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About Journal

The Marmara Medical Journal, Marmara Med J, is 
a multidisciplinary, academic publication of Marmara 
University, School of Medicine. It is an open access, double 
blind peer-reviewed journal. It publishes manuscripts that 
focus on clinical and laboratory medicine, health care policy 
and medical education, ethics, and related topics. It includes 
original research papers, case reports, reviews, articles about 
clinical and practical applications and editorials, short 
reports, letters to the editor and occcasionally a photo-quiz.

The Marmara Medical Journal is continuously published 
since 1988 and its archive with full-text manuscripts can be 
reached under www.dergipark.org.tr/marumj/archive.

Frequency: Three times a year (January, May, October)

Year of first print issue: 1988

Year of first online issue: 2004 (Between 2004 and 2011 the 
Journal was published solely in an electronic format.)

Language: English  
Print ISSN: 1019-1941 eISSN: 1309-9469

The manuscripts published in the Marmara Medical 
Journal are indexed and abstracted in: Thomson Reuters/
Emerging Sources Citation Index (ESCI), EBSCO, SCOPUS, 
EMBASE/Excerpta Medica, DOAJ (Directory of Open 
Access Journals), CrossRef, ULRICH’S Database, Google 
Scholar, The British Library, Turkish Academic Network 
and Information Center (ULAKBİM)-Turkish Medical 
Database, TURK MEDLINE–Türk Sağlık Bilimleri (Index of 
Turkish Health Sciences), Türkiye Makaleler Bibliyografyası 
(Bibliography of Articles in Turkish Periodicals), Türkiye 
Klinikleri Tip Dizini (Turkish Citation Index).

Permission Request: Manuscripts, tables, graphics, 
figures and pictures published in the Marmara Medical 
Journal cannot be reproduced, archieved in a system, used 
in advertisement materials, without a written permision. 
Citations can be included only in scientific manuscripts with 
referral.

Aims and Scope

The Marmara Medical Journal, Marmara Med J, is a 
peer-reviewed, multidisciplinary academic publication of 
Marmara University, School of Medicine, which is authored 
by physicians both nationally and internationally.

The journal aims to publish papers of general interest 
relating to advances in medical practice and novel treatments 
that will be of interest to general practitioners, medical 

students, and senior practitioners and specialists. Marmara 
Medical Journal also aims to publish all types of research 
conducted by medical students.

The Marmara Medical Journal is among the most widely 
read and cited scientific publications for physicians among 
journals of its kind nationally and increasingly gaining new 
readers and authors internationally with its English only 
format since 2016.

The journal consists of manuscripts on recent 
developments in general and internal medicine and new 
methods of treatment based on original research. We 
greatly welcome research papers, case reports, reviews 
and occasionally a photo-quiz of an interesting medical 
encounter in English, only.

Each manuscript is strictly assessed by a select Editorial 
Board. and refereed critically by two or more reviewers, at 
least one from another institution. The editor reserves the 
right to reject or to return the manuscript to the author(s) 
for additional changes.

Special review issues with invited editors are published 
since 2015 to focus on specific areas of medicine to bring 
recent data into attention covering multiple aspects of the 
chosen topic. Marmara Medical Journal welcomes and 
encourages physicians from all over the world to publish a 
special review issue on the topic of their preference as an 
“Invited editor” to collaborate with authors on the same 
focus area with the aim of increasing scientific collaboration 
via publishing.

The Marmara Medical Journal has an open access policy. 
All articles in the journal are permanently available online 
for all to read.

Author Guidelines

The Marmara Medical Journal publishes original 
scientific research papers, case reports, manuscripts about 
clinical and practical applications and editorials, short 
reports, letters and occasionally a photo-quiz.

Manuscripts submitted under multiple authorship are 
reviewed on the assumption that all listed authors concur 
with the submission and that a copy of the final manuscript 
has been approved by all authors and tacitly or explicitly 
by the responsible authorities in the laboratories where the 
work was carried out.

Manuscripts are accepted for review with the 
understanding that no substantial portion of the study has 
been published or is under consideration for publication 
elsewhere.

Instructions to Authors
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the Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals created by International Committee 
for Medical Editors ( ICMEJ link), the World Association 
of Medical Editors (WAME), the Council of Science Editors 
(CSE), the Committee on Publication Ethics (COPE) and the 
European Association of Science Editors (EASE).

Preparation of the Manuscript

1. Manuscript files must be prepared in Word, 
WordPerfect, EPS, LaTeX, text, Postscript, or RTF format. 
Figures/Images should be embedded in the manuscript file 
or sent as external files in TIFF, GIF, JPG, BMP, Postscript, 
or EPS format.

2. Manuscripts should be approximately 20-25 pages 
double-spaced, including references, with margins of 2.5 cm.

Pages should be numbered consecutively and organized as 
follows:

1. Title Page
2. Abstract
3. Keywords
4. Introduction
5. Materials and Methods
6. Results
7. Conclusion
8. References

1. Title Page

The title page should contain the article title, authors’ 
names and academic or professional affiliations, and the 
address for manuscript correspondence (including e-mail 
address, Open Researcher and Contributer ID (ORCID) 
identifier, telephone and fax numbers).

2. Abstract
Abstract of not more than 200 words must be included. 

The abstract should be divided into the following sections: 
Objective, Materials and Methods, Results and Conclusion,

3. Keywords

Three to six keywords should be supplied below the 
Abstract and should be taken from those recommended 
by the US National Library of Medicine’s Medical Subject 
Headings (MeSH).

http://www.nlm.nih.gov/mesh/meshhome.html

4. Introduction

State why the investigation was carried out, note any 
relevant published work, and delineate the objective of the 
investigation.

5. Materials and Methods

New methods or significant improvements of methods 
or changes in old methods must be described. Methods 
for which an adequate reference can be cited are not to be 
described, except for providing information about the aims 
of the method. Details regarding animal housing conditions 
should be given. All clinical studies must contain :

1. A statement that all experimental protocols have been 
approved by the Ethical Committee of the Institution prior 
to the commencement of the studies,

2. A statement that all participants gave informed consent.

6. Results

Duplication between the text of this section and material 
presented in tables and figures should be avoided. Tabular 
presentation of masses of negative data must be avoided 
and replaced with a statement in the text whenever possible. 
The results must be presented clearly, concisely and without 
comment.

7. Discussion

The discussion should begin with a brief summary of the 
findings, followed by the following: how this study is similar 
or different from prior studies with regards to methods and 
results and limitations of this study. This section must also 
relate the significance of the work to existing knowledge in 
the field and indicate the importance of the contribution of 
this study.

8. References

The style of references is that of the Index Medicus. List all 
authors when there are six or fewer, when there are seven or 
more list the first three, then add “et al.”. Unpublished results 
or personal communications should be cited as such in the 
text. Where a doi number is available it must be included at 
the end of the citation. Please note the following examples:

i. Yazici D, Taş S, Emir H, Sunar H. Comparison of 
premeal mixed insulin three times daily and basal – 
bolus insulin therapy started post-operatively on patients 
having coronary artery bypass graft surgery. Marmara 
Med J 2011; 25:16-9.doi: 10.5472/

https://www.nlm.nih.gov/mesh/meshhome.html
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ii. Walker M, Hull A. Preterm labor and birth. In: Taeusch 
HW, Ballard RA, eds. Avery’s Diseases of the Newborn. 
Philadelphia: WB Saunders, 1998: 144,153.

iii. Hagström H, Nasr P, Ekstedt M, et al. Fibrosis stage but 
not NASH predicts mortality and time to development of 
severe liver disease in biopsy-proven NAFLD. J Hepatol 
2017; 67: 1265-73. doi: 10.1016/j.jhep.2017.07.027.

iv. WONCA Ad Hoc Task Force on Tobacco Cessation.

http://g lobalfamilydoctor.com/publicat ions/new/
november/09.htm
(Accessed on …….)

In the text, reference numbers should be placed in square 
brackets [ ], and placed before the punctuation; for 
example [1], [1-3] or [1,3]. References must be numbered 
consecutively in the order they are first mentioned.

Figures, Tables, Units

Diagrams and illustrations should be given Arabic 
numerals. All figure legends should be grouped and written 
on a separate page. Each Figure should be in one of the 
following preferred formats: Tiff, JPEG, PDF, and EPS.Tables 
should be numbered consecutively with Roman numerals 
in order of appearance in the text. Type each table double-
spaced on a separate page with a short descriptive title 
directly above and with essential footnotes below.

Units will be in general accordance with the International 
System (SI) as adopted by the 11th General Conference on 
Weights and Measures.

Ethical Issues
Compliance with the principles of the last version of 

the Declaration of Helsinki for humans and the European 
Community guidelines for the use of animals in experiments 
is accepted as a policy by the Marmara Medical Journal. 
Studies involving human or animal subjects should conform 
to national, local and institutional laws and requirements. 
Manuscripts which do not properly consider ethical issues 
for humans or animals will not be accepted for publication.

http://www.wma.net/e/policy/b3.htm

Double-blind Review
This journal uses double-blind review, which means 

that both the reviewer and author identities are concealed 
from the reviewers, and vice versa, throughout the review 
process. To facilitate this, authors need to ensure that their 
manuscripts are prepared in a way that does not give away 
their identity.

Plagiarism
Manuscripts are investigated for possible plagiarism 

once they are accepted for possible publication. If an author 
receives a plagiarism notice regarding his/her manuscript, 
the corrections should be made within one month. If the 
Editorial Board detects any plagiarism on the second check 
after correction of the manuscript by the authors, the chief 
editor can reject the manuscript. your article will be checked 
by the plagiarism detection software iThenticate.

Funding Source
All sources of funding should be declared as an 

acknowledgment at the end of the text.

Following Documents are Required Prior Publication

Approval of the Institutional Ethics Committee

a) Marmara Medical Journal requires that investigations 
performed on human subjects have the prior approval of the 
Institutional Ethics Committee on Human Experimentation. 
Authors are required to submit a signed statement as to the 
date and details of the appropriate review. The authors must 
state that the investigation conforms with the principles of 
Declaration of Helsinki.

b) When studies involve the use of experimental animals, 
manuscripts should briefly describe the procedures employed 
for animal care and handling. Where drugs are used at 
particular concentrations in intact animal systems, the author 
should indicate some rationale for selection of the particular 
concentration.

Copyright Release Form

Copyright Release Form must be read and signed by all 
authors.

Copyright Release Form pdf

Authorship

It is the responsibility of every researcher listed as an 
author of a manuscript in Marmara Medical Journal to have 
contributed in a meaningful and identifiable way to the 
design, performance, analysis, and reporting of the work and 
to agree to be accountable for all aspects of the work.

Before publication, each author must sign a statement 
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ABSTRACT
The placenta is the first and most important organ of pregnancy. It is the communication bridge between the mother and fetus. 
Placental elements, due to their important position and function, are specially designed to manage the exchange of nutrients and 
the local regulation of the maternal immune system. The development of cells such as cytotrophoblasts, syncytiotrophoblasts, 
extravillous trophoblasts, placental giant trophoblasts, placental macrophages, and placenta-derived mesenchymal stromal cells is 
described. Medical researches have been performed to demonstrate the curative potential properties of these cells, such as treating 
burns, tendon and joint diseases, lung diseases, blood and bone marrow diseases, and other diseases. This review provides an overview 
of the formation and development of placental cell lines and their potential for regenerative medicinal research and ongoing clinical 
applications.
Keywords: Placenta, Placental MSC, Application, Clinical trial

1. INTRODUCTION

The placenta is a temporary fetal organ formed first during 
gestation [1]. The term placenta refers to a disc-shaped structure, 
15 to 20 centimeters wide, 2 to 3 centimeters thick, and about 
1/6 of the fetal weight, usually about 450 grams [2]. With a 
multicellular barrier structure, the placenta plays a crucial 
role in exchanging metabolism, oxygen provision, endocrine, 
and immune regulation between the mother and fetus [1, 3]. 
Obstetric complications consisting of preeclampsia, stillbirth, 
and recurrent miscarriages have been reported to be associated 
with placental anomalies [4]. The structure of the placenta is 
a parallel integration of two types of cells, including mother 
cells derived from the endometrium and fetal cells [5]. Five 
days after fertilization, the trophoblast covering the inner cell 
mass is formed as an outer layer of the morula, a part of which 
continuously develops into the placenta [1]. In preimplantation, 
essential transformations occur, including inner cell mass 
restructuring into the epiblast and primitive endoderm [5]. 
The amnion forms from the epiblast and merges with the 
trophoblast to become the amniotic chorionic membrane [5]. 

The embryo and the surface epithelium conjugation happens 
on the sixth or seventh day after fertilization [5]. The fusion of 
cytotrophoblast cells in the trophoblast creates the syncytium 
anchoring the blastocyst within the uterine walls called 
syncytiotrophoblast [1, 6]. Primary chorionic villi structure is 
formed by syncytiotrophoblasts enclosing cytotrophoblast cells 
penetrating the decidua basalis [6, 7]. The development of the 
invasion of mesoderm-derived cells creates cavities inside the 
tubular primary villi, forming the secondary chorionic villous 
structure [8]. The secondary chorionic villus impetuously 
ramifies and deeply invades basal decidua, then covers up the 
lacunae to create an intervillous space. The lacunae formation 
occurs due to the lytic action of syncytiotrophoblast’s secretions, 
which degrades the matrix of the endometrium and the uterine 
capillaries, leading to maternal blood leakage [1, 6, 7].
During the first trimester, the invasion occurs through 
extravillous trophoblasts entering the decidua’s nearest organ, 
produced by the decidualized endometrium [9, 10]. Nutritional 
requirements are a prerequisite for successful parity [4]. 
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Extravillous trophoblasts invade maternal spiral arteries, adhere 
to the lumen, induce endothelial cell apoptosis, and replace 
them [11, 12]. At the end of the invasive process, the structure 
of the maternal spiral artery becomes a wide tube, leading 
to an increase in the volume of maternal blood flow into the 
intervillous space [13]. The speed and volume of maternal blood 
flow into the intervillous space is perfectly regulated to balance 
the sufficient nutrient supplement. This regulation is necessary 
for a healthy pregnancy [14, 15]. In this review, the components 
of the placenta and therapeutic properties of these components 
in regenerative medicine are introduced.

2. PLACENTA-DERIVED CELL TYPES

Cytotrophoblast and syncytiotrophoblast

The structure of the villus that develops from trophoblasts plays 
a crucial role in the fetal and the maternal metabolism, allowing 
for successful gestation [16]. At the third week of gestation, two 
populations of cell types are differentiated from trophoblast, 
consisting of cytotrophoblasts (CTs), which are incomplete 
differentiated cells, and syncytiotrophoblasts (SCTs), which are 
complete differentiated cells [17]. As mentioned, the SCTs are 
created from the conjugation of the CTs, forming the villous 
trophoblasts which enhances the embryo’s infiltration process 
[6, 7]. The SCTs are responsible for the bidirectional transport 
of nutrients and wastes, producing various placental proteins 
and hormones for fetal growth and protecting the inner cell 
mass [18]. Right after the interaction between the blastocyst 
and uterine wall implantation, human chorionic gonadotropin 
(hCG) is produced by SCTs, and it is the first endocrine signal 
from the fetus to the mother [19, 20]. With the corpus luteum, 
SCTs participate in progesterone secretion at the seventh to 
eighth week of gestation, maintaining stability during the 
early stages of pregnancy [21]. Low-density lipoprotein (LDL) 
receptors on the SCTs surface absorb LDL from maternal 
circulation in the intervillous space to synthesize progesterone 
[22, 23] (Figure 1). The SCTs also synthesize the steroid 
hormone, estrogen, and human chorionic somatomammotropin 
(hCS) [24, 25]. The conjugation of the CTs to form the SCTs 
depends on the expression of connexin 43, the activity of the 
gap junctional intercellular communication, and the flipping of 
phosphatidylserine from the inner to the outer of the plasma 
membrane [26, 27]. Their enormous size provides perfect 
coverage for endothelial cells; the SCTs avoid presentation 
to the maternal immune system in the intervillous spaces, 
which are densely populated by immune cells attract a mass 
of concentrated immune cells. During the first trimester, the 
embryo faces a large portion of maternal leukocytes in decidua 
that statistically include decidual natural killer (dNK) cells 
(70%), decidual macrophages (20 – 25%), and T cells (3 – 10%) 
[28, 29]. SCTs are one of the extremely rare human cells that 
do not express human leukocyte antigens (HLA) (both of HLA 
class I and HLA class II), playing a crucial role in the immune 
modulation strategy of pregnancy [30, 31]. Moreover, the 
surface glycosylation patterns on SCTs also contribute greatly to 
maternal immune system evasion [32]. The SCTs are reported 

to exocytose exosomes harbouring the tumor necrosis factor-
related apoptosis-inducing ligant (TRAIL) and Fas ligands, 
which induce the apoptosis of leukocytes [33] (Figure 2).

Figure 1. The formation of the placenta.

Figure 2. The cytotrophoblast differentiation into functional cells in the 
placenta

Extravillous trophoblast

The SCT-non-differentiation CTs develop into extravillous 
phenotypes, which further invade and form the cell column of 
anchoring villi [34]. A part of the CTs population differentiates 
into extravillous trophoblasts (EVTs) to invade decidua more 
effectively, and plug structures are formed by endovascular 
EVTs (eEVTs) to moderate the maternal blood pressure during 
the spiral artery invasion [35]. EVTs are also present within the 
myometrium, the middle layer of the uterus wall, as two cell 
types, including interstitial EVTs (iEVT), and placental giant 
trophoblasts (PGTs) [35]. The absence of local lymph nodes 
in the endometrium restricts dendritic cells and T effector 
cells and facilitates an abundance of dNK and T-reg cells [36]. 
SCTs and CTs are in charge of synthesizing M-CSF, GM-CSF, 
and IL-10, regulating the homeostatic differentiation of M2 
macrophages and T-reg cells [37]. On the other hand, the EVTs 
secrete multiple immunoregulatory factors during invasion, 
such as macrophage growth factors (GM-CSF and M-CSF), 
cytokines (IL-1RA, IL-1β, IL-2, IL-6, IL-10, IL-17 TNF, IFN-γ, 
TGF-β1, TGF-cc2), chemokines (CCL2, CCL17, CCL18, CCL20, 
CCL22, CXCL1-3, CXCL8, CXCL10, CXCL 11), and apoptosis-
inducing factor as TRAIL [37]. The EVTs present the HLA-G 
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determined to interact with killer cell immunoglobulin-like 
receptor 2DL4 (KIR2DL4) and the leukocyte immunoglobulin-
like receptor B (LILRB), which leads to the inactivation of 
dNK [38]. The secretion of βhCG is recorded in EVTs, and the 
αhCG is trivial [19]. In contrast to SCTs, EVTs predominantly 
produce the hyperglycosylated form of hCG, which promotes 
the development of the SCTs layer and angiogenesis through the 
LH/CG receptor [19].

Placental giant trophoblast

Placental giant trophoblasts originate from CTs through 
differentiation; they express the morphology of large cytoplasm 
and polyploidy. The first signs of primary PGTs are observed 
from developing the mural sixty trophectoderm cells stage. The 
differentiation of PGTs is carried out under stringent regulation 
[39]. The signal from peroxisome proliferator-activated receptor 
beta (PPARb) activates the Pi3K pathway; the activation of 
LIF is through the LIFR, starting the MAPK pathway and 
contributing to the formation of PGTs. Hand1 and Mash2 are 
crucial in PGTs differentiation and antagonization of each other 
[40]. Mash2 is found in the chorion, ectoplacental cone, and 
spongiotrophoblast, and it is responsible for maintaining these 
structures and the diploid stage of primary PGTs. During the 
PGTs differentiation, Hand1 inhibits the Mash2 activity and vice 
versa. The Mash2 is also controlled by the bHLH protein, I-mfa, 
via PPARb actions [39]. On the other hand, a dominant negative 
factor, Id-2, diminishes under the Pi3K pathway, leading to the 
act of Hand1 and the CTs to PGTs transformation. Polyploidy of 
PGTs is established through cell cycle alterations. In the S phase, 
the decrease in Geminin allows DNA replication activation, 
and P57kip2 inhibits the G1/S checkpoint trapping cell in the 
S phase [41]. In contrast, the reduction in P53 and pRB activity 
causes Cyclin A and E inhibition, thereby causing the S phase 
to maintain and repeat. At the G2 phase, p57kip2 inhibits Cdk1 
function, while Snail enhances Cyclin A and B expression 
and allows endoreduplication to occur without mitosis [41]. 
The differentiation of PGTs is induced by the action of a 
combination of growth factors, such as EGF, TGF, IGF-I, and 
IGF-II, that are locally expressed in the uterus [42]. In addition 
to acting as EVTs, PGTs attend uterus invasion of the placenta, 
spiral arteries remodeling, and secretion of transcription factors, 
proteases, cytokines, hormones, and adhesion molecules [42].

Placenta-derived mesenchymal stromal cells (P-MSC)

The term mesenchymal stromal cells (MSC) was officially 
used over thirty years ago, attracting researchers for analysis 
and application in human disease treatment [5]. Thus far, the 
MSC has been isolated from many origins of human tissue and 
separated into two groups: adult MSC and fetal MSC. The fetal 
MCS is mainly identified and studied from postnatal tissue such 
as the placenta (P-MSC), umbilical cord, umbilical cord blood, 
amniotic fluid, and amniotic membrane [3]. The presence of 
the P-MSCs is observed around the second or third week of 
gestation, followed by the first fetal primitive vessel formation 
[17]. P-MSCs are introduced into the placenta through the 
mesodermal core and allocated into the placental amniotic 

membrane, chorionic plate, chorionic villi, chorionic leave, 
basal decidua, and placental blood vessels. The P-MSC has a 
fibroblast cell morphology and differentiates into adipocytes, 
osteocytes, and chondrocytes. The cells express significant 
membrane markers such as CD90, CD105, CD73, and lack of 
CD34, CD45, CD19, CD14, CD11b, CD79α, and HLA-DR [1, 5, 
43]. CD44, HLA-ABC, and pluripotency markers (Rex1, Nanog, 
Oct4, and Sox2) are also found in P-MSCs [5]. The P-MSCs and 
MSCs derived from bone marrow (BM-MSC) share significant 
similarities [44] (Figure 3).

Figure 3. The interaction of placental MSCs with other cellular 
components present in the placenta

Placenta-derived mesenchymal stromal cells play a crucial role 
in immunomodulation at the placenta, maintaining successful 
gestation [3, 44]. P-MSCs enhance the hematopoietic progenitor 
cells, which are positive to decidual natural killer (dNK) cell 
differentiation from CD34 cells. dNK cells are clarified to be 
a majority in the decidua and account for 70% of leukocytes 
present in decidua [1, 5, 43]. Unlike NK in peripheral blood 
(pNK), the dNK cells express LILRB1, KIR2DL4, and CD56 but 
not CD16, exhibiting a poor cytotoxic capacity [45]. P-MSCs 
also secrete the TGF-β, inducing pNK to dNK phenotype 
conversion [45]. Moreover, the other P-MSC-derived factors, 
including IGF-, VEGF, IL-11, prolactin, IDO, PGE2, and MCP-
1, support dNK protection and cytotoxicity regulation [42]. 
The interaction of dNK and CTs is determined to be intimate 
through the interaction of LILRB1 – HLA-G and KIR2DL4 – 
HLA-C [5].
In decidua, about 20 % of the leukocyte population is occupied 
by T cells [46]. T cell induction, proliferation, and differentiation 
promotion in decidua during gestation are coordinated by 
P-MSC, including Th1, Th17 differentiative inhibition, Th2 
and Treg differentiative activation [46, 47]. Treg is active in 
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decidua during pregnancy for immune response regulation [46]. 
Macrophages are crucial in decidua, and macrophage M2 plays 
a role in tissue healing and repair through anti-inflammatory 
processes [1]. Macrophages with the M2 phenotype, Hofbauer 
cells, are discovered in the chorionic villi [48]. The ratio of M1 
and M2 cells balances during the initial gestation, and then the 
M2 polarization elevates after the mature placental formation. 
Previously, the M1 phenotype macrophage differentiative 
retardation is reported as the impact of P-MSC and its secretions 
[49]. The attendance of P-MSC in the co-culturing orientated the 
increased expression of CD14, CD163, and CD209, representing 
M2 phenotype as well as the inhibitory factors including B7-H4, 
PD-L1, and PD-L2, and the decline of CD40, CD80, and CD86 
markers, and proinflammatory cytokines [46, 49].
Placenta-derived mesenchymal stromal cells participate in the 
development of the placenta [1]. The promotion of endothelial 
growth of P-MSCs is recognized through the signaling 
interaction of E-cadherin/beta-catenin and fibronectin/
integrin α5β1 between P-MSC and endothelial progenitor 
cells (EPC) [50, 51]. Developing endothelial cells (EC) from 
EPC is augmented by P-MSC growth secretions such as VEGF 
and IGF [42]. In addition, the HLA-DR-expression decreases 
under the action of IFN-γ from the P-MSC, thereby avoiding 
an unwanted response from the maternal immune system [50]. 
The reverse interaction from EPC to P-MSC via the PDGF 
signaling pathway plays a role in the regenerative potential of 
P-MSC [1, 51]. P-MSC-derived exosomes contribute to EC cell 
tubule formation and the development of angiogenic factors [1]. 
HGF derived from P-MSC induces cAMP synthesis, activating 
the differentiation from CTs to SCTs. MiR-139 influences the 
invasion of CTs included in P-MSC-derived exosomes, down-
regulating the MAPK pathway [52]. On the other hand, miR-
133b and miR-101 enhance the development and proliferation 
of CTs and related cells [52].

Placenta macrophage (Hofbauer cell)

The Hofbauer cells (HCs) first appear at the start of the third 
week of gestation and remain during the pregnancy [48]. 
The HCs mainly reside along the walls of fetal blood vessels’ 
placental villous core, and some of the HCs are also found in the 
amnion [1]. The populations of HCs are diverse, with multiple 
phenotypes separated by considering the surface markers 
such as CD163, CD68, CD64, CD14, HLA, DC-SIGN, and 
others [46, 49]. The expression of CD14 is the most unstable 
and bonds to the pro-inflammation response [46, 49]. Besides, 
the MHC class II positive proportion in the HCs population 
moves up and down during the gestation, documenting the 
HLA-DP and HLA-DQ elevation and HLA-DR collapses in the 
third trimester [48]. Based on gene expression detection, HCs 
display the M2 macrophage phenotype and reflect all M2a, 
M2b, M2c, and M2d sub-types [49]. HCs activities contribute to 
fetal protection [48]. The attraction of HCs is caught in villitis 
caused by a viral infection. Immunoregulation is one of the 
HCs functions through the secretions of growth factors such as 
VEGF, TNF, TGF-β, and several cytokines such as IL-1, IL-6, IL-
10, CCL-2, CCL-18, and others. HCs derived VEGF and Spry 

modulate the villi branching formation [49]. Vasoregulation of 
placental vessels is partially regulated by prostaglandin E2 and 
thromboxane, which HCs secrete in in vitro models. HCs activate 
the production of hCG and hPL by CTs [46, 49]. The presence 
of alpha-1 antitrypsin and inter-alpha-trypsin inhibitors in HCs 
plays a role in protease inhibition related to villous remodeling 
and differentiation processes in the placenta.

3. MEDICAL APPLICATION OF PLACENTA-DERIVED 
CELLS

Tendon and joint disease treatment

Tendon and joint disease is a common pathology, especially 
from the beginning of middle age, such as tendinopathies (43%), 
musculoskeletal pain (21%), Achilles tendinopathy (11%), and 
others [53]. Non-steroidal anti-inflammatory and corticosteroid 
drugs or physical treatments are used for various tendon and 
joint diseases [53]. However, the persistent symptoms of the 
condition are not easy to eliminate [54]. Placental-derived 
elements promise a new, effective therapy for tendon and joint 
disease treatment [55]. The extract from the placenta is proven 
to be diverse in nutrient and regular factors [56]. Tendon 
injury caused by collagenase has been shown to heal rapidly 
under the impact of cells isolated from the placenta, which 
actively increases the secretion of IL-1β and IL-6 during the 
treatment [49]. P-MSC activity is involved in tendon repair only 
through enhancing skeletal muscle regeneration and preventing 
muscle atrophy [1]. P-MSCs have a role in extracellular matrix 
remodeling and a central role in local immune regulation [1]. 
The MSC and tenocyte interaction has still not been completely 
understood, but the promotion of M2 cell phenotype polarization 
and IL-4 secretion are likely to play a role in the treatment of 
tendon and joint disease through the extracellular matrix (ECM) 
remodeling [49]. Besides, promoting the vascular proliferation 
of MSCs in the tendon injury model has also been described 
[56]. In a previous clinical study, P-MSC was also considered a 
benign therapeutic agent as there were no abnormal symptoms 
observed, such as biochemical and hematologic disadvantages, 
ectopic tissue or tumour formation, pulmonary embolism, 
and liver or renal impairment in patients for 24 weeks post-
treatment [57].

Erectile dysfunction treatment

The erection of the penis depends on the volume of blood 
present in the cavernous body [58]. Under conditions of sexual 
stimulation, acetylcholine interacts with muscarinic receptors, 
stimulating increased intracellular free Ca2+ ions and activating 
endothelium-derived nitric oxide synthesis [59]. An increase in 
nitric oxide activates soluble guanylate cyclase, leading to the 
rise in cGMP, which causes a decrease in intracellular Ca and 
relaxation of cavernous smooth muscle and facilitates penile 
erection [59]. Peyronie’s disease is a condition in which fibrotic 
structures form hard plaques when the penis is erect, causing 
curvature, deformity or erectile dysfunction [60]. Thus far, 
scientific studies have indicated that injection of P-MSC improves 
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Peyronie’s disease [61]. The efficacy and safety of microinjection 
of P-MSC in Peyronie’s disease is undergoing phase 1 clinical 
trials (ClinicalTrials.gov number NCT04771442) in cases of 
penile curvature of 15 – 90 degrees and fibrous plaques on the 
tunica albuginea of the penis during erection. The use of P-MSC 
in treatment can be considered an alternative therapy instead of 
surgery in cases of Peyronie’s disease treatment [61]. Moreover, 
in clinical trials on erectile dysfunction, the use of P-MSC, has 
also been tested (ClinicalTrials.gov number NCT02398370).

Blood and bone marrow disorders treatment

Vascular remodeling is a function of P-MSC with VEGF, HGF, 
and BDNF secretion [62]. Secretions from P-MSCs, including 
proteins and EVs, play an essential role in regenerating congenital 
and acquired spinal cord injuries [62]. Clinical trials such as 
ClinicalTrials.gov numbers NCT002688049, NCT04520373, 
NCT03308565, NCT02917291, NCT04213131, NCT03505034, 
03521232, NCT03521336, NCT05018793 in the treatment of 
spinal cord injury from MSC have been created the premise 
for the application of MSC in orthodox medicine shortly [62]. 
P-MSC’s angiogenesis and remodeling of the injured area’s effects 
are believed to have suitable applications in treating myocardial 
injury, atherosclerosis, nerve and limb ischemia, and stroke [63, 
64]. Moreover, interactions with P-MSC and immunoregulatory 
cells are actively involved in rehabilitating myeloproliferative 
disorders and other aplastic anemias [65]. The safety and 
efficacy of P-MSC in aplastic anemia and myelodysplastic 
syndromes treatment have been progressing to the second 
phase, which is yielding positive results (ClinicalTrials.gov 
numbers NCT01182662 and 001129739).

Type 2 diabetes mellitus treatment

Cell transplantation therapies in treating diabetes were first 
used in the early 2000s [66]. In the first cases of treatment, 
the source of donated cells was the deceased, and there were 
many limitations in the source of samples [66]. Applying 
P-MSC can be advantageous in terms of cell supply [67]. The 
differentiation process into pancreatic islet beta cells (IPCs) is 
dominant in treating type 2 diabetes, directly releasing insulin 
[68]. The control of T-cell populations by P-MSCs is essential 
in protecting IPCs [47]. In addition, the regeneration of IPCs 
is also stimulated by growth factors secreted from P-MSC, such 
as IGF, PDGF, and VEGF [42, 69]. P-MSC helps patients with 
type 2 diabetes significantly reduce insulin levels in treatment 
(ClinicalTrials.gov numbers NCT01413035) [70]. Other clinical 
and preclinical studies have also shown similar results about the 
effectiveness of MSCs in the treatment of type 2 diabetes with 
multiple effects [71].

Treatment of burns

The MSC burn wound healing process is described in 
several stages. The anti-inflammatory phase occurs when 
the immunoregulatory processes of MSCs are accomplished 
through the polarization of M2 cells and regulation of T cells 
[47]. MSC-derived exosomes release miRNAs that promote 
protein synthesis [72]. During the wound repair phase, growth 

factors are actively involved in promoting cell proliferation, 
regeneration of the ECM, and angiogenesis [2, 18]. Placental-
derived MSCs are also a cell source of interest in treating burns. 
Other particular burns, such as Corneal alkali burns, are also 
being studied for applying P-MSC as a therapy [73].

Treatment of lung injury

After the COVID-19 pandemic, respiratory health problems 
are of particular concern [74]. The sequelae of Covid-19 and 
lung damage are significant threats to human health [74]. 
MSC-induced remodeling is targeted as an effective tool in 
remodeling damaged lungs [75]. P-MSC has been proven to 
treat acute respiratory distress syndrome caused by Covid-19, in 
which P-MSC can migrate, attach, and re-heal the injured lung 
tissue [76]. The mechanism of the action in the treatment lung 
by P-MSC is considered through the proinflammatory elements 
secretion, especially IL-1, IL-6, IL-12, IFN-γ, and TNF-α [77]. 
Macrophage immunomodulation induced by P-MSC was found 
to affect the LPS-induced acute lung injury model [78]. Other 
factors, such as placental EVs, also contribute to treating lung 
diseases [79].

Conclusion

The placenta was once considered a medical waste. However, 
with the current exploitation potential, the placenta is gradually 
becoming a raw material for regenerative medicine. The 
biological interaction mechanisms of cells of placental origin, 
including immunomodulatory, anti-inflammatory, EVs, and 
other secretory activities, are still under intensive investigation. 
The clinical trials that have been conducted indicate the 
archivable application potential of placental cells.
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ABSTRACT
Natural killer (NK) cells represent a critical component of the innate immune system, contributing to the surveillance and elimination 
of infected or aberrant cells. While, extensively studied as in the case of cancer immunotherapy as they hold potential to recognize 
cancer cells without prior exposure, their potential therapeutic applications extend beyond oncology to encompass a spectrum of 
non-oncological diseases. This review discusses the evolving landscape of NK cell therapies for non-oncological diseases, focusing 
on their roles in infection, chronic inflammatory conditions, and autoimmune disorders. Further, this paper delves into the intricate 
interplay between NK cells and immune checkpoints such as T cell immunoreceptor with Ig and ITIM domains (TIGIT), T cell 
Ig – and mucin-domain-containing molecule-3 (TIM-3), and lymphocyte activation gene 3 (LAG3), elucidating their influence on 
NK cell functionality and their implications for disease pathogenesis. Additionally, the discussion highlights the emerging paradigm 
of chimeric antigen receptor natural killer (CAR-NK) cells as a promising avenue for targeted therapy in diseases such as severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), human immunodeficiency virus (HIV), and autoimmune disorders. By 
synthesizing findings from diverse studies, it underscores the therapeutic potential of NK cell-based interventions in non-oncological 
diseases. Furthermore, it encompasses the need for further research to elucidate the mechanisms underlying NK cell function in these 
contexts, optimize therapeutic strategies, and translate these advancements into clinical practice.
Keywords: Natural killer cell, Immunotherapy, Immune checkpoints, CAR-NK

1. INTRODUCTION

Natural killer (NK) cells are descendants of bone marrow 
CD34+ hematopoietic stem cells (HSCs) as they are derived 
from oligopotent common lymphoid progenitors (CLPs), 
which are also the precursors of the T and B lymphocytes. In 
the derivation pathways of common lymphoid progenitors 
(CLPs), two branches diverge into common innate lymphoid 
progenitors (CILPs) and common helper innate lymphoid 
progenitors (CHILPs). While, the innate lymphoid cells 
(ILCs) are derived from CHILPS, NK cell precursors (NKPs) 
originate from CILPs in order to eventually become mature 
NK cells. Even though, immune cells derived from lymphoid 
lineage are responsible for adaptive immune responses, NK 
cells are critical contributors to innate immune functions 
as the term “innate lymphoid” implies and functionally 

fill the gap between the adaptive and immune responses 
[1, 2]. Although, the location of differentiation of NK cells 
is not well defined because of the distribution of HSCs in 
different sites of the human body, NK cells can be present 
in primary or secondary lymphoid organs. They may be 
found as tissue-resident or circulatory as they constitute 
5-20% of all peripheral blood lymphocytes following the 
numbers of T and B lymphocytes which are abundantly 
found in the blood [3-5]. The classification of NK cells is 
generally identified via the CD56 marker and according 
to their functionality and phenotypic features they can 
be summarized as cytotoxic (CD56dim) which also express 
CD16 (Fc gamma receptor III – FcγIII) that is responsible for 
antibody-dependent cellular cytotoxicity (ADCC) and often 
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described as CD56dimCD16bright cell population that maintains 
cytotoxicity via perforin and/or granzyme secretion through 
degranulation, regulatory (CD56brightCD16-) which is mainly 
distinguished by cytokine secretion and responsible in 
establishing cell to cell communication, and the NK cell 
subset that is commonly seen after the persistent viral 
infections also known as tolerant NK cells which are mainly 
characterized as CD56brightCD27-CD11b – and responsible in 
tolerating self-antigens [6-9].
The immune effector functions of NK cells are diverse but 
well-coordinated to maintain homeostasis in the human body 
through the inhibitory and activation receptors, the influence 
of these receptors on NK cell functions are comprehensively 
discussed by researchers as they gain interests [10]. Like other 
innate immune cells, NK cells act as a first line of defense by 
mediating cytotoxicity or producing critical cytokines such as 
interferon γ (IFN-γ), tumor necrosis factor-α (TNF-α), and 
granulocyte-macrophage colony-stimulating factor (GM-
CSF), lymphotoxin and interleukin 8 (IL-8) which all can 
be grouped as type 1 cytokines . They also produce chemo-
attractants such as CXCL1 (C-X-C motif chemokine ligand 
1) and CCL5 (C-C motif ligand 5) to resolve inflammation 
[11, 12]. One of the remarkable features that belong to NK 
cells is they execute their function through the “missing-
self recognition”. In which implies the downregulation of 

major histocompatibility complex I (MHC-1) molecules, 
without the requirement of previous antigen exposure but 
rather surveillance of MHC-I molecules on the surfaces of 
suspected cell [13]. The cancerous or infected cells with the 
virus eventually have diminished MHC-I expression. MHC-I 
downregulation are detected via inhibitory receptors of 
NK cells such as killer-cell immunoglobulin-like receptors 
(KIRs). Then, NK cells can exert their function as producing 
cytokines and mediating cytotoxicity towards suspected cells. 
This way, tolerance to self-antigens via MHC-I discrimination 
and spontaneous reactivity towards suspected cells can be 
maintained [14].
There is a vast number of works in the literature on utilizing 
NK cells for therapeutic purposes for cancer but in this review, 
the relationship between NK cell therapies and their possible 
applications in the eradication of immune-related diseases 
rather than cancer such as infection, chronic inflammatory 
diseases, and autoimmune diseases will be discussed. Patients 
with non-oncological diseases can also benefit from NK cell 
therapies such as monoclonal-based or cell-based (Figure 1). 
However, all these options are now available for oncological 
diseases, studies that cover these techniques are on the way of 
development and expected to be on the shelf products such as 
treatment in autoimmune diseases or viral infections, etc. (Table 
I).
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2. NK CELL THERAPIES

NK CELL THERAPIES AS EVALUATING IMMUNE 
CHECKPOINTS IN NON-ONCOLOGICAL DISEASES
This section aims to describe immune checkpoints and their 
roles in NK cell functionality, even though the number of 
therapeutic interventions of these immune checkpoints and 
usage of immune checkpoint inhibition in a manner of treating 
non-oncological disease as NK cell therapy is low, we tried to 
underline the physiological importance and possible drug 
targets which may be evaluated in the future.

