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original studies or evaluations, book reviews, and proceedings
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authors additional data, information, or complementary material
concerning the manuscripts, and the authors must comply with
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Manuscripts should be prepared in accordance with the Uniform
Requirements for Manuscripts Submitted to Biomedical Journals
regularly updated by the International Committee of Medical
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Association of Science Editors (EASE), and National Information
Standards Organization (NISO).

All manuscripts presenting data obtained from research involving
human subjects mustinclude a statement that the written informed
consent of the participants was obtained and that the study
was approved by an institutional review board or an equivalent
body. This institutional approval should be submitted with the
manuscript. Authors of case reports must submit the written
informed consent of the subject(s) of the report or of the patient’s
legal representatives for the publication of the manuscript.

All studies should be carried out in accordance with the World
Medical Association Declaration of Helsinki, covering the latest
revision date. Patient confidentiality must be protected according
to the universally accepted guidelines and rules. Manuscripts
reporting the results of experimental studies on animals must
include a statement that the study protocol was approved by
the animal ethics committee of the institution and that the study
was conducted in accordance with the internationally accepted
guidelines, including the Universal Declaration of Animal Rights,
European Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes, Principles
of Laboratory Animal Science, and the Handbook for the Care
and Utilization of Laboratory Animals. The authors are strongly
requested to send the approval of the ethics. committee together
with the manuscript. In addition, manuscripts on human and animal
studies should describe procedures indicating the steps taken to

eliminate pain and suffering.
Submission and peer reviewing

The official language of the Journal is English. Following an initial
evaluation and elimination for sufficient priority, manuscripts
are subject to blind peer review by at least two reviewers. The
Editor, who judges and analyzes the entire review process,
reaches a final decision to accept or reject a manuscript, or
to recommend a revision. The Editor has the right to reject a
revised manuscript.

Copyright - Authors’ approval - Conflict of interest

The authors should disclose all issues concerning financial
relationship, conflict of interest, and competing interest
that may potentially influence the results of the research or
scientific judgement. All financial contributions or sponsorship,
financial relations, and areas of conflict of interest should be
clearly explained in a separate letter to the editor at the time of
submission, with full assurance that any related document will be
submitted to the Journal when requested.

Manuscripts should be sent with the Copyright-Authors’ Approval-
Conflict of Interest Letter signed by the author(s). A copy of this
letter can be found at web site. Manuscripts will not be accepted
for evaluation until the receipt of this document by the Journal.

The Editorial Office inspects all submitted manuscripts concerning
plagiarism and duplication. If an ethical problem is detected, the
editorial office will act according to the COPE guidelines.

Submitting a manuscript

SCIE accepts only on-line submission via the official web site (please
click, http://www.scie.online/en/?s=online_submission) and
refuses printed manuscript submissions by mail. All submissions
are made by the on-line submission system called Journal Agent,
by clicking the icon “Online manuscript submission” at the above
mentioned web site homepage. The system includes directions at
each step but for further information you may visit the web site.

Important notice

Before the corresponding author submits the manuscript, all
authors must obtain ORCID-ID number and provide it to the
corresponding author.

Manuscript preparation

The author(s) must declare that they were involved in at least 3
of the 5 stages of the study stated in the “acknowledgement of
authorship and transfer of copyright agreement” as “designing
the study’, “collecting the data’, “analyzing the data’, “writing the
manuscript” and “confirming the accuracy of the data and the
analyses”. Those who do not fulfill this prerequisite should not be
stated as an author.

The number of authors should not exceed 6 for clinical, basic and
experimental studies, 4 for case reports and technical notes, and
3 for letters to the editor and reviews. In multi-center or multi-
discipline studies, each author’s contribution regarding the 5
stages mentioned above should be stated clearly. For this kind
of multi-center or multi-discipline studies with excessive number
of authors, the editor has the right to request that the number of
authors be reduced.

www.scie.online



Southern Clinics
of

Istanbul Eurasia

Formerly Kartal Egitim ve Arastirma Hastanesi Tip Dergisi

Manuscripts should be designed in the following order: title page,
abstract, main text, references, and tables, with each typeset on a
separate page.

Title page: This page should only include the title of the
manuscript, which should be carefully chosen to better reflect the
contents of the study. Author names should not appear in the title
and subsequent pages.

Abstract: It should not exceed 300 words. Abstracts should
be structured in four paragraphs using the following subtitles:
Objectives, Methods, Results, and Conclusion. Abstracts of case
reports should be unstructured.

Main text: The body consists of Introduction, Patients/Materials
and methods, Results, and Discussion. Use “Patients and methods”
for clinical studies, and “Materials and methods” for animal and
laboratory studies.

The Introduction section clearly states the purpose of the
manuscript and includes a brief summary of the most relevant
literature.

The Patients/Materials and Methods section describes the study
population and the study design, with adequate information on
the techniques, materials, and methods used. A clear description
of the statistical methods should also be given.

The Results section should provide a detailed report on the
findings of the study. Data should be concisely presented,
preferably in tables or illustrations, which should not exceed the
page layout of the Journal.

The Discussion section should mainly rely on the conclusions
derived from the results of the study, with relevant citations from
the most recent research.

Letter to the Editor: Letters to the editor should not exceed 350
words.

References: References should be numbered in the order in
which they are mentioned in the text. Only published articles or
articles in press can be used in references. Unpublished data or
personal communications should not be used. The style should
conform to the standards described in detail in “Citing Medicine-
The NLM Style Guide for Authors, Editors, and Publishers” (http://
www.nlm.nih.gov/citingmedicine), which is recommended in the
most recent update of “Uniform Requirements for Manuscripts
Submitted to Biomedical Journals”. A brief presentation of these
standards can also be found at http://www.nlm.nih.gov/bsd/
uniform_requirements.html. Journal titles should be abbreviated
according to the Index Medicus. The Journal’s title is abbreviated
as “South Clin Ist Euras”.

The style and punctuation should follow the formats outlined
below:

Standard journal article:

Napolitano LM, Corwin HL. Efficacy of red blood cell transfusion in
the critically ill. Crit Care Clin 2004;20:255-68.

All authors if six or fewer should be listed; otherwise, the first six
and “et al." should be written.

Epub ahead of print Articles:

Rupprecht H, Heppner HJ, Wohlfart K, Turkoglu A. The geriatric
polytrauma: Risk profile and prognostic factors. Ulus Travma Acil

Cerrahi Derg 2017 Jan 05. doi: 10.5505/tjtes.2016.77177. [Epub
ahead of print].

Personal author(s):

Enzingerz FM, Weiss SW. Soft tissue tumors. St. Louis: Mosby; 1995.
p. 27-50.

Editor(s), compiler(s) as author:

Guinal i, Barton NJ, Calli i, editors. Current management of scaphoid
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of Medicine Press; 2002.

Chapter in a book:

Henick DK, Kennedy DW. Fungal sinusitis. In: Stankiewicz JA,
editor. Advanced endoscopic sinus surgery. St Louis: Mosby; 1995.
p. 69-80.

Conference paper:

Kouzelis A, Matzaroglou C, Kravvas A, Mylonas S, Megas P, Gliatis
J. Anterior cruciate ligament reconstruction: patellar tendon
autogaft versus four strand hamstring tendon. In: Proceedings
of the 9th Turkish Sports Traumatology, Arthroscopy and Knee
Surgery Congress; 2008 Oct 14-18; istanbul, Tiirkiye. p. 223.
Unpublished conference papers should not be used in the
reference list.

Direct use of references is strongly recommended and the
authors may be asked to provide the first and last pages of certain
references. Publication of the manuscript will be suspended until
this request is fulfilled by the author(s).

Figures and tables

Al illustrations (photographs, graphics, and drawings)
accompanying the manuscript should be referred to as “figure”
All figures should be numbered consecutively and mentioned in
the text. Figure legends should be added at the end of the text as
a separate section. Each figure should be prepared as a separate
digital file in“jpeg” format, with a minimum of 9x13 ¢cm and at 300
dpi or better resolution.

All illustrations should be original. lllustrations published
elsewhere should be submitted with the written permission of the
original copyright holder.

For recognizable photographs of human subjects, written
permission signed by the patient or his/her legal representative
should be submitted; otherwise, patient names or eyes must be
blocked out to prevent identification. Microscopic photographs
should include information on staining and magnification.
Upon the author’s request, color prints will be considered for
publication; however, the authors are responsible for the extra
cost of printing color illustrations. Each table should be prepared
on a separate page, either at the end of the text file or as a separate
supplementary file, with table heading on top of the table. Table
heading should be added to the main text file on a separate page
when a table is submitted as a supplementary file.
Checklist
Covering letter

Signed by all contributors

Previous publication / presentations mentioned
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Presentation and format

Double spacing
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ABSTRACT

Obijective: Postoperative anastomotic leakage is one of the most severe complications of
esophageal surgery, significantly increasing patient morbidity and mortality risk. This study
aims to evaluate the impact of the anastomosis level on postoperative leakage and stricture
rates in esophageal cancer surgery.

Methods: A total of 104 patients operated on for esophageal cancer at the General Surgery
Department of Istanbul Dr. Liitfi Kirdar City Hospital between January 2010 and February
2023 were included.

Results: Mortality occurred in 47 patients during follow-up. Among the patients who devel-
oped mortality, the rates of McKeown operation, hand-sewn anastomosis, and lymphovascu-
lar invasion were significantly higher than in those who did not develop mortality.

Conclusion: Identifying risk factors and selecting the appropriate technique can reduce
complication rates and improve postoperative outcomes.

leakage; esophageal cancer;
McKeown esophagectomy.

This work is licensed under a Creative Commons

Attribution-NonCommercial 4.0 International License.

INTRODUCTION

Esophageal cancer is a significant global health issue char-
acterized by high mortality rates, with approximately
600,000 new cases diagnosed annually, most of which
are detected at advanced stages." Surgical treatment,
particularly esophagectomy, is one of the most effective
treatments for localized esophageal cancer. However, de-
termining the anastomosis level post-surgery is critical for
postoperative complications.

Postoperative anastomotic leakage (AL) is one of the
most severe complications of esophageal surgery, signifi-
cantly increasing patient morbidity and mortality risk. The
literature reports anastomotic leakage rates ranging from
[.4% to 17%.1 Anastomotic stricture is also a common
complication that can negatively impact patients’ quality

of life. Cervical anastomoses are reported to have higher
stricture rates compared to thoracic anastomoses.!"!

Recent years have seen intraoperative and postoperative
interventions effectively reduce anastomotic leakage and
stricture rates. The intraoperative frozen section method
provides high accuracy in assessing surgical margins, poten-
tially reducing the need for repeat surgeries and complica-
tion rates.’! Additionally, advancements in perioperative
management and early feeding protocols can accelerate
recovery and reduce complication risks.[**]

This study aims to evaluate the risk factors affecting
anastomotic leakage and mortality in esophageal cancer
surgery. For this purpose, data from |04 patients operated
on between 2010 and 2023 at our clinic were retrospec-
tively analyzed and compared with existing literature.
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MATERIALS AND METHODS

Study Design

This study was designed as a retrospective cohort study.
104 patients who were operated on for esophageal can-
cer at a tertiary reference hospital between January 2010
and February 2023 were included in the study. The study
protocol was approved by the Kartal Dr. Litfi Kirdar City
Hospital (approval number 2024/010.99/2/34).

Inclusion and Exclusion Criteria

Patients aged >18 years who underwent surgery in the
general surgery clinic were included. Patients whose data
were inaccessible or who were operated on for reasons
other than esophageal cancer were excluded.

Data Collection

Data were obtained from patient files, surgery reports,
and pathology reports. Age, gender, type of surgery, post-
operative pathology results, tumor characteristics, and

Table I. Evaluation of patients who are alive and ex as a result of follow-up
Total Alive Ex P
Variable n=104 n=57 n=47
n (%) n (%) n (%)
Gender
Female 58 (55.8) 36 (63.2) 22 (46.8) 0.095
Male 46 (44.2) 21 (36.8) 25 (53.2)
Age [median (IQR)] 57.5 (50.25-64.75) 57 (48-63) 58 (52-66) 0.209"
Preoperative Biopsy Result
Squamous Cell Carsinoma 94 (90.4) 51 (89.5) 43 (91.5) 1.00
Leiomyoma 1 (1.0) 1 (1.8) 0 (0)
Adenocarcinoma 9 (8.7) 5(8.8) 4 (8.5)
Localization
Distal esophagus 75 (72.1) 40 (70.2) 35 (74.5) 0.828f
Middle esophagus 27 (26.0) 16 (28.1) 11(23.4)
Proximal esophagus 2(1.9) 1 (1.8) I (2.1)
Tumor Size 4 (3-5) 4 (2-5) 4 (3-5) 0.597"
Operation Type
Transhiatal 24 (23.1) 16 (28.1): 8 (17.0) 0.018"
Mckeown 44 (42.3) 17 (29.8) 27 (57.4)
Ivor Lewis 36 (34.6) 24 (42.1) 12 (25.5)
Type of Anastomosis
Hand Sewn 48 (46.2) 20 (35.1)® 28 (59.6)° 0.018f
Stapler 55 (52.9) 36 (63.2) 19 (40.4)°
Cervical I (1.0) I (1.8) 0 (0)
Site of Anastomosis
Intrathoracic 37 (35.6) 24 (42.1) 13 (27.7) 0.126
Cervical 67 (64.4) 33 (57.9) 34 (72.3)
Surgical margin
Negative 98 (94.2) 55 (96.5) 43 (91.5) 0.406f
Positive 6 (5.8) 2 (3.5) 4 (8.5)
Pathology
No residue tumor 39 (37.5) 24 (42.1) 15 (31.9) 0.544"
Squamous Cell Carsinoma 54 (51.9) 27 (47.4) 27 (57.4)
Adenocarcinoma Il (10.6) 6 (10.5) 5 (10.6)
Total Lymph Nodes 12 (8.25-17) I (7-17) 14 (9-17) 0.218"
Pathological Lymph Nodes 0 (0-1) 0 (0-5) 0 (0-2) 0.052"
Lymphovascular Invasion 25 (24.0) 9 (15.7) 16 (34) 0.030"
Perineural Invasion 27 (26.0) 13 (22.8) 14 (29.8) 0.419"

*Chi square test, **Mann-whitney U test, Fisher’s exact test. IQR: Interquartile range.
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postoperative complications were recorded.

Statistical Analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (version 24.0, IBM Corp.,
Armonk, NY, USA). Descriptive statistical methods (me-
dian, frequency, percent, minimum, and maximum) were
used to present the data. The Pearson chi-square test was
used to compare qualitative data, and Fisher’s exact test
was applied when the number of subgroups was low. The
normal distribution of quantitative data was assessed by
the Kolmogorov—Smirnov and Shapiro—-Wilk tests. Quan-
titative data without normal distribution were compared
using the Mann—Whitney U test. A p-value of <0.05 was
considered statistically significant.

RESULTS

A total of 104 patients were operated on for esophageal
cancer in our clinic between 2010 and 2023. The distribu-
tion of patients by year is shown in Figure .

Of the patients, 55.8% were female, with a mean age of
57.32+10.69 years. The characteristics of the patients are
presented in Table |. Mortality occurred in 47 patients
during follow-up. Among the patients who developed
mortality, the rates of McKeown operation, hand-sewn
anastomosis, and lymphovascular invasion were signifi-
cantly higher than in those who did not develop mortality.

The most common comorbidities in patients were hyper-
tension, diabetes, and coronary artery disease, respectively.
Intraoperative bleeding occurred in 2 patients (Table 2).

Among the patients who developed mortality, 16 died
within the first month postoperatively, and 25 died within
the first year postoperatively. Postoperative stricture oc-
curred in 21.2% of patients, and postoperative leakage oc-
curred in 7.7%, as shown in Table 3. There was no statisti-
cally significant difference between patients who developed
and did not develop mortality in terms of postoperative
stricture and leakage. Patients who developed postop-
erative leakage had longer operation and hospitalization
times (p=0.030 and p<0.001, respectively). Among those

Figure 1. Distribution of the number of patients operated on due
to esophageal cancer by years.

Table 2. Comorbidities of patients and preoperative

complications

Variables n %

Comorbidities

None 63 60.6
DM 17 16.3
HT 25 24.0
Coroner arter disease I 10.6
Chronic kidney failure 2 1.9
Chronic heart failure 2 1.9
Chronic obstructive pulmonary disease 3 29
FMF I 1.0
HCV I 1.0
Complications (perop)

Bleeding 2 1.9
Spleen Injury | 1.0
Hepatic Vein Aberrant Branch Repair | 1.0
Pleural Injury | 1.0
Left Vocal Cord Sacrification/Tracheostomy | 1.0

*DM: Diabetes mellitus; HT: Hypertension; CAD: Coroner arter dise-
ase; CKD: Chronic kidney failure; CHF: Chronic heart failure; COPD:
Chronic obstructive pulmonary disease; FMF: Familial mediterrian fe-
ver; HCV: Hepatit C virus.

Table 3. Follow-up results of patients
Meant$.D. Median (IQR)

Hospitalizition 19.04+21.35 12 (9-17)

n %
Complications
Pneumonia 8 7.7
Pleural Injury 6 5.8
Pyloric Dysfunction 6 5.8
Relapse

| 1.0
Lymphatic Leakage | 1.0
Evisceration | 1.0
Number of patients 90 86.5
hospitalized in ICU
Leakage 8 7.7
Stenosis 22 21.2
Results
Ex in | Month 16 15.4
Ex in | Year 25 24.0
Ex in 2 Years 3 2.9
Ex in 3 Years 3 2.9

who developed postoperative stricture, the proportion of
males (63.9%) was significantly higher than those who did
not develop stricture (39%) (p=0.039). There was no sta-
tistically significant difference between other factors and
the development of postoperative stricture or leakage.
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Table 4. Examining the factors affecting the development of mortality using multivariate analysis

Adjusted O.R. 95% C.1. p
Gender 116
Male 2.08 0.84-5.19
Age 1.03 0.99-1.07 204
Type of Operation 17
Ivor Lewis 0.27 0.10-0.75
Transhiatal 0.25 0.08-0.77
Lymphovascular invasion 2.96 1.05-8.38 41
Leakage 4.03 0.62-26.10 144
Coronary artery disease 3.44 0.78-15.18 103

Nagelkerke R2: 0.27 |; Hosmer-Lemeshow Test: 0.325.

When the factors influencing the risk of developing mor-
tality were examined using multivariate regression analysis,
it was found that the type of operation and the presence
of lymphovascular invasion were associated with mortality
(Table 4). Compared to patients undergoing McKeown op-
eration, those undergoing Ivor Lewis and transhiatal oper-
ations had a lower likelihood of developing mortality. The
presence of lymphovascular invasion had an odds ratio of
2.96 for developing mortality.

DISCUSSION

The aim of this study was to identify risk factors for mor-
tality following esophagectomy for esophageal cancer.
Anastomotic leaks are the most common complications
following esophageal resections. Postoperative surgical
sepsis is responsible for the high rates of mortality and
morbidity. The frequency of this complication is highly vari-
able, with some studies reporting leakage rates over 30%.
] The choice of surgical method is important in terms
of postoperative morbidity and mortality. The potential
advantages of transhiatal resection include being less in-
vasive and faster. The literature indicates that transtho-
racic approaches lead to higher perioperative morbidity
and mortality rates, but there is no significant difference
in long-term survival between the two methods.”? While
some studies report higher leakage rates in cervical anas-
tomoses, this is explained by the long intrathoracic seg-
ment through which the stomach tube passes and the
reduced blood supply to the proximal stomach area.®”
In our study, the main findings increasing mortality risk
were McKeown operation, hand-sewn anastomosis, and
the presence of lymphovascular invasion. Therefore, when
planning esophagectomy for esophageal cancer, attention
should be paid to patients with these risk factors. Gen-
erally, cervical and intrathoracic anastomoses are per-
formed either hand-sewn or with a stapler.'” Although
single-layer continuous suturing is the most commonly
applied hand-sewn anastomosis technique, studies have
shown lower leakage rates after double-layer anastomo-
sis.l''l While some studies support the superiority of the

stapler technique, a definitive comparison in leakage rates
is not proven. Similar leakage rates have been observed
with different stapler techniques.l'?"] In our study, we
found higher leakage rates in cervical anastomoses, espe-
cially in hand-sewn anastomoses. We believe that surgical
technique choice, experience, and patient comorbidities
are important factors. The most common comorbidity
in our study group was diabetes mellitus, and the liter-
ature supports that diabetes is a risk factor for anasto-
motic leakage.l' Previous retrospective studies have
shown a relationship between lymph node invasion and
dissection status and anastomotic leakage in patients un-
dergoing esophagectomy for esophageal cancer. A meta-
analysis indicated that three-field lymph node dissection
was significantly associated with higher leakage incidence
compared to two-field lymph node dissection. Given the
current and previous findings, the lymph node dissection
status may have clinical implications in patients undergoing
esophagectomy.l'>'¥l In our study, three-field lymph node
dissection and lymphovascular invasion were associated
with mortality. Another noteworthy finding in our study
was that male gender was significantly more at risk for
developing postoperative stricture. There are several lim-
itations to this study. First, it was a retrospective, single-
center study with a relatively small sample size. Second,
many risk factors evaluated in previous studies, such as
nutritional status, BMI, albumin level, and immunity, were
not evaluated in this study. Additionally, the results of dif-
ferent surgeons and surgical approaches were analyzed.
Given these limitations, the current findings need to be
confirmed in other series with a larger number of patients.

Conclusion

Results from this study show that factors such as McKe-
own surgery and the presence of LVI are associated with
increased mortality. As a result, these factors significantly
increase mortality and morbidity. It seems that patients
with these factors should be closely monitored and neces-
sary precautions should be taken.

Ethics Committee Approval

The study was approved by the Kartal Dr. Liitfi Kirdar City
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Ozofagus Kanseri Cerrahisi Sonrasi Anastomoz Kacagi ve Mortalite Risk Faktorlerinin
Degerlendirilmesi

Amag: Postoperatif anastomoz kagagl, 6zofagus cerrahisinin en ciddi komplikasyonlarindan biridir ve hasta morbidite ve mortalite riskini
onemli Slgiide artirir. Bu galismanin amaci, 6zofagus kanseri cerrahisinde anastomoz seviyesinin postoperatif kagak ve darlik oranlarina etki-
sini degerlendirmeyi amaglamaktadir.

Gereg ve Yontem: Calismaya Ocak 2010 ile Subat 2023 tarihleri arasinda istanbul Dr. Liitfi Kirdar Sehir Hastanesi Genel Cerrahi
Bolimii’nde 6zofagus kanseri nedeniyle ameliyat edilen 104 hasta alindi.

Bulgular: Takip sirasinda 47 hastada mortalite meydana geldi. Mortalite gelisen hastalarda McKeown operasyonu, elle yapilan anastomoz ve
lenfovaskdiler invazyon oranlari, mortalite gelismeyenlere gére anlaml derecede yiiksekti.

Sonug: Risk faktorlerinin belirlenmesi ve uygun teknigin segilmesi komplikasyon oranlarini azaltabilir ve ameliyat sonrasi sonuglari iyilesti-
rebilir.

Anahtar Sozciikler: Anastomoz kagagl; McKeown 6zefajektomi; 6zefagus kanseri.
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INTRODUCTION

Gamze Cabakli,?
Tumay Umuroglu?

Gul Cakmak,? ® Can Kivrak,?

ABSTRACT

Obijective: Although the blood transfusion required due to bleeding caused by the large
incision area during craniosynostosis surgery is necessary to maintain the oxygen-carrying
capacity of the blood, it carries significant risks. Our aim in this study is to determine the
effect of the storage period of erythrocyte suspensions (ESs) on patient outcomes in the
postoperative period in a pediatric patient group who underwent craniosynostosis surgery.

Methods: Fifty-six patients aged 2-24 months who had undergone craniosynostosis sur-
gery between 2018 and 2021 were included in our retrospective study. The patients were
divided into two groups according to whether the storage time of the given ES and fresh
frozen plasma (FFP) (time elapsed from the day it was received from the donor to the day it
was transfused into the patients) was less or more than 10 days. Demographic data of the
patients, mean arterial blood pressure, body temperature, hemoglobin (Hb), INR, platelet
(plt) values, intraoperative bleeding, amount of transfusion, amount of crystalloid and colloid
fluid administered, duration of operation, duration of anesthesia, complications, duration of
stay in the postoperative intensive care unit (ICU), amount of transfusion given by drainage,
and length of hospital stay were recorded.

Results: The mean age of the patients was 8.271£6.294 months. A positive correlation was
found between the storage time of ESs used in the intraoperative period, ES and crystalloid
amount, and postoperative drainage. A negative correlation was found between intraopera-
tive FFP transfusion and the change in Hb values measured in the ICU, and between intraop-
erative ES transfusion and plt values on ICU discharge (p<0.05).

Conclusion: Our study concluded that the shortening of the storage time of ESs and FFPs
may have a positive effect on postoperative drainage. However, since it was found to have no
effect on hospital and ICU stay, it is thought that larger-scale studies are needed.

cause the intravascular volume of patients in the pediatric
age group is smaller than that of adults and the compensa-

Although blood transfusion is necessary to maintain the
oxygen-carrying capacity of the blood, this benefit must be
balanced with the risks of transfusion. Although this varies
for each patient and type of surgery, even small amounts
of blood loss result in hypotension in the pediatric patient
group and adversely affect oxygen delivery, especially be-

tory response to blood loss is insufficient.!']

Craniosynostosis is a condition in which one or more fi-
brous sutures in the skull ossify prematurely, changing the
shape of the skull. Since the skull cannot expand perpen-
dicular to the fused suture, it grows more in parallel with
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the closed sutures to compensate. Sometimes the result-
ing growth pattern can provide the necessary space for
the growing brain, but it may result in an abnormal head
shape and abnormal facial features, and large area resec-
tion and reshaping operations may be required. Massive
transfusion is a common practice during craniosynostosis
surgery due to the tissue damage that this large incision
area causes.” Therefore, in this patient group, which is
already susceptible to massive transfusion, correct blood
transfusion management is of greater importance, consid-
ering the hemoglobin concentration in the blood and the
presence of a serious systemic comorbidity in the patient.
However, today, in addition to the optimal transfusion pol-
icy, the content of blood and blood products, which varies
depending on the storage period, emerges as an important
factor for the side effects and complications that may de-
velop due to transfusion.

It has been revealed that a series of biochemical and cellu-
lar changes occur in erythrocytes during storage. Damage
developing in stored erythrocytes, also called storage le-
sions, poses a risk for tissue perfusion and tissue oxygen
delivery. Free hemoglobin released as a result of hemoly-
sis in the bag binds nitric oxide and causes an increase in
vascular tone. Free iron can also trigger the formation of
reactive oxygen species, causing both kidney or liver dam-
age and cardiac events.¥! It has been reported that trans-
fusion of erythrocyte suspensions stