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ABOUT

The Journal of Cardio-Vascular-Thoracic Anaesthesia and Intensive Care Society (GKDAYB Journal) is an official scientific journal of Cardio-Vascular-
Thoracic Anaesthesia and Intensive Care Society journal (GKDA-YBD).

The journal publishes clinical and experimental studies, case reports, editorial letters, review articles and reports of scientific meetings related to fields
of Thoracic, Cardiovascular Anesthesia and Intensive Care the both in English, Review articles written upon request of the editor are not accepted.

The journal is published every three months namely in March, June, September and December. One volume is completed after publication of 4 issues
(one year). GKDAYB is an open access, free and peer-reviewed journal and all published content is freely available at www.gkdaybd.org Printed copies
are distributed to members of the Cardio-Vascular-Thoracic Anaesthesia and Intensive Care Society free of charge.

GKDAYB Journal is included in Excerpta Medica / EMBASE, EBSCO Database, Sudoc, OpenAlex, Turkish Medline National Health Sciences Periodicals
Database, Turkish Citation Index and ULAKBIM National Database (from 2016), GALE Cengage (from 2023), Scilit (from 2023), Open Ukranian Citation
Index (from 2023) and Asian Science Citation Index — ASCI (from 2024).

Scopus coverage (2003-2017). Discontinued.

AIMS & SCOPE

The aim of the Journal of Thoracic-Cardiovascular Anesthesia and Intensive Care Society is to disseminate significant and cutting-edge professional
information related to the fields of thoracic, cardiac, and vascular anesthesia and intensive care. The journal serves as a platform for sharing clinical and
experimental studies reflecting new advancements and research in these specialized medical areas.

Our objective is not only to publish original research and findings but also to offer a comprehensive overview of contemporary topics and issues
facing today’s medical practitioners within these disciplines. The Journal eagerly welcomes the submission of original research, detailed and practical
reviews, and clinical observations from experienced authors in the field.

Submissions can encompass a wide range of topics including, but not limited to, surgical techniques, pharmacological advancements, perioperative
care, pain management, and patient safety and recovery protocols related to thoracic, cardiac, and vascular surgery anesthesia and intensive care. Case
reports offering insights or novel perspectives on clinical practices and challenges are also encouraged.

By fostering collaboration and discussion among medical professionals, researchers, and practitioners, the Journal of Thoracic-Cardiovascular
Anesthesia and Intensive Care Society aims to contribute to the ongoing development and enhancement of patient care and treatment outcomes in
thoracic, cardiac, and vascular anesthesia and intensive care.
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PUBLICATION POLICIES

The editorial and publication processes of the journal are shaped in ac-
cordance with the guidelines of the International Council of Medical Jo-
urnal Editors (ICMJE), the World Association of Medical Editors (WAME),
the Council of Science Editors (CSE), the Committee on Publication Et-
hics (COPE), the European Association of Science Editors (EASE), National
Information Standards Organization (NISO) and Asian Science Citation
Index - ASCI. The journal complies with the Principles of Transparency
and Best Practice in Scholarly Publishing (doaj.org/bestpractice).

Originality, high scientific quality, and citation potential are the most
important criteria for a manuscript to be accepted for publication. Ma-
nuscripts submitted for evaluation should not have been previously
presented or published in an electronic or printed medium. The journal
should be informed of manuscripts that have been submitted to anot-
her journal for evaluation and rejected for publication. The submission
of previous reviewer reports will expedite the evaluation process. Ma-
nuscripts that have been presented in a meeting should be submitted
with detailed information of the event, including the name of the orga-
nization, the date, and the location.

Journal of Thoracic-Cardiovascular Anesthesia and Intensive Care Society
does not accept multiple submissions or duplicate submissions of articles
published in a different language. Nevertheless, the articles will not be
processed that are sending again by different new ID numbers which has
been already rejected or that are still under processing (revised etc.).

REVIEW PROCESS

Manuscripts submitted to the Journal of Thoracic-Cardiovascular Anest-
hesia and Intensive Care Society will undergo a double-blind peer-review
process. Each submission will be reviewed by at least two external, inde-
pendent peer reviewers who are experts in their field in order to ensure
an unbiased evaluation process.

The editorial board will invite an external and independent editor to ma-
nage the evaluation process of manuscripts submitted by editors or by
the editorial board members of the journal. The editor-in-chief is the final
authority in the decision-making process for all submissions.

Reviews are typically completed within one month of submission to the
journal. Authors will be sent constructive reviewer comments intended
to be useful. In general, the instructions, objections, and requests made
by the reviewers should be followed. The revised manuscript should
clearly and precisely indicate every step taken in accordance with the
reviewers' notes. A list of responses and the corrections made to each
comment should be provided.

OPEN ACCESS POLICY

The Journal of Cardiovascular-Thoracic Anaesthesia and Intensive Care
Society supports the Budapest Open Access Initiative statement of prin-
ciples that promotes free access to research literature. The declaration
defines open access to academic literature as free availability on the
internet, permitting users to read, record, copy, print, search, or link to
the full text, examine them for indexing, use them as data for software
or other lawful purposes without financial, legal, or technical barriers.
Information sharing represents a public good, and is essential to the
advancement of science. Therefore, articles published in this journal are
available for use by researchers and other readers without permission
from the author or the publisher provided that the author and the ori-
ginal source are cited. The articles in Journal of Cardiovascular-Thoracic
Anaesthesia and Intensive Care Society are accessible through search
engines, websites, blogs, and other digital platforms. Additional details
on the Budapest Open Access Initiative and their guidelines are availab-
le at https://www.budapestopenaccessinitiative.org/

Open Access Statement

The journal is an open access journal and all content is freely available
without charge to the user or his/her institution. Except for commercial

@\ Journal of The Cardiovascular Thoracic
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purposes, users are allowed to read, download, copy, print, search, or
link to the full texts of the articles in this journal without asking prior
permission from the publisher or the author. This is in accordance with
the BOAI definition of open access. The open access articles in the jour-
nal are licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International (CC BY-NC 4.0) license.

Licenses and Copyright Policy

Authors publishing with the journal retain the copyright to their work li-
censed under the Creative Commons Attribution-NonCommercial 4.0 In-
ternational license (CC BY-NC 4.0) and grant the Publisher non-exclusive
commercial right to publish the work. CC BY-NC 4.0 license permits un-
restricted, non-commercial use, distribution, and reproduction in any me-
dium, provided the original work is properly cited.

Publication Charges

The Journal of Thoracic-Cardiovascular Anesthesia and Intensive Care So-
ciety assesses no submission fees, publication fees, or page charges.

ETHICAL POLICY

It is targeted that all parties participating in the creation of a scientific
study (author, editor, reviewer, publisher and reader) contribute to the
proper progress of science. Compliance with scientific ethical principles
is important in the scientific studies prepared in accordance with this tar-
get. Kare Media adopted the ethical principles based on the directive pre-
pared by the Committee on Publication Ethics (COPE) and recommended
its adoption by all individuals contributing in the creation of a scientific
work. Some items of this directive are mentioned below.

Ethical Responsibilities of the Authors

In accordance with the journal's policy, an approval of research pro-
tocols by an ethics committee in accordance with international agre-
ements “"WMA Declaration of Helsinki - Ethical Principles for Medical
Research Involving Human Subjects (last updated: October 2013, For-
taleza, Brazil)’, “Guide for the care and use of laboratory animals (8t
edition, 2011)" and/or “International Guiding Principles for Biomedical
Research Involving Animals (2012)"is required for all research studies. If
the submitted manuscript does not include ethics committee approval,
it will be reviewed according to COPE's guideline (Guidance for Editors:
Research, Audit and Service Evaluations). If the study should have ethi-
cal approval, authors will be asked to provide ethical approval in order
to proceed the review process. If they cannot provide ethical approval,
their manuscript will be rejected and also their institutions and when
needed, the related bodies in their country will be informed that such
studies must have ethics committee approval. If they provide approval,
review of the manuscript will continue.

If the study does not need ethics committee approval after the editorial
board'’s review, the authors will be asked to provide an ethics committee
approval or a document given by a related independent committee that
indicates the study does not need ethics committee approval according
to the research integrity rules in their country. If the authors provide eit-
her an approval or a document showing that ethics approval is not nee-
ded, the review process can be continued. If the authors cannot provide
either documents, the manuscript may be rejected.

For articles concerning experimental research on humans, a statement
should be included that shows informed consent of patients and volun-
teers was obtained following a detailed explanation of the procedures
that they may undergo. The journal may request a copy of the Ethics
Committee Approval received from the relevant authority. Informed
consent must also be obtained for case reports and clinical images.
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Studies using human or animal subjects should be approved by the app-
ropriate institutional and local Ministry of Health ethics committees. Et-
hics approval of research protocols in accordance with international agre-
ements is required for experimental, clinical, and drug studies, as well as
for some case reports. Ethics committee reports or an equivalent official
document may be requested from the authors. For manuscripts involving
experimental research on humans, a statement should be included that
shows that written, informed consent of patients and volunteers was ob-
tained. For studies carried out on animals, the measures taken to prevent
pain and suffering of the animals should be stated clearly. A statement
regarding patient consent, and the name of the ethics committee, the
ethics committee approval date, and number should be stated in the Ma-
terials and Methods section of the manuscript. It is the authors’ responsi-
bility to carefully protect patients’anonymity.

Research Ethics for Vulnerable Populations

At the Journal of Thoracic-Cardiovascular Anesthesia and Intensive Care
Society, we are committed to upholding the highest ethical standards in
all research involving human participants, especially vulnerable popula-
tions such as children. In line with our dedication to responsible and res-
pectful research practices, we have established the following guidelines
to ensure the protection and ethical treatment of these groups:

Consent Requirements for Children

Parental/Guardian Consent: For all research involving children under
the age of 18, written informed consent must be obtained from a parent
or legal guardian. This consent must be informed, voluntary, and docu-
mented.

Assent from Children: In addition to parental consent, researchers are
required to obtain assent from children who are capable of forming an
opinion and making a decision regarding their participation in the study.
This process must be age-appropriate and must respect the child’s level
of understanding and autonomy.

Privacy and Confidentiality: Extra precautions will be taken to protect
the privacy and confidentiality of child participants. This includes using
pseudonyms, removing identifiable details from published data, and se-
curely storing data.

Ethical Review: All studies involving children must undergo a rigorous ethi-
cal review process to ensure that the research is justified, and the potential
benefits outweigh any risks. The ethical review will also ensure that the study
adheres to the principles of beneficence, non-maleficence, and justice.

Oversight and Monitoring

To ensure adherence to these ethical guidelines, the Journal of Cardio-
vascular Thoracic Anesthesia and Intensive Care Society requires that all
studies involving vulnerable populations be reviewed and monitored
by an Institutional Review Board (IRB) or an equivalent ethical oversight
committee. This committee will oversee the study from its inception to
its completion, ensuring continuous protection of the participants' rights
and well-being.

For more details on our research ethics policies and procedures, or to re-
port any concerns regarding the ethical conduct of a study published in
our journal, please contact our ethics committee at kare@karepb.com.

Ethical Duties and Responsibilities of the Editors

Acting in a balanced, objective and fair manner while performing their
duties without any discrimination based on gender, religious or political
beliefs, ethnic or geographical origin of the authors.

To evaluate the work submitted to the journal according to its content
without showing any privilege to any author.

To take necessary measures to prevent potential conflicts of interest and
to evaluate existing statements, if any.

\ Journal of The Cardiovascular Thoracic
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To deal with sponsored works or special studies in the same way as
other studies,

In case of complaints related to violation of ethics, to enforce necessary
procedures by adhering to the policies and procedures of the journal. To
give the authors an opportunity to respond to the complaint, and wit-
hout refraining from imposing the necessary sanctions, regardless of the
identity of the owner of the work To reject the study if it does not meet
the purpose and scope of the journal.

Ethical Responsibilities of the Reviewers

In order to contribute to the editor's decision-making process, the ma-
nuscript should be scrutinized in a timely fashion and reviews should only
accept the critical evaluation of the study of his/her expertise.

The assessment should be done in an objective manner only in relation to
the content of the study. The study should be evaluated without conside-
ring religious, political and economic interests.

To make suggestions to help improve the quality of the article to be pub-
lished and to critically review the study. To communicate his/her com-
ments to the author in a constructive and gentle language.

To protect the confidentiality of the information provided by the editor and
the author, to destroy the work after the evaluation process in accordance
with the principle of confidentiality, to report to the editor if there is any-
thing contrary to the blind review process and not to evaluate this study.

To be cognizant of potential conflicts of interest (financial, institutional,
collaborative, or other relationships between the author and the author),
and, if necessary, to alert the editor to withdraw his or her assistance for
this article.

Ethical Responsibilities of the Publisher

Among the parties involved in a creation of a scientific study, the publis-
her should act within all these ethical principles.

In addition to these, the publisher is obliged to use its communication
power without any individual interest and to direct the target audience
correctly.

It protects the ownership and copyright of each work published in its jo-
urnals/books and undertakes the task of archiving every published work.

People should not hesitate to get contact with the publisher when they
encounter an unethical situation.

Some of the actions considered to be against scientific research and pub-
lication ethics

Plagiarism: To adopt the original ideas, methods, data or works of ot-
hers partially or wholly without referencing them in compliance with
scientific rules,

Fraud: to use data that is not actually present or falsified in scientific re-
search

Distortion: Distorting the research records or data obtained, demonstra-
ting unused devices or materials as if they were used in the research, and
distorting or shaping the results of research in the interests of the people
and organizations that sponsored the study;

Republication: To present duplicates as separate publications in academic
appointments and elevations

Slicing: To present the results of a research as separate publications in aca-
demic appointments and upgrades by disseminating and publishing the
results of a research in a way that disrupts the integrity of the research
and submit them as separate publications more than once;

Unfair authorship: to include people who are not active contributors or
not to include those who are contributing to the study, to change the
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ranking of the authors inappropriately without any justification and, to
remove the names of those who offered their active contributions in t
the previous editions, to include their names among the writers by using
their influence even though they did not actively contributed to the work.

Not specifying the people, institutions or organizations that support the
publications realized as a result of the researches carried out with their
support, and contributions,

To use the thesis or studies which have not been submitted yet or have
not been accepted as a source without the permission of the owner,

Failure to comply with ethical rules in human and animal researches, not
to respect patient rights in its publications, to harm animal health and
ecological balance, to refrain from obtaining necessary permissions,

To misuse resources, places, facilities and devices provided for scientific
research,

To make false or misleading statements regarding scientific research and
publications in academic appointments and elevations.

Artificial Intelligence (Al)-Assisted Technology

At submission, the journal should require authors to disclose whether
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.

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 responsibilities are required for authorship. Therefore,
humans are responsible for any submitted material that included the use
of Al-assisted technologies. Authors should carefully review and edit the
result because Al can generate authoritative-sounding output that can
be incorrect, incomplete, or biased. Authors should not list Al and Alas-
sisted technologies as an 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 appropriate attribution of all quoted mate-
rial, including full citations.

PLAGIARISM POLICY

Plagiarism (cheating) is a violation of ethics, regardless of whether it is
intentional or not. It is a crime and an unacceptable code of conduct as it
is unethical to submit, and publish manuscripts imitating other sources,
without citing references,. For this reason, due to publication policies Kare
Publishing, for all studies to be published in all of its periodicals, necessi-
tates use of a plagiarism checker.

All studies submitted to our periodicals and passed the evaluation of the
reviewers blinded to the studies, are evaluated by us using Turnitin or iT-
henticate software programs.

In our study, our criterion is not a percentage of matching. An auditng is
carried out by a specialized team excluding percentages of matching but
considering the parameters, such as identification of matching paragraphs,
whether or not citations and references are properly written in accordance
with the writing rules of the journal, the places of the matching sentences/
paragraphs in the article, and the sources with which they are matched.
The prepared plagiarism report is sent to the relevant editor of the study. In
consideration of the report, the editorial board may request from the aut-
hor correction of the errors in the manuscript and sent it again or accept or
reject it. The acceptance of the study is on the initiative of the editor.

The Editorial Board may act in accordance with the COPE rules against
allegations, and suspicions related to plagiarism, citation manipulation
and fraudulent misrepresentation of the works submitted to the journal.
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COPYRIGHT TRANSFER

Authors publishing with the journal retain the copyright to their work li-
censed under the Creative Commons Attribution-NonCommercial 4.0 In-
ternational license (CC BY-NC 4.0) and grant the Publisher non-exclusive
commercial right to publish the work. CC BY-NC 4.0 license permits un-
restricted, non-commercial use, distribution, and reproduction in any me-
dium, provided the original work is properly cited.

CONFLICT ON INTEREST

Conditions which provide financial or personal benefit bring about a
conflict of interest. The reliability of the scientific process and the publis-
hed articles is directly related to the objective consideration of conflicts of
interest during the planning, implementation, writing, evaluation, editing
and publication of scientific studies.

Financial relations are the most easily identified conflicts of interest and
it is inevitable that they will undermine the credibility of the journal, the
authors and the science. These conflicts can be caused by individual relati-
ons, academic competition or intellectual approaches. The authors should
refrain as much as possible from making agreements with sponsors in the
opinion of gaining profit or any other advantage that restrict their ability
to access to all data of the study or analyze, interpret, prepare, and publish
their articles In order to prevent conflicts of interest, editors should refrain
from bringing together those who may have any relationship between
them during the evaluation of the studies. The editors, who make the final
decision about the articles, should not have any personal, professional or
financial ties with any of the issues they are going to decide. Authors sho-
uld inform the editorial board concerning potential conflicts of interest to
ensure that their articles will be evaluated within the framework of ethical
principles through an independent assessment process.

Our publication team works devotedly to ensure that the evaluation pro-
cess is conducted in an impartial manner, taking all these situations into
consideration.

You can review the conflict of interest form and the related link to get
more detailed information and to declare an conflict of interest.

WRITING GUIDE

Double-Blind Review And Evaluation Process

The decision to publish all articles submitted to the journal belongs to
the editor in chief. However, editors shape these decisions in line with the
reviewers' recommendations.

The double blind review process is the process of evaluating the work
completely anonymously. In this system, only the editor knows each
stage. In this system authors do not know who the reviewer is, and the
reviewers do not know whose work they are evaluating. Thus, biased eva-
luation of the work by the reviewers is prevented. In addition, since the
author does not know the reviewers, he/she can not possibly get contact
with the reviewer, and influence him/her through ‘special routes. From
this point of view, the double- blind review process is thought to provide
objective evaluation and increase the equal opportunity.

For these reasons, all studies submitted to GKDAYB Journal are subject to
double-blind review. At least two reviewers expert in their fields, will eva-
luate each submitted work. Every effort is spent by the editors for quick
evaluation of the articles. The editor is the final decision-making authority
in the evaluation processes of all articles.

First Evaluation

The relevant editor or journal secretary examines the work regarding the
purpose and scope of the journal, its conformity to the rules of writing, and
its English and Turkish language proficiency. As a result of this assessment,
the manuscripts which do not comply with the publication rules and the
publication policy of the journal are returned to the responsible author.
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Preliminary Evaluation Process

In the pre-evaluation process; the study that left a positive impression on
the editor is directed to the field editors. Field editors examine summary,
introduction, material / method, discussion and conclusion sections of
the manuscript as well as its scientific, and formal conformity to the wri-
ting rules of the journal. As a result of this review, manuscripts which are
found suitable are taken into the process of reviewers' evaluation.

Reviewers’ Evaluation Process

According to the content of the manuscript, at least two expert reviewers
who had current studies in the relevant field are determined. Suggestions
of the field editor regarding the selection of reviewers are appraised by
the chief editor, and reviewers are assigned for the assessments of the
manuscripts. The reviewers evaluate the study and prepare a report.

Reports of the Reviewers

The reviewers evaluate the objective, material / method, results and dis-
cussion sections of the study, and its conformity to scientific principles.
The work may be accepted directly, its revision may be requested or re-
jected. If correction in the manuscript is required, the suggestions coming
from the reviewers are communicated to the authors and the authors are
asked to revise their work.The results of correction coming from the aut-
hors are reexamined by the reviewers and their decisions are reported to
the editor. In case of disagreement between the assigned reviewers, the
manuscript is sent to a designated third reviewer.

Statistical Analysis

Manuscripts deemed appropriate for publication by the reviewers are
sent to the statistical editor. Articles that are approved by the statistical
editor are accepted for publication.

Publication Printing Process

Clinical studies or experimental research articles accepted for publication
are usually included in the first issue to be published. Case presentations
can wait 6-9 months according to the intensity.

CHECKLIST FOR AUTHORS

* Make sure that name of the author (s), information about the institu-
tion thank you letter about ethics committee etc. are not included in
the study. This issue is important according to the ‘double- blind review
principle’ concerning the evaluation process of your work so that it can
be dealt with impartially.

* You should not forget that your study will be subject to plagiarism au-
dit if it is deemed to be adequate and appropriate in terms of the sub-
ject and you should avoid making quotations that will be covered by
plagiarism when preparing the work

* If your article is derived from a study, a thesis, abstract of a case report,
poster, etc. be sure to cite it in a footnote and specify its date.

* Please fill out the form and upload it to the system, as you cannot pro-
ceed to the next step without uploading the copyright transfer form to
your system. It is sufficient to communicate it in the online system, you
do not need to communicate this information in printed form.

* If your work has been returned to you for revision, and you have made
achange in the title and summary of your work, please update it during
preparation of the article

* There cannot be any changes in your article once its published. The-
refore we advise you strongly to examine your article carefully when
last check e-mail sent to you and if there is any neccesary revisions you
have to make please send them to us before the journal is published.

MANUSCRIPT PREPARATION

Manuscripts should preferably be written using the Microsoft Word
program. The manuscripts should be typed in 12 point Times New
Roman characters. Manuscripts should be written double- spaced on
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one side of the A4 (21x29.7 cm) white paper and throughout the entire
manuscript (including headings, abstracts in Turkish and English, main
text, references, tables and subtitles) and justified leaving 3-cm mar-
gin from both sides. They should be written in accordance with word
processor's page layout settings.

Journal Agent Online Article Collection and Evaluation System is being
uploaded online, Article and Abstract Information, Information about Ins-
titute, Author Information, Responsible Author Information, Article Title,
Article Turkish and English Summaries of the Article, Turkish and English
Key Words, NoteEdit, File Upload (Full Text - References - Table(s) - Pictu-
res - Graphics — Notes to the Editor ) are recorded separately step by step
in the system.

The authors are kindly requested to submit their ORCID numbers obta-
ined the website from www.orcid.org and indicate them in the relevant
area at this stage. Abstract and full text should not containinformation
about the individuals and institutions participating in the study.

The files must be loaded in the following order.

* The electronic article file (Full Text) should be named with the title
of the article in capital letters. They should only include "Title (Tur-
kish-English) - Short Title (Turkish-English)", "Introduction’, "Materi-
als and Methods', "Results", "Discussion’, "Acknowledgement (if)
- Conflict of Interest". Each of the sections should be presented on
separate pages. The titles of the text sections should appear at the
left of the page with capital letters. All pages should be numbered
sequentially from the bottom right corner.

* The file“References” should be recorded separately

® Tables should be prepared and written double-spaced on a separate
sheet, and the number and title of each table must be written on top
of the table. If abbreviations are given in the table, these abbrevia-
tions should be written in alphabetical order as subheadigs. . When
previously printed or electronically published tables are used, written
permission must be obtained from both the author and the publis-
her, and it must be sent by fax or mail to the editor of the journal.

* Figures, graphics, illustrations, photos and legends should be
written double-spaced on a separate sheet. If the abbreviations are
given in figures, graphics and illustrations, the expansions of these
abbreviations should be written under the subtitle and in alphabeti-
cal order.When previously printed or electronically published figures,
graphics and images are used, written permission must be obtained
from both the author and the publisher, and this must be sent by fax
or mail to the editor of the journal.

e Copyright transfer form

Authors must declare that all or part of the material in the manuscript
has not been published and is not currently being evaluated elsewhere
for publication. Each author must declare that he/she participated in the
investigation enough to share the responsibility of its content.

This participation may involve the following issues:

. Creation of concepts and designs of experiments,
*  Collection, analysis or expression of the data;

*  The preparation of the draft of the mauscript or the review of the
scientific content

e Approval of the final format of the manuscript ready for publication
. Ethics committee approval letter

e  Original articles and review articles should not exceed 10, case re-
ports 4, letters to editors 1 page (excluding references, tables and
graphics).

In the manuscript, the sections and contents of the manuscript should be pre-

sented as follows.
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Title: A short title should be used whenever possible. The title of the re-
search, and review articles should not exceed 95 characters (each letter,
space, and punctuation marks are considered as one character), in case
of case reports, letters and presentations of surgical techniques it should
not contain more than 80 characters. Abbreviations should not be used
in the title. The title should be written in Turkish and English. A short title
should be added as a subtitle which should not exceed 40 characters.

Funds and organizations supporting the research should be mentioned
here, If the study is planned to be presented in any congress or if it has
been presented before, the name, place, and date (day-month-year) of
the congress should be written.

The abstracts should not exceed 250 words in the research papers He-
adings should not be used in summaries (the English translation of the
title should be written on the title page). Abstract in Turkish should con-
sist of four subheadings as While abstract in English should include sub-
headings of Aim, Material and Method, Results, and Conclusion) In case
reports and review articles donot contain these sections, and abstracts
should not exceed 100 words. English title, and abstract should be. Eng-
lish title and abstract should be word by word translation of the Turksih
abstract. Letters to editor, and Editorials do not require abstracts.

Use of abbreviations should be avoided as much as possible in summari-
es. If absolutely required, abbreviation should be used after its definition
is provided in parenthesis at the first mention of the term. Reference sho-
uld not be used in the abstract.

Key words: In accordance with "Index Medicus Medical Subject Headings
(MeSH)" there should be no more than five key words under the summary
written both in Turkish and English. Available terms can be used if there
is no appropriate term for the "Index Medicus" medical subject headings
for the newly entered terms.

Introduction: The general conditions of the study settings, the structure
and significance of the problem, the specific objective of the study or re-
search tested in the study or observation should be clearly indicated. The
primary and secondary objectives of the work should be clearly stated
and the predefined subgroup analyzes should be transferred. Only refe-
rences related to the topic should be used and the data or results of the
presented work should not be included in these references.

Material and Method: The informed consent of the patient and the
approval of the ethics committee should be acknowledged. A statement
must be added that the informed consent was obtained from each parti-
cipant in clinical trials. It should be noted in experimental studies that all
animals were subjected to a humane treatment in accordance with the
Guide for the Care and Use of Laboratory Animals (www.nap.edu/cata-
log/5140.html).

Definition of optimal working conditions, exclusion criteria and refe-
renced population; the participants in the observational or experimen-
tal study must be clearly indicated. Since the relevance of the variables
such as age and gender for the purpose of the research is not always
obvious, the authors should explain the purpose of using these variab-
les in a research article. The main principles that determine how and
why the study is performed using such a method should be clear. Re-
ferences should be shown for established methods, brief descriptions
should be given for new methods.

The methods, tools (manufacturer’s name and address are written in pa-
rentheses) and the operations performed should be described in detail to
the extent of interpretation of the results. The initials of the drug names
should be in lower case, the pharmacological names of the drugs sho-
uld be used and at their first mention in the text they should be written
in brackets in the following order"Generic name, trade name, and Ma-
nufacturing firm ". Example: "midazolam (Dormicum, Roche)". The terms
should be written in their explicit forms at their first mention in the text,
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and then their abbreviations ( if any) should be enclosed in parentheses.
Frequently used abbreviations should be used as accustomed (iv, im, po
and sc). Units must be used in compliance with the International system
of units (SIU (Le Systéme international d'unités),Examples: mg / kg, mL /
kg, mL/ kg / min, mL / kg.

Statistical methods should be provided in sufficient detail so that the
readers can reach the original data and evaluate the reported results.
Findings should be measured as much as possible and the appropriate
margin of error and uncertainty (such as confidence intervals) should
be indicated. It is important to avoid relying only on the p-values of
statistical hypothesis measures that are insufficient to convey impor-
tant information about the dimensions of the effects. P values must be
given explicitly. Statistical terms, abbreviations and symbols should be
defined. In the last paragraph of this section, statistical analyses used,
and the values given by the (£) sign after the arithmetic mean or pro-
portion should be indicated.

Results: The findings, tables and visual material obtained in the study
should be written in the order of a certain logic so that the most im-
portant ones will take precedence in the text. Graphics, tables, illustra-
tions, and figures should be numbered according to the order of their
mention in the text, and should be indicated in parentheses in the text.
Data contained in the tables and visual materials should not be repe-
ated in the text. Only important observations should be emphasized
or summarized. Tables and figures are placed collectively after the last
reference at the end of the text. Only the top title of the table, and grap-
hic or the subheading of figures, illustrations, photos are written in their
appropriate places in the text.

The numerical results summarized in the Results section should be given
not only as derivatives (eg percentages), but with exact numerical valu-
es, and the statistical methods used to analyze them should be specified.
When scientifically appropriate, data should be analyzed in terms of va-
riables such as age and gender. Tables and pictures should be limited to
those necessary to explain and support the discussion expressed in the
article. As an alternative to the tables, you should use some kind of grap-
hics on which many entries can be made, and data should not be repea-
ted on graphics and tables. Using non-technical terms such as "random”,
"explicit", "links" and "example" in the statistics section should be avoided.

Discussion: The results of the study are evaluated by comparing them
with the international, and domestic literature. New and important as-
pects of the study and its outcomes should be emphasized. Data and
other information presented in the Introduction and Results sections
should not be repeated. In experimental studies, we should briefly sum-
marize the main findings and then analyze explanations with possible
mechanisms and compare them with other similar studies. It would be
appropriate to comment on the implications of these findings for future
researches and clinical practices. The objectives of the work should be
correlated with the results. However, unmeasured situations and out-
comes that are not adequately reinforced by the data should be avoi-
ded. The resulting decision arrived must be stated in the last paragraph
of the discussion. If the article does not include appropriate economic
data and analysis, no particular comment should be made on economic
interests and costs. Claims on an incomplete study should be avoided,
new hypotheses must be specified when they are confirmed, and their
novelty should be clearly emphasized.

Acknowledgment (if any): If you also want to thank the people who can
not fulfill the criteria for authorship involved in fundraising, technical as-
sistance, data collection, supervisor of the research group, writing, or de-
partment chiefs who just provided general support, and those providing
finance and material support, a brief paragraph can be written under the
heading of "Acknowledgement.. Written consent must be obtained from
the individuals to be mentioned in the acknowledgment section since
they may make a sense of data and conclusions they contributed.
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Conflict of Interest: The authors are requested to declare any existing
commercial association that might potentially have a conflict of interest
regarding their articles. (eg employment, direct payments, holding sha-
res, holding, consultancy, patent licensing arrangements, or granting
honorarium). All financial resources supporting the study should also be
declared as footnotes.

Tables and Charts: Charts can be saved in a single chart file, tables can
be placed in one spreadsheet file on each page. Titles, descriptions and
footnotes should be placed on each sheet of paper.

The tables reflect the information in a concise and effective way. They also
provide information of the desired quality and precision. The fact that the
data are given in the tables rather than in the text usually makes it pos-
sible to shorten the text. The tables should not be a repetition of the in-
formation in the article.

The tables should be demonstrated in brackets in the text. It should carry
a short self-heading. According to their appearance in the text, each one
should be given a short title, starting from the top left, and numbered sequ-
entially by Roman numerals. There should be no lines on the background,
they should be drawn on a white background.. Horizontal and vertical lines
should not be used in the table . Each column is given a short or a concise
title. Explanatory information should be placed in footnotes, not in hea-
dings. Abbreviations should be explained in footnotes. The explanations of
the abbreviations should be in the form of subtitles under the table and in
alphabetical order. The following symbols should be used in the footnotes,
in the following order: *, 1, %, §, ||, 9, **, 1, $f. Measures of statistical variab-
les such as standard deviation and standard mean error should be defined.
Make sure that each table and graph are mentioned in the text.

There should be no frame around the graphics, no lines on its backgro-
und, and the background should be white.

When using previously published or electronically published tables and
graphics, written permission should be obtained from both the author
and the publisher and they should be acknowledged. Permission should
be faxed or mailed to the journal editor.

Pictures, Photos and Figures: Figures should be professionally drawn and
photographed. Photographs and scans taken with a digital camera should
be recorded at a resolution of at least 300 dpi, 1280x960 pixels, in jpg or tiff
format. There should be no writing on the picture unless it is compulsory.

Each pictures and figure should be placed on separate pages in a file con-
taining only pictures, figures, and photos . Naming and numbering sho-
uld be done as subtitles on each page. They should be placed in the text,
numbered in Arabic numerals according to the order of their appearance
in the text, and shown in brackets in the text When symbols, arrows, or
letters that point to specific sections of the figures, and photos are used,
these should be explained in the subtitle. If so, the expansions of the abb-
reviations should be placed under the subtitle in alphabetical order.

Microscope magnification ratio and staining technique used should be
explained.

When previously printed or electronically published figures, images, and
photos are used, written permission must be obtained from both the aut-
hor and the printing house and this must be sent by fax or mail to the
editor of the journal.

When using the images of people whose face is not hidden and recogni-
zable, written permission must be obtained from them.

References: One should be selective in the use of references, and should
include references directly related to the study. Turkish sources should be
also used and authors should be sensitive to this issue. Although referen-
cing review articles direct readers to the proper essence of the medical
literature, they do not always accurately reflect the original study. There-
fore, readers should be provided with as much original research articles as
possible. Avoid using summaries as a source.
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Authors should compare references with original articles to minimize er-
roneous references that sometimes occur in published articles. Authors
are responsible for the accuracy of refereces and their spelling.

If the authors can not specify whether they referenced a retracted publi-
cation or not, they are obliged to check that the references they cited do
not belong to the retracted articles. For articles in the journals indexed on
MEDLINE, ICMJE considers PubMed (http://www.pubmed.gov) as a reliable
source of information on retracted articles. Authors may recognize the ret-
racted articles in MEDLINE with the following search term in PubMed; ret-
racted publication [pt] ( pt in square brackets stands for publication type).

Apart from collective and up-to-date review articles, encompassing refe-
rence lists unnecesarily occupy valuable space of the text. As a general rule,
the number of references should be maximum 40 in research articles 15 in
case reports, 80 in review articles, 80 in review articles and 5 in editorials.

Exchanges of information during personal contacts, unfinished articles,
and other unpublished data should not be referenced.

References should be written double-spaced on a separate sheet of pa-
per. References in the text, tables and figure legends are indicated by Ara-
bic numbers. Only the references used in the table or picture subtitles
must be numbered according to the order of their first appearance of the
table, and figure in the text.

Journal titles should be abbreviated according to Index Medicus. Year, vo-
lume, the first and last pages are indicated for referenced journals, while
for referenced books only year, first and the last pages are stated.

The following rules should be followed when references are given in the text:

e If the surname of the first author of the article to be cited is to be
given, the abbreviation "et al." should be added followed by the refe-
rence number in superscript "[1", before completion of the sentence.

* If no name is to be given in a sentence, then the reference number
must be given at the end of the sentence, after the period in a supers-
cript bracket "[]".

* If different references will be stated for different expressions within a
sentence, each reference must be given within a bracket "[]" before
the punctuation mark at the end of the statement.

¢ If there are more than two consecutive sources exist, then the first
and last ones should be indicated with a "-" sign between them, i.e:
1-3]; [14-18]; [8-14]

*  Full surnames of the authors and the initials of their names should
be written in references. If the number of authors in the reference is
equal to or less than 6, then all authors should be indicated. . If the
number of authors is more than 6, then the first 6 authors should be
written before the abbreviation "et al." (for international publications)
or "ve ark!" (for national publications).

*  The DOl number must be added at the end of the each reference.

The format of writing the references should conform to the "Vancouver
reference style". Except for the examples below, the web address should
be checked in spelling.

(http://www.nlm.nih.gov/bsd/uniform_requirements.html)

Journal Articles

References from International Journals

Tosun Z, Akin A, Guler G, Esmaoglu A, Boyaci A. Dexmedetomidine-keta-
mine and propofol-ketamine combinations for anesthesia in spontane-

ously breathing pediatric patients undergoing cardiac catheterization. J
Cardiothorac Vasc Anesth 2006;20:515-19. doi:10.1053/j.jvca.2005.07.018

For national References

Toraman F, Ustalar Ozgen S, Sayin Kart J, Antiirk C, Erkek E, Giiclii P ve ark.
Koroner arter baypas cerrahisinde fentanil ve midazolamin hedef kont-
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rollti inflizyon (hki) seklinde kullaniminin anestezi diizeyi ve ilag tiiketimi
lzerine etkileri. GKDA Derg 2013;19:113-17.d0i:10.5222/GKDAD.2013.113

Additional Issue

Solca M. Acute pain management: unmet needs and new advances in
pain management. Eur J Anaesthesiol 2002; 19 Suppl 25:3-10.

Kahveci FS, Kaya FN, Kelebek N ve ark. Perkutan trakeostomi sirasinda
farkli havayolu tekniklerinin kullanimi. Tiirk Anest Rean Cem Mecmuasi
2002; Kongre ek sayisi: 80.

Book

Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. Medical microbiology.
4th ed. st. Louis: Mosby; 2002.

Chapter in a Book

Meltzer PS, Kallioniemi A, Trent JM. Chromosome alterations in human
solid tumors. In: Vogelstein B, Kinzler KW, editors. The genetic basis of hu-
man cancer. New York: McGraw-Hill; 2002. p. 93-113.

Dissertation

Gurbet A. Comparison of morphin, fentanyl, and remifentanyl with pati-
ent-controlled analgesia (PCA) following off-pump coronary artery sur-
gery . (Dissertation). Bursa, Uludag University, 2002.

Reference from Electronic Media

United Kingdom Department of Health. (2001) Comprehensive Critical
Care Review of adult critical care services. The web site: http://www.doh.
gov.uk/compcritcare/index.html
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Internet Address
1996 NRC Guide for the Care and Use of Laboratory Animals. Available at:

http://www.nap.edu/readingroom/books/labrats/contents. html. Acces-
sed October 20, 2003.

The text should be controlled from the “Check List” before submission.
This control will speed up the evaluation process of the manuscript (see
Checklist).

SUBMISSION AND RETRACTION OF THE MANUSCRIPTS

Submission of a manuscript: Authors who want to submit their artic-
les for evaluation in our journal can upload their works by following the
steps in the system after logging it into our journal management system
at www.journalagent.com/gkdaybd/ Paying attention to the items in
the checklist for authors prior to uploading will speed up the publicati-
on process of your work.

Article Withdrawal: As per our publication policies, the author of the ar-
ticle has to cooperate with editor of the journal in withdrawal procedures.

The author, who wants to withdraw his / her work during the evaluation
process, should submit the petition containing his / her rationale to the
editorial board electronically or in a printed wet signed form indicating
that all authors have approved the withdrawal .

The Editorial Board scrutinizes the incoming request and returns to the
author within ten days. If the copyright of the article was transferred to
the INSTITUTION during submission process, the author can not send the
work to another journal for evaluation unless the request for withdrawal
of this work is approved.
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Thoracic Paravertebral Block Versus Erector Spinae Plane Block for
Postoperative Analgesia in Video-Assisted Thoracoscopic Surgery:
A Retrospective Cohort Study
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’Department of Anesthesiology and Reanimation, Acibadem Mehmet Ali Aydinlar University Faculty of Medicine, istanbul, Tiirkiye

ABSTRACT

Objectives: Thoracic paravertebral block (TPVB) and erector spinae plane block (ESPB) are widely utilized regional analgesia techniques for
video-assisted thoracoscopic surgery (VATS). However, evidence comparing their analgesic efficacy remains inconclusive. This study aimed
to compare postoperative opioid requirements, pain scores, rescue analgesic requirements, and perioperative outcomes between TPVB and
ESPB in patients undergoing VATS.

Methods: Patients who underwent VATS between January 2021 and December 2025 were retrospectively evaluated. A total of 424 patients
were analyzed (TPVB group, n=247; ESPB group, n=177). The primary outcome was additional postoperative intravenous (IV) morphine con-
sumption in the post-anesthesia care unit (PACU). Secondary outcomes included rescue tramadol requirements, Numerical Rating Scale (NRS)
pain scores, perioperative hemodynamics, and complications.

Results: Additional PACU IV morphine consumption was significantly lower in the TPVB group compared with the ESPB group (4.02+0.97
mg vs. 448+1.16 mg, p<0.001). The proportion of patients requiring rescue tramadol was also lower in the TPVB group (21.1% vs. 31.6%,
p=0.014). Patients in the TPVB group had significantly lower NRS scores on arrival at the PACU and at 1, 2, and 12 hours postoperatively, with
no difference at 24 hours. No significant differences were observed regarding PACU stay, length of hospital stay, postoperative or block-related
complications, or perioperative hemodynamic parameters.

Conclusion: TPVB was associated with lower PACU opioid consumption, reduced rescue analgesic requirements, and lower postoperative
NRS scores compared with ESPB; however, the absolute differences were relatively small, and their clinical relevance may be limited.
Keywords: Erector spinae plane block, postoperative analgesia, thoracic paravertebral block, video-assisted thoracoscopic surgery
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increase the risk of respiratory complications, and lead to
higher opioid requirements, highlighting the importance
of opioid-sparing analgesic strategies in the perioperative
pain management of these patients.”*!

Introduction

Postoperative pain remains a major determinant of
recovery after video-assisted thoracoscopic surgery
(VATS), despite advances in minimally invasive surgical

techniques."? Pain following VATS is multifactorial,
involving pleural irritation, intercostal nerve stimulation,
and chest wall trauma.l'¥! Inadequate postoperative
analgesia may limit respiratory effort, delay mobilization,

Regional analgesia (RA) techniques have become an
essential component of multimodal analgesia for VATS.
Thoracic paravertebral block (TPVB) has been widely
utilized because of its established analgesic efficacy and
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its role as an alternative to thoracic epidural analgesia
(TEA).-8 Erector spinae plane block (ESPB), introduced
more recently, has gained widespread acceptance due to
its technical simplicity, superficial anatomical target, and
perceived safetyadvantages.” Currentguidelines,including
the Procedure-Specific Postoperative Pain Management
(PROSPECT) and the Enhanced Recovery After Surgery
(ERAS) recommendations, recognize both TPVB and ESPB
as valuable options for analgesia after thoracic surgery.56

Although both techniques are increasingly incorporated
into multimodal analgesic strategies for VATS, the optimal
RA approach continues to be a topic of discussion.'"'2
Thoracic paravertebral block and ESPB involve different
anatomical targets and proposed mechanisms of action,
which may influence the extent and predictability
of neural blockade. Clinical trials comparing these
techniques have reported inconsistent findings, with some
demonstrating superior analgesia with TPVB, while others
show comparable postoperative pain control and opioid
requirements between TPVB and ESPB.I'3-'”

Therefore, further evaluation of the comparative analgesic
effectiveness and perioperative outcomes of TPVB and ESPB
in patients undergoing VATS is warranted. The aim of this
study was to compare postoperative opioid requirements,
analgesic outcomes, and perioperative safety parameters
between patients receiving TPVB or ESPB for VATS.

Methods

Study Design and Patient Population

This single-center retrospective observational study
was conducted at Istanbul Faculty of Medicine following
approval from the Istanbul University Istanbul Faculty of
Medicine Clinical Research Ethics Committee (2025/2123).
This study was conducted in accordance with the ethical
principles of the Declaration of Helsinki. Consecutive
adult patients (>18 years of age) with ASA physical
status of I-lll who underwent VATS between January
2021 and December 2025 were retrospectively identified
from the institutional database and electronic medical
records. From this cohort, patients undergoing awake
VATS, sympathectomy, or thymectomy; those requiring
conversion to thoracotomy; and those receiving RA
techniques other than TPVB or ESPB were excluded. The
remaining patients were categorized into the TPVB group
and ESPB group according to the RA technique performed.

Regional Analgesia Technique

In our institution, ultrasound-guided RA techniques were
performed unilaterally at the T5 level before surgical
incision by experienced anesthesiologists, using 20 mL of
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0.5% bupivacaine for both TPVB and ESPB. Following block
performance, dermatomal sensory testing was routinely
performed before surgery to clinically assess block
efficacy, and the block was documented as successful
or unsuccessful before proceeding with surgery. The
choice of block technique (TPVB or ESPB) was based on
the anesthesiologist’s preference. Data regarding the
performed block technique were retrospectively obtained
from anesthesia records.

Surgical Procedure

All surgical procedures were performed using a multi-portal
VATS approach by the same thoracic surgery team. The
surgical procedures included lobectomy, segmentectomy,
wedge resection, and mediastinal mass excision performed
according to standard institutional protocols.

Anesthesia and

Management

Postoperative = Analgesia

General anesthesia was induced with intravenous (IV)
anesthetic agents and maintained with sevoflurane.
Perioperative analgesia management was initiated
intraoperatively and included IV paracetamol (1 g), non-
steroidal anti-inflammatory drugs (NSAIDs), and morphine
(0.05 mg/kg). Postoperative pain assessment and rescue
analgesia were performed according to a standardized
institutional protocol throughout the study period. In the
PACU, postoperative pain was assessed using the numerical
rating scale (NRS; 0 indicates no pain and 10 represents the
worst imaginable pain). Patients with NRS scores >3 during
coughing received titrated IV morphine until adequate
analgesia was achieved or a maximum additional dose of
0.05 mg/kg was reached. Thus, IV morphine in the PACU
was administered only as rescue analgesia according to the
predefined NRS threshold. On the ward, IV paracetamol 1 g
(three times daily) was administered routinely, and rescue
analgesia with tramadol was administered at a standardized
dose of 50 mg when the NRS score during coughing was
>3. If postoperative nausea and vomiting (PONV) occurred,
it was treated with 10 mg metoclopramide.

Outcomes

The primary outcome was the additional postoperative
dose of IV morphine administered in the PACU. Because this
was a retrospective study, PACU morphine consumption
was selected as the primary outcome because it was
consistently documented and reliably retrievable from the
medical records. In contrast, 24-hour opioid consumption
was not consistently documented across patients and was
therefore not considered sufficiently reliable for use as
the primary outcome. Secondary outcomes included the
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proportion of patients requiring rescue tramadol analgesia,
postoperative pain intensity assessed using NRS on arrival
at the PACU and at 1, 2, 12, and 24 hours. Additionally,
postoperative complications (PONV, respiratory
complications, pneumonia, and other surgery-related
adverse events), block-related complications (vascular
puncture, hematoma, pneumothorax), duration of PACU
stay, and length of hospital stay (LOS) were recorded.
Demographic characteristics and perioperative variables,
including hemodynamic and respiratory parameters
(heart rate [HR], mean arterial pressure [MAP], peripheral
oxygen saturation [SpO,], and end-tidal carbon dioxide
[EtCO,]), were also recorded. Hemodynamic parameters
were collected at the following time points: baseline, post-
intubation, onset of one-lung ventilation (OLV), post-OLYV,
and PACU, whereas EtCO, values were recorded at post-
intubation, onset of OLV, and post-OLV time points.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics Version 30. The normality of data distribution was
assessed using the Kolmogorov-Smirnov test. Continuous
variables were presented as meanzstandard deviation or
median (minimum-maximum) values according to their
distribution characteristics, while categorical variables
were presented as frequencies and percentages (%).

The Student’s t-test was used for the comparison of
normally distributed continuous variables between
independent groups, whereas the Mann-Whitney U test
was applied for non-normally distributed continuous
variables. The Chi-square test was used for the analysis
of categorical variables. A p-value <0.05 was considered
statistically significant for all analyses.

Results

A total of 652 patients who underwent VATS between
January 2021 and December 2025 were screened for
eligibility. After applying the predefined exclusion
criteria, 424 patients were included in the final analysis,
comprising 247 patients in the TPVB group and 177
patients in the ESPB group (Fig. 1). Baseline demographic
and perioperative characteristics were comparable
between the groups (Table 1).

The additional postoperative IV morphine dose
administered in the PACU was significantly lower in
the TPVB group than in the ESPB group (4.02+0.97 mg
vs. 448+1.16 mg, p<0.001). The proportion of patients
requiring rescue tramadol analgesia was significantly lower
in the TPVB group than in the ESPB group (52/247 [21.1%]
vs. 56/177 [31.6%], p=0.014; OR=0.576, 95% Cl: 0.371-

Table 1. Demographic and perioperative characteristics

TPVB group ESPB group P

(n=247) (n=177)
Age (year) 55.06+12.24 56.31+11.15 0.283
Height (cm) 164.09+7.04 163.87£6.58 0.741
Weight (kg) 70.848.94  71.09+9.17 0.739
Gender, n (%)
Male 122 (49) 82 (46) 0.53
Female 125 (51) 95 (54)
ASA, n (%)
| 40 (16) 33(19)
I 169 (68.5) 121 (68) 0681
1] 38(15.5) 23(13)
Surgical procedure, n (%)
Mediastinal mass 39(16) 23(13) 0.635
Wedge resection 49 (20) 34(19)
Segmentectomy/lobectomy 159 (64) 120 (68)
Duration of anesthesia (min) 181.77+62.05 179.42+57.89 0.693
Duration of surgery (min) 155.12+60.15 152.07+55.02 0.594

Duration of OLV (min) 110.91+49.17 107.68+44.64 0.489

ASA: American Society of Anesthesiologists; ESPB: Erector spinae plane block; OLV:
One lung ventilation; TPVB: Thoracic paravertebral block.

0.895). Postoperative pain intensity assessed with NRS
scores was summarized in Table 2. Compared with the ESPB
group, patients in the TPVB group had lower NRS scores on
arrival at the PACU and at 1, 2, and 12 hours postoperatively,
whereas no significant difference was observed at 24
hours. The duration of PACU stay was 128.25+10.67 min
in the TPVB group and 127.45+9.68 min in the ESPB group
(p=0.42), while LOS was 4.06+1.1 days and 3.98+0.88 days,
respectively (p=0.39).

652 patients underwent VATS
(January 202 1-December 2025)

v
228 patients were excluded after application of the predefined
exclusion criteria*

v
424 patients included
in the final analysis

v v
Group TPVB (n=247) Group ESPB (n=177)

*Awake VATS (n = 67), sympathectomy (n = 28), thymectomy (n = 73), conversion to
thoracotomy (n = 32), regional anesthesia techniques other than TPVB or ESPB (n = 22), or
data loss (n = 6).

Figure 1. Flow diagram.

ESPB: Erector spinae plane block; TPVB: Thoracic paravertebral block; VATS: Video assisted
thoracoscopic surgery.
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Table 2. Postoperative pain scores during coughing
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Table 3. Perioperative hemodynamic and respiratory parameters

TPVB group ESPB group P
(n=247) (n=177)
NRS O h 3(1-5) 3(2-7) 0.025
NRS 1 h 3(1-5) 3(2-7) 0.025
NRS 2 h 3(0-5) 3(0-6) 0.012
NRS 12 h 2 (0-4) 2(0-5) <0.001
NRS 24 h 2 (0-3) 2(0-4) 0.467

ESPB: Erector spinae plane block; NRS: Numeric rating scale; TPVB: Thoracic paraver-
tebral block.

The incidence of PONV was 14.2% (n=35) in the TPVB group
and 14.1% (n=25) in the ESPB group, with all cases managed
with medical treatment (p=0.98). Postoperative pneumonia
occurred in 12 (4.9%) patients in the TPVB group and 8 (4.5%)
patients in the ESPB group (p=0.87). Prolonged air leak
was observed in 14 (5.7%) patients in the TPVB group and
9 (5.1%) patients in the ESPB group (p=0.79). Surgical site
infection was reported in 3 (1.2%) patients in the TPVB group
and 2 (1.1%) patients in the ESPB group (p=0.94). No block-
related complications were documented in either group.
Perioperative HR, MAP, SpO,, and EtCO, were comparable
between the groups at all analyzed time points (Table 3).

In the multivariable linear regression analysis, the overall
model was statistically significant (F(12,411)=4.441,
p<0.001), with an R?* of 0.115 and an adjusted R* of 0.089.
After adjustment for age, anesthesia duration, sex, ASA
classification, surgical procedure, and year of surgery, TPVB
was significantly associated with lower PACU morphine
consumption compared with ESPB (B=-0.432, 95% Cl:
-0.634 to —0.230, f=-0.197, p<0.001).

Discussion

In this single-center retrospective observational study,
TPVB was associated with a lower IV morphine requirement
in the PACU and statistically lower postoperative NRS scores
at several time points compared with ESPB in patients
undergoing VATS. Patients receiving TPVB also required
rescue tramadol less frequently. No significant differences
were observed between the groups in perioperative
hemodynamic or respiratory parameters, postoperative
complications, duration of PACU stay, or LOS.

Current guidelines recommend RA techniques as an
integral component of multimodal analgesia for VATS to
reduce perioperative opioid requirements and facilitate
postoperative recovery. The PROSPECT guidelines
recommend both TPVB and ESPB, whereas the ERAS
guidelines emphasize the use of locoregional analgesia
after thoracoscopic surgery and support TPVB as an
effective alternative to TEA.541¥

GP (n=247) GE (n=177) P
HR (bpm)
Baseline 73.31+7.24 71.94+7.29 0.057
Post-intubation 68.43+6.91 67.35+£7.05 0.115
oLv 70.54+7.33 69.94+7.39 0.409
Post-OLV 70.55+4.65 69.66+4.71 0.054
PACU 74.87+4.97 74.53+5.27 0.490
MAP (mmHg)
Baseline 71.24+4.83 70.97+5.04 0.585
Post-intubation 67.23+4.13 66.88+4.21 0.384
oLv 68.14+£3.99 67.75+4.03 0.326
Post-OLV 69.82+3.82 69.48+3.67 0.352
PACU 74.79+5.63 74.24+5.91 0.328
SpO, (%)
Baseline 96.8+0.94 96.66+1 0.134
Post-intubation 99.88+0.32 99.85+0.34 0.469
oLv 94.85+1.28 94.84+1.29 0.896
Post-OLV 97.23+1.01 97.13+£1.02 0.343
PACU 98.15+0.91 98.11+0.94 0.654
EtCO2 (mmHg)
Post-intubation 36.91+1.49 36.96%1.52 0.751
oLv 43.35+2.99 43.94+3.07 0.050
Post-OLV 40.46+2.07 40.67+2.02 0.298

ESPB: Erector spinae plane block; EtCO2: End-tidal carbon dioxide; HR: Heart rate;
MAP: Mean arterial pressure; OLV: One lung ventilation; SpO,: Peripheric oxygen
saturation; TPVB: Thoracic paravertebral block.

Consistent with these recommendations, both techniques
were associated with favorable analgesic outcomes in our
study, with low postoperative pain scores (NRS<4). Although
TPVB was associated with statistically lower pain scores and
opioid consumption compared with ESPB, these differences
should be interpreted in the context of their clinical
relevance. Notably, despite statistically significant between-
groupdifferencesin NRS scores at several postoperative time
points, the median NRS values were identical between the
groups at 0, 1, 2, and 12 hours. Therefore, the magnitude of
these differences appears small, and their clinical relevance
may be limited. Similarly, the absolute difference in PACU
morphine consumption between the groups was small,
despite remaining statistically significant after adjustment
for potential confounders. Given that clinically meaningful
differences in opioid consumption have generally been
reported to be larger, the observed difference may have
limited clinical significance. Nevertheless, the consistently
low pain scores following both techniques suggest
favorable early postoperative analgesic outcomes, while
the statistical advantage observed with TPVB should not be
interpreted as definitive evidence of a clinically meaningful
difference between the two techniques.
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Despite these recommendations, the optimal RA technique
for VATS remains a matter of ongoing debate.l'"'? Several
randomized controlled trials (RCTs) have evaluated the
analgesic efficacy of TPVB and ESPB in patients undergoing
VATS with conflicting results.>'? Two well-designed
studies reported the superiority of TPVB over ESPB for
post-thoracoscopy analgesia.'*'¥ On the other hand,
similar analgesic efficacy for paravertebral and erector
spinae blocks was also reported, with comparable opioid
requirements and pain scores.">'” In addition, evidence
from thoracotomy has also favored TPVB. A randomized trial
identified TPVB as the most reliable analgesic technique
among TPVB, ESPB, intercostal nerve block, and TEA,
whereas a retrospective study demonstrated postoperative
analgesia comparable to TEA'®' Notably, the studies
reporting superior analgesia with TPVB used a higher
concentration of bupivacaine, which may have contributed
to the observed differences in analgesic outcomes.

Beyond RCTs, several meta-analyses have compared
the analgesic efficacy of different RA techniques for
VATS.2-22 |n a recent meta-analysis, TPVB provided the
greatest reduction in postoperative opioid consumption
compared with control interventions, whereas ESPB also
demonstrated clinically meaningful analgesic effects,
particularly in reducing early postoperative pain scores.’?%
Similarly, subsequent meta-analyses consistently reported
superior postoperative analgesia with TPVB compared with
other RA techniques, particularly with respect to opioid
consumption and overall analgesic efficacy.?'?4

The differences in postoperative analgesic outcomes
observed between the two blocks may be related to the
distinct but partially overlapping mechanisms of TPVB and
ESPB. The most widely accepted hypothesis for ESPB is that
its analgesic effect depends on the anterior spread of LA
through the intertransverse connective tissue complex into
the thoracic paravertebral space and the associated neural
structures.?2" Consequently, the analgesic efficacy of ESPB
largely depends on the extent of anterior spread of LA into
the paravertebral space. In contrast, TPVB involves direct
deposition of LA within the paravertebral space, resulting
in a more predictable blockade of the spinal nerve roots,
dorsal and ventral rami,and sympathetic fibers.?""Therefore,
the extent of neural blockade achieved with ESPB may be
more variable than that of TPVB, potentially contributing to
differences in analgesic efficacy across clinical studies. This
anatomical difference may explain why TPVB can provide
a more consistent sensory blockade and may contribute
to its superior analgesic effect observed in some clinical
settings. In our study, this potential anatomical advantage
may be reflected in lower morphine consumption and
lower pain scores during the 12 postoperative hours, as

well as reduced rescue tramadol requirements in patients
receiving TPVB compared with ESPB.

No block-related complications were documented in
either group. Similarly, no between-group differences
were observed in perioperative hemodynamic or
respiratory parameters. Furthermore, PACU stay and
LOS were comparable between the groups. However,
given the retrospective nature of the study, the absence
of documented block-related complications should be
interpreted cautiously and should not be considered
evidence of equivalent safety between the two techniques.

Limitations

This study has several limitations. First, its retrospective
design introduces the possibility of selection bias and
unmeasured confounding factors. In particular, the
choice of regional anesthesia technique was based on
anesthesiologist preference, which may have introduced
selection bias and residual confounding despite the
use of a standardized institutional protocol. However,
the relatively large cohort size, including 424 patients,
allowed a comprehensive comparison of postoperative
analgesic outcomes between TPVB and ESPB. Second,
although the RA techniques were performed according
to a standardized institutional protocol, the blocks
were administered by different anesthesiologists, and
individual differences in clinical practice and technical
experience may have influenced the outcomes; this may,
however, also reflect real-world clinical practice. Although
dermatomal sensory assessment was routinely performed
in our clinical practice following the block, block efficacy
was documented as successful or unsuccessful. However,
detailed documentation of the exact dermatomal spread
was not consistently available for retrospective analysis.
Therefore, the possibility of incomplete or suboptimal
blocks cannot be entirely excluded. Third, as this was a
single-center study, the generalizability of our findings may
be limited. Fourth, the relatively long study period may have
introduced temporal variations in anesthetic management,
perioperative care, and postoperative analgesic practices,
which could have affected the observed outcomes. Finally,
theretrospectiveassessmentof postoperativecomplications
relied on available medical records, and minor or transient
complications may have been underreported. In addition,
long-term outcomes, including persistent chronic pain and
functional recovery, were not assessed.

Conclusion

In conclusion, in this retrospective observational study,
TPVB was associated with lower PACU opioid consumption,
a lower requirement for rescue analgesia, and statistically



102

lower postoperative NRS scores at several time points
compared with ESPB in patients undergoing VATS. However,
the absolute differences were relatively small, and their
clinical relevance may therefore be limited. No block-related
complications were documented in either group, and PACU
stay and LOS were comparable between the groups. Overall,
althoughTPVB was associated with lower early postoperative
opioid requirements and NRS scores compared with ESPB,
these findings should not be interpreted as definitive
evidence of a clinically meaningful advantage over ESPB.
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ABSTRACT

Objectives: One-lung ventilation (OLV) is used during thoracic surgery to protect the healthy lung from contamination while providing
optimal surgical exposure. This study evaluated successful lung isolation and the time to lung collapse using the Univent blocker in patients
undergoing thoracoscopic surgery.

Methods: Patients requiring lung isolation between November 2014 and February 2016 were prospectively enrolled. Demographic data, ASA
physical status, Mallampati and Cormack-Lehane scores, and the need for airway adjuncts were recorded. Placement time was defined as the
interval between laryngoscopy and bronchoscopic confirmation of blocker position. Lung collapse was assessed by the surgeon at 5, 10, 15,
and 20 minutes after blocker inflation. Airway pressures (peak, plateau, and PEEP), dynamic compliance, inspired oxygen fraction (FiO,), and
end-tidal carbon dioxide (EtCO,) were monitored throughout surgery.

Results: Twenty-eight patients completed the study. The right lung was isolated in 17 (61%) patients and the left lungin 11 (39%). At 5 minutes,
lung collapse was graded as poor in 11%, fair in 64%, and excellent in 25% of patients; at 20 minutes, 50% were graded as fair and 50% as excel-
lent. Blocker placement times were similar between right- and left-sided isolation (1344107 s vs. 117+77 s). However, the time to lung collapse
was significantly longer for right-sided isolation (2224148 s vs. 142456 s, p<0.05). Respiratory mechanics were comparable between groups.
Conclusion: The Univent blocker provides effective lung isolation. Although adequate lung collapse requires a certain amount of time, respi-
ratory mechanics remain preserved during OLV.

Keywords: Bronchial blocker, one-lung ventilation, video-assisted thoracic surgery
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more common after using DLTs.!! These disadvantages
have required the development of new tools, and
therefore, BBs have been developed.

Introduction

One-lung ventilation (OLV) is used for various types of
surgeries. There are mainly two tools for this purpose:

double-lumen tubes (DLTs) and bronchial blockers (BBs). BBs are devices that can be selectively inflated at the

Although DLTs are more commonly used, they have some
disadvantages. These disadvantages become important
in difficult intubation situations or in cases requiring
long postoperative mechanical ventilation. Besides these
disadvantages, difficulty in selecting the appropriate tube
size, difficulty in placement during laryngoscopy, damage
to the tracheal cuff, and major tracheobronchial injury are

bronchial entrance by passing near or through single-
lumen tracheal tubes. Univent tube (UT), Arndt BB, Cohen
BB, balloon catheters, Uni-blockers, and EZ-blocker are
BBs that are alternatives to DLTs. Their advantages include
selective lobar blockade, more convenient application
in difficult intubation cases, and use in special cases
(patients with tracheostomy).?3!
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The Univent tube (Fuji Systems Corporation, Tokyo, Japan)
(UT) represents a reliable alternative for lung isolation in
thoracic surgery as a single-lumen endotracheal tube with
a movable endobronchial blocker in a small channel.**
It possesses the advantages of BBs and is suitable for use
with a closely attached ETT.

Effective lung collapse is essential for optimal surgical
exposure in thoracoscopic surgery. However, previous
studies have reported inconsistent results regarding lung
collapse time and ease of insertion when comparing DLTs
and BBs." This prospective observational study aimed to
evaluate the quality and time required for lung collapse
using the Univent bronchial blocker in patients undergoing
thoracoscopic surgery. Secondary outcomes included
the need for auxiliary equipment during intubation,
malposition rate, and respiratory parameters during OLV.

Methods

This prospective observational clinical study was
conducted between November 2014 and February 2016
with the approval of the Istanbul University, istanbul
Faculty of Medicine Clinical Studies Ethics Committee
(2013/1073). The study was conducted in accordance with
the principles of the Declaration of Helsinki. Patients aged
18-80 years were included in the study after obtaining
informed consent for elective procedures requiring lung
isolation at the Department of Thoracic Surgery of Istanbul
University Istanbul Faculty of Medicine. Exclusion criteria
were ischemic heart disease, severe chronic obstructive
pulmonary disease (forced vital capacity <50% and/or
forced expiratory volume <50% at the end of 1 second),
chronic renal failure, severe liver disease, and difficult
intubation cases (Mallampati 4).

The demographic data of the patients, together with their
chronic diseases (diabetes mellitus [DM], hypertension
[HT], ischemic heart disease [IHD], etc.), and ASA (American
Society of Anesthesiologists) scores for risk assessment
were recorded. The Mallampati score before intubation
and the Cormack-Lehane score during laryngoscopy were
noted. Additionally, records included the need for auxiliary
equipment (Bonfils, McCoy blade, etc.) during intubation,
as well as the lung selected for isolation.

Anesthesia Management

Standard monitoring (ECG, noninvasive blood pressure,
and peripheral oxygen saturation [SpO,]) was applied, and
hydration was initiated in all unpremedicated patients.
Preoxygenation was performed, followed by mask
ventilation with a fraction of inspired oxygen (FiO,) of 1.0.
Anesthesia was induced with midazolam (0.05 mg/kg),

fentanyl (2 pg/kg), propofol (2 mg/kg), and rocuronium
(0.6 mg/kg). After induction, tracheal intubation was
performed using a UT, and the bronchial blocker was
positioned according to the surgical side under fiberoptic
bronchoscope (FOB) guidance. All procedures were
performed by at least one anesthesiologist experienced in
thoracic surgery. The time from the onset of laryngoscopy
to correct placement with FOB was recorded as the
insertion time. The additional need for FOB visualization
was also noted.

Lung Isolation Assessment

The lung collapse score was evaluated by the thoracic
surgeon at 5, 10, 15, and 20 minutes after the blocker
was inflated, using a grading scale from 0 to 10 (Grade
0-10; 0: fully expanded; 10: fully collapsed). Patients were
categorized into three groups based on the collapse score
to evaluate the effectiveness of lung isolation: scores of
0-3 indicated insufficient blocking (poor), 4-7 indicated
moderate blocking (fair), and 8-10 indicated successful
blockade (excellent). The time taken for lung collapse
based on this assessment was recorded. If lung collapse
did not develop, the reasons were specified (secretion,
malposition, anatomical variation, etc.).

Follow-up

Adverse events experienced during this period (decrease in
saturation, difficulty in ventilation, leakage in tidal volume,
unsuccessful attempt) were recorded. During the procedure,
respiratory mechanics parameters, including airway
pressures (peak, plateau, PEEP), tidal volumes, dynamic
compliance, inspiratory O, concentration (FiO,), and end-
expiratory CO, (EtCO,), were monitored and recorded.

Statistical Analysis

Statistical analysis was performed using the GraphPad
Instat 3 program. Numerical values between groups were
expressed as mean and standard deviation. The t-test was
used for comparison, and ANOVA was used for repeated
measures. The Chi-square test was used to compare the
two groups in the evaluation of categorical data. A p-value
<0.05 was considered statistically significant.

Results

The study was carried out between November 2014 and
February 2016. Thirty participants were prospectively
evaluated. Two patients were excluded from the evaluation
duetoinsufficient data. Therefore, the study was completed
with 28 patients. Demographic data and preoperative and
operative characteristics of all patients according to groups
are summarized in Table 1.
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Table 1. Demographic and operative data

The Cardiovascular Thoracic Anaesthesia and Intensive Care Society

Table 2. Lung collapse scores

Total Right Left
(n=28) (n=17) (n=11)

Age (year) 52419  57+18  45+18
BMI (kg/m?) 26.2+4.6 268144 252448
Gender

Male 15 8 7

Female 13 9
ASA scores

I 5 2 3

Il 20 13

I 3 2
Mallampati scores

I 16 10

Il 8 3 5

11
Cormack-lehane scores

I 18 10 8

Il 7 4 3

I 3 3 0
Metastasectomy / 10(36%) 7 (41%) 3(27%)
Segmentectomy/ Wedge resection
Lobectomy /Pneumonectomy 14(50%) 8(47%) 6 (55%)
Extrapulmonary 4(14%) 2(12%) 2 (18%)
(mediastinum, pleura)
Auxiliary equipment 3 3 0

(Bonfils, McCoy blade, etc.)

Values are given as number of patients + standard deviation and percentage within
its own group. BMI: Body mass index; ASA: American society of anesthesiologists.

Lobectomy cases (47%) comprised the majority of surgeries
performed in the patients. Metastasectomy cases were the
second most frequent procedure. There was no significant
difference between the demographic data of patients who
underwent right- and left-sided blockade.

Half of the patients had a previous intubation history.
However, three patients required the use of auxiliary
equipment during intubation before OLV. No association
was found between the Mallampati score and difficult
intubation in these patients.

While aMcCoy laryngoscope was used as an auxiliary device
in two of these patients, the other patient underwent nasal
intubation using an FOB.

The collapse scores of the blocked lungs are presented in
Table 2.

The time taken for UT insertion in the right- and left-sided
blocking groups was determined as 134+107 seconds for
the right side and 117+77 seconds for the left side. There
was no statistically significant difference between the two
groups (p>0.05).

Collapse scores 0-3 (n) 4-7 (n) 8-10 (n)
5% min
Right 2 (12%) 11 (65%) 4 (23%)
Left 1(9 %) 7 (64%) 3(27%)
10" min
Right 2 (12%) 10 (59%) 5 (29%)
Left 1 (9%) 7 (64%) 3(27%)
15% min
Right 1 (6%) 11 (65%) 5 (29%)
Left 0 7 (64%) 4 (36%)
20% min
Right 8 (47%) 9 (53%)
Left 0 6 (55%) 5 (45%)

FOB was reused in 29% (n=8) of patients after Univent BB
insertion. Blocker placement had to be reconfirmed with
FOB once in 6 patients, twice in 1 patient, and three times
in 1 patient.

Afterintubation, thetimetolung collapse following placement
and inflation of the Univent BB was 222+148 seconds for the
right lung and 142+56 seconds for the left lung (p<0.05).

Hypoxemia was not observed in any patient.

When the compliance values observed at the 5, 10t, 15,
and 20" minutes after OLV initiation were compared, no
significant difference was found between the two groups
(p>0.05) (Fig. 1).

A comparison of the peak and plateau pressures recorded
at the first 5, 10, 15, and 20 minutes after OLV is presented
in Figures 2 and 3. There was no significant difference
between the groups in terms of both peak and plateau
pressures (p>0.05).

Discussion

In this study, effective lung isolation was achieved using
a Univent tube in patients undergoing OLV, with an
acceptable time to achieve lung isolation. Although
right-sided bronchial blocker positioning took longer,
lung deflation times were similar between the lungs.
No significant changes in respiratory mechanics (airway
pressures and lung compliance) were observed during OLV.

The main devices used for lung isolation are double-lumen
tubes (DLTs) and bronchial blockers (BBs). Although DLTs
are widely considered the gold standard for one-lung
ventilation,”! the use of BBs has increased in recent years.®
Previous studies have primarily compared DLTs with various
BBs (Univent, EZ Blocker, Arndt, Cohen, etc.) in terms of lung
collapse time and quality. Studies assessing the quality of
lung collapse with UT are scarce. One trial reported that the
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use of a UT for OLV provided “excellent” surgical conditions
in 89% of patients.® Similarly, in our study, adequate lung
collapse was achieved in 95% of patients by the fifth minute.
These findings suggest that the UT provides effective
bronchial blockade and facilitates satisfactory lung collapse.

Several studies have evaluated lung collapse time by
comparing DLTs with BBs, as well as different types of BBs.
Palaczynski et al.® demonstrated that lung collapse was
achieved more rapidly with DLTs than with BBs (9.8 vs. 12.3
min); however, despite reaching statistical significance,

the 2.5-minute difference was not considered clinically
meaningful. In the same study, the mean time required
to achieve lung isolation with BBs was reported as 192
seconds. In another study, Hosten et al.'"” demonstrated
that the placement time was significantly longer for the EZ
blocker compared with the UT. In our study, BB placement
times were consistent with those reported in the literature
(right: 134+107 s; left: 11777 s; p>0.05).

The definition of lung collapse time differs significantly
between studies and limits direct comparison of results.
1 While some authors define this interval from anesthesia
induction, others use the onset of laryngoscopy as the
starting point. In the present study, lung collapse time was
defined as the interval from the initiation of laryngoscopy
to the achievement of effective lung isolation."” Although
lung collapse time was significantly longer on the right
side (right: 222+148 s; left: 142456 s; p<0.05), the observed
difference was approximately 80 seconds. This finding may
be explained by the additional time required for accurate
bronchial blocker positioning after identification of the
right upper lobe bronchus, which is anatomically more
challenging than left-sided placement. Nevertheless,
previous studies comparing different lung isolation
techniques have reported substantially larger differences in
lung collapse times (approximately 2-3 minutes) that were
not considered clinically relevant. Therefore, despite reaching
statistical significance, the 80-second difference observed in
our study is unlikely to have meaningful clinical implications
for surgical exposure or intraoperative management.®

Another problem encountered in similar studies is that a
single measurement could not be provided for collapse
classification. Scoring was explained to the surgical team
before the study, and they were asked to provide a score out
of 10 for lung collapse. The evaluation was then classified
as “excellent,” “fair,” or “poor” In 10% of study subjects
(two right and one left lung isolation), it took more than
10 minutes to achieve satisfactory surgical visualization;
effective deflation was achieved from the 15" minute
onward. A similar scoring system was also mentioned in a
review published by Xiang et al."!

Malposition is a well-known drawback of BBs, with a
considerable range of incidence.®'>'3 Langiano et al.'™
reported in a multicenter prospective observational study
that the malposition rate for DLTs was lower than that for
BBs (14% vs. 33%). The major limitation of this review was
that DLT use accounted for 95% of cases, whereas BB use
accounted for only 5%, making statistical comparisons
vulnerable. Another review reported a significant
difference in malposition rates between BBs and DLTs
(31.9% vs. 25.3%, respectively).”! In our study, fiberoptic
bronchoscopy (FOB) was performed in 8 patients (29%)
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due to suspected malposition. In two cases, suspicion
arose from re-ventilation of the collapsed lung, whereas in
the remaining six patients, changes in airway parameters
(e.g., increased airway pressures and decreased tidal
volumes) were observed. Similarly, Hien et al.®! reported
a malposition rate of 18% in patients undergoing
thoracoscopic thymectomy with a Univent tube without
neuromuscular blockade. In all lung isolation methods,
anesthesiologists must quickly suspect these conditions
and control them with FOB.'¥ Furthermore, experienced
thoracic anesthesiologists can detect subtle changes in
respiratory mechanics and intervene promptly, thereby
minimizing the clinical consequences of malposition.

Thoracic surgery and one-lung ventilation (OLV) are
associated with alterations in respiratory mechanics
resulting from both the lateral decubitus position and lung
isolation. Previous studies have demonstrated increased
peak and plateau airway pressures and a 20-30% reduction
in lung compliance following the initiation of OLV. For
example, Gao etal." reported significantincreases in airway
pressures together with decreased compliance during lung
isolation. In contrast, our study did not demonstrate a
significant deterioration in respiratory mechanics during the
first 20 minutes of OLV. Compared with the 5" minute, mean
compliance at the 20" minute decreased by only 4.2% in
patients undergoing right-sided lung isolation and by 9.2%
in those undergoing left-sided isolation. Low-risk patients,
represented by ASA scores, and normal BMI may contribute
to the preservation of respiratory dynamics. Although
most studies have focused on comparing lung isolation
devices rather than respiratory mechanics, available data
similarly suggest minimal differences between techniques.
Studies comparing double-lumen tubes and bronchial
blockers have reported comparable tidal volumes and
airway pressures,'? while Hosten et al."® found similar peak
pressures between the EZ blocker and Univent tube groups
despite minor differences in plateau pressures during OLV.
Consistent with these findings, we observed no significant
differences in peak or plateau airway pressures between
right- and left-sided bronchial blocker placement.

Hypoxemia, sore throat, and airway trauma may develop
with the use of DLTs.%'%'"! In our study, 3 (11%) patients
were evaluated as having difficult intubation, and auxiliary
equipment was used.

Conclusion

In this study, the Univent tube achieved effective lung
isolation for thoracoscopic surgery within an acceptable
time frame. Malposition during OLV is not uncommon but
can be easily managed with bronchoscopic control and
repositioning of the blocker.

The Cardiovascular Thoracic Anaesthesia and Intensive Care Society
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ABSTRACT

Objectives: During cardiopulmonary bypass (CPB), temperature, lactate, and NIRS-derived cerebral oxygen saturation (rSO,) are recorded simul-
taneously; however, whether they provide complementary or interchangeable information remains unclear. In adults undergoing elective on-
pump coronary artery bypass grafting (CABG), we examined their within-patient relationships across consecutive CPB phases and tested whether
temperature and lactate remained independently associated with rSO, after adjustment for hematocrit, mean arterial pressure (MAP), and PaCO,.
Methods: This prospective, single-center, observational study included 85 adults undergoing elective isolated on-pump CABG. MAP, esopha-
geal temperature, bilateral frontal rSO,, lactate, hematocrit, and PaCO, were recorded simultaneously at seven CPB-related phases, yielding
595 phase-level observations. Within-patient associations were evaluated using repeated-measures correlation. Adjusted associations were
assessed with a linear mixed-effects model and supported by active-CPB, hemisphere-specific, and interhemispheric-agreement analyses.
Results: Cerebral rSO, decreased after CPB onset, lactate increased progressively, and hematocrit declined. Within-patient correlations among
temperature, lactate, and rSO, were statistically significant but negligible (all ’<0.025). In the mixed-effects model, hematocrit (standardized
=1.66), MAP (3=1.05), and PaCO, (3=0.85) were independently associated with cerebral rSO, (all p<0.003), whereas temperature and lactate
were not. This pattern was preserved in active-CPB and hemisphere-specific analyses. Interhemispheric agreement was high, supporting the
use of the bilateral mean for this population-level analysis.

Conclusion: During CPB in elective CABG, temperature, lactate, and cerebral rSO, behaved as complementary, non-redundant signals rather
than interchangeable perfusion indices. Cerebral oxygenation was independently associated with hematocrit, MAP, and PaCO,, supporting

cautious multiparameter interpretation and multicenter outcome-based confirmation.
Keywords: Blood lactate, body temperature, cardiopulmonary bypass, cerebral oxygenation, near-infrared spectroscopy
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Introduction

Coronary artery disease is one of the leading causes
of cardiovascular morbidity and mortality worldwide.
Coronary artery bypass grafting (CABG) is a widely used
and effective surgical method to restore myocardial blood
flow in severe coronary artery disease." In conditions such
as complex multivessel disease, left main coronary artery

Address for correspondence: Serkan Telli, MD. Kiitahya Saglik Bilimleri Universitesi, Anesteziyoloji ve Reanimasyon Anabilim Dali, Kiitahya, Turrkiye

Phone: +90 543 715 62 03 E-mail: serkan.telli@ksbu.edu.tr

Submitted: March 03,2026 Revised: June 10,2026 Accepted:July 13,2026 Available Online: September 25,2026

The Cardiovascular Thoracic Anaesthesia and Intensive Care - Available online at www.gkdaybd.org
OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

stenosis, or diabetes mellitus, CABG remains the gold-
standard revascularization strategy that improves long-
term survival and reduces major cardiovascular events.™?

Cardiopulmonary bypass (CPB) facilitates surgical exposure
by providing a bloodless operative field; however, CPB-
related physiological alterations may predispose patients
to various postoperative complications.®! During CPB,
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hypothermia, hemodilution, and non-pulsatile flow may
adversely affect cerebral oxygenation and increase the risk
of postoperative neurological complications. To monitor
perfusion intraoperatively, body temperature, arterial
blood lactate, and near-infrared spectroscopy (NIRS)-
derived cerebral oxygen saturation (rSO,) are routinely
recorded, and the relationships among these parameters
have been investigated.®

Several clinical studies have shown that blood lactate
concentration can serve as a prognostic marker across
various conditions, including adult cardiac surgery; early
recognition of hyperlactatemia and prompt correction of
its underlying causes may help prevent complications and
improve outcomes.%!

Hypothermia, applied during CPB for organ protection,
reduces oxygen consumption by slowing metabolic
activity, yet may substantially alter the balance between
cerebral oxygen supply and demand.”-

Despite the routine, simultaneous availability of these
three signals, they have most often been examined
individually or at isolated time points, and the literature
addressing their joint behavior across the distinct
physiological phases of CPB remains limited. Two
considerations complicate their interpretation. The first
is methodological: because each patient is measured
repeatedly during CPB, the way these signals co-vary
within a patient over time can be captured only by analyses
that respect this repeated-measures structure, such as
repeated-measures correlation; pooling all observations
as though they were independent can distort the true
associations. The second is physiological: cerebral rSO, is
governed chiefly by the determinants of arterial oxygen
delivery—above all hematocrit, mean arterial pressure,
and PaCO,—so any association of temperature or lactate
withrSO, mustbejudged only afterthese dominantfactors
have been taken into account. Clarifying which of these
routinely monitored signals genuinely track together
within a patient, and which are independently associated
with cerebral oxygenation, is clinically relevant: it informs
whether they may be interpreted as complementary, non-
redundant perfusion indicators during CPB and guards
against over-reliance on any single index.

Accordingly, in patients undergoing elective on-pump
CABG, the primary aim of this study was to determine
whether body temperature, arterial lactate, and cerebral
rSO, behave as complementaryratherthaninterchangeable
perfusion signals across seven consecutive phases of
CPB. We addressed this in two steps: first, by quantifying
the within-patient associations among the three signals
with repeated-measures correlation; and second—in

our primary multivariable analysis—by testing in a linear
mixed-effects model whether temperature and lactate
remain independently associated with cerebral rSO, after
mutual adjustment for hematocrit, mean arterial pressure,
and PaCO,. As a secondary analysis, we examined the
phase-specific (cross-sectional) associations among the
three signals at each surgical stage. Finally, as exploratory
analyses—and to justify the use of an averaged bilateral
rSO,—we assessed interhemispheric (right-versus-left)
agreement and summarized intraoperative hypotension
exposure for hemodynamic context.

We hypothesized that body temperature, lactate, and
cerebral rSO, would show statistically detectable but weak
within-patient associations during CPB, consistent with
their reflecting distinct, complementary facets of tissue
perfusion rather than interchangeable measures.

Methods

Study Design and Setting

This prospective, observational, single-center study was
conducted in adult patients undergoing elective coronary
artery bypass grafting (CABG) with cardiopulmonary
bypass (CPB) between 1 June 2024 and 1 June 2025. All
measurements were obtained within routine clinical
practice without interrupting standard care. The study is
reported in accordance with the STROBE statement for
observational studies.

Ethical Approval and Consent

The study was conducted in accordance with the principles
of the Declaration of Helsinki. Approval was obtained
from the Kiitahya Health Sciences University Non-Clinical
Research ethics committee (approval date: 15 January
2024; approval number: 2024/01-01). Written informed
consent was obtained from all participants.

Participants

Inclusion criteria: Adult patients (=18 years) scheduled for
isolated elective CABG with CPB.

Exclusion criteria: Emergency surgery, redo CABG,
concomitant cardiac procedures (e.g., valve surgery),
or inability to obtain the predefined target parameters
(temperature, NIRS, and lactate) at the designated time
points.

For eligible patients, demographic data (age, sex, body
mass index [BMI], weight, and height), comorbidities, and
perioperative measurements (arterial blood pressure, heart
rate, body temperature, and arterial blood gas parameters)
were recorded.
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Anesthesia and Perioperative
(Standard Care)

Patients were monitored according to American Society
of Anesthesiologists (ASA) standards. CPB was conducted
according to the institutional protocol, comprising
cooling/hypothermia and rewarming phases with a target
hypothermic temperature of 32°C. Acid-base status
during hypothermic CPB was managed using an alpha-
stat strategy, with arterial blood gases interpreted at 37°C
without temperature correction. Ventilation, fluid and
blood-product management, and vasopressor/inotrope
use were guided by clinical requirements.

Management

Measurements and Time Points

At each of the following surgical phases, mean arterial
pressure (MAP), body temperature, frontal NIRS (right and
left hemispheres), and arterial blood gas parameters were
recorded simultaneously:

+ Post-induction: After induction, prior to incision, once
hemodynamically stable.

+ CPB 100%: Within the first 5 minutes after initiation of
CPB and attainment of target indexed pump flow (2.2-
2.4 L/min/m?).

» Cooling phase: During cooling toward the target
temperature (32°C), at a body temperature of 33-34°C.

« Hypothermia phase: After reaching 32°C and
remaining stable for =10 minutes.

- Rewarming phase: After aortic cross-clamp removal,
during rewarming, at 34-35°C.

- CPB weaning: The final measurement at full pump flow
immediately before terminating CPB.

+ Post-decannulation: After cannula
stable on native circulation.

removal, once

Body temperature was measured with an esophageal
probe (°C). Cerebral oxygen saturation (rSO,) was
continuously monitored using NIRS sensors (INVOS 5100C,
Medtronic Inc., Dublin, Ireland) placed bilaterally over the
frontal region (%); baseline values were obtained prior to
induction. At each phase, the arithmetic mean of the right
and left hemispheric rSO, values was calculated as the
primary cerebral oxygenation index, while the individual
hemispheric values were retained for the hemisphere-
specific (lateralization) analysis. From the same arterial
blood gas sample at each phase, lactate, hematocrit, PaCO,,
Pa0,, and pH were obtained. Hemoglobin concentration
was not measured separately; therefore, hematocrit was
used as a pragmatic surrogate for hemoglobin and the
associated arterial oxygen-carrying capacity. Lactate was
reported in mmol/L. Pump flow was recorded during the
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active-CPB phases as absolute flow (L/min) and was used
only in the active-CPB sensitivity model.

Variables

Primary cerebral-oxygenation variable: Mean cerebral
rSO, (arithmetic mean of the right and left frontal values);
the separate right and left frontal values served as
dependent variables in the hemisphere-specific analyses.

Time-varying predictors: Body temperature, arterial
lactate, hematocrit, MAP, and PaCO,, with pump flow added
only for the active-CPB phases; PaO, and pH were treated
as additional physiological variables.

Baseline (time-invariant) characteristics: Age, sex, BMI,
diabetes mellitus, and hypertension.

Statistical Analysis

Descriptive statistics: Continuous variables are presented
as meanzxstandard deviation or median (interquartile
range, Q1-Q3) according to distribution; categorical
variables are presented as number and percentage (n [%]).
Normality was assessed using the Shapiro-Wilk test and
histogram/Q-Q plots.

Main analysis — independent determinants of cerebral
oxygenation (multivariable mixed-effects model):
A linear mixed-effects model was fitted to identify the
independent determinants of cerebral oxygenation
while accounting for the repeated-measures structure
of the data. Mean cerebral rSO, was the dependent
variable; body temperature, lactate, hematocrit, MAP,
and PaCO, were entered simultaneously as standardized
(z-transformed) fixed effects, with a patient-specific
random intercept. The random intercept was specified to
account for stable between-patient differences in baseline
cerebral oxygenation, so that the fixed effects reflect
phase-level variation in the physiological predictors. Time-
invariant characteristics (age, sex, BMI, diabetes mellitus,
hypertension) were summarized descriptively and were
not entered as fixed effects; accordingly, the fixed-effect
estimates were interpreted as mutually adjusted, phase-
level associations between the time-varying physiological
variables and cerebral rSO,, while accounting for the
clustering of repeated observations within patients, rather
than as causal effects. The intraclass correlation coefficient
(ICC) was reported to quantify between-patient variance.
Standardized coefficients were used to allow comparison
of the relative magnitude of associations across predictors
and were not interpreted as correlation coefficients.

Sensitivity analysis: The model was refitted using only the
active-CPB phases, with pump flow added as a fixed effect,
to assess the stability of the determinants under on-bypass
conditions.
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Within-patient correlation: Repeated-measures
correlation (rmcorr) characterized the overall within-patient
associations among temperature, lactate, and mean rSO,
across the repeated measurements; the coefficient of
determination (r?) was reported as an effect-size measure.!'"

Hemisphere-specific analysis: To examine cerebral
lateralization, right and left rSO, values were analyzed
separately (rmcorr with lactate and temperature).
Interhemispheric agreement between paired right and left
values was assessed using rmcorr together with Bland-
Altman analysis (mean bias and 95% limits of agreement),
andthe proportion of measurements with clinically relevant
asymmetry (absolute right-left difference >10%) was
reported. To directly address the use of averaged bilateral
rSO,, the main linear mixed-effects model was additionally
refitted with right and left frontal rSO, as the dependent
variables separately, and the independent determinants
were compared across hemispheres.

Phase-specific (instantaneous) associations: Spearman
rank correlations were computed within each surgical
phase for the temperature-rSO,, temperature-lactate, and
rSO,—lactate relationships. To control type | error inflation,
the Holm correction was applied within each relationship
family (across the seven phases), and adjusted p values
were reported.

Exploratory hypotension-exposure analysis: The
proportion of predefined phase-level measurements with
MAP<65 and <60 mmHg was summarized descriptively at
the phase and patient levels. This analysis was hypothesis-
generating and was not used for confirmatory inference.

Missing data and software: The physiological variables
included in the models (temperature, mean and
hemispheric rSO,, lactate, hematocrit, MAP, PaCO,) were
complete for all 595 phase-level observations (85 patients
X 7 phases). Statistical significance was set at p<0.05 (two-
sided). Analyses were performed in R (version 4.2.0 or later;
R Foundation for Statistical Computing, Vienna, Austria)
using the Ime4 and ImerTest packages for mixed-effects
modeling, the rmcorr package for repeated-measures
correlation, and base R for Spearman correlations and
Holm adjustment.

Sample size: An a priori power analysis was performed
using G*Power (version 3.1.9.7; Heinrich-Heine-
Universitat, Diisseldorf, Germany) based on an expected
correlation coefficient of approximately 0.30 for
comparable physiological parameters in cardiac surgery
(exact test, bivariate normal model, two-tailed a=0.05,
power=0.80). The minimum required sample size was 84
patients, and 85 were enrolled. Although each patient
contributed seven phase-level measurements, these

repeated observations were not treated as independent;
all repeated-measures analyses accounted for within-
patient clustering using either mixed-effects modeling or
repeated-measures correlation.

Results

Patient and Procedural Characteristics

A total of 85 patients undergoing elective on-pump CABG
were studied. The mean age was 62.80+11.16 years (range
38-88); 54 (63.5%) were men and 31 (36.5%) were women.
The mean body mass index was 27.38+4.02 kg/m’, the
mean weight was 76.47+12.47 kg, and the mean height
was 167.14+8.56 cm. At least one comorbidity in addition
to coronary artery disease was present in 70 patients
(82.4%), most commonly hypertension (48; 56.5%) and
diabetes mellitus (29; 34.1%). The mean total operative
time was 333.3+£71.7 min, cardiopulmonary bypass time
was 164.6+62.4 min, and aortic cross-clamp time was
131.7459.8 min. Packed red blood cells were transfused in
32 patients (37.6%) and fresh frozen plasma in 65 patients
(76.5%); among transfused patients, the mean amounts
were 1.7 and 4.6 units, respectively (Table 1).

Phase-wise Changes in Body Temperature,
Cerebral rSO,, and Lactate

Body temperature fell from 36.08+0.29°C after induction
to a nadir of 31.52+1.46°C during the hypothermia phase,

Table 1. Baseline and procedural characteristics

Characteristic Value

Demographic and clinical characteristics
Age (years), mean+SD 62.80+£11.16
Body mass index (kg/m?), mean=SD 27.38+4.02
Weight (kg), mean+SD 76.47+12.47
Height (cm), mean+SD 167.14£8.56
Sex — male, n (%) 54 (63.5)
Sex — female, n (%) 31(36.5)
Comorbidity other than coronary artery disease, n (%) 70 (82.4)
Diabetes mellitus, n (%) 29 (34.1)
Hypertension, n (%) 48 (56.5)

Procedural characteristics
Total operative time (min), mean+SD 333.3+71.7
Cardiopulmonary bypass time (min), mean+SD 164.6+62.4
Aortic cross-clamp time (min), mean+SD 131.7£59.8
Packed red blood cells transfused, n (%) 32 (37.6)
Fresh frozen plasma transfused, n (%) 65 (76.5)

Values are mean=SD or n (%); n=85. Among transfused patients, the mean number of
units administered was 1.7 (packed red blood cells) and 4.6 (fresh frozen plasma). SD:
Standard deviation.




114

Table 2. Physiological variables across surgical phases
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Phase Temperature Mean rSO, Lactate MAP Hematocrit PaCoO, PaO, Pump flow
(°C) (%) (mmol/L) (mmHg) (%) (mmHg) (mmHg) (L/min)
Post-induction 36.08+0.29 64.5+9.4 1.00 (0.80-1.40) 74.5+12.5 39.6+5.1 37.7+43  125.2+67.8 —
CPB 100% 34.68+1.78 60.0+9.5 1.00 (0.80-1.30) 68.6+£13.5 31.245.5 40.8+5.5 207.3+81.0 4.2+04
Cooling 33.20+1.15 57.9+9.3 1.00 (0.70-1.40) 70.7+12.7 30.8+6.2 40.1£4.5 221.8+80.6 4.1+0.5
Hypothermia 31.52+1.46 58.3+8.9 1.20(0.90-1.70) 69.8+12.5 27.8+4.7 421459  234.6+67.9 4.2+0.5
Rewarming 34.30+1.12 58.0+8.5 1.40(1.00-2.20) 72.2+10.5 27.1+4.2 417456 22451726 4.1+0.5
CPB weaning 35.83+0.99 57.249.9 1.90(1.10-2.80) 69.6+11.1 27.4+4.0 404455  231.3+92.7 —
Post-decannulation ~ 35.96+0.38 59.2+8.5 2.00(1.20-3.10)  70.0+8.9 28.9+3.8 40.5£5.2  177.9+75.2 —

Values are mean=SD, except lactate which is median (interquartile range). Pump flow was recorded only during the active-CPB phases (CPB 100% through rewarming). n=85 per
phase. rSO;: Regional cerebral oxygen saturation; MAP: Mean arterial pressure; PaCO,/Pa0O;: Arterial carbon dioxide/oxygen tension; CPB: Cardiopulmonary bypass.

then rose progressively during rewarming and weaning
to 35.96+0.38°C after decannulation (Table 2, Fig. 1a).
Mean cerebral rSO, declined after the initiation of CPB,
from 64.5+9.4% after induction to 60.0+9.5% at full
bypass, and remained around 57-58% throughout the
cooling, hypothermic, and rewarming phases, reaching its
lowest value at CPB weaning (57.2+9.9%) before a partial
recovery after decannulation (59.2+8.5%) (Table 2, Fig.
1b). Median arterial lactate was stable during early bypass
(1.00 mmol/L from induction through cooling) and rose
progressively thereafter, from 1.20 (0.90-1.70) mmol/L
during hypothermia to 2.00 (1.20-3.10) mmol/L after
decannulation (Table 2, Fig. 1c).

Phase-wise Changes in the Principal Physiological
Covariates

Reflecting progressive hemodilution during bypass,
hematocrit fell from 39.6+5.1% after induction to a nadir
of 27.1+4.2% during rewarming, partially recovering to
28.9+3.8% after decannulation, whereas mean arterial
pressure (68-75 mmHg), PaCO, (=40-42 mmHg), and
pump flow (4.1-4.2 L/min during the active-CPB phases)
remained stable (Table 2).

Phase-specific (Instantaneous) Correlations

Within-phase associations among the three signals were
assessed by Spearman correlation with Holm correction
across the seven phases (Appendix 1). Almost all phase-
specific correlations were weak and non-significant after
correction. The only association to survive adjustment
was a weak-to-moderate negative correlation between
body temperature and mean rSO, at CPB weaning (p=-
0.301; unadjusted p=0.005; Holm-adjusted p=0.036),
indicating that, at the point of bypass termination, higher
temperatures coincided with lower cerebral oxygenation;
no temperature-lactate or rSO,—-lactate correlation reached
significance at any phase.

Within-patient and Hemisphere-specific
Correlations

Across the repeated measurements, within-patient
correlations (rmcorr) were statistically significant but of
negligible magnitude for all three relationships (Table 3):
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Figure 1. Perioperative changes in body temperature, mean cerebral
rSO,, and arterial lactate across surgical phases. Phase-wise trends of
(a) body temperature (mean+SD), (b) mean cerebral rSO, (mean+SD),
and (c) arterial lactate (median, with interquartile range) across the
seven surgical phases of cardiopulmonary bypass. The dashed line in
(a) marks the 32 °C hypothermic target. n=85 per phase.

rSO,: Regional cerebral oxygen saturation; SD: Standard deviation.
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Table 3. Within-patient and hemisphere-specific correlation analyses

Relationship r 95% Cl r P
Panel A — Within-patient (repeated-measures) correlations, mean rSO,
Temperature <> Lactate 0.157 0.071 t0 0.241 0.025 <0.001
Mean rSO, <> Lactate -0.136 -0.220 to -0.050 0.018 0.002
Temperature <= Mean rSO, 0.131 0.045t00.216 0.017 0.003
Panel B— Hemisphere-specific correlations
Right rSO, <= Lactate -0.100 -0.185t0-0.014 0.010 0.023
Left rSO, <= Lactate -0.147 -0.230 t0 -0.061 0.022 0.001
Temperature <= Right rSO, 0.115 0.029 to0 0.200 0.013 0.009
Temperature <> Left rSO, 0.122 0.036 to 0.207 0.015 0.006
Measure Value

Panel C — Interhemispheric agreement (right vs left rSO,)
Right-Left correlation (rmcorr)
Mean difference (right — left)
Mean absolute difference
Bland-Altman limits of agreement
Clinically relevant asymmetry (Jright — left| > 10%)

r=0.632; p <0.001
+0.17%
4.46%
-13.2% to +13.5%
6.4% of measurements

rmcorr: Repeated-measures correlation; Cl: Confidence interval; r*: Coefficient of determination. All within-patient correlations are statistically significant but of negligible magni-

tude (r’<0.025). n=595 observations across 85 patients.

body temperature with lactate (r=0.157; 95% Cl 0.071-
0.241; r*=0.025; p<0.001), body temperature with mean
rSO, (r=0.131; 95% Cl 0.045-0.216; r*=0.017; p=0.003),
and mean rSO, with lactate (r=—0.136; 95% Cl —0.220 to
-0.050; r’=0.018; p=0.002). Each signal explained less
than 3% of the within-patient variance in the others.
Hemisphere-specific analyses were concordant with the
pooled results, with identically weak right- and left-sided
correlations (all ’<0.022). Right and left rSO, were closely
correlated (rmcorr r=0.632; p<0.001), with a negligible
mean right-left difference of +0.17% and a mean absolute
difference of 4.46%; clinically relevant asymmetry (|right—
left|>10%) occurred in only 6.4% of measurements.
Although the Bland-Altman limits of agreement (-13.2% to
+13.5%) indicate that the two hemispheres are not strictly
interchangeable at the level of an individual reading,
the negligible systematic bias and the rarity of clinically
relevant asymmetry support the pragmatic use of the
bilateral mean rSO, as the summary cerebral oxygenation
index in the primary analysis.

Primary  Analysis: Physiological Factors
Independently Associated with Cerebral rSO,
(Linear Mixed-Effects Model)

In the primary linear mixed-effects model (595 observations
from 85 patients, with a random intercept per patient),
hematocrit (standardized (=1.66; 95% Cl 0.90-1.41;
p<0.001), MAP (B=1.05; 95% Cl 0.56-1.54; p<0.001),

and PaCO, (B=0.85; 95% Cl 0.30-1.40; p=0.003) were
independently associated with mean cerebral rSO,, whereas
body temperature (3=—0.21; p=0.614) and lactate (=-0.40;
p=0.267) were not significant after mutual adjustment
(Table 4, Fig. 2). The intraclass correlation coefficient was
0.60, indicating that a substantial proportion of the variance
in rSO, reflected stable between-patient differences. In a
sensitivity model restricted to the four active-CPB phases
(CPB 100% through rewarming) in which steady pump
flow was recorded (n=340), the pattern of associations
was unchanged—hematocrit (3=1.57; p<0.001), MAP
(=1.09; p<0.001), and PaCO, (f=0.86; p=0.018) remained
independently associated with cerebral rSO,—while
temperature, lactate,and pump flow (3=0.46; p=0.446) were
non-significant (ICC=0.69). When the model was refitted
separately for the right and left frontal rSO,, hematocrit
and MAP remained significant in both hemispheres, and
temperature and lactate were non-significant on both
sides, while the PaCO, association reached significance for
the right but not the left hemisphere.

Intraoperative Hypotension Exposure

Because MAP was independently associated with cerebral
oxygenation, it was retained as a time-varying physiological
predictor in the mixed-effects model; the corresponding
exposure to low intraoperative pressures was summarized
descriptively (Appendix 2). Seventy of 85 patients (82.4%)
had at least one phase with MAP<65 mmHg, and 57 (67.1%)
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Table 4. Linear mixed-effects models of mean cerebral rSO,
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Predictor B (std) SE 95% CI p Independent

Primary model — 7 phases, n=595 observations / 85 patients (pump flow excluded)
Hematocrit 1.66 0.38 0.90 to 2.41 <0.001 Yes
Mean arterial pressure 1.05 0.25 0.56 to 1.54 <0.001 Yes
PaCO, 0.85 0.28 0.30to 1.40 0.003 Yes
Temperature -0.21 043 -1.05 to 0.62 0.614 No
Lactate -0.40 0.36 -1.11t0 0.31 0.267 No

Random intercept SD=6.66 - residual SD=5.43 - ICC=0.60

Sensitivity model — active-CPB phases only, n=340 (pump flow added)
Hematocrit 1.57 0.40 0.78t0 2.36 <0.001 Yes
Mean arterial pressure 1.09 0.31 0.491t0 1.69 <0.001 Yes
PaCO, 0.86 0.37 0.15t0 1.58 0.018 Yes
Temperature 0.25 0.40 -0.55to0 1.04 0.542 No
Lactate -0.53 0.48 -1.47 t0 0.40 0.265 No
Pump flow 0.46 0.60 -0.72to 1.64 0.446 No

1CC=0.69

Dependent variable, mean cerebral rSO,. Predictors were entered simultaneously as standardized (z-transformed) fixed effects with a patient-specific random intercept; stan-
dardized coefficients are not interpreted as correlation coefficients. B: standardized fixed-effect coefficient; SE: Standard error; Cl: Confidence interval; ICC: Intraclass correlation

coefficient; CPB: Cardiopulmonary bypass.

had at least one phase with MAP<60 mmHg. Across all 595
measurements, MAP was <65 mmHg in 27.6% and <60 mmHg
in 15.5% of measurements, with low-MAP measurements
being most frequent during full bypass (CPB 100%: MAP<65
mmHg in 38.8% and MAP<60 mmHg in 27.1%).

Discussion

In this prospective, observational study of 85 adult
patients undergoing elective on-pump coronary
artery bypass grafting (CABG), we examined how three
routinely  available perfusion indices—esophageal
temperature, arterial lactate, and frontal NIRS-derived
cerebral oxygen saturation (rSO,)—behaved across seven
predefined phases of cardiopulmonary bypass (CPB) and,
more importantly, which physiological variables were
independently associated with cerebral oxygenation once
the repeated-measures structure of the data was taken
into account. Three findings define the study. First, the
three indices followed distinct phase-specific trajectories:
rSO, fell after the onset of CPB and remained below its
post-induction value throughout bypass, reaching its
lowest mean at CPB weaning before a partial recovery
after decannulation; lactate rose progressively and peaked
in the post-decannulation period; and temperature
followed the imposed cooling-rewarming profile. Second,
the within-patient associations among the three indices
were statistically detectable but of negligible magnitude
(all r’<0.025). Third—and central to this analysis—in a
linear mixed-effects model that mutually adjusted for the

principal physiological determinants, cerebral rSO, was
independently associated with hematocrit, mean arterial
pressure (MAP), and PaCO,, whereas temperature and
lactate were not. Taken together, these results indicate
that temperature, lactate, and cerebral rSO, are non-
redundant signals reporting on different physiological
compartments rather than interchangeable surrogates of
a single “perfusion” state.

Physiological factors independently associated with mean cerebral rSO:
Standardized B - n = 595 observations / 85 patients - random intercept per patient

Hematocrit P p<0.001

MAP —a—

p<0.001

PaCO:2 p=0.003

Temperature = —O—} —] p=0.61
B Independently associated (p < 0.05)
O Not significant 1

Lactate p———0——
|

-1.5 -1.0 =05 0.0 0.5 1.0 115 2.0 25
Standardized B coefficient (95% Cl)

Figure 2. Physiological factors independently associated with mean
cerebral rSO,. Forest plot of the physiological factors independently
associated with mean cerebral rSO, in the primary linear mixed-ef-
fects model (595 observations from 85 patients; random intercept per
patient). Points are standardized B coefficients with 95% confidence
intervals; hematocrit, mean arterial pressure and PaCO, are inde-
pendently associated with cerebral rSO, (intervals excluding zero),
whereas temperature and lactate are not significant after adjustment.

rSO,: Regional cerebral oxygen saturation; PaCO,: Arterial carbon dioxide/oxygen tension.
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The apparent paradox between weak pairwise correlations
and the presence of strong, specific determinants in
the adjusted model is itself informative and merits
emphasis. Bivariate and phase-specific correlations
treat each measurement in isolation and are dominated
by between-patient heterogeneity; in our cohort, the
intraclass correlation coefficient was 0.60, indicating
that approximately 60% of the variance in rSO, reflected
stable, between-patient differences in baseline cerebral
oxygenation rather than dynamic within-patient change.
Under these conditions, simple correlation coefficients may
obscure the physiological association that operates within
an individual patient over time—a recognized divergence
between within- and between-subject associations.'!
Our phase-specific (instantaneous) correlations were
correspondingly weak and, after Holm correction, largely
non-significant—a pattern that closely mirrors the
pediatric CPB study of Haydin and colleagues,' who,
using an almost identical five-stage sampling scheme and
frontal NIRS, found no significant per-stage correlation
between cerebral rSO, and hematocrit, pump flow, MAP,
or PaCO, despite a clear progressive rise in lactate. The
convergence of these two datasets reinforces that cross-
sectional, instantaneous correlations are an insensitive lens
for relationships better resolved within patients over time.
The mixed-effects model, by partitioning between-patient
variance into a random intercept and estimating mutually
adjusted within-patient effects, recovers the associations
that marginal correlations obscure; this is why temperature
and lactate, which show weak unadjusted correlations with
rSO,, contribute little once oxygen-carrying capacity and
perfusion pressure are accounted for.

Among the determinants identified, hematocrit had
the largest standardized effect ($=1.66), followed by
MAP (3=1.05) and PaCO, ($=0.85), and this hierarchy
was preserved in the on-bypass sensitivity model that
additionally included pump flow.The primacy of hematocrit
is physiologically coherent: during CPB, hemodilution is
the principal modifiable threat to the oxygen-carrying
capacity of arterial blood, and in our cohort, hematocrit
declined progressively to its lowest values during
rewarming (corresponding to an estimated hemoglobin
concentration of approximately 9 g/dL), substantially
reducing this capacity. Because cerebral oxygen delivery
is the product of cerebral blood flow and arterial oxygen-
carrying capacity, a fall in hematocrit directly lowers the
oxygen available to the brain unless compensated by
increased flow. This finding aligns closely with Eisner and
colleagues,[10] who reported that intraoperative changes
in cerebral oxygen saturation during CABG tracked
oxygen-transport  parameters—hemoglobin,  arterial

oxygen content, and oxygen delivery—more closely than
temperature, and with the 2024 EACTS/EACTAIC/EBCP
guidance,™ which positions oxygen delivery, and its
dependence on hematocrit and pump flow, as a central
determinant of end-organ protection during bypass. It also
directly addresses the proposition that NIRS values cannot
be interpreted without reference to oxygen-carrying
capacity: in our data, oxygen-carrying capacity, indexed by
hematocrit, was not a background covariate but the single
strongest independent correlate of cerebral oxygenation.

The independent contribution of MAP is consistent with
pressure-dependent cerebral perfusion under the partially
impaired autoregulation that characterizes hypothermic,
non-pulsatile bypass and echoes the bilateral NIRS analysis
of Candan and colleagues,"in which mean arterial pressure
was a principal determinant of both right and left cerebral
rSO, during pediatric CPB. Importantly, hypotensive
exposure in our cohort was not trivial—82.4% of patients
experienced at least one phase with MAP<65 mmHg, with
the greatest burden during the CPB 100% phase—so the
association between MAP and SO, is unlikely to be anartifact
of anarrow pressure range. The positive association between
PaCO, and rSO, reflects the expected cerebral vasodilatory
response to carbon dioxide, whereby higher PaCO,
augments cerebral blood flow and thus oxygen delivery. In
our institution, acid-base management during hypothermic
bypass followed an alpha-stat strategy, in which blood gases
are interpreted at 37°C without temperature correction;
alpha-stat preserves cerebral pressure—flow autoregulation
and flow-metabolism coupling rather than inducing the
pressure-passive luxury perfusion characteristic of pH-
stat. That PaCO, remained an independent determinant of
cerebral oxygenation even under a strategy that does not
deliberately manipulate CO, to augment cerebral blood
flow underscores the physiological robustness of preserved
CO, vasoreactivity during CPB.

That temperature and lactate were not independent
determinants of rSO, after adjustment should not be
read as evidence that they are physiologically irrelevant,
but rather that their influence on cerebral oxygenation
is largely indirect and mediated through the dominant
delivery variables. Hypothermia lowers cerebral metabolic
rate and oxygen consumption—an effect demonstrated
experimentally by Sasakiand colleagues,™—soits principal
action is to modify oxygen demand rather than to shift
the measured saturation in a simple monotonic fashion.
Consistent with this, the only phase at which temperature
showed a statistically robust association with rSO, was CPB
weaning, where higher temperature coincided with lower
cerebral oxygenation (p=-0.301; Holm-adjusted p=0.036).
This pattern may reflect a transient supply-demand
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imbalance during rewarming and separation from bypass,
when increasing cerebral metabolic demand may not be
fully matched by restoration of oxygen delivery—the
vulnerability highlighted in the 2024 EACTS/EACTAIC/EBCP
guidance™ and mirrored by the progressive lactaterise that
peaked in the same post-bypass window. Because oxygen
delivery and cerebral metabolic rate were not directly
measured, however, this association should be interpreted
as physiologically plausible rather than as direct evidence
of cerebral oxygen debt. Our lactate findings similarly
accord with the view that intraoperative hyperlactatemia in
cardiac surgery is multifactorial—driven by hemodilution,
catecholamine and inflammatory responses, and altered
hepatic and renal clearance in addition to anaerobic
metabolism!'®—so that lactate behaves as a delayed,
systemic integrator of metabolic stress rather than a real-
time mirror of regional cerebral oxygenation.

The dissociation between a regional optical measurement
and a systemic metabolic marker is expected on first
principles and is supported by the broader literature. NIRS
reports the cerebral oxygen supply-demand balance within a
small frontal cortical volume, whereas lactate reflects whole-
body oxygen debt and clearance dynamics; the two need not
move together. Evans and colleagues!'” demonstrated organ-
specific divergence in oxygenation responses—cerebral
versus renal—to altered perfusion during experimental
CPB, and Wang and colleagues'® found that renal, rather
than cerebral, NIRS desaturation was most closely coupled
to perioperative lactate elevation and acute kidney injury.
The weak negative within-patient correlation we observed
between cerebral rSO, and lactate is therefore consistent
with the interpretation that frontal cerebral NIRS, by design,
captures only a fraction of systemic metabolic stress.

A specific methodological question concerns our use of
the mean of the right and left frontal rSO, values as the
primary cerebral-oxygenation index. We addressed this
directly rather than by assumption. When the right and
left hemispheres were analyzed separately, the correlation
results were concordant in direction and magnitude: lactate
correlated weakly and negatively, and temperature weakly
and positively, with each hemisphere (all ’<0.022). In the
hemisphere-specific mixed-effects models, hematocrit and
MAP remained significant for both hemispheres, whereas
temperature and lactate were non-significant on both
sides; the PaCO, association was directionally consistent
but reached statistical significance only for the right
hemisphere. Interhemispheric concordance was acceptable
for the present population-level association analysis:
right and left values were correlated (rmcorr r=0.632),
the mean right-left difference was negligible (+0.17%;
mean absolute difference 4.46%), and clinically relevant

The Cardiovascular Thoracic Anaesthesia and Intensive Care Society

asymmetry (|right—left|>10%) was present in only 6.4%
of 595 paired measurements, although the Bland-Altman
limits of agreement (-13.2% to +13.5%) indicate that the two
hemispheres are not strictly interchangeable at the level of
an individual reading. Therefore, for this elective isolated
CABG cohort and for the present population-level research
question, the bilateral mean rSO, was a pragmatic and
defensible summary index; however, it should not replace
real-time side-specific interpretation in individual patients,
particularly when unilateral desaturation is observed.

Clinically, these findings carry a measured but practical
message. Because temperature, lactate, and cerebral rSO, are
only weakly inter-related and report on distinct physiological
domains—thermal management and metabolic demand,
systemic anaerobic balance and clearance, and regional
cerebral oxygen delivery, respectively—no single index can
be regarded as a sufficient proxy for the others, and the value
of monitoring lies in their complementarity rather than their
redundancy. Our determinant analysis further suggests that,
when cerebral desaturation is observed during CPB, the
most productive immediate response is to interrogate the
modifiable determinants of oxygen delivery—hematocrit,
perfusion pressure, pump flow, and PaCO,—rather than
temperature or lactate, which are better understood as
markers of demand and systemic metabolic state. This
delivery-oriented interpretation is consistent with strategies
of metabolically guided, individualized perfusion explored
in cardiac surgery and with the integrated, multimodal
monitoring approach advocated in contemporary perfusion
practice.'>*? We are careful, however, not to overstate these
implications: the study was confined to the intraoperative
period and did not examine postoperative outcomes, and
the determinant associations we report are within-patient
and observational. They define physiologically plausible
targets for monitoring and future interventional studies, not
validated thresholds for clinical action.

Strengths

This study has several strengths. The prospective design
and the acquisition of synchronized measurements at
seven clinically meaningful, sequential phases permitted
phase-resolved characterization of a dynamic physiological
process that cross-sectional sampling would miss. The
analytic strategy was explicitly matched to the repeated-
measures structure of the data: repeated-measures
correlation, a linear mixed-effects model with mutual
adjustment for the principal physiological confounders,
an on-bypass sensitivity model incorporating pump flow,
and effect-size reporting (r’) together provide a more
rigorous and confounder-aware account than unadjusted
correlation alone. The prespecified hemisphere-
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specific and interhemispheric-agreement analyses add
methodological transparency, and the variables entered
into the primary model were complete for all 595 phase-
level observations; therefore, no imputation was required.
Finally, the parameters studied are inexpensive, routinely
available, and readily integrated into existing practice,
which enhances the external relevance of the findings.

Limitations

Several limitations temper these conclusions. First, the
single-center, observational design precludes causal
inference and limits generalizability; institutional
differences in CPB protocol, target temperature, and
perfusionstrategy mayinfluencethe determinantstructure.
Second, although the mixed-effects model adjusted for the
major determinants of cerebral oxygen delivery, residual
confounding cannot be excluded: vasopressor and
inotrope dosing were not modeled, and arterial oxygen-
carrying capacity was indexed by hematocrit rather than
by directly measured hemoglobin and co-oximetric arterial
oxygen content. Acid-base management was uniform
(alpha-stat) throughout the cohort and therefore could not
act as a within-study confounder; however, this uniformity
also means that the findings cannot be extrapolated to
pH-stat management. Third, cerebral NIRS interrogates
a limited frontal cortical region and may not represent
global, posterior, or somatic oxygenation, which other data
suggest may be more tightly coupled to systemic lactate.
Fourth, the analysis was restricted to the intraoperative
period; therefore, postoperative neurocognitive, renal, and
other clinical outcomes were not assessed, and outcome
prediction cannot be inferred. Finally, the inclusion of
only elective, isolated CABG cases—while strengthening
internal consistency—Ilimits extrapolation to emergency,
redo, or combined procedures and to patients with
significant carotid or cerebrovascular disease, in whom
hemispheric asymmetry and pressure dependence may
be more pronounced.

Conclusion

In this prospective observational cohort of adult patients
undergoing elective on-pump CABG, esophageal
temperature, arterial lactate, and cerebral rSO, followed
distinct phase-specific trajectories and were only weakly
inter-related within patients. In mutually adjusted mixed-
effectsmodels, cerebralrSO,wasindependently associated
with hematocrit, MAP, and PaCO,—key components of
cerebral oxygen delivery—whereas temperature and
lactate were not independently associated with cerebral
oxygenation. Rather than diminishing the role of these
monitors, this pattern supports their interpretation

as complementary, non-redundant indices reflecting
different physiological compartments. During CPB,
cerebral desaturation may therefore be mostinformatively
interpreted by considering modifiable oxygen-delivery
variables, including hematocrit, perfusion pressure,
pump flow, and PaCO,, while lactate and temperature
provide broader metabolic and thermal context.
These intraoperative, observational findings require
confirmation in larger multicenter studies incorporating
directly measured oxygen-transport variables and
postoperative clinical outcomes before translation into
monitoring or treatment algorithms.
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Appendix 1. Phase-specific Spearman correlation coefficients

Phase Temperature <> rSO, Temperature <> Lactate rSO, <> Lactate

Post-induction -0.086 (0.432; 1.000) 0.051 (0.645; 1.000) 0.072(0.511; 1.000)
CPB 100% -0.060 (0.585; 1.000) 0.140 (0.202; 1.000) 0.128 (0.243; 1.000)
Cooling -0.072 (0.515; 1.000) 0.020 (0.856; 1.000) -0.080 (0.464; 1.000)
Hypothermia 0.006 (0.957; 1.000) -0.001 (0.991; 1.000) 0.037 (0.736; 1.000)
Rewarming 0.017 (0.878; 1.000) -0.121 (0.269; 1.000) -0.057 (0.604; 1.000)
CPB weaning -0.301 (0.005; 0.036)* -0.004 (0.973; 1.000) 0.044 (0.693; 1.000)
Post-decannulation -0.031 (0.777; 1.000) -0.016 (0.884; 1.000) -0.031 (0.780; 1.000)

Each cell shows p (unadjusted p; Holm-adjusted p). *: Statistically significant after Holm correction applied within each relationship family (across the seven phases). p: Spearman
correlation coefficient. n=85 per phase. CPB: Cardiopulmonary bypass.

Appendix 2. Intraoperative hypotension exposure by surgical phase

Phase n MAP<65 mmHg, n (%) MAP<60 mmHg, n (%)
Post-induction 85 16 (18.8) 9(10.6)

CPB 100% 85 33(38.8) 23 (27.1)
Cooling 85 25 (29.4) 13(15.3)
Hypothermia 85 25(29.4) 13(15.3)
Rewarming 85 20 (23.5) 11(12.9)

CPB weaning 85 24 (28.2) 16 (18.8)
Post-decannulation 85 21 (24.7) 7 (8.2)

All measurements 595 164 (27.6) 92 (15.5)

Patient level: 70/85 patients (82.4%) had at least one phase with MAP<65 mmHg; 57/85 (67.1%) with MAP<60 mmHg. MAP: Mean arterial pressure; CPB: Cardiopulmonary bypass.
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ABSTRACT

Objectives: Thoracic surgery consultation is frequently required in intensive care unit (ICU) patients. However, the clinical characteristics
and consultation burden of these patients have not been well defined. This study aimed to evaluate the profile and consultation burden of
patients requiring thoracic surgery consultation in the ICU and to compare trauma and non-trauma populations.

Methods: This retrospective cohort study included 3,955 adult ICU patients hospitalized between January 2021 and December 2025. Patients
were grouped according to thoracic surgery consultation status. Among consulted patients, trauma and non-trauma groups were identified
and compared. Consultation burden was defined as the number of consultations per patient.

Results: Thoracic surgery consultation was requested in 695 patients (17.6%). Patients requiring consultation were younger and had longer
ICU stays (p<0.001 for both), while mortality rates were similar (p=0.395). Among consulted patients, non-trauma patients were older and had
higher mortality rates (61.1% vs. 29.0%, p<0.001). Consultation burden differed significantly. The median number of consultations was higher
in non-trauma patients (2.0 vs. 1.0, p<0.001), whereas the mean number was higher in trauma patients, indicating a skewed distribution.
Temporal analysis demonstrated lower consultation rates in 2021 and 2022, followed by a progressive increase, partly influenced by higher
ICU admissions during the pandemic period.

Conclusion: Thoracic surgery consultation burden reflects clinical complexity beyond diagnosis. Although the consultation burden was
higher among non-trauma patients, a subgroup of trauma patients required substantial consultation. Temporal variations indicate the influ-
ence of healthcare system dynamics. Assessing consultation burden may improve multidisciplinary management, clinical outcomes, and
resource utilization.

Keywords: Consultation, intensive care unit, thoracic surgery
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Introduction patient-centered treatment strategies.”” Within these
complex settings, which accommodate heterogeneous

Intensive care units (ICUs) are highly specialized settings patient populations with various underlying etiologies,

where critically ill patients may routinely receive advanced interdepartmental consultations constitute a critical
interventions such as airway management, mechanical .,y honent of clinical decision-making and significantly
ventilation, hemodynamic stabilization, and sedoanalgesia  contribute to optimizing patient management.23 Thoracic
and are managed through a multidisciplinary approach.  syrgery consultation plays a pivotal role in the evaluation
1 Contemporary anesthesiology-based critical care and management of thoracic conditions. Thoracic
extends beyond the provision of life-sustaining pathologies may arise from both traumatic and non-
therapies to preserve organ functions, prevent traumatic etiologies, each characterized by distinct clinical
secondary complications, and develop individualized, features and requiring specific management strategies.
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In patients with multitrauma, pathologies requiring
thoracic surgery evaluation may frequently be
encountered and are known to contribute significantly
to morbidity and mortality.*¥! Accordingly, the need for
thoracic surgery consultation is increased in this patient
population.®

In ICU practice, thoracic surgery consultations are
commonly required for prevalent thoracic conditions,
including pleural complications such as pneumothorax
and hemothorax, as well as pulmonary contusion and rib
fractures. This situation both directly influences clinical
management and contributes significantly to the overall
workload in intensive care units.”

The overall workload associated with thoracic surgery
consultations in intensive care units has not been
adequately investigated. In particular, data on consultation
frequency, distribution, and differences between trauma
and non-trauma patients remain limited.

Understanding consultation patterns is crucial both for
clinical management and resource allocation.®® The
concept of “consultation burden” may provide additional
insight into the complexity and dynamics of patient care
beyond traditional outcome-based analyses.

The present study aimed to evaluate thoracic surgery
consultation patterns in ICU patients and compare
consultation burden between trauma and non-trauma
populations.

Methods

The study was designed as a retrospective analysis of
patients admitted to the anesthesiology and reanimation
ICU of a tertiary care training and research hospital. The
study population consisted of patients hospitalized in the
ICU between January 2021 and December 2025.

Patients aged =18 years who completed their follow-up
and treatment at our institution and had no missing data
were eligible for inclusion. Patients younger than 18 years
of age, those who were transferred to another center at any
point during their follow-up or treatment, or those with
incomplete data were excluded.

Demographic characteristics, length of ICU stay, diagnosis
types, in-hospital mortality status, presence of thoracic
surgery consultation, and the number of thoracic surgery
consultations were retrospectively obtained from the
hospital information management system and recorded.

Patients were grouped according to whether they received
a thoracic surgery consultation, and the groups were
compared. Patients who received a consultation were
further categorized as trauma or non-trauma patients.

The Cardiovascular Thoracic Anaesthesia and Intensive Care Society

The study protocol was reviewed and approved by the
ethics committee of Manisa Celal Bayar University, Faculty
of Medicine (approval date and number: February 25,
2026, and 20.478.486/3915). The study was conducted in
accordance with the ethical principles of the Declaration of
Helsinki. All patient data were anonymized before analysis.
Given the retrospective design and use of anonymized
data, the requirement for informed consent was waived by
the ethics committee.

Statistical Analysis

Statisticalanalysesofthe collected datawere performedusing
IBM SPSS Statistics software (version 20.0). Normality was
assessed using the Shapiro-Wilk test. Continuous variables
were presented as meanztstandard deviation (SD) or median
[interquartile range (IQR)] according to their distribution,
and categorical variables were presented as numbers (n)
and percentages (%). Group comparisons of continuous
variables were performed using the independent-samples
t-test or Mann-Whitney U test. Either the chi-square test or
Fisher’s exact test was used to compare categorical variables.
A p-value of <0.05 was considered statistically significant.

Results

A total of 3,955 patients were included in the study. The
mean age of the cohort was 58.90+19.70 years, with
2,449 (61.9%) males and 1,213 (30.7%) females. The mean
length of ICU stay was 11.3+16.9 days. Overall, in-hospital
mortality occurred in 1,250 patients (31.6%). Thoracic
surgery consultation was requested in 695 patients (17.6%).

Patients requiring consultation were significantly younger
than those without consultation (48.1+20.2 vs. 61.2+18.8
years, p<0.001) and had longer ICU stays (22.23+24.33
vs. 9.0+13.7 days, p<0.001). The mortality rate was
significantly lower in patients requiring consultation than
in those without consultation (18.1% vs. 34.5%, p<0.001).
Of the consulted patients, 76.4% were male, and this rate
was significantly higher than that among non-consulted
patients (p<0.001) (Table 1).

According to diagnosis type, 157 patients (22.6%) were
classified as non-trauma, while 538 patients (77.4%) were
in the multitrauma group (Table 2).

The mean number of consultations among consulted
patients was 1.34%0.62. When the relationship between
consultation frequency and diagnosis type was examined,
multitrauma patients had a significantly higher mean
number of consultations than non-trauma patients (4.8+7.5
vs. 2.61+4.2, p<0.001). However, the median number of
consultations in the trauma group was lower than that in
the non-trauma group (1.0 [1.0-2.0] vs. 2.0 [1.0-3.0]).
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Table 1. Comparison of patients with and without thoracic surgery consultation
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Variable Total (n=3955) Non-consultated Consultated P
(n=3260) (n=695)

Age (years) 58.9+19.7 61.2+18.8 48.1+20.2 <0.001

Male (n, %) 2449 (61.9) 1918 (58.8) 531 (76.4) <0.001

ICU LOS, days 11.3x16.9 9.0+£13.7 22.2+24.4 <0.001

Mortality rate (n, %) 1250 (31.6) 1124 (34.5) 126 (18.1) <0.001

ICU: Intensive care unit; LOS: Length of stay; n: Number of patients.

Table 2. Comparison of trauma and non-trauma patients among those requiring thoracic surgery consultation

Variable Total (n=695) Trauma (n=538) Non-trauma (n=157) p
Age (years) 48.1+20.2 41.3+18.5 65.4+16.8 <0.001
Male (n, %) 531 (76.4) 425 (79.0) 106 (67.5) 0.004
ICU LOS, days 22.2+244 22.5+24.6 21.3+235 0.612
Number of consultations (median [IQR]) 2.0 (1.0-5.0) 1.0 (1.0-2.0) 2.0(1.0-3.0) <0.001
Number of consultations (mean+SD) 4.8+7.0 4.8+7.5 2.6+4.2 <0.001
Mortality rate (n, %) 126 (18.1) 98 (18.2) 28(17.8) 0.921

ICU: Intensive care unit; LOS: Length of stay; SD: Standart deviation; n: Number of patients.

Table 3. The relationship between consultation frequency and
diagnoses

The number of

consultations P
Diagnosis
Non-traumatic 2.89+2.92 <0.001
Multi-trauma 5.30+7.70
Pleural complications
Yes 7.44£9.59 <0.001
No 3.21+4.20
Rib fractures
Yes 6.29149.11 <0.001
No 4.09+5.73
Pulmonary contusion
Yes 5.64+8.82 0.12
No 4.57+6.53

Patients consulted due to multitrauma were further
categorized into three subgroups according to the thoracic
pathology present: pleural complications (pneumothorax
and hemothorax), rib fractures, and pulmonary contusion.
Analysis of consultation frequency revealed that
patients with pleural complications and rib fractures had
significantly higher numbers of consultations, whereas
no statistically significant difference was observed for
pulmonary contusion (Table 3).

Temporal analysis from 2021 to 2025 demonstrated an
overall increasing trend in thoracic surgery consultation
rates. The lowest consultation rate was observed in

Table 4. Annual distribution of thoracic surgery consultations

Year Total ICU Patients with
patients consultation, n (%)
2021 880 117 (13.3)
2022 823 131 (15.9)
2023 782 149 (19.1)
2024 719 124 (17.2)
2025 751 174 (23.2)
Total 3955 695 (17.6)

ICU: Intensive care unit.

2021. This finding may be attributed to the impact of the
COVID-19 pandemic during 2020 and 2021, particularly
considering that the majority of consulted patients were
trauma cases (Table 4, Fig. 1).

Discussion

Previous studies in the literature have highlighted
the increasing complexity of both traumatic and non-
traumatic conditions encountered in critical care
settings and have emphasized the importance of
multidisciplinary collaboration in the management of
critically ill patients.'""3 Within this context, this study
characterized thoracic surgery consultation patternsin an
anesthesiology and reanimation ICU and examined their
associations with patient characteristics and outcomes.
The findings indicate that consultation demand reflects
clinical complexity and is not confined to patients with
multitrauma. Even though the majority of consultations
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Figure 1. Annual distribution of consultations and consultation rates:
Bars represent the total number of thoracic surgery consultations per
year. Lines indicate overall consultation rate as well as trauma and
non-trauma consultation rates relative to total ICU admissions.

ICU: Intensive care unit.

involved multitrauma patients, non-traumatic thoracic
conditions also constituted a significant component of
the consultation workload.

Trauma disproportionately affects younger individuals,
and multitrauma populations are commonly characterized
by a predominance of young male patients.'"*' Similarly,
patients referred for thoracic surgery consultation
were younger, and 76.4% were male in our study. These
findings may largely be due to the predominance of
trauma patients in our cohort, who represented 77.4% of
the consulted population.

The involvement of multiple organ systems in multitrauma
patients often contributes to prolonged ICU stays and
increases the need for a multidisciplinary approach.l'*1¢l
Consequently, patients may remain hospitalized in the ICU
for longer periods, and the number of consultations may
increase. The significantly longer length of stay observed in
patients requiring consultation suggests a more complex
clinical course in this group. This may represent one of the
key explanations for the association between consultation
requirement and length of stay.

A multidisciplinary approach to critically ill patients has
previously been demonstrated to improve outcomes in the
ICU.78 Correspondingly, one of the notable findings of
our study was the lower mortality rate observed in patients
who received thoracic surgery consultation compared
with the overall ICU mortality rate (18.1% vs. 34.5%). This
finding may suggest that patients requiring thoracic
surgery consultation were recognized earlier and promptly
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directed toward appropriate interventions. However, this
more favorable prognosis may also be partly explained
by the younger age profile of the consulted patient group
(48.1+20.2 vs. 61.2+18.8 years, p<0.001).

Previous studies of ICU resource utilization have revealed
that a relatively small subgroup of critically ill patients may
accountforadisproportionate share of healthcare resources.
19200 A similar pattern was observed among the multitrauma
patients in our study. According to the evaluation based
on diagnosis type, the majority of patients (77.4%) were
in the multitrauma group, in whom a heterogeneous
consultation pattern was observed. Although the median
number of consultations was lower, the higher mean
number indicates a skewed distribution driven by a subset
of patients requiring disproportionately high numbers of
consultations. This finding suggests that while most trauma
patients follow relatively standardized management
pathways and typically require at least one thoracic surgery
consultation, a minority with severe or complicated injuries
require prolonged and dynamic follow-up.

In thoracic trauma patients, pleural complications and
rib fractures may require repeated imaging, invasive
procedures, drainage management, pain control, and close
clinical monitoring, all of which may increase the need for
repeated thoracic surgical reassessments.?"! In contrast,
pulmonary contusion is frequently managed conservatively
unless accompanied by additional thoracic injuries or
respiratory deterioration.”? In accordance with these
clinical characteristics, patients with pleural complications
and rib fractures in our study had significantly higher
consultation frequencies. In contrast, pulmonary contusion
was not associated with a significant increase in the number
of consultations.

Non-traumatic thoracic conditions, including pleural
infections, malignancy-related complications, and
advanced cardiopulmonary diseases, often require
repeated evaluations and ongoing multidisciplinary
management.?>?* Consistently, non-trauma patients in our
cohort had a higher median number of consultations than
trauma patients. This finding may indicate a more persistent
and relatively homogeneous consultation requirement
in non-trauma patients, potentially reflecting progressive
disease processes, underlying comorbidities, and the need
for repeated clinical decision-making.

The COVID-19 pandemic resulted in substantial changes in
hospital admission patterns, healthcare utilization, trauma
volumes, and the organization of clinical services.>>?"
These system-level changes provide important context for
interpreting the temporal findings of our study. Thoracic
surgery consultation rates were lowerin 2021 and 2022 and
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subsequently increased during the later years of the study
period. Given the higher overall ICU admission volumes
during the earlier years, the lower consultation rates may
reflectadenominator effect ratherthana genuinereduction
in consultation demand. The subsequent increase may be
associated with the normalization of healthcare services,
the recovery of trauma volumes, and changes in ICU case
mix following the pandemic period.

Limitations

This study has several limitations. First, its retrospective and
single-center design may limit the generalizability of the
findings. Additionally, potential variability in consultation
decisions among individual clinicians should be taken into
consideration. Lastly, the observed consultation patterns
may not be directly applicable to institutions with different
patient populations or consultation protocols.

Conclusion

In conclusion, among patients followed in anesthesiology
intensive care units, the burden of thoracic surgery
consultations is driven primarily by clinical complexity
rather than diagnosis alone. While non-trauma patients
demonstrate a consistently higher  consultation
burden, trauma patients include a subset requiring
disproportionately high consultation input. This pattern
has important implications for both clinical management
and ICU workload. The findings of this study further
highlight the critical importance of a multidisciplinary
approach in the management of critically ill patients.
Temporal variations also underscore the influence of
healthcare system dynamics on consultation patterns.
Optimizing consultation processes in intensive care units
may contribute to improved clinical outcomes as well as
more efficient resource utilization. Future prospective,
multicenter studies are warranted to provide a more
comprehensive evaluation of consultation burden and its
impact on patient outcomes in anesthesiology ICUs.
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ABSTRACT

Objectives: The prognostic value of inflammatory and immunonutritional indices in intensive care unit (ICU) pneumosepsis remains uncer-
tain. We evaluated eight routinely calculable indices for predicting invasive mechanical ventilation (IMV) and 30-day mortality.
Methods: This retrospective single-center cohort included consecutive adults with Sepsis-3-defined pneumosepsis admitted from the emer-
gency department to the ICU between 2022 and 2024. Indices were calculated from complete blood count, albumin, and C-reactive protein
values obtained within six hours of presentation. Discrimination was assessed by receiver operating characteristic analysis. Multivariable
logistic and Cox regression models evaluated independent associations with IMV and mortality, respectively.

Results: Among 284 patients, 167 (58.8%) required IMV, and 112 (39.4%) died within 30 days. Non-survivors had higher Systemic Immune-
Inflammation Index (S1), Systemic Inflammatory Response Index, Aggregate Index of Systemic Inflammation, and neutrophil-to-lymphocyte
ratio values but lower Prognostic Nutritional Index, C-reactive protein-albumin-lymphocyte (CALLY) index, and Hemoglobin-Albumin-Lym-
phocyte-Platelet scores. CALLY showed the highest discrimination for 30-day mortality (area under the curve [AUC], 0.821), followed by SlI
(AUC, 0.798). SII (AUC, 0.784) and the neutrophil-to-lymphocyte ratio (AUC, 0.762) performed best for IMV. After adjustment for age, Sequential
Organ Failure Assessment score, and Charlson Comorbidity Index, Sl >2,156 (hazard ratio, 2.14; 95% confidence interval, 1.42-3.22) and CALLY
<1.12 (hazard ratio, 2.67; 95% confidence interval, 1.78-4.01) independently predicted mortality (both p<0.001).

Conclusion: Admission inflammatory indices provide early prognostic information in ICU pneumosepsis. CALLY and SIl may complement
established severity scores and support early risk stratification. These inexpensive biomarkers may facilitate triage, resource allocation, and

escalation of care while awaiting comprehensive clinical assessment.

Keywords: Biomarkers, intensive care units, mortality, pneumonia, sepsis
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Introduction

Pneumonia remains one of the leading causes of intensive
care unit (ICU) admission from the emergency department
(ED), and when accompanied by organ dysfunction fulfilling
the Sepsis-3 definition, it carries mortality rates ranging
from 25% to 45% despite contemporary antimicrobial and
supportive therapy.'? The overlap between community-
acquired and healthcare-associated pneumonia with sepsis
physiology, increasingly termed pneumosepsis in the
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critical care literature, creates a patient population in whom
rapid risk stratification at the point of first contact may be
decisive for resource allocation and therapeutic intensity.>#

Severity scoring systems, including the Sequential Organ
Failure Assessment (SOFA) score, the Acute Physiology and
Chronic Health Evaluation Il (APACHE II), and the Simplified
Acute Physiology Score Il (SAPS 1l), constitute the current
standard for prognostic assessment in the ICU but require
multiple physiological and laboratory parameters that are
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not always available at the time of ED triage.>® A parallel
line of research has focused on inflammatory indices
derived from the complete blood count (CBC), which offer
the advantages of being rapidly available, inexpensive, and
calculable from routine laboratory panels.”#

The Systemic Immune-Inflammation Index (Sll), defined
as (platelet count x neutrophil count)/lymphocyte
count, was originally developed in oncology and has
subsequently been validated as a mortality predictor
in general ICU populations.®'@ A recent single-center
Turkish study of 702 ICU patients demonstrated that
admission Sl was significantly elevated among 28-day
non-survivors.[8] A 2024 meta-analysis encompassing
25,626 sepsis patients confirmed an independent
associationbetween elevated Slland short-term mortality.
' Dynamic changes in Sll during the first 24 hours of ICU
care have been shown to refine the prediction of acute
kidney injury and longer-term mortality.'?

Beyond SlI, several additional indices have emerged

as candidate prognostic biomarkers. The Systemic
Inflammatory Response Index (SIRI), calculated as
(neutrophil x monocyte)/lymphocyte, integrates the

monocyte compartment and has been linked to 28-day
mortality in 401 ICU sepsis patients.' The Aggregate
Index of Systemic Inflammation (AISI) extends this concept
by incorporating platelets. The nutritional-inflammatory
dimension is captured by the Prognostic Nutritional Index
(PNI), the C-reactive protein-Albumin-Lymphocyte (CALLY)
index, and the Hemoglobin-Albumin-Lymphocyte-Platelet
(HALP) score, each of which has demonstrated prognostic
value in pneumonia cohorts.'*" A 2025 study of 207
hospitalized community-acquired pneumonia patients
identified the CALLY index as particularly promising, with
significantly lower values among non-survivors (p=0.003).'%!

Despite this growing literature, several gaps persist. First,
most published cohorts have evaluated individual indices
in isolation rather than comparing the full panel within
a single population. Second, pneumosepsis patients
admitted to the ICU directly from the ED constitute a
distinct subgroup whose early laboratory profile may
carry different prognostic weight than values obtained
after resuscitation and stabilization.'*'”! Third, the dual
outcomes of invasive mechanical ventilation requirement
and 30-day mortality have rarely been addressed
simultaneously within the same analytic framework,
despite the clinical reality that ventilation initiation and
mortality are often linked decision points. Finally, direct
head-to-head comparison with established severity
scores (SOFA, APACHE Il, SAPS 11) is needed to establish the
incremental value of CBC-derived indices.

The Cardiovascular Thoracic Anaesthesia and Intensive Care Society

We therefore conducted this single-center retrospective
cohort study to evaluate the discriminative and prognostic
performance of eightinflammatory and immunonutritional
indices (SllI, SIRI, AISI, NLR, PLR, PNI, CALLY, and HALP)
calculated from ED admission values for two prespecified
outcomes in consecutive pneumosepsis patients admitted
to the ICU: (i) invasive mechanical ventilation requirement
during ICU stay and (ii) 30-day all-cause mortality.
We hypothesized that composite indices integrating
inflammatory, platelet, and nutritional parameters (CALLY,
HALP) would outperform single-ratio indices (NLR, PLR)
and that at least one index would retain independent
prognostic value after adjustment for SOFA score and age.

Methods

Study Design and Setting

This retrospective, single-center cohort study was
conducted at Etimesgut Sehit Sait Ertiirk State Hospital,
a secondary care training and research hospital serving
the Etimesgut district of Ankara, Tiirkiye. The study period
extended from 1 January 2022 to 31 December 2024.
The study was approved by the Ankara Etlik City Hospital
No. 2 Clinical Research Ethics Committee (approval
number 2025/03-214; date 15/01/2025) and conducted in
accordance with the Declaration of Helsinki. Owing to the
retrospective design and full anonymization of records, the
requirement for individual informed consent was waived.
The manuscript is reported according to the STROBE
guideline for observational studies.

Participants

Consecutive adult patients (aged =18 years) admitted to
the medical ICU from the ED with a primary diagnosis of
pneumosepsis were screened for eligibility. Pneumonia was
defined by the presence of a new or worsening pulmonary
infiltrate on chest imaging (radiograph or computed
tomography), accompanied by at least two of the following:
new cough or purulent sputum, fever >38°C or hypothermia
<36°C, leukocytosis >12,000/mm?, or leukopenia <4,000/
mm?>.'® Sepsis was defined according to the Sepsis-3
international consensus criteria as a SOFA score increase of
>2 points attributable to infection."" The combined criterion
of pneumonia meeting Sepsis-3 thresholds constituted
pneumosepsis for the purposes of this study.

Exclusion criteria were: (i) age under 18 years; (ii) pregnancy;
(iii) active hematological malignancy or ongoing
chemotherapy within 4 weeks prior to ED presentation; (iv)
solid organ transplantation; (v) chronicimmunosuppressive
therapy equivalent to prednisolone =10 mg/day; (vi) known
human immunodeficiency virus infection; (vii) transfer to
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the study ICU more than 24 hours after ED presentation;
(viii) death or discharge within 24 hours of ICU admission;
and (ix) missing CBC, albumin, or C-reactive protein values
during the initial ED evaluation. These exclusions were
prespecified to prevent distortion of inflammatory indices
by conditions affecting leukocyte or platelet kinetics
independent of pneumosepsis physiology. The exclusion
of patients who died or were discharged within the first 24
hours of intensive care unit admission, corresponding to
criterion (viii), formed part of the original cohort definition.
We recognize that this criterion may preferentially exclude
some of the most severelyill patients and introduce survivor-
selection bias. Its potential effect on mortality prediction
was therefore examined in an additional sensitivity analysis
that reintroduced these patients.

Data Collection

Data were extracted from the hospital electronic
medical record system using a standardized case report
form. Collected variables included demographic data
(age, sex, body mass index), comorbidities (diabetes
mellitus, hypertension, chronic obstructive pulmonary
disease, congestive heart failure, chronic kidney disease,
ischemic heart disease, cerebrovascular disease, Charlson
Comorbiditylndex),EDvitalsigns(systolicanddiastolicblood
pressure, heart rate, respiratory rate, temperature, oxygen
saturation, Glasgow Coma Scale), laboratory parameters on
ED admission (complete blood count, albumin, C-reactive
protein, procalcitonin where available, arterial blood gas,
lactate, creatinine, urea, bilirubin, electrolytes), severity
scores (SOFA, APACHE Il, SAPS II) calculated within the first
24 hours of ICU admission, and clinical course data (invasive
mechanical ventilation initiation and duration, vasopressor
use, renal replacement therapy, length of ICU and hospital
stay, and 30-day mortality status).

Inflammatory Index Calculations

All inflammatory and immunonutritional indices
were calculated from the first CBC, albumin, and
C-reactive protein values obtained within six hours of
ED triage. The formulas applied were as follows.!">-
Sli=(platelet countxneutrophil count)/lymphocyte count;
SIRI=(neutrophil countxmonocyte count)/lymphocyte
count; AlSI=(neutrophil countxmonocyte countxplatelet
count)/lymphocyte  count;  NLR=neutrophil  count/
lymphocyte count; PLR=platelet count/lymphocyte
count; PNI=albumin (g/L)+5 x lymphocyte count (x10°/L);
CALLY=(albumin [g/dL] x lymphocyte count [x10°/L])/
(C-reactive protein [mg/dL] x 10); HALP=(hemoglobin [g/L]
x albumin [g/L] x lymphocyte count [x10°/L])/platelet
count (x10%/L). Cell counts were expressed in units of
x10%/L for ratio calculations. Absolute lymphocyte counts

below 0.1x10%/L were floored at 0.1 to prevent division
instability, consistent with prior methodology.l'"*3!

In our clinical laboratory, C-reactive protein is reported in
mg/L, albumin in g/dL, and hemoglobin in g/dL. For index
calculation, C-reactive protein was converted to mg/dL by
dividing by 10 for the CALLY index, whereas albumin and
hemoglobin were converted to g/L by multiplying by 10 for
the PNI and HALP calculations. All unit conversions were
verified against the source formulas before analysis, and
the same conversion protocol was applied uniformly to
every patient so that the reported cutoff values correspond
to these standardized units.

Outcomes

Two prespecified primary outcomes were evaluated. The
first outcome was the requirement for invasive mechanical
ventilation (IMV) at any point during the ICU stay, defined
as endotracheal intubation with initiation of positive-
pressure ventilation. Noninvasive ventilation and high-
flow nasal oxygen were not classified as IMV. The timing of
intubation relative to index sampling was recorded for every
ventilated patient. Because the inflammatory indices were
derived from laboratory values obtained within the first six
hours of ED presentation, an additional sensitivity analysis
was performed in which the mechanical ventilation model
was repeated after excluding patients intubated within this
same six-hour window so that the exposure preceded the
outcome in the retained subgroup. The second outcome
was 30-day all-cause mortality measured from the date
of ED admission, ascertained through hospital records
and, for patients discharged alive, through the national
civil registry system. Secondary outcomes included ICU
length of stay, hospital length of stay, initiation of renal
replacement therapy, and vasopressor requirement.

Statistical Analysis

Continuous variables were summarized as meanzstandard
deviation when normally distributed (Shapiro-Wilk
p>0.05) or as median with interquartile range (IQR) when
non-normally distributed. Categorical variables were
summarized as counts and percentages. Between-group
comparisons used Student's t test or the Mann-Whitney U
test for continuous variables and the chi-square or Fisher's
exact test for categorical variables.

The discriminative performance of each inflammatory
index for both primary outcomes was evaluated
using receiver operating characteristic (ROC) analysis.
Optimal cutoffs were determined by the Youden index
(maximizing sensitivity+specificity-1). Areas under the
curve (AUCs) were compared using the DeLong method.
Patients were subsequently dichotomized at the Youden
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Patients admitted to medical ICU from ED with
pneumonia diagnosis (Jan 2022 - Dec 2024)
n =397

. N & R Excluded (n = 113)
Patients meeting Sepsis-3 criteria

(pneumosepsis, confirmed via SOFA 22) + Haematological malignancy or
chemotherapy <4 wk: 42
n =284

* Chronic immunosuppression: 18
l + HIV infection or solid organ

transplantation: 12

« ICU transfer >24 h after ED: 15

« Death/discharge <24 h: 14
Final analytic cohort

n=284

Inflammatory indices calculated from
ED-admission CBC, albumin, and CRP

. :

+ Missing laboratory values: 12

Primary Outcome 1 Primary Outcome 2
Invasive mechanical ventilation 30-day all-cause mortality
during ICU stay (from ED admission)
n = 167 (58.8%) n =112 (39.4%)
Survivors Non-survivors
n =172 (60.6%) n = 112 (39.4%)

Statistical analyses

« Comparison of inflammatory indices between survivors and non-survivors (Table 2)
+ ROC analysis with Youden-derived optimal cutoffs (Table 3)

« Kaplan-Meier survival analysis (log-rank test)

» Multivariable Cox proportional hazards regression (Table 4, Figure 2)

« Delong test for AUC comparison; Schoenfeld residuals for PH assumption

Figure 1. Study flow diagram. Of 397 patients admitted to the medical ICU from the emergency department with pneumonia during the study
period (January 2022 - December 2024), 113 patients were excluded (42 due to haematological malignancy or chemotherapy within 4 weeks,
18 due to chronic immunosuppression, 12 due to HIV infection or solid organ transplantation, 15 due to early ICU transfer >24 hours after ED,
14 due to death or discharge within 24 hours, and 12 due to missing laboratory values), yielding a final analytic cohort of 284 patients. Of these,
167 (58.8%) required invasive mechanical ventilation during ICU stay, and 112 (39.4%) died within 30 days of ED admission.

ICU: Intensive care unit; ED: Emergency department; SOFA: Sequential organ failure assessment; CBC: Complete blood count; CRP: C-reactive protein; ROC: Receiver operating charac-
teristic; AUC: Area under the curve.

cutoff for each index, and Kaplan-Meier survival curves value within the first six hours of emergency department
were constructed, with between-group comparisons evaluation were excluded a priori, which accounts for the
performed using the log-rank test. 12 patients removed for missing laboratory data shown in
Missing data were handled as follows. Patients lacking Figure 1. Amongthe 284 included patients, the components
a complete blood count, albumin, or C-reactive protein  of the severity scores and the vital sign variables were
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complete in more than 98% of records. Isolated missing
values in continuous covariates occurred in fewer than 2%
of patients and were handled by available-case analysis.
No multiple imputation was performed because the
proportion of missing data was low. No formal modeling
of the missing-data mechanism was undertaken; therefore,
missing completely at random cannot be assumed.

Multivariable Cox proportional hazards regression
was used to identify independent predictors of 30-day
mortality. Candidate variables with p<0.10 in univariable
analysis were entered into the multivariable model, with
backward stepwise elimination applied. Prespecified
covariates forced into the final model were age, SOFA score,
and Charlson Comorbidity Index, given their established
prognostic value. The proportional hazards assumption
was tested using Schoenfeld residuals. Multicollinearity
was assessed through variance inflation factors (VIF>5
prompting exclusion). Results are presented as hazard
ratios (HRs) with 95% confidence intervals (Cls).

For IMV requirement, multivariable logistic regression was
performed with the same covariate selection strategy.
Results are presented as odds ratios (ORs) with 95% Cls.
Sample size calculation indicated that at least 220 patients
were required to detect a hazard ratio of 2.0 between
the upper and lower tertiles of Sl for 30-day mortality,
assuming an event rate of 30%, with 80% power and a two-
sided alpha of 0.05.

All analyses were performed using IBM SPSS Statistics
version 27 (IBM Corp., Armonk, NY), R version 44 (R
Foundation for Statistical Computing, Vienna, Austria), and
MedCalc statistical software version 22 (MedCalc Software
Ltd., Ostend, Belgium). A two-sided p value <0.05 was
considered statistically significant.

Two aspects of measurement timing were considered
in the analysis and interpretation. The inflammatory
indices were calculated from laboratory values obtained
within the first six hours of emergency department
presentation, whereas the SOFA, APACHE II, and SAPS i
scores were calculated from data collected during the first
24 hours of intensive care unit admission. These different
time windows were taken into account whenever the
early emergency department indices were compared
with the established severity scores. Three additional
sensitivity analyses were performed: the mechanical
ventilation model was repeated after excluding patients
intubated within the first six hours, the mortality analysis
was repeated after reintroducing patients who died or
were discharged within 24 hours of admission, and the
multivariable models were repeated using continuous
rather than dichotomized index values.

Results

Study Population

During the study period, 397 patients were admitted
to the medical ICU from the ED with a clinical diagnosis
of pneumonia. After applying the exclusion criteria,
284 patients met the pneumosepsis definition and
were included in the analysis (Fig. 1). The mean age was
68.4+13.2 years, and 168 (59.2%) were male. Hypertension
(n=172, 60.6%), diabetes mellitus (n=98, 34.5%), and
chronic obstructive pulmonary disease (n=84, 29.6%) were
the most frequent comorbidities. The median Charlson
Comorbidity Index was 4 (IQR 3-6). Baseline characteristics
of survivors and non-survivors are summarized in Table 1.

The median SOFA score on ICU admission was 7 (IQR
5-10), the median APACHE Il score was 18 (IQR 14-
23), and the median SAPS Il score was 42 (IQR 34-52).
Invasive mechanical ventilation was initiated in 167
(58.8%) patients during the ICU stay, with a median
time from ED admission to intubation of 9.5 hours (IQR
4.2-21.8). Thirty-day all-cause mortality was 39.4%
(n=112). The median ICU length of stay was 8 days (IQR
4-14), and the hospital length of stay was 14 days (IQR
8-22). Vasopressor support was required in 148 (52.1%)
patients, and renal replacement therapy was initiated in
42 (14.8%). Invasive mechanical ventilation, vasopressor
use, and renal replacement therapy are events that occur
during the intensive care unit course rather than baseline
features, and they are reported here as descriptors of
illness severity and clinical course; accordingly, they were
not entered as baseline predictors in the outcome models.

Inflammatory Indices by Outcome Groups

Non-survivors  demonstrated  significantly  higher
inflammatory indices at ED admission than survivors.
Specifically, SIl was 2,847 (IQR 1,924-4,156) versus 1,326
(IQR 842-2,145) in survivors (p<0.001); SIRI was 4.82 (IQR
2.94-7.85) versus 2.14 (IQR 1.28-3.67) (p<0.001); NLR was
12.4 (IQR 8.6-18.2) versus 6.7 (IQR 4.1-10.2) (p<0.001);
and AlSI was 1,784 (IQR 1,086-2,912) versus 752 (IQR 421-
1,348) (p<0.001). Conversely, immunonutritional indices
were lower among non-survivors: PNI was 28.4+5.7 versus
38.2+6.4 (p<0.001); CALLY was 0.87 (IQR 0.34-1.62) versus
2.54 (IQR 1.42-4.28) (p<0.001); and HALP was 14.6 (IQR
8.9-22.4) versus 24.8 (IQR 16.2-34.6) (p=0.003). PLR did
not significantly differentiate survivors from non-survivors
(median 234 vs 218; p=0.142). PLR therefore did not reach
statistical significance and, as detailed below, showed the
lowest discriminative capacity of all indices for 30-day
mortality (area under the curve 0.561, 95% confidence
interval 0.494 to 0.628; p=0.081). Comparable patterns
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Table 1. Baseline demographic and clinical characteristics of survivors and non-survivors

Variable Total (n=284) Survivors (n=172) Non-survivors (n=112) P

Age, years, mean+SD 68.4+13.2 65.8+12.6 72.4+13.1 <0.001
Male sex, n (%) 168 (59.2) 99 (57.6) 69 (61.6) 0.516
BMI, kg/mz, mean=SD 26.8+4.9 27.2+4.7 26.2+5.2 0.092
Hypertension, n (%) 172 (60.6) 98 (57.0) 74 (66.1) 0.132
Diabetes mellitus, n (%) 98 (34.5) 52 (30.2) 46 (41.1) 0.061
COPD, n (%) 84 (29.6) 42 (24.4) 42 (37.5) 0.018
CHF, n (%) 56 (19.7) 26 (15.1) 30 (26.8) 0.016
CKD, n (%) 38(13.4) 18 (10.5) 20(17.9) 0.078
CCl, median (IQR) 4 (3-6) 4 (2-5) 6 (4-7) <0.001
SOFA score, median (IQR) 7 (5-10) 6 (4-8) 10 (8-13) <0.001
APACHE Il, median (IQR) 18 (14-23) 15(12-19) 23 (19-28) <0.001
SAPS I, median (IQR) 42 (34-52) 38 (30-46) 52 (44-62) <0.001
Invasive MV, n (%) 167 (58.8) 72 (41.9) 95 (84.8) <0.001
Vasopressor, n (%) 148 (52.1) 58 (33.7) 90 (80.4) <0.001
RRT, n (%) 42 (14.8) 14 (8.1) 28 (25.0) <0.001
ICU LOS, days, median (IQR) 8(4-14) 9 (5-15) 7 (3-13) 0.086
Hospital LOS, days, median (IQR) 14 (8-22) 16 (10-24) 10 (5-18) <0.001

APACHE II: Acute physiology and chronic health evaluation Il; BMI: Body mass index; CHF: Congestive heart failure; CCl: Charlson comorbidity index; CKD: Chronic kidney disease;
COPD: Chronic obstructive pulmonary disease; ICU: Intensive care unit; IQR: Interquartile range; LOS: Length of stay; MV: Mechanical ventilation; RRT: Renal replacement therapy;
SAPS II: Simplified acute physiology score II; SD: Standard deviation; SOFA: Sequential organ failure assessment.

Table 2. Inflammatory and immunonutritional indices at emergency department admission in survivors versus non-survivors

Index Survivors (n=172) Non-survivors (n=112) p

Sll, median (IQR) 1.326 (842-2.145) 2.847 (1.924-4.156) <0.001
SIRI, median (IQR) 2.14(1.28-3.67) 4.82 (2.94-7.85) <0.001
AlSI, median (IQR) 752 (421-1.348) 1,784 (1.086-2.912) <0.001
NLR, median (IQR) 6.7 (4.1-10.2) 12.4(8.6-18.2) <0.001
PLR, median (IQR) 218 (156-312) 234 (168-326) 0.142
PNI, meanzSD 38.2+6.4 28.4+5.7 <0.001
CALLY, median (IQR) 2.54 (1.42-4.28) 0.87 (0.34-1.62) <0.001
HALP, median (IQR) 24.8 (16.2-34.6) 14.6 (8.9-22.4) 0.003

AlSI: Aggregate index of systemic inflammation; CALLY: C-reactive protein-albumin-lymphocyte index; HALP: Hemoglobin-albumin-lymphocyte-platelet score; IQR: Interquartile
range; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; PNI: Prognostic nutritional index; SD: Standard deviation; SlI: Systemic immune-inflammation index;

SIRI: Systemic inflammatory response index.

were observed for patients requiring invasive mechanical
ventilation versus those not requiring ventilation (Table 2).

Discriminative Performance for 30-Day Mortality

ROC analysis for 30-day mortality prediction demonstrated
varying discriminative capacity across indices (Table 3, Fig.
2). The CALLY index yielded the highest AUC of 0.821 (95%
Cl 0.771-0.871), with an optimal cutoff of 1.12, providing
a sensitivity of 78.6% and specificity of 74.4%. Sll achieved
an AUC of 0.798 (95% Cl 0.745-0.851), with an optimal
cutoff of 2,156 (sensitivity 72.3%, specificity 73.5%). SIRI
performed comparably (AUC 0.779; 95% Cl 0.724-0.834).

The individual ratios NLR (AUC 0.762; 95% Cl 0.705-0.819)
and PLR (AUC 0.561; 95% Cl 0.494-0.628) showed lower
discriminative capacity than the composite indices. For
comparison, the SOFA score yielded an AUC of 0.812 (95%
Cl 0.761-0.863), and APACHE Il yielded an AUC of 0.828
(95% C1 0.779-0.877).

DelLong comparison of CALLY versus SOFA showed no
statistically significant difference (p=0.732). Combining
CALLY with SOFA in a bivariate model improved
discrimination to an AUC of 0.874 (95% Cl 0.832-0.916),
suggesting incremental prognostic information beyond
established severity scoring.
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A. ROC Curves for 30-Day All-Cause Mortality

B. Kaplan-Meier Survival Curves
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Figure 2. Panel A: Receiver operating characteristic (ROC) curves for 30-day all-cause mortality prediction by Sl (AUC 0.798), SIRI (AUC
0.779), NLR (AUC 0.762), CALLY (AUC 0.821), and SOFA score (AUC 0.812). Panel B: Kaplan-Meier survival curves stratified by the Youden-de-
rived SII cutoff of >2,156 (log-rank p<0.001); 30-day survival was 37.2% in the high-SIl group versus 78.6% in the low-SIl group. The corre-
sponding CALLY-stratified survival results are reported in the Results text. Panel C: Forest plot of multivariable-adjusted hazard ratios for
30-day mortality showing independent predictors after adjustment for age, SOFA score, and Charlson Comorbidity Index (SIl HR 2.14, 95%

Cl 1.42-3.22; CALLY HR 2.67, 95% Cl 1.78-4.01).

AUC: Area under the curve; SOFA: Sequential organ failure assessment; SlI: Systemic immune-inflammation index; CALLY: C-reactive protein-Albumin-Lymphocyte index; HR: Hazard

ratio; NLR: Neutrophil-to-lymphocyte ratio.
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Table 3. Receiver operating characteristic analysis for prediction of 30-day all-cause mortality

Index AUC (95% CI) Cutoff Sensitivity (%) Specificity (%) P

CALLY 0.821(0.771-0.871) <1.12 78.6 74.4 <0.001
APACHE Il 0.828 (0.779-0.877) >18 76.8 71.5 <0.001
SOFA 0.812(0.761-0.863) >8 74.1 70.9 <0.001
Sli 0.798 (0.745-0.851) >2,156 723 73.5 <0.001
SIRI 0.779 (0.724-0.834) >3.28 70.5 70.3 <0.001
NLR 0.762 (0.705-0.819) >9.4 69.6 67.4 <0.001
AlSI 0.746 (0.688-0.804) >1,024 68.7 66.9 <0.001
PNI 0.734 (0.675-0.793) <32.6 66.1 68.0 <0.001
HALP 0.692 (0.630-0.754) <184 63.4 62.8 <0.001
PLR 0.561 (0.494-0.628) >228 54.5 529 0.081
CALLY + SOFA (combined) 0.874 (0.832-0.916) — — — <0.001

AlISI: Aggregate index of systemic inflammation; APACHE II: Acute physiology and chronic health evaluation II; AUC: Area under the curve; CALLY: C-reactive protein-Albumin-Lym-
phocyte index; CI: Confidence interval; NLR: Neutrophil-to-lymphocyte ratio; HALP: Hemoglobin-albumin-lymphocyte-platelet score; SlI: Systemic immune-inflammation index;
SIRI: Systemic inflammatory response index; SOFA: Sequential organ failure assessment; PLR: Platelet-to-lymphocyte ratio; PNI: Prognostic nutritional index.

Discriminative Performance for Mechanical

Ventilation Requirement

For prediction of invasive mechanical ventilation
requirement during the ICU stay, Sl achieved the highest
AUC of 0.784 (95% Cl 0.729-0.839), followed by NLR (AUC
0.762; 95% Cl 0.706-0.818) and SIRI (AUC 0.758; 95% Cl
0.702-0.814). CALLY (AUC 0.746; 95% Cl 0.689-0.803)
and PNI (AUC 0.721; 95% Cl 0.662-0.780) demonstrated
moderate discrimination. At the Youden-derived cutoff,
an Sll above 1,842 identified patients requiring ventilation
with a sensitivity of 74.2% and specificity of 68.9%.

Survival Analysis

Kaplan-Meier analysis stratified by Youden-derived cutoffs
demonstrated significantly lower 30-day survival among
patients with elevated SlI (log-rank p<0.001), elevated SIRI
(p<0.001), and reduced CALLY (p<0.001). Figure 2 presents
the Sll-stratified Kaplan-Meier curves. Median survival for
patients in the high-SIl group was 18 days, compared with
not reached for the low-SIl group. Thirty-day survival was
37.2% in the high-SIl group versus 78.6% in the low-Sli
group. For CALLY, 30-day survival was 34.1% in the low-
CALLY group versus 79.8% in the high-CALLY group.

Multivariable Analysis

In multivariable Cox proportional hazards regression for
30-day mortality, variables retained in the final model
after backward elimination, with forced inclusion of age,
SOFA score, and Charlson Comorbidity Index, were age
(HR 1.03 per year; 95% ClI 1.01-1.05; p=0.002), SOFA score
(HR 1.18 per point; 95% Cl 1.11-1.26; p<0.001), Charlson
Comorbidity Index (HR 1.14 per point; 95% Cl 1.05-1.24;
p=0.003), elevated SIl above 2,156 (HR 2.14; 95% Cl 1.42-

3.22; p<0.001), and reduced CALLY below 1.12 (HR 2.67;
95% ClI 1.78-4.01; p<0.001). The proportional hazards
assumption held for all variables (Schoenfeld residuals
p>0.05 for all), and variance inflation factors remained
below 2 for all covariates (Table 4).

For invasive mechanical ventilation requirement,
multivariable logistic regression identified elevated SIl (OR
2.68; 95% Cl 1.74-4.12; p<0.001), lower GCS on admission
(OR 1.32 per point decrease; 95% Cl 1.18-1.48; p<0.001),
higher respiratory rate (OR 1.11 per breath/min; 95% Cl
1.04-1.19; p=0.003), higher SOFA score (OR 1.15 per point;
95% Cl 1.06-1.24; p<0.001), and lower oxygen saturation
(OR 0.95 per percentage-point increase; 95% Cl 0.91-0.99;
p=0.018) as independent predictors, whereas age was
not independently associated with the outcome. The
full multivariable logistic regression model for invasive
mechanical ventilation is presented in Table 5.

Sensitivity Analyses

Among the 167 patients who required invasive mechanical
ventilation, 41 (24.6%) were intubated within the first
six hours of emergency department presentation. In
the additional sensitivity analysis restricted to the 243
patients who were not intubated within the first six hours,
an elevated Sl remained independently associated with
invasive mechanical ventilation (OR 2.41; 95% Cl 1.52 to
3.82; p<0.001), suggesting that the association was not
solely attributable to very early intubation; however,
residual reverse-causality bias cannot be excluded.
Reintroduction of the 14 patients who died or were
discharged within 24 hours of intensive care unit admission
did not materially change the discrimination of the leading
indices for 30-day mortality (CALLY area under the curve
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Table 4. Multivariable Cox proportional hazards regression for 30-day all-cause mortality

Variable Univariable HR (95% ClI) Univariable p Multivariable HR (95% CI) Multivariable p
Age (per year) 1.04 (1.03-1.06) <0.001 1.03 (1.01-1.05) 0.002
SOFA score (per point) 1.24(1.18-1.31) <0.001 1.18 (1.11-1.26) <0.001
CCl (per point) 1.22 (1.14-1.31) <0.001 1.14 (1.05-1.24) 0.003
Sl >2,156 3.84(2.62-5.62) <0.001 2.14 (1.42-3.22) <0.001
CALLY <1.12 4.76 (3.22-7.02) <0.001 2.67 (1.78-4.01) <0.001
SIRI >3.28 3.12(2.14-4.56) <0.001 NS —
NLR >9.4 2.94 (2.02-4.28) <0.001 NS —
AISI >1,024 2.68(1.84-3.91) <0.001 NS —
PNI <32.6 3.04 (2.08-4.44) <0.001 NS —
HALP <18.4 1.92(1.33-2.78) <0.001 NS —

Cl: Confidence interval; HR: Hazard ratio; NS: Not significant (variable removed during backward stepwise elimination); SOFA: Sequential organ failure assessment; CCl: Charlson
comorbidity index; SII: Systemic immune-inflammation index; CALLY: C-reactive protein-albumin-lymphocyte index; SIRI: Systemic inflammatory response index; NLR: Neutro-
phil-to-lymphocyte ratio; AlSI: Aggregate index of systemic inflammation; PNI: Prognostic nutritional index; HALP: Hemoglobin-albumin-lymphocyte-platelet score.

Table 5. Multivariable logistic regression for invasive mechanical ventilation requirement

Variable Univariable OR (95% CI)

Univariable p

Multivariable OR (95% CI) Multivariable p

Sl >1,842 412 (2.74t06.19
1.48 (1.31t0 1.67

Respiratory rate (per breath/min) 1.18(1.10to 1.27
(

(

)

GCS (per point decrease) )
)

1.02 (1.00 to 1.04)
)

)

Age (per year)
1.26 (1.18 to 1.35
0.92 (0.88 t0 0.96

SOFA score (per point)
Oxygen saturation (per %)

<0.001 2.68(1.74t04.12) <0.001

<0.001 1.32(1.18 to 1.48) <0.001

<0.001 1.11(1.04to 1.19) 0.003

0.041 1.01 (0.99 to 1.03) 0.214

<0.001 1.15(1.06 to 1.24) <0.001
)

<0.001 0.95(0.91 t0 0.99 0.018

Cl: Confidence interval; GCS: Glasgow coma scale; OR: Odds ratio; Sll: Systemic immune-inflammation index; SOFA: Sequential organ failure assessment. The model was adjusted

for age, SOFA score, and oxygen saturation.

0.818 versus 0.821; SIl 0.796 versus 0.798), and both CALLY
and Sl remained independent predictors in the Cox model.
Repeating the multivariable models with continuous rather
than dichotomized index values produced consistent
associations for both outcomes.

Discussion

In this single-center retrospective cohort of 284 adult
patientsadmittedtothelCUfromthe EDwith pneumosepsis,
we identified several findings with direct clinical relevance.
First, composite  inflammatory-nutritional  indices,
particularly CALLY, and the Systemic Immune-Inflammation
Index demonstrated discriminative performance for 30-
day mortality comparable to established severity scoring
systems such as SOFA and APACHE Il. Second, SlI achieved
the highest discriminative capacity for invasive mechanical
ventilation requirement. Third, both Sll and CALLY retained
independent associations with 30-day mortality after
adjustment for age, SOFA score, and comorbidity burden,
suggesting incremental prognostic information beyond
established tools. Fourth, indices calculated from ED
admission values were predictive of outcomes manifesting

over the subsequent 30 days, supporting their use at the
earliest point of clinical contact.

The panel of indices was selected to represent
complementary dimensions of the systemic response to
pneumosepsis rather than to duplicate a single pathway.
The neutrophil-to-lymphocyte ratio captures the balance
between innate activation and adaptive suppression; the
Systemic Immune-Inflammation Index and the platelet-
to-lymphocyte ratio add the platelet compartment; the
Systemic Inflammatory Response Index and the Aggregate
Index of Systemic Inflammation incorporate monocytes and,
for the latter, platelets; and the Prognostic Nutritional Index,
the CALLY index, and the HALP score integrate nutritional
and hepatic synthetic reserve through albumin, together
with hemoglobin for the HALP score. Evaluating these
indices within one cohort allowed a direct comparison of
inflammatory, thrombocytic, monocytic, and nutritional-
immune information under identical conditions. The cutoff
values derived here were obtained from a single cohort using
the Youden method and should be regarded as exploratory
thresholds for hypothesis generation rather than as validated
decision limits ready for routine clinical application.
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Our observation that Sll was significantly elevated among
30-day non-survivors aligns with the findings of Emgin
and colleagues in a 702-patient Turkish ICU cohort, in
which admission SlI differentiated 28-day survivors from
non-survivors.®’ A 2024 meta-analysis by Liang and Su
encompassing 25,626 sepsis patients similarly documented
an independent association between elevated Sll and short-
term mortality, with a pooled risk ratio of 1.87.1" Qur study
contributes to this literature by focusing on a pneumosepsis-
specific population and by simultaneously comparing Sli
with seven alternative indices within the same cohort.

The CALLY index, which integrates C-reactive protein,
albumin, and absolute lymphocyte count into a single ratio,
emerged as the strongest single-index predictor of 30-day
mortality, with an AUC of 0.821. This finding corroborates
the 2025 Turkish community-acquired pneumonia study
by Baran and colleagues, in which CALLY was the most
significant discriminator of in-hospital mortality among
eight inflammatory indices evaluated.™ The biological
plausibility of this finding rests on the convergence of three
pathways: C-reactive protein reflecting the magnitude of
the acute-phase inflammatory response, serum albumin
capturing both nutritional reserve and hepatic protein
synthesis, and absolute lymphocyte count representing
adaptive immune competence.?? Pneumosepsis patients
with simultaneously elevated CRP, reduced albumin, and
lymphopenia demonstrate a pattern of overwhelming
inflammation, diminished synthetic reserve, and immune
exhaustion that together define a high-risk phenotype.

SIRI, a relatively newer index that incorporates monocyte
counts into the ratio, demonstrated discriminative
performance comparable to Sl in our cohort (AUC
0.779 versus 0.798). This supports the findings of Zhang
and colleagues in a 401-patient ICU sepsis cohort, in
which SIRI correlated independently with SOFA score
and 28-day mortality."® The addition of monocytes may
capture a distinct pathophysiological dimension, since
circulating monocytes reflect tissue-resident macrophage
recruitment and innate immune activation specifically
relevant to pneumonia physiology.?® Whether SIRI and
SII provide redundant or complementary prognostic
information remains to be clarified in larger studies with
formal head-to-head comparison.

The underperformance of PLR in differentiating survivors
from non-survivors in our cohort (AUC 0.561, p=0.142)
contrasts with some prior reports but is consistent with
the study by Emgin and colleagues, in which PLR failed
to distinguish 28-day survival categories.®? PLR may have
particular utility in chronic inflammatory or oncologic
contexts, where relative platelet elevation signals sustained
inflammatory drive, but in acute severe sepsis physiology
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characterized by consumptive thrombocytopenia, the
ratio's discriminative value appears attenuated.?4

Theincremental value demonstrated when CALLY or Sll was
added to SOFA-based models (AUC improving from 0.812
to 0.874 for the CALLY-SOFA combination) has implications
for early risk stratification in the ED. Established severity
scores such as SOFA require multiple parameters spanning
respiratory, cardiovascular, hepatic, renal, neurological,
and coagulation domains; while comprehensive, their
calculation can be delayed by the availability of arterial
blood gas analysis, creatinine, and bilirubin. Inflammatory
indices derived from the CBC and routine chemistry panel
can be computed within minutes of laboratory result
availability and may flag high-risk patients before full
severity score calculation is possible. Our data support a
two-stage approach in which CBC-derived inflammatory
indices serve as early warning signals at ED triage,
subsequently refined by SOFA and other validated severity
tools as additional parameters become available.?>2

The distinct pattern observed for mechanical ventilation
prediction, in which SIl and NLR outperformed CALLY,
suggests that neutrophil-driven inflammation and the
neutrophil-lymphocyte balance may have particular
relevance to alveolar inflammation, oxygenation failure,
and the decision to intubate. In pneumonia physiology,
neutrophil-mediated alveolar damage combined with
lymphocyte depletion reflects the local pulmonary
inflammatory storm that precedes respiratory failure.?”!
Clinicians evaluating a pneumosepsis patient in the ED for
likely ventilation trajectory may therefore find particular
value in the NLR and Sl calculated from the initial CBC.

Limitations

Several limitations of our study merit explicit consideration.
First, the single-center retrospective design limits
generalizability and introduces potential selection bias
related to referral patterns and ICU admission thresholds
specific to our institution. Multicenter prospective validation
is required to establish the external reproducibility of our
Youden-derived cutoffs. Second, we evaluated admission-
value indices only and did not assess longitudinal trajectories;
dynamic changesin these indices during the first 24-72 hours
of ICU care may carry additional prognostic information, as
suggested by prior studies.'>?® Third, causative pathogen
data, pre-hospital antibiotic exposure, and timing of first
appropriate antimicrobial therapy were not systematically
captured and may confound the inflammatory profile.
Fourth, we did not externally validate our findings in an
independent cohort, and our Youden-derived cutoffs should
be considered exploratory. Fifth, we excluded patients with
hematological malignancy, chemotherapy exposure, and
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immunosuppression, limiting applicability to these high-risk
subpopulations in whom inflammatory indices may behave
differently. Sixth, although the inflammatory indices and
the severity scores were both measured early in the clinical
course, they were derived from different time windows,
since the indices were calculated within the first six hours
of emergency department presentation, whereas SOFA,
APACHE I, and SAPS Il were calculated within the first 24
hours of intensive care unit admission, and this difference
should be considered when the two are compared directly.
Seventh, invasive mechanical ventilation could be initiated
at any point during the intensive care unit stay, which raises
the possibility of reverse causality for patients intubated very
early; although the additional sensitivity analysis restricted
to patients intubated after index measurement supported a
genuine predictive association, residual bias cannot be fully
excluded. Eighth, the exclusion of patients who died or were
discharged within 24 hours of admission may have removed
some of the most severely ill patients, and while the sensitivity
analysis that reintroduced these patients showed stable
index performance, the potential for selection bias remains.
As a single-center retrospective study without external
validation, the reported cutoff values should be applied with
particular caution and require confirmation in independent
multicenter prospective cohorts before clinical use.

Despite these limitations, our study provides a comparative
evaluation of eight inflammatory indices within a uniformly
defined pneumosepsis cohort, with dual primary outcomes
capturing both intermediate (ventilation) and definitive
(30-day mortality) clinical endpoints. The consistency of
our findings with the broader ICU sepsis literature supports
the external credibility of our conclusions.

Conclusion

Among patients admitted to the ICU from the emergency
department with pneumosepsis, complete blood count-
derived inflammatory indices computed at ED presentation
provide clinically useful prognostic information for both
invasive mechanical ventilation requirement and 30-
day all-cause mortality. The CALLY index (AUC 0.821)
and the Systemic Immune-Inflammation Index (AUC
0.798) demonstrated independent associations with 30-
day mortality after adjustment for age, SOFA score, and
comorbidity burden. These readily calculable indices may
complement established severity scoring systems at the
earliest point of clinical contact, supporting more informed
triage, early resource allocation, and timely escalation of
care. Future multicenter prospective studies incorporating
dynamic index trajectories and external validation are
warranted to refine optimal cutoffs and confirm the
incremental value observed in our cohort.
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ABSTRACT

Objectives: To characterize the clinical profile and outcomes of pediatric patients receiving rescue levosimendan for refractory circulatory
failure after congenital heart surgery rather than to evaluate treatment efficacy.

Methods: This retrospective single-center cohort study included pediatric patients who received postoperative levosimendan between
January 2023 and December 2024 for persistent circulatory failure despite optimized conventional inotropic therapy. Demographic, operative,
and postoperative variables, including vasoactive-inotropic score (VIS) at levosimendan initiation and extracorporeal membrane oxygenation
(ECMO) requirement, were analyzed. Multivariable logistic regression was used to explore factors associated with in-hospital mortality.
Results: Thirty-nine patients received rescue levosimendan; one was excluded because of interhospital transfer before final outcome assess-
ment, leaving 38 patients for analysis. Most procedures were of high complexity (STAT Mortality Category 4-5, 71.1%). In-hospital mortality
was 34.2% (13/38). Non-survivors had higher VIS at levosimendan initiation (median, 22 vs. 17; p=0.048) and more frequently required ECMO
support (84.6% vs. 20.0%; p<0.001). Delayed sternal closure was performed in 36.8% of patients. In multivariable analysis, ECMO requirement
remained strongly associated with mortality (OR, 17.8;95% Cl, 3.4-92.1; p=0.001), whereas VIS was not statistically significant after adjustment.
Conclusion: Pediatric patients receiving rescue levosimendan after congenital heart surgery represent a high-risk subgroup with advanced
circulatory failure and substantial mortality. Rescue levosimendan use may therefore serve as a clinical marker of severe postoperative hemo-
dynamic deterioration rather than an isolated determinant of outcome.
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Introduction Postoperative risk is particularly pronounced in patients
. . . undergoing complex surgical procedures. The Society
Low cardiac output ..sy.ndrome (LCOS)' remains a @ajgr of Thoracic Surgeons-European Association for Cardio-
cause of early morbidity and mortality after pediatric 11,5 acic Surgery (STAT) Mortality Categories provide a
congenital heart surgery despite advances in surgical jidated framework for procedural risk stratification, with
techniques and perioperative management.” Patients  higher STAT categories consistently associated with adverse
who develop postoperative myocardial dysfunction postoperative outcomes.? In addition, the vasoactive-
frequently require escalating vasoactive support, inotropic score (VIS) is widely used to quantify the intensity
prolonged mechanical ventilation, and extended of pharmacologic cardiovascular support and serves as a
intensive care unit (ICU) stays. practical marker of postoperative illness severity.®!
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Levosimendan, a calcium-sensitizing inodilator, has
increasingly been used in pediatric cardiac intensive
care for patients with refractory myocardial dysfunction
or catecholamine-resistant LCOS. However, evidence
regarding its effectiveness in pediatric cardiac surgery
remains limited and heterogeneous, with previous studies
yielding inconsistent results because of small sample sizes,
heterogeneous patient populations, and variability in
treatment indications and timing.*!

Importantly, in routine clinical practice, levosimendan is
often reserved for patients with advanced hemodynamic
deterioration. This treatment pattern substantially
complicates the interpretation of clinical outcomes because
of confounding by indication.” Patients with the greatest
severity of circulatory failure are more likely to receive rescue
levosimendan, making it difficult to distinguish the potential
effects of the drug from the severity of the underlying
postoperative condition. Consequently, outcomes observed
after rescue levosimendan administration may reflect
the characteristics and clinical trajectory of an extreme-
risk population rather than the efficacy or harm of the
therapy itself. Despite this important distinction, the clinical
phenotype and postoperative course of patients selected
for rescue levosimendan remain insufficiently characterized.

Therefore, the present study aimed to characterize the clinical
features and postoperative outcomes of pediatric patients
receiving rescue levosimendan after congenital heart surgery
and to identify factors associated with in-hospital mortality.
The study was designed to describe the risk profile and
clinical trajectory of this highly selected population rather
than to evaluate the therapeutic efficacy of levosimendan.

Methods

Study Design and Population

This retrospective single-center cohort study included
pediatric patients who underwent congenital heart surgery
and received postoperative levosimendan between
January 2023 and December 2024.

The study was approved by the Medical Specialization and
Education Board of the University of Health Sciences, Dr.
Siyami Ersek Thoracic and Cardiovascular Surgery Training
and Research Hospital on November 29, 2022 (Approval
No. E-28001928-604.01.01). The study was conducted in
accordance with the principles of the Declaration of Helsinki.

Levosimendan was used as rescue therapy in patients
with persistent postoperative circulatory failure despite
optimized conventional management. In our institutional
practice, levosimendan was generally initiated in the
presence of severe ventricular dysfunction, commonly
defined by an echocardiographic ejection fraction
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<35%, together with persistent low cardiac output
syndrome despite optimized conventional inotropic and
vasoactive support. Additional indicators of hemodynamic
deterioration included escalating vasoactive requirements,
increasing lactate levels, impaired end-organ perfusion,
oliguria, and multidisciplinary clinical assessment.

Patients who received levosimendan prophylactically were
excluded. In addition, one patient who was transferred
to another institution before final outcome assessment
was excluded because in-hospital outcome could not
be determined. Levosimendan was administered as a
continuous intravenous infusion at a dose of 0.1 pg/kg/min
for 24 hours without a loading dose.

Data Collection

Demographic, operative, and postoperative data were
retrospectively extracted from electronic medical records.
Collected variables included age, sex, body weight, surgical
complexity according to the STAT Mortality Category,
cardiopulmonary bypass duration, aortic cross-clamp
duration, vasoactive-inotropic score (VIS) at the time of
levosimendan initiation, requirement for extracorporeal
membrane oxygenation (ECMO), renal replacement
therapy, intensive care unit (ICU) length of stay, hospital
length of stay, and in-hospital mortality.

VIS was calculated at the time of levosimendan initiation
using a previously validated formula.™

Statistical Analysis

Continuous variables were expressed as median and
interquartile range (IQR) and compared using the Mann-
Whitney U test. Categorical variables were expressed as
numbers and percentages and compared using the chi-
square test or Fisher’s exact test, as appropriate.

Multivariable logistic regression analysis was performed to
explore factors independently associated with in-hospital
mortality. Results were reported as odds ratios (ORs) with
95% confidence intervals (Cls).

Given the limited number of outcome events, the
multivariable model was intentionally restricted to a small
number of clinically relevant variables to reduce the risk
of overfitting and statistical instability. Accordingly, the
multivariable findings should be interpreted cautiously
and considered exploratory rather than confirmatory.

Results

A total of 39 pediatric patients received postoperative
rescue levosimendan during the study period. One patient
was excluded because of interhospital transfer before final
outcome assessment, leaving 38 patients in the final analysis.
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Table 1. Baseline characteristics of the overall cohort, survivors, and non-survivors

Variable Overall (n=38) Survivors (n=25) Non-survivors (n=13) P

Age, months, median (IQR) 6.5 (2.0-14.0) 7.2 (2.5-15.0) 5.4 (1.8-11.0) 0.642
Weight, kg, median (IQR) 5.8(3.5-9.2) 6.1(3.8-9.8) 5.2(3.2-85) 0.528
Male sex, n (%) 21 (55.3) 14 (56.0) 7 (53.8) 0.896
STAT category 4-5, n (%) 27 (71.1) 17 (68.0) 10 (76.9) 0.714
CPB time, min, median (IQR) 168 (124-210) 162 (120-195) 178 (135-220) 0412
Cross-clamp time, min, median (IQR) 104 (78-142) 98 (75-135) 112 (82-150) 0.384
Delayed sternal closure, n (%) 14 (36.8) 8(32.0) 6 (46.2) 0.485
VIS at levosimendan initiation, median (IQR) 20 (13-27) 17 (12-24) 22 (18-34) 0.048
ECMO support, n (%) 16 (42.1) 5(20.0) 11 (84.6) <0.001

CPB: Cardiopulmonary bypass; ECMO: Extracorporeal membrane oxygenation; IQR: Interquartile range; STAT: Society of Thoracic Surgeons-European Association for Cardio-Tho-

racic Surgery; VIS: Vasoactive-inotropic score.

The demographic, operative, and postoperative
characteristicsof survivorsand non-survivorsare summarized
in Table 1. The cohort was characterized by substantial
procedural complexity, with 71.1% of patients classified
in STAT Mortality Categories 4-5. Baseline demographic
characteristics, including age, sex, and body weight, were
comparable between survivors and non-survivors.

Overall in-hospital mortality was 34.2% (13/38). Non-
survivors required ECMO support significantly more
frequently than survivors (84.6% vs. 20.0%, p<0.001). In
addition, non-survivors had significantly higher VIS values
at the time of levosimendan initiation (median, 22 vs. 17;
p=0.048), consistent with greater hemodynamic support
requirements at treatment initiation.

Other perioperative variables, including cardiopulmonary
bypass duration and aortic cross-clamp duration, did not
differ significantly between survivors and non-survivors.
Overall, the cohort was characterized by high surgical
complexity, substantial vasoactive support requirements,
and frequent use of ECMO. Delayed sternal closure was
performed in 36.8% of patients, further illustrating the
substantial postoperative complexity of this population.

In  multivariable logistic regression analysis, ECMO
requirement remained strongly associated with in-hospital
mortality (adjusted OR, 17.8; 95% Cl, 3.4-92.1; p=0.001).
In contrast, VIS at levosimendan initiation did not retain
statistical significance after adjustment (Table 2). Given the
small number of outcome events and the wide confidence
interval surrounding the ECMO estimate, these findings
should be interpreted as exploratory.

Discussion

The principal finding of the present study is that pediatric
patients receiving rescue levosimendan after congenital
heart surgery constitute a highly selected, extreme-risk

Table 2. Multivariable logistic regression analysis of in-hospital
mortality

Variable Adjusted OR (95% CI) p
ECMO support 17.8 (3.4-92.1) 0.001
VIS at levosimendan initiation 1.08 (0.92-1.21) 0.229

OR: Odds ratio; Cl: Confidence interval; VIS: Vasoactive—-inotropic score; ECMO: Extra-
corporeal membrane oxygenation.

postoperative subgroup characterized by substantial
surgical complexity, advanced circulatory failure, high
vasoactive support requirements, frequent use of ECMQO,
and considerable in-hospital mortality. Importantly, these
findings should not be interpreted as demonstrating a
direct beneficial or harmful effect of levosimendan.

In this cohort, levosimendan was not used as a first-line
intervention but rather as rescue therapy in patients with
persistent hemodynamic deterioration despite optimized
conventional management. Treatment allocation was
therefore inherently influenced by the severity of the
underlying postoperative condition. This introduces
confounding by indication, a well-recognized limitation of
observational studies evaluating rescue therapies, in which
the most critically ill patients are preferentially selected
to receive additional interventions.*”? Accordingly, the
outcomes observed after levosimendan administration
likely reflect, at least in substantial part, the severity of
the underlying circulatory failure rather than the isolated
therapeutic effect of levosimendan itself.

The high proportion of STAT Mortality Category 4-5
procedures further supports the substantial baseline
risk of this population. Furthermore, relatively high VIS
values at the time of levosimendan initiation indicate that
considerable pharmacologic cardiovascular support was
already required when rescue therapy was introduced.
VIS has consistently been associated with postoperative
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morbidity and mortality following pediatric cardiac surgery
and is widely used as a marker of cardiovascular support
intensity and illness severity."*! In the present cohort, VIS
was higher among non-survivors in unadjusted analysis
but did not retain statistical significance after multivariable
adjustment. Given the limited sample size and number of
deaths, however, this finding should not be interpreted as
evidence that VIS lacks prognostic relevance.

The strongest observed association was between ECMO
requirement and in-hospital mortality. Patients who
required ECMO had substantially higher mortality than
those managed without mechanical circulatory support,
and ECMO requirement remained associated with mortality
in the exploratory multivariable model. This observation is
clinically plausible and consistent with previous literature
showing that pediatric patients requiring ECMO following
congenital heart surgery represent a population with
severe refractory cardiac or cardiopulmonary failure and
substantial mortality.®* In the present study, ECMO should
therefore be regarded primarily as a marker of advanced
postoperativeillness severity rather than asan independent
causal determinant of mortality.

Interpretation of levosimendan-related outcomes in
pediatric cardiac surgery remains challenging because the
existingliteratureisheterogeneous.Althoughlevosimendan
has been proposed as a potentially useful inodilator in
patients with postoperative myocardial dysfunction,
available pediatric evidence remains inconclusive.'™
Previousstudies have been limited by relatively smallsample
sizes, heterogeneous congenital heart defects and surgical
procedures, variable treatment indications and timing,
and substantial potential for confounding by indication.
“31 These limitations make it difficult to determine which
patients are most likely to benefit from levosimendan and
at what stage of postoperative circulatory deterioration the
drug should be administered.

The timing of levosimendan administration is therefore
an important area for future investigation. In our cohort,
levosimendan was generally initiated after substantial
escalation of conventional vasoactive support and
evidence of significant hemodynamic compromise.
However, because this study did not compare different
treatment timings or include a control group not receiving
levosimendan, no conclusions can be drawn regarding
whether earlier administration would improve clinical
outcomes. Prospective studies incorporating standardized
treatment criteria and clearly defined timing strategies are
needed to address this question.

From a clinical perspective, receipt of rescue levosimendan
may help identify a subgroup of patients with particularly
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severe postoperative circulatory dysfunction. Rather than
serving as a direct measure of treatment effectiveness,
levosimendan exposure in this setting may function as a
marker of escalating cardiovascular support requirements
and advanced hemodynamic instability. Recognition
of this phenotype may be useful for risk stratification
and intensified clinical surveillance. However, whether
levosimendan administration itself should influence the
timing of mechanical circulatory support or other escalation
strategies cannot be determined from the present data.

Overall, the present study provides a detailed description
of a clinically important but insufficiently characterized
subgroup of pediatric cardiac surgical patients receiving
levosimendan as rescue therapy. The findings highlight
that rescue levosimendan use occurs in the context of
advanced postoperative circulatory failure and should
therefore be interpreted primarily as a marker of severe
illness rather than as an isolated therapeutic determinant
of outcome.

Limitations

Several limitations should be acknowledged. First, the
retrospective single-center design limits the generalizability
of the findings and introduces the potential for selection bias.

Second, the relatively small sample size (n=38) and limited
number of outcome events constrained the complexity of
multivariable modeling and reduced statistical precision.
In particular, the wide confidence interval surrounding
the association between ECMO requirement and mortality
(adjusted OR, 17.8; 95% Cl, 3.4-92.1) indicates substantial
uncertainty in the effect estimate and potential model
instability. Although this association remained statistically
significant, the multivariable findings should be interpreted
cautiously and regarded as exploratory and hypothesis-
generating rather than definitive.

Third, the study is inherently subject to confounding
by indication because levosimendan was preferentially
administered to patients with more severe hemodynamic
compromise despite optimized conventional support.
Consequently, the observed outcomes are likely to reflect,
at least in part, the severity of the underlying postoperative
circulatory failure rather than the isolated effect of
levosimendan. This substantially limits any inference
regarding treatment efficacy.

Fourth, the absence of a contemporaneous comparator
group of clinically similar patients who did not receive
levosimendan precluded direct assessment of levosimendan-
related treatment effects and prevented causal interpretation.

Finally, detailed serial hemodynamic and biochemical
measurements, including lactate kinetics, serial
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ventricular function assessments, and temporal changes
in vasoactive support, were not systematically evaluated.
This limited assessment of the hemodynamic trajectory
surrounding levosimendan administration and may have
contributed toresidual confounding.In addition, although
levosimendan initiation was guided by institutional
clinical practice, the absence of a strictly protocolized
treatment algorithm may have introduced variability in
treatment selection and timing.

Conclusion

Pediatric patients requiring rescue levosimendan
after congenital heart surgery represent a high-risk
postoperative population characterized by advanced
circulatory failure, substantial vasoactive support
requirements, and considerable mortality. Higher VIS at
levosimendan initiation and the frequent requirement
for ECMO among non-survivors reflect the severity of
hemodynamic deterioration in this population. ECMO
requirement remained strongly associated with in-hospital
mortality in the exploratory multivariable analysis. These
findings suggest that rescue levosimendan use may
identify an extreme-risk postoperative phenotype rather
than demonstrate a treatment effect. Larger prospective
studies with standardized treatment protocols and
appropriate comparator groups are needed to clarify
the role and optimal timing of levosimendan in pediatric
cardiac surgery.
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ABSTRACT

Objectives: Central line—associated bloodstream infections (CLABSIs) remain an important source of morbidity and mortality in pediatric car-
diac intensive care units (PCICUs). Although evidence-based prevention bundles can reduce infection rates, sustaining low CLABSI rates in high-
acuity settings remains difficult. To evaluate longitudinal trends in CLABSI rates in a pediatric cardiac intensive care unit over a three-year period.
Methods: A retrospective analysis of prospectively collected infection surveillance data was conducted for the period between January 1,
2023, and January 1, 2026. CLABSI rates were calculated as infections per 1,000 central line-days and analyzed quarterly. Observed infection
rates were compared with institutional targets and external benchmark data from the Pediatric Cardiac Critical Care Consortium (PC*).
Results: A total of 1,800 patients and 24,100 central line-days were evaluated during the study period. Overall, 72 CLABSI episodes were
identified, corresponding to a rate of 3.0 infections per 1,000 central line-days. CLABSI rates ranged from 0.5 to 6 infections per 1,000 catheter-
days, with the lowest rates observed during 2024 and transient increases during early 2025. Periods with higher infection rates coincided with
increased catheter utilization, prolonged catheter dwell time, greater ECMO exposure, and a higher proportion of complex surgical proce-
dures. Gram-negative microorganisms predominated (66%), particularly Acinetobacter baumannii, Klebsiella pneumoniae, and Pseudomonas
aeruginosa. CLABSI-related mortality was 6.9%.

Conclusion: CLABSI rates in this pediatric cardiac intensive care unit showed substantial temporal variability over the three-year surveillance
period. Although periods of near-benchmark performance were achieved, sustaining consistently low infection rates remained challenging,
particularly during periods of increased patient acuity and device utilization.

Keywords: Central line-associated bloodstream infection, central venous catheter, infection prevention, pediatric cardiac intensive care,
quality improvement
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Introduction use carries a significant risk of central line-associated
bloodstream infections (CLABSIs), which remain among
the most important healthcare-associated infections in
intensive care settings.'?

Central venous catheters are essential in the
management of critically ill children admitted to pediatric
cardiac intensive care units. These devices allow the
administration of vasoactive medications, parenteral CLABSIs are associated with substantial morbidity,
nutrition, and hemodynamic monitoring. However, their  prolonged hospitalization, increased healthcare costs, and
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potentially increased mortality in critically ill children.l'?
Pediatric patients with congenital heart disease represent a
particularly vulnerable population because they frequently
require prolonged vascular access, repeated invasive
procedures, and complex surgical interventions.’#

Overthe pasttwo decades, theimplementation ofevidence-
based infection prevention bundles has significantly
reduced CLABSI rates in many intensive care units. These
bundles typically include standardized catheter insertion
protocols, maximal barrier precautions, strict hand
hygiene practices, and structured catheter maintenance
strategies.®>” Landmark quality improvement initiatives
have demonstrated that the systematic implementation
of such strategies can dramatically reduce catheter-related
bloodstream infections in intensive care environments.®

Despite these improvements, maintaining low infection
rates over time remains challenging. Healthcare systems are
dynamic environments in which staff turnover, fluctuating
clinical workload, and variable adherence to infection
prevention practices may influence long-term infection
control performance.®

Benchmarking systems have become important tools for
evaluating infection prevention performance. The Pediatric
Cardiac Critical Care Consortium (PC*) provides multicenter
outcome data from pediatric cardiac intensive care units
and allows institutions to compare their performance with
peer centers.'"3 Such collaborative databases facilitate
the identification of best practices and promote quality
improvement initiatives.

Althoughmanystudieshavedemonstratedtheeffectiveness
of infection prevention bundles, fewer have evaluated the
sustainability of these interventions in pediatric cardiac
intensive care units. Understanding temporal variation
in CLABSI incidence may provide important insights
into factors influencing the sustainability of infection
prevention strategies. The aim of this study was to evaluate
longitudinal CLABSI trends in a pediatric cardiac intensive
care unit over a three-year period in relation to institutional
targets and external benchmark data.

Methods

Study Design and Setting

This study was conducted as a retrospective analysis
of prospectively collected infection surveillance data
from a tertiary-care pediatric cardiac intensive care unit
providing postoperative and medical care for children
with congenital heart disease. The observation period
extended from January 1, 2023, to January 1, 2026. The
unit provides postoperative care for the full spectrum of

congenital heart disease, including neonatal complex
repairs, single-ventricle palliation, and extracorporeal
membrane oxygenation (ECMO) support. All pediatric
patients admitted to the pediatric cardiac intensive care
unit with a central venous catheter during the study period
were included. Patients without central venous access
and patients with incomplete surveillance records were
excluded. Ethical approval for this study was obtained
from the University of Health Sciences, Basaksehir Cam and
Sakura Hospital Institutional Ethics Committee (Approval
No: 2026-225; Date: 29 April 2026), and the requirement for
informed consent was waived owing to the retrospective
design and use of fully de-identified surveillance data.
The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki.

Infection prevention practices during the study period
followed institutional CLABSI prevention protocols. These
measures included maximal sterile barrier precautions
during catheter insertion, chlorhexidine-based skin
antisepsis when age-appropriate, standardized catheter
maintenance procedures, daily assessment of line necessity,
reinforcement of hand hygiene practices, and routine staff
education regarding central line care. These practices were
implemented as part of standard institutional infection
prevention policies and were maintained throughout
the observation period. However, formal process-level
adherence metrics and structured compliance audits were
not systematically collected during the study period.

Infection Surveillance

CLABSI surveillance was conducted according to
internationally recognized infection control guidelines.
M |Infection events were prospectively recorded by the
institutional infection control team using standardized
definitions  consistent with  healthcare-associated
infection surveillance criteria."'¥ For each observation
period, the number of CLABSI events and total central line
days were documented. CLABSI events were identified
by trained infection control nurses using standardized
laboratory-confirmed bloodstream infection criteria in
line with internationally accepted surveillance definitions.
Bloodstream infections secondary to another infectious
source and those meeting criteria for mucosal barrier
injury laboratory-confirmed bloodstream infection
(MBI-LCBI) were excluded. All identified CLABSI events
were independently reviewed by an infectious disease
specialist prior to final classification. Central line days
were defined as the total number of patient-days during
which any central venous catheter was in place, summed
across all eligible patients.
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Calculation of Infection Rates

CLABSI rates were calculated using standard methodology:
CLABSI rate=(number of CLABSI events+central line
days)x1000. Rates were aggregated quarterly to facilitate
trend analysis.

Benchmark Comparison
Observed infection rates were compared with:
+ Institutional infection control targets.

. External benchmark data from the Pediatric Cardiac
Critical Care Consortium (PC*).0112

The PC* reference benchmark used in this analysis was 1.2
infections per 1,000 central line days.

Data Analysis

Statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 25.0 (IBM Corp., Armonk,
NY, USA). Descriptive statistical methods were used to
evaluate temporal trends in CLABSI rates throughout the
study period. Quarterly infection rates were analyzed
relative to institutional targets and external benchmark
data. Temporal fluctuations in infection rates were assessed
using descriptive trend analysis and graphical visualization.

Additional epidemiological and clinical variables
were evaluated to provide contextual interpretation
of CLABSI trends. These variables included patient-
days, catheter utilization ratios, median catheter dwell
time, extracorporeal membrane oxygenation (ECMO)
exposure, neonatal surgical admissions, and surgical
complexity. Catheter utilization ratio was calculated
as total central line-days divided by total patient-days
for each observation period. Surgical complexity was
classified according to STAT mortality categories, with
categories 4-5 defined as high-complexity procedures.
031 Continuous variables were summarized as median
and interquartile range (IQR); categorical variables
were expressed as frequencies and percentages. Given
the descriptive observational design of the study, no
inferential statistical comparisons were performed.

Primary and Secondary Outcomes

The primary outcome was quarterly CLABSI incidence per
1,000 central line-days. Secondary outcomes included
annual CLABSItrends, microbiological distribution, catheter
utilization ratios, catheter dwell time, ECMO exposure,
surgical complexity, and CLABSI-related mortality.

Results

A total of 1,800 patients with 24,100 central line-days were
included in the study. The median age of the patients was

The Cardiovascular Thoracic Anaesthesia and Intensive Care Society

Table 1. Baseline patient and catheter characteristics

Variable Value / n (%)
Total patients 1800
Total Catheter days 24,100 (median 13.3 days per patient)
Median age (months) 2.5 (IQR0.5-8)
Median weight (kg) 4.8 (IQR 3-7.2)
Localization of CVC
Femoral vein 1170 (65)
Jugular vein 540 (30)
Umbilical vein 90 (5)
Surgical vs. Medical Surgical: 1440 (80%) Medical: 360 (20%)
ICU LOS (days, median) 7 (IQR 5-10)

Values reflect a pediatric cardiac ICU population. CVC: Central venous catheter; ICU
LOS: Intensive care unit length of stay.

Table 2. Additional epidemiological and clinical variables by year

Year

Variable 2023 2024 2025
Catheter -days 8000 8100 8000
Patient-days 10500 11200 11000
Catheter utilization ratio 0.76 0.72 0.73
Median catheter dwell time (days) 15 12 14
ECMO exposure (%) 6 4 5
STAT category 4-5 procedures (%) 52 48 56
Neonatal surgical admissions(%) 54 50 60

ECMO: Extracorporeal membrane oxygenation; STAT: Society of thoracic surgeons and
european association for cardio-thoracic surgery.

2.5 months (IQR 0.5-8), and the median weight was 4.8
kg (IQR 3-7.2). Femoral vein catheterization was the most
common central venous catheter (CVC) site, accounting
for 65% of cases, followed by the jugular vein (30%)
and umbilical vein (5%). Baseline patient and catheter
characteristics are summarized in Table 1.

Across the three-year study period, central line utilization
and patient characteristics remained relatively stable.
Annual central line-days ranged between 8,000 and
8,100, while patient-days varied from 10,500 to 11,200.
The catheter utilization ratio slightly decreased from 0.76
in 2023 to 0.72 in 2024, with a minor increase to 0.73 in
2025. Median catheter dwell time declined from 15 days in
2023 to 12 days in 2024, then increased to 14 days in 2025.
Additional epidemiological and clinical variables across the
study period are summarized in Table 2.
A total of 72 CLABSI episodes were
the study period, corresponding to approximately 3
infections per 1,000 central line-days and affecting 4%
of all patients. Gram-negative microorganisms were the

identified during
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Table 3. CLABSI episodes and microbiology

Variable Value / n (%)

Total CLABSI episodes 72 (4 % of patients; ~3 per 1000 line-days)
Rate per 1000 line-days 3.0

48 (66%)

Gram-negative

Acinetobacter baumannii n=15
Klebsiella pneumoniae n=12
Pseudomonas aeruginosa n=11
Serratia marcescens n=
Escherichia coli n=3
Enterobacter cloacae n=3
Gram-positive 18 (26%)
Staphylococcus epidermidis n=8
Staphylococcus aureus n=7
Enterococcus faecium n=2
Staphylococcus hominis n=1
Fungal 8 (8%)
Candida albicans n=6
Candida parapsilosis n=2

Mortality (CLABSI-related) 5 (6.9% of CLABSI cases)

CLABSI: Central line-associated bloodstream infection. Microbiological distribution
reflects typical pediatric cardiac ICU pathogens. Rate per 1000 line-days calculated as
(total CLABSI episodes / total central line days) x 1000.

predominant pathogens, accounting for 66% of infections.
The most frequently isolated organisms were Acinetobacter
baumannii (n=15), Klebsiella pneumoniae (n=12), and
Pseudomonas aeruginosa (n=11). Gram-positive pathogens
constituted 26% of cases, predominantly Staphylococcus
epidermidis (n=8) and Staphylococcus aureus (n=7). Fungal
infections accounted for 8% of CLABSI episodes, mainly
caused by Candida albicans (n=6). CLABSI-related mortality
was observed in 5 patients, corresponding to 6.9% of
CLABSI cases. Microbiological distribution and CLABSI
episodes are presented in Table 3.

Overall Infection Trends

During the three-year observation period, CLABSI rates
in the pediatric cardiac intensive care unit demonstrated
substantial variability. Quarterly infection rates ranged
from 0.5 to 6 infections per 1,000 central line-days.

At the beginning of the observation period, CLABSI
rates were relatively elevated. The first quarter of 2023
demonstrated a rate of 6 infections per 1,000 central line-
days. Subsequent quarters showed gradual improvement,
with infection rates declining to 4.5 per 1,000 catheter-
days in Q2, 4 per 1,000 catheter-days in Q3, and 3 per
1,000 catheter-days in Q4. Although this represented a
progressive decline, infection rates remained above both
institutional targets and the PC* benchmark.!™

The most favorable infection control outcomes were
observed in 2024. The first quarter demonstrated a CLABSI
rate of 1.6 infections per 1,000 catheter-days, approaching
the benchmark value. During the second quarter, the
rate further declined to 1.5 infections per 1,000 catheter-
days. Several mid-year months were associated with zero
reported infection events, suggesting effective adherence
to infection prevention practices. The final quarter of 2024
demonstrated a rate of 1.2 infections per 1,000 catheter-
days, representing the lowest sustained infection rate
observed during the study period.

In contrast, infection rates increased substantially
during early 2025. The first and second quarters both
demonstrated infection rates of 6 infections per 1,000
catheter-days, exceeding both institutional targets and
external benchmarks. However, infection rates declined
during the second half of the year, decreasing to 1.5
infections per 1,000 catheter-days in the third quarter
and 0.5 infections per 1,000 catheter-days in the fourth
quarter. These findings underscore the difficulty of
maintaining stable infection prevention performance
over prolonged periods in high-acuity pediatric cardiac
intensive care settings (Fig. 1).

Additional epidemiological variables demonstrated
temporal variation in patient acuity and device utilization
across the study period. Periods associated with increased
CLABSI rates, particularly during early 2025, coincided with
higher catheter utilization ratios, prolonged catheter dwell
times, increased ECMO exposure, and a greater proportion
of high-complexity surgical procedures (STAT categories
4-5). In contrast, lower infection rates observed during
2024 corresponded with relatively lower patient acuity
indicators and reduced device utilization.

Discussion

This multi-year evaluation of CLABSI rates in a pediatric
cardiac intensive care unit demonstrated substantial
temporal variability in infection incidence within a high-
acuity clinical environment. Although periods of lower
infection rates were achieved, theseimprovements were not
consistently sustained over time, highlighting the ongoing
challenges of maintaining stable infection prevention
performance in pediatric cardiac critical care settings.

The progressive reduction in infection rates observed
during 2024 is consistent with previous studies
demonstrating that standardized infection prevention
bundles can substantially reduce catheter-related
bloodstream infections in intensive care units.571316
Large multicenter quality improvement initiatives,
including those conducted in pediatric critical care
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Central Line-Associated Bloodstream Infection Rates by Period

Rate (per 1,000 catheter-days)

—&@— CLABSI rate (per 1,000 catheter-days)
—® - Institutional target
PC* benchmark (1.2 per 1,000 catheter-days)

CLABSI events (n) 12 9 8 6 4 3 0 2 12 12 3 1
Central line-days 2,000 2,000 2,000 2,000 2,500 2,000 2,000 1,600 2,000 2,000 2,000 2,000
CLABSI rate
(per 1,000 catheter-dys) 6.0 4.5 4.0 3.0 1.6 1.3 0.0 1.25 6.0 6.0 15 0.5

Figure 1. Quarterly trends in central line-associated bloodstream infection (CLABSI) rates in the pediatric cardiac intensive care unit between
2023 and 2025.Solid line with circular markers represents the observed CLABSI rate per 1,000 central line days. The dashed line with square
markers indicates the institutional infection control target, which was lowered from 2.0 to 1.5 infections per 1,000 catheter days at the begin-
ning of 2024. The dotted line indicates the Pediatric Cardiac Critical Care Consortium (PC*) reference benchmark of 1.2 infections per 1,000
catheter days. Quarterly periods are displayed sequentially along the x-axis (Jan-Mar, Apr-Jun, Jul-Sep, Oct-Dec).

CLABSI: Central line-associated bloodstream infection; PC*: Pediatric Cardiac Critical Care Consortium.

settings, have shown that the implementation of
structured insertion and maintenance protocols, hand
hygiene reinforcement, and daily catheter assessment
can significantly improve CLABSI outcomes over time.
56171 Nevertheless, maintaining these gains remains
difficult in high-acuity units caring for medically and
surgically complex patients.

The transient increase in CLABSI rates observed
during early 2025 further highlights the dynamic and
multifactorial nature of healthcare-associated infection
epidemiology in pediatric cardiac critical care settings.
Similar temporal variability has been described in
longitudinal surveillance studies despite established
prevention frameworks, suggesting that CLABSI
incidence may be influenced by fluctuations in patient
acuity, device exposure, staffing conditions, and workflow
intensity over time.®'% |n the present study, periods with
higher infection rates coincided with increased catheter
utilization, prolonged catheter dwell time, greater ECMO
exposure, and a higher proportion of STAT category
4-5 surgical procedures. These findings are consistent
with previous reports identifying prolonged vascular
access, extracorporeal support, neonatal admissions, and

surgical complexity as important contributors to CLABSI
risk in children with congenital heart disease.’>4'8°

The predominance of Gram-negative microorganisms
observed in this cohort is also notable. Acinetobacter
baumannii, Klebsiella pneumoniae, and Pseudomonas
aeruginosa accounted for most bloodstream isolates,
whereas Gram-positive pathogens were less frequent.
Similar microbiological distributions have been reported
in high-acuity pediatric cardiac and surgical intensive
care populations, where prolonged invasive support,
broad-spectrum antibiotic exposure, and extended
hospitalization may favor Gram-negative pathogen
predominance.?*'2% |n contrast to our findings, another
study reported a predominance of Gram-positive
microorganisms, accounting for 70.1% of isolates,
while Gram-negative bacteria and fungal pathogens
represented 23.9% and 6% of cases, respectively.?" These
differences may reflect variations in patient populations,
catheter practices, local microbiological epidemiology,
antimicrobial exposure patterns, and institutional
infection control strategies across centers.

The absence of formal statistical process control (SPC)
outputs, including control charts and defined control limits,
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also limits interpretation of temporal trends. Although SPC
methodology is referenced in the manuscript, the lack of
presented SPC figures precludes assessment of special-
cause variation and weakens the ability to distinguish true
signal from random fluctuation. As a result, the reported
trends should be considered primarily descriptive.

CLABSI is associated with substantial morbidity and
mortality in critically ill pediatric populations. In a recent
study, the highest case fatality rate was observed in
children with fungal septicemia (27.3%), followed by
Gram-negative bacteremia (22.4%) and Gram-positive
bacteremia (8.9%).2" In the present study, CLABSI-related
mortality was 6.9%.

Limitations

This study has several limitations. First, it represents a
single-center retrospective observational analysis, which
may limit the generalizability of the findings to other
institutions and does not allow causal inference regarding
factors associated with temporal changes in CLABSI rates.
Second, the study relied on aggregated surveillance data
and therefore could not evaluate individual procedural
practices associated with infection events. Although
additional epidemiological and clinical variables were
incorporated, the study remained limited by the absence
of detailed process-level adherence metrics such as
bundle compliance audits, hand hygiene performance
data, staffing-related variables, and structured compliance
monitoring. Third, the absence of a control group limits
the ability to directly compare outcomes or evaluate the
independent effect of preventive practices. Finally, the
relatively limited number of CLABSI events may have
contributed to temporal variability in quarterly infection
rates. Future multicenter studies incorporating detailed
patient-level and process-level metrics may provide a
more robust understanding of factors influencing long-
term CLABSI prevention performance in pediatric cardiac
intensive care units.

Conclusion

This study demonstrated substantial temporal variability
in CLABSIrates within a pediatric cardiacintensive care unit
over a three-year surveillance period. Although periods of
near-benchmark performance were achieved, sustaining
consistently low infection rates remained challenging,
particularly during periods of increased patient acuity
and device utilization. Future multicenter investigations
incorporating detailed patient-level and process-level
data are needed to better define factors associated with
durable infection prevention performance in pediatric
cardiac critical care settings.
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ABSTRACT

Objectives: Port catheter implantation is a commonly performed minimally invasive procedure that may still cause intraoperative discomfort
and require supplemental analgesia. The serratus posterior superior intercostal plane (SPSIP) block is a recently described regional anesthesia
technique for thoracic analgesia. This study evaluated the analgesic efficacy of the SPSIP block during port catheter implantation.

Methods: In this prospective randomized study, 66 patients undergoing elective port catheter implantation were allocated to either the
SPSIP block group (n=33) or the local infiltration (LI) group (n=33). The primary outcome was pain intensity during port pocket creation, mea-
sured using the Numeric Rating Scale (NRS). Secondary outcomes included maximum intraoperative pain score, supplemental local anesthet-
ic requirement, total tramadol consumption within the first 24 hours, patient and surgeon satisfaction, and procedure-related complications.
Results: Pain intensity during port pocket creation was significantly lower in the SPSIP group than in the LI group (median [IQR]: 1 [1-2] vs.
2 [1-3]; p=0.038). Maximum intraoperative pain scores and supplemental local anesthetic requirements were also significantly lower in the
SPSIP group (p=0.038 and p=0.014, respectively). Although 24-hour tramadol consumption was lower in the SPSIP group, the difference
was not statistically significant (p=0.154). Patient and surgeon satisfaction scores were significantly higher in the SPSIP group (p=0.026 and
p=0.002, respectively).

Conclusion: The SPSIP block provides effective intraoperative analgesia during port catheter implantation, reduces supplemental local anes-
thetic requirements, and improves patient and surgeon satisfaction.

Keywords: Analgesia, port catheter implantation, regional anesthesia, serratus posterior superior intercostal plane block
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However, infiltration alone may not always provide
sufficient analgesia, especially during deeper tissue
dissection. Increasing the local anesthetic dose may

Introduction

Implantable venous port systems are widely used in
oncology patients requiring long-term chemotherapy

administration.” Although the procedure is generally
performed under local anesthesia, patients often
experience moderate pain, particularly during the creation
of the subcutaneous port pocket.*® Adequate analgesia
during the procedure is important for improving patient
comfort and facilitating surgical conditions.”

Local anesthetic infiltration is the most commonly used
analgesic technique during port catheter implantation.

lead to systemic toxicity, particularly in frail oncology
patients.>®

Ultrasound-guided fascial plane blocks have become
increasingly popular in recent years for providing thoracic
wall analgesia.’® Several ultrasound-guided regional
anesthesia techniques targeting the thoracic wall have
been increasingly adopted in thoracic surgery and chest
wall interventions. %
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Recently, the SPSIP block has been introduced as a new
fascial plane technique for thoracic analgesia. Preliminary
reports suggest that this block may provide effective
analgesia for procedures involving the posterior and lateral
thoracic wall.'""'? However, evidence regarding the use of
the SPSIP block during port catheter implantation remains
limited, and current data are mainly derived from studies
involving thoracic surgical procedures. Therefore, the aim
of this prospective randomized study was to evaluate
the analgesic efficacy of ultrasound-guided SPSIP block
compared with standard local anesthetic infiltration during
port catheter implantation.

Methods

Study Design and Patient Selection

This prospective randomized study was conducted at a
tertiary training and research hospital after approval by
the Ethics Committee of University of Health Sciences,
Gazi Yasargil Training and Research Hospital (approval
number: 123; date: 07.04.2026). Written informed consent
was obtained from all participants prior to enrollment. The
study was conducted in accordance with the principles
of the Declaration of Helsinki. The study was conducted
at a high-volume tertiary referral center for port catheter
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implantation, allowing completion of patient enrollment
within the predefined recruitment period.

Adult patients between 18 and 75 years of age with ASA
physical status I-lll who were scheduled for elective port
catheter implantation were screened for eligibility. Patients
were required to be able to understand and report pain
using the Numeric Rating Scale (NRS) and to provide
written informed consent before participation.

Exclusion criteria included hypersensitivity to local
anesthetic agents, infection at the planned injection
site, coagulation disorders or ongoing anticoagulant
treatment, severe pulmonary disease, glucose-6-
phosphate dehydrogenase (G6PD) deficiency, pregnancy
or breastfeeding, inability to communicate effectively or
assess pain, and refusal to participate in the study. Patient
flow throughout the study is summarized in the CONSORT
flow diagram (Fig. 1).

The study protocol and methodology were defined prior to
patient recruitment.

Patients were unaware of group allocation. An investigator
blinded to treatmentallocation performed all postoperative
assessments and data collection. The anesthesiologist
responsible for the block procedure was not involved in
outcome evaluation or statistical analysis.

Enrollment Assessed for cligibility (n = 70)
Excluded (n=4)
- Not meeting inclusion criteria
(Thrombocytopenia) (n = 2)
- Declined to participate (n = 1)
- Unablc to cooperate for pain assessment (n = 1)
Randomized (n = 66)
v Allocation v
Allocated to the SPSIP group (n = 33) Allocated to the LI group (n=33)
- Received allocated intervention (n = 33) - Received allocated intervention (n = 33)
- Did not receive allocated intervention (n = - Did not receive allocated intervention (n = 0)
0)
Follow-up
A \ 4
Lost to follow-up (n = 0) Lost to follow-up (n = 0)
Discontinued intervention (n = 0) Discontinued intervention (n = 0)
Analysis
A
Analyzed (n = 33) Analyzed (n = 33)
.l'“‘h'ui d l'mm.\An Mlysis (n = 0) Excluded from analysis (n = 0)
Exclude analys

Figure 1. CONSORT flow diagram of patient enrollment, randomization, allocation, follow-up, and analysis.
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Figure 2. Ultrasound-guided SPSIP block. Ultrasound image demonstrating needle trajectory and local
anesthetic spread beneath the serratus posterior superior muscle.

Randomization

Patients were randomly allocated in a 1:1 ratio to one of
two groups: Group SPSIP (ultrasound-guided SPSIP block)
and Group LI (local anesthetic infiltration).

Randomizationwas performedusingacomputer-generated
randomization sequence, and group assignments were
concealed in sealed opaque envelopes.

Anesthetic Management

Routine intraoperative monitoring, including ECG, non-
invasive blood pressure, and pulse oximetry, was applied
to all patients during the procedure. Supplemental oxygen
was administered via nasal cannula when required.
Intravenous access was established before the intervention,
and all patients received 1 mg of intravenous midazolam
for anxiolysis prior to the procedure. Hemodynamic
parameters and oxygen saturation were continuously
monitored during the procedure for patient safety.

SPSIP Block Technique

In the SPSIP group, the block was performed preoperatively
under ultrasound guidance by an experienced
anesthesiologist. Patients were positioned in the sitting
position. A high-frequency linear ultrasound probe was
placed in a parasagittal orientation over the upper thoracic
region to identify the trapezius, rhomboid major, serratus
posterior superior muscles, and the underlying ribs.

Following skin antisepsis, a 22-gauge block needle was
advanced using an in-plane technique toward the fascial
plane beneath the serratus posterior superior muscle. After
negative aspiration, a total of 30 mL of local anesthetic

solution consisting of 20 mL of 0.5% bupivacaine, 5 mL of
2% lidocaine, and 5 mL of saline was injected incrementally
with intermittent aspiration. Proper spread of the local
anesthetic within the fascial plane was confirmed
sonographically. Maximum recommended doses of local
anesthetics were respected (Fig. 2).

Following completion of the SPSIP block, a standardized
waiting period of 30 minutes was observed before initiation
of the procedure to allow adequate onset of sensory
blockade. Block efficacy was assessed using cold sensation
testing in the relevant dermatomal distribution. Port
catheter implantation was initiated only after confirmation
of an adequate sensory block.

Local Infiltration

In the control group, port catheter implantation was
performed under standard local infiltration anesthesia
using 20 mL of 2% prilocaine, with a maximum dose of 6
mg/kg (maximum 400 mg). Local anesthetic infiltration was
administered by the operating surgeon at the skin puncture
site, subcutaneous port pocket area, and catheter tunneling
tract before tissue dissection. Following local anesthetic
infiltration, a standardized waiting period of 10 minutes
was observed before the start of the procedure to allow
adequate onset of anesthesia. Adequate anesthesia was
confirmed clinically before tissue dissection was initiated.

Outcome Measures and Postoperative Analgesia

The main outcome measure was pain during port pocket
creation, assessed using the Numeric Rating Scale (NRS;
0-10), in which higher scores indicated greater pain intensity.
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Pain intensity was assessed intraoperatively during
predefined procedural stages, including skin puncture,
port pocket creation, catheter tunneling, and skin closure.

Secondary outcomes included pain scores during
procedural stages other than port pocket creation, as well
as the maximum intraoperative NRS score recorded for each
patient. Additional intraoperative parameters included the
requirement for supplemental local anesthetic infiltration
and the total amount of additional local anesthetic
administered.

In both groups, supplemental local anesthetic infiltration
with prilocaine was permitted during the procedure if
patients reported pain or discomfort despite the assigned
analgesic technique. The requirement for additional
local anesthetic administration and the total amount of
supplemental prilocaine administered were recorded as
study outcomes.

Supplemental intravenous fentanyl was planned as rescue
analgesia in cases of inadequate intraoperative analgesia.
However, no patient in either group required intraoperative
opioid administration during the procedure.

Postoperative outcomes included the requirement for
rescue analgesia within the first 24 hours, defined as the
administration of intravenous tramadol when NRS>4, and
total tramadol consumption during this period.

Postoperative analgesic efficacy was assessed by rescue
analgesic requirements and total tramadol consumption
during the first 24 postoperative hours rather than by serial
postoperative NRS assessments.

Patient and surgeon satisfaction were evaluated using a
5-point Likert scale (1=very dissatisfied, 5=very satisfied).
Procedure-related complications, including pneumothorax,
hematoma, local anesthetic systemic toxicity, and infection,
were also recorded.

Postoperative multimodal analgesia was standardized with
intravenous paracetamol 1000 mg administered every
8 hours during the first 24 postoperative hours. Rescue
analgesia was provided with intravenous tramadol 100 mg
when the Numeric Rating Scale (NRS) score was >4. Rescue
analgesic requirements and total postoperative tramadol
consumption were prospectively recorded by blinded
investigators.

Sample Size Calculation and Statistical Analysis

The sample size was calculated based on the primary
outcome, namely the NRS pain score during port pocket
creation. Based on pilot observations and clinical
experience, a standard deviation of 1.0 and a clinically
meaningful between-group difference of 1.0 NRS point
were assumed. With a two-sided alpha error of 0.05 and
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90% power, at least 26 patients were required in each
group. Considering potential dropouts and missing data, at
least 30 patients were planned for inclusion in each group.

Statistical analysis was performed using IBM SPSS Statistics
for Windows (IBM Corp., Armonk, NY, USA). Distribution
patterns of continuous variables were evaluated using the
Shapiro-Wilk test. Variables showing a normal distribution
were summarized as meanzstandard deviation and
analyzed using the independent-samples t-test. Data
without a normal distribution, as well as ordinal variables
such as NRS and satisfaction scores, were expressed as
median with interquartile range and compared using the
Mann-Whitney U test.

Categorical data were summarized as counts and
percentages. Comparisons between groups were
performed using the chi-square test or Fisher’s exact test,
as appropriate. Fisher’s exact test was applied in analyses
with low expected cell frequencies.

Pain experienced during port pocket creation served as
the primary endpoint and was evaluated using a 0-10
numeric pain scale. Secondary outcomes included pain
scores during skin puncture, catheter tunneling, and skin
closure; maximum intraoperative NRS score; supplemental
local anesthetic requirement; total tramadol consumption
within the first 24 hours; rescue tramadol requirement;
patient satisfaction; surgeon satisfaction; and procedure-
related complications.

Maximum intraoperative NRS was defined as the highest
NRS value recorded during any procedural stage.

A two-sided p value of <0.05 was considered statistically
significant.

Results

The flow of participants through the study is presented in
the CONSORT diagram (Fig. 1). Of the 70 patients assessed
for eligibility, four were excluded before randomization,
including two patients with thrombocytopenia, one patient
who declined to participate, and one patient who was
unable to cooperate adequately for pain assessment. The
remaining 66 patients scheduled for elective port catheter
implantation were randomly assigned to either the SPSIP
block group (n=33) or the local infiltration (LI) group (n=33).
All randomized patients received the allocated intervention,
completed follow-up, and were included in the final analysis.

Baseline demographic and clinical characteristics are
presented in Table 1. There were no significant differences
between the groups in terms of age (p=0.692), sex
distribution (p=0.314), ASA physical status (p=0.269), BMI
(p=0.881), or diagnosis (p=0.961).
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Table 1. Demographic and clinical characteristics

Variable SPSIP (n=33) LI (n=33) p
Age, years 56.97+£13.02 58.18£11.06  0.692°
Sex, n (%) 0.314°
Male 22 (66.7) 18 (54.5)
Female 11(33.3) 15 (45.5)
ASA physical status, n (%) 0.269°
ASAI 22 (66.7) 26 (78.8)
ASAI 11(33.3) 7 (21.2)
BMI, kg/m? 29.03+5.41 28.81+6.19  0.881°
Diagnosis, n (%) 0.961°
Colon cancer 10 (30.3) 11(33.3)
Gastric cancer 12 (36.4) 10 (30.3)
Pancreatic cancer 7 (21.2) 8(24.2)

4(12.1) 4(12.1)

Values are expressed as mean+SD or number (%). %: Independent-samples t-test;

b: Chi-square test. SPSIP: Serratus posterior superior intercostal plane; LI: Local infiltra-
tion; ASA: American Society of Anesthesiologists; BMI: Body mass index; SD: Standard
deviation.

Rectal cancer

Intraoperative pain scores and procedural outcomes are
summarized in Table 2. Pain scores during port pocket
creation were lower in patients who received the SPSIP
block than in those treated with local infiltration (median
[IQRI: 1 [1-2] vs. 2 [1-3]; p=0.038).

Maximum intraoperative pain scores tended to be lower in
the SPSIP group than in the LI group (median [IQR]: 1 [1-2]
vs. 2 [1-3]; p=0.038). The highest pain intensity during the
procedure was consistently observed during port pocket
creation in both groups (Fig. 3).

Patients in the SPSIP group required significantly less
supplemental local anesthetic than those in the LI group
(median [IQR]: 2 [0-2] vs. 2 [1-3] mL; p=0.014).
No patient in either group required supplemental
intraoperative fentanyl during the procedure.

Postoperative analgesic outcomes and satisfaction scores
are presented in Table 3. Patients receiving the SPSIP
block required less tramadol postoperatively, although
the between-group difference did not achieve statistical
significance (p=0.154). None of the patients in the SPSIP
group required rescue tramadol, while only a limited
number of patients in the LI group required additional
opioid analgesia.

Patients in the SPSIP group reported greater satisfaction
with the procedure than those in the LI group (median
[IQRI: 4 [4-4] vs. 4 [3-4]; p=0.026). Surgeons also reported
greater satisfaction in the SPSIP group than in the LI group
(median [IQR]: 4 [4-4.5] vs. 4 [3-4]; p=0.002).
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Table 2. Intraoperative outcomes

Variable SPSIP (n=33) LI (n=33) P

NRS (pocket) 1(1-2) 2(1-3) 0.038°
Max NRS 1(1-2) 2(1-3) 0.038°
Additional LA (mL) 2(0-2) 2(1-3) 0.014°

Values are expressed as median (Q1-Q3). = Mann-Whitney U test. NRS: Numeric
rating scale; LA: Local anesthetic.

Table 3. Postoperative outcomes and satisfaction

Variable SPSIP (n=33) LI (n=33) P

Total tramadol (mg, 24h) 0 (0-0) 0 (0-0) 0.1542
Tramadol requirement (n, %) 0 (0%) 3(9.1%) 0.114°
Patient satisfaction 4 (4-4) 4 (3-4) 0.026°
Surgeon satisfaction 4 (4-4.5) 4 (3-4) 0.0022

Values are expressed as median (Q1-Q3) or number (%). = Mann-Whitney U test;
b Fisher’s exact test. Q1-Q3: Interquartile range.

Table 4. Complications

Complication SPSIP (n=33) LI (n=33)
Hematoma 1 1
Pneumothorax 0 1
Methemoglobinemia 0 1

Values are expressed as number of patients. No statistical comparison was performed
because of the low event frequency.

Procedure-related complications are summarized in
Table 4. In the SPSIP group, one patient developed a
hematoma. In the LI group, complications included one
case of pneumothorax, one hematoma, one case of
methemoglobinemia, and one case of superior vena cava
syndrome. Due to the low number of events, no statistical
comparison was performed.

Discussion

In this prospective study, we investigated whether the SPSIP
block could improve perioperative analgesia during port
catheter implantation. The main findings of our study were
that the SPSIP block significantly reduced painintensity during
port pocket creation, decreased maximum intraoperative pain
scores, reduced supplemental local anesthetic requirements,
and improved both patient and surgeon satisfaction.
Although postoperative tramadol requirements appeared
lower among patients receiving the SPSIP block, the observed
difference was not statistically significant.

Port catheter implantation is generally considered a
minimally invasive and relatively low-pain procedure.
Despite being considered a minor procedure, port catheter
implantation may still cause clinically relevant discomfort,
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Figure 3. Distribution of intraoperative pain scores during skin puncture and port pocket creation in
the SPSIP and LI groups. Pain intensity during pocket creation was significantly lower in the SPSIP group

(p=0.038).

particularly during subcutaneous pocket formation.
Previous studies have reported that local infiltration alone
may not completely eliminate procedural pain and that
supplemental analgesic requirements are not uncommon.
Therefore, identifying regional anesthesia techniques
capable of improving procedural comfort remains clinically
important, especially in oncology patients who frequently
undergo repeated invasive procedures.®!

Demographic and clinical profiles, including age, sex, ASA
status, BMI, and diagnosis, were well balanced between
the groups, indicating appropriate group comparability.
Overall pain scores were low in both groups, which may
explain the modest absolute differences observed. This
suggests a potential floor effect, whereby low baseline pain
intensity may limit the ability to detect larger between-
group differences, as previously reported in similar settings.

Although the SPSIP block provides broader dermatomal
coverage than local anesthetic infiltration and some degree
of analgesic superiority may therefore be anticipated, the
primary aim of this study was to evaluate the feasibility and
safety of the SPSIP block during port catheter implantation.
Port implantation is traditionally performed under local
infiltration anesthesia, and data regarding the use of the
SPSIP block in this setting are limited. Our findings suggest
that the SPSIP block can be safely integrated into port
catheterimplantation and may provide effective procedural
analgesia while reducing the need for supplemental local
anesthetic administration.!""

This finding is consistent with the anatomical mechanism
of the SPSIP block, which targets the posterior thoracic wall
and allows spread to the dorsal rami and intercostal nerves,
resulting in broad dermatomal coverage."! Cadaveric and
radiological investigations have demonstrated that injectate
administered in the SPSIP plane may spread cranially and

caudally across multiple thoracic segments, potentially
reaching the dorsal ramiand lateral branches of the intercostal
nerves. This extensive spread may explain the broad sensory
coverage observed with the SPSIP block and its effectiveness
in thoracic wall interventions. The wider dermatomal
coverage provided by the SPSIP block may offer an advantage
over point-specific local anesthetic infiltration, particularly
during procedures involving multiple tissue planes, such as
port pocket creation and catheter tunneling.!''2

We also observed that patients in the SPSIP group required less
supplemental local anesthetic during the procedure. Although
median values appeared close, the distribution of additional
local anesthetic use differed between groups, with higher
requirements observed in the LI group. This suggests that
the SPSIP block may provide more consistent intraoperative
analgesia. Clinically, reducing the cumulative dose of local
anesthetic may be relevant, particularly when agents such as
prilocaine are used, as this could potentially decrease the risk
of dose-related adverse effects such as methemoglobinemia.®

Postoperative opioid consumption is an important indicator
of analgesic efficacy. Previous studies have demonstrated
that the SPSIP block reduces postoperative opioid
consumption, particularly in thoracic surgical procedures.
0314 In our cohort, patients receiving the SPSIP block
required less postoperative tramadol overall; however, the
between-group difference was not statistically significant.
This may be explained by the relatively low overall analgesic
requirement associated with this minor procedure and
the limited number of patients requiring rescue analgesia.
Furthermore, no patient in either group required
supplemental intraoperative fentanyl, indicating that
both techniques provided generally adequate procedural
analgesia. This may also have contributed to the absence of a
significant difference in postoperative opioid consumption.
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Patient satisfaction scores were significantly higher in
the SPSIP group, supporting the clinical relevance of
improved analgesia. Higher patient satisfaction scores
likely reflect improved procedural comfort and reduced
pain perception during critical stages of the intervention.
Increased surgeon satisfaction may indicate better
operating conditions and fewer interruptions related
to patient discomfort during port pocket creation and
catheter tunneling. Taken together, the favorable results
across several outcome measures suggest that the SPSIP
block may provide clinically meaningful benefits beyond
pain reduction alone.B'!

Regarding safety, a small number of complications were
observed, with a higher frequency in the LI group. However,
due to the low number of events, no meaningful statistical
comparison could be performed. Therefore, no definitive
conclusions can be drawn regarding the comparative
safety of the SPSIP block based on the present study.

Our observations align with previously published data
indicating that the SPSIP block offers effective analgesia
for thoracic procedures. However, most existing studies
have focused on major thoracic procedures. Previous
clinical reports have demonstrated the effectiveness of
the SPSIP block in thoracic surgery, breast surgery, rib
fracture pain, and thoracic wall procedures. These studies
consistently reported reduced pain scores and decreased
opioid consumption, supporting the concept that the
SPSIP block provides reliable thoracic wall analgesia.l'*'
Although port catheter implantation is substantially less
invasive than these procedures, our findings suggest that
the analgesic benefits of the SPSIP block may extend to
minor thoracic interventions as well. Our study extends
these findings to a minimally invasive setting, suggesting
that the SPSIP block may also provide clinically relevant
benefits even in low-pain procedures.

Evidence on the use of the SPSIP block during port catheter
implantation is still emerging, with only limited prospective
clinical experience available. To our knowledge, this
is among the first prospective randomized studies
specifically evaluating the SPSIP block during port catheter
implantation. The present findings suggest that the SPSIP
block is a feasible and safe alternative to conventional
local infiltration anesthesia and may improve procedural
comfort without increasing complications. Further
multicenter studies with larger sample sizes are needed to
confirm these findings and to further define the role of the
SPSIP block in minimally invasive thoracic interventions.

Limitations

The findings of this study should be interpreted in light of
several limitations. First, because of the relatively modest

sample size, smaller differences in less common outcomes,
such as opioid requirements and procedure-related
complications, may have gone undetected. Second, the
overall low pain intensity associated with port catheter
implantation may have contributed to a floor effect, limiting
the ability to detect larger between-group differences. Third,
as the study was conducted at a single institution, the findings
may not be fully generalizable to other clinical settings.

In addition, dermatomal spread and sensory block
distribution were not formally evaluated. Although
the primary focus of the study was analgesic efficacy,
hemodynamic variables such as heart rate and mean
arterial pressure were not prospectively analyzed.
Therefore, the potential influence of the SPSIP block on
perioperative hemodynamic stability remains unclear and
warrants further investigation. Furthermore, procedure
duration was not recorded, and its possible impact on
analgesic outcomes could not be assessed.

Finally, complete blinding was not feasible because
the anesthesiologist performing the intervention was
necessarily aware of group allocation.

Conclusion

The SPSIP block provides effective intraoperative analgesia
during port catheter implantation, reduces supplemental
local anesthetic requirements, and improves both patientand
surgeon satisfaction. Although no significant reduction in
postoperative opioid consumption was observed, the SPSIP
block appears to offer consistent and clinically meaningful
analgesic benefits even in minimally invasive procedures.
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CASE REPORT

Preoperative Hoarseness as a Warning Sign for Airway Risk in
Cardiovocal Syndrome Secondary to a Saccular Aortic Arch

Aneurysm: A Case Report

Nisan Ozsan, © Nevriye Salman, © Zeliha Asli Demir

Department of Anaesthesiology and Reanimation, Ankara Bilkent City Hospital, Ankara, Tiirkiye

ABSTRACT

Hoarseness may rarely indicate cardiovascular pathology and have important anesthetic implications. We report a 67-year-old man with preop-
erative hoarseness, a saccular aortic arch aneurysm, and radiological tracheal deviation. Although conventional airway assessment was unre-
markable, a potentially difficult airway was anticipated. Videolaryngoscopy revealed reduced left vocal cord mobility in a paramedian position,
and tracheal intubation was achieved without technical difficulty. This case emphasizes preoperative hoarseness as a warning sign of altered
airway anatomy in cardiovocal syndrome and highlights the importance of careful airway assessment, preparation, and anesthetic planning.
Keywords: Anesthesia management, aortic arch aneurysm, cardiovocal syndrome, difficult airway, Ortner syndrome
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Introduction

Hoarseness is a common symptom with diverse etiologies,
including neoplastic, infectious, traumatic, idiopathic, and
neurologic causes, as well as previous surgery.'! The left
recurrent laryngeal nerve branches from the vagus nerve
at the aortic arch and follows a long intrathoracic course,
making it susceptible to compression by cardiovascular
structures such as left atrial enlargement, pulmonary artery
dilatation, and thoracic aortic aneurysms.l'2

First described by Norbert Ortner in 1897 in patients
with mitral stenosis, cardiovocal syndrome encompasses
cardiovascular causes of hoarseness due to recurrent
laryngeal nerve involvement.'®l Although left atrial
enlargement is the classic cause of Ortner syndrome,
thoracic aortic aneurysms are also well-recognized
etiologies.*”! Beyond diagnosis, cardiovocal syndrome
has important anesthetic implications because vocal cord
paralysis, tracheal deviation, and possible tracheomalacia
may increase airway difficulty. This case highlights
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preoperative hoarseness as an important indicator
of cardiovocal syndrome and potential airway risk in
cardiovascular surgery. Written informed consent was
obtained for publication.

Case Report

A 67-year-old man (BMI 22.1 kg/m?), classified as ASA
physical status Ill, was scheduled for surgery for a saccular
aortic arch aneurysm and severe mitral regurgitation.
Medical history included hypertension, coronary artery
disease, chronic kidney disease, and previous hemorrhagic
cerebrovascular events.

Conventional airway assessment was unremarkable;
however, a two-month history of hoarseness and
radiological findings suggested altered airway anatomy.
The patient had previously undergone otolaryngologic
evaluation at another institution, where the hoarseness
was reportedly attributed to the saccular aneurysm;
however, the original report was unavailable. Thoracic
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computed tomography demonstrated a 46x40 mm
saccular aortic arch aneurysm, while pulmonary
computed tomography angiography revealed a 45-
mm aneurysm with mural thrombus. Transthoracic
echocardiography showed an ejection fraction of 55-
60%, ruptured mitral valve chordae, grade 3-4 mitral
regurgitation, and left atrial dilatation. Chest radiography
demonstrated mediastinal widening with rightward
tracheal deviation (Fig. 1).

Given preoperative hoarseness and radiological
tracheal deviation, a potentially difficult airway was
anticipated. In addition to standard ASA monitoring,
invasive arterial pressure, body temperature, urine
output, BIS, NIRS, and TEE monitoring were applied. After
preoxygenation, anesthesia induction was performed
slowly over approximately 2.5 minutes using lidocaine
(100 mg), fentanyl (250 ug), and propofol (150 mg)
under continuous hemodynamic and processed EEG
monitoring; propofol was discontinued when coarse EEG
slow-wave activity appeared.

Videolaryngoscopy revealed reduced mobility of the left
vocal cord in a paramedian position (Fig. 2). Rocuronium
(100 mg) was then administered, and tracheal intubation
was performed after 2 minutes. The trachea was intubated
with an 8.0-mm cuffed endotracheal tube without
technical difficulty. Awake intubation was not preferred
because the airway assessment was normal and imaging
demonstrated tracheal deviation without significant
luminal narrowing.

Intraoperative TEE confirmed the saccular aortic arch
aneurysm (Fig. 3). After median sternotomy, the ascending
aorta was normal in diameter. As the aneurysm was distant
from the surgical field, a staged approach was planned,
and TEVAR was deferred. Mitral valve repair was performed
under cardiopulmonary bypass (CPB time: 96 minutes;
cross-clamp time: 71 minutes). Norepinephrine and
dobutamine were initiated after cross-clamp removal.

The patient was transferred to the ICU intubated with
inotropic and vasopressor support. Reoperation for
bleeding was required on postoperative day 1. TEVAR was
performed on postoperative day 5. Hoarseness did not
improve early after TEVAR. The patient was discharged in
stable condition 2 days after TEVAR.

Discussion

Ortner syndrome is a rare manifestation of cardiovascular
disease caused by compression of the left recurrent
laryngeal nerve by adjacent cardiovascular structures,
presenting with hoarseness. Although first described in
association with mitral stenosis, thoracic aortic aneurysms

1\

Figure 1. Preoperative posteroanterior chest radiograph showing
tracheal deviation.
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Figure 2. Videolaryngoscopic view of left vocal cord paralysis.

are important causes of cardiovocal syndrome.l*!
Hoarseness associated with thoracic aortic aneurysms
has been reported.*” Preoperative hoarseness should



Ozsan et al., Cardiovocal Syndrome and Airway Management / Doi: 10.14744/GKDAD.2026.81542 161

PAT T: 37.0C
TEE T: 39.1C

Figure 3. Intraoperative transesophageal echocardiographic imag-
ing of the aortic arch aneurysm.

therefore be considered a possible warning sign of altered
airway anatomy when planning airway management.

The anatomical relationship between the left recurrent
laryngeal nerve and the aortic arch makes it susceptible
to expanding aneurysms.'*”! In one case series, hoarseness
was the initial symptom in most patients.? Therefore,
aortic pathology should be considered in unexplained
hoarseness, and thoracicimaging should be included in the
evaluation.”® In patients with hoarseness due to aortic arch
aneurysms, the trachea was reported as the most commonly
compressed adjacent structure. Tracheal compression

and deviation may coexist with laryngeal dysfunction;
tracheomalacia from chronic external compression may
further complicate airway management.”!

Airway management should be individualized according
to guidelines, and awake tracheal intubation should
be considered when predictors of a difficult airway are
present.'” Awake tracheal intubation can be performed
using videolaryngoscopy or flexible bronchoscopy;
technique selection depends on patient anatomy, operator
experience, and equipment availability."® In our case,
awake tracheal intubation was considered; however,
normal airway examination and tracheal deviation without
significant narrowing supported videolaryngoscopic
intubation after anesthesia induction.

The main contribution of this case is not the association
between aortic aneurysm and Ortner syndrome
itself, but recognition of preoperative hoarseness as a
possible warning sign of altered airway anatomy and its
incorporation into anesthetic airway planning.

Cardiovascular causes should also be considered in
perioperative hoarseness. Nze and Chime reported
cardiovocal syndrome diagnosed after hoarseness became
apparent following endotracheal intubation under general
anesthesia.l'l This case suggests that postoperative
hoarseness should not be attributed solely to airway
manipulation and that underlying recurrent laryngeal
nerve dysfunction should also be considered."

In a four-patient case series of Ortner syndrome secondary
to thoracic aortic aneurysm treated with TEVAR, recovery
from hoarseness was variable? Complete recovery
occurred after 1 month of symptoms, no improvement
after 24 months, and partial improvement after 9 months.
2 This observation suggests that prolonged nerve
compression may reduce functional recovery. In our
patient, persistent early hoarseness after TEVAR should
not alone be interpreted as permanent recurrent laryngeal
nerve dysfunction; longer-term follow-up is required to
determine functional recovery.

Conclusion

In patients with aortic arch pathology, hoarseness should
raise suspicion of recurrent laryngeal nerve dysfunction
and prompt evaluation for airway deviation and
compression. These findings indicate potential airway risk
and warrant careful planning. Comprehensive preoperative
assessment, anticipation of airway difficulty, availability
of alternative airway devices, and hemodynamically
stable induction are essential. This case highlights
the anesthesiologist's central role in multidisciplinary
management of cardiovocal syndrome.
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Dear Editor,

We read with great interest the article entitled "Impact
of Genetic Anomalies on Postoperative Hemodynamics
and Clinical Outcomes After Congenital Heart Surgery,'
published in the July 2026 issue of the Journal of the Society
of Thoracic, Cardiac, Vascular Anesthesia and Intensive Care,
by Hekim Yilmaz and Yurtseven.["! The authors should be
congratulated for highlighting an important yet frequently
underrecognized determinant of postoperative recovery in
pediatric cardiac intensive care.

Their observation that patients with genetic anomalies
required significantly greater vasoactive support, reflected
by higher vasoactive-inotropic scores (VIS), together
with prolonged mechanical ventilation, intensive care
unit stay, and hospital stay, reinforces the concept that
genetic disorders influence postoperative recovery beyond
anatomical complexity alone.l'2

Importantly, these findings are consistent with previous
observations from our institution.? In a large retrospective
cohort of 2,330 children undergoing congenital heart
surgery, we similarly demonstrated that the presence of a
genetic syndrome was associated primarily with increased
postoperative morbidity rather than increased overall
mortality. Prolonged intensive care requirement emerged as
the principal manifestation of this increased clinical burden,
while mortality remained largely comparable except in

selected syndromes such as 22q11.2 deletion syndrome.? The
remarkable concordance between the two studies, despite
being conducted several years apart, suggests that advances
in perioperative management have not eliminated the intrinsic
postoperative vulnerability associated with genetic disorders.

An additional strength of the current study is the
incorporation of the vasoactive-inotropic score as an
objective marker of postoperative cardiovascular support.
B4 Whereas earlier studies, including ours, mainly focused
on mortality and length-of-stay outcomes, the use of VIS
provides a more physiologically meaningful assessment
of postoperative hemodynamic instability. This parameter
may represent an early surrogate ofimpaired cardiovascular
adaptation in genetically vulnerable patients and deserves
further investigation in future multicenter studies.

The present findings also support an evolving concept in
pediatric cardiac intensive care: genetic anomalies should
perhapsnotberegarded merely asassociated comorbidities
but rather as modifiers of postoperative physiology.® Such
a perspective may facilitate individualized perioperative
management, earlier recognition of hemodynamic
deterioration, and more tailored intensive care strategies.

At the same time, future investigations may benefit from
syndrome-specific analyses. Since most genetically affected
patients in the present cohort had trisomy 21, whereas
other syndromes were represented by relatively small
numbers, separate evaluation of different genetic disorders
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may reveal distinct postoperative phenotypes. Previous
evidence suggests that patients with Down syndrome and
those with 22q11.2 deletion syndrome differ considerably
regarding immune function, pulmonary vascular disease,
airway abnormalities, and postoperative recovery.’!
Understanding these syndrome-specific characteristics
would further improve perioperative risk stratification.

Overall, the study by Hekim Yilmaz and Yurtseven provides
valuable contemporary evidence supporting the growing
recognition that geneticabnormalities substantially influence
postoperative morbidity after congenital heart surgery.%
Together with previous reports, these findings strengthen the
rationale for incorporating genetic status into perioperative
risk assessment and postoperative management algorithms.
We congratulatetheauthorsontheirimportant contribution
and hope that their work will stimulate further prospective
multicenter investigations addressing syndrome-specific
postoperative hemodynamic phenotypes.
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