T cell immunoreceptor with immunoglobulin and 
immunoreceptor tyrosine-based inhibitory motif (ITIM) 
domains (TIGIT)

When compared to those of healthy volunteers NK cells 
isolated from ulcerative colitis (UC) patients were shown to 
have high TIGIT-expressing. A study conducted by Fuchs et al., 
demonstrated that inhibiting TIGIT led to a slight but valuable 
change in the activation of NK cell effector function. This finding 
was confirmed using an experimental model in which NK 
cells collected from both UC patients and healthy donors were 
incubated with the MHC-I deficient K562 cell line. The K562 
cell line stimulates NK cell activation via KIRs [15]. In a study 
that evaluated the relationship between NK cells and Candida 
albicans (C. albicans) infection through TIGIT, it was shown 
that C. albicans uses Agglutinin-like Sequences (Als) adhesion 
proteins to evade immune surveillance by binding to TIGIT on 
NK cells. In addition, the NK cells either TIGIT-expressing or 
non-expressing which are further separated as groups that are 
treated by anti-TIGIT antibodies or not and possible effector 
functions of these NK cell lines such as cytotoxicity through 
IFN-γ production on C. albicans and possible reduction of C. 
albicans colonies which were depicted as colony formation unit 
(CFU) were assessed. Then, the molecular interaction between 
TIGIT and C. albicans Als proteins was illustrated by fluorescent 
probes. Overall, it was shown that different strains of C. albicans 
and their mutations in the Als protein’s binding region to TIGIT 
on NK cells affect NK cell functions by limiting them through 
TIGIT inhibition. This finding underscores the importance of 
this mechanism in controlling C. albicans infection. Control 
is achieved through immune checkpoint inhibition rather 
than antibiotics. Antibiotics treatments are generally prone to 
resistance [16]. Investigation of TIGIT on NK cells needs to be 
extensively studied in the context of non-oncological disorders 
which holds the possibility to change the course of the diseases 
by augmenting NK cell function via inhibition of TIGIT, which 
eventually may lead to resolution in inflammation caused by 
pathogens or inflammation inducers.

T cell Ig – and mucin-domain-containing molecule-3 (TIM-3)

As an inhibitory receptor of NK cells, TIM-3 is found to be 
accompanied in the medical history of people with hepatitis B 
virus (HBV) infection. With the study consisting of hepatitis 
B envelope antigen (HBeAg) positive (HBeAg+) or negative 

(HBeAg-), and hepatitis B virus (HBV) related hepatocellular 
carcinoma (HBV-HCC) patients, it is shown that the TIM-3 
expression in NK cells was elevated in the HBeAg+ and 
HBV-HCC in compared to seronegative patients. It is also 
postulated that the presence of TIM-3 in HBeAg+ patients 
can be an obstacle in the way of conversion from seropositive 
to seronegative (seroconversion) in serum [17]. In another 
study that assessed the relationship between the SARS-CoV-2 
infection and NK cell function, it was shown that there was no 
significant difference in the TIM-3 expression in the NK cells 
cultured with A549ACE2/TMPRSS2 airway epithelial cells and 3D ex 
vivo model of human airway epithelium infected with SARS-
CoV-2 [18]. For the investigation of the relationship between the 
HIV latency as well as the formation of reservoir and NK cells, 
within the scope of the TIM-3 inhibition, it is found that the NK 
cell functionality onto the viral replication of HIV is diminished. 
Still, it is thought that it may not affect the cytotoxicity mediated 
through CD8+ cytotoxic T cells. In contrast, both CD4+ helper 
T cells and NK cells co-cultured with cytotoxic T cells, even 
though it was associated with a decrease in the concentration 
of p24 antigen [19]. In a study that done by Kared et al., 
when human cytomegalovirus (HCMV) and HIV infections 
are assessed in the context of TIM-3 and adaptive NK cells, 
separately, TIM-3 may induce apoptosis in NK cells when the 
HCMV infection occurs regardless of their maturation status 
while NK cells loss their capacity to synthesize cytokines which 
further lead to chronic inflammation of HIV [20]. Moreover, 
in a study published by Devulder et al., the authors postulated 
that when peripherical blood mononuclear cells (PBMC) 
incubated with the rhinovirus A9 (RV-A9) which is responsible 
for the progression of asthmatic response, effector functions of 
NK such as NK stimulation, secretion of its granular content, 
IFN-γ production, and subsequently cytotoxic activity are lesser 
compared to unstimulated NK which are all estimated to be 
related to elevated levels of TIM-3 expression found on the NK 
cells [21]. By utilizing TIM-3-deficient (TIM-3-/-) pregnant mice 
to clarify the relationship of Toxoplasma gondii (T. gondii) with 
the function of decidual NK (dNK) cells which are localized in 
the uterine tissue and subsequent pregnancy abnormalities, Li et 
al. highlighted that the inhibition of TIM-3 is associated with the 
poor prognosis in the pregnant mice after T. gondii infection. It 
is thought to be associated with dysregulation of dNK receptors, 
and abnormal secretion of both granular contents and cytokines 
throughout Phosphoinositide 3-kinase (PI3K)-protein kinase 
B (AKT) and Janus kinase/signal transducers and activators of 
transcription (JAK-STAT) biochemical pathways [22]. However, 
these are some of the studies that briefly summarize the TIM-3 
and NK cell axis, the underlying mechanisms that they cover are 
the possible NK cell therapy strategies to balance pathological 
and physiological events in non-oncological diseases.

Lymphocyte-activation gene (LAG3)

Expression of LAG3 in NK cells was associated with an 
exhaustion profile that may be characterized by diminished 
secretory activity (such as IFN-γ and TNF-α), secretion of 
cytotoxic granules because of obstacles in the degranulation 
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and by a regulatory profile as secreting immunosuppressive 
cytokine, IL-10 [23]. A prospective study that comprised 86 
patients infected with COVID-19 and compared them with 
patients with non-COVID respiratory infections and healthy 
volunteers in the context of hospitalization aimed to reveal 
a distinct immunological profile that involves cells that are 
effective in the eradication of viral infections such as NK cells 
and the regulatory factors which they are influenced with. In 
this study, it was demonstrated that severe to moderate levels of 
patients with COVID-19 immunological profile were presented 
with significantly upregulated levels of both LAG3+ activated and 
exhausted NK cells, making it possible drug target for coping 
with the COVID-19 related hospitalization [24]. Furthermore, 
a longitudinal study that investigated the opportunistic viral 
infection that may occur after taking immunosuppressive 
drugs among patients with a history of haploidentical stem 
cell transplantation, especially HCMV infection which can be 
seen in more than 35% of the transplantation patients. In this 
study, NK cells are evaluated in both HCMV-reinfected and 
non-infected patients, according to their LAG3 expression, 
it was shown that reinfected patients are characterized by 
an exhausted NK cell profile which is also associated with 
upregulated LAG3 levels and down-regulated IFN-γ production 
and it is postulated that even though LAG3 inhibition done 
in NK cell taken from reinfected patients, IFN-γ levels cannot 
reach the same level as non-infected patients’ IFN-γ levels [25]. 
By using the humanized MISTRG-6-15 mice model, Sungur 
et al., created a model for assessing human NK cell profiles in 
HIV-1 injected MISTRG-6-15 mice to detect LAG3 levels on 
NK cells and showed that after 14 days there was an increase in 
the levels of LAG3 and down-regulation of cytotoxic cytokines 
such as granzyme B (GZMB), TNF-α and IFN-γ. In addition to 
that, antiretroviral therapy (ART) for 8 weeks, after a 4-week 
injection of HIV-1 to the mice, has been shown to moderately 
down-regulated the levels of LAG3 which can be seen as a new 
therapeutic intervention as augmenting NK cell function within 
the context of HIV-1 infections [26]. According to a longitudinal 
study done by Ty et al., which constitute Ugandan children as a 
cohort who are prone to a frequent malarial infection are shown 
to have increased LAG3 expression in mature NK cells which 
may be characterized by diminished cytokine production, 
although, the main characteristics assessed through the 
identification of NK cells in malarial infection, there should be 
shreds of evidence about the influence of malaria trained NK 
cells on the comorbidities and their possible targeted therapeutic 
intervention must consider their influence [27]. Overall, LAG3 
should be extensively explored in the context of NK cells and 
other pathological mechanisms in non-oncological diseases 
which may hold a new therapeutic revenue.

NK-CELL-BASED THERAPIES IN NON-
ONCOLOGICAL DISEASES

Chimeric antigen receptor natural killer cells (CAR-NK)

A study conducted by Lu et al., evaluated the effectiveness of 
CAR-NK in combating the SARS-CoV-2 infection by utilizing 
umbilical cord blood NK cells. The CAR-NK cells were 
engineered to be efficient in promoting bioavailability and 
specific targeting antigens associated with SARS-CoV-2 as 
transduced to have soluble IL-15 and angiotensin-converting 
enzyme (ACE) receptor to induce binding through Spike (S) 
protein of SARS-CoV-2, respectively. However, these mACE2-
CAR-sIL15 NK cells were approved for having promising 
results for eradication of SARS-CoV-2 in the transgenic in vivo 
setting, a clinical trial should be done to better understand 
the effectiveness of this therapy especially for the patients 
with severe SARS-CoV-2 pathology [28]. In addition, another 
study that utilized CAR-NK cells to eradicate SARS-CoV-2 
by targeting conversed domains of S protein which may also 
provide recognition of other variants, was confirmed with the 
design of CAR-NK bearing scFV domain of S309 which is a 
neutralizing antibody. These S309-CAR-NK cells were proved 
to have higher effector functions even compared to other CAR 
constructs as elevated levels of TNF-α and IFN-γ when they 
recognize the SARS-CoV-2 infected A549 cell line which makes 
S309-CAR-NK cells efficient in eradicating infection and these 
results imply that there should be further studies to confirm 
clinical efficiency [29]. In another study published by Lim et 
al., it was aimed to specifically target glycoprotein 160 (gp160) 
which is a glycoprotein expressed by HIV-1 via designing 
CAR-NK as well as to provide intracellular signaling, the CD28 
transmembrane and intracellular domain are inserted into the 
genetic construct of the CAR lentiviral vector with the CD3ζ 
domain. However, there is a vast number of distinctive genetic 
variations among HIV-1 subtypes which makes direct gp160 
targeting infeasible, to cope with this problem, researchers 
developed a CAR construct with an anti-2,4-dinitrophenyl 
(anti-DNP) domain that uses the principle of binding DNP-
containing antibody which provides inducement to bind to 
target gp160 and its subtypes A and C shown by the co-culture 
the CAR-NKs with gp160 expressing cell lines transduced from 
HEK293T cell line. In addition, effective cytotoxicity against 
CD4+ T cells infected by HIV-1 was also demonstrated which 
makes the usage of anti-DNP CAR-NK cells for the HIV-1 
treatment regimen a promising approach [30]. The utilization 
of the NK-92 cell line in a study has resulted in the creation of 
programmed cell death 1 (PD-1) targeting CAR-NK cells via 
transduction of NK-92 to programmed cell death ligand 1 (PD-
L1)-bearing cells. These CAR-NK cells have been specifically 
designed to selectively suppress T follicular helper (TFH) cells, 
which express high levels of PD-1 relative to other lymphocytes, 
through degranulation. This approach can be promising for 
eradicating TFH-related diseases such as autoimmune and 
disorders that can be characterized by excessive TFH activation 
[31]. Altogether, CAR-NK holds immense promises in addition 
to oncological diseases, augmenting NK cell effector function via 
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CAR constructs for eradicating viral infections or autoimmune 
diseases paving the way for novel therapeutic approaches with 
potentially fewer side effects than traditional treatments.

Conclusions and Future Directions

Natural Killer cells, integral components of the innate immune 
system, are emerging as potent therapeutic modalities beyond 
oncology, particularly in non-oncological diseases. This review 
synthesizes current insights into NK cell therapies, emphasizing 
their pivotal roles in combating infections, managing chronic 
inflammatory conditions, and potentially ameliorating autoimmune 
disorders. NK cells perform diverse functions crucial for immune 
surveillance and response, including direct cytotoxicity against 
infected or aberrant cells, secretion of key cytokines for immune 
regulation, and modulation of immune checkpoints such as TIGIT, 
TIM-3, and LAG3. Targeting these checkpoints holds promise for 
fine-tuning NK cell activity in a spectrum of diseases, from viral 
infections like SARS-CoV-2 to chronic ailments such as HIV. 
The advent of CAR – NK cell therapy represents a transformative 
approach in precision medicine, demonstrating efficacy in targeting 
specific pathogens and diseases. Despite these advancements, the 
clinical translation of NK cell therapies necessitates overcoming 
challenges such as optimizing manufacturing processes, enhancing 
cell persistence and efficacy, and ensuring safety profiles across 
diverse patient populations. Future research directions should 
prioritize elucidating the intricate mechanisms governing NK 
cell biology, understanding disease-specific variations in immune 
checkpoint interactions, and leveraging genetic modification 
and CAR technologies to tailor therapies for individual patients. 
Rigorous clinical validation through well-designed trials is 
imperative to establish the safety, efficacy, and long-term benefits 
of NK cell therapies across diverse disease contexts. Furthermore, 
exploring synergies with existing treatments and addressing ethical 
and regulatory considerations are critical for maximizing the 
therapeutic potential of NK cell-based interventions. In summary, 
NK cell therapies represent a promising frontier in immunotherapy, 
poised to reshape the landscape of non-oncological disease 
treatment through ongoing innovation and collaborative efforts 
across scientific, clinical, and regulatory domains.
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ABSTRACT
Objective: Cardiac autonomic neuropathy (CAN) is a prevalent complication of type 2 diabetes mellitus (DM) and is associated with 
elevated cardiovascular risk. The objective of this study was to evaluate changes in heart rate variability (HRV) in elderly patients with 
type 2 DM and to investigate its relationship with laboratory findings.
Patients and Methods: The present retrospective study comprised 182 subjects aged ≥65 years who underwent 24-hour Holter ECG 
monitoring. Patients were divided into two groups: a DM group (n=72) and a control group (n=110). HRV parameters in both time 
and frequency domains were analyzed, and their correlations with laboratory markers were evaluated.
Results: Heart rate variability parameters, including standard deviation of SDNN (p=0.004), SDANN (p=0.008) and SDNN index 
(p=0.015), were found to be significantly lower in DM. Furthermore, a decline in frequency domain parameters, including POWER 
(p=0.004), VLF (p=0.006), LF (p =0.007) and HF (p=0.049), was observed. In addition, a negative correlation was identified between 
HRV and inflammatory markers, such as white blood cell (WBC) count (p <0.001).
Conclusion: Reduced HRV in elderly diabetic patients suggests autonomic dysfunction and increased cardiovascular risk. The inverse 
correlation between HRV and inflammatory markers highlights the potential role of systemic inflammation in autonomic impairment.
Keywords: Heart rate variability, Diabetes mellitus, Diabetic neuropathies, Aged, Heart disease risk factors, Autonomic nervous system

1. INTRODUCTION

Cardiac autonomic neuropathy (CAN) is a prevalent and rigorous 
complication of type 2 diabetes mellitus (DM), associated with 
elevated cardiovascular mortality [1]. It originates from a 
dysfunction of the autonomic nervous system that impairs the 
balance between sympathetic and parasympathetic activity [2]. 
Consequently, heart rate variability (HRV) reduces considerably, 
and low HRV levels are significantly associated with cardiac 
arrhythmias, sudden cardiac death, and other cardiovascular events 
[3].
While, HRV decreases with age, some studies have shown that 
this decrease is more pronounced in individuals with DM [4,5]. 
The Ikaria study found an association between lower HRV levels 
and increased arterial stiffness and vascular dysfunction in elderly 
non-hypertensive individuals [6]. Similarly, the PROOF study 
found that metabolic syndrome reversely affects HRV parameters 
in elderly individuals with DM [7]. Reduced HRV levels have been 
associated with poor clinical outcomes in patients with DM [8]. 
Accordingly, the study by May et al., identified HRV as a strong 
predictor of mortality [9]. Due to the scarce data examining 
changes in HRV in elderly individuals with type 2 DM, more 
research is needed to fill the gap in this area.

The objective of the present study was to assess alterations in 
HRV among individuals aged 65 years and older with type 2 
DM, and to examine the relationship between these changes 
and laboratory parameters. This study suggests that HRV is 
significantly reduced in elderly individuals with type 2 DM and 
that this reduction may be related to laboratory parameters .

2. PATIENTS and METODS

The present study was conceived as a retrospective observational 
study and was conducted in accordance with the Declaration 
of Helsinki. The study protocol was approved by the 
Marmara University, School of Medicine Ethics Committee 
(date:31/01/2025, approval number:9.2025-25-0060). Patient data 
were retrospectively obtained from the hospital record system.
Patients who presented to the Cardiology Department 
between January 2024 and October 2024 and underwent 24-
hour Holter ECG monitoring were evaluated retrospectively. 
All patients aged 65 years and older who underwent 24-
hour Holter ECG monitoring during the study period were 
consecutively included. After applying the exclusion criteria, 
the remaining 182 patients were classified into two groups 
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based on diabetic status: a DM group (n=72) and a control 
group (n=110) (Figure 1). Patients with permanent pacemakers, 
chronic atrial fibrillation, paroxysmal atrial fibrillation (PAF) 
detected by Holter ECG, diagnosed hypothyroidism, ventricular 
tachycardia, poor quality Holter ECG recordings, moderate or 
severe valvular heart disease, or hyperthyroidism were excluded 
from the study. Individuals aged 65 years and older who were 
diagnosed with type 2 DM according to the American Diabetes 
Association (ADA) criteria were included in the study [10]. A 
detailed medical history, demographic, clinical characteristics 
and laboratory parameters were collected from all participants.

Figure 1: Flow chart of the participants.

Heart Rate Variability

Holter-ECG recordings were obtained using the DMS 9800 (USA) 
model miniature ambulatory ECG monitoring device with three 
leads and digitized at a sampling rate of 128 Hz over a 24-hour period. 
HRV analyses were conducted using the commercially available 
Cardioscan 12.0 (DMS, USA) software. The time-domain analysis 
comprised the standard deviation of normal-to-normal (NN) RR 
intervals (SDNN), the standard deviation of the average NN RR 
intervals calculated in 5-minute segments (SDANN), and the mean 
of the standard deviations of all NN RR intervals for each 5-minute 
segment over a 24-hour period (SDNN index). Additionally, the 
root mean square of successive differences between adjacent NN RR 
intervals (RMSSD) and the percentage of NN RR interval differences 
greater than 50 ms (pNN50) were calculated. In the frequency-
domain analysis, total power (POWER) represented overall HRV 
variability, while the low-frequency component (LF: 0.04–0.15 Hz) 
reflected both sympathetic and parasympathetic activity, with a 
slight predominance of sympathetic activity. The high-frequency 
component (HF: 0.15–0.40 Hz) represented vagal activity, while the 
LF/HF ratio indicated the sympathovagal balance and, consequently, 
the dominance of sympathetic activity.
Holter-ECG recordings were subjected to review by a cardiologist 
who was unaware of the patient’s medical history and all non-normal 
RR intervals were manually inspected in order to assess the quality of 
the recording. Recordings which exhibited an artefact rate in excess 
of 2% were excluded from further analysis. Only recordings which 
had been monitored for a minimum of 20 hours and which exhibited 
sufficient quality for assessment were included in the final analysis. 

HRV analyses were conducted in accordance with the standards 
established by the European Society of Cardiology (ESC) [11].

Statistical Analysis
Statistical analyses were conducted utilising SPSS version 
22.0 for Windows (Chicago, IL, USA). Continuous variables 
were subjected to a Kolmogorov-Smirnov test to ascertain 
their distribution and were subsequently expressed as mean 
± standard deviation. Where relevant, differences between 
continuous variables were analysed by means of either the 
independent samples Student’s t-test or the Mann-Whitney U 
test. Categorical data were presented as counts or percentages, 
and the chi-squared test was employed to compare categorical 
variables. Pearson’s correlation coefficient was calculated 
between HRV and laboratory parameters. A linear regression 
analysis was conducted to identify the predictors of SDNN, 
and variables with a p-value of less than 0.05 in the univariable 
analysis were included in the multivariable analysis.

3. RESULTS
A total of 182 patients were enrolled, 72 in the DM group and 
110 in the control group. There was no significant difference in 
the mean age between the groups (70.58 ± 4.24 vs. 71.52 ± 4.16, 
p=0.143). The DM group demonstrated a higher prevalence of 
hyperlipidaemia and the use of statin therapy. However, other 
demographic characteristics and medication use exhibited no 
significant differences between the groups. The demographic and 
clinical characteristics of the study groups are outlined in Table I.
Table I. Demographic and clinical characteristics of study groups
Characteristics DM (n=72) Control (n=110) p-value
Age (years) 70.58 ± 4.24 71.52 ± 4.16 0.143
Male gender, n (%) 43 (59.7) 61 (55.5) 0.569
HT, n (%) 59 (81.9) 79 (71.8) 0.119
HL, n (%) 48 (66.7) 49 (44.5) 0.003
Stroke, n (%) 23 (31.9) 26 (23.6) 0.217
Active smoking, n (%) 15 (20.8) 16 (14.5) 0.270
CAD, n (%) 30 (41.7) 34 (30.9) 0.137
LV EF (%) 57.63 ± 9.49 59.67 ± 7.80 0.133
Antiplatelet therapy, n (%) 43 (59.7) 54 (49.1) 0.160
OAC, n (%) 10 (13.9) 14 (12.7) 0.821
ACEi/ARB, n (%) 48 (66.7) 62 (56.4) 0.165
BB, n (%) 25 (34.7) 39 (35.5) 0.919
CCB, n (%) 23 (31.9) 28 (25.5) 0.340
Diuretics, n (%) 21 (29.2) 26 (23.6) 0.405
Statin, n (%) 44 (61.1) 42 (38.2) 0.002
OAD, n (%) 58 (80.6) NA NA
Insulin, n (%) 19 (26.4) NA NA
ACEi: Angiotensin-converting enzyme inhibitor, ARB: Angiotensin receptor blocker, BB: Beta-
blocker, CAD: Coronary artery disease, CCB: Calcium channel blocker, DM: Diabetes mellitus, 
HL: Hyperlipidemia, HT: Hypertension, LV EF: Left ventricular ejection fraction, NA: Not 
applicable, OAC: Oral anticoagulant, OAD: Oral antidiabetic drug. Continuous variables are 
presented as mean ± standard deviation (SD), and categorical variables are expressed as n (%).

Table II presents the laboratory findings of the study groups. White 
blood cell (WBC) count (9.18 ± 3.42 vs. 7.52 ± 2.39, p=0.001) and 
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platelet count (274.89 ± 99.92 vs. 241.76 ± 82.54, p=0.027) were 
significantly higher in the DM group. While, total cholesterol and 
LDL cholesterol levels were lower in diabetic patients (p<0.001), as 
expected, HbA1c and fasting blood glucose levels were significantly 
higher in the DM group (p<0.001). HDL cholesterol levels were 
similar between the groups (DM: 51.80 ± 13.39 mg/dL vs. Control: 
54.19 ± 14.08 mg/dL, p=0.307).
In the DM group, the mean heart rate (72.90 ± 10.07 vs. 68.14 ± 
8.78, p=0.001) and minimum heart rate (50.93 ± 10.08 vs. 47.27 
± 7.99, p=0.007) were significantly higher compared to the 
control group. With regard to HRV parameters, the DM group 
represented significantly lower values for SDNN (104.31 ± 36.21 
vs. 118.74 ± 30.20, p=0.004), SDANN (92.22 ± 33.73 vs. 104.58 
± 28.38, p = 0.008) and SDNN index (40.92 ± 16.02 vs. 46.99 ± 
16.60, p=0.015) compared to the control group. With regard to 
frequency components, POWER (p=0.004), VLF (p=0.006), LF 
(p=0.007), and HF(p=0.049) values were significantly lower in 

the DM group. However, no significant difference was observed 
between the groups in the LF/HF ratio (p=0.820). The details of 
HRV parameters are summarised in Table III.
Several significant correlations were identified between HRV 
parameters and laboratory values. SDNN, SDANN and SDNN 
index yielded a negative correlation with WBC count (p<0.001). 
HDL cholesterol levels showed a positive correlation with SDNN 
and SDANN (SDNN: r = 0.220, p = 0.008; SDANN: r = 0.230, 
p = 0.006). Conversely, triglyceride levels exhibited a negative 
association with SDNN, SDANN and SDNN index (p<0.05). 
Hemoglobin levels demonstrated a positive correlation with 
SDNN and SDANN (p<0.05). Finally, platelet count represents a 
negative correlation with SDNN and SDANN (p<0.05). LF and 
HF were found to be inversely related to WBC count (p=0.016 
and p=0.013, respectively), while no significant association was 
observed with the LF/HF ratio. The results of the correlation 
analysis are comprehensively summarised in Table IV.

Table II. Comparison of laboratory findings between DM and control groups
Parameter DM (n=72) Control (n=110) p-value
HbA1c (%) 7.07 ± 1.30 5.80 ± 0.38 <0.001
FBG (mg/dL) 133.93 ± 47.21 99.56 ± 16.39 <0.001
Creatinine (mg/dL) 1.03 ± 0.41 0.95 ± 0.34 0.237
AST (U/L) 24.50 ± 17.27 22.20 ± 7.79 0.268
ALT (U/L) 18.93 ± 8.06 18.27 ± 12.26 0.710
Potassium (mmol/L) 4.39 ± 1.11 4.42 ± 0.43 0.807
WBC (×10³/µL) 9.18 ± 3.42 7.52 ± 2.39 0.001
Hemoglobin 13.08 ± 1.84 13.27 ± 1.61 0.501
Platelet count (×10³/µL) 274.89 ± 99.92 241.76 ± 82.54 0.027
Triglyceride (mg/dL) 140.39 ± 84.81 124.70 ± 61.57 0.202
Total-C (mg/dL) 176.67 ± 34.63 205.68 ± 48.50 <0.001
HDL-C (mg/dL) 51.80 ± 13.39 54.19 ± 14.08 0.307
LDL-C (mg/dL) 96.37 ± 27.90 126.57 ± 41.37 <0.001
ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, DM: Diabetes mellitus, FBG: Fasting Blood Glucose, HbA1c: Hemoglobin A1c, HDL-C: High-density lipoprotein cholesterol, LDL-C: 
Low-density lipoprotein cholesterol, Total-C: Totalcholesterol, WBC: White blood cell count. Continuous variables are presented as mean ± standard deviation (SD).

Table III. Comparison of HRV parameters between DM and control groups
Parameter DM (n=72) Control (n=110) p-value
Mean Heart Rate (bpm) 72.90 ± 10.07 68.14 ± 8.78 0.001
Minimum Heart Rate (bpm) 50.93 ± 10.08 47.27 ± 7.99 0.007
Maximum Heart Rate (bpm) 115.82 ± 19.00 114.05 ± 21.67 0.572
Longest R-R Interval (ms) 1337.72 ± 397.77 1417.96 ± 349.84 0.154
SDNN (ms) 104.31 ± 36.21 118.74 ± 30.20 0.004
SDANN (ms) 92.22 ± 33.73 104.58 ± 28.38 0.008
SDNN Index (ms) 40.92 ± 16.02 46.99 ± 16.60 0.015
RMSSD (ms) 28.00 ± 20.65 30.59 ± 20.00 0.400
pNN50 (%) 6.99 ± 12.07 8.14 ± 12.27 0.534
POWER (ms²), IQR (25-75) 1452.65 (845.60 – 2206.45) 1897.10 (1322.45 – 3007.93) 0.004
VLF (ms²), IQR (25-75) 1142.30 (605.78 – 1521.40) 1331.70 (1024.48 – 2091.90) 0.006
LF (ms²), IQR (25-75) 209.50 (137.05 – 346.03) 288.45 (164.23 – 537.93) 0.007
HF (ms²), IQR (25-75) 87.70 (34.45 – 157.30) 106.40 (57.65 – 196.83) 0.049
LF/HF Ratio, IQR (25-75) 2.61 (1.62 – 4.10) 2.42 (1.61 – 3.88) 0.820
bpm: Beats per minute, DM: Diabetes mellitus, HF: High-frequency power, HRV: Heart rate variability, IQR: Interquartile range, LF: Low-frequency power, LF/HF: Low-frequency to high-
frequency ratio, POWER: Total power of HRV spectrum, RMSSD: Root mean square of successive differences, SDANN: Standard deviation of the average normal-to-normal RR intervals, 
SDNN: Standard deviation of normal-to-normal RR intervals, pNN50: Percentage of successive R-R intervals differing by more than 50 ms, VLF: Very low-frequency power. Continuous 
variables are presented as mean ± standard deviation (SD), while non-normally distributed variables are expressed as median (interquartile range, IQR).
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Linear regression analysis was performed to identify the 
predictors of SDNN, revealing that DM, HL, LV EF, and WBC 
count were significant predictors. However, in the multivariable 
analysis, only the presence of DM and WBC count remained 
independent predictors of SDNN (DM: β = – 17.2 [95% CI: – 
27.4 to – 7.0], p = 0.001; WBC: β = – 2.1 [95% CI: – 4.0 to – 0.3], 
p = 0.024). Table V summarizes the results of the univariable 
and multivariable linear regression analyses for the predictors 
of SDNN.

Table V. Predictors of SDNN in univariable and multivariable linear 
regression analysis

Univariable Multivariable
Coefficient (r) p-value B CI 95% p-value

Age 0.013 0.128
Male sex 0.001 0.816
DM 0.112 <0.001 -17.2 -27.4 – 7.0 0.001
HT 0.008 0.250
HL 0.054 0.002 -3.6 -13.8 – 6.7 0.491
Smoker 0.002 0.518
CAD 0.020 0.063
LV EF 0.037 0.011 -0.2 -0.4 – 0.8 0.548
WBC 0.096 <0.001 -2.1 -4.0 – – 0.3 0.024
Hemoglobin 0.024 0.066
CAD: Coronary artery disease, DM: Diabetes mellitus, HL: Hyperlipidemia, HT: 
Hypertension, LV EF: Left ventricular ejection fraction, WBC: White blood cell 
count. Only variables with p < 0.05 in the univariable analysis were included in the 
multivariable model

4. DISCUSSION

In the present study, it was demonstrated that HRV parameters 
executes a significant reduction in elderly individuals with type 
2 DM in comparison with the control group. The markedly 
diminished SDNN, SDANN and SDNN index values in the type 
2 DM patients indicate a substantial autonomic nervous system 
dysfunction within this demographic. Moreover, the presence of 
DM and WBC count were identified as independent predictors 
of HRV.
This study revealed a significant reduction in HRV in elderly 
patients with type 2 DM. We found that time-domain HRV 
parameters, such as SDNN, SDANN and SDNN index, were 
significantly lower in individuals with DM, promoting significant 
autonomic dysfunction in this population. Frequency domain 
parameters, including LF, HF and POWER, were also reduced. 
In addition, the patients with DM had a higher mean heart rate 
and a higher minimum heart rate. These findings are consistent 
with previous research that has shown reduced HRV in patients 
with type 2 DM. For example, Kudat et al., reported lower HRV 
values in both time and frequency domains in diabetic patients 
compared to healthy subjects [12]. The Cardiovascular Disease, 
Living and Ageing in Halle (CARLA) study showed that HRV 
decreases with age and is more pronounced in people with DM 
[5]. The ARIC study further considered that diabetes leads to 
a progressive worsening of autonomic dysfunction over time, 
resulting in a significant reduction in HRV [13]. Similarly, 
Cardoso et al., found that diabetic patients with reduced HRV 
had a higher mean heart rate [14].

Table IV. Correlation analysis of HRV parameters with laboratory variables
Variable Value SDNN SDANN SDNN Index RMSSD pNN50 Power VLF LF HF LF/HF

Total-C
r -0.063 -0.028 -0.111 -0.155 -0.150 -0.098 -0.093 -0.089 -0.035 -0.055

p 0.450 0.739 0.186 0.064 0.073 0.241 0.269 0.290 0.675 0.515

LDL-C
r -0.279 -0.047 -0.102 -0.141 -0.132 -0.076 -0.076 -0.060 -0.015 -0.071
p 0.349 0.576 0.224 0.092 0.117 0.369 0.366 0.477 0.862 0.402

HDL-C
r 0.220 0.230 0.110 0.018 -0.008 0.082 0.077 0.083 0.050 0.132
p 0.008 0.006 0.189 0.832 0.922 0.328 0.364 0.322 0.552 0.117

Triglyceride
r -0.189 -0.181 -0.167 -0.094 -0.082 -0.168 -0.146 -0.187 -0.097 -0.133
p 0.024 0.031 0.047 0.266 0.332 0.045 0.082 0.026 0.251 0.113

WBC
r -0.288 -0.287 -0.191 -0.127 -0.115 -0.169 -0.128 -0.194 -0.200 -0.099
p <0.001 <0.001 0.018 0.117 0.158 0.037 0.115 0.016 0.013 0.223

Hemoglobin
r 0.187 0.212 0.046 0.006 -0.024 0.045 0.051 0.037 -0.003 0.083
p 0.021 0.009 0.576 0.941 0.770 0.584 0.536 0.651 0.968 0.311

Platelet
r -0.184 -0.195 -0.097 -0.098 -0.099 -0.112 -0.073 -0.180 -0.122 -0.090
p 0.023 0.016 0.231 0.227 0.225 0.168 0.367 0.026 0.133 0.267

HbA1c
r -0.048 -0.085 -0.158 -0.073 -0.062 -0.174 -0.176 -0.148 -0.088 -0.014
p 0.579 0.325 0.070 0.401 0.478 0.045 0.043 0.088 0.313 0.871

FBG
r -0.093 -0.039 -0.173 -0.038 -0.033 -0.169 -0.173 -0.165 -0.054 -0.038
p 0.273 0.639 0.041 0.654 0.696 0.046 0.041 0.052 0.526 0.658

FBG: Fasting Blood Glucose, HDL-C: High-density lipoprotein cholesterol, HRV: Heart rate variability, LDL-C: Low-density lipoprotein cholesterol, LF: Low-frequency 
power, LF/HF: Low-frequency to high-frequency ratio, Power: Total power of HRV spectrum, RMSSD: Root mean square of successive differences, SDANN: Standard 
deviation of the average normal-to-normal intervals, SDNN: Standard deviation of normal-to-normal intervals, pNN50: Percentage of successive R-R intervals 
differing by more than 50 ms, Total-C: Totalcholesterol, VLF: Very low-frequency power, WBC: White blood cell count
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The PROOF study emphasised the detrimental impact of 
metabolic syndrome on HRV, underscoring the correlation 
between diminished HDL levels and impaired HRV [7]. 
In congruence with these observations, our investigation 
identified a positive correlation between HDL levels and the 
HRV parameters SDNN and SDANN, suggesting a potential 
protective role for HDL in autonomic nervous system 
function. However, our study did not show a significant 
association between LDL cholesterol and HRV parameters. 
Absence of a significant association may be attributable to the 
higher prevalence of hyperlipidaemia in the DM group and 
the widespread use of statins, which may have resulted in a 
reduction in LDL cholesterol levels. While statins are effective in 
reducing LDL cholesterol levels, their effect on HDL cholesterol 
is more limited, which may provide a rationale for the observed 
relationship between HDL and HRV [15].
The present study demonstrated a correlation between WBC 
count and HRV parameters, thereby corroborating the findings 
of earlier research [16,17]. Aeschbacher et al., had previously 
demonstrated an association between WBC count and HRV, and 
between HRV and high-sensitivity C-reactive protein (hs-CRP) 
[18]. Similarly, Vinik et al., had suggested that inflammatory 
cytokines disrupt the balance between the sympathetic and 
vagal nervous systems, resulting in a decrease in HRV [19]. The 
negative correlation between inflammatory markers and HRV 
observed in this study lends support to this hypothesis.
The present study offers several notable insights into the 
existing literature on the subject. Firstly, a positive correlation 
was identified between HDL cholesterol levels and the HRV 
parameters SDNN and SDANN, thus providing a novel 
perspective on the metabolic factors that contribute to the 
reduction of HRV in individuals with DM. While, the PROOF 
study had previously demonstrated an association between low 
HDL cholesterol levels and decreased HRV [7], the present 
research offers a more specific evaluation of this relationship 
in elderly diabetic individuals by examining the SDNN and 
SDANN parameters. Furthermore, we emphasise the negative 
correlation between inflammatory markers and HRV, standing 
on the role of inflammation in assessing autonomic nervous 
system function in diabetic patients. This finding underscores 
the significance of inflammation as a key factor in autonomic 
dysfunction, suggesting its potential relevance during clinical 
evaluations of individuals with DM.
Although, previous studies have assessed HRV in elderly and 
diabetic patients separately, there is a lack of research evaluating 
both conditions together within the same population. This 
study contributes to the existing literature by providing a novel 
combined evaluation of HRV in elderly individuals with type 
2 DM, addressing a gap in current research. Furthermore, 
we emphasize the relationship between HRV and systemic 
inflammation, highlighting its potential role in autonomic 
dysfunction.
The findings of this study indicate that HRV analysis may 
serve as a valuable tool for the detection of cardiac autonomic 
dysfunction in elderly individuals with type 2 DM. The 
reduction in time-domain parameters, such as SDNN and 

SDANN, suggests that these metrics may serve as potential 
biomarkers for the early diagnosis of autonomic dysfunction in 
this population. In addition, a positive correlation was observed 
between HDL levels and both SDNN and SDANN, suggesting 
that HDL may not only serve as a marker of cardiovascular 
risk but could also indicate the functioning of the autonomic 
nervous system. This finding emphasises the potential role of 
HDL cholesterol in autonomic regulation and highlights the 
need for further research to explore its mechanistic implications 
in individuals with type 2 DM.

