This
multimodal approach improved predictive accuracy for ASCVD, ATS positivity,and MACE.

vascular disease confers additional prognostic value beyond
traditional risk factors.

This work also validates the utility of DUS as an effective
and sensitive screen for preclinical carotid disease prior to
ASCVD clinical presentation. This is in accordance with the
present European Society of Cardiology proposal to take
vascular imaging into account among intermediate-risk
subjects in order to better estimate the risk.? In this context,
Tokgdzoglu et al™ have emphasized the need to include vas-
cular imaging within current risk algorithms, especially in
European and Turkish practices.™ Importantly, thisdata point
out that a history of revascularization—very much a marker
of advanced macrovascular disease—is still significantly
associated with preclinical ATS in other territories. This
observation highlights the systemic atherosclerotic burden,
with disease development and progression in 1vascular ter-
ritory being often matched by changesin other territories, as
has been seenin longitudinal studies.™"

The relationship between higher HbAlc level and preclini-
cal ATS in this study is of particular interest in relation to
type 2 DM. Long-term hyperglycemia induces endothelial
dysfunction, oxidative stress, and subclinical inflammation,
which accelerate the atherosclerotic process.”™ This patho-
physiological connection underscores the need to add glu-
cose-lowering measures to primary prevention programs
in persons with dyslipidemia, before overt CAD appears.
Methodologically, the combination of biochemical mark-
ers and imaging contributed to model discrimination with
strong ORs and narrow Cls for salient predictors. The combi-
nation of multimodal factors is gradually accepted as better
than using clinical risk scores alone for risk stratification.™®
Consistent with Turkish experience among the latter groupis
that low HDL-C and high blood pressure predispose to both
CVD risk factors, as evidenced in the work by Kilickap et al”’
in traditional coronary risk factors among healthy young mil-
itary recruits, together with a review of meta-analytic rates
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on hypertension prevalence in other such Turkish cohorts.
In addition, studies by Gulle¢ and Erol™ suggested that the
prognostic value of HDL-C in CV risk discrimination needs
to be re-assessed, thus validating the clinical significance of
these results.

Furthermore, several recent studies from the Anatolian
Journal of Cardiology support the growing role of integrated
multimodal and Al-assisted approaches in cardiovascular
risk evaluation. Kogak et al?® provided regional data on mul-
timodal cardiovascular risk assessment, while Kirboga et al*
and Bozyel et al* highlighted the value of explainable arti-
ficial intelligence and clinical decision support systems in
improving risk discrimination. Complementary evidence from
the the Prospective Urban Rural Epidemiology (PURE) Turkiye
cohort by Oguz et al® and the Anatolian Ischemic Heart
Disease Registry (AIZANOI) Study by Sen et al** underscored
the importance of adherence to preventive strategiesin dys-
lipidemic and diabetic populations. Additionally, Alrahimi
et al® emphasized the interplay between atherothrombotic
processes and the evolving landscape of atherosclerotic car-
diovascular disease in Turkish practice, aligning with the sys-
temic nature of atherosclerosis observed in these findings.

In conclusion, this study demonstrates that a multimodal
approach combining clinical, biochemical, and vascular
imaging markers significantly improves the detection of
subclinical atherosclerosis and ASCVD risk in dyslipidemic
patients. This strategy may support more personalized and
effective prevention pathways in clinical practice.

These results align with recent large-scale studies dem-
onstrating the incremental prognostic value of carotid
plague burden, IMT progression, and endothelial dysfunc-
tion markers in identifying intermediate-risk individuals.
Nevertheless, differences in population structure, imaging
techniques, and biomarker panels may partly explain vari-
ability across studies.
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Clinical Implications

The combined assessment of IMT, FMD, ABI, and biochemical
markers strengthens early detection strategies by capturing
distinct but complementary components of vascular health
(structural, functional, and systemic). Such multimodal
profiling may improve risk stratification in dyslipidemic
adults without overt ASCVD and help tailor preventive
interventions.

Strengths and Novel Aspects
Key strengthsinclude:

e alarge contemporary dyslipidemic cohort (n=847),

e simultaneous evaluation of clinical, biochemical, and
ultrasound-based vascular markers,

e robust modeling with low multicollinearity,

e integration of ATS positivity as a predictive variable.

To the authors’ knowledge, few prior studies have concur-
rently examined these predictors in a unified model, high-
lighting the novelty of this integrated approach.

Study Limitations
This study has several limitations. First, its observational
design limits causal inference.

Second, residual confounding cannot be excluded despite
multivariable analyses.

Third, vascular imaging assessments (e.g., FMD) may exhibit
operator dependence, although standardized protocols
were used. Finally, follow-up was limited to MACE assess-
ment without detailed cause-specific outcomes.

In this cohort of 847 dyslipidemic patients without overt
CAD, 56.6% demonstrated ASCVD and 43.9% experienced
MACE during follow-up, reflecting a substantial burden of
subclinical and clinical atherosclerotic disease. Independent
predictors of adverse outcomes included male sex, older
age, elevated HbA1lc, CKD, and HF. The multimodal model
integrating clinical variables with biochemical markers
(HbAl1c, CRP, fibrinogen, AIP) and DUS-derived vascular
parameters (carotid IMT, plaque burden, FMD, and ABI) sig-
nificantly improved risk stratification. The multimodal dis-
crimination model achieved strong predictive performance
(AUC up to 0.855 for ASCVD and 0.842 for ATS positivity),
thereby outperforming traditional risk scores and demon-
strating enhanced prognostic utility. These findings high-
light the clinical utility of combining vascular imaging with
biochemical profiling for early detection and individualized
prevention of atherosclerosis.