Limitations

The present study comprises several limitations. It was not 
possible to assess the relationship between changes in HRV 
and long-term clinical outcomes. Large-scale prospective 
studies are required to clarify the role of HRV in predicting 
cardiovascular risk. Additionally, as data regarding the duration 
of diabetes was not available, it was not possible to evaluate 
its impact on HRV. While prior studies have demonstrated 
that autonomic dysfunction worsens with extended diabetes 
duration, the present study was unable to ascertain the extent of 
this relationship.
As the HRV measurements were obtained from 24-hour 
Holter recordings, the influence of daily activities, stress, 
and environmental factors could not be entirely controlled. 
It is hypothesised that measurements taken at different time 
intervals might more accurately reflect the dynamic changes in 
autonomic function. Furthermore, it is acknowledged that the 
use of medications such as beta-blockers and ACE inhibitors 
may affect HRV; however, the specific impacts of these drugs 
were not analysed in detail. It is also worthy of noting that 
the reduction of LDL cholesterol levels by statins could have 
complicated the evaluation of the relationship between LDL 
cholesterol and HRV. Nevertheless, the positive association 
between HDL cholesterol levels and HRV underscores the 
significance of metabolic factors in the regulation of the 
autonomic nervous system.

Conclusion

This study demonstrates that elderly individuals with type 2 
DM exhibit significantly diminished HRV, indicative of CAN 
and heightened cardiovascular risk. The negative correlation 
between HRV parameters and inflammatory markers suggests 
a potential role of systemic inflammation in this impairment. 
These findings underscore the significance of HRV analysis as a 
tool for early detection of CAN in diabetic patients, which could 
facilitate risk stratification and the development of preventive 
strategies. Future studies should validate these associations in 
larger cohorts and explore therapeutic interventions to mitigate 
autonomic dysfunction in type 2 DM.

Compliance with Ethical Standards

Ethical approval: This study was performed in line with the 
principles of the Declaration of Helsinki. Approval was granted 
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ABSTRACT
Objective: The aim of the study is to review the oncological and surgical strategies for Wilms tumor (WT) with intravascular thrombus 
extension at our institution.
Patients and Methods: Medical records of patients with WT treated in our institution between June 2012 and June 2024 were 
retrospectively reviewed. Among these data, patients with intravascular tumor thrombus were identified. Demographics, imaging 
studies to determine the initial level of thrombus, surgical management and outcomes were analyzed.
Results: During this period 51 patients with WT were treated in our institution. Seven patients (6 male, 1 female) with intravascular 
tumor thrombus extension were identified (13%). The median age was 46 months (22-67 months). Six patients had unilateral WT 
(UWT) and one patient had bilateral WT (BWT). Tumor thrombus extension during initial evaluation were: level III (5), level IV (1) 
and level V (1). Thrombus level in all patients with level III regressed to level II, while, no regression was observed in 2 patients with 
cardiac thrombus. All patients underwent surgery after neoadjuvant chemotherapy. At a median follow-up of 5 years, the 5-year event-
free survival and overall survival rates were 83.3% and 83.3% respectively in patients with intravascular thrombus. In addition, the 
5-year event-free survival and overall survival rates were 85% and 94% respectively in patients without intravascular thrombus.
Conclusion: Management of WT with intravascular thrombus is a challenging process. Multidisciplinary approach and an experienced 
surgical team are the main factors that determine survival in these patients.
Keywords: Wilms tumor, Intravascular extension, Children

1. INTRODUCTION

Wilms tumor (WT) is the most common solid renal tumor 
in children (70%), and the second most common abdominal 
tumor in infancy and childhood [1]. Although, different study 
groups such as National Wilms Tumor Study Group (NWTSG) 
/ Children’s Oncology Group (COG) and Societe Internationale 
d’Oncologie Pediatrique (SIOP) show that survival rates have 
exceeded 85%, management of intravascular extension is still 
a difficult aspect in WT [2]. Intravascular extension into the 
ipsilateral renal vein was reported in 11% of patients, further 
extension occured into the inferior vena cava (IVC) in 4-10% 
of patients, while, the extension to the right atrium was only 
in 1% of patients with WT [3]. COG primarily recommends 

neoadjuvant chemotherapy in intracaval thrombus extending 
superior to the level of hepatic veins, since, it would be difficult 
to control the thrombus with an abdominal approach and these 
patients may even require cardiopulmonary bypass (CPB) [2].
Determining the extent of intravascular thrombus before 
surgery is important as it will completely affect the surgical 
strategy. Depending on the level of thrombus, CPB or cavatomy 
may be preferred to achieve complete resection, while cavectomy 
should also be considered as a surgical option in cases where 
there is no blood flow around it [4]. In previous publications 
during presurgical planning Doppler ultrasonography (US), 
computed tomography (CT), magnetic resonance imaging 
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(MRI), venography were used to determine the extent of 
vascular tumor thrombus; in addition echocardiography was 
recommended in the evaluation of cardiac thrombus [5]. In 
the latest recommendations of the American Pediatric Surgical 
Association (APSA) Cancer Committee, it was emphasized 
that if triphasic CT scan was performed for the evaluation of 
cavoatrial thrombus, there is no need to perform routine Doppler 
US [2,6]. Furthermore, Abdullah et al., decribed the decrease in 
cardiac volume caused by reduced venous return with positive 
pressure ventilation under anesthesia [7]. Considering the risk 
of sudden arrest, the authors emphasized the importance of 
echocardiographic examination before surgery [7].
Due to the rarity of WT with intravascular extension, the 
oncological management and surgical strategies to be applied 
in these patients are still a challenge and a controversial topic. 
Although, survival rates in WT with intravascular extension 
following neoadjuvant chemotherapy are expected to be similar 
to uncomplicated WT cases, the main factor in determining 
survival in these patients are multidisciplinary approach and 
an experienced surgical team [8]. The aim of this study is 
to review our institutional experience in complicated WT 
with intravascular tumor thrombus extension that have been 
managed based on current knowledge and recommendations in 
the latest published studies.

2. PATIENTS and METHODS

Ehical approval for this study was obtained from the Marmara 
University School of Medicine Non-Interventional Clinical 
Research Ethics Committee (approval number: 09.2024.361). 
Consent for study participation was obtained from all patients 
or their guardians. We conducted a retrospective review of the 
medical records of patients with the diagnosis of WT treated in 
our institution between June 2012 and June 2024. Among these 
data, patients with intravascular tumor thrombus extension 
were identified and included in the study. Patient demographics, 
imaging studies, chemotherapy/radiotherapy protocols, 
operative details, stage/histology, viability of tumor thrombus, 
patency of IVC were analyzed. Triphasic CT scan was performed 
to determine the initial tumor thrombus extension and was 
categorized according to Abdullah’s classification which is a 
modification of the original staging proposed by Daum [7,9]. 
In addition, echocardiography was performed in patients with 
intracardiac tumor thrombus. All patients received neoadjuvant 
chemotherapy in accordance with NWTSG-5/AREN0534 
protocols [2].

Statistical Analysis

Statistical analysis was done using SPSS software version 25 for 
data management and analysis. Kaplan-Meier plots were drawn 
using the software for event-free survival (EFS) and overall 
survival (OS). A p – value <0.05 was considered statistically 
significant.

3. RESULTS

During this period, 51 patients with WT were treated in our 
institution. Forty-four patients (35 UWT, 8 BWT, 1 horseshoe 
kidney) had no intravascular thrombus during initial 
evaluation. We identified 7 patients (6 male and 1 female) who 
had intravascular tumor thrombus (13%). The median age was 
46 months (22-67 months). Six patients had unilateral UWT, 
and one patient had BWT. Triphasic CT scan was performed 
for the evaluation of cavoatrial thrombus in all of our patients. 
The level of tumor thrombus extension during initial evaluation 
were as follows according to the Abdullah’s classification: level 
III (5), level IV (1) and level V (1) (Figure 1). In two patients 
who had intracardiac tumor thrombus, echocardiography 
was also performed. Three out of seven cases received 3 
drug neoadjuvant chemotherapy (vincristine, dactinomycin, 
doxorubicin) according to the NWSTG-5 protocol (6-8 weeks), 
while four cases received it according to the AREN0534 protocol 
(4-12 weeks). In two cases under the AREN0534 protocol, two 
cycles of ICE therapy (ifosfamide, carboplatin, etoposide) were 
given due to inoperability after 12 weeks of chemotherapy. 
Regression of trombus level after neoadjuvant chemotherapy 
was observed in 5 patients. All patients with level III thrombus 
regressed to level II, while, two patients with cardiac thrombus 
no regression occurred in 2 cases with cardiac thrombus. All 
patients underwent surgery after neoadjuvant chemotherapy. 
Different surgical tecniques were used for various levels of 
intravascular tumor thrombus.

Figure 1. CT image showing intracaval thrombus
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In patients with level II intracaval tumor thrombus, cavatomy 
was performed to remove the intravascular thrombus (4 
patients with UWT). In this approach, initially IVC and all 
branches were controlled. The main right renal vein, left renal 
vein, suprarenal and infrarenal vena cava were controlled with 
vessel loops (Figure 2). The vessel was examined to detect the 
healthy segment without tumor thrombus. It is one of the most 
important steps of surgery since clamping at the wrong level 
can cause proximal embolization of the thrombus. Following 
systemic heparinization proximal and distal healthy segments 
were clamped. Through a vertical venotomy, the thrombus was 
resected en bloc with renal tumor specimen and lymph node 
samples. Antegrad and retrograd blood flow were examined. 
Robust bleeding and backbleeding were noted from the renal 
vein and IVC. The venotomy was closed with 6/0 prolene suture 
following air expelling. In one of these patients, the thrombus 
was also present in the right iliac vein. Tumor thrombus in IVC 
was adherent to the vessel wall, and it was removed piece by piece. 
In addition, the macroscopic examination of tumor thrombus 
in the right iliac vein was different from intracaval thrombus, 
in fact a chronic thrombus appearance was observed in the 
removed specimen. As estimated, no tumor cells were detected 
in the pathological examination of the thrombus removed from 
the iliac vein. It was concluded that the tumor thrombus in IVC 
caused stasis, resulting in the development of chronic thrombus 
at the level of right iliac vein. In one patient with BWT who had 
intracaval thrombus, the same surgical steps were followed as 
in patients with UWT. After a vertical venotomy the thrombus 
was resected en bloc with renal tumor specimen in one kidney, 
afterwards lymph node sampling and contralateral enucleation 
was performed on the other side. Excision of the vascular wall 
was not performed in any of the patients and none of the patients 
required a vascular greft.

Figure 2. Operative view: Controlling the IVC and all branches

Another type of surgical approach was used in 2 patients who 
had thrombus extending into the atrium and ventricle during 

presentation. Since, no regression in thrombus were observed after 
neoadjuvant chemotherapy and decrease in ejection fractions was 
determined in one of them, performing CPB surgery were decided 
in these patients. Through a laparotomy incision, exploration of 
the tumor and controlling the main right renal vein, left renal 
vein, suprarenal and infrarenal vena cava with vessel loops was 
the first step of surgery. Afterwards sternotomy, aortic and bicaval 
cannulation were performed (Figure 3). Subsequently, CPB 
circuit was started. While, reaching the requisite temperature 
for total circulatory arrest, tumor was completely removed. 
Vertical cavotomy was performed and tumor thrombus was 
mobilized from abdomen as much as possible. Then aortic 
cross clamp was replaced. Cardioplegia delivery was performed 
antegrad via aortic root cannula. Under total circulatory arrest, 
both the tumor thrombus in the atrium and primarily mobilized 
intracaval tumor thrombus were removed through the right 
atriotomy. Afterwards, the patient was weaned from CPB. No 
operative mortality nor complications occurred. All patients 
received adjvant chemotherapy and radiotherapy according 
to current protocols. Patients were also evaluated for vascular 
patency in surveillance imaging. In 6 patients, stenosis in IVC or 
recurrent thrombus were not identified during the postoperative 
oncological follow-up. However, in one patient partial stenosis 
in IVC was detected. The same patient died in intensive care 
conditions due to sepsis. Patient was in 14th month of complete 
remission after unilateral nephroureterectomy and removal of 
the atrioventricular thrombus with CPB surgery. While, complete 
remission was observed in 5 patients, adjuvant treatment of one 
patient is still ongoing. At a median follow-up of 5 years, the 5-year 
event free survival and overall survival rates were 83.3% and 83.3% 
respectively in patients with intravascular thrombus (Figure 4). In 
addition, the 5-year event free survival and overall survival rates 
were 85% and 94% respectively in patients without intravascular 
thrombus (Figure 5). The overall survival rate of patients without 
intravascular thrombus was higher than the survival rate of 
patients with intravascular thrombus. However, the statistical 
comparison could not be performed due to the nonhomogeneous 
distribution of groups with and without intravascular thrombus. 
Neoadjuvant/adjuvant chemotherapy protocols, operative details, 
stage distribution, tumor histology and viable tumor cells within 
thrombus and radiotherapy protocols are presented in Table I.

Figure 3. Operative view: Sternotomy, aortic and bicaval cannulation
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Figure 4. Event-free survival and overall survival of patients Figure 5. The 5-year event-free survival and overall survival in patients 
without intravascular thrombus

Table  I. Patient demographics, chemotherapy protocols, surgical management, and outcomes
P Presentation Age 

Gender
Neoadjuvant therapy Operation Stage, histology, viability 

of tumor thrombus
Adjuvant 
therapy

Outcome

1 BWT 
(level III)

46 months 
M

AREN 0534, 12 weeks, 
ICE 2 weeks

UNU (L), NSS (R) 
cavatomy, thrombectomy

L I, R I, FH, 
margin (-) 
viable tumor thrombus 
(-)

AREN 0534 
Right flank 
XRT 
pulmonary 
XRT

CR

2

UWT 
(level IV)

56 months 
M

NWTSG-5 
6 weeks

UNU (L),  
CPB

L IV, FH,  
margin (-) 
viable tumor thrombus 
(-)

NWTSG-5, 
WART

CR

3 UWT 
(level V)

24 months 
F

NWTSG-5 
8 weeks

UNU (R),  
CPB

R III, UFH, 
diffuse anaplasia, 
margin (-) 
viable tumor thrombus 
(-)

NWTSG-5 
Right flank 
XRT

Exitus

4 UWT 
(level III)

35 months 
M

NWTSG-5 
6 weeks

UNU (L), cavatomy, 
thrombectomy

L III, FH,  
margin (+) 
viable tumor thrombus 
(+)

NWTSG-5 
Left flank RT

CR

5 UWT

(level III)

48 months 
M

AREN 0534 
9 weeks

UNU (R), cavatomy, 
thrombectomy

L IV, FH, 
margin (-) 
viable tumor thrombus 
(-)

AREN0534 
Right flank 
XRT  
pulmonary 
XRT

CR

6 UWT 
(level III)

22 months 
M

AREN0534 
12 weeks, 
ICE 2 weeks

UNU (R), cavatomy, 
thrombectomy

R III, FH,  
margin (-) 
viable tumor thrombus 
(+)

AREN 0534,  
Right flank 
XRT

CR

7 UWT 
(level III) 
(right iliac vein 
thrombus)

67 months 
M

AREN 0534 
4 weeks

UNU (R), cavatomy, 
thrombectomy 

R III, FH, 
margin (-) 
viable tumor thrombus 
(-)

AREN 0534 
WART

Ongoing 
adjuvant 
chemotherapy 

BWT:Bilateral Wilms tumor/UWT:Unilateral Wilms tumor, M:male/F:female, IVC: Inferior vena cava, UNU: Unilateral nephroureterectomy, NSS: Nephron-sparing 
surgery, ICE: Ifosfamide, Carboplatin, Etoposide, FH: Favorable histology, UFH: Unfavorable histology, XRT: Radiotherapy, WART: Whole abdomen RT, CR: Complete 
remission
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4. DISCUSSION

Significant improvements in the management of pediatric WT 
have been observed due to the advances in diagnostic methods, 
surgical techniques, chemotherapy and radiotherapy protocols 
[10]. Although, there has been gradual improvement in long-
term survival rates of WT based on prospective studies and 
multimodal treatment, surgical difficulties continue in a special 
subgroup classified as complex WT such as patients with 
intravascular tumor thrombus [2,8,11].
The most controversial issue in WT with intravascular 
thrombus is the administration and duration of neoadjuvant 
chemotherapy. In earlier studies, histological type and stage 
were reported as the most significant factors affecting survival 
[11]. Moreover, surgical removal of the tumor thrombus was 
recommended without receiving chemotherapy or radiotherapy 
before surgery in technically suitable patients [11]. However, in 
their next study the same authors observed that nephrectomy 
could be performed in 93% of the patients after neoadjuvant 
treatment who were considered inoperable or unresectable 
initially [12]. In the subsequent NWTS-4 study, regression 
rates of tumor thrombus extending to IVC (86%) and atrium 
(58%) after preoperative chemotherapy were reported [13]. 
Although, increased complication rates were observed in 
atrial thrombus compared to caval thrombus (36% vs 17%), 
no significant difference was observed between groups in 
terms of complication rates comparing primary surgery and 
surgery after preoperative chemotherapy [13]. Reviewing the 
data in the literature, intracardiac thrombus in some patients 
decreased to the infrahepatic/infradiaphragmatic IVC level or 
complete thrombus resolution were observed with neoadjuvant 
chemotherapy, thus eliminating the need for aggressive surgery 
[3,7]. Furthermore, significant difference was reported comparing 
neoadjuvant chemotherapy response and the initial anatomical 
level of intracaval thrombus (p<0.001) as a result of the analysis 
of largest cohort patient series with malignant tumor thrombus 
in IVC [14]. On the other hand, an urgent surgical approach 
may be required during neoadjuvant chemotherapy in some 
circumstances: if the tumor thrombus grows, risk for pulmonary 
embolism occurs or cardiac malfunction develops [3,7,14]. In 
our study, regression of the intracaval tumor thrombus from 
suprahepatic to infrahepatic level was observed in 5 patients; 
thus, due to this improvement less aggressive surgeries were 
applied in these patients. Neverthless, no regression in tumor 
thrombus was observed in patients who had extension into the 
atrium or ventricle. Moreover, urgent surgery was decided in 
one of the patients due to the deterioration in cardiac functions 
while neoadjuvant chemotherapy was ongoing.
Another controversial issue is duration of neoadjuvant 
chemotherapy. Recently, Morris et al., reviewed the data on 
this topic to analyze the optimal duration of neoadjuvant 
chemotherapy [16]. In their study, standard duration (4 weeks) 
and extended duration (longer than 6 weeks) of chemotherapy 
were compared according to the patient groups in the literature. 
As a result of their analysis disease-free survival rates were 
increased significantly in standard duration of chemotherapy 
(78% vs 54%, p=0.04). Furthermore, they compared patient 

groups according to standard duration and extended duration of 
chemotherapy relying the data of SIOP. While, increased disease-
free survival rates and significantly increased complete survival 
rates were observed in standard duration of chemotherapy (95% 
vs 79%, p=0.02), no significant difference was observed in terms 
of tumor regression, complete resection or cavectomy [16]. In 
our patients, it was also observed that intensifying or extending 
the duration of chemotherapy did not change the treatment 
approach, especially for patients who had intracardiac tumor 
thrombus.
The rare presentation of BWT accompanied by intravascular 
tumor thrombus creates a very challenging situation. The main 
goal in BWT is to prevent long-term renal insufficiency by using 
a renal tissue-preserving approach as much as possible without 
compromising long-term oncological outcomes [17]. The 
need for CPB was avoided in 80% of patients with regression 
of tumor thrombus above the hepatic vein level or atrium after 
neoadjuvant chemotherapy. Furthermore, complications that 
may develop during surgery were prevented [18]. However, 
bilateral nephron-sparing surgery may not be possible due 
to tumor thrombus and radical nephroureterectomy may 
be necessary due to difficult anatomic circumstances [18]. 
Similarly, in our patient, although nephron-sparing surgery was 
performed in one kidney, the other kidney had to be removed en 
bloc due to tumor thrombus.
Another debatable topic is whether incomplete thrombectomy 
increases the risk of relapse. When the tumor thrombus is mobile 
within the vessel, cavatomy and thrombectomy procedures are 
performed; whereas in cases thrombus is adherent to the vessel 
wall, it may be necessary to peel the intima and remove the 
thrombus piece by piece. It is a controversial issue whether such 
an incomplete thrombectomy increases the risk of relapse. Since, 
the tumor thrombus is mostly not viable after neoadjuvant 
chemotherapy, the necessity of a complicated vascular surgery 
is questioned recently [18]. Unfortunately, there is no imaging 
method which can determine the viability of tumor thrombus 
preoperatively. Therefore, surgical techniques with undefined 
long-term effects such as thrombectomy, partial or complete 
cavectomy, and repair of the IVC with sutures or patch/synthetic 
grafts are still performed during the removal of the thrombus 
[18].
Considering the viability of tumor thrombus, results of the 
IMPORT study were published recently [19]. According to 
their analysis, while OS and EFS were significantly associated 
with histological risk group (p<0.05); no significant association 
was shown with the viability of the tumor thrombus [19]. 
Furthermore, a significant association was observed between 
completeness of surgical resection and EFS (p<0.05) [19]. 
Based on these results, the authors emphasized the importance 
of complete resection and recommended extensive surgical 
approach in the form of artificial IVC replacement [19]. They 
also drew attention to the necessity of radiotherapy as an 
adjuvant treatment in case of necrotic tumor thrombus, due to 
the nonsignificant association between viability of the tumor 
thrombus and survival [19]. However, Ehrlich critisized the 
results of this study in which regression of intravascular tumor 
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thrombus was observed only in 22% of patients when compared 
with Shamberger’s study [14]. Ehrlich believed that low 
regression rate might be related to application of neoadjuvant 
chemotherapy containing two drugs [20]. Furthermore, Ehrlich 
recommended increasing upfront therapy which might improve 
regression ration and complete tumor resection [20]. He also 
emphasized that aggressive surgery and artificial vascular stents 
might have unexpected long-term consequences and concluded 
that avoiding radiation therapy in patients with necrotic tumor 
thrombus should be decided based on the results of prospective 
studies [20]. In our study, complete resection of tumor thrombus 
was achieved in all patients. Since, viable tumor thrombus was 
observed only in one patient, nevertheless all patients received 
postoperative radiotherapy.
Contributing to this debate, Loh et al., analyzed treatment 
approaches and long-term results of solid abdominal tumors 
with intracaval tumor thrombus previously [21]. In this study; 
Hinman level, viability of the tumor thrombus and completeness 
of surgical thrombectomy were not associated with OS [21]. 
However, OS had a significant association between IVC patency 
and histologic type [21]. In addition, no relation with short-term 
morbidity and vascular component of tumors was observed 
[21]. However, incomplete resection causing caval occlusion 
and long-term morbidity were emphasized by authors [21]. 
Similarly, in our study the only patient who died in intensive care 
unit of another center, had partial stenosis in the IVC. Although, 
the patient was in complete remission, sepsis was declared as 
the cause of death. Therefore, we believe that close follow-up 
is required after these complicated procedures. Since, we know 
that this was the only patient who had partial stenosis in IVC, in 
our current approach we recommend that surgeons should have 
low threshold in performing diagnostic tests in terms of vascular 
patency after surgery in these patients.

Conclusion

Wilms tumor with extension of intravascular tumor thrombus 
requires detailed oncological evaluation and follow-up. 
Therefore, complicated cases should be managed by experienced 
surgical teams with multidisciplinary approach. Although, 
the retrospective design and small number of patients are the 
limitations of our study, we believe that it is important to share 
our experiences in these rare, complicated cases which can only 
be applied in centers with the requisite expertise.
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ABSTRACT
Objective: Despite technological advances and well-defined clinical scoring, pulmonary nodule management still remains a 
controversial issue. Due to conflicting situations, many patients are referred to reference centers for evaluation.
The aim of this study is to reveal the relationship between clinical, radiological, and histopathological findings of patients with 
surgically resected pulmonary nodules who were followed-up by a multicisciplinary team at a 3rd level reference center.
Patients and Methods: Patients, who were followed-up by the multidisciplinary team and underwent surgical resection per the 
multidisciplinary team’s recommendations between October, 2018 and December, 2021, were included in the study.
Results: A total 209 eligible patients were identified. 133 (63.6%) patients had solitary pulmonary nodules, 61 (29.3%) patients had 
2-4 nodules and 15 (7.2%) patients had 5 nodules, 29 (13.9%) of patients had the largest nodule less than 1 cm diameter. According 
to nodule nature, solid nodules were detected in 154 (73.7%), subsolid in 43 (25.6%) and ground glass in 12 (5.7%) patients and 
malignant histopathology was detected in 107 (69.5%), 37 (86%) and in 8 (66.6%) respectively. Among twenty-nine (13.9%) patients 
with subcentimetric nodules, 16 (61.5%) patients were diagnosed with malignancy. Thirty-three (15.8%) patients showed no avidity 
in PET-CT scan of whom 4 (12.1%) were diagnosed with adenocarcinoma metastasis. Totally, 185 (88.5%) surgical procedures were 
performed by video assisted thoracic surgery (VATS), 24 (11.5%) patients needed thoracotomy without mortality. Multivariate analysis 
showed that previous malignancy history (p<0.019), diameter of a nodule (>1 cm) (p<0.027), emphysema in lung parenchyma 
(p<0.003), high Brock risk score (p<0.011), high Herder risk score (p<0.001), increased avidity of PET scan (p<0.001) were risk factors 
for malignancy.
Conclusion: Clinical scoring, radiological findings and patient history are important factors in the prediction of malignancy, but 
multidisciplinary follow-up, especially, in conflicting cases plays a critical role in terms of detecting malignancy. VATS is a safe surgical 
method that can be used for definitive diagnosis in these patients.
Keywords: Pulmonary nodule, Malignancy prediction, PET-CT, VATS

1. INTRODUCTION

Pulmonary nodules are common incidental findings on thoracic 
computed tomography (CT) and are still a problem in daily 
pulmonology practice [1]. The increasing and widespread use 
of CT scan has led to an increase in the number of patients 
followed-up for pulmonary nodules. Nodules may be secondary 
to benign diseases, but the primary concern is malignancies, for 
which early diagnosis and treatment options are crucial [2,3]. 
In contrast, it is not cost-effective to treat benign lesions with 

an additional cumulative radiation dose, especially over an 
extended period of time.
Several prediction models have been proposed to assess the 
malignant potential of clinical and radiological findings. Mayo 
Clinic [4], Veterans Association [5], Brock University [6] and 
Herder risk model [7] are the most common risk stratification 
models. Herder risk model also evaluates fluorodeoxyglucose 
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(FDG) uptake in positron emission tomography-computed 
tomography (PET-CT). These models were found to be non-
superior in a comparative study; the added value of PET-CT 
is undeniable for larger nodules but unclear for smaller 
nodules (<8mm) [8]. Especially, for indeterminate nodules, 
multidisciplinary follow-up, careful observation, and diagnostic 
testing are still strongly recommended [9].
The purpose of this study is to evaluate the clinical, radiological, 
and histopathological findings of patients with resected 
pulmonary nodules that were followed-up at a tertiary care 
center, compare the risk models, and determine procedure-
related risk and complications.

2. PATIENTS and METHODS

This study was performed in line with the principles of the 
Declaration of Helsinki. Approval was granted by Marmara 
University School of Medicine Clinical Research Ethics 
Committee (date: 08.10.2021, approval number: 09.2021.1100).
All patients followed for pulmonary nodules and discussed 
in the multidisciplinary team (pulmonary medicine, thoracic 
surgery, radiology, oncology, nuclear medicine) meeting 
between October 2018 and December 2021 were evaluated 
retrospectively. Patients who underwent surgical resection per 
the multidisciplinary team’s recommendations were included in 
the study.
Pulmonary nodules were described as spherical, well-
circumscribed, and less than or equal to 3 cm in diameter 
radiologic opacities surrounded by lung parenchyma. Patients 
with nodules larger than 3 cm or with pleural effusion, atelectasis, 
enlarged lymph nodes (≥15mm), consolidation, or appearance 
of ground glass on lung parenchyma were excluded from the 
study. Patients with active malignancies of solid organs, with or 
without metastasis, were excluded from the study. Patients with 
prior malignancies who had been cured for more than 5 years 
and had no active findings were included in the study.
Age, gender, occupation, body mass index (BMI), smoking 
status (packet/year, former-current smoker), exposure to 
asbestosis and biomass, comorbidities, other medical diagnoses, 
duration of nodule follow-up, malignancy history (belong to 
the patient or patient’s first-degree relatives), and radiological 
reports of thorax CT and FDG PET-CT scanning were extracted 
from medical records. FDG PET-CT avidity was measured 
on a four-point scale, based on no uptake, low (SUVmax ≤2.5), 
moderate (SUVmax:2.5-10), and intense (SUVmax ≥ 10) uptake. 
The probability of malignancy of the nodules was calculated 
using the Brock model and the Herder risk model. The Brock 
model incorporates clinical and radiologic variables including 
age, sex, family history of lung cancer, emphysema, nodule size, 
location (upper lobe), nodule type (part-solid, ground-glass), 
and the presence of spiculation [6]. The Herder model is built 
upon the Brock model by additionally integrating FDG PET-CT 
avidity (classified as none, low, moderate, or intense) [7].These 
models were used to calculate the probability of malignancy for 
each case, based on data extracted from the electronic medical 
records and imaging reports.

The history, clinical and radiological findings, and functional 
status of the patients were re-consulted by physicians of the 
multidisciplinary team with at least 10 years of experience, each 
as an expert in their fields. The patients were evaluated primarily 
by taking into account the current guidelines [10].
Histopathological diagnoses were obtained by surgical resection 
of nodules. The primary surgical procedure was video-assisted 
thoracoscopic surgery (VATS) performed by thoracic surgeons 
with at least 10 years of experience. Some patients required 
thoracotomy due to the localization of nodules, the results of 
intraoperative frozen biopsies, or the complications.

Statistical Analyses

Statistical analyses were conducted using the Statistical Package 
for Social Sciences (SPSS) version 25.0 program. The distribution 
of variables was examined using histogram graphs and the 
Kolmogorov-Smirnov test. Descriptive analyses were presented 
using mean ± standard deviation or median, IQR (interquartile 
range) values. Categorical variables were compared using the 
Pearson Chi-square test. The Mann Whitney-U Test was used to 
compare non-parametric variables between two groups that did not 
show normal distribution. ROC (receiver operating characteristic) 
analysis was utilized to examine significant cut-off values for 
predicting malignancy for Brock risk and Herder risk scores. Results 
with a p-value below 0.05 were deemed statistically significant.

3. RESULTS

Demographics

A total of 209 eligible patients were identified. One hundred 
and thirty-five (64.6%) patients were male. The mean age was 
61.7±11.4 years (range 26-88 years), the mean BMI was 23.7±3.1, 
and the mean Charlson comorbidity index was 5.2±3.2 [11]. 
There were no gender differences in these parameters. Fifty-
six (26.8%) patients had no smoking history, the mean smoking 
history for men was 37.3±19.7 packet/year and for women was 
27.8±11.9 pack/year (p<0.001). Six (2.9%) patients had direct 
asbestos exposure while eleven (5.3%) had biomass exposure. In 
total, 15 (7.2%) patients had a history of tuberculosis, 58 (28%) 
patients had a history of malignancy, and 9 (4.3%) of them had 
lung cancer in the past (Table I).

CT characteristics

According to nodule characteristics, 133 (63.6%) patients 
had solitary pulmonary nodules, 61 (29.2%) patients had 2-4 
nodules and 15 (7.2%) patients had 5 nodules, 29 (13.9%) 
patients had the largest nodule with a diameter of less than 1 cm. 
Most patients had morphologically solid nodules [154 (73.7%)], 
subsolid appearance was detected in 43 (20.6%) patients, and 12 
(5.7%) patients had nodules in pure ground-glass nature. The 
right upper lobe was the most common location for the largest 
nodule with 81 (38.8%) patients, followed by the left upper 
lobe with 55 (26.3%) patients, and the right lower lobe with 37 
(17.7%) patients. Lung parenchyma revealed emphysema in 73 
(35%) and fibrosis in 4 (2%) patients (Table I).
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Table I. Baseline demographics and clinical data 

n (%)
Gender, male 135 (64.5)

Malignancy history 92 (44)

Malignancy in first-degree relatives 145 (69.3)

Rheumatological disorder 4 (1.9)

Smoking history 153 (73.2)

Asbestos exposure 6 (2.9)

Biomass exposure 11 (5.3)

Nodule characteristics Solid 154 (73.7)
Subsolid 43 (20.6)
Ground glass 12 (5.7)

Number of nodules 1 133 (63.6)
2-4 61 (29.2)
5 15 (7.2)

Location of nodules Right lower lobe 37 (17.7)

Right middle lobe 11 (5.2)
Right upper lobe 81 (38.8)
Left lower lobe 25 (12.0)
Left upper lobe 55 (26.3)

Nodule Size <1 cm 29 (13.9)
≥1 cm 180 (86.1)

Presence of emphysema 73 (35)
Presence of fibrosis 4 (2)
PET-CT characteristics Z0 33 (15.8)

Z1 68 (32.5)
Z2 47 (22.5)
Z3 34 (16.3)

Brock risk score Low 18 (8.6)
Moderate 179 (85.7)
High 12 (5.7)

Herder risk score Low 51 (24.4)
Moderate 84 (40.2)
High 74 (35.4)

Surgery Thoracotomy 24 (11.4)
VATS 185 (88.5)

Postoperative complication 11 (5.2)
Malignant histopathology 151 (72.2)

PET-CT: positron emission tomography-computed tomography, Z0: no avidity, 
Z1: low uptake, Z2: moderate uptake, Z3: intense uptake, VATS: video-assisted 
thoracoscopic surgery

PET-CT characteristics

Positron emission tomography-computed tomography results 
were classified using the four-point intensity reading. Twenty-
seven (12.9%) patients had no PET-CT evaluation, 33 (15.8%) 
patients showed no avidity (Z0), 68 (32.5%) patients had low 
uptake (Z1), 47 (22.5%) patients had moderate uptake (Z2) and 
34 (16.3%) patients had intense uptake (Z3) (Table I).

Risk scores

Predicting the malignancy based on the Brock risk score, 18 
(8.6%) patients were in the low-risk group, 179 (85.7%) in the 
moderate-risk group, and 12 (5.7%) in the high-risk group [12]. 
Herder risk scores were classified as low-risk in 51 (24.4%) 
patients, moderate-risk in 84 (40.2%) patients and high-risk in 
74 (35.4%) patients [13] (Table I).
The coherence of the two tests was 46.4%. With a cut-off value 
of 12.7% for predicting malignancy, the Brock risk model 
demonstrated a sensitivity of 79.4% and a specificity of 62.1%. 
In contrast, the Herder risk test had a sensitivity of 69.5% and a 
specificity of 77.5% with a 26.5% cut-off value (Table II) (Figure I).

Figure 1. Sensitivity and specificity of Brock and Herder risk scores

Correlation of clinical and radiological findings for 
predicting malignancy

Comparison of clinical, radiological findings and risk scores 
between non-malignant and malignant pulmonary nodules are 
shown in Table III.

Table II. Sensitivity and specificity of Brock and Herder risk tests according to malignancy prediction 

AUC SD p-value
95% CI

Cut-off Sensitivity Specificity PPV NPV
Upper limit Lower Limit

Brock risk score 0.739 0.038 <0.001 0.664 0.813 >12.75% 79.47% 62.07% 84.51% 53.73%
Herder risk score 0.736 0.038 <0.001 0.661 0.810 >26.50% 69.54% 77.59% 88.98% 49.45%

CI: Confidence Interval, AUC: Area under the curve, SD: Standard deviation, PPV: Positive predictive value, NPV: Negative predictive value
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Table III. Comparison of clinical, radiological characteristics and risk scores between non-malignant and malignant pulmonary nodules
Malignancy

P
No Yes

Age (mean±SD) 56.9±11.5 63.6±10.9 <0.001
BMI (mean±SD) 24.1±3.1 23.5±3.1 0.104
Charlson CI, median (IQR) 3 (1-5) 6 (3-9) <0.001
Smoking history
(pack year) (mean±SD) 29.5±13.5 37.5±22.0

0.043

Patients’ age at nodule diagnosis, median (IQR) 53.5 (45-63) 62 (53-69) <0.001
Size (mm), median (IQR) 12 (10-17) 15 (12-20) 0.003
Brock risk score, median (IQR) 8.6 (5.7-25.3) 27.2 (15.2-45.0) <0.001
Herder risk score,
median (IQR) 9.50 (1.10-25.30) 59.7 (17.1-88.0) <0.001

Length of ICU stay (days), median (IQR) 1.5 (1-2.5) 1 (1-1.5) 0.291
Length of hospital stay (days), median (IQR) 3 (3-5) 6 (4-7) <0.001

SD: Standard deviation, IQR: Interquartile Range, BMI: Body mass index, CI: Comorbidity index, ICU: Intensive care unit

Table IV. Multivariate analysis of risk factors for malignancy 
Malignancy

p valueYes No
n (%) n (%)

Gender, male 37 (27.41) 98 (72.59) 0.881
Malignancy history 18 (19.57) 74 (80.43) 0.019
Malignancy in first-degree relatives 13 (20.31) 51 (79.69) 0.111
Rheumatological disorder 2 (50.00) 2 (50.00) 0.316
Smoking history 40 (26.14) 113 (73. 86) 0.391
Asbestos exposure 3 (50.0) 3 (50.0) 0.217
Biomass exposure 4 (36.36) 7 (63.64) 0.512

Nodule characteristic
Solid 48 (31.17) 106 (68.83)

0.076Subsolid 6 (13.95) 37 (86.05)
Ground Glass 4 (33.33) 8 (66.67)

Number of nodules
1 37 (27.82) 96 (72.18)

0.8592-4 16 (26.23) 45 (73.77)
5 5 (33.33) 10 (66.67)

Location of nodule Right lower lobe 13 (35.14) 24 (64.86) 0.777
Right middle lobe 3 (27.27) 8 (72.73)
Right lower lobe 22 (27.16) 59 (72.84)
Left lower lobe 5 (20.00) 20 (80.00)
Left upper lobe 15 (27.27) 40 (72.73)

Size
<1 cm 13 (44.83) 16 (55.17)

0.027
≥1 cm 45 (25.00) 135 (75.00)

Presence of emphysema 11 (15.07) 62 (84.9) 0.003
Presence of fibrosis 2 (50.00) 2 (50.00) 0.316

PET-CT characteristics

No 7 (25.93) 20 (74.07)

<0.001
Z0 24 (72.73) 9 (27.27)
Z1 16 (23.53) 52 (76.47)
Z2 8 (17.02) 39 (82.98)
Z3 3 (8.82) 31 (91.18)

Brock risk score
Low 9 (50.00) 9 (50.00)

0.011Moderate 49 (27.37) 130 (72.63)
High 0 (0.0) 12 (100.00)

Herder risk score
Low 26 (50.98) 25 (49.02)

<0.001Moderate 25 (29.76) 59 (70.24)
High 7 (9.46) 67 (90.54)

PET-CT: Positron emission tomography-computed tomography, Z0: no avidity, Z1: low uptake, Z2: moderate uptake, Z3: intense uptake, VATS: video-assisted thoracoscopic surgery
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Age (p<0.001), Charlson Comorbidity Index (p<0.001), smoking 
history (p=0.043), patient’s age at nodule diagnosis (p<0.001), 
size of nodule (p=0.003), Brock and Herder risk scores (p<0.001 
and p<0.001, respectively) and the length of hospital stay (p 
<0.001) showed statistically significantly differences between 
patients with or without a malignant histopathological diagnosis.
Multivariate analysis showed that previous malignancy history 
(p<0.019), diameter of nodule (>1 cm) (p<0.027), presence of 
emphysema in the lung parenchyma (p<0.003), higher Brock 
risk score (p<0.011), higher Herder risk score (p<0.001), and 
increased avidity of PET-CT (p<0.001) were risk factors for 
malignancy (Table IV).

Surgical procedures
In total, 185 (88.5%) surgical procedures were performed by 
VATS, while 24 (11.5%) patients required thoracotomy. Twenty-
eight patients (13.3%) were followed-up in the intensive care unit 
(ICU) due to pre-operatively planned comorbidities; 11 (5.3%) 
patients required ICU stay due to post-operative complications 
during hospitalization (4 pulmonary embolism, 3 atelectasis, 
1 pneumonia, 1 pneumothorax, 1 pulmonary artery injury, 1 
urinary sepsis); however, no mortality was observed. For the 
entire study population, the median length of hospital stay was 
5 (2-12) days and the median length of ICU stay was 1 (1-4) day.
According to histopathological diagnoses, the median (IQR) 
hospital stay for patients with benign nodules was 3 (3-5) 
days and for patients with malignant nodules was 6 (4-7) days 
(p<0.001); for the length of ICU stay, it was 1 (1-2.5) day and 1 
(1-1.5) day respectively (p=0.291).

Histopathological results

One-hundred fifty-one patients were diagnosed with malignancy 
with the most common type of primary adenocarcinoma of 
the lung (61 (40.4%) patients), while 51 (33.8%) patients had 
metastasis of primary carcinomas other than the lung, 20 
(13.2%) patients had squamous cell carcinoma. Metastases 
mostly originated from the breast in 16 (31.3%), colon in 2 
(23.5%), sarcoma in 8 (15.6%), and bladder in 5 (9.8%) patients.
Anthracosis was the most common benign histopathology with 
25 (43.1%) patients, followed by chondroid hamartoma with 15 
(25.9%), and granulomatous reactions with 4 (6.8%) patients.
Twenty-nine (13.9%) patients had subcentimetric nodules, of 
which 16 (55.17%) were diagnosed with malignancy. The most 
common malignancy was adenocarcinoma while anthracosis 
was the most common benign diagnosis.
Thirty-three (15.8%) patients showed no avidity in PET-CT scan, 
and 4 (12.1%) were diagnosed with metastatic adenocarcinoma.
According to morphological characteristics, 154 (73.7%) nodules 
had solid appearance, 43 (20.6%) had subsolid and 12 (5.7%) 
had ground glass morphology. One hundred and six (68.83%) 
patients with solid nodules were diagnosed with malignancy. 
Metastasis of other carcinomas (46 (30%)), adenocarcinoma (33 
(21%)), and squamous cell carcinoma (12 (8%)) were detected 
as the common types. Anthracosis and chondroid hamartoma 

were seen in 17 (11%) and 15 (9%) patients respectively as the 
most common benign pathologies in solid nodules.
Thirty-seven (86.05%) patients with subsolid nodules were 
diagnosed with malignancy. Adenocarcinoma (24 (56%)), 
squamous cell carcinoma (8 (19%)), and metastasis of other than 
lung carcinomas (3 (7%)) were common malignant diagnoses in 
this group and anthracosis (4 (9%)) was in the benign group.
Only 4 (33.33%) patients with ground-glass nodules had benign 
diagnoses, the malignancy rate in this group was 66.67%. 
Adenocarcinomas (4 (49%)) and metastasis of other than 
lung carcinomas (2 (17%)) were mostly detected as malignant 
diagnoses. Morphological characteristics and histopathological 
diagnoses are shown in Figure 2.

Figure 2. Histopathological diagnosis of nodules according to CT 
characteristics

4. DISCUSSION

In this study, 209 patients with pulmonary nodules were clinically, 
radiologically, and histopathologically evaluated. Most nodules 
were solid (73.7%) and predominantly located in the right upper 
lobe (38.8%). Increased PET-CT avidity was associated with 
malignancy. Brock and Herder risk scores were significant in 
malignancy prediction, with Herder showing higher specificity 
(77.5%) and Brock demonstrating higher sensitivity (79.4%). 
Independent risk factors for malignancy included a history of 
malignancy, nodule size >1 cm, presence of emphysema, higher 
risk scores, and increased PET-CT avidity. Adenocarcinoma was 
the most common histopathological diagnosis (40.4%), followed 
by metastatic lesions (33.8%).
Even though, the frequency of incidental pulmonary nodules is 
on the rise, there are still challenging and controversial aspects in 
their management [14]. While, the majority of centers select the 
most appropriate, cost-effective and patient-centered method 
of follow-up, the follow-up criteria also adapt to the changing 
technological capabilities.
In this article, we evaluated the patients who applied or were 
referred to a tertiary care hospital for follow-up on incidental 
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nodules and who underwent surgical resection on the 
recommendation of a multidisciplinary team due to a high 
likelihood of malignancy.
We demonstrated that a history of malignancy, the diameter 
of the nodule (>1 cm), emphysema in the lung parenchyma, a 
high Brock risk score, a high Herder risk score, and an increased 
avidity of PET-CT scan were all risk factors for malignancy. 
Literature identifies age, smoking history, diameter of the 
nodule, and upper lobe location as risk factors for malignancy 
[5,15]. The anticipated reason for the upper lobe location not 
being a risk factor in our study may be associated with common 
infection, tuberculosis, and smoke or biomass exposure in 
our country, which is supported by the frequency with which 
anthracosis and granulomatous reactions were detected in 
histopathologically benign diagnoses.
The presence of pulmonary parenchymal emphysema was found 
to be associated with a high risk, indicating that emphysema is a 
severe complication of smoking, and that these patients tended 
to be at a higher risk for cancer [16].
In the current study, we used the Brock and Herder risk models 
to identify the risk groups as described in Shultz et al., Mayo 
Clinic and Veterans Affairs (VA) models appear inadequate, 
particularly at the point of making a clinical decision [17]. 
The coherence between the Brock and Herder risk scores was 
46.4% when compared. In the Brock risk score, the majority of 
patients were classified in the moderate-risk group whereas in 
the Herder risk score, the proportion of moderate and high-risk 
patients was nearly equal. These results also align with those of 
Ameri et al [8]. The Herder risk model has a tendency toward 
greater dependability, which is consistent with the literature 
[1,8,18]. This study also revealed that 33 (15.8%) patients had no 
uptake avidity on PET-CT scan, while 4 (12.1%) were diagnosed 
with malignancy and their nodule diameters were also less than 
1 centimeter. PET-CT scans are recommended by the American 
College of Chest Physicians for patients with a diameter of 
8-10 mm who have a low to moderate pre-test probability 
of malignancy [19]. Predictive models may be insufficient, 
particularly for low-risk patients [7]. If the pretest probability 
is low and PET-CT is negative, malignancy risk is usually low 
(2%) and follow-up is suggested but if the pretest is in the high-
risk group and PET-CT is negative, risk for malignancy is 
approximately more than 10% and biopsy or resection should be 
considered [20]. In our study 33 (15.8%) patients with negative 
PET-CT results had surgical nodule resection due to high-risk 
group classification based on the Herder model, and 4 (12.1%) 
patients were diagnosed with malignancy, which is consistent 
with the literature.
The VATS technique is widely utilized worldwide for both 
diagnosis and treatment. The main indications include 
mediastinal and pleural biopsies, wedge resection, treatment 
of pneumothorax, and pleurectomy. Recently, segmentectomy, 
lobectomy, and pneumonectomy were added to the list of 
surgical procedures that can be performed using this technique 
[21]. VATS can be used to resect peripherally located solitary 
pulmonary nodules with fewer complications, a shorter hospital 
stay, and a shorter convalescence [22]. Thoracotomy carries a 3 

to 4 percent mortality rate for resection of a malignant solitary 
pulmonary nodules and a 0.3 percent mortality rate for resection 
of a benign nodule [23].
The literature indicates that the complication rate of VATS 
technique ranges – between 3.2% and 4.3% [23-25]. The most 
common complications are prolonged air leakage, bleeding, 
atelectasis, cardiac arrhythmias, pneumonia, and wound 
infections [24]. Similarly, Imperatori et al., demonstrated 
identical complication rates with a 0.6% mortality rate [21]. 
Conversion to thoracotomy range may vary between 1.04% 
and 33.1% based on the indication for surgery or complication 
[26,27]. In our study, the overall complication rate was 5.3% 
without mortality and conversion to thoracotomy was 11.5%. 
Thoracotomy is required in 24 patients, all for definitive surgery 
excluding a patient with complications. The fact that our 
center was a reference center and the patients were relatively 
complicated cases with high Charlson comorbidity indices 
may have affected the results, given the higher complication 
rates. Another possible explanation  is that we accepted every 
unexpected medical condition after surgery as a complication, 
such as urinary tract infection or atelectasis caused by secretions. 
Bleeding, arrhythmia, prolonged air leakage, and wound 
infection, which are anticipated to occur more frequently in the 
postoperative period, were not observed in our study.
Subsolid structured nodules are made of ground glass and have 
a partially solid appearance. Malignant subsolid nodules are 
typically diagnosed as adenocarcinomas and are expected to 
grow more slowly than malignant solid nodules [28]. Kakinuma 
et al., monitored 439 patients with pure ground glass nodules 
smaller than 6 mm and found that 45 (10.3%) grew and 4 
(0.9%) developed adenocarcinomas [29]. In another series of 
226 patients with subsolid nodules, 4.1% of pure ground-glass 
nodules and 70% of subsolid nodules with more than 25% solid 
components were malignant [30]. Solid, subsolid, and ground 
glass appearance were, in order, the most prevalent radiologic 
nodule appearances in our study. The majority of solid and 
subsolid nodules, along with 66.6% of ground-glass nodules, 
were diagnosed with malignant histopathology. The high rate 
of malignancy in ground-glass nodules in our study is due to 
the fact that these patients were sampled by a multidisciplinary 
team that considered not only radiologic but also clinical 
characteristics and risk factors. In addition, there were 29 (13.9%) 
patients with subcentimetric nodules, among these patients, 16 
(61.5%) patients were diagnosed with malignancy. Furthermore, 
33 (15.8%) patients showed no avidity on PET-CT scans, but 
among these 33 patients, 4 (12.1%) patients were diagnosed with 
adenocarcinoma metastasis. The biopsy decisions of the patients 
in this group were made after multidisciplinary evaluation, 
despite the fact that they belong to low-risk clinical scoring or 
radiological evaluation groups.
According to histopathology, 33.8% of the nodules were 
metastases of cancers other than the lung carcinomas, with the 
majority originating from breast, colon, sarcomas, and bladder. 
Similarly, Ginsberg et al., also reported the VATS results of 426 
patients with nodules. The number of patients with primary 
known tumors was 315 and most of the resections originated 
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in breast, colon, lymphoma, bladder, and sarcoma respectively 
[31].
Considering the limitations of our study, some data were lost 
due to the fact that it was primarily a retrospective study. Due 
to the change in our hospital’s registration system, the files of a 
subset of the patients who were screened could be accessed. For 
this reason, the number of patients remained lower compared to 
other studies in the literature that made similar evaluations. The 
radiological criteria evaluated in our study were not assessed 
by a single radiologist, and the evaluations made on official 
reports were recorded. Therefore, other potential radiological 
parameters could not be utilized in this study. The absence of a 
single physician’s evaluation can be cited as a separate source of 
bias. Nodules extracted surgically were evaluated in this study. 
Transthoracic fine needle aspiration biopsies, tru-cut biopsies, 
or central endoscopic interventions were excluded from this 
study due to the fact that they were performed by multiple 
different physicians. Surgical interventions were performed by 
a thoracic surgery team with diverse educational backgrounds 
and academic designations. Despite the absence of mortality, 
postoperative complications and morbidity may have affected 
the results.

Conclusion

In this retrospective study, the risk factors for malignancy were 
found as a history of malignancy, the diameter of nodules, 
emphysema in the lung parenchyma, a high Brock risk score, a 
high Herder risk score, and increased avidity of PET-CT scan. 
VATS is a secure and definitive sampling technique for nodules. 
Multidisciplinary evaluation and decision making is vital in 
reference centers.
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ABSTRACT
Objective: Necrotizing fasciitis (NF) is a life-threatening soft tissue infection with high mortality, requiring prompt diagnosis and 
surgical intervention. We have investigated the outcomes of NF patients in our center.
Patients and Methods: This retrospective study analyzed 44 patients diagnosed with NF. The study aimed to explore the microbial 
etiology, predisposing factors, management strategies, The Laboratory Risk Indicator for Necrotizing Fasciitis (LRINEC) scores and 
their relationship to mortality. Radiological studies, including CT, MRI, and ultrasound, were used to confirm the diagnosis, followed 
by surgical debridement and appropriate antibiotic therapy.
Results: The most common pathogen was Escherichia coli (26.9%), with diabetes mellitus (DM) being the most frequent comorbidity 
(75%). The mean age of patients was 54.6 years, and the overall mortality rate was 27.3%. Elevated HbA1c levels and delayed surgical 
intervention were associated with higher mortality. However, neither LRINEC score nor the location of the infection had a significant 
impact on outcomes. Early debridement and control of infection were crucial for survival, particularly in patients with DM and high 
HbA1c.
Conclusion: Our findings support the importance of early intervention and management in reducing mortality from NF. The study 
highlights the need for timely surgical debridement and careful management of comorbid conditions, particularly diabetes, in 
improving patient outcomes.
Keywords: Necrotizing fasciitis, LRINEC, Surgical debridement, Fournier’s gangrene

1. INTRODUCTION

Necrotizing fasciitis (NF) is a life-threatening soft tissue 
infection characterized by rapidly progressing fascia necrosis 
and destruction of surrounding soft tissues along with systemic 
effects [1]. NF may be caused by a single bacteria species or a 
polymicrobial infection [2]. A characteristic finding in NF is 
the easy separation of fascia from surrounding tissues. Because 
the infection starts in the deep tissues and spreads to the skin 
only in the late phase, high suspicion of the condition is crucial 
for early action, such as surgical debridement and initiation of 
broad-spectrum antibiotics [3]. NF is a devastating infection 
starting from the deep fascia and involving other structures 
such as fat, muscle, subcutaneous tissue, and finally skin as 
it progresses [4]. Fibrous attachment between the fascia and 

subcutaneous tissues may limit the spread of infection to the 
hands and feet, unlike the trunk and limbs, where the infection 
may rapidly spread. Diagnosis is primarily clinical, aided by the 
Laboratory Risk Indicator for Necrotizing Fasciitis (LRINEC) 
score and inaging such as magnetic resonance imaging (MRI) 
and computed tomography (CT). Parameters that are calculated 
in the LRINEC are C-reactive protein (CRP), white blood cell 
count, glucose, hemoglobin, creatinine and sodium levels. A 
score of 7 or higher on the LRINEC indicates a high risk of NF 
[5]. Serial debridement should follow early surgical intervention 
until disease progression stops and necrotic tissues are totally 
debrided.

© 2025 Marmara University Press, All Rights Reserved

ISSN: 1309-9469

https://orcid.org/0002-5543-1145
https://orcid.org/0000-0003-2802-0890


130
http://doi.org/10.5472/marumj.1708777
Marmara Med J 2025;38(2): 129-134

Marmara Medical Journal

Outcomes of patients with necrotizing fasciitis Original Article
Ergan Sahin and Gunenc

Although, the incidence is as low as 0.4 to 0.5 cases per 1000,000 
population, the mortality rate is very high, approximately 30%, 
making the condition a surgical emergency [6]. Predisposing 
factors for NF include diabetes mellitus (DM) (the majority), 
old age, immunodeficiency, malnutrition and obesity. However, 
NF has also been reported in otherwise healthy individuals 
[7]. NF infections are divided into two types: type 1, which is 
polymicrobial and often associated with chronic wounds such as 
diabetic wounds, and type 2, which is monomicrobial and may 
be due to surgical wounds, staph infections, insect bites [8].
This study aimed to retrospectively analyze patients diagnosed 
with NF, focusing on microbial etiology, predisposing factors, 
management of NF and their relationship with mortality rates.

2. PATIENTS and METHODS

A retrospective review of consecutive 44 patients treated for 
NF at Prof. Dr. Cemil Tascioglu City Hospital between January 
2010 and December 2020 was performed using the hospital’s 
computer database. The study was approved by Prof. Dr. Cemil 
Tascioglu City Hospital Ethical Committee on 21.06.2021 with 
Ethical Approval Number of 244. Inclusion criteria included 
confirmation of necrotizing fasciitis diagnosis intraoperatively. 
Data were collected from patient files, including demographics, 
site of infection, comorbidities, LRINEC scores on admission, 
wound cultures and antibiograms, HbA1c levels, length of 
hospitalization, prognosis, time of admission to surgery, imaging 
methods, and long-term reconstruction methods. Parameters 
that are calculated in the LRINEC are C – reactive protein 
(CRP), white blood cell count, glucose, hemoglobin, creatinine 
and sodium levels. The pre-operative suspicion and probable 
diagnosis for NF was firstly presented by either ultrasound, CT 
or MRI scans and then wound cultures were taken from most 
patients suspected of NF before administering empiric broad-
spectrum antibiotics. During administration of antibiotic 
treatment, appropriate surgical debridement to the necrotic 
tissue was performed when needed and the decision-making 
had been done by daily follow up of clinical and laboratory 
evaluation by the surgical team (Figure 1 – 4).

Figure 1. A preoperative photo of lower extremity necrotizing fasciitis 
with skin involvement

Figure 2. A peroperative photo of thigh and inguinal region necrotizing 
fasciitis before the second debridement surgery, demonstrating disease 
progression

Figure 3. A peroperative photo of thigh necrotizing fasciitis showing the 
necrosis of the fascia without skin involvement

Figure 4. A necrotizing fasciitis case with bilateral involvement of the 
lower extremity, inguinal region and lower abdomen. Staged skin grafting 
of the wound after serial debridement of the non-viable tissue and vacuum 
assisted closure application

Statistical Analysis

Statistical analysis was performed using the computer software 
Statistical Package for Social Sciences (IBM SPSS Statistics for 
Windows, version 23.0, IBM Corp., Armonk, New York, USA). 
Data was expressed as “n (%)” for categorical variables. Pearson 



131
http://doi.org/10.5472/marumj.1708777
Marmara Med J 2025;38(2): 129-134

Marmara Medical Journal

Outcomes of patients with necrotizing fasciitis Original Article
Ergan Sahin and Gunenc

chi-square and Fisher exact tests were performed for categorical 
variables. After the Kolmogorov-Simirnov test performed for 
the detection of distribution, data was expressed as “median 
(25th and 75th percentiles)” for variables without a normal 
distribution and mean +/ – standard deviation for variables 
with normal distribution. While, Student-t test was used for 
comparing quantitative variables with normal distribution, 
Mann-Whitney U test was used for comparing quantitative 
variables without normal distribution. The relationship between 
mortality and other variables was examined. Cross-tabulations 
were created for categorical variables, and Chi-square tests 
were applied. Values of p<0.05 were considered statistically 
significant.

3. RESULTS

The study included a total of 44 patients. Radiological studies 
were performed in 27 patients. Forty-four point four percent 
of the patients underwent CT, 37% MRI, and 18.5% ultrasound 
scanning. There were 32 male and 12 female patients. The 
mean age was 54.6 years. The mean length of stay was 36 days. 
The most common comorbidity was DM. Other predisposing 
conditions included hypertension, lymphoma, nasopharyngeal 
cancer, chronic kidney disease, cirrhosis, chronic heart failure, 
hyperthyroidism, acute renal failure, and pancreas cancer. The 
most common site of infection was cruris (43.2%), followed 
by perineum (36.4%), inguinal (9.1%), sacrum (4.5%), and 
other sites (6.8%). The mean LRINEC score was 8, and the 
mean HbA1c value was 10.42. In terms of microbial etiology, 
Escherichia coli was the most common pathogen (26.9%). 
Group A beta-hemolytic Streptococcus (23.1%), skin flora 
(23.1%), Pseudomonas aeruginosa (7.7%), methicillin-
resistant Staphylococcus aereus (7.7 %), Escherichia feacalis 
(3.8%), Citrobacter farmeri (3.8%) and group F beta-hemolytic 
Streptococcus (3.8%) were also identified. All of the patients 
were operated for necrotic debridement of the tissues. The 
debrided anatomic areas were then surgically operated after 
the control of the infection, to maintain a sterile surgical site. 
Skin grafts were used in 28 patients (63.6%), flaps in 3 patients 
(6.8%), one patient required amputation (2.3%), primary closure 
in one patient (2.3%), and healing with secondary intention in 
the remaining patients (25%) (Table I). Regarding prognosis, the 
mortality rate was 27.3%. The disease was more prone to a fatal 
outcome in patients aged 41-60 years. Although, 75% of patients 
had preexisting medical conditions, only diabetic patients had 
a more fatal prognosis. LRINEC scores and the initial site of 
the disease did not affect prognosis (p>0.05). Early surgical 
intervention and lower HbA1c levels were associated with lower 
mortality rates (p<0.05) (Table II).

Table I. Patients demographics

P Value
Age (years) 54.6
Gender (M/F%) 2.7 : 1 0.243
Co-morbidities (%)
       Diabetes Mellitus 
       Hypertension 
       Kidney Disease 
       Heart Failure 
       Thyroid Disease 
       Pancreatic Cancer 
       Others

70.5 
27.2 
11.4 
6.8 
4.5 
4.5 
13.6

Site of Primary Lesion (%) 0.625
       Cruris 
       Perineum 
       Inguinal 
       Sacrum

       Sternum 
       Thorax 
       Hand

43.2 
36.4 
9.1 
4.5

2.3

2.3 
2.3

Wound Culture (%)
      E. Coli 
      GAS 
      Skin flora 
      P. Aerigunosa 
      MRSA 
      E. Feacalis 
      C. Farmeri 
      GFS

26.9 
23.1 
23.1 
7.7 
7.7 
3.8 
3.8 
3.8

Reconstruction Method (%) 0.151
      Secondary Healing 
      Primary Closure 
      Flap Operation 
      Graft Operation

27.3 
2.3 
6.8 
63.6

Mean LRINEC Score 8
Mean HbA1c 10.42
Admission to Surgery 0.7
      Same day 
      Following day 
      >1 day

24 
6 
14

Mean Length of Stay (days) 36
Prognosis (%) 0.02
      Discharge 
      Exitus 
      Other

68.2 
27.3 
4.5

GAS; Group A Beta Hemolytic Streptococcus, MRSA; Methicillin resistant 
Staphylococcus Aureus, GFS; Group F Beta Hemolytic Streptococcus
P<0.05 is considered as significant
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Table II. Patient data and their relationship with mortality
Variables Mortality (n or %) P value
Age >0.05
     20 - 40  
     41 - 60 
     61 - 80 
     >80

0 
7 
4 
1

Gender >0.05
     Female  
     Male 

8 
4

Site of Primary Lesion >0.05
      Cruris 
      Inguinal 
      Sacral 
      Perineal

58.3% 
16.3% 
16.7% 
16.7%

Time to Surgery >0.05
      Same day 
       Following Day 
       >1 day

8 
3 
1

Co-morbidities >0.05
       Diabetes Mellitus 
       Hypertension

9 
5

Length of Stay >0.05
LRINEC >0.05
HbA1c >0.05

4. DISCUSSION

Our study highlights several critical factors influencing the 
prognosis of NF: These include early diagnosis of the disease, 
timely intervention to lesion and presence of DM with elevated 
levels of HBA1c. Delayed diagnosis, late intervention, and 
higher levels of HBA1c were all found to be associated with 
poor prognosis and increased mortality. The overall mortality 
rate in our cohort was 27.3%, with notably higher mortality 
observed in patients aged between 41 to 60 years. Notably, our 
study is unique in that NF lesions were not confined to a specific 
anatomical region, but rather were found to affect various sites 
throughout the body. Additionally, neither the location of the 
lesions of NF nor the LRINEC score demonstrated a significant 
association with patient outcomes.
Necrotizing fasciitis is a devastating infection of the deep fascia, 
characterized by dishwater-gray exudate and rapid widespread 
tissue destruction. Clinical manifestations include pain, 
erythema, tenderness, and skin bullae. Histologically, group A 
beta-hemolytic Streptococcus was once the primary identified 
monobacterial cause of NF. However, recent studies suggest a 
more common polymicrobial pathogenesis [9]. The relative 
incidence of type 1 (polymicrobial) and 2 (monomicrobial) varies 
by the region [10]. Unlike the recent studies in the literature, 
the microbiological findings in our study, with Escherichia 
coli as the most common pathogen, are consistent with type 1 
NF due to the high prevalence of immunosuppressed patients 
(diabetics), followed by streptococcus and skin flora which 
were mostly staphylococcus. Other unusual pathogens include 
pseudomonas, MRSA, Enterococcus faecalis, Citrobacter 

farmeri, group F beta – hemolytic streptococcus, which are also 
not so common in studies reporting NF [11].
The prompt diagnosis and early suspicion for NF is the key 
point for initiating appropriate treatment. Delayed intervention 
is associated with increased mortality, whereas early 
administration of medical treatment combined with surgical 
debridement has been shown to significantly reduce mortality 
rates [12]. The literature predominantly states that early and 
aggressive debridement of the affected skin, subcutaneous fat 
tissue and fascia is essential for achieving optimal outcomes [13]. 
In our study, early surgical intervention was found associated 
with lower mortality rates consistent with previous studies in 
literature. In terms of mortality, our studies mortality rate was 
27.3% and consistent with literature that the mortality rates 
ranged between 8.3% to 35% in the previous studies [14-16].
Early surgical intervention is crucial for improving survival 
rates. Survival rates are significantly increased among the 
patients who underwent surgical debridement within 24 
hours after admission. Our study showed that mortality 
decreased statistically significantly with early intervention. The 
recommended treatment for NF includes clindamycin combined 
with penicillin for infections caused by group A streptococcus 
for 14 days, and appropriate antibiotics based on wound culture 
antibiogram results for polymicrobial infections. The Infectious 
Diseases Society of America (IDSA) currently recommends 
vancomycin or linezolid plus piperacillin-tazobactam or 
carbapenem or ceftriaxone-metronidazole for skin and soft 
tissue infections [16].
Serial debridement should be continued every 2-3 days 
after initiating antibiotic treatment to remove all devitalized 
tissue and promote granulation tissue [17]. Intravenous fluid 
replacement, albumin reinforcement, and additional therapies 
such as hyperbaric oxygen should be as needed. Sex and length 
of hospital stay did not affect mortality rates in our study, 
contrary to the review of Wang et. al., age, however, was found 
to be statistically insignificant on mortality in both studies [18].
Diabetes was found as the leading predisposing factor, consistent 
with existing literature [19]. To the best of our knowledge, there 
is only one study from 2008, which investigated the effect of 
HbA1c levels on mortality. We found that HbA1c levels were 
statistically significantly related to mortality. The presence of 
DM is one of the most common comorbidity in patients with NF 
[20,21]. Patients with DM has higher risk of NF in patients who 
had surgical intervention and HBA1c levels >8% is predictor 
for post-operative adverse events. However, there is limited 
study evaluating the HBA1c levels and outcome of NF. Oncul 
et al., presented in a cohort with limited number of patients 
(<25 patients) that NF patients with DM had longer hospital 
stay and higher rate of mortality and higher levels of HBA1c 
were also detected in patients who could not survive with the 
diagnosis of NF [22]. Our study has nearly twice more patients 
when compared to their study and showed that older age and 
presence of DM with elevated HBA1c levels were associated 
with worse outcome. Our findings were consistent with previous 
studies. Taviloglu et al., determined that presence of DM was 
associated with increased mortality, and additionally, older age 
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was also associated with idiopathic NF [23]. Vayvada et al., also 
demonstrated that all non-survivors in their study group had 
risk factors such as immunosuppression, chronic cardiac disease 
and diabetes mellitus with high glucose levels [24]. Moreover, 
additional to DM, older age, increased number of comorbidities 
and delay for surgical debridement adversely affected the 
outcome.
Laboratory Risk Indicator for Necrotizing Fasciitis Score has been 
shown to be associated with decreased prognosis and increased 
severity of the infection. The findings of the study of Kumar et 
al., were consistent in terms of presence of DM and outcome of 
NF, even though, they also showed that patients who had higher 
LRINEC scores were associated with increased mortality and 
amputation [25]. However, our findings were contrary regarding 
LRINEC score. Our study showed that LRINEC score was not 
associated with the outcomes of NF. This difference might be 
related to the location of NF. Kumar’s study did not state the 
location of the lesions, however, the rate of amputation was 
20% which was ten times more than our study. This difference 
indicated that their study most probably included patients who 
had NF in extremities and the distribution of localization of 
NF might lead to different significance in terms of LRINEC 
scores. Additionally, one of the largest review and analysis were 
performed by Abdullah et al., and included eighteen studies 
about NF. They commented that LRINEC score might be a 
reliable tool in terms of diagnosis of NF, however, stratification 
of high risk patients should be evaluated with LRINEC scores 
together with radiologic modalities and clinical assessment [26]. 
Moreover, consistent with our study, Breidung et al., determined 
that LRINEC score, as a diagnostic tool, was not fully reliable 
and was not a recommended prognostic tool neither [27].
In literature, NF in extremities commonly resulted with 
amputation. The rate for amputation ranged between 6% to 41% 
in patients who had NF in the extremities [12,28]. In our study, 
the rate of amputation was 2.3% as NF was mostly located in the 
body and not in the extremities.

Limitations

Our study has several limitations. Firstly, our study is conducted 
in a retrospective design, which inherently carries limitations 
associated with this type of studies, including potential biases 
in data collection and the inability to establish causality. 
Second, the sample size is relatively small, and a larger cohort 
would likely enhance the statistical power and generalizability 
of the findings. Third, our study includes patients with NF 
located throughout the body, rather than being confined to a 
specific anatomical region. The variability in lesion localization 
may introduce confounding factors that could influence the 
outcomes of the study.

Conclusion

In conclusion, this study underscores the significant impact 
of early diagnosis, timely intervention, and the presence of 
comorbidities, particularly DM with elevated HbA1c levels, on 
the prognosis of NF. Our finding confirms that early surgical 
debridement, in combination with appropriate medical 

management, is associated with improved survival outcomes, 
consistent with existing literature. While, the LRINEC scores do 
not demonstrate a significant correlation with patient outcomes 
in our cohort, the presence of DM and advanced age are 
identified as critical factors influencing mortality.
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ABSTRACT
Objective: Motor imagery ability increases motor performance by increasing neural activity and stimulating brain plasticity. The dual-
task can be an indicator of the transfer of motor performance. This study investigated the relationship between imagery ability and 
dual-task ability in chronic stroke patients.
Patients and Methods: The Motor Imagery Questionnaire-Revised Second Edition was used to assess imagery ability. The Timed 
Up and Go test was determined as the main task, and a dual-task test was performed by adding a cognitive and motor task. Mental 
chronometry recorded single – and dual-task performances as actual and imagined. Dual-task cost and delta scores were calculated 
for motor-motor and cognitive-motor separately.
Results: There was a moderate correlation between motor imagery ability and motor dual-task performance (p<0.05). No correlation 
was found between cognitive dual-task performance and motor imagery ability (p>0.05). The individuals’ motor-motor tasks had low 
performance in the actual and imagined tasks but not in the cognitive-motor tasks (p>0.05).
Conclusion: As mental practice increases, patients’ motor-motor dual-task abilities also increase. Mental practice can be recommended 
from the early stages of stroke patients to increase motor imagery ability and motor skills. Cognitive-motor dual-task and motor 
imagery ability are unrelated because of abundant repetition of the cognitive-motor dual task in the nature of daily living activities.
Keywords: Stroke, Motor imagery, Dual task, Mental practice, Stroke rehabilitation

1. INTRODUCTION

Stroke is the second leading cause of death and high disability 
worldwide. Motor and functional capacities decrease after 
stroke [1]. Problems such as upper and lower extremity motor 
weakness, dystonia, decreased ability, mental or cognitive 
problems, difficulty in distinguishing between right and left, 
and impaired body image are chronic consequences that reduce 
functionality [1]. The main goal of rehabilitation is to provide 
motor learning-based improvement by taking these problems 
into consideration in rehabilitation programs.
Motor imagery training and imagery ability, which are some of 
the current treatment approaches, are becoming increasingly 
popular. In motor imagery training, patients are asked to think 
about the desired movement and they are also asked to imagine 
the movement. Thus, an increase in the activity of the brain 
regions associated with the imagined movement is observed [2]. 
Motor imagery provides neural plasticity by reorganizing the 

structure, function, and neural connections associated with the 
imagined movement. Unlike the limited laboratory environment 
where rehabilitation takes place, motor imagery is unlimited 
because it is in the mind of the participant. The participant 
can perform the movement in the desired environment, 
accompanied by the sounds they want, and by focusing on the 
activity they want. This contributes to the enriched environment 
and transfer ability of motor learning [3]. For the participant to 
be able to visualize, their cognitive functions must be sufficient 
and at a level to ensure compliance with the physiotherapist.
It is not enough to achieve success only for motor functions 
in order for rehabilitation to be successful in individuals with 
stroke. This function should become usable in daily life. In daily 
life activities, a different task is added to most motor activities. 
Activities such as talking while walking and calculating while 
shopping are together. Therefore, the goal of rehabilitation is 
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not only to correct the gait of an individual with a stroke but 
also to talk or calculate while walking [4]. These activities 
performed together are called dual tasks. Cognitive status is 
also very important in performing the dual task. There may 
be a relationship between cognitive-based motor imagery and 
dual-task ability. As a dual task, the participants can be given 
a cognitive or motor task. Calculating and counting along with 
walking is considered a cognitive task while carrying a water 
bottle or carrying a glass is known as a motor task.
There are many studies in which motor imagery training or 
dual-task training was applied to improve balance and gait in 
individuals with stroke [1,5,6]. Interventional studies have 
investigated the effects of motor imagery training and dual-
task training separately; moreover, noninterventional studies 
have investigated the motor imagery abilities of individuals with 
stroke [7-9]. Only one study compared the effectiveness of both 
types of training. Both of them were shown to be effective in 
improving balance and gait [10]. To date, motor imagery and 
dual task ability have not been investigated together in patients 
with chronic stroke. Motor imagery ability increases motor 
performance by increasing neural activity and stimulating 
brain plasticity; therefore, imagery ability was considered as a 
component that affects motor performance in this study. The dual 
task was accepted as an indicator of the transfer of motor gains 
obtained through rehabilitation in daily living activities. Based 
on the transfer of abilities, which is one of the basic principles 
of motor learning, to different environments, we believe that 
there may be a relationship between these two abilities based on 
motor performance. In the literature, no study which examined 
the relationship between motor imagery ability and dual-task 
ability in individuals with stroke was found. Therefore, the aim 
of this study was to investigate the relationship between motor 
imagery ability and dual-task ability in chronic stroke patients.

2. PATIENTS and METHODS

The study was planned as a cross-sectional study. Ethical 
approval was obtained from the ethical committee of Gaziantep 
Islam Science and Technology University (date: 30/05/2023, 
ethics committee decision number: 243.25.20). The participants 
were informed about the purpose and content of the study. The 
study was conducted following the Declaration of Helsinki. 
Informed consent forms were obtained from all participants 
included in the study.
The inclusion criteria were (a) being at the ages of 25-75, (b) 
at least 6 months having passed since the stroke, (c) having 
walking ability without support of approximately 10 meters, (d) 
having proper cooperation (participants with a Mini-Mental 
State Examination score of >24), and (e) absence of any other 
neurological diseases. The exclusion criteria were (a) having 
aphasia, (b) having hearing and vision problems (c) having 
an orthopedic disease that prevents walking, and (d) having 
psychological or cognitive disorders. The flowchart diagram is 
presented in Figure 1.

Figure 1. Flow-chart diagram

Demographic information (gender, age, education level), affected 
side, and duration of the stroke were recorded. The Motor 
Imagery Questionnaire – Revised Second Edition (MIQ-RS) 
was used to assess imagery ability. The main test used to assess 
imagery ability and dual-task ability was the Timed Up and Go 
(TUG) test. In the dual-task ability, a cognitive task was added 
simultaneously to the TUG test, and the performance time was 
recorded as dual-task cognitive test performance. In the dual-
task motor evaluation, a motor task was added simultaneously 
to the TUG test and the time was recorded. A 5-minute break 
was given between dual-task performances to avoid fatigue.
For the motor imagery ability, the individuals were asked to 
imagine that they were performing the TUG test, and the time 
was recorded as the mental chronometry. Individuals were 
asked to imagine the dual-task motor and cognitive tests, and 
their mental chronometries were recorded. In other words, 
real times were recorded by performing dual-task tests in the 
real environment, and the durations of tests that were not 
performed in the real environment were measured with mental 
chronometry by imagining that they were doing the same tests 
without any active movements. Then, the recorded times were 
calculated according to the dual-task ability effect calculation 
formula and correlated with the motor imagery ability. After 
the respective test moves were actually applied, the individuals 
imagined each test (eyes were kept closed during imagery).
Timed Up and Go (TUG) Test : The test shows the independence 
and security of an individual’s life as it includes most activities 
in daily life The patient is asked to get up from the chair he is 
sitting in, walk 3 meters, come back, and sit on the chair again. 
Individuals performed the test once at the normal pace of their 
choice, and the performance time was recorded. It is easy to 
perform and is a reliable test [11]. The prolongation of the test 
duration indicates a deterioration in individuals’ performance.
Movement Imagery Questionnaire-Revised Second Edition 
(MIQ-RS): This is an adaptation of the Movement Imagery 
Questionnaire. It consists of 14 items, seven of which are 
visual and 7 of which are kinesthetic imagery abilities. Before 
starting the evaluation, the participants were provided with the 
necessary information about the questionnaire. Scoring was 
made between 1 and 7, with 1 point: very difficult to see/feel, 
7 points: very easy to see/feel. The higher the score, the better 
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the imagery ability. The questionnaire is valid and reliable in 
individuals with stroke [12]. The Turkish validity and reliability 
study of the questionnaire was conducted [13].
Dual Task Assessment: For the motor dual-task, individuals 
were asked to perform the TUG test while holding a glass of 
water as an additional motor task, and the time was recorded.
The individuals were asked to count by two as an additional 
cognitive task and the time was recorded. The formula used to 
calculate the dual-task cost is as follows (Dual-task−Single-task 
time/Single Task) x 100 [14]. The higher the cost is, the lower 
the dual-task ability.
Mental Chronometry Assessment: It was used in the evaluation 
of motor imagery ability. After the TUG test was performed 
actively, the individual was asked to imagine the same test, and 
the time was recorded in seconds with a stopwatch. During 
the assessment, it was said to the participants that they should 
imagine the same test in their minds with their eyes closed and 
without revealing any active movements [15]. Single-task TUG 
test, cognitive dual-task TUG test, and motor dual-task TUG 
test imagery were requested from individuals, and their mental 
chronometries were recorded separately for each test.
Actual and imagined movement times were compared 
by calculating the delta time with mental chronometry 
((real movements’-imagined movements’ times)/[(real 
movements’+imagined movements times)/2]x100) [16]. The 
higher the delta time, the lower the motor imagery ability. 
Delta times were calculated separately for single-task TUG test, 
cognitive dual-task TUG test, and motor dual-task TUG test.

Statistical analysis

The G*Power application was used for power analysis. A 
significance level of 5% and a power (1-b) of 90% were assumed, 
and a medium effect size (d=0.584) in the population was assumed. 
The sample size was calculated to be 23 individuals according to 
the relationship between cognition and dual tasks [17].
The Statistical Package for the Social Sciences version 22.0 
software was used for statistical analysis. The frequencies (%) 
and mean±standard deviation (X ± SD) of the study variables 
are presented. The normality of distribution was tested with the 
Kolmogorov-Smirnov test. Paired Samples t test was used to 
compare the cognitive and motor additional tasks in dual-task 
costs and delta times of the individuals. Pearson correlation was 
used to investigate the relationship among imagery ability, dual-
task cost, and delta time. The statistical significance level was set 
at p < 0.05.

3. RESULTS

The sociodemographic characteristics of the individuals 
included in the study are presented in Table I. In the sample, 
there was no difference between the number of right and left 
hemiplegia cases. The sample consisted of individuals with 
ischemic stroke. The education level of the individuals was high 
school or higher. Only one individual was a primary school 
graduate.

Table I. The Sociodemographic characteristics of the participants

Variables Participants (n=25)
Gender (n)
 Female
 Male

 14
 11

Age (years)  42.88±15.11
Affected Side
 Right
 Left

 13
 12

Time passed after the stroke (years)  8.36±4.36

The MIQ mean score of all individuals was 51.92±6.67. The 
delta score of the single-task TUG test recorded with mental 
chronometry was 19.07±13.35. The delta times and dual-task 
cost scores of the individuals are presented in Table II. When 
the cognitive and motor additional tasks in the imagined 
performances of the individuals were compared, the results were 
similar (p=0.923) (Table II). In actual dual-task performances, 
motor additional task performances were worse than cognitive 
performances (p=0.000) (Table II).

Table II. Comparison of the individuals’ delta times and dual-task cost

Variables X±SD t P
Delta Cognitive TUG (score) 19.32±11.96 0.098 0.923
Delta Motor TUG (score) 19.00±10.86
Cost Cognitive TUG (score) 15.45±7.48 6.109 0.000*
Cost Motor TUG (score) 38.60±22.21

*p<0.05 is statistically significant, TUG: Timed Up and Go test

There was no statistically significant relationship between 
the real dual-task performance with cognitive additional task 
and the parameters of motor imagery ability (MIQ-RS, Delta 
TUG, Delta Cognitive TUG, and Delta Motor TUG) (p=0.851, 
p=0.324, p=0.767, p=0.269, respectively) (Table III). There was 
a moderate correlation between the real dual-task performance 
with a motor additional task and the MIQ-RS, and Delta motor 
TUG (r=-0.409, p=0.042; r=0.466, p=0.019, respectively) (Table 
III). However, motor dual-task cost in real performance and 
delta TUG, delta Cognitive TUG were unrelated (p=0.413, 
p=0.762, respectively).

Table III. The correlations between motor imagery, dual-task cost, and 
delta time

 MIQ-RS  Delta TUG Delta Cognitive TUG  Delta Motor

TUG
Cost 
Cognitive 
TUG

r=0.040

p=0.851

r=0.206

p=0.324

r=0.062

p=0.767

r=0.230

p=0.269

Cost Motor 
TUG

r=-0.409

p=0.042*

r=0.171

p=0.413

r=0.064

p=0.762

r=0.466

p=0.019*
*p<0.05 is statistically significant, MIQ: Movement Imagery Questionnaire-
Revised Second Edition, TUG: Timed Up and Go test.
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4. DISCUSSION
The aim of this study was to investigate the relationship 
between motor imagery ability and dual-task ability in chronic 
stroke patients. In our study, it was observed that there is a 
relationship between motor imagery ability and motor dual-
task performance. No correlation was found between cognitive 
dual-task performance and mental imagery ability. While there 
was no difference between the imagined cognitive and motor 
performances of individuals, actual motor dual-task performance 
was also worse than cognitive dual-task performance. The 
individuals’ motor-motor tasks had low-performance values 
in actual and imagined assessments, unlike cognitive-motor 
tasks. This can be explained that due to the nature inherent in 
daily life, the cognitive-motor dual tasks are repeated frequently 
during the day, and they are constantly repeated with actions 
such as talking while walking. Thus, individuals did not have 
difficulty in cognitive-motor dual-task performance.
Motor imagery ability is related to actual motor performance [10]. 
The brain regions that are responsible for the actual movement 
are activated by using motor imagery in the motor preparation 
phase of the movements. Even observation of a simple passive 
movement without revealing the movement stimulates the 
relevant motor cortex regions, increasing neural activation [18]. 
In addition, motor imagery plays an intrinsic role in recovery 
after brain damage, so it supports brain plasticity and increases 
motor performance. In other words, there is a bidirectional 
relationship between motor performance and motor imagery. 
Motor imagery is motor performance-based, and it increases 
brain plasticity as imagined; in other words, it improves actual 
motor performance. Therefore, in the present study, it is thought 
that as the deficit in the motor-motor dual-task ability increases, 
the imagery ability decreases. In other words, increasing the 
mental practice ability in these two parameters based on motor 
performance increases the motor-motor dual-task ability. We 
believe that it is important to develop practical ability for the 
success of rehabilitation by aiming at the transfer of ability, which 
is one of the basic principles of motor learning. In addition, 
considering the physical disability of patients with stroke, it is 
very important in terms of rehabilitation to increase dual-task 
ability through mental practice without any movements. The 
existence of motor ability obtained by motor imagery ability in 
the acute period also supports this view [19].
Many studies have investigated the effects of motor-motor 
and cognitive-motor dual tasks on walking function in stroke 
[20,21]. Yang et al., emphasized that cognitive-motor dual tasks 
improved cortex activation, facilitated the remodeling of brain 
function, and improved motor function [21]. Motor-motor dual 
tasks such as walking while tapping or kicking a ball stimulate 
postural control and motor training. However, cognitive-motor 
dual tasks improve both cognition and motor function. Five 
main cognitive tasks that are frequently used in the literature 
can be listed as differentiation and decision-making tasks, 
information tracking tasks, reaction time tasks, verbal fluency 
tasks, and working memory tasks [22]. In our study, the task 
of counting in pairs was used. The cognitive tasks added to the 
motor task in stroke patients were investigated by Elwish et al., 

and it was stated that the subtraction task was more difficult 
than the phonologic fluency [23]. Cognitive-motor dual-task 
performance is used more in actual life and is more adapted 
to the external environment. Since, the participants are more 
familiar with cognitive-motor tasks in daily life, we think that 
there is no significant relationship between cognitive-motor 
cost and our parameters.
When performing dual tasks, individuals use both motor and 
attention resources at the same time. Resources are divided 
into motor ability and cognition according to priority. The act 
of walking is automatic, but it frequently involves cognitive 
activity and necessitates the use of extra cognitive resources, 
such as language, attention, and judgment abilities [24]. Both 
motor task and cognitive task performance levels decreased 
during walking in stroke patients. Memory performance is 
lower, gait speed is slower, and stride length is smaller [21]. 
Adding a motor task to a motor task becomes more difficult 
due to the greater use of the same resources, while adding a 
cognitive task requires different resources. This implies that the 
more challenging the motor task is, the more likely there will be 
interference with the cognitive task, and it also shows how much 
cognitive processing resource is needed for the task of walking 
in stroke patients [25]. The deficit in the engine-motor dual-
task cost can also be explained by using the same resources. In 
addition, the correlation of this performance with delta time can 
be explained by individuals transferring their physical disability 
into the imagined environment. In addition verbal cues such 
as “imagine being able to do the test” are not used to warn the 
subjects during the tests.
When our findings are interpreted together with the literature, 
motor imagery ability is related to motor-motor dual-task cost 
but not cognitive-motor dual-task cost. Cognitive-motor dual-
tasks are more practical in daily life. The lack of a significant 
relationship in this task can be explained by the fact that 
individuals with stroke are more accustomed to the task. In 
addition, the lower performances of individuals in the actual 
and imagined environment of the motor-motor dual task may 
be related to the simultaneous use of the same resource. In the 
literature, the relationship between motor imagery and dual-
task ability was not investigated; therefore, the present study is 
unique in this aspect.
This study needs to account for the following limitations. First, 
it did not use a scale that evaluated cognitive and cognition 
statuses. Second, the task used in cognitive-motor tests was 
of one type. Because calculation and alphabetic tasks activate 
different parts of the brain, their results may differ. Therefore, 
our results for the cognitive-motor dual task were limited to 
calculations. Speech and perception are differently affected in 
individuals with right and left hemiplegia. This will affect both 
dual-task and motor imagery abilities. Moreover, the level of 
education of individuals may also influence these abilities. Our 
study’s limitations included the fact that these characteristics 
were not considered. In contrast, our study did not investigate 
how the difference between the motor imagery motor-cognitive 
dual task and the real task affected healthy controls. Including 
a control group would have been more informative. The 
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diversification of cognitive tasks in future studies will contribute 
to a more detailed examination of the relationship. There is a 
need for follow-up studies comparing motor imagery ability in 
the acute phase with dual-task abilities in the chronic phase of 
stroke patients.
In this study, we investigated the relationships between motor 
imagery and dual-task ability in chronic stroke patients. It was 
found that motor imagery ability and motor-motor dual-task 
ability were related to each other. As mental practice increases 
the quality of motor performance, the success of rehabilitation, 
and the patients’ motor-motor dual-task abilities also increase. 
Increasing the dual-task ability facilitates the daily life activities 
of the patients, which is the main goal of rehabilitation. 
Therefore, it is important to develop motor imagery abilities 
to increase the rehabilitation success of patients. We think that 
the mental practices of stroke patients with physical disability 
should be increased, starting from the period when they are 
immobilized. The reason why individuals’ cognitive-motor 
dual-task and motor imagery abilities are unrelated might be 
explained by the abundant repetition of the cognitive-motor 
dual-task in the nature of daily living activities.
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ABSTRACT
Objective: There is no existing scoring system to predict postoperative risks, such as the Canet scoring system, for patients referred to 
pulmonology clinics.The aim of this study was to develop a scoring system to predict postoperative pulmonary complications (PPCs) 
in patients referred to the pulmonology clinics for preoperative evaluation.
Patients and Methods: This prospective, single-center study included patients referred for preoperative evaluation by surgical 
departments to the pulmonary medicine clinic at a tertiary care center. Preoperative demographic data and pulmonary evaluation 
results were recorded. Patients were followed postoperatively until discharge, with follow-up phone calls at the first month to assess 
pulmonary symptoms. Mortality data was recorded at the third month.
Results: A total of 203 patients were included between January 2018 and February 2020. Of these, 55.7% were female, with a mean age 
of 60.59 years. PPC rate at the first month was 36.4%, and 22.7% had ongoing symptoms or new complications. The most common 
complication was bronchospasm (23.2%). Significant preoperative risk factors included surgery type, preoperative cough/dyspnea, 
and the season of surgery (p<0.05). Pulmonary complications were three times more frequent in patients undergoing upper abdominal 
or thoracic surgery.
Conclusion: Avoiding surgery during symptomatic periods and making optimal preoperative preparations may reduce the PPC rates.
Keywords: Preoperative pulmonary evaluation, Postoperative pulmonary complication, Canet risk scoring

1. INTRODUCTION

Preoperative evaluation of patients who will undergo surgery has 
always been a challenging issue. Studies in this field showed that 
the incidence of respiratory complications after extrathoracic 
operations varies between 9-69% [1-3]. In the preoperative 
evaluation, the physician has three goals: to determine the risk of 
postoperative complications, to reduce the risk of perioperative 
complications, and to eliminate the risk factors in the patient at 
risk of complications in the postoperative period.
Routine consultations and diagnostic tests are not required for 
most of the preoperative evaluations performed; tests that will 
ensure the preoperative optimization should be asked for and 
consultations that will just cause an increase in workload and are 
not necessary should not be requested. Usually, minimal or no 
diagnostic testing is required for low-risk surgeries.

Pulmonary complications are the main cause of mortality and 
morbidity in the postoperative period [4]. Various national 
and international studies have been conducted to predict 
postoperative pulmonary complications (PPCs) and the 
Canet risk scoring has been validated [5]. Additionally, Canet 
risk scoring was implemented only for the general patient 
population. There is currently no scoring system to predict the 
postoperative risks for patients referred to pulmonology clinics 
from various surgery departments. These patients have been 
referred to pulmonology clinics due to a higher risk of PPCs 
compared to the general patient population.
The aim of the present study was to develop a scoring system 
to predict the PPCs in patients referred to pulmonology clinics 
for preoperative evaluation purposes. Secondary outcome was 
analysis of the risk of mortality.
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2. PATIENTS and METHODS

In this observational study, patients referred from general surgery, 
orthopedics, neurosurgery, ophthalmology, otolaryngology-
head and neck surgery, plastic surgery, obstetrics-gynecology, 
urology, and cardiovascular surgery clinics to tertiary care 
center pulmonology clinics for preoperative evaluation purposes 
between 25 July, 2018 and 01 February, 2020 were prospectively 
included. Patients who received general or regional anesthesia and 
accepted to participate in the study were included. Patients who 
were pregnant, were younger than 18 years of age, received local 
anesthesia, required preoperative intubation, had a tracheostomy, 
underwent reoperation within 90 days were excluded.
Initial evaluation was performed at the time of consultation, 
and later on the operation day. The Canet scoring system was 
employed to determine postoperative risks [5]. The duration and 
type of surgery, as well as the type of anesthesia were recorded.
The patients were followed up with daily visits in the postoperative 
period until hospital discharge. Cough, sputum production, 
dyspnea, need for supplemental oxygen, medications, and changes 
in chest x-ray if taken, and complications, if any, were recorded 
(Postoperative patients with respiratory symptoms underwent 
a chest X-ray and a clinical evaluation was performed). The 
patients were contacted via a phone call on postoperative day 30 
and were questioned if any complications occurred or unplanned 
doctor visits occurred. They were asked whether they received 
bronchodilator therapy or applied respiratory physiotherapy in 
the postoperative period. On postoperative day 90, mortality 
data was checked from the web-based death notification system 
(link:https://obs.saglik.gov.tr/Account/ Login).
Ethical approval of the study was obtained from Hacettepe 
University Non-Interventional Clinical Research Ethics 
Committee with project number GO 18/460 and decision 
number GO 18/460-11.

Statistical Analysis

SPSS statistical package version 23.0 was used for statistical 
analysis. A nomogram was used to calculate the sample size [6]. 
When we accepted the prevalence of PPCs to be 5%, a test with 
sensitivity of 80% and absolute precision of 0.07 estimated that 
the required sample size was 188 patients; a test with specificity 
of 80% and absolute precision of 0.07 estimated that the required 
sample size was 178 patients. The variables that were significant 
in the binary logistic regression analysis were entered to the 
model. The final model included 3 variables and via multiplying 
each β value of each variable by 10, a score for each variable was 
calculated. Then, a total score for each patient was calculated. 
A receiver operating characteristic (ROC) curve for total scores 
was drawn and a cut‐off value with specificity of 80% was 
determined based on the coordinates of the ROC curve.
The determination of cut-off points was desired for scores 
obtained using regression coefficients. The Decision Tree 
method and the CHAID algorithm of this method were used 
to determine the cut off points for the scores obtained by 
using the regression coefficients and to convert them into 
categorical variable [7]. In determining the cut-off points for 

the score variable, this feature of the decision tree method was 
used to make the score variable into three (low, medium, high) 
categories [7]. A p-value less than 0.05 was considered to be 
statistically significant.

3. RESULTS

Patients’ general characteristics

A total of 243 patients were evaluated over the course of the study. 
However, surgery was canceled in 23 patients due to various 
reasons (high pulmonary risk in 6 patients, inoperability in 7 
patients other reasons in 10 patients), and surgery was performed 
under local anesthesia in 7 patients, (high pulmonary risk in 3, 
other high risks in 4). After exclusion of these 40 patients, a total of 
203 patients were included in the study. Surgery was canceled in a 
total of 9 patients because of high postoperative pulmonary risks.
Of the patients included in the study, 55.7% (n=113) were 
female and 44.3% (n=90) were male. The mean age of the study 
population was 60.59 ± 14.93 (min-max=18-91) years. Of the 
patiens 57% (n=116) were ≥ 65 years, and 18.7% (n=38) were 
smoking. The mean body mass index was 28.33 ± 6.2 kg/m², 
and 70.9% (n=144) being in the abnormal weight range (n=6, 
<18kg/m², n=138, >25 kg/m²). The general surgery department 
made the highest number of referrals to the pulmonology clinics 
for preoperative evaluation (n=89, 43.8%). Of the surgeries 
performed, 70% (n=143) were other than upper abdominal or 
thoracic, 27.1% (n=55) being upper abdominal, and 2.5% (n=5) 
being thoracic surgeries. The duration of surgery was longer 
than 3 hours in 84%, and 77.8% of the patients were operated 
under general anesthesia. Autumn (n=77, 37.9%) was the 
highest season for surgeries.
While, no abnormal findings were detected in 87 (42.9%) 
of routine posterior-anterior chest radiographs taken for 
preoperative evaluation, cardiomegaly was seen in 21 (10.3%), 
and 18 (8.9%) demonstrated increased aeration (hyperinflation). 
Some patients could not perform pulmonary function testing 
due to immobilization (n=8, 3.9%) or lack of cooperation (n=16, 
7.8%), and the number of patients who could perform acceptable 
spirometry was 178 (87.6%). The patients’ mean FEV1 was 
2.16 ± 0.83L, 84.26 ± 25.27%, and the mean FEV1/FVC was 
76.9 ±13.77. The mean preoperative hospitalization duration 
of the patients was 5.4 ± 6.4 days, and the mean postoperative 
hospitalization duration was 6.85 ± 9.8 days. Respiratory 
physiotherapy was performed in the preoperative period and 
continued in the postoperative period in 107 (52%) patients.

Distribution of postoperative pulmonary complications 
(PPCs)

Postoperative pulmonary complications developed in 36.4 % 
(n=74) of the patients within the first month. At the end of the 
first month, the proportion of patients with ongoing or new 
complications was 22.7% (n=46). Presence of preoperative cough, 
sputum, dyspnea, rhonchus on chest auscultation, increased 
aeration on chest X-ray, duration of surgery >3 hours, operation 
in Autumn seasons were associated with PPCs (Table I).
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Table I. Patients’ demographic and clinical characteristics at ınitial evaluation
Variables Total 203 (100%) Number of Patients in 

the First Month PPCs, 
n, %

Number of Patients 
at the and of the first 

month PPCs, n, %

p¹ p²

Sex
  Female 113 (55.7) 40 (35.4) 25 (22.1) 0.770 0.358
  Male 90 (44.3) 34 (37.8) 21 (23.3)
Age
Mean:  60.59 ± 14.93 0.883 0.358
  ≤ 65 116 (57.1) 43 (37.1) 29 (25)
>65 87 (42.9) 31 (35.6) 17 (19.5)
Smoking
Cigarette (packs/year) 33.4 (1-100)
  Never smoked 89 (43.9) 29 (32.6) 17 (19.1) 0.159 0.412
  Smoker 76 (37.4) 34 (44.7) 8 (21.1)
  Exsmoker 38 (18.7) 11 (28.9) 21 (27.6)
Comorbidities
  Hypertension 93 (45.8) 34 (36.6) 21 (22.6) 1 0.980
  Extrapulmonary malignancies 65 (32) 29 (44.6) 19 (44.6) 0.118 0.125
  DM 44 (21.7) 29 (45.5) 13 (29.5) 0.215 0.218
  COPD 42 (20.7) 17 (40.5) 9 (21.4) 0.591 0.830
  Asthma 42 (20.7) 17 (40.5) 10 (23.8) 591 0.842
  Hypothyroid 30 (14.8) 9 (30) 6 (20) 0.539 0.706
  CAD 26 (12.8) 9 (34.6) 4 (15.4) 1 0.343
  Previous PTE 16 (7.9) 5 (31.3) 3 (18.8) 0.790 0.697
  CHF 15 (7.4) 8 (53.3) 5 (33.3) 0.173 0.305
  OSAS 13 (6.4) 3 (23.1) 2 (15.4) 0.382 0.382
  Lung Cancer 12 (5.9) 2 (16.7) 2 (16.7) 0.217 0.609
  CRD 6 (3) 2 (33.3) 2 (33.3) 1 0.620
Symptom
  No symptoms 107 (52.7)
  Exertional dyspnea 58 (28.6) 26 (44.8) 18 (31) 0.146 0.071
  Cough 53 (26.1) 26 (49.1) 17 (32.1) 0.031 0.057
  Sputum 35 (17.2) 18 (51.4) 12 (34.3) 0.054 0.071
  URTI in the past month   34 (16.7) 17 (50) 12 (35.3) 0.008 0.054
  Dyspnea 17 (8.4) 11 (64.7) 9 (52.9) 0.017 0.002
  Orthopnea 12 (5.9) 4 (33.3) 3 (25) 1 0.842
Auscultation Findings
  Normal 164 (80.7)
  Rhonchus 31 (15.3) 15 (48.4) 8 (25.8) 0.157 0.649
  Rale 9 (4.4) 2 (22.2) 2 (22.2) 0.491 0.974
mMRC
1 88 (43.3) 30 (34.1) 18 (20.5)
2 56 (27.6) 21 (37.5) 13 (23.2)
0 50 (34.6) 18 (36) 11 (22)
3 8 (3.9) 5 (62.5) 4 (50)
4 1 (0.5) 0 (0) 0 (0)
Chest X-Ray Findings
  Normal X-Ray 116 (57.1) 40 (34.4) 27 (23.3) 0.754 0.809
  Findings other than cardiomegaly or 
inceased aeration

48 (23.6)

  Cardiomegaly 21 (10.3)
  Increased aeration 18 (8.9) 10 (55.6) 4 (22.2) 0.121 0.963
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were as follows: presence of preoperative cough, sputum or 
dyspnea, type of incision line, and season when the surgery was 
performed. Since, including all three of the variables of cough, 
sputum and dyspnea disrupt the model structure due to the 
significant relationship between them, we included the variable 
of ‘cough’ in the model because it contributed the most to the 
model. The risk of developing PPCs within 30 days in patients 
with preoperative cough was 1.949 times higher than in patients 
without cough. The reference category for the variable type of 
incision was chosen as “other”. If the incision was in the upper 
abdominal or thoracic region, then the risk of developing PPCs 
within 30 days increased 3.71 times compared to regions of 
otherincisions. The reference category for the season variable 
was selected as “spring”. In comparison to spring, the risk of 
developing PPCs within the first month increased 11.062 times 
in autumn. Regarding total score of the scoring system, the 
evaluation was performed with a maximum of 44 points (Table 
II).
At the end of the first month, a re-scoring model was established 
with the parameters found to be significant in patients with 
complications observed for one month or who developed 
new complications. Variables that significantly increased the 
risk of developing PPCs at the end of the first month were as 
follows: presence of preoperative cough, sputum or dyspnea, 
type of incision line, season when the surgery was performed 
and presence of upper respiratory tract infection (URTI). The 
reference category for dyspnea variable was chosen as “no 

Season
  Autumn 77 (37.9) 38 (49.4) 24 (31.2) < 0.001 < 0.02
  Summer 47 (23.2) 14 (29.8) 10 (21.3)
  Winter 41 (20.2) 18 (43.9) 10 (24.4)
  Sping 38 (18.7) 4 (10.5) 2 (5.3)
URTI 34 (16.7) 17 (50) 12 (35.3) 0.008 0.054
Snoring 53 (26.1) 16 (30.8) 13 (24.5) 0.231 0.849
Daytime sleepiness 25 (12.3) 7 (28) 6 (24) 0.385 0.864
Witnessed apnea    15 (7.4) 3 (20) 3 (20) 0.265 0.798
Obesity 138 (68) 46 (33.3) 28(20.3) 0.212 0.240
Normal BMI 59 (29.1) 27 (45.8) 17 (28.8) 0.108 0.180
Incision line
  Other 143 (70.4) 41 (28.7) 24 (16.8) <0.001 <0.001
  Upper abdominal 55 (27.1) 28 (50.9) 18 (32.7)
  Thoracic 5 (2.5) 5 (100) 4 (80)
Duration of Surgery
  2-3 hours 84 (41.4) 27 (32.1) 18 (21.4) 0.072 0.118
  ≥ 3 hours 84 (41.4) 38 (45.2) 24 (28.6)
  < 2 hours 35 (17.2) 9 (25.7) 4 (11.4)
Anesthesia type
  UGA 158 (77.8) 59 (37.3) 35 (22.2) 0.308 0.409
  UGA + IT 29 (14.3) 10 (35.7) 7 (24.1)
  USA 16 (7.9) 4 (25) 3 (18.8)

p¹: Patients in the First Month PPCs, p, p² : Patients at the and of the first month PPCs, p, DM: Diabetes mellitus, COPD: Chronic Obstructive Pulmonary Disease, CAD: 
Coronary Artery Disease, PTE: Pulmonary Thromboembolism, CHF: Congestive Heart Failure, OSAS: Obstructive Sleep Apnea Sendrome, CRD: Chronic Renal Disease, 
URTI: Upper respiratory tract infection, BMI: Body Mass Index, UGA: Under general anesthesia, IT: Intratekal, USA: Under spinal anesthesia

Patients with body mass index (BMI) ≤ 24.9 kg/m2 had 
significantly more postoperative sputum and increased oxygen 
demand (p values= 0.022 and 0.010, respectively). Postoperative 
fever and sputum were found to be significantly higher in 
patients with signs of increased aeration in preoperative chest 
X-ray (p values=0.016 and 0.004, respectively). Postoperative 
need for supplemental oxygen and pneumonia were found to 
be significantly higher in patients with presence of preoperative 
rhonchi (p values were= 0.020 and 0.001, respectively). 
Postoperative need for supplemental oxygen, development of 
pleural effusion, and atelectasis were higher in patients with 
a surgical duration of longer than 3 hours (p values were= 
0.011, 0.009 and 0.002, respectively). Postoperative need for 
supplemental oxygen was seen more in patients with presence 
of malignancy (p=0.001).
Complication rate was higher among patients in the high 
risk group according to the Canet scoring system, when 
compared to patients who did not have any complications in 
the first postoperative month (p=0.002). Mortality rate at 90th 
postoperative day was 4.9% (n=10). The patients who had 
extrapulmonary malignancies 10.8% (n=7) showed higher 
mortality (p=0.013).

Development of a scoring system to predict PPCs

A scoring system was developed that will predict PPCs 
risk. Parameters are given in Table I. Variables significantly 
increasing the risk of developing PPCs within the first month 
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dyspnea”. In comparison to no dyspnea, the risk of developing 
PPCs at the end of the first month increased 3.770 times in the 
presence of preoperative dyspnea. The reference category for 
type of incision variable was chosen as “other”. If the incision 
type was upper abdominal, then the risk of developing PPCs 
at the end of the first month increased 3.293 times compared 
to other. “Spring” was selected as the reference category for 
the significant variable of season. Regarding total score in the 
scoring system, the evaluation was performed with a maximum 
of 47 points (Table III).

The appropriate cut-off points of the numerical independent 
variables in the model were determined, converted into 
categorical variables, and three categories were created: low, 
medium and high risk to predict PPCs. There was a significant 
association between these three categories and the incidence of 
PPCs, which was the dependent variable. When we categorized 
the risk of PPCs within a month, we determined low risk < 17 
points, medium risk between 17-28 points, and high risk > 28 
points. The categories for the risk of PPCs at the end of one 
month were determined as low risk < 19 points, medium risk 
between 19-30 points, and high risk > 30 points (Figure I)[7].

Table II. Demonstration of the data associated with postoperative pulmonary complictions (PPCs) within a month  in the logistic regression analysis and 
acquisition of risk scores

Variables in the Model B S.E. Odds Ratio
95% Confidence Interval for Odds Ratio  

Lower Limit Upper Limit Risk Score
Upper abdominal 
incision 1.311 0.356 3.71 1.845 7461 13

Cough 0.667 0.362 1.949 0.958 3.965 7
Spring            
Winter 2.132 0.646 8.435 2.377 29.935 21
Autumn 2.403 0.609 11.062 3.354 36.479 24
Summer 1.696 0.651 5.453 1.521 19.545 17
Fixed -3.001 0.602 0.05      

      Maximum 44 points

Table III. Demonstration of the data associated with postoperative pulmonary complications (PPCs) at the end of the first month in the logistic regression 
analysis and acquisition of the risk scores

Variables in the Model B S.E. Odds Ratio
95% Confidence Interval for Odds Ratio  

Lower Limit Upper Limit Risk Score
Upper abdominal incision 1.192 0.375 3.293 1.578 6.873 12
Dyspnea 1.327 0.554 3.77 1.272 11.177 13
Spring            
Winter 1.744 0.842 5.723 1.099 29.803 17
Autumn 2.207 0.792 9.089 1.925 42.916 22
Summer 1.918 0.837 6.807 1.32 35.099 19
Fixed -3.581 0.783 0.028      

        Maximum 47 points

 

Figure 1. Classification of postoperative pulmonary complications (PPCs) into 
the risk category  (Node 1: Low Risk for  PPCs,  Node 2: Medium Risk for PPCs,   Node 3: High 
Risk for PPCs) 
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4. DISCUSSION

We have developed an easily applicable scoring system that 
can be used in patients referred to pulmonology clinicss 
for preoperative pulmonary assessment, aiming to identify 
postoperative pulmonary complications. The most frequent 
PPCs were pneumonia, need for supplemental oxygen, 
bronchospasm, atelectasis, and pleural effusion. Consistent with 
previous studies, we demonstrated that patients with pulmonary 
symptoms during the preoperative period have higher rates of 
PPCs [5, 8]. PPCs were more frequently observed in patients with 
preoperative complaints such as cough, sputum, and dyspnea. 
In our study population, history of an upper respiratory tract 
infection in the last one month increased the risk of PPCs. The 
type and duration of surgery were important predictors. As a 
valuable addition to the literature, we identified that the season 
in which surgery takes place is a significant predictor of PPCs.
When analyzing postoperative pulmonary complications, most 
studies have focused on the postoperative 30 days [8, 9], while, 
some have examined the first 3 to 7 days [10-13]. In our study, 
patients were observed for 30 days, and PPCs were categorized 
into two groups: those developing and resolving within the first 
month, and those persisting beyond the 30th day. The reason for 
this is that we consider the first 30 days as the early period and 
the time beyond that as the late (or long-term) complications.
According to our study, having a complaint of cough nearly 
doubles the risk of postoperative pulmonary complications, 
while the presence of dyspnea complaints increases the risk by 
about fourfold. We identified a correlation between the low, 
moderate, and high-risk group assessments in our patient cohort 
and those in the study executed by Canet et al. [5]. Significantly, 
patients categorized as high risk according to the Canet scoring 
exhibited notably elevated complication rates during both the 
acute period and at the end of the first month, in comparison 
to other risk groups. In our study, patients with pulmonary 
comorbidities did not yield significant results regarding 
postoperative pulmonary complications.We believe this is due 
to the small number of patients because, among multifactorial 
studies, the most frequently identified independent risk factor 
is chronic obstructive pulmonary disease [14].In our study, 
patients with malignancies may be considered as more at risk 
for surgery. Silvanus et al., showed that patients with bronchial 
hyperreactivity treated with albuterol and methylprednisolone 
for 5 days had less bronchospasm after intubation [15]. In patients 
experiencing exacerbation of chronic obstructive pulmonary 
disease (COPD), delaying surgery is highly recommended 
[16]. For preoperative preperation, short-acting beta-2 agonists 
may be administered to patients in the preoperative period. 
In our study, a single dose of albuterol and ipratropium was 
recommended preoperatively for patients with a diagnosis 
of asthma or COPD, audible wheezing on examination, and 
havingattacks in the last month. The role of this treatment may 
promote the lack of significance of pulmonary comorbidities in 
terms of PPCs.
In our study, an increase in the risk of PPCs was noticed in 
patients with wheezing. A multifactorial study reported that the 

presence of abnormal findings in respiratory system examination 
(such as decreased breath sounds, crackles or wheezing) is the 
strongest predictor of the risk of PPCs [17]. Due to the limited 
number of studies, the extend of this effect is uncertain. The 
possibility of PPCs occurance is high in individuals who have 
had an upper respiratory tract infection in the last month before 
the operation [18]. In our study, this parameter also assessed as 
significant (p=0.008).
It has been shown that participants who quit smoking in the 
preoperative period can quit at a higher rate and for a longer 
duration compared to those who quit at other times [17]. In the 
perioperative period, smokers have an increased risk of major 
morbidity, including PPCs, and mortality [18, 19]. Consistent 
with the literature, we established the impact of smoking on 
postoperative complications. The risk of PPCs is already lower 
in non-smokers, and it is found to be highest in participants 
who have quit smoking. However, since the information about 
how long patients have been smoke-free was not analyzed, 
clear conclusions cannot be drawn about how the duration of 
smoking cessation before surgery minimizes the risk of PPCs. 
Reviewing the literature, it has been shown that individuals who 
quit less than 2 months ago are the riskiest in terms of PPC. The 
risk of PPCs in those who quit more than 6 months ago is close 
to that of non-smokers [20, 21]. According to the results of the 
study by Warner et al., the smoking cessation period should be 
at least 2 months before surgery to reduce the risk of PPCs [21].
Anemia increases pulmonary complications during the 
perioperative period [22, 23]. Low hemoglobin and hematocrit 
levels were found to be significant for the risk of PPCs in the 
study conducted by Canet et al., and were included in the scoring 
system. In our study, the average Hb was 12.22 g/dL (p=0.044), 
which was considered as significant.
Smetana et al., conducted a systematic review that examined 14 
studies evaluating the ability of spirometry to predict the risk of 
PPCs [23-31]. In one study, among 22 patients with abnormal 
spirometric results, PPCs was observed in 6 (27%), while 
among 100 patients with normal spirometry results, PPCs has 
developed in 16 (16%) [25]. In 3 out of 4 studies examining mean 
FEV1 values and 3 out of 3 studies examining mean FVC values, 
lower FEV1 and FVC values were found in patients with PPCs 
compared to those without PPCs. However, these differences 
were considered as not large enough and were considered as 
differences with low possibility of assisting clinicians in risk 
classification. In our study, spirometric values were not found to 
be essential in predicting PPCs.
At our hospital, chest X-rays are taken for all patients as a standard 
in the preoperative period. Upon reviewing the chest X-rays 
of preoperative patients referred to our department, findings 
were indicated that increased aeration had more postoperative 
symptoms of fever and sputum, and this difference was found 
to be significant (p=0.016, and p=0.004, respectively). However, 
14 out of 18 patients with increased aeration were found to have 
COPD, and the presence of sputum complaints due to COPD 
was an expected finding. Additionally, the effects of anesthesia 
may lead to more sputum due to atelectasis in the postoperative 
period.
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In the systematic review by Joo et al., abnormal findings in 
preoperative chest X-rays were observed to increase with 
age and some other risk factors, but most abnormalities were 
considered as chronic findings[27]. According to the results of 
the study conducted by Smetana et al., preoperative chest X-rays 
are recommended for patients with known cardiopulmonary 
disease, those with abdominal aortic aneurysms, and those over 
50 years old who had thoracic or upper abdominal surgery [32]. 
In our study, routine chest X-rays were found to be useful for 
patients over 60 years old due to the observed increase in the 
risk of PPCs in this age group.
In a systematic review, postoperative pulmonary complication 
rates were analised for upper abdominal, lower abdominal, and 
any abdominal surgery from 43 studies; these rates were 19.7%, 
7.7%, and 14.2%, respectively [32]. In our study, participants 
were categorized into upper abdominal, thoracic, and other 
surgeries. It was detected that upper abdominal surgeries had 
significantly the highest risk of PPCs (p≤ 0.001). Due to the 
limited number of patients, the risk for thoracic surgery may 
not be precisely assessed. Cardiac surgeries were excluded from 
the study due to the high cardiopulmonary risk, and abdominal 
surgery was identified as having the highest risk score for PPCs 
in our study. Another important parameter in our study was 
the duration of surgery. As the surgical duration increased, 
a development of pleural effusion, oxygen requirement, and 
atelectasis was observed.
Pulmonary embolism is a serious complication that can 
develop in the postoperative period due to patients remaining 
immobilized for extended periods and not receiving effective 
prophylactic anticoagulant therapy. However, in our study, 
postoperative pulmonary embolism was not detected in any of the 
patients. This finding can be explained by the early mobilization 
of patients and the timely and appropriate administration of 
prophylactic anticoagulant therapy. Additionally, factors such 
as careful assessment of individual risk factors, strict adherence 
to treatment protocols, and the adoption of a multidisciplinary 
approach at our hospital further reinforce this positive outcome.
As an additional finding to the current literature, we identified 
the lowest rate of PPCs in individuals undergoing surgery 
operation in the spring season. In one study by Lapar et al., 
investigating the impact of seasonal variation on postoperative 
consequences in patients with lung cancer undergoing resection 
surgery, the lowest mortality rate was observed in the spring, 
while the complications were most common in the fall [33]. 
In another study by Qingwei Hu et al., conducted on people 
undergoing obesity surgery, more cases of deep vein thrombosis 
and sepsis were observed in winter, but this difference was not 
statistically significant [34]. In our study, the lowest incidence 
of PPCs was observed in spring, while the highest incidence 
was in fall. The possible reasons for this could be the initiation 
of the influenza season or patients undergoing surgery after 
experiencing an upper respiratory tract infection within the 
last month. Alternatively, complication frequency may have 
increased during exacerbation periods of respiratory diseases 
such as COPD or asthma. Similar rates of complications were 

observed in the summer and winter seasons. The protective 
effect of pneumococcal and influenza vaccines could also be a 
significant factor here. The vaccination status of patients was not 
questioned in this study.
One of the limitations of the study was inclusion of small 
number of patients and its single-center design. Additionally, 
a group of patients with high PPCs risk scores according to 
the Canet scoring system, were not operated on because of the 
surgeon’s desicion. Our scoring system may not be capable of 
evaluating severely ill patients. It was not possible to determine 
the incidence of PPCs in patients undergoing thoracic surgery, 
as only a limited number of these patients were referred to 
the Pulmonology Department for preoperative evaluation. 
Because the preoperative evaluations of patients scheduled for 
thoracic surgery are mostly conducted by the thoracic surgeons 
themselves. Cardiac surgeries, which are naturally high-risk 
procedures, were excluded from the study. When considering 
the strengths of the study, it is important that follow-ups were 
conducted via phone calls after patients were discharged from 
the hospital. In other words, without distinguishing how many 
days patients spent in the hospital during the postoperative 
period, symptoms were inquired a via phone calls on the 
30th day after the surgery. The number of female and male 
participants in our study is approximately equal. In comparison 
with the study conducted by Arozullah et al., although, the total 
number of patients in their study is larger, the number of female 
patients was disproportionately fewer[ 8].
In this study, we focused on identification of preoperative risk 
factors for PPCs among patients referred to pulmonology clinics 
for preoperative evaluation. We observed complications within 
30 days and on the 30th day, looked at mortalities on the 90th day 
and we developed separate logistic regression models for each of 
these groups. The models we developed may be useful in future 
studies aiming to decrease PPCs rates. Our study can be useful in 
future research to assess patient-specific and procedure-specific 
risk factors before the operation. Another significant outcome 
of our study is to reveal the importance of seasonal variables in 
determining the timing of elective surgeries. We observed that 
the type and duration of the performed surgery can affect the 
risk, highlighting the importance of respiratory examination 
and pulmonary complaints, as well as the correlation between 
individual-specific risk factors, such as BMI, with PPCs. We 
anticipate that the clinical use of our PPCs risk scoring will lead 
to an increased awareness of the PPCs. Furthermore, we hope 
that researchers can plan future interventions to reduce PPCs 
rates by using the scoring system developed in this study.
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ABSTRACT
Objective: Our study was designed to investigate the effectiveness of adding telerehabilitation (TR) to a home exercise program (HEP) 
in patients with rotator cuff tendinopathy.
Patients and Methods: The study included 45 patients diagnosed with rotator cuff tendinopathy and randomly assigned into two 
groups. The control group was given a HEP, while the study group received the same program supplemented with TR and following the 
intervention, patients’ shoulder joint range of motion (ROM) was assessed with a goniometer, and functionality was evaluated using 
the Western Ontario Rotator Cuff Index (WORC) and the Simple Shoulder Test (SST).
Results: In intra-group assessments, there was a significant decrease in the WORC physical symptoms subscale in the TR group at the 
follow-up assessment (p<0.001), whereas no significant difference was found in the HEP group (p=0.189). Regarding the total SST 
score, an increase was seen in the TR group post-treatment (p<0.001), while no difference was found in the HEP group (p=0.373). 
Upon comparing TR and HEP, including increased active abduction of the right shoulder, as well as active flexion, abduction, and 
external rotation of the left shoulder, that TR group patients had significantly better results than HEP group patients in WORC and 
SST (p=0.007 and p=0.007 respectively).
Conclusion: The results of our study indicate that following a HEP with TR enhances shoulder mobility and functionality more 
effectively than the HEP alone in patients with rotator cuff pathology.
Keywords: Shoulder, Rotator cuff, Tendinopathy, Telerehabilitation, Pain

1. INTRODUCTION

Rotator cuff (RC) syndrome is a common issue that affects 
both young and elderly populations, causing significant pain 
and impaired shoulder functions. This condition is a general 
term encompassing several different disorders, including 
shoulder impingement syndrome, RC tendinitis/tendinosis, and 
subacromial bursitis [1]. The RC consists of four muscles: the 
supraspinatus, infraspinatus, teres minor, and subscapularis. Due 
to its biomechanical properties, blood supply, and its position 
just below the coracoacromial ligament, the supraspinatus 
tendon is the most frequently injured tendon within the RC [2].
Rotator cuff tendinopathy (RCT) is one of the most common 
causes of shoulder pain [3]. Individuals frequently experience 

pain, weakness, and functional limitations [4]. Pain is the most 
commonly reported symptom and is exacerbated during both 
passive and active shoulder flexion [5]. The severity of pain and 
limitations in joint range of motion are key factors in assessing 
a patient’s functional capacity and quality of life [6]. Decreased 
joint range of motion leads to limitations in functional 
activities. Increased restrictions in functional activities and pain 
significantly impact individuals’ working lives, social activities, 
and basic daily living tasks [7].
Physiotherapy focuses on restoring flexibility, mobility, and 
strength in painful shoulders [8]. Conservative treatment 
methods are often preferred as they support tendon healing by 
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positively influencing metabolism, structural and mechanical 
properties [9]. These methods play a crucial role in improving 
patients’ quality of life by restoring shoulder functions. 
Research on monitoring physiotherapy practices through 
telerehabilitation programs is becoming more frequent. 
Telerehabilitation is preferred due to its cost-effectiveness, 
easy accessibility, and time-saving benefits. In the literature, 
telerehabilitation applications are most commonly used for 
neurological and pulmonary diseases [10-13].
With the widespread adoption of telecommunications 
worldwide, the use of telerehabilitation has been increasing in 
various fields. Today, telerehabilitation is preferred in many areas 
such as treatment interventions, monitoring of progression, 
educating families, access to healthcare professionals, patient 
care, and coordination [14]. Despite the increased prevalence 
of telerehabilitation, especially after the pandemic, its use for 
orthopedic conditions has been insufficiently addressed in 
the literature. Numerous sources emphasize the importance of 
exercise for RCT [15-17]. Telerehabilitation could be an option 
for monitoring these exercises. A review of the literature reveals 
that telerehabilitation has not been extensively used for patients 
with shoulder pain. Therefore, this study was designed to 
examine the effectiveness of telerehabilitation in cases of RCT.

2. PATIENTS and METHODS

Study Design

Our study was designed as a randomized controlled trial 
consisting of two groups. The study was conducted at Izmir 
Democracy University Buca Seyfi Demirsoy Training and 
Research Hospital’s Physical Medicine and Rehabilitation Clinic. 
Patients diagnosed with RCT were included in the study. The 
diagnostic algorithm outlined in the “British Elbow and Shoulder 
Society (BESS) guidelines’ diagnostic criteria” was followed 
for diagnosis [15]. Firstly, it was determined whether the pain 
was originating from the shoulder itself or radiating from the 
neck. If the pain was confirmed to be shoulder-related, further 
evaluation was conducted to exclude other common causes 
of shoulder discomfort, such as instability, acromioclavicular 
degeneration, and frozen shoulder. Subsequently, Jobe’s test, 
a critical assessment for identifying rotator cuff pathologies, 
was performed. According to the BESS guidelines, Jobe’s test 
is described as ‘abduction with the thumb down.’ [15,18]. If 
other pathologies were ruled out and Jobe’s test was positive, the 
patient was diagnosed with a rotator cuff tear (RCT). The study 
by Malliaras et al., was used as a reference for determining the 
sample size. It was determined that at least 15 participants were 
required in each group with 82% power [19]. Ethical approval 
for the study was obtained from the Izmir Democracy University 
Non-Interventional Clinical Research Ethics Committee with 
the decision dated March 1, 2023, and numbered 2023/03-
01. The trial protocol has been registered under the number 
NCT06024551. All participants were informed before the study, 
and their voluntary consent was obtained. The randomization 
process was carried out using the randomized.org program.

Participants

Between March 2023 and November 2023, 57 cases diagnosed 
with RCT were screened for participation in our study. A total 
of 45 individuals agreed to participate. The inclusion criteria for 
the study were: being between 18-65 years old, having sufficient 
cooperation to perform the exercises, having access to internet-
connected computer equipment, and having an active e-mail 
account. Individuals with a diagnosed neurological disorder, 
a history of fractures or surgery in the shoulder region, or a 
previous psychiatric diagnosis, those who have used steroid 
medications in the last six months, have a rheumatic disease, 
have a diagnosed oncological condition, or severe cardiovascular 
problem that affect involvement in exercises were excluded. Prior 
use of medication was inquired. Following inclusion in the study, 
patients’ analgesic use was limited to paracetamol. Participants 
were randomized into two groups: the Telerehabilitation Group 
(TRG) and the Home Exercise Program Group (HEPG). After 
excluding participants who could not be reached, those who 
withdrew from the program due to medical issues, or those 
who did not complete the prescribed exercises, the study was 
finalized with 22 participants in the TRG and 23 participants in 
the HEPG (Figure 1).

Figure 1. Design and flow of participants throughout the study

Exercise Intervention

In the HEPG, patients were provided with recommendations 
and exercises based on their shoulder pain conditions. These 
patients were given exercise diaries. Also, the recommendations 
were organized under the subheadings of planned posture/
ergonomics, weight management/lifting techniques, and 
activity/movement, and were explained to the patients in detail. 
These recommendations are shown in detail in Figure 2.
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Figure 2. Advices given to patients in the study

Codman exercises were recommended for managing pain 
during the acute phase of recovery [20]. Isometric and wand 
exercises were implemented subsequent to acute phase. To 
ensure patient comfort and prevent exacerbation of symptoms, 
special attention was given to maintaining a pain level of not 
more than 5 on the Visual Analog Scale (VAS) throughout the 
exercise regimen [21]. Patients were instructed to repeat all 
exercises twice daily, with 10 repetitions per set, every day.
The same exercises and recommendations administered to 
the HEPG were explained and demonstrated to the TRG. In 
addition, participants in the TRG performed the exercises under 
the supervision of an online physiotherapist. Telerehabilitation 
was applied by the same physiotherapist for 20 minutes, 3 days 
a week for 4 weeks. Exercise was arranged according to the pain 
level. It was continued by taking short breaks when necessary. 
During these sessions, mistakes made during the exercises, 
precautions, and additional recommendations were addressed. 
Errors in the exercises were identified and corrected through 
video demonstrations and explanations via online platforms. 
For this follow-up, video communication tools such as Zoom, 
Microsoft Teams, or WhatsApp were used to provide remote 
access.

Assessments

The participant’s age, height, weight, body mass index (BMI), 
disease duration, gender, education level, occupation, dominant 
side, disease duration, and medication use were evaluated and 
recorded in a pre-prepared form. Shoulder range of motion 
(ROM) was measured, and the Western Ontario Rotator Cuff 
Index (WORC) and Simple Shoulder Test (SST) were used to 
assess functional status [22,23].
ROM Measurement: For this measurement, the patient lay 
supine on a stretcher. A 180-degree universal goniometer was 
used for the assessment. The shoulder joint was measured in all 
directions, including active flexion, hyperextension, abduction, 
adduction, internal rotation, and external rotation, for both the 
right and left sides.

Western Ontario Rotator Cuff Index (WORC): The WORC 
was developed to measure the quality of life in patients with 
RCT. The scale consists of five subcategories: physical activities, 
sports/leisure activities, work, lifestyle, and emotions, with a 
total of 21 questions. Each question is in the form of a 100 mm 
visual analog scale. By summing the scores of the 21 items, a 
total score between 0 and 2,100 mm is obtained. A higher score 
indicates a poorer quality of life [19,22].

Simple Shoulder Test (SST): The SST is designed to evaluate 
function and symptoms in patients with shoulder disabilities. It 
contains 12 items related to shoulder function. The questionnaire 
is scored with “Yes” or “No” responses, with a total score ranging 
from 0 to 12. A lower score indicates greater disability [23,24].

Statistical Analysis

The data were analyzed using IBM SPSS Statistics Standard 
Concurrent User V 26 (IBM Corp., Armonk, New York, USA). 
Descriptive statistics were presented as number of units (n), 
percentage (%), mean ± standard deviation (x̄ ± SD), median 
(M), and minimum (min) and maximum (max) values. A Mixed 
Design ANOVA was used to compare the measurements between 
groups. Bonferroni correction was applied for the comparison of 
main effects in the Mixed Design ANOVA analyses. A p-value of 
<0.05 was considered statistically significant.

3. RESULTS

The average age of the participants in the study was 52.26 ± 
9.32 years. The descriptive data obtained from the participants 
are shown in Table I. Baseline values between the groups were 
compared, and only the right shoulder flexion ROM was found 
to be significantly different. Other variables were similar across 
the groups (Table II). No significant differences were observed 
in the intra-group evaluations of active shoulder ROM between 
the pre – and post-exercise assessments in both the TRG and 
HEPG groups. In the functional assessment of the participants, 
a significant difference was observed only in the “Work” sub-
parameter of WORC in the HEPG group, while all functional data 
(WORC and SST) showed statistically significant improvements 
in the TRG. Upon comparing the ROM between the groups, the 
TRG exhibited significantly greater ROM in flexion, abduction, 
and external rotation than the HEPG. Additionally, in the 
functional assessments using the WORC and SST, the TRG 
demonstrated statistically significant superiority over the HEPG 
across all parameters. (Table III) (Figure 3).
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Figure 3. Changes in functional status biomarkers in groups

Table I.Comparison of the demographic characteristics of the participants 
by groups

Groups Test Statistics
Telerehabilitation  Home 

Exercises
Test Value p-Value

Gender, n (%)
Female
Male

13 (86.7)

2 (13.3)

17 (89.5)

2 (10.5)
0.064 0.801‡

Age
M (min-max) 54 (21-63) 55 (34-65)

0.678 0.515†

Height, (cm)
M (min-max) 159 (150-178) 158 (150-188)

0.122 0.918†

Weight, (kg)
x̄ ±ss 80.06±12.57 72.57±16.95

1.426 0.163¥

BMI, (kg/m2)
x̄  ±ss 31.18±4.34 27.81±4.96

2.076 0.046¥

Education, 
n (%)
Primary School

Middle School

High School

Undergraduate

Postgraduate

7 (46.7)

4 (26.7)

2 (13.3)

1 (6.7)

1 (6.7)

10 (52.6)

1 (5.3)

6 (31.6)

2 (10.5)

0 (0.0)

5.007 0.285‡

Occupation, 
n (%)
Housewife
Civil Servant
Other

7 (46.7)
1 (6.7)

7 (46.7)

11 (57.9)
0 (0.0)

8 (42.1)

1.461 0.606‡

Dominant 
Side, n (%)
Right
Left

13 (86.7)
2 (13.3)

18 (94.7)
1 (5.3)

0.697 0.571‡

Duration of 
Illness
M (min-max) 12 (2-120) 4 (1-72)

1.471 0.141†

Affected Side
Right
Left
Bilateral

4 (26.7)
4 (26.7)
7 (46.7)

5 (26.3)
5 (26.3)
9 (47.4)

0,002 0,999‡

Prior use of 
Medication, 
n (%)
None
Yes

10 (66.7)
5 (33.3)

12 (632)
7 (36.8)

0.045 0.832‡

†Mann-Whitney U Test, ¥: Independent Samples t-Test, ‡: Pearson Chi-Square Test

Table II. Comparison of baseline data of the participants

Variables TRG (15) HEPG (19) p
Shoulder Joint Active ROM 
 Right Flexion

 Right HE

 Right ABD

 Right ADD

 Right IR

 Right ER

 Left Flexion

 Left HE

 Left ABD

 Left ADD

 Left IR

 Left ER

177.0±6.49

41.0±8.49

171.0±16.27

45.0±0.0

86.0±9.10

87.33±7.98

170.0±15.11

40.33±8.12

155.33±34.40

42.66±6.77

83.66±8.95

78.0±17.40

167.36±17.10

36.57±12.58

158.94±27.86

43.15±6.91

83.68±10.52

76.84±18.57

162.89±19.24

41.84±8.20

142.36±33.59

43.15±8.20

79.73±14.85

63.68±26.23

0.048

0.253

0.148

0.311

0.504

0.050

0.250

0.596

0.277

0.853

0.374

0.078
Functional Assessment

-WORC:

 Physical Symptoms 

 Sports/Leisure

 Work

 Lifestyle

 Emotions

 WORC Total

-SST (Simple Shoulder 
Test)

33.06±10.56

26.95±8.17

29.10±7.32

24.94±11.83

20.30±8.53

134.36±40.98

5.06±3.01

34.83±12.52

27.02±9.69

28.58±8.68

25.66±11.37

21.40±7.53

137.52±45.02

4.52±3.32

0.665

0.892

0.857

0.858

0.691

0.834

0.627

TRG: Telerehabilitation Group, HEPG: Home Exercise Program Group, ROM: 
Range of motion, HE: Hyperextension, ABD: Abduction, ADD: Adduction, IR: 
Internal rotation, ER: External rotation, WORC: Western Ontario Rotator Cuff 
Index, SST: Simple Shoulder Test
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4. DISCUSSION

This study aimed to examine the effectiveness of telerehabilitation 
in cases of RCT. Our findings indicated that following a HEP 
with telerehabilitation support had a positive impact on shoulder 
ROM and functionality in patients with RCT.
Due to the pandemic and economic challenges, the use of 
digital devices has increased across various fields. As the use 
of digital devices has expanded, telerehabilitation has emerged 
as a promising option for medical interventions in recent years 
[25]. Telerehabilitation refers to the delivery of rehabilitation 
services remotely using communication tools [26]. In the field of 
rehabilitation, it is used for treatment interventions, monitoring 
disease progression, and educating family members/caregivers 

and healthcare professionals [14]. We aimed to investigate 
whether telerehabilitation, which has become widespread in 
recent years, would be effective in following the HEP of patients 
with shoulder pain.
A review of the literature shows that telerehabilitation is used for 
therapeutic purposes in many fields. For example, in a study by 
Eftekhari et al., the effects of telerehabilitation-based exercises 
were examined in elderly individuals with thoracic hyperkyphosis 
[27]. The study demonstrated that telerehabilitation improved 
quality of life and postural reactions. Similarly, Cramer et al., 
found that telerehabilitation facilitated social support and 
communication for patients [28]. In another study, the effects 
of telerehabilitation and home-based video exercises on muscle 
strength and functional capacity were investigated in patients 

Table  III. Comparison of Intra-group and Inter-group Data of the Participants
Variables TRG (15) HEPG (19) p

Pre-Treatment Post-Treatment p Pre-Treatment Post-Treatment p
Shoulder Joint Active ROM

 Right Flexion

 Right HE

 Right ABD

 Right ADD

 Right IR

 Right ER

 Left Flexion

 Left HE

 Left ABD

 Left ADD

 Left IR

 Left ER

177.0±6.49

41.0±8.49

171.0±16.27

45.0±0.0

86.0±9.10

87.33±7.98

170.0±15.11

40.33±8.12

155.33±34.40

42.66±6.77

83.66±8.95

78.0±17.40

179.33±2.58

39.33±12.93

176.66±12.90

45.0±0.0

88.0±5.60

87.66±6.22

176.66±7.94

44.33±7.52

169.33±24.04

45.0±0.0

87.33±4.95

81.33±21.33

0.474

0.541

0.390

0.999

0.548

0.911

0.156

0.123

0.117

0.122

0.220

0.208

167.36±17.10

36.57±12.58

158.94±27.86

43.15±6.91

83.68±10.52

76.84±18.57

162.89±19.24 
41.84±8.20

142.36±33.59 
43.15±8.20

79.73±14.85

63.68±26.23

167.63±16.19

38.15±10.69

151.84±37.82

42.63±5.10

81.31±15.26

78.68±12.01

162.63±20.77

41.84±11.20

142.10±38.52

44.47±3.68

79.73±18.89

65.0±24.03

0.927

0.514

0.228

0.667 
0.424

0.488

0.949

0.999

0.973

0.321

0.999

0.572

0.009

0.774

0.021

0.083

0.118

0.013

0.019

0.466

0.023

0.585

0.140

0.047
Functional Assessment

-WORC:

 Physical Symptoms 

 Sports/Leisure

 Work

 Lifestyle

 Emotions

 WORC Total

-SST (Simple Shoulder Test)

33.06±10.56

26.95±8.17

29.10±7.32

24.94±11.83

20.30±8.53

134.36±40.98

5.06±3.01

19.19±13.10

14.67±8.49

14.24±8.51

12.79±11.40

12.33±9.53

73.24±44.82

8.33±2.69

<0.001 
<0.001 
<0.001 
<0.001   
0.002

<0.001

<0.001

34.83±12.52

27.02±9.69

28.58±8.68

25.66±11.37

21.40±7.53

137.52±45.02

4.52±3.32

30.66±12.16

23.46±9.84

22.80±9.03

21.82±10.31

18.88±7.57

117.63±43.98

5.10±3.64

0.189

0.060

0.011

0.077

0.237

0.373

0.373

0.013

0.010

0.008

0.021

0.033

0.007

0.007
TRG: Telerehabilitation Group, HEPG: Home Exercise Program Group, ROM: Range of motion, HE: Hyperextension, ABD: Abduction, ADD: Adduction, IR: Internal 
rotation, ER: External rotation, WORC: Western Ontario Rotator Cuff Indeks, SST: Simple Shoulder Test
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with Duchenne Muscular Dystrophy. While patients in the 
telerehabilitation group participated in online exercises under 
the supervision of a physiotherapist, those in the video exercise 
group followed pre-recorded exercise videos. It was noted that 
the telerehabilitation group had higher participation rates and 
greater joint range of motion improvements. Participants and 
caregivers highlighted the advantages of telerehabilitation, such 
as ease of access and reduced infection risk [29]. In a study by 
Rodríguez et al., telerehabilitation was used to deliver HEPs, 
education, and self-care recommendations to patients with 
rheumatoid arthritis via the CareHand platform. They reported 
that the CareHand application yielded successful outcomes in 
terms of hand function, pain reduction, work performance, and 
overall satisfaction [30]. Similar to these studies, the results of 
our research showed that telerehabilitation provided successful 
results for shoulder joint range of motion and functional status 
in RCT patients.
Cox et al., conducted a systematic review in 2021 on 
telerehabilitation for individuals with chronic respiratory 
diseases. The study found significant improvements in 
dyspnea and exercise capacity in both the telerehabilitation 
and center-based pulmonary rehabilitation groups by the 
end of the rehabilitation period. Participation rates were 97% 
for the telerehabilitation program and 96% for the center-
based rehabilitation program [28,31]. In 2023, Tore et al., 
examined the effectiveness of telerehabilitation in patients 
with knee osteoarthritis. Their study, which followed a HEP 
through telerehabilitation, demonstrated the effectiveness of 
telerehabilitation in managing the condition [32].
Although, there are numerous studies in literature involving 
telerehabilitation, it has been observed that telerehabilitation 
is not commonly preferred for shoulder-related pathologies. 
Therefore, our study was designed to focus on RCT, the most 
frequently occurring shoulder pathology. The treatment of 
patients with RCT is typically managed through medical 
interventions and HEPs. If pain persists, physical therapy is 
initiated. However, it is often unclear how consistently patients 
follow the HEP or how correctly they perform the exercises. It 
is possible that if the exercises are monitored more closely, the 
recovery rate could be more successful. Based on this hypothesis, 
our research was planned to monitor home exercise programs 
through telerehabilitation.
In a study similar to ours, Pastora-Bernal compared 
telerehabilitation with in-clinic rehabilitation for patients who 
had undergone arthroscopic subacromial decompression. It 
was observed that both groups had similar recovery rates. 
The comparable results of the two approaches suggested that 
telerehabilitation was well accepted by both physiotherapists 
and patients, with the added advantages of flexibility in terms 
of time and location [33]. Malliaras et al., also noted that 
patients with shoulder conditions showed ease in adapting to 
telerehabilitation programs [19]. Although these studies were 
planned on the shoulder, Pastora-Bernal et al., did not use 
shoulder-specific questionnaires in their study. In addition, 
both Malliaras et al., and Pastora-Bernal et al., did not evaluate 
the shoulder joint range of motion in their studies [19,33]. In 

this respect, we think that our study is important in terms of 
evaluating shoulder joint range of motion and functional status.
The strengths of our study include, to the best of our knowledge, 
being the first in the literature to evaluate the impact of a 
telerehabilitation on shoulder range of motion. Our study is 
the first to evaluate the effect of supervising a HEP through 
telerehabilitation. We believe that this approach will also serve 
as a pioneer in the follow-up of home-based exercise programs 
administered to patients via telerehabilitation. Our study also 
revealed that telerehabilitation enhanced patient motivation 
and contributed to more consistent adherence to their exercise 
routines. Therefore, we think HEPs are a promising option 
for patients when the advantages of remote follow-up are 
considered.
Despite the important findings of our study, it has certain 
limitations. One notable limitation is the short duration of the 
follow-up period. A longer follow-up could provide further 
insights into the long-term benefits of telerehabilitation in 
patients with rotator cuff syndrome. The second limitation 
pertains to the lack of blinding of participants. Patients may 
have pre-existing expectations about the effectiveness of 
telerehabilitation, influencing their outcomes. Finally, the 
majority of participants in the study were female, which may 
affect the generalizability of the findings.
In future studies, it may be important to investigate the 
effectiveness of telerehabilitation in different age groups and 
populations with different pathologies, especially those who 
have difficulty leaving home and have problems reaching 
a health institution, such as children or elderly people. In 
addition, the long-term effects of regular and controlled home 
exercise programs combined with telerehabilitation can be 
investigated. It is thought that it is important to spread such 
studies to integrate technological devices into therapies that 
are becoming more prevalent in the health field and to increase 
remote interventions.

Conclusion

As a result of our study, it was observed that monitoring 
HEPs for shoulder patients through telerehabilitation by a 
specialist improved joint range of motion and functionality. 
Telerehabilitation can be considered a preferable method due 
to its cost-effectiveness and its flexibility in terms of time and 
location.
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ABSTRACT
Objective: Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous system characterised by demyelination. 
The aim of this study was to evaluate the neuroprotective effects of Korean ginseng root extract (KGE) using a cuprizone-induced 
demyelination model.
Materials and Methods: C57BL/6 mice were divided into control, demyelination and remyelination groups and each group was 
treated with KGE. Demyelination was induced with 0.2% cuprizone in the diet for four weeks. KGE (100 mg/kg) was administered 
by gavage during or after the cuprizone exposure. Body weight, food and water intake, and motor performance parameters were 
investigated. In addition, glutathione (GSH), glutathione-S-transferase (GST), superoxide dismutase (SOD) malondialdehyde (MDA), 
oligodendrocyte transcription factor-2 (OLIG2) and myelin basic protein (MBP) levels were measured in brain samples, while MBP 
and glial fibrillary acidic protein (GFAP) expression was assessed by immunohistochemistry and myelin status was examined using 
Luxol Fast Blue staining.
Results: Korean ginseng root extract prevented myelin loss, promoted remyelination, and improved motor performance. It reduced 
oxidative stress by increasing GSH, GST, and SOD levels while decreasing MDA. KGE also suppressed demyelination by reducing 
astrogliosis and restoring OLIG2 and MBP levels.
Conclusion: Korean ginseng root extract exhibits neuroprotective properties during demyelination and promotes remyelination, 
highlighting its therapeutic potential for MS.
Keywords: Rotarod, MBP, OLIG2, GFAP, LFB, Demyelination

1. INTRODUCTION

Multiple sclerosis (MS) is a chronic autoimmune disorder of the 
central nervous system (CNS), characterized by inflammation 
and progressive demyelination [1]. These pathological processes 
lead to the development of lesions in both gray and white matter 
[2]. MS is known to be one of the most common causes of 
chronic neurological functional disability, typically appearing 
between the ages of 20 and 40, and occurring twice as frequently 
in women as in men [3]. About 2.5 million people globally 
are affected by this disease, with its incidence and prevalence 
increasing in recent years [4, 5]. The etiology of the disease is 
influenced by more than 100 genetic variants and a range of 

environmental factors. However, the triggering events differ 
between individuals, and the phenotypic consequences of these 
events have not been fully understood [1].
Modern MS therapies focus on targeting the immunological 
mechanisms underlying the disease, aiming to reduce 
neuroinflammation, slow progression, and lower the frequency 
of relapses. Current treatment options include oral medications 
such as dimethyl fumarate, teriflunomide and fingolimod; 
injectable agents such as interferon-β and glatiramer acetate and 
infusion therapies such as natalizumab and mitoxantrone [6]. 
However, the limited effects of current treatments on enhancing 
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myelin regeneration and repairing neuronal damage highlight 
the increasing need for novel therapeutic approaches to facilitate 
remyelination [2, 7]. Therefore, therapeutic approaches designed 
to support myelin sheath repair by increasing the activation 
of oligodendrocyte precursor cells, which both support the 
antioxidant system and repair neuronal damage, have gained 
importance.
Experimental models are critically important for elucidating 
the pathophysiological mechanisms of the disease and 
evaluating potential treatment strategies. The cuprizone model 
is a frequently used experimental MS model that induces 
demyelination by causing oligodendrocyte loss and myelin 
damage in the CNS [8, 9]. According to the studies conducted by 
Hiremath et al., the most prominent demyelination was observed 
in the corpus callosum when the diets of 8-10 week old male 
C57BL/6 mice were supplemented with 0.2% cuprizone for four 
weeks [10]. Cuprizone induces oligodendrocyte degeneration 
through oxidative stress and mitochondrial dysfunction, thereby, 
presenting a pathology similar to the demyelination processes 
observed in MS. The characteristics of cuprizone makes it a 
validated model for studying the demyelination mechanisms 
and assessing potential therapeutic candidates [11].
Korean ginseng, belonging to the Araliaceae family, has been 
traditionally used as a medicinal preparation for over 2,000 
years to treat various neurodegenerative diseases. The main 
active ingredients are called ginsenosides, which are triterpene 
glycosides [12, 13]. Korean ginseng and ginsenosides exhibit 
positive effects on inflammatory [14], cardiovascular [15], 
and neurodegenerative diseases, including Parkinson’s [16], 
Alzheimer’s and Huntington’s diseases [12, 16]. Recent studies 
have shown that Korean ginseng root extract (KGE) exerts 
neuroprotective effects on Huntington-like symptoms by 
regulating the nuclear factor-kappa B signaling pathway and 
microglia activation. In addition, polysaccharide derived from 
Korean ginseng has been shown to ameliorate experimental 
autoimmune encephalomyelitis and promote the elevation 
of regulatory T cells [17,18]. Furthermore, two studies 
conducted parallel to ours indicated that KGE contributes to 
decreased demyelination, enhanced remyelination, and reduced 
inflammatory responses [19, 20]. These findings support the 
curative potential of KGE that may play a beneficial role in the 
treatment of autoimmune diseases like MS.
In this study, our goal was to comprehensively investigate the 
neuroprotective effects of KGE in a cuprizone-associated 
demyelination mouse model. Our study may provide evidence 
supporting the potential therapeutic application of KGE in the 
treatment of MS.

2. MATERIALS and METHODS

Experimental animals and conditions
Eight-week-old (15–25 g) C57BL/6 male and female mice were 
used. The animals were obtained from the Experimental Animal 
Research Unit (DEHAL) of Medeniyet University and housed in 
accordance to the international ethical standards. Following a 
one-week adaptation period before the experiments, a 12-hour 

light/12-hour dark cycle, a constant temperature of 22 ± 2 °C, 
and appropriate humidity conditions were maintained. All 
animals were provided with ad libitum access to designated 
feed and drinking water. We confirm that we have reviewed 
the journal’s ethical publication policies and that this report 
complies with these guidelines. This study received approval 
from the Marmara University, Experimental Animals Local 
Ethics Committee. (approval number: 23-2023mar, date. 9 May, 
2023).

Cuprizone administration and experimental design

A diet containing 0.2% (w/w) cuprizone was prepared 
according to widely accepted protocols in the literature for use 
in the experiment. Standard pellet rat feed was ground into a 
fine powder with a food processor, and 0.2% (w/w) cuprizone 
powder (Sigma-C9012) was uniformly added. The mixture was 
turned into a dough-like consistency with sterile distilled water, 
reformed into pellet shape, and stabilized by drying in an oven at 
low temperature <60 °C [21]. KGE was obtained from Casel İlaç 
Sanayi A.Ş. (Istanbul, Turkiye) and dissolved in distilled water.
To evaluate the potential effects of KGE during the demyelination 
and remyelination stages, a total of 52 C57BL/6 male and female 
mice were divided into six main experimental groups. Each 
group was further divided into male and female subgroups, 
creating a total of twelve subgroups. Three females and three 
males were in the control subgroups, while five females and five 
males were in the experimental subgroups.
In the experiment, the mice in the control group were given a 
standard diet for four weeks, while the Control+KGE group was 
given a standard diet with 100 mg/kg KGE (i.g) for the same 
period. To induce demyelination, the DM group was given a 
0.2% cuprizone diet for four weeks, while the DM+KGE group 
received the same diet with 100 mg/kg KGE (i.g) treatment. 
During the remyelination stage, the RM group was switched 
to a standard diet for two weeks after a cuprizone diet for four 
weeks, while the RM+KGE group received an additional 100 
mg/kg KGE (i.g) treatment during this period. We determined 
the dose of 100 mg/kg KGE based on the study by Zhu et al., 
which reported significant neuroprotective effects in a vascular 
dementia rat model using this concentration [22].

Rotarod Test

Following the conclusion of the experiment, a rotarod apparatus 
was used to assess the motor coordination and locomotor activity 
of the mice. The rotarod test is widely used to quantitatively 
assess the effects of CNS injuries, neurodegenerative diseases, 
and drug treatments on motor functions. This apparatus 
consists of a rotating rod with a gradually increasing speed 
over a predefined time interval. Each mouse underwent a short 
training and adaptation session before the test and was then 
placed on a rotarod at a low speed. The speed of the rod was 
gradually increased from 4 to 40 rpm over a 5-minute period 
using an accelerating protocol. The time the mice remained on 
the rod before falling (latency to fall) was recorded as the primary 
performance measure using an automatic timer. Each animal 
was subjected to the test three times, and the average latency 
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to fall from three independent trials was used for evaluation to 
minimize individual variation [23, 24].

Biochemical and molecular analyses

Under light ether anesthesia, brain tissues were collected from 
decapitated mice. Brain samples were homogenized in phosphate 
buffered saline (PBS) solution (pH 7.4) at 10% concentration. 
Homogenized tissues were then centrifuged at 4°C to obtain 
the supernatant, which was used for biochemical analyses. To 
preserve enzymatic activities, supernatants were stored in single-
use aliquots and analyzed as soon as possible. All biochemical 
tests were performed following standard protocols, ensuring 
accuracy and reproducibility. Oligodendrocyte transcription 
factor-2 (OLIG2) levels were measured using the Mouse OLIG2 
ELISA Kit (ODC-Lab, Turkiye). Myelin basic protein (MBP) 
levels were determined using the Mouse MBP ELISA Kit 
(Elabscience, E-EL-M0805). Oxidative stress was assessed by 
measuring malondialdehyde (MDA) levels, lipid peroxidation 
(LPO) [25], glutathione (GSH) [26] and glutathione-S-
transferase (GST) [27] levels. Superoxide dismutase (SOD) 
[28] activities were evaluated as an indicator of free radical 
neutralization [29]. For biochemical analyses, tissues from 
multiple animals per group were pooled to obtain sufficient 
sample volume, and statistical analyses were performed on 
group-level data rather than individual animal data.

Histological evaluation

Brain tissues were fixed in 4% paraformaldehyde (in 0.1 M PBS 
pH 7.4) and processed for light microscopic investigations. 
Tissues were embedded in paraffin and coronal brain sections (5 
µm-thick) cut by rotary microtome (Leica RM2155, Germany) 
were stained with 0.1% luxol fast blue (LFB) and cresyl violet 
stain to determine myelin integrity. Finally, sections were 
evaluated under a photomicroscope (Olympus BX51, Tokyo, 
Japan) with a digital camera (Olympus DP72, Tokyo, Japan) 
attachment.
After light microscopic preparation, 5 μm thick coronal brain 
sections taken from paraffin-embedded brain tissue blocks on 
positively charged slides with the help of a microtome (Leica 
RM2125 RTS) were deparaffinized at 37ºC for one night. After 
deparaffinization in xylene, 96% ethanol was applied to the 
sections, followed by suppression of endogenous peroxidase 
activity in the tissue using 3% hydrogen peroxide for 20 minutes. 
Brain tissue sections were protein-blocked (UltraTek Hrp Anti – 
Polyvalent, ScyTek). MBP (E-AB-70266, Elabscience, 1:10,000) 
and glial fibrillary acidic protein (GFAP) (clone GA5, MAB 360, 
Merck Millipore, 1/500) primary antibodies were then added to 
the sections and incubated at +4°C temperature for one night. 
At the end of the incubation period, sections were incubated 
in a biotinylated secondary antibody (UltraTek Hrp Anti-
Polyvalent, ScyTek) for 20 minutes. After washing with PBS 
again, streptavidin peroxidase (UltraTek Hrp Anti-Polyvalent, 
ScyTek) was added and incubated for 20 minutes. Sections 
washed with PBS were treated with 3,3’ – diaminobenzidine 
chromogen (Elabscience E-IR-R101). The sections were washed 
with distilled water, counterstained with Mayer Hematoxylin 

and covered with entellan, and the sections were finally evaluated 
under a computerized photo-light microscope (Olympus BX51, 
Tokyo, Japan) with a CCD camera (Olympus DP 72, Tokyo, 
Japan) attachment and photographs were taken. The MBP 
immunostaining was semi-quantitatively scored as 0: none; 
1: mild staining; 2: moderate staining; 3:severe staining and 
average immunostaining scores for each group were statistically 
analyzed.

Statistical Analyses

GraphPad Prism 9 (GraphPad Software, San Diego, USA) was 
used for all statistical analyses. Data were analyzed using one-
way analysis of variance (One-Way ANOVA) and post-hoc 
Tukey’s test was applied for multiple comparisons. All results are 
expressed as mean ± SEM, and statistical significance was set at 
p < 0.05. This methodology facilitated our statistical comparison 
of demyelination and remyelination processes and allowed us to 
quantitatively evaluate the therapeutic potential of KGE.

3. RESULTS

The data presented in Figure 1 demonstrate that cuprizone 
treatment caused significant weight loss in both sexes compared 
to the control group (p < 0.01 and p < 0.01), DM+KGE groups 
partially alleviated weight loss in male mice (p < 0.05), showing 
a more pronounced recovery trend than in female mice. 
During the RM phase, both male and female mice regained 
significant weight relative to the DM group (p < 0.05 and p < 
0.01, individually), with female mice approaching body weights 
closer to the control group.
Figure 2A highlights food consumption results. The control 
group exhibited normal food consumption throughout the 
experiment. In contrast, the DM group showed a substantial 
decline in food consumption compared to the controls (p < 
0.001). KGE administration in the DM+KGE group significantly 
increased food consumption (p < 0.01). Food consumption in 
the RM group partially approached to that of the controls but was 
not statistically significant and KGE supplementation did not 
significantly alter the food consumption. Figure 2B shows water 
intake results. While the control group maintained consistent 
water intake, the DM group exhibited a pronounced reduction 
in water intake (p < 0.001). Partial recovery in water intake 
was observed with KGE treatment in the DM+KGE group but 
these changes remained limited. KGE treatment demonstrated 
restorative effects, particularly in food consumption, with 
modest improvements in body weight.
In the DM group, GSH levels were dramatically lower compared 
to the control group (p < 0.05 in female mice, p < 0.01 in male 
mice, Figure 3A). The male DM+KGE groups had significantly 
increased GSH levels (p < 0.05), while the increase observed 
in female mice was not statistically significant. In RM+KGE 
groups, GSH levels approached to those in control groups, but 
no meaningful variation was noted. Similarly, GST levels in the 
DM groups pronouncedly decreased compared to the controls 
(p < 0.001, Figure 3B). KGE treatment significantly increased 
GST levels in DM+KGE groups (p < 0.01). In the RM group, 
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GST levels in KGE-treated groups approached control values 
(p < 0.01 in males, p < 0.001 in females), indicating substantial 
recovery in GST activity. As seen in Figure 3C, DM caused a 
significant reduction in SOD activity relative to controls (p < 
0.001). KGE treatment significantly increased SOD activity (p 
< 0.01). While, SOD levels in male in the RM group exhibited 
a notable improvement relative to the DM group (p < 0.01), the 
development in female did not reach statistically significant 
levels. On the other hand, MDA levels markedly increased 
relative to the controls (p < 0.05, Figure 3D). KGE treatment 
significantly reduced MDA levels in male mice (p < 0.05), while 
the reduction observed in female mice was not statistically 
significant. MDA levels in the RM group in KGE-treated male 
mice approached control levels (p < 0.01), but no statistically 
notable decrease was observed in female mice.
In the DM groups, MBP levels presented a significant reduction 
compared to the control group (p < 0.001, Figure 4A in both 
male and female mice). In female mice, KGE treatment partially 
prevented MBP loss compared to the DM group (p < 0.01), 
while in male mice, KGE treatment pronouncedly increased 
MBP levels (p < 0.01). In the RM group, female mice exhibited 
a notable increase in MBP levels compared to the DM group 
(p < 0.001), whereas no meaningful variation in MBP levels 
was observed between the DM and RM groups in male mice. 

However, an important difference in MBP levels was found 
between the RM and RM+KGE groups in male mice (p < 0.05). 
Overall, changes in MBP levels followed a similar pattern in 
both sexes, but MBP recovery was observed to occur more 
rapidly in female mice. As seen in Figure 4B, in female mice, a 
significant reduction in OLIG2 levels was detected in the DM 
group compared to the control group (p < 0.05), while a partial 
increase, though not statistically significant, was noted after 
KGE treatment. In the RM group, OLIG2 levels were very close 
to the control group. In male mice, the decrease in OLIG2 levels 
was more pronounced than in females (p < 0.001), and KGE 
treatment resulted in a significant improvement (p < 0.05). KGE 
treatment did not show a significant effect on OLIG2 levels in 
the RM+KGE groups in both genders.
As seen in Figure 5, cuprizone significantly worsened motor 
performance in both genders (p < 0.001). KGE treatment 
significantly improved impaired motor performance in the 
DM group (p < 0.01). Motor performance approached control 
values in the RM group (p < 0.001), but KGE showed a limited 
contribution in the RM+KGE group. There was no statistically 
significant difference in motor performance between genders, 
and the effects of KGE were similar in both genders.
As seen in Figure 6, LFB staining in the experimental groups 
revealed a decrease in the myelinated areas of the corpus 

Figure 1. The effects of cuprizone administration and KGE treatment on body weight in female, and male mice. Bars represent the mean ± SEM. Sample 
sizes per group: Control and Control+KGE groups (n=3 per sex); DM, DM+KGE, RM and RM+KGE groups (n=5 per sex). *: p<0.05, **: p<0.01: vs control 
groups. +: p<0.05: vs DM group. λ : p<0.05, λλ: p<0.01: vs DM group. KGE, Korean Ginseng Root Extract.

Figure 2. The effects of cuprizone administration and KGE treatment on A) food consumption, and B) water intake in mice. Bars represent the mean ± 
SEM. Sample sizes per group: Control and Control+KGE groups (n=3 per sex, total n=6); DM, DM+KGE, RM and RM+KGE groups (n=5 per sex, total 
n=10 per group). ***: p<0.001: vs control groups. ++: p<0.01: vs DM group. KGE, Korean Ginseng Root Extract.
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Figure 3. Effects of cuprizone administration and KGE treatment on antioxidant enzyme activities: A) GSH, B) GST, C) SOD, and D) MDA levels in 
brain tissue. Bars represent the mean ± SEM from pooled samples (each sample represents tissues from 3 animals per sex in the Control and Control+KGE 
groups, and 5 animals per sex in DM, DM+KGE, RM and RM+KGE groups). * : p<0.05, ***: p<0.001: vs control groups. + : p<0.05, ++: p<0.01: vs DM 
group. λλ: p<0.01: vs DM group. GSH, Glutathione; GST, Glutathione S-transferase; SOD, Superoxide Dismutase; MDA, Malondialdehyde; KGE, Korean 
Ginseng Root Extract.
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callosum in the DM and RM groups compared to the controls 
(Figure 6 A, B, C, D). On the other hand, KGE administration 
slightly increased myelinated areas in the corpus callosum of 
mice DM+KGE and RM+KGE groups showed slightly increased 
myelinated areas in the corpus callosum compared to the DM 
and RM groups (Figure 6 E, F).
In the corpus callosum region of cuprizone administered mice 
immunostained with MBP (DM group, Figure 7C), MBP-positive 

immunostaining were observed to be decreased when compared 
to that of the control group (Figure 7A). On the other hand, an 
increase in the immunostaining with MBP was observed in the 
DM+KGE (Figure 7D) and RM+KGE (Figure 7F) groups when 
compared to the DM and RM (Figure 7E) groups, respectively.

As presented in Figure 8, MBP semiquantitative scoring revealed 
that there was a considerable reduction in the DM group (p < 

Figure 4. Effects of cuprizone administration and KGE treatment on A) MBP and B) OLIG2 levels in brain tissue. Bars represent the mean ± SEM from 
pooled samples (each sample represents tissues from 3 animals per sex in the Control and Control+KGE groups, and 5 animals per sex in DM, DM+KGE, 
RM and RM+KGE groups). ***: p<0.001: vs control groups. ++: p<0.01: vs DM group. λ: p<0.05, λλ: p<0.01: vs DM group. MBP, Myelin Basic Protein; 
OLIG2, Oligodendrocyte Transcription Factor 2; KGE, Korean Ginseng Root Extract.

Figure 5. Effects of cuprizone administration and KGE treatment on Rotarod performance. Bars represent the mean ± SEM. Sample sizes per group: 
Control and Control+KGE groups (n=3 per sex); DM, DM+KGE, RM and RM+KGE groups (n=5 per sex). ***: p<0.001: vs control groups. ++: p<0.01: 
vs DM group. λλλ: p<0.001: vs DM group KGE, Korean Ginseng Root Extract.
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0.001), while KGE treatment notably increased the MBP staining 
in the DM+KGE and RM+KGE groups (p < 0.01).
Compared to the control groups (Figure 9A, B), an increase 
in GFAP expression was observed in the hippocampal dentate 
gyrus regions of the mice in the DM group (Figure 9C). In 
the DM+KGE (Figure 9D) and RM+KGE groups (Figure 9F), 

a decrease in GFAP immunoexpression was identified relative 
to the DM group (Figure 9C) and RM (Figure 9E) groups, 
respectively.

Figure 6. Representative photomicrographs of LFB staining in the corpus callosum region of experimental animals. A) Control pellet, B) Control pellet + 
KGE, C) DM, D) DM+KGE, E) RM and F) RM+KGE. Scale bars = 50 μm. Images are representative of Control and Control+KGE groups (n=3 per sex, 
total n=6); DM, DM+KGE, RM, and RM+KGE groups (n=5 per sex, total n=10 per group). LFB, Luxol Fast Blue; KGE, Korean Ginseng Root Extract.
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Figure 7. Representative photomicrographs of MBP immunohistochemistry in the corpus callosum regionA) Control pellet, B) Control pellet + KGE, C) 
DM, D) DM+KGE, E) RM and F) RM+KGE. Images are representative of Control and Control+KGE groups (n=3 per sex, total n=6); DM, DM+KGE, 
RM, and RM+KGE groups (n=5 per sex, total n=10 per group). Scale bar = 20 μm. MBP, Myelin Basic Protein; KGE, Korean Ginseng Root Extract.

Figure 8. Immunohistochemistry scoring analysis of MBP immunoreactive area levels in the corpus callosum. Bars represent the mean ± SEM. Sample 
sizes per group: Control and Control+KGE groups (n=3 per sex, total n=6); DM, DM+KGE, and RM groups (n=5 per sex, total n=10 per group). ***: 
p<0.001: vs control groups. ++: p<0.01: vs DM group. λλλ: p<0.001: vs DM group. MBP, Myelin Basic Protein; KGE, Korean Ginseng Root Extract.



166
http://doi.org/10.5472/marumj.1708769
Marmara Med J 2025;38(2): 158-170

Marmara Medical Journal

Korean ginseng and multiple sclerosis Original Article
Donmez et al.

4. DISCUSSION

In this study, we assessed the potential neuroprotective effects 
and sex-specific differences of KGE during cuprizone-induced 
DM and subsequent RM phases in C57BL/6 mice. The results 
showed that KGE has the ability to reverse DM processes and 
promote RM processes. This is consistent with the established 
literature on the antioxidant and neuroprotective effects of KGE, 
and our study further strengthens its role in neuroprotection 

mechanisms. In addition to the toxic effects of cuprizone on CNS 
demyelination, it is known to cause significant impairments in 
energy and appetite mechanisms [8]. As illustrated in Figure 
1, administration of cuprizone in the DM group led to weight 
loss in both male and female mice. However, weight loss was 
more pronounced in females, indicating that the toxic effects 
of cuprizone on the CNS may impair energy metabolism more 
severely in females. This situation is consistent with literature 
that cuprizone disrupts energy metabolism and appetite 

Figure 9. Representative photomicrographs of GFAP immunohistochemistry in the hippocampal dentate gyrus region. A) Control pellet, B) Control pellet 
+ KGE, C) DM, D) DM+KGE, E) RM and F) RM+KGE. Images are representative of Control and Control+KGE groups (n=3 per sex, total n=6); DM, 
DM+KGE, RM, and RM+KGE groups (n=5 per sex, total n=10 per group). Scale bar = 20 μm. GFAP, Glial Fibrillary Acidic Protein; KGE, Korean Ginseng 
Extract.
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mechanisms. [10, 30]. KGE treatment significantly increased 
body weight in the female DM group, approaching control levels. 
Furthermore, it showed that KGE reduces the cachectic effects 
of cuprizone and promotes weight gain. However, in the male 
DM group, KGE did not lead to significant improvement and 
body weight did not approach control levels. This indicates that 
the effects of KGE on energy metabolism may differ between the 
sexes. In the RM group, body weight almost returned to control 
levels through natural RM processes, and when KGE was added 
in the RM+KGE group the change in body weight was minimal. 
In short, the toxic effects of cuprizone on the CNS disrupted 
energy and appetite mechanisms, causing weight loss, and this 
weight loss was more substantial in female mice.
As seen in Figure 2A, the toxic effects of cuprizone in the DM 
group resulted in a significant reduction in food consumption. 
This is consistent with literature suggesting that cuprizone 
suppresses appetite mechanisms and creates a cachectic state 
[30]. In the RM group, although, food consumption levels did 
not approach control levels, mice tended to gain weight. When 
food consumption data were compared, there was a two-week 
difference in the six-week follow-up period of the RM group 
compared to the four-week follow-up period of the DM and 
control groups. We expected a similar increase in weight gain 
to be accompanied by a parallel increase in food consumption. 
However, we did not observe a corresponding increase in food 
consumption. This suggests that the RM phase compensates for 
the cachectic state caused by cuprizone toxicity. Furthermore, we 
found that KGE did not significantly affect body weight or food 
consumption in the RM+KGE groups. In addition, water intake 
parameters shown in Figure 2B also decreased in parallel with 
food consumption and did not show a statistically significant 
increase with the addition of KGE. These changes in water 
intake were consistent with food consumption and reflected the 
general health status of the mice. In short, the cachectic state 
induced by cuprizone led to decreased food and water intake 
and weight loss, while the RM process partially attenuated 
these effects. KGE administration contributed minimally to the 
improvement of metabolic parameters.
Cuprizone is known to trigger the DM process in the CNS by 
triggering oxidative stress, neuroinflammation, and imbalances 
in energy metabolism [31]. GSH plays a critical role in 
maintaining cellular redox balance against the harmful effects of 
ROS. Disruption of this balance by cuprizone is known to lead 
to oligodendrocyte apoptosis and damage to the myelin sheath 
[32]. As shown in Figure 3A, GSH levels were significantly 
reduced in the DM group cpmpared to the control group. KGE 
treatment brought GSH levels close to control levels in the 
DM+KGE group. This effect may be related to the ginsenoside 
content of KGE, which increases GSH levels through the nuclear 
factor erythroid 2-related factor 2 (Nrf2) signaling pathway 
[33]. This increase highlights the protective role of KGE. We 
observed a more significant decrease in GSH levels in male 
DM groups compared to females. In male groups with KGE 
treatment, GSH levels reached levels close to control levels 
and these changes were not statistically significant in females. 
These findings suggest that female mice may be more resistant 

to cuprizone-induced oxidative stress and that KGE may have 
a more limited effect in females. GST is an important enzyme 
responsible for detoxifying toxic intermediates of ROS. As we 
show in Figure 3B, GST levels were considerably reduced in the 
DM group, while KGE treatment reversed this decrease. The 
increase in GST levels with KGE treatment is associated with the 
ability of ginsenosides to support antioxidant defense systems 
and improve cellular stress response. These findings suggest that 
KGE contributes to the restoration of detoxification capacity 
during the remyelination process. These data are consistent with 
the literature showing that ginsenosides promote the expression 
of detoxification enzymes such as GST by activating the Nrf2 
signaling pathway [34]. We also observed that GST levels were 
suppressed in mice of both sexes and that KGE treatment 
alleviated these adverse effects. SOD is an antioxidant enzyme 
that plays an important role in protecting against oxidative stress 
by converting superoxide anions into nontoxic molecules [35]. 
As we show in Figure 3C, SOD activity in the DM group was 
significantly reduced compared to the control. Although, the 
RM process provided a significant recovery of SOD activity, 
KGE treatment further enhanced this recovery. This effect of 
KGE can be explained by its ability to restore ROS balance, 
thus supporting the efficient use of energy and structural 
components by oligodendrocytes [36, 37]. SOD activity was 
generally similar between the male and female groups. However, 
in the female RM group, SOD levels were close to control values 
even in the absence of KGE treatment. This finding suggests a 
more effective RM process and reduced oxidative stress load in 
the RM group. MDA, a by product of lipid peroxidation, is used 
as a biomarker to assess LPO levels. As shown in Figure 3D, DM 
group had increased LPO levels, while the RM process partially 
reduced this increase. KGE treatment reduced LPO levels in the 
DM+KGE and RM+KGE groups, alleviating oxidative damage. 
It is known that cuprizone disrupts the structural integrity of 
the cell membrane, causing formation of lipid radicals, leading 
to myelin sheath destruction, and our findings are parallel to 
the literature [32]. We also observed that the increase in LPO 
levels induced by cuprizone in male mice was more pronounced 
compared to female mice, and the suppressive effect of KGE 
on this increase was stronger. We can explain the differences 
based on female sex by the fact that female sex hormones, such 
as estrogen, play a protective role against oxidative stress by 
supporting antioxidant defense mechanisms [38, 39].
MBP is an essential protein synthesized by oligodendrocytes in 
the CNS and plays a critical role in maintaining the structural 
integrity of the myelin sheath [40]. As we show in Figure 4A, 
cuprizone triggered a significant reduction in MBP levels 
in both male and female mice, consistent with the literature 
[41-43]. This decrease is associated with perturbations in 
oligodendrocyte metabolism, ROS accumulation, and activation 
of neuroinflammatory processes. This process disrupts the 
structural integrity of the myelin sheath in the CNS, resulting in 
MS-like neurological dysfunction. In the RM group, MBP levels 
were significantly reduced in female mice, approaching control 
levels, whereas the observed increase in MBP levels in male 
mice was not statistically significant. This suggests that male 
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mice may be more resistant to remyelination. Furthermore, 
KGE treatment significantly restored MBP levels to near 
control levels only in the male DM+ KGE group. MBP levels 
in female mice approached control levels even without KGE 
treatment. This finding suggests that female sex hormones such 
as estrogen may exert protective effects on the CNS through 
their antioxidant and anti-inflammatory properties [38, 39]. 
OLIG2 serves a key role in oligodendrocyte differentiation 
and myelin repair in the CNS. In our study, as seen in Figure 
4B, cuprizone treatment caused a significant reduce in OLIG2 
levels in both genders. This decrease suggests that cuprizone 
suppresses oligodendrocyte differentiation and increases myelin 
loss in the CNS. KGE treatment increased OLIG2 levels in the 
DM+KGE groups. This increase was significant in male mice, 
but not in female mice. The natural remyelination process was 
more pronounced in female mice. In addition, KGE addition did 
not cause a significant difference in the remyelination period in 
mice of both genders. Finally, KGE treatment demonstrated a 
more pronounced increase in OLIG2 levels in male mice.
The Rotarod test is an important method to evaluate motor 
coordination and neurotransmission. As we show in Figure 5, 
cuprizone application significantly reduced motor performance 
due to demyelination, reinforcing the idea in the literature that 
myelin loss disrupts nerve conduction and leads to serious 
impairments in motor skills [8]. In the DM+KGE group, KGE 
treatment significantly improved cuprizone-induced motor 
impairments and caused a significant increase in Rotarod 
performance. We observed that in the RM group, natural 
remyelination processes brought motor performance closer to 
control levels, and that KGE had a limited contribution to motor 
performance in the RM+KGE group. Motor performance results 
were similar in both genders, suggesting that the therapeutic 
potential of KGE in improving motor functions is not affected 
by gender.
In Figure 6, we showed that KGE administration slightly 
increased myelinated areas in the corpus callosum in the 
DM+KGE and RM+KGE groups compared to the DM and RM 
groups. Our findings are in line with previous studies showing 
that KGE attenuated demyelination and promoted remyelination 
in the cuprizone-induced demyelination model. Lee et al. [19] 
and Kwon et al. [20] showed that Korean red ginseng reduced 
demyelination and improved remyelination by LFB staining.
As we shown in Figure 7, the effects of cuprizone administration 
on the CNS were assessed by immunohistochemical analysis. 
MBP staining in the corpus callosum revealed a significant 
decrease in myelin density in the DM group. This finding 
confirms the toxic effects of cuprizone on the CNS by triggering 
oligodendrocyte damage and myelin destruction [8]. However, 
a significant increase in MBP-positive fiber density was 
detected in the KGE-treated DM+KGE and RM+KGE groups. 
As seen in Figure 8, these findings were also confirmed by 
MBP scoring and scoring analyses showed findings parallel 
to the immunohistochemical staining results. The antioxidant 
and neuroprotective properties of ginsenosides contained in 
KGE may have supported myelin repair and accelerated the 
remyelination process.

As we shown in Figure 9, GFAP staining in the hippocampal 
dentate gyrus region showed that astrocyte activity increased 
and GFAP expression was significantly reduced in the DM 
group relative to the control group. This increase indicates 
that astrogliosis is triggered during the demyelination process 
and neuroinflammation in the CNS becomes prominent. The 
decrease in GFAP expression in DM+KGE and RM+KGE groups 
suggests that KGE suppresses neuroinflammatory processes 
and restores the homeostatic balance of the CNS. These effects 
are consistent with the literature suggesting that ginsenosides 
contribute to structural and functional recovery of the CNS 
by regulating astrocyte activity. Similarly, a study in a vascular 
dementia model showed that KGE treatment reduced GFAP-
immunoreactive cells in the hippocampal region. This finding 
supports the role of KGE in modulating astrocyte responses and 
neuroinflammation [22].Consistently, our study demonstrated 
that cuprizone induces demyelination, oxidative stress, and 
motor dysfunction in the CNS, whereas KGE exerts protective 
and restorative effects against these processes. Notably, these 
effects appear to be influenced by gender differences. We also 
observed that KGE improves neuronal functions by promoting 
remyelination and suppresses neuroinflammation by reducing 
astrocytosis. Furthermore, we observed that KGE produces 
similar responses between genders, but recovery is generally 
faster in female mice. The more pronounced effects of KGE in 
female mice may be related to the effects of estrogen in increasing 
antioxidant defenses and suppressing neuroinflammation, or it 
may also be due to differences in food consumption.
Consistent with our findings, studies have shown that Korean 
red ginseng promotes RM and improves oligodendrocyte 
functions in a cuprizone-induced DM model [19, 20]. Similarly, 
it has been reported in the literature that resveratrol supports 
remyelination with its antioxidant and anti-inflammatory effects 
[44]. Curcumin suppresses oxidative stress while supporting 
oligodendrocyte functions [45], and melatonin reduces DM as 
a strong antioxidant [46]. The results in our study suggest that 
KGE may act through similar mechanisms as these agents.
This study has certain limitations. First, the long-term 
effects of KGE after RM are unknown. Furthermore, while 
the neuroprotective effects of KGE have been observed, the 
molecular mechanisms have not been investigated in detail. 
Although, we noted gender-based differences, the underlying 
mechanisms remain unclear. Addressing these limitations will 
help define the therapeutic potential of KGE for demyelinating 
diseases. These findings indicate that KGE may serve as a 
potential therapeutic agent and contribute to the advancement 
of new treatment strategies for demyelinating diseases including 
MS. In addition, more comprehensive studies are needed in the 
future to understand the gender-specific mechanisms of KGE.
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ABSTRACT
Objective: This study aimed to evaluate the effects of NADPH oxidase-2 (NOX-2) inhibitor apocynin (APC) on high-fat diet (HFD)-
induced renal and bladder injury.
Materials and Methods: Wistar albino rats were divided into 4 groups: Control, HFD, HFD+dimetyl sulfoxide (DMSO), and HFD+APC. 
Rats in HFD, HFD+DMSO, and HFD+APC groups were fed with HFD for sixteen weeks. In the last 4 weeks of the experiment, either 
DMSO or APC (25 mg/kg, dissolved in DMSO) was applied to the HFD+DMSO or HFD+APC groups. Lipid profiles and leptin 
values were measured in blood serum. Renal and bladder oxidant/antioxidant parameters, histological changes in the tissues, NOX-2-, 
nuclear factor kappa B (NF-ĸB)-immunopositive and apoptotic cells were evaluated.
Results: At the end of the experiment, leptin, cholesterol, and triglyceride levels were higher and high-density lipoprotein levels were 
lower in the HFD and HFD+DMSO groups compared to controls. In these experimental groups, an increase in malondialdehyde, 
8-hydroxy-deoxyguanosine and myeloperoxidase levels and a decrease in glutathione levels, as well as an increase in collagen, NOX-2 
– and NFĸ-B-immunopositive and apoptotic cells were found. Also, a deterioration in kidney and bladder morphology was observed. 
All these biochemical and histopathological findings improved in the HFD+APC group.
Conclusion: High-fed diet causes renal and bladder injury by increasing NOX-2 activity and inflammation via oxidative stress. APC 
might alleviate tissue injury by inhibiting oxidative stress.
Keywords: Apocynin, Bladder, High-fat diet, Kidney, Oxidative stress

1. INTRODUCTION

Obesity, an increasing health problem over the last thirty years, is 
defined by excessive fat accumulation in adipose and nonadipose 
tissues [1]. Common causes of obesity are insufficient physical 
activity and energy-dense foods [2, 3]. High-fat diet (HFD)-
induced obesity is related to many metabolic diseases, chronic 
kidney disease (CKD), and bladder obstruction [3, 4]. Moreover, 
obesity has been shown to damage the kidneys even without 
hypertension or diabetes [1, 5].
Obesity-induced kidney and bladder injury mechanisms are 
unclear, but increased circulating fatty acids [6] and leptin-
induced excessive formation of reactive oxygen species (ROS) 
directly damage the morphology and function of the urinary 
system [7]. NADPH oxidase (NOX) is a multicomponent 

transmembrane enzyme family with 7 isoforms, NOX-1-5 and 
DUOX1-2, that generate ROS [8]. NOX-2 activation is involved 
in pathologies of the kidney [7] and bladder [9], inducing the 
inflammatory response [10] and fibrosis [11].

Apocynin (APC), which acts as a NOX-2 inhibitor [12], has 
been shown to attenuate bladder damage caused by arsenite 
[9], ischemia/reperfusion-induced testicular injury [13], HFD-
induced testis injury [14] and suppresses leptin from adipose 
tissue in HFD-induced obesity [10]. Therefore, the present 
study goaled to study the effects of APC on HFD-induced renal 
and urinary bladder damage by histological and biochemical 
methods.
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2. MATERIALS and METHODS

Animals and experimental design

Wistar albino rats (male, 8-week-old, 200-250 g) were obtained 
from the Marmara University Experimental Animals Research 
and Implementation Centre. They were kept under a standard 
laboratory environment (12-h light/dark cycle, 50-60% relative 
moisture, and 23-25°C heat) with ad libitum reach to water and 
chow. This study was endorsed by Marmara University, Animal 
Care and Use Ethical Committee for Experimental Animals 
(date: 10.02.2020, approval number: 09.2020.mar).
The rats (n=32) were randomly divided into 4 equal groups and 
fed with a standard diet (8% fat, 24% protein, 68% carbohydrate,) 
or HFD (45% fat, 20% protein, 35% carbohydrate,) for 16 
weeks. In the last 4 weeks, either dimethyl sulfoxide (DMSO) 
or 25 mg/kg APC dissolved in 15% DMSO (5 days a week) 
was administered to the HFD+DMSO or HFD+APC groups 
respectively by orogastric gavage [13]. The body weight of the 
rats was measured weekly throughout the experiment. At the 
end of the study, rats were decapitated and blood, kidney, and 
bladder samples were collected.

Measuring serum high-density lipoprotein, total cholesterol, 
triglyceride, and leptin levels

Serum high-density lipoprotein (HDL), total cholesterol, 
triglyceride, and leptin levels were measured using ELISA 
kits (Elabscience Biotechnology, USA) according to the 
manufacturer’s directives.

Measuring tissue malondialdehyde, glutathione, 8-hydroxy-
deoxyguanosine, and myeloperoxidase levels

The malondialdehyde (MDA) and 8-hydroxy-deoxyguanosine 
(8-OHdG) levels for oxidative stress, glutathione (GSH) levels 
for antioxidant activity, and myeloperoxidase (MPO) activity for 
inflammation were measured in renal and bladder homogenates 
using ELISA kits (MyBiosource, Inc., San Diego, USA) according 
to the manufacturer’s directives.

Histological preparation and histopathological scoring

Kidney and bladder samples were fixed in 10% formalin and 
processed for paraffin embedding. Five – µm-thick paraffin 
sections were stained with hematoxylin and eosin (H&E) 
for morphological evaluation and stained with Sirius red for 
evaluation of collagen distribution and acidified toluidine blue 
(pH: 2-3) for evaluation of mast cells.
In the H&E stained sections, 5 random areas that did not coincide 
were examined, and a semiquantitative histopathological score 
was given (severe damage: 3; moderate damage: 2; mild damage: 
1; no damage: 0). Kidney samples were evaluated for enlargement 
of Bowman’s space, glomerular congestion, cell debris in the 
tubular lumen, and tubular damage [15]. Bladder sections 
were evaluated for urothelial damage, mucosal inflammatory 
cell infiltration, and mucosal and muscular inflammatory cell 
infiltration [16]. The highest histopathological damage score 

was determined to be 9 for each tissue. Sirius red-stained kidney 
and bladder sections were measured as a percentage of areas 
by using Image J Software. Mast cell counts were performed in 
five non-overlapping fields on toluidine blue stained bladder 
sections under the 40x objective of the light microscope.

Immunohistochemical Methods

NOX-2, nuclear factor kappa B (NF-ĸB), and transforming 
growth factor (TGF)-β1 immunohistochemistry procedures 
were applied to the deparaffinized and rehydrated sections. They 
were incubated in 3% H₂O₂ solution, boiled in citrate buffer 
solution for antigen recovery, washed with phosphate-buffered 
saline (PBS), and dripped with blocking solution (Abcam, 
Cambridge, UK). NOX-2 (1:200; Bioss, Massachusetts, USA) 
and NF-ĸB (1:1000; Cell Signalling Technology, Massachusetts, 
USA) primary antibodies were applied to both kidney and 
bladder sections, and TGF-β1 primary antibody (1:200; Santa 
Cruz, Texas, USA) was applied only to kidney sections at 
4°C overnight. After washing with PBS, sections were placed 
in a biotinylated secondary antibody (UltraTek Hrp Anti-
Polyvalent, ScyTek, Utah, USA). After washing with PBS, the 
sections were placed in streptavidin peroxidase and then washed 
with PBS. 3,3-diaminobenzidine tetrahydrochloride (DAB) 
was applied and counterstained with hematoxylin. Five similar 
areas from each NOX-2-, NF-ĸB-, and TGF-β1-stained sections 
were evaluated. The percentage of immunoreactivity (IR) was 
estimated by using the Image J Software program.

Terminal deoxynucleotidyl transferase-mediated dUTP 
nick-end labeling method

The terminal deoxynucleotidyl transferase-mediated dUTP 
nick-end labeling (TUNEL) technique was performed in the 
renal and bladder tissues according to a kit (Apoptag Plus, In 
Situ Apoptosis Detection Kit, Millipore, Darmstadt, Germany). 
TUNEL-positive cells were counted in five similar areas in each 
section under the 40x objective of the light microscope.
All stained sections were evaluated under a photomicroscope 
(Olympus BX51, Tokyo Japan). The experimental design 
and evaluated biochemical and histological parameters were 
summarized in Figure 1.

Figure 1. Experimental design, lipid profile and leptin analysis in blood 
serum, biochemical and histological analysis parameters in kidney and 
bladder samples.



173
http://doi.org/10.5472/marumj.1706664
Marmara Med J 2025;38(2): 171-178

Marmara Medical Journal

Apocynin improved HFD-induced kidney and bladder injury Original Article
Kanpalta Mustafaoglu et al.

Statistical analysis
Histological and biochemical data were analyzed by using 
an instant statistical analysis package (Prism 8.0 GraphPad 
Software, San Diego, CA, USA). The statistical analysis was 
performed using one-way or two-way ANOVA and Tukey’s 
multiple comparison tests. The data were given as mean ± 
standard error of the mean (SEM). A p value <0.05 was accepted 
as significant.

3. RESULTS

Body weight change

The body weights of rats in the HFD, HFD+DMSO, and 
HFD+APC (p<0.01-p<0.001) groups increased significantly 
compared to the control group at the end of the experiment 
(Figure 2).

Figure 2: Body weight changes in the experimental groups. ** p<0.01 and 
*** p<0.001 versus control group.

Serum HDL, total cholesterol, triglyceride and leptin levels

HDL level was lower and total cholesterol, triglyceride, and 
leptin levels were higher in the HFD and HFD+DMSO groups 
compared to the control group (p<0.001) at the end of the study. 
These values were alleviated in the HFD+APC group compared 
to the HFD and HFD+DMSO groups (p<0.001; Figure 3).

Figure 3: Serum HDL (A), total cholesterol (B), triglyceride (C) and leptin 
(D) levels are seen in the experimental groups. *** p<0.001 versus control 
group, +++ p<0.001 versus HFD group, λλλ p<0.001 versus HFD+DMSO 
group.

Tissue MDA, GSH, 8-OHdG, and MPO levels

In renal samples, MDA, 8-OHdG, and MPO levels were higher 
and GSH levels were lower in the HFD and HFD+DMSO 
groups compared to the control group (p<0.01 – p<0.001). 
MDA, 8-OHdG, and MPO levels were higher in the HFD+APC 
group compared to the control group (p<0.05 – p<0.001). But, 
MDA, 8-OHdG, and MPO levels (p<0.05-p<0.001) were lower 
and GSH levels (p<0.05) were higher in the HFD+APC group 
compared to the HFD and HFD+DMSO groups (Figure 4A-D).
In bladder samples, MDA, 8-OHdG, and MPO levels were higher 
and GSH levels were lower in the HFD and HFD+DMSO groups 
compared to the control group (p<0.001). MDA and 8-OHdG 
levels were higher and GSH levels were lower in the HFD+APC 
group than in the control group (p<0.05-p<0.01). However, 
MDA and MPO levels were lower and GSH level was higher in 
the HFD+APC group compared to the HFD and HFD+DMSO 
groups (p<0.05-p<0.001; Figure 4E-H).

Figure 4: MDA (A, E), GSH (B, F), 8-OHdG (C, G), and MPO (D, 
H) levels in renal (A-D) and bladder (E-H) samples are seen in the 
experimental groups. * p<0.05, ** p<0.01 and *** p<0.001 versus control 
group; + p<0.05 and +++ p<0.001 versus HFD group; λ p<0.05 and λλλ 
p<0.001 versus HFD+DMSO group.

Histopathological findings

Regular kidney morphology was seen in the control group. 
Dilatated Bowman’s space, mild glomerular and interstitial 
vascular congestion, degenerated tubules, and inflammatory 
cell infiltration were seen in the HFD and HFD+DMSO groups. 
However, these histopathological findings were ameliorated in 
the HFD+APC group (Figure 5A1-D1). The histopathological 
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score was higher in both the HFD and HFD+DMSO groups than 
that of the control group (p<0.001). APC treatment lowered this 
score compared to the HFD and HFD+DMSO groups (p<0.05; 
Figure 5E1). Normal collagen distribution was observed in the 
control group. However, an increase in collagen distribution 
was observed around the renal corpuscles and tubules in the 
HFD and HFD+DMSO groups. Collagen distribution was 
quite regular in the HFD+APC group (Figure 5A2-D2). The 
percentage of collagen deposition was higher in both the HFD 
(p<0.001) and HFD+DMSO (p<0.01) groups than that of the 
control group. This value was lower in the HFD+APC group 
than in the HFD (p<0.01) and HFD+DMSO (p<0.05) groups 
(Figure 5E2).

Figure 5: Representative light micrographs of H&E (A1-D1) and Sirius 
red (A2-D2) stained kidney samples, the histopathological score (E1) 
and percentage of collagen amount (E2) are seen in the control (A1, A2), 
HFD (B1, B2), HFD+DMSO (C1, C2) and HFD+APC (D1, D2) groups. 
B1-D1: Arrow: damaged tubules with debris in the lumen; *: vascular 
congestion in glomeruli and interstitium; arrowhead: cellular debris in 
glomeruli (insert B1) and fibrotic glomeruli (insert C1); i: inflammatory 
cell infiltration in the interstitium. B2-D2: Arrow: collagen distribution. ** 
p<0.01 and *** p<0.001 versus control group; + p<0.05 and ++ p<0.01 
versus HFD group; λ p<0.05 versus HFD+DMSO group.

Regular bladder morphology was observed in the standard diet-
fed rats. Mild urothelial damage, moderate vascular congestion 
in the lamina propria, and inflammatory cell infiltration were 
seen in the HFD and HFD+DMSO groups. Quite normal 
morphology was observed despite local urothelial damage in 
the HFD+APC group (Figure 6A1-D1). The histopathological 
score was higher in both the HFD and HFD+DMSO groups 
than the control group (p<0.001). APC treatment lowered this 
score compared to the HFD and HFD+DMSO groups (p<0.01; 
Figure 6E1). Regular distribution of the collagen fibers in 

bladder samples was observed in the control group. Disrupted 
muscle fiber organization and an increase in collagen fibers 
in the muscle layer were seen in the HFD and HFD+DMSO 
groups. Quite a regular collagen distribution was found in the 
HFD+APC group (Figure 6A2-D2). The percentage of collagen 
amount in the muscle layer was higher in both the HFD 
(p<0.001) and HFD+DMSO (p<0.01) groups when compared 
to the control group. The percentage of collagen amount was 
lower in the HFD+APC group than in the HFD (p<0.01) and 
HFD+DMSO (p<0.05) groups (Figure 6E2). A few numbers of 
granulated mast cells were seen in the lamina propria of the 
control group. Migration of mast cells to the urothelium and 
increase of mast cells in the lamina propria and muscle layer 
were found in the HFD and HFD+DMSO groups. However, a 
decrease in the number of mast cells was observed in the lamina 
propria and muscle layer of the HFD+APC group (Figure 6A3-
D3). The total number of mast cells per area was higher in both 
the HFD (p<0.05) and HFD+DMSO (p<0.01) groups compared 
to the control group. A decrease of mast cells was observed 
in the HFD+APC group compared to the HFD (p<0.05) and 
HFD+DMSO (p<0.01) groups (Figure 6E3).

Figure 6: Representative light micrographs of H&E (A1-D1), Sirius 
red (A2-D2), and toluidine blue (A3-D3) stained bladder samples, 
histopathological score (E1), percentage of collagen deposition (E2) and 
total mast cell count (E3) are seen in the control (A1-A3), HFD (B1-B3), 
HFD+DMSO (C1-C3) and HFD+APC (D1-D3) groups. B1-D1: Arrow: 
mild epithelial damage; *: vascular congestion; arrowhead: inflammatory 
cell infiltration. A2-D2: *: muscle bundles; arrow: collagen distribution. 
A3-D3: Arrow: granulated mast cells; arrowhead: degranulated mast 
cells. * p<0.05, ** p<0.01 and *** p<0.001 versus control group; + p<0.05 
and ++ p<0.01 versus HFD group; λ p<0.05 and λλ p<0.01 versus 
HFD+DMSO group.
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NOX-2, NF-ĸB and TGF-β1 immunohistochemistry 
findings

In kidney samples, a few NOX-2 – and NF-ĸB-immunopositive 
tubular epithelial cells and glomerular cells, and some TGF-β1 
mesangial and interstitial-immunopositive cells were found in 
the control group. An increase of NOX-2-, NF-ĸB-, and TGF-
β1-immunopositive cells was found in both the HFD and 
HFD+DMSO groups. The number of NOX-2-, NF-ĸB, and TGF-
β1-immunopositive cells decreased in the HFD+APC group 
compared to the HFD and HFD+DMSO groups. The percentage 
of NOX-2 IR (p<0.05), NF-ĸB IR (p<0.001), and TGF-β1 IR 
areas was higher in the HFD group than in the control group. 
But, the percentage of NOX-2 IR (p<0.01), NF-ĸB IR (p<0.01), 
and TGF-β1 IR areas (p<0.05) was lower in the HFD+APC 
group than in the HFD group (Figure 7A1-E3).

Figure 7: Representative light micrographs of NOX-2 (A1-D1), NF-
κB (A2-D2), TGF-β1 (A3-D3) immunostained and TUNEL (A4-D4) 
stained kidney samples, and NOX-2 (E1), NF-κB (E2) and TGF-β1 (E3) 
IR areas and apoptotic cell counts (E4) are seen in the control (A1-A4), 
HFD (B1-B4), HFD+DMSO (C1-C4) and HFD+APC (D1-D4) groups. 
NOX-2 – and NF-κB-immunopositive tubular epithelial cells (arrow) and 
glomerular mesangial cells (arrowhead), TGF-β1-immunopositive cells 
(arrow) and TUNEL-positive cells (arrow) are seen in the experimental 
groups. * p<0.05 and *** p<0.001 versus control group; + p<0.05 and 
++ p<0.01 versus HFD group; λλ p<0.01 and λλλ p<0.001 versus 
HFD+DMSO group.

In bladder samples, a few numbers of NOX-2 and NF-ĸB 
immunopositive cells in the urothelium and muscular layer 
were observed in the control group. Increased NOX-2 – and 
NF-ĸB-immunopositive urothelial and inflammatory cells were 
found in both the HFD and HFD+DMSO groups. The number 
of NOX-2 – and NF-ĸB-immunopositive cells was reduced 

in the HFD+APC group compared to the HFD group. The 
percentage of NOX-2 and NF-ĸB IR areas was higher in the 
HFD group compared to the control group (p<0.05). However, 
the percentage of NOX-2 (p<0.05) and NF-ĸB (p<0.001) IR 
areas was lower in the HFD+APC group than in the HFD group 
(Figure 8A1-E2).

Figure 8: Representative light micrographs of NOX-2 (A1-D1) and NF-κB 
(A2-D2), immunostained, and TUNEL (A3-D3) stained bladder samples 
and NOX-2 (E1) and NF-κB IR (E2) areas and apoptotic cell counts (E3) 
are seen in the control (A1-A3), HFD (B1-B3), HFD+DMSO (C1-C3) and 
HFD+APC (D1-D3) groups. NOX-2-immunopositive urothelial (arrow), 
inflammatory (*) and smooth muscle cells (arrows: inserts A1-D1); 
NF-κB-immunopositive (arrow), inflammatory (arrowhead: insert B2) 
and TUNEL-positive (arrow) cells are seen in the experimental groups. 
* p<0.05 versus control group; + p<0.05 and +++ p<0.001 versus HFD 
group; λ p<0.05 versus HFD+DMSO group.

TUNEL findings

In both kidney and bladder samples, the TUNEL-positive cells 
were higher in the HFD group (p<0.05) than in the standard diet 
fed-control group. However, TUNEL-positive cells were lower in 
the HFD+APC group (p<0.05) than in the HFD group in both 
kidney (Figure 7A4-E4) and bladder samples (Figure 8A3-E3).

4. DISCUSSION

Obesity has been shown to be the underlying cause of many 
problems, such as cardiovascular diseases, CKD, and bladder 
dysfunction [1, 2, 6]. Obesity can result from a sedentary 
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lifestyle and high carbohydrate, protein, or fat diets [2-4]. In 
many studies, HFD feeding causes weight gain in experimental 
animals [2, 3, 14, 17]. In this study, we found that the body weight 
of rats increased in the HFD, HFD+DMSO, and HFD+APC 
groups compared to the control group. APC treatment of HFD-
fed C57BL/6 mice decreased leptin and insulin resistance, thus 
contributing to weight reduction [10]. However, in our study, 
serum leptin levels decreased with APC treatment, no weight 
reduction was observed. This may be due to the difference in 
experimental animal species or the duration of treatment.
Obesity is characterized by increased free fatty acids [2, 14, 18] 
in the blood and the associated accumulation of white adipose 
tissue [1]. When the capacity of adipocytes is exceeded, ectopic 
accumulation is observed in peripheral tissues [4, 19]. Researches 
have shown that obese animals have an increase in blood glucose 
[4, 6], serum triglyceride and cholesterol levels, and a decrease in 
HDL levels [2, 4, 14, 18]. It was shown that HFD feeding caused 
an increase in serum lipids, resulting in severe lipid accumulation 
in the kidney, glomerulomegaly, and dilated tubule damage 
[4]. In addition to lipid toxicity, hyperleptinemia has also been 
observed in obesity [1]. Leptin, one of the adipokines released by 
hypertrophic fat tissue [10], not only controls appetite through the 
central nervous system but also activates NF-κB via a paracrine 
effect in peripheral tissues where its receptor is located in 
peripheral tissue [20]. High serum leptin levels caused increased 
inflammation in both renal tubule epithelial and mesangial cells, 
while leptin and NOX-2 knockout mice had no inflammation in 
these cells despite high serum cholesterol and triglyceride levels 
[7]. In this study, serum HDL levels decreased in the HFD and 
HFD+DMSO groups as a result of HFD feeding. Triglyceride, 
total cholesterol, and leptin levels increased, as did histological 
tissue damage and NOX-2-immunopositive cells in the renal and 
bladder samples. The APC treatment showed an antioxidant effect 
by inhibiting NOX-2 and resulted in histological improvement in 
the kidney and bladder by bringing serum leptin and lipid profiles 
to the level of the control group.
Free fatty acids are important substances that cause oxidative 
stress. Antioxidant compounds provide stability against ROS 
damage. In a previous study, obesity was shown to decrease 
serum antioxidant levels, increase serum leptin levels, and result 
in podocyte and tubular epithelial damage, inflammatory cell 
infiltration, interstitial congestion, and fibrosis [1]. HFD-induced 
obesity leads to lipid peroxidation due to an increase in ROS, 
an increase in MDA, which is a lipid peroxidation product, and 
a decrease, in the level of GSH, an antioxidant compound in 
both kidney and bladder samples [21]. In ischemia–reperfusion-
induced testicular damage, 20 and 40 mg/kg doses of APC 
treatment have been shown to decrease MDA levels and increase 
GSH levels [13]. Moreover, it has been shown that APC treatment 
ameliorated HFD-induced testis damage [14] and monosodium 
glutamate-induced kidney damage [22] with a reduction in MDA 
and an increase in GSH levels. In our study, increased MDA 
levels and decreased GSH levels were found in renal and bladder 
samples of the HFD and HFD+DMSO groups. On the other 
hand, it was observed that these two parameters were reduced in 
the HFD+APC group in comparison with the HFD group.

It was reported that ROS targets DNA to stabilize itself. 
Faulty DNA replication has been shown to cause mutation, 
cell apoptosis, or cancer formation [9]. The 8-OHdG is one 
of the most common markers of oxidative damage of DNA 
[23]. In the study of diabetic nephropathy induced by HFD 
and streptozotocin, increased MDA, 8-OHdG, caspase-3 and 
apoptotic cell numbers have been shown to be due to oxidative 
damage and apoptosis in kidney tissue [24]. Increased urothelial 
apoptosis in bladder biopsies from patients with CKD has been 
thought to be associated with barrier defects [25]. It has been 
shown that arsenic-induced NOX-mediated ROS production 
causes bladder epithelial hyperplasia and an increase in 
8-OHdG, while APC treatment prevents apoptosis without 
affecting regenerative proliferation [9]. Similar to the previous 
studies, the tissue 8-OHdG level and TUNEL-positive cell count 
increased in the renal and bladder tissues of HFD groups in the 
present study. APC treatment decreased these parameters by 
inhibiting oxidative stress in the kidney and bladder.
The persistence of ROS has been shown to activate inflammation 
and exacerbate organ damage. In a study on obesity, it was 
shown that an increase in monocyte chemoattractant protein-1, 
interleukin-6 (IL-6), and leptin levels in fat tissue caused the 
development of systemic insulin resistance and an increase 
in NF-κB activity in hepatic tissue; however, APC treatment 
suppressed leptin, insulin resistance, and NF-κB with its anti-
inflammatory effect [10]. In the lipopolysaccharide-induced 
chronic cystitis model in mice, increased NF-ĸB-mediated 
inflammation has been shown to cause fibrosis and loss of function 
in the bladder [26]. In our study, an increase in NOX-2 – and NF-
ĸB-immunopositive cells and histopathological tissue injury were 
found in the kidney and bladder in parallel with the high serum 
leptin level. APC treatment resulted in a decrease in serum leptin, 
tissue NOX-2, and NF-ĸB activity, as well as an improvement in 
histological findings. It has been stated that hyperfiltration is seen 
due to podocyte damage and volume increase in obesity [1], as 
well as inflammation of insulin resistance and activation of renin-
angiotensin-aldosterone [5]. The specific staining of NF-ĸB in 
the macula densa, which is responsible for blood pressure and 
electrolyte regulation, was remarkable. However, the limitation of 
this study is that no correlation with renal function tests could 
be established. MPO, a neutrophil-derived enzyme, initiates the 
acute inflammatory response and has a role in the propagation 
of chronic inflammation through the ROS formation of such as 
NOX [12]. It has been reported that HFD feeding is associated 
with neutrophil and macrophage infiltration in the epididymal 
white adipose tissue and an increase in proinflammatory cytokines 
with the MPO enzyme, whereas these effects were not observed 
in MPO knockout mice [27]. APC has been shown to inhibit 
the translocation of p47phox, a subunit of NOX-2 activated by 
ROS and MPO, in endothelial and various leukocyte cells [12]. 
HFD has been shown to cause high oxidative damage, nitric 
oxide levels, infiltration of inflammatory cells, and activation of 
mast cells in the heart of obese rats, leading to a degeneration of 
myofibrils of the cardiac muscle [2]. Additionally, it was shown 
that HFD led to oxidative damage, an increase of IL-6, and tumor 
necrosis factor-α (TNF-α) levels with histopathological damage 
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in both kidney and bladder in rats [21]. In a model of ketamine-
induced interstitial cystitis, severe mast cell infiltration has been 
shown to be associated with TGF-β signaling, an inflammatory 
and profibrotic cytokine, resulting in fibrosis and apoptosis [28]. 
In the current study, the number of mast cells in the bladder, 
inflammatory cell infiltration, histopathological tissue damage 
score, and MPO level increased in both the kidney and bladder 
in the HFD and HFD+DMSO groups in comparison with 
the control group. However, we observed that APC treatment 
decreased MPO levels in both the renal and bladder samples 
and the number of mast cells in the bladder thus repairing the 
histopathological damage.
Fibrosis is a prognostic factor for CKD [4]. TGF-β1 is the 
main factor of tissue scarring and has been shown to induce 
the transformation of fibroblasts into myofibroblasts [29]. 
Pathological collagen deposition can be demonstrated by 
picrosirius red staining that selectively stains type 1 and type 
3 collagen [30]. Studies in obesity have shown that NOX-2-
mediated ROS production damages the urinary system by 
activating inflammatory and profibrotic pathways such as 
NF-κB, IL-6, and TGF-β1 [4, 26]. Free fatty acids induce fibrosis, 
impair bladder muscle contraction [3, 6], and increase collagen 
between bladder muscle bundles in HFD-induced obesity 
[17]. Fayed et al., have shown that APC treatment ameliorates 
NOX-induced liver fibrosis by reducing α-smooth muscle actin 
(α-SMA) and TGF-β [11]. We showed that increased interstitial 
and glomerular collagen, increased TGF-β1 immunopositivity 
in kidney tissues, and increased collagen in the muscle layer 
of bladder tissue were observed in the HFD groups. These 
collagen deposits and TGF-β1 immunopositivity decreased in 
the HFD+APC compared with the HFD groups.
In conclusion, our results showed that HFD increased 
oxidative stress, inflammation, and fibrosis as well as decreased 
endogenous antioxidant levels and histopathological damage in 
both renal and bladder samples. Additionally, a NOX-2 inhibitor 
APC alleviates HFD-induced renal and bladder injury via 
inhibiting oxidative stress, inflammation, and fibrosis.
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ABSTRACT
We present a case of a 66-year-old female patient with partially compromised immunity due to diabetes mellitus, exhibiting progressive 
encephalopathy characterized by balance issues, cognitive decline, and hallucinations. Magnetic resonance imaging (MRI) revealed 
widespread cerebral and cerebellar atrophy, and John Cunningham virus (JCV) – DNA was detected in the cerebrospinal fluid. This 
case highlights JCV encephalopathy as a potential diagnosis even in patients with partially weakened immune systems, expanding the 
recognized spectrum of JCV-associated neurological conditions beyond progressive multifocal leukoencephalopathy.
Keywords: JCV encephalopathy, Progressive encephalopathy, Cerebral atrophy

1. INTRODUCTION

John Cunningham virus (JCV), a human polyomavirus, 
is the etiologic agent of various neurological conditions, 
primarily affecting immunocompromised individuals. The 
virus is most often associated with progressive multifocal 
leukoencephalopathy (PML), a demyelinating disorder 
affecting oligodendrocytes and resulting in significant 
neurological impairment. However, JCV has also been linked 
to other conditions, including granule cell neuronopathy, 
JCV encephalopathy, and, more rarely, JCV meningitis. These 
less common manifestations of JCV infection often involve 
neuronal cells, with the virus infecting gray matter structures 
like cortical pyramidal neurons, leading to symptoms such as 
cognitive decline, behavioral changes, and motor impairment 
[1-3] .
In this report, we present a case with JCV encephalopathy. 
This case highlights an unusual presentation of JCV-related 
neurological disease in an immunocompetent patient and 
underscores the broadening spectrum of JCV neurotropism and 
associated pathologies.

2. CASE REPORT

A 66-year-old female patient presented to our neurology 
outpatient clinic with progressive neurological symptoms. She 
had a 25-year history of diabetes mellitus (DM) and had been 
bilaterally blind for 10 years due to diabetic retinopathy. Four 

years prior, she had undergone metabolic surgery to manage 
her diabetes, with recent routine blood tests showing a blood 
glucose level of 124 mg/dL and an HbA1c of 5.0%.
Approximately five months before presentation, the patient 
began experiencing balance issues and frequent falls, which 
resulted in a lumbar vertebral fracture. Due to these issues, 
she was unable to walk for the past 1-2 months. Initially, her 
consciousness was normal, however, over the past two to three 
months, she started confusing rooms within her home, with 
intermittent, temporary improvements that did not resolve 
her symptoms entirely. Over the last month, her condition 
worsened, with the onset of visual hallucinations and beliefs 
in events or things that were not present. Her behavior became 
increasingly inappropriate in response to questions, and she 
struggled to perform daily activities. Notably, these symptoms 
fluctuated throughout the day, with episodes of worsening that 
progressively increased in frequency and severity.
The patient had bilateral total vision loss. On neurological 
examination, the patient was conscious and oriented to simple 
questions. Direct and indirect light reflexes were absent. Muscle 
strength in the lower extremities was 4/5. She had no sitting 
balance and was unable to stand.
The patient was administered the Mini-Mental State Examination 
(MMSE) and scored 9 points (Orientation: 6, Registration: 3, 
Attention and Calculation: 0, Recall: 0, Language: 0).
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The brain magnetic resonance imaging (MRI) revealed findings 
consistent with widespread cerebral and cerebellar atrophy, 
indicated by noticeable expansion in these regions (Figure 
1). Electroencephalography (EEG) trace demonstrated theta 
slow waves, along with slow background activity indicating 
mild generalized cerebral dysfunction (Figure 2). Thoracic 
and lumbar spine MRIs revealed a compression fracture at the 
T5 level and broad-based disc protrusions at the L4-5 levels, 
compressing the bilateral nerve roots. A lumbar puncture 
was performed, and cerebrospinal fluid (CSF) analysis 
included routine tests, cytology, and panels for antibodies 
to glutamic acid decarboxylase (anti-GAD), paraneoplastic, 
and autoimmune encephalitis markers. CSF biochemistry 
results were normal, and microscopy revealed no cells. The 
meningitis panel and panels for anti-GAD, paraneoplastic, and 
autoimmune encephalitis markers were negative. However, JCV 
PCR revealed detectable viral DNA at 500 copies. Consultation 
with the infectious diseases clinic confirmed negative findings 
for human immunodeficiency virus (HIV), Venereal Disease 
Research Laboratory (VDRL), and treponema pallidum 
hemaggulitation (TPHA) tests, with no history of antiretroviral 
or immunosuppressive drug use. The infectious diseases team 
recommended symptomatic management and follow-up.

Figure 1. The brain fluid attenuated inversion recovery (FLAIR) magnetic 
resonance imaging (MRI) showing widespread cerebral and cerebellar 
atrophy

Figure 2. Electroencephalography (EEG) trace demonstrating theta slow 
waves, along with slow background activity indicating mild generalized 
cerebral dysfunction

3. DISCUSSION

John Cunningham virus is well-documented in causing PML 
and is related to white matter disorders, primarily affecting 
immunosuppressed patients. However, increasing evidence 
suggests that the virus can also infect neuronal cells, resulting in 
conditions like JCV encephalopathy. This unique presentation, 
wherein JCV infects cortical pyramidal neurons, has been 
observed in immunocompetent individuals and in those 
with mild immunosuppression. The present case aligns with 
descriptions of JCV encephalopathy, characterized by the virus’s 
infiltration of cortical regions, manifesting as cognitive and 
motor deficits [3,4].
Key studies highlight that JCV encephalopathy may be 
linked to specific viral genetic variations, such as deletions in 
the agnoprotein gene, which can alter viral tropism toward 
neurons [1,2]. Furthermore, certain cases have demonstrated a 
predilection for the gray matter, indicating that JCV can infect 
multiple CNS cell types, including astrocytes and meningeal 
cells, expanding the virus’s neurotropic potential beyond its 
classical white matter involvement seen in PML [5].
The patient’s progressive symptoms over four months suggest 
a persistent infection with gradual neurological deterioration, 
mirroring other reports of JCV encephalopathy where symptoms 
evolve despite supportive care [4]. This aligns with findings 
in JCV meningitis and JCV encephalopathy cases, where 
hydrocephalus, cognitive decline, and altered mental status 
were noted despite therapeutic interventions like ventricular 
shunting and corticosteroids [2].  Given these insights, this case 
underscores the need for further studies on JCV’s neurotropic 
behavior, particularly in non-immunocompromised hosts.
The presented case aligns with the emerging understanding 
that JCV can infect neuronal structures beyond the white 
matter typically affected in PML. JCV encephalopathy has been 
identified in immunocompromised patients and occasionally 
in immunocompetent hosts, resulting in significant cortical 
involvement and symptoms such as confusion, cognitive 
impairment, and altered mental status  [2,4]. In this patient, the 
gradual onset of balance problems, followed by cognitive decline, 
disorientation, and hallucinations, mirror the progressive nature 
observed in other JCV encephalopathy cases. Notably, the 
patient’s CSF analysis confirmed the presence of JCV DNA, an 
essential finding that supports JCV encephalopathy despite her 
immunocompetent status.
 John Cunningham virus encephalopathy cases are frequently 
associated with specific viral genetic variants that may enhance 
JCV’s ability to infect neurons, such as deletions in the 
Agnoprotein gene or variations in the viral regulatory regions  
[1,5]. These variants potentially alter the virus’s neurotropism, 
allowing it to infect cortical and cerebellar neurons, as seen 
in this patient. The MRI findings of widespread cerebral and 
cerebellar atrophy further support the hypothesis of gray 
matter involvement, distinguishing this case from typical PML 
presentations that primarily affect the white matter  [4].
The lack of paraneoplastic, autoimmune, or other infectious 
causes on CSF analysis, along with negative HIV, VDRL, 
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and TPHA tests, add strength to the JCV encephalopathy 
diagnosis. This case highlights the importance of JCV in 
differential diagnoses for progressive encephalopathy, even in 
immunocompetent patients, and suggests that JCV’s clinical 
spectrum may be broader than previously understood. 
Symptomatic management, as recommended for this patient, 
remains the primary approach in JCV encephalopathy due to 
limited antiviral options [3,5].

Conclusion

This case contributes to the growing body of literature on JCV 
encephalopathy, especially in cases where classic PML is absent. 
It highlights the virus’s ability to infect and damage neuronal 
structures in gray matter, reinforcing the necessity for awareness 
of JCV’s broader neuropathological spectrum. The findings 
support ongoing research on viral genomic mutations, which may 
influence JCV tropism and its associated clinical presentations. 
Clinicians should consider JCV encephalopathy in differential 
diagnoses of progressive encephalopathy, particularly in older 
patients presenting with cognitive decline and neurological 
deficits, even in the absence of marked immunosuppression.
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ABSTRACT
Langerhans cell histiocytosis (LCH) is a rare disease; treatment recommendations are based on organ involvement and the extent 
of the disease. We present a patient with a solitary lesion of LCH with BRAF-V600K mutation which was successfully managed 
with systemic steroids and followed up for a long time. A 39-year-old man presented with persistent right otitis media with effusion 
despite treatment. LCH was diagnosed by punch biopsy, and temporal computed tomography (CT) showed an invasive, enhancing 
soft tissue mass extending from the malleolus to the epitympanic recess. Due to the patient’s young age and the localization of the 
lesion, radiation and surgery were not considered. The patient was treated with systemic methylprednisolone. The patient’s symptoms 
resolved after treatment and the tumor regressed completely. The case had a good prognosis in the 5-year period.
This is the first report of a LCH case with the BRAF-V600K mutation, highlighting a unique aspect of the disease. The successful 
therapy of the temporal bone LCH with systemic steroids alone, underscores the potential effect of this treatment for the management 
of unifocal lesions in critical locations. Further studies and case reports are needed to expand our understanding of LCH and explore 
optimal therapeutic approaches for different mutation subtypes.
Keywords: Langerhans cell histiocytosis, BRAF-V600K, Temporal bone, Steroid

1. INTRODUCTION

The incidence of Langerhans cell histiocytosis (LCH) is 2.6 to 
8.9 cases per million per year in children and 0.07 cases per 
million per year in adults [1]. LCH is characterized by abnormal 
proliferation of dendritic cells derived from myeloid lineage cells 
in the bone marrow. While, the exact etiology and pathogenesis 
of LCH remain elusive, dysregulation of the immune system and 
genetic mutations in the affected cells are believed to contribute 
to its development. LCH affects the bone, skin, lungs, liver, and 
lymph nodes [2]. The temporal bone is the most commonly 
involved site, accounting for 15-61% of cases [3]. Specifically, 
the mastoid region is frequently affected, followed by the 
squamous part, external ear canal, middle ear, and petrous apex 
[4]. Temporal bone involvement may lead to symptoms such 
as otorrhea, post-auricular swelling, hearing loss, and otalgia 

[4-6]. Due to the resemblance of otologic symptoms with other 
conditions, particularly mastoiditis, misdiagnosis during the 
early stages is not uncommon [6].
Accurate diagnosis of LCH relies on the clinician’s suspicion, 
and the gold standard is a biopsy. Histologically, Langerhans 
cells exhibit a characteristic cleaved nuclei (kidney-shaped) and 
demonstrate positive staining with S-100, CD1a, CD68, and/or 
Langerin (CD207). Additionally, the identification of Birbeck 
granules through electron microscopy further supports the 
diagnosis [7-9]. BRAF-V600E mutations observed in nearly half 
of the patients are associated with increased treatment failure 
and relapse, thereby contributing to a poor prognosis [8]. The 
presence of BRAF-V600E expression may correlate with the 
clinical risk profile and the number of lesions [10,11].
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Here, we present a 39-year-old male patient with a solitary lesion 
of LCH in the temporal bone which was successfully managed 
with corticosteroids. This highlights the unique aspect of 
complete disease recovery when treated with systemic steroids, 
which is a relatively rare occurrence in the literature.

2. CASE REPORT

A 39-year-old man was admitted to the hospital with complaints 
of hearing loss and buzzing in the right ear for the past three 
months. He had been treated with the diagnosis of effusion in 
the middle ear for three months.
The otoscopic examination revealed a pale and vascular 
appearance of the right eardrum, on which a small, irregular, 
and erythematous bulge was also observed. Audiological tests 
demonstrated mild conductive hearing loss. Temporal computed 
tomography (CT) revealed an invasive soft tissue mass in the 
middle ear, eroding the bony wall of the right internal carotid 
artery and the tympanic segment of the facial nerve canal. 
However, the mass was not spreading widely outside the middle 
ear (Figure 1.a.b.). A punch biopsy of the lesion was performed 
under local anesthesia. LCH was diagnosed histopathologically 
with the identification of Langerhans cells with characteristic 
reniform nuclei and abundant eosinophilic cytoplasm and 
positive immunohistochemical staining of CD1a and S100 
(Figure 2.a.b.). A heterozygous BRAF-V600K mutation was 
identified on the polymerase chain reaction (PCR) test.

Figure 1.a. Before treatment axial CT scan (thin blue arrow)

Figure 1.b. 5 years after treatment axial CT scan

Magnetic resonance imaging (MRI) demonstrated soft 
tissue with lobulated contours containing heterogeneous 
hypo-hyperintense areas on T2 scan, heterogeneous on T1 

post-contrast scan with enhancement on the lateral (Figure 
3.a.c.). Technetium-99m pertechnetate scintigraphy and 
18F-FDG positron emission tomography confirmed that the rest 
of the body was free of disease. Complete blood count, blood 
chemistry, liver functions, and coagulation studies were normal.
The multidisciplinary council opted for systemic corticosteroid 
therapy (1 mg/kg/day) and close monitoring of the patient. The 
dose was gradually reduced by one tablet (16 mg) per week until it 
was stopped after 6 weeks. Surgical intervention or radiotherapy 
was not considered appropriate, due to the unifocal nature of the 
lesion and its localization in a high-risk area. Given the surgical 
risks, a conservative approach with corticosteroid therapy was 
preferred as the first-line treatment.
At the end of the treatment, the patient’s hearing loss and 
tinnitus had improved significantly. Follow-up MRI imaging at 
regular intervals revealed a gradual regression of the lesion, with 
complete resolution noted at the final follow-up (Figure 3.b.d.). 
A whole-body MRI performed after treatment, confirmed the 
absence of residual or recurrent disease. Laboratory parameters 
remained within normal limits throughout the follow-up period. 
The patient was monitored for five years post-treatment, during 
which no recurrence of the disease was observed.

Figure 2.a. Granulomas made up of Langerhans giant cells (thick blue 
arrow)

Figure 2.b. Positive immunohistochemistry stain for CD1a

Figure 3.a. Before treatment T2 axial MRI scan (thin blue arrow)
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Figure 3.b. 5 years after treatment T2 axial MRI scan

Figure 3.c. Before treatment T1 postcontrast axial MRI scan (thin blue 
arrow)

Figure 3.d. 5 years after treatment T1 axial MRI scan

3. DISCUSSION

Langerhans cells histiocytosis shows the features of both 
inflammatory and neoplastic diseases [12]. Temporal bone 
involvement causes otologic and neurotologic symptoms, such 
as otalgia, otorrhea, vertigo, hearing loss, and tinnitus very 
frequently, according to the site involved by the lesion(s) [4-
6,9,13]. In the case presented here, tinnitus and hearing loss were 
the initial symptoms. Thus, it is crucial for patients with early-
onset one-sided tinnitus and hearing loss to undergo a thorough 
examination, including audiological evaluation and imaging.
The osteolytic bone lesion caused by LCH has characteristic 
imaging findings typically seen as a soft tissue mass on CT 
scan and an enhancing hypointense mass on T1-weighted and 

hyperintense on T2-weighted images on MRI. The hypointense 
T2 lesion on the MRI of this case may be explained by the 
presence of blood or deposition of hemoglobin degradation 
products secondary to the biopsy procedure or may be due to 
air containment [14]. It is helpful to use CT scan as the initial 
imaging modality to define temporal LCH lesions and exclude 
other possible osteolytic etiologies. However, MRI is superior 
for assessing central nervous system (CNS) involvement, soft 
tissue, and post-treatment monitoring [7].
To differentiate a Langerhans cell lesion from other possible 
causes, a biopsy is necessary. The identification of the 
histopathological features of Langerhans cells, as well as the 
demonstration of immunochemical staining with CD1a and 
S-100 protein, confirms the diagnosis of LCH. Additionally, a 
PCR test identified a heterozygous BRAF-V600K mutation in 
our case.
The missense mutation in our case replaced the valine with 
a lysine residue. It is important to note that valine is typically 
replaced by glutamate in the majority of the V600E expression 
variants. Li et al., reported higher c-Kit protein and KIT gene 
expression in the V600K mutation, which may be attributed 
to the catalytic lysine effect [15]. In a study by Heritier et al., 
patients with the BRAF V600E mutation were reported to be 
at higher risk of LCH reactivation [11]. Although, the case 
we presented here had a good prognosis in the 5-year period 
following therapy, we believe patients with the BRAF-V600K 
mutation require extended follow-up due to the potential risk 
for recurrence. As there is no other similar case report in the 
literature, the association of this mutation with recurrence and 
the effect on prognosis are not known.
The treatment of LCH in the temporal bone depends on the 
extent and severity of the disease, as well as the age and overall 
health of the patient. Treatment of temporal bone LCH in adults 
is more challenging due to lacking a standardized treatment 
protocol and limited case reports. Surgical resection, curettage, 
or corticosteroid injection are the recommended treatment 
options for isolated lesions [3,5,7]. Radiotherapy may be used 
as adjuvant therapy or for recurrent disease [5]. Chemotherapy 
(vinblastine-steroid regimen) is a better option for patients with 
multifocal disease. In adult patients with multifocal single-
system involvement, it has been emphasized that systemic 
treatment is significantly effective [16]. Vemurafenib has 
been reported to be a powerful therapy agent in patients with 
multisystem LCH. However, it has also been emphasized that 
many side effects occur during treatment [17]. In children with 
LCH, the presence of BRAF V600E expression has been shown 
to be associated with a weak response to chemotherapy [11]. 
Systemic steroids combined with other therapy is preferred for 
LCH areas in the vicinity to CNS; such as mastoid, sphenoid, 
orbital, ethmoid, or temporal bone [4]. A patient with the 
combination of LCH and Rosai-Dorfman Disease who 
developed clinical cervical lymphadenopathy-hepatomegaly 
was reported to have been treated with low-dose steroids only 
[18]. To the best of our knowledge, there is no information in 
the literature about whether the presence of the BRAF-V600K 
mutation has an effect on treatment.
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Considering the placement of the tumor, which made the 
surgical resection risky, and the potential complications of 
radiotherapy, we opted for systemic steroid treatment in this 
case. Fortunately, the patient’s complaints improved shortly after 
the treatment, and the tumor regressed completely in several 
years without any sequel.

Conclusion

To our knowledge, this is the first report of a LCH case with 
the BRAF-V600K mutation, highlighting a unique aspect of 
the disease. The successful treatment of temporal bone LCH 
with systemic steroids alone underscores the potential of this 
treatment in managing unifocal lesions in critical locations. 
Further studies and case reports are needed to expand our 
understanding of LCH and explore optimal therapeutic 
approaches for different mutation subtypes.
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ABSTRACT
Electrocardiography (ECG) is an easy and feasible tool for detecting and evaluating cardiac ischemia and other diseases, such as 
arrhythmia. ECG can diagnose the pathology and the process following treatment.
Electrocardiogram changes after coronary artery bypass grafting (CABG) are common; they do not mainly indicate a critical 
condition. Diffuse ST-segment elevation after CABG is a rare condition that raises several differential diagnoses, such as perioperative 
myocardial infarction, pericarditis, acute graft thrombosis following surgery, and inadequate myocardial protection. The management 
of widespread ST-segment elevation following cardiac surgery can be challenging.
In this article, we present a case with widespread ST-segment elevation following CABG surgery and hereby discuss the management 
and differential diagnosis.
Keywords: CABG, Precarditis, MI, ST-elevation, PPS

1. INTRODUCTION

ST-segment changes and T-wave abnormalities on 
electrocardiogram (ECG) are the earliest and most significant 
parameters detecting myocardial infarction (MI)[1,2]. Despite 
their high sensitivity, they are not specific. They can be 
associated with various cardiac and non-cardiac factors [3]. 
Cardiac surgeons frequently encounter ST-segment elevations 
after cardiac surgery, especially following CABG. While, ST-
segment changes in patients are often associated with MI, in 
postoperative patients who underwent cardiac surgery, ECG 
changes may be non-specific and related to pericardial or 
myocardial inflammation [4].
This paper will present a case report discussing the differential 
diagnosis and management of diffuse ST-segment elevation 
after CABG, outlining the steps taken and the process.

2. CASE REPORT

A 62-year-old male patient was referred to our clinic with 
stable angina pectoris. Medical history included hypertension, 

hyperlipidemia, and benign prostatic hyperplasia. His family 
history revealed that his father had suffered from a MI. Coronary 
angiography was performed, which revealed multivessel 
coronary artery disease. The heart team decided on the optimal 
therapy. The preoperative ECG showed normal sinus rhythm 
with no ST-segment changes. The ECG reported an ejection 
fraction (EF) of 65%, and no valvular disease. There were no 
abnormalities in the blood tests.
The patient underwent a five-vessel bypass surgery via median 
sternotomy, using the Del Nido cardioplegia solution, on 
cardiopulmonary bypass (CPB) under mild hypothermia 
(30°C). Anastomoses were performed using standard surgical 
techniques. The patient was weaned from CPB without 
inotropic support. During the surgical procedure, there were 
no pathological ECG changes. After the operation, the patient 
was transferred to the intensive care unit (ICU) with stable 
hemodynamic parameters.

https://orcid.org/0000-0002-2261-0294
https://orcid.org/0000-0002-3029-0665
https://orcid.org/0000-0002-3549-005X
https://orcid.org/0000-0002-8608-5951
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Figure 1. The patient’s initial monitoring of the electrocardiogram 
revealed widespread ST-segment elevations (V1-V6) in the ICU after 
CABG surgery.

In the ICU, the initial monitoring revealed widespread ST-
segment elevations (V1-V6) on the patient’s ECG (Figure 1). 
The patient’s hemodynamic parameters were stable, with a blood 
pressure around 125/70 mm/Hg, a normal sinus rhythm at 80 
beats per minute, and a central venous pressure between 9-11 
mmHg. During the postoperative follow-up, there was no need 
for inotropic support. The postoperative blood tests revealed 
a troponin T level of 678 ng/l. Subsequent troponin T levels 
decreased, with results of 457 ng/l and 372 ng/l, respectively. 
Despite the regression of troponin T levels, the ST-segment 
elevation in V1-V6 derivations continued (Figure 2).

Figure 2. The patient’s ST-segment elevation in V1-V6 derivations 
continued postoperatively.

Due to the persistent ST-segment elevation, a cardiology 
consultation was requested. Postoperative echocardiography 
showed no segmental wall motion abnormalities; the EF was 
65%. There was no significant sign of ischemia; however, the 
persistent ST – segment elevation remained confusing and 
disturbing. It was necessary to diagnose perioperative MI, 
inadequate myocardial protection, or postoperative early graft 
thrombosis or occlusion at the anastomosis site. We decided 

to perform coronary angiography to evaluate especially graft 
failure since, it may cause complications in the long term. The 
coronary angiography showed no evidence of graft thrombosis, 
stenosis, flow limitation at the anastomosis, or any pathology 
that could cause circulation disturbance or ischemia in the left 
anterior descending (LAD) territory (Figure 4).

Figure 3. The patient’s ECG results were utterly normal on the fifth 
postoperative day after the coronary angiography.

After the coronary angiography, the patient was extubated and 
transferred to service the following day. Daily monitoring of 
troponin T levels and ECG was continued. The troponin T levels 
continued to decrease, and the ST-segment elevation gradually 
regressed. The ECG results were utterly normal on the fifth 
postoperative day (Figure 3).

Figure 4. The patient’s coronary angiography showed no evidence of any 
pathology that could cause circulation disturbance or ischemia in the left 
anterior descending territory.
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3. DISCUSSION

Electrocardiography is a noninvasive, easy, and effective method 
to detect ischemic regions of the heart. It is a must to follow a 
patient after cardiac surgery. Usually, surgeons see an ECG daily, 
but it may be more frequent if there are any signs of ischemia. 
Despite being highly sensitive, there is also a rate of false 
positivity, just like any other method. If the clinical signs do not 
match ECG results, as in our case, physicians need to use other 
methods to ensure diagnosis. Therefore, as the clinical signs of 
our patients did not match his ECG results, it was essential to 
rule out the underlying pathology. Several differential diagnoses, 
such as perioperative MI, pericarditis, acute graft thrombosis 
following surgery, and inadequate myocardial protection must 
be assessed. As it was a complicated case we needed a prompt 
further investigation. We considered to perform coronary 
angiography in our patient. However, coronary angiography 
is an invasive method that can cause complications (such as 
acute kidney injury or vascular complications) in a patient who 
underwent cardiac surgery. So it must be a decision made by a 
heart team [5,6].
Nowadays, there are no longer discussions but common 
knowledge regarding the necessity of forming a heart team 
and managing cases based on the decisions of the heart team 
[5]. In our case, we managed the situation by the decisions and 
advices of the heart team that included cardiologists and the 
cardiovascular surgeons.
Inıtially, we examined the patient’s ECG (Figure 1), and our 
observation led us to three main differential diagnoses: Brugada 
syndrome, pericarditis (post-pericardiectomy syndrome), and 
anterior or anterolateral myocardial infarction [7].
Certainly, diagnosing Brugada syndrome in a patient who 
underwent cardiac surgery would not be realistic. Still, we 
examined preoperative ECG, which was normal. In Brugada 
syndrome, a 2 mm ST-segment elevation and T-wave inversion 
in leads V1-V3 or at least 1 mm saddleback ST-segment 
elevation, and biphasic or normal T – waves and also saddleback 
and coved ST-segment elevations, each less than 1 mm must 
be expected [8]. In our patient, widespread ST elevations were 
observed in leads V1-V6, saddleback or coved ST elevations 
were not present. We excluded Brugada syndrome.
One of the most common causes of postoperative ST-segment 
elevation is post-pericardiectomy syndrome (PPS) [9, 10]. When 
the ECG of acute pericarditis is examined, the characteristic 
finding is widespread ST-segment elevation [11-14]. Our patient 
had ECG changes consistent with pericarditis. Therefore, 
pericarditis was considered in the differential diagnosis. The 
ECG pattern in our patient could be due to inflammation 
resulting from the recent surgery (trauma). PPS is treated with 
colchicine, indomethacin, and dexamethasone [15]. Colchicine 
may also be preferred for primary prevention of PPS. There is no 
need for an invasive approach. We excluded PPC since, it would 
not change our approach to the patient and there would be no 
permanent damage. It is also an exclusive diagnosis which led us 
to the third option.

The most important diagnosis was anterior or anterolateral 
MI, which may lead us to graft failure, early thrombosis, or 
occlusion of anastomosis sites. All of them can and should 
be treated as soon as possible. Anterior and anterolateral MI 
is characterized by ST-segment elevation in the V1-V6 as in 
our patient. In anteroseptal MI, ST-segment elevation is seen 
in the V1-V4 leads, in anteroapical MI in the V3-V4 leads, in 
anterolateral MI in the V3-V6 leads, and in extensive anterior 
MI in the V1-V6 leads [10]. Our patient’s ST elevation in V1-V6 
was consistent with extensive anterior MI. Trop levels should be 
measured regularly to confirm the diagnosis, but they would be 
significantly high secondary to cardiac surgery, which may cause 
a false diagnosis. So, further interventions such as coronary 
angiography should be considered. Therefore, we performed 
coronary angiography to rule out any pathology and ensure that 
there were no additional complications (Figure 4).
As shown in Figure 1, our patient had widespread ST-segment 
elevations in V1-V6. Given this ECG pattern and the fact that it 
appeared acutely following the CABG procedure, the primary 
differential diagnosis should be perioperative MI, with early 
graft thrombosis being another critical differential diagnosis. 
In their study, Xenogiannis et al., discussed the frequency of 
saphenous vein graft insufficiency [16]. It is not uncommon. So, 
it means we usually overlook the signs. In terms of lima LED 
failure; due to PREVENT IV trial, free IMA graft or in situ IMA 
graft might fail. If compared to each other in situ IMA grafts 
(8.5 %) fail much less than free IMA grafts (23.3 %) [17,18]. 
In our patient, ST segment changes were in the anterior and 
anterolateral regions, which may be related to graft failure.
In the early postoperative period, the decision for coronary 
angiography was challenging since, the patient had stable vitals 
and was in good condition. There was no inotropic support as 
well. However, to prevent the patient from entering a chronic, 
difficult-to-treat, potentially fatal course, such as heart failure, 
we decided to proceed with coronary angiography early on.
Another critical point is the contributions and differences 
between ECG and coronary angiography. While, ECG reflects 
MI, coronary angiography visualizes vascular anatomy [6] 
coronary angiography or grafts may be normal, as in our case, but 
it does not necessarily mean there were no complications during 
surgery. Inadequate myocardial protection or perioperative 
MI should be kept in mind. Therefore, we needed clinical 
and biological support to make a diagnosis. Koppen et al., 
demonstrated that fluctuations in trop T levels are significantly 
related to myocardial damage during CABG [11]. There are also 
some criteria for diagnosing perioperative MI in the literature 
[15, 16]. In our case, the patient was hemodynamically stable 
and did not meet the criteria for perioperative MI. We still 
monitored troponin T levels daily, even more frequently on the 
first day since there were ECG changes.
We believe the patient’s management was detailed. Even though, 
there were no pathologic signs except ECG changes, it is still 
essential to evaluate any possible complications with care.
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Conclusion

Although, ST-segment elevations on ECG following CABG do 
not always imply an ischemic condition, they should not be 
overlooked. The patient’s clinical status is a crucial indicator in 
decision-making. Even, without definitive findings, it remains 
essential to monitor graft patency. As emphasized in all clinical 
settings, this case report demonstrates that working as a heart 
team ensures patient safety and more promising outcomes.
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