This integrated approach offers more accurate identifica-
tion of high-risk individuals than traditional assessment
strategies and may help refine preventive management.

The independent associations observed for carotid IMT,
carotid plaque, FMD, ABI, and hs-CRP further emphasize
the incremental value of incorporating vascular imaging and
inflammatory markers into risk-stratification workflows.

Overall, these findings support the utility of multimodal car-
diovascular risk profiling and underscore the importance of
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integrating metabolic, inflammatory, and vascular imaging
markers to refine ASCVD risk prediction.

Further longitudinal studies are warranted to explore how
combining these modalities can optimally guide preventive
therapy decisions and improve long-term cardiovascular
outcomes.
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Supplementary Table 1.

participants

Comparison of clinical, anthropometric, and biochemical parameters between ATS— and ATS+

Variables ATS— Median (IQR)/ n (%) ATS+ Median (IQR) / n (%) P
Anthropometric
Age (years) 55.0 (47.0—-62.0) 61.0 (55.0—67.0) <0.001***
BMI (kg/m?) 28.37 (24.9-31.69) 28.73(25.8—31.94) 0.200
WC (m) 1.02 (0.94-1.09) 1.03(0.93-1.08) 0.970
NC (cm) 39.0 (38.0—42.0) 40.0 (38.0—42.0) 0.220
Hemodynamic
SBP (mm Hg) 140.0 (125.0—160.0) 145.0 (130.0-160.0) 0.040*
DBP (mm Hg) 90.0 (80.0—90.0) 90.0 (80.0—92.5) 0.530
MBP (mm Hg) 106.67 (95.0—113.33) 106.67 (96.67—116.67) 0.100
PP (mm Hg) 50.51(40.4-70.71) 60.61(50.51-70.71) 0.020*
Lipid profile
LDL-C (mg/dL) 136.4 (105.55—162.65) 132.0 (101.0-163.9) 0.620
HDL-C (mg/dL) 46.0 (38.7-541) 44.0 (35.0-52.0) 0.040*
TG (mg/dL) 136.0 (97.85-197.25) 156.9 (109.68—210.65) 0.010**
AIP 0.14 (—0.06—0.32) 0.18 (0.02-0.39) 0.002**
Glycemic
HbAlc (%) 5.68(5.26—6.1) 6.38(5.7-7.7) <0.0071***

Values are median (IQR) or n (%). Continuous variables: Mann—Whitney U test.
Categorical variables: Chi-square or Fisher’s exact test. *P < .05, **P < .01, ***P <.

001.




Supplementary Table 2. Correlation matrix of clinical,

biochemical, and vascular variables

Variable 1 Variable 2 r P Method

Age BMI 0.01 0.746 Spearman
Age LVMI 0.31 <0.001 Pearson

Age LDL-C 0.02 0.563 Pearson

Age HDL-C —-0.02 0.557 Pearson

Age TG —-0.02 0.542 Spearman
Age AIP 0.01 0.798 Spearman
Age HbAlc 017 <0.001 Spearman
Age Fibrinogen 0.32 <0.001 Spearman
BMI LVMI 0.04 0.264 Spearman
BMI LDL-C 0.05 0184 Pearson

BMI HDL-C —-0.03 0.420 Spearman
BMI TG 0.09 0.009 Spearman
BMI AIP 0.10 0.003 Spearman
BMI HbAlc -0.03 0.407 Spearman
BMI Fibrinogen 015 <0.001 Spearman
LVMI LDL-C -0.10 0.003 Pearson

LVMI HDL-C -013 <0.001  Pearson

LVMI TG —-0.01 0.762 Spearman
LVMI AlIP 0.07 0.040 Spearman
LVMI HbA1lc 0.06 0.059 Spearman
LVMI Fibrinogen 0.28 <0.001 Spearman
LDL-C HDL-C 0.26 <0.001  Pearson

LDL-C TG 0.03 0.393 Spearman
LDL-C AIP —0.01 0.806 Spearman
LDL-C HbA1lc -0.09 0.008 Pearson

LDL-C Fibrinogen 0 0.001 Spearman
HDL-C TG -0.23 <0.001 Spearman
HDL-C AIP -0.57 <0.001 Spearman
HDL-C HbA1lc -019 <0.001 Pearson

HDL-C Fibrinogen —-0.02 0.501 Spearman
TG AIP 0.80 <0.001 Spearman
TG HbAlc 0.26 <0.001 Spearman
TG Fibrinogen -0.09 0.0M Spearman
AIP HbA1lc 0.30 <0.001 Spearman
AIP Fibrinogen 0.00 0.987 Spearman
HbAlc Fibrinogen 0.09 0.010 Spearman

Pearson correlation was used for normally distributed variables;
Spearman correlation for non-normally distributed variables
(Shapiro—Wilk test). *P < .05, **P < .01, ***P < .001.
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A New Technique in the Surgical Treatment

of Secondary Tricuspid Regurgitation:
Crescent-Like Annuloplasty With Asymmetric
Circular Pericardial Band

INTRODUCTION

Tricuspid regurgitation (TR) may be classified as either primary or secondary
(functional), with over 90% of cases falling into the latter category. Secondary TR
is most commonly associated with left-sided valvular pathology or myocardial
dysfunction. It typically arises due to right ventricular (RV) remodeling in response
to pressure and/or volume overload, leading to annular dilatation and leaflet
tethering.’

Severe TRis anindependent risk factor associated with poor prognosis. In a large
echocardiographic study involving 5223 patients, the 1-year survival rates were
91.7% in patients without TR, 90.3% with mild TR, 78.9% with moderate TR, and
63.9% in those with severe TR.2 These observations underscore the critical impor-
tance of effectively treating TR in order to improve patient outcomes.??

Unlike other cardiac valves, the tricuspid valve has historically attracted limited
attention from cardiac surgeons, earning it the designation of the “forgotten
valve." This may be partly due to the fact that even severe TR can remain clini-
cally silent for a prolonged period. However, the more fundamental issue lies in
the limited success of current surgical techniques for tricuspid valve repair or
replacement, which have yet to achieve the early and long-term outcomes seen
with left-sided valve procedures.* Limited durability of current repair methods or
incomplete correction, moreover, persistent pulmonary hypertension, atrial fibril-
lation, and RV dysfunction after left-sided valve surgery may lead to residual or
recurrent TR.®

Although novel techniques have been proposed to break this vicious cycle of
tricuspid regurgitation, their reproducibility or effectiveness remains low. The
search for a surgical technique that will provide a standard of success in the treat-
ment of TR continues.® The case presented here is the result of such asearch. The
technique also has the important advantage of being cost-effective.

Case Reports Surgical Technique

The surgeries were performed via median sternotomy. A sufficiently sized peri-
cardial patch was then removed, treated with glutaraldehyde, rinsed thoroughly,
and stored in saline solution. Following cannulation, a cross-clamp was applied.
Myocardial protection was achieved using alternating antegrade and retro-
grade blood cardioplegia enriched with potassium. First, mitral procedures were
performed. In both patients, the mitral valve was explored via a superior septal
approach. Intraoperative evaluation revealed that the valves were unsuitable for
repair.In case 1,a 29 mm St. Jude Epic bioprosthetic valve was used for mitral valve
replacement, andin case 2, a 29 mm Corcym mechanical valve was used.

Tricuspid valve exploration revealed secondary tricuspid insufficiency due to
annulardilatation, consistent with echocardiographic findings. Inthe second case,
there were also mild rheumatic changes in the anterior leaflet. The cases were
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evaluated as suitable for the planned repair. Using Edwards
MC3 tricuspid annuloplasty scales, it was determined that
size 32 was appropriate for the first case and size 34 was
appropriate for the second case. Next, a circular pericardial
band was created by cutting out the center of the autolo-
gous pericardium according to the selected sizer. This band
was then approximated to the natural annulus and shaped so
that its outer border was consistent with the contour of the
natural annulus. Special care was taken to ensure that the
band was slightly narrower than the natural annulus. Given
that the annulus expansion of the TR is most pronounced
in the anteroposterior commissure, the band was cut to be
widest in this segment and narrowest in the septal leaflet
segment, resulting in a crescent-like configuration (Figure 1).

The native leaflets were then completely detached from the
annulus. The outer edge of the pericardial band was continu-
ously sutured to the native annulus using 5-0 polypropylene.
The leaflets were subsequently reattached to theinner edge
of the pericardial ring with a continuous 5-0 polypropylene
suture as well (Figures 2, 3).

Case1

An 80-year-old female patient, with a history of mul-
tiple hospital admissions for palpitations and shortness of
breath, presented to the emergency department with simi-
lar complaints. Transthoracic (TTE) and transesophageal

Figure 1. Determining the size of the pericardial annulus
using tricuspid ring scales and cuttingitin a crescent shape.
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PERICARDIAL
ANNULUS

ANTERIOR LEAFLET

POSTERIOR
LEAFLET

SEPTAL LEAFLET

Figure 2. lllustration of the tricuspid valve after repair. 1:
previous annulovalvular junction, 2: new annulovalvular
junction.

echocardiography (TEE) revealed severe mitral and tricuspid
regurgitation. The patient was weaned from cardiopulmo-
nary bypass with moderate inotropic support. Intraoperative
TEE showed only mild residual TR. She remained in the ICU
for 3 days. On day 5, echocardiography revealed only trace
TR. With no complications during ward follow-up and once
she regained adequate physical condition, the patient was
discharged in sinus rhythm on postoperative day 13. At 1, 3, 6,
and 12 month follow-ups, the patient remained asymptom-
atic, showing marked improvement in her overall condition.
At the last checkup (12 months), the patient had trace TR
(Video 1). The annulus diameter, which was 41 mm preop-
eratively, was measured at 20 mm. The leaflet mobility and
coaptation were excellent (Video 2).

Case 2
A 58-year-old female patient with a history of hospitaliza-
tion due to pulmonary edema. The TTE and TEE revealed

Figure 3. Surgicalimage of the completed repair.
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severe rheumatic mitral and tricuspid insufficiency. The
patientwas weaned from cardiopulmonary bypass with mild
inotropic support. Mild residual TR was observed on TEE.
The patient remained in the intensive care unit for 2 days.
Mild TR was detected on TTE on the fifth day. The annulus
diameter, which was 43 mm preoperatively, was measured
as 25 mm. The patient, who had an uneventful postopera-
tive course, is scheduled for discharge once the INR level
stabilizes.

DISCUSSION

With this repair, using a novel technique, favorable clinical
and imaging results were achieved in a patient with second-
ary advanced tricuspid regurgitation. The technique focuses
on the pathophysiology of secondary TR by reconstructing
the annulus to the desired size, thereby achieving an effec-
tive downsizing in the valve area. Currently, the most com-
mon treatment for TR is ring annuloplasty; however, TR may
not be effectively treated due to challengessuch asselecting
the appropriate ring size, variability in surgical experience
regarding suture placement and depth, and the risk of suture
dehiscence. Even in the hands of the most experienced sur-
geons, it may not be curative, especially in patients with sig-
nificant annular dilation. Annuloplasty does not guarantee
the same level of successin every patient. In fact, ithas been
reported that approximately 40% of patients experience
recurrent TR in the long term following a seemingly success-
ful repair.’”

For secondary tricuspid regurgitation to develop, there must
be dilation of the right ventricle and tricuspid annulus. The
severity of TR and the clinical presentation are determined
by the size of the annulus.® Tricuspid regurgitation typically
occurs when the annulus diameter exceeds 33-34 mm, and as
the size of the annulusincreases, the regurgitant volume also
proportionally increases. A critical threshold is considered at
40 mm.® Therefore, the effective and permanent reduction
of the annular ring to which the leaflets are attached should
be the primary goal of tricuspid valve repair.

In this technique, the annulus is reduced in 2 stages with 2
suture lines. The first stage involves suturing the outer cir-
cumference of the pericardial ring to the native annulus,
slightly narrowing the native annulus. In the second stage,
the inner circumference of the pericardial ring, where the
leaflets are sutured, is adjusted to the size measured with
the sizer, achieving a clear and measurable narrowing at the
valve orifice. In the patient, the preoperative end-diastolic
annular diameter of 41 mm was reduced to 20 mm postop-
eratively. The width of the pericardial ring changes accord-
ing to the difference between the wide native annulus and
the targeted annular size. This procedure can be easily per-
formed by all surgeons and, most importantly, this method
provides a standard success similar to that of a prosthetic
valve.

In ring annuloplasty, surgical procedures are performed at
the periphery of the natural annulus-valve junction, indi-
rectly reducing the orifice. In this approach, as shown in
Figure 1, all interventions are performed centrally, targeting

Uzun K. A New Technique in the Surgical Treatment

the orifice region directly on the orifice side of the natural
annulus.

The expansion of the tricuspid annulus is possible only in the
anterior and posterior aspects. These correspond to the free
wall of the right ventricle.® Due to this asymmetric nature
of tricuspid annular expansion, the area between where
the annulus should be and where it currently is resembles a
crescent shape with its ends at the anteroseptal commis-
sure and posteroseptal commissure and its widest point at
the anteroposterior commissure. Considering the shape
of this areq, the pericardial patch was shaped similarly to
a crescent. An asymmetrical shape with the widest part at
the anteroposterior commissure was created, narrowing in
both directions, with the narrowest part matching the sep-
tal leaflet annulus.

The long-term success rates of existing treatment methods
decrease over time. Continued annular dilation and changes
in RV geometry can lead to recurrent insufficiency after a
successful repair. Therefore, to ensure durable repair, sta-
bilization of the RV base is essential.® In this technique, the
glutaraldehyde-treated, robust pericardial tissue, with the
advantage of maintaining complete ring integrity, supports
the entire annulus in a circular fashion, creating excellent
stabilization at the right ventricular base. It was believed
that, especially in patients with severe pulmonary hyperten-
sion and/or large annular diameters, this method will remain
stable over the long term and prevent insufficiency, even in
cases where recurrence is common.

The technique described is novel and has not been previ-
ously performed, although it bears some resemblance to
tricuspid anterior leaflet augmentation.” Augmentation is
used in cases where ring annuloplasty alone is insufficient
and is typically combined with ring implantation. The aim is
to enlarge the anterior leaflet, thereby increasing the coap-
tation surface. Although successful early outcomes have
been reported, it has not found widespread clinical applica-
tion. This may be attributed to the inability to standardize
the technique, which is highly dependent on the surgeon’s
experience. Furthermore, it is not suitable for all cases of
functional tricuspid regurgitation, and clear criteria for
determining which patients would benefit from it have not
yet been defined. However, it is believed that the technique
can be applied to most TR cases resulting from annular dila-
tion and tethering.

Although tricuspid valve repair was performed simultane-
ously with mitral valve surgery in the case, this technique
is also suitable for isolated tricuspid valve procedures.
Depending on the surgeon'’s preference, it can be performed
via sternotomy or right thoracotomy, either under cross-
clamp or on abeating heart.

CONCLUSION

Itis believed that if the favorable clinical and imaging results
seen in the initial cases are achieved in more cases, this
technique will make significant contributions to the surgical
treatment of secondary tricuspid regurgitation caused by
annular dilation and tethering.
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Informed Consent: Writteninformed consent was obtained from the
patients.

Declaration of Interests: The author has no conflicts of interest to
declare.

Funding: The author declare that this study received no financial
support.

Video 1: Trace tricuspid regurgitation on postoperative 6™ month
echocardiography.

Video 2: Visualization of valve coaptation on postoperative 6%
month echocardiography.
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Methodological Considerationsin Non-Sustained
Atrial Fibrillation and Stroke Risk

To the Editor,

Wereadwithgreatinterestthe study by Yurtsevenetal,"which evaluatedthe asso-
ciation between atrial fibrillation (AF) episodes <30 seconds detected on 24-hour
Holter monitoring and strokerisk, and we commend the authors for addressing this
frequent clinical dilemma and for aligning their message with current European
Society of Cardiology (ESC) recommendations based on CHA,DS,-VA scores.

Thatsaid, several aspects may limit the interpretability of the findings. First, there
is aninconsistency in sample size reporting: the Abstract/Methods section states
133 non-sustained AF (NS-AF) cases, whereas the Results mention 163, and' again
lists n=133 for NS-AF. This discrepancy should be clarified, and the manuscript's
text and tables made internally consistent. Additionally, because events occurred
over a follow-up of approximately 66 + 6 months, the use of binary logistic regres-
sion may not fully capture time-dependent risk. Sensitivity analyses using Cox
proportional hazards and, if applicable, competing risk models (e.g., Fine—Gray)
could provide a more robust evaluation. Furthermore, even after propensity score
matching, age differences remained statistically significant, raising the possi-
bility that the observed association between NS-AF and stroke risk may be par-
tially explained by age. Closer matching or additional adjustment for age would
strengthen the findings.

Clarifying these points and incorporating time-dependent statistical approaches
would enhance the validity and clinical applicability of the study's conclusions.

Declaration of Interests: Biilent Ozlek serves as an editorial board member for the following
journals: Cell Cycle, Mugla Sitki Kogman Universitesi Tip Dergisi, Cardiovascular Diabetology
— Endocrinology Reports. Other authors have no conflicts of interest to declare.

Funding: The authors declare that this study received no financial support.
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Reply to Letter to the Editor: “Methodological
Considerationsin Non-Sustained Atrial
Fibrillation and Stroke Risk"”

To the Editor,

We would like to thank the authors’ for their thoughtful comments on our arti-
cle? entitled "Nonsustained Atrial Fibrillation in Ambulatory ECG Recording and
Thromboembolic Events in Long-Term Follow-Up.”" We would like to clarify that
the number “163" stated in the first sentence of the Results section was a typo-
graphical error; the correct number of patients with nonsustained atrial fibril-
lation (NS-AF) included in the study was 133, and this has been corrected in the
published version of the article. After propensity score matching, 20 cases were
excluded, resulting in 113 patients in the NS-AF group and 113 in the control group
for the subsequent analyses. Regarding the statistical approach, we did not per-
form Cox proportional hazards or competing risk analyses because the exact tim-
ing of stroke events could not always be determined with sufficient precision from
hospital records and telephone interviews. Given this limitation, binary logistic
regression was selected as the most appropriate approach to assess the asso-
ciation between NS-AF and stroke. Finally, although age remained statistically
different between groups after matching, age was included in the multivariate
model, and NS-AF persisted as an independent predictor of ischemic stroke, sug-
gesting that the association is not solely explained by age. We appreciate these
constructive remarks and believe that our clarifications address the methodologi-
cal concerns and improve the interpretability of our findings.
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Funding: The authors declare that this study received no financial support.
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Translating Multimodal Intelligence into
Cardiac Diagnostics: A Critical Perspective on
Large Language Model—Assisted Electrogram
Interpretation

To the Editor,

We read with great interest the study by Bozyel et al,’ exploring scenario-based
evaluation of ChatGPT-40 for intracardiac electrogram (EGM) interpretation in
pacemaker patients. The staged design—fromisolated signals to multiple-choice
decisions—captures real diagnostic gradients, and the pairing of visual EGM
inputs with device context mirrors clinical workflows in cardiac implantable elec-
tronic device (CIED) care. Repeating the experiments over 2months and using con-
sensus adjudication are additional strengths that facilitate a structured appraisal
of repeatability. Several methodological choices, however, may constrain clinical
translation.

First, the reference standard is derived from The European Heart Rhythm
Association case book answers. These keys are optimized for teaching rather
than for adjudicating device-specific algorithms across manufacturers.? Without
an explicit device-vendor ground truth (e.g., programmer logs, marker chan-
nels, and algorithm state), the study risks construct drift—particularly for pacing
mode, atrioventricular relationships, and pseudomalfunction, where small label-
ing nuances alter clinical action.

Second, the variable set includes broad constructs (e.g., “understanding”) along-
side technical items (e.g., “timing intervals”). Collapsing heterogeneous targets
into a single accuracy figure obscures domain-specific failure modes.> A per-case
error taxonomy with clinically anchored severities (benign vs. action-triggering
mistakes such as pacing inhibition or oversensing) would reveal whether observed
gainstranslate into safer decisions. Likewise, the “No Answer/Non-Relevant” cat-
egories may dilute misclassification rates; a pre-specified handling plan (penal-
ization or imputation) is needed to avoid optimistic accuracy.

Third, the statistical framework mixes raw accuracy with Cohen’s Kappa and
Prevalence- and Bias-Adjusted Kappa across multiple features and scenarios
withoutinterval estimates or multiplicity control. Given known prevalence effects
on agreement metrics, reporting Cls, decision-relevant thresholds, and a correc-
tion plan for multiple comparisons would preventover-interpretation.* Calibration
analyses (e.g., Brier score for probabilistic outputs or thresholded decision curves)
are also needed if the goalis clinical support.

Fourth, experimental control and reproducibility require fuller disclosure. Prompt
templates, system parameters (temperature, top-p), image fidelity (resolu-
tion, compression), and any pre-processing materially affect multimodal per-
formance.®> Without these details, replicability and fair benchmarking against
electrophysiologists under time constraints remain uncertain.

To advanceclinical usefulness, future work may: (i) use programmer-verified ground
truth spanning major vendors and modes; (ii) define primary endpoints tied to
patient management (alert triage yield in remote monitoring, detection of pacing
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inhibition/oversensing); (iii) compare against device special-
ists with timed reads; (iv) report per-phenotype performance
with severity weighting; (v) pre-register analysis plans with Cls
and correction for multiplicity; and (vi) explore manufacturer-
specific fine-tuning and human-in-the-loop deployment for
CIED remote monitoring. Such steps would clarify whether
the observed gainsin context-rich scenarios can meaningfully
reduce clinician workload while maintaining safety.

In conclusion, while large language models show potential
for assistinginintracardiac electrogram interpretation, their
current performance remains exploratory. Robust validation
with real device data, clinical benchmarks, and reproducible
methods will be essential before integration into routine car-
diac diagnostics.
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Reply to Letter to the Editor: “Translating
Multimodal Intelligence into Cardiac Diagnostics:
A Critical Perspective on Large Language
Model—Assisted Electrogram Interpretation”

To the Editor,

We thank the authors' for their interest in our study.? The scenario-based design
reflects the stepwise cognitive processes involved in intracardiac electrogram
(EGM) interpretation in clinical practice. Our aim was not to evaluate model per-
formance with a single overall metric, but rather to make visible the stages of
the diagnostic process in which the model performs robustly or shows vulnerabil-
ity. Therefore, the assessment was structured progressively, from isolated signal
analysis toward context-based decision scenarios.

The EHRA case book was chosen as an initial reference because it provides an
accessible and standardized assessment framework. This offers a neutral and
reproducible test environment; our study does not propose EHRA as the absolute
clinical gold standard.

The heterogeneity of the evaluated variables was a deliberate methodological
choice to map the distribution of errors. Each variable was reported indepen-
dently, and the result tables clearly demonstrate that the model is more fragile
particularly in the interpretation of pacing mode and chamber relationships.

Due to class prevalence imbalance in certain EGM categories, using Cohen'’s
Kappa alone could underestimate agreement. Therefore, the addition of PABAK
represents a standard statistical adjustment to ensure a more accurate and bal-
anced interpretation of the results.

This study is not a model optimization attempt, but an observational evaluation of
raw usage behavior. Thus:

e No promptoptimization,

e Noimage preprocessing,

e No parameter tuning was applied. The intention was to approximate real-
world clinical interaction conditions as closely as possible.

The suggestions raised in the letter are consistent with the scope and limitations
already stated in our manuscript. The model:

e Isnotintendedto actasan autonomous clinical decision-maker,
e Mayserve as an assistive tool in selected situations,
e Requires additional validation before any clinical deployment.

The main contribution of this study is the first systematic characterization of the
diagnostic behavior profile of large language models in EGM interpretation.
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Revisiting Triglyceride-Glucose Indexin HCM
and HFpEF: Clarifying Confounders and
Interpretative Limitations

To the Editor,

We read with great interest the study by Liu et al' investigating the associa-
tion between the triglyceride-glucose (TyG) index and prognosis in patients with
hypertrophic cardiomyopathy (HCM) and heart failure with preserved ejection
fraction (HFpEF)." The finding that higher TyG levels were associated with lower
all-cause and cardiovascular mortality is intriguing, as it challenges the well-
established adverse role of insulin resistance in cardiovascular disease. Several
methodological and clinical aspects warrant clarification before these findings
can beintegrated into clinical interpretation.

Thestudy measured TyG values at “admission,” butdid not clarify whether patients
were enrolled during acute decompensation, elective hospitalization, or outpa-
tient evaluation. Since metabolic and hemodynamic profiles vary significantly
across these contexts, the absence of this information restricts the interpreta-
tion of TyG's prognostic significance. Although all participants were symptomatic
(NYHA class I1-1V, NT-proBNP >300 pg/mL), these inclusion criteria alone do not
confirm an acute heart failure state. Given that metabolicindices fluctuate under
acute stress, distinguishing between acute and chronic presentationsis crucial for
accurate prognostic assessment.

A paradoxical observation was that the highest TyG quartile, which also had the
highest prevalence of diabetes (21.3%), exhibited the most favorable survival out-
comes.' The authors hypothesized that this reflects adaptive metabolic remodel-
ing in HCM, where glucose oxidation becomes a compensatory energy pathway
under chronic pressure overload. However, subgroup analyses by diabetes status
were not reported, limiting mechanistic inference.

Therapeutic management variables likely influenced outcomes. Despite an atrial
fibrillation prevalence of 21.7%, only 13.3% of patients were anticoagulated.' Such
underuse could have increased the incidence of cardiovascular events, confound-
ing survival differences. Additionally, digoxin use, discouraged in obstructive HCM
due to potential worsening of outflow obstruction, was significantly higher in the
lowest TyG quartile (6.6% vs. 1.8%, P=.049). Furthermore, data on aldosterone
antagonists, SGLT2 inhibitors, and device therapy (implantable cardioverter defi-
brillator or pacemaker) were not provided. Contemporary HCM and HFpEF man-
agement guidelines emphasize evidence-based therapies and comprehensive
device consideration to improve survival outcomes.??

Echocardiographic data also appear incomplete. While the authors reported left
atrial diameter, neither left atrial volume index nor left ventricular massindex was
included, despite their established roles in HFpEF diagnosis and phenotyping.*

In summary, Liu et al’ provide a thought-provoking contribution suggesting that
higher TyG levels may represent adaptive metabolic remodeling rather than mal-
adaptive insulin resistance in HCM-HFpEF. However, incomplete data on clinical
recruitment, diabetesstratification, medical therapy, andstructuralcharacteriza-
tion limit interpretability. Future prospective studies incorporating standardized
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heart failure management, advanced metabolic imaging,
and explicit differentiation of acute versus chronic HF states
are required to validate whether TyG reflects true metabolic
adaptation or residual confounding.
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Reply to the Letter to the Editor: “Revisiting
Triglyceride-Glucose Indexin HCM and HFpEF:
Clarifying Confounders and Interpretative
Limitations”

To the Editor,

We thank the readers for their thoughtful comments’ and interest in our study
investigating the association between the triglyceride-glucose (TyG) index and
prognosis in patients with hypertrophic cardiomyopathy (HCM) and heart failure
with preserved ejection fraction (HFpEF). We appreciate the opportunity to clar-
ify several key methodological and clinical aspects raised in the letter.

The readers emphasize the importance of the clinical context in which TyG was
measured. Our study predominantly enrolled patients during stable clinical states,
primarily from outpatient or elective hospital evaluations. We acknowledge that
in a retrospective multicenter study, it is challenging to uniformly ascertain and
document the acuteness of presentation for every patient. This is a recognized
limitation of the study design. However, to mitigate the potential confounding
effect of acute hemodynamic stress on our primary findings, our statistical mod-
els extensively adjusted for key markers of disease severity and potential instabil-
ity, including New York Heart Association class, N-terminal pro-B-type natriuretic
peptide levels, systolic blood pressure, and renal function.? This helps to control for
the influence of clinical status on the observed associations. We agree with the
readers that future prospective studies should explicitly stratify enrollment based
on acute versus chronic status to validate and refine these findings.

The observation that the highest TyG quartile was associated with better sur-
vival is indeed intriguing. We agree that subgroup analyses by diabetes status
would have been informative. In fact, as presented in Figure 4, a pre-specified
subgroup analysis based on diabetes status was indeed performed.? The results
demonstrated that the association between a higher TyG index and reduced risk
of all-cause mortality (Figure 4A) and cardiovascular mortality (Figure 4B) was
consistent in both non-diabetic and diabetic subgroups. Specifically, in non-dia-
betic patients, the TyG index was significantly associated with lower all-cause
mortality (hazard ratio (HR): 0.63, 95% Cl: 0.48-0.82, P = .001) and cardiovascular
mortality (HR: 0.49, 95% Cl: 0.35-0.68, P <.001). In diabetic patients, the point esti-
mates for the TyG index also suggested a trend toward reduced risk for both all-
cause mortality (HR: 0.92, 95% Cl: 0.53-1.58, P = .755) and cardiovascular mortality
(HR: 0.89, 95% Cl: 0.45-1.78, P = .750), although these associations did not reach
statistical significance, likely due to the small sample size of this subgroup (n=137,
12.5% of the cohort). Critically, the P-values for interaction for diabetes status
were non-significant (P = .213 for all-cause mortality and P = .097 for cardiovascu-
lar mortality). Thisindicates that the relationship between the TyG index and sur-
vival outcomes was not statistically different between diabetic and non-diabetic
patients. The protective trend observed in the overall cohort was thus consistent
across diabetes status, strengthening the notion that the TyG index may reflect
a broader metabolic state relevant to HCM-HFpEF prognosis, rather than being
merely a proxy for diabetic dysglycemia.
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We acknowledge the readers’ concerns regarding the unde-
ruse of anticoagulation in atrial fibrillation and the uneven
distribution of digoxin use across TyG quartiles. Our multi-
variable models adjusted for a wide range of clinical covari-
ates. However, we recognize that unmeasured or residual
confounding, such as differential use of sodium-dependent
glucose transporters 2 inhibitors, aldosterone antagonists,
or device therapy may persist. Future prospective stud-
ies should incorporate detailed treatment data to better
account for these factors.

Although left atrial volume index and left ventricular mass
index are valuable in HFpEF phenotyping, our diagnostic
criteria for HFpEF incorporated multiple echocardiographic
parameters. Echocardiographic parameters for the diagno-
sis of HFpEF in our study include septal early diastolic mitral
annular velocity (e') <7 cm/s, lateral ' <10 cm/s, tricus-
pid regurgitation velocity >2.8 m/s, left atrial volume index
>34 mL/m?, left ventricular ejection fraction >50%, E/e' >8,
and E/A <0.8, or defined according to reported diastolic dys-
function.? While left ventricular mass index was not routinely
available in this multicenter retrospective cohort, we include
other structural and functional indices to minimize bias.
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In conclusion, we agree that the relationship between
the TyG index and prognosis in patients with HCM and
HFpEF is complex and may reflect both metabolic adap-
tation and residual confounding. This highlights the need
for prospective studies incorporating standardized meta-
bolic imaging, detailed phenotyping, and comprehensive
treatment data.
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When Myxoma Jumps Chambers: Direct Seeding
from Left Atrium to Right Ventricular Outflow
Tract via Patent Foramen Ovale

A57-year-old man presented with progressive exertional dyspnea and paroxysmal
nocturnal dyspnea over 2 weeks. On auscultation, a low-pitched diastolic rum-
bling murmur was audible at the apex. Transthoracic echocardiography revealed
alarge, mobile mass (7.5 X 4.5 cm) attached to the mid-atrial septum, prolapsing
into the mitral orifice during diastole and generating a mean transvalvular gradi-
ent of 32 mm Hg (Figure 1A). Strikingly, a second, well-circumscribed mass (2.7 x
2.0 cm) was identified in the right ventricular outflow tract, with no internal vas-
cularity on Doppler imaging (Figure 1B). Contrast-enhanced cardiac computed
tomography confirmed dual intracardiac masses and visualized a patent foramen
ovale (PFO) connecting the 2 chambers (Figure 1C—E). Both tumors were surgically
resected (Figure 1TF—G), and histopathology confirmed identical benign myxoma
morphology in both specimens—stellate cells embedded in a myxoid stroma
(Figure 1H). The patient recovered uneventfully and remained recurrence-free at
2-year follow-up.

Cardiac myxoma, the most common primary cardiac tumor, typically presents
as a solitary lesion with approximately 75% occurring in the left atrium."? While

Lk e e e
Figure 1. (A-B) Transthoracic echocardiography showing a large, mobile mass
(7.5 x 4.5 cm) attached to the mid-atrial septum, prolapsing into the mitral orifice
during diastole with a mean transvalvular gradient of 32 mm Hg (A), and a second
well-circumscribed mass (2.7 X 2.0 cm) in the right ventricular outflow tract with no
internal vascularity on Doppler imaging (B). (C-E) Contrast-enhanced cardiac
computed tomography confirming dual intracardiac masses and visualizing a
patent foramen ovale (PFO). (F-G) Intraoperative photographs of the surgically
resected left atrial mass (F) and right ventricular outflow tract mass (G). (H)
Histopathological examination (hematoxylin and eosin staining, X200) confirming
identical benign myxoma morphology in both specimens, characterized by stellate
cells embedded in a myxoid stroma with similar cellular density and distribution
patterns.
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multifocal myxomas occur in 7-10% of cases, they usually
follow genetic syndromes and maintain chamber-specific
localization.® Simultaneous involvement of the left atrium
and right ventricle is exceedingly rare. We report a unique
casewhere aleftatrialmyxomadirectly seededintotheright
ventricular outflow tract through a PFO, without right atrial
involvement. Our multimodal imaging approach provided
definitive evidence of this rare phenomenon, underscoring
a critical clinical implication: comprehensive four-cham-
ber echocardiographic evaluation is essential in all cardiac
myxoma cases with interatrial communications, as standard
assessment limited to anatomically adjacent chambers may
miss distal seeding sites.* For patients with cardiac myxoma
and PFO, systematic four-chamber echocardiographic eval-
uation holds significant clinical value in identifying atypical
dissemination patterns and guiding appropriate therapeutic
strategies.

Data Availability Statement: The data that support the findings of
this study are available from the corresponding author.
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Informed Consent: This report has obtained the patient's informed
consent for the publication of their anonymized clinical data.
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Adolescent with Unexplained Cardiac
Hypertrophy, Ventricular Pre-Excitation,
Conduction System Disease: PRKAG2 Cardiac
Syndrome as a Rare Mimicker of Hypertrophic
Cardiomyopathy

A 19-year-old male presented to the hospital with chest pain and recurrent syn-
cope. Electrocardiogram and Holter monitoringdemonstratedrightbundle branch
block, left anterior fascicular block, intermittent ventricular pre-excitation, and
left ventricular hypertrophy (Figure 1A and B). Echocardiography revealed uni-
form hypertrophy of the interventricular septum and left ventricle. No significant
left ventricular outflow tract obstruction or systolic anterior motion of the mitral
valve was observed at rest (Figure 1C and D; Videos 1 and 2). Cardiac magnetic
resonance imaging demonstrated biventricular hypertrophy, with evidence of
myocardial edema, injury, and fibrosisin hypertrophied regions (Figure 1E-H; Video
3). Based on these initial findings, a preliminary diagnosis of hypertrophic cardio-
myopathy was made. Clinical whole-exome sequencing (WES) identified a het-
erozygous missense rare variant in the PRKAG2 gene (chr7:151576412; c.905G>A;
p.Arg302GIn) (Figure 2A and B). The patient was definitively diagnosed with
PRKAG2 cardiac syndrome.

PRKAG2 cardiac syndrome is a rare autosomal dominant genetic disorder caused
by variants in the PRKAG2 gene, which encodes the y2 regulatory subunit of
5'-adenosine monophosphate-activated protein kinase." Hallmark features
include ventricular preexcitation, supraventricular arrhythmias, conduction sys-
tem disease, and cardiac hypertrophy.?2 PRKAG2 cardiac syndrome is frequently
misdiagnosed as hypertrophic cardiomyopathy; thus, genetic testingis warranted
in patients clinically diagnosed with hypertrophic cardiomyopathy. This case
emphasizes that clinicians should consider PRKAG2 cardiac syndrome in adoles-
cents presenting with myocardial hypertrophy, ventricular pre-excitation, and
conduction system disease.

Informed Consent: Writteninformed consent was obtained from the patient for the publica-
tion of this case report and accompanying videos.

Declaration of Interests: The authors have no conflicts of interest to declare.

Funding: This work was supported by Hubei Province “Chutian Talents Program” - Medical
andHealth Personnel Projectand 2023 Wuhan Medical Science Research Projects (WX23J02).

Video 1: Echocardiography revealed uniform hypertrophy of the interventricular septum and
left ventricle.

Video 2: No significant left ventricular outflow tract obstruction or systolic anterior motion
of the mitral valve was observed at rest.

Video 3: The short-axis cine images of the entire heart demonstrate uniform hypertrophy of
the interventricular septum and left ventricular myocardium. The hypertrophied segments
exhibit reduced wall motion amplitude and decreased systolic wall thickening rate.
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A 2 B
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Figure 1. (A) Electrocardiography demonstrated right bundle branch block, left anterior fascicular block, left ventricular
hypertrophy, abnormal Q waves in the high lateral leads, and nonspecific ST-T changes; (B) 24-hour Holter Monitoring: Revealed
intermittent ventricular pre-excitation, characterized by the occasional presence of delta waves and a short PR interval,
suggestive of an accessory pathway; (C-D) Echocardiography revealed uniform hypertrophy of the interventricular septum and
left ventricle; (E-F) Cardiac magnetic resonance imaging demonstrates uniform left ventricular hypertrophy with myocardial
edema (red arrow); (G) Quantitative T2 mapping revealed myocardial edema with prolonged relaxation times (66.3 ms, green
arrow); (H) Cardiac magnetic resonance imaging demonstrates myocardial fibrosis (yellow arrow).
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Figure2. (A)Whole-exomesequencing (WES)identifiedaheterozygousmissenserarevariantinthe PRKAG2gene (chr7:151576412;
c.905G>A; p.Arg302GIn), resultingin substitution of arginine by glutamine at codon 302; (B) Pedigree of the family. Whole-exome
sequencingrevealed that the patient’s mother carries the same rare variant, while the father, one of the maternal uncles, and the

maternal uncle’s three children do not carry the rare variant. The maternal grandparents and another maternal uncle are
deceased, and their status is unknown. (The proband is indicated by a black arrow; filled symbols represent carriers of the rare
variant, unfilled symbols represent non-carriers; circles represent female family members, squares represent male family
members; aslash through the symbol indicates deceased family members).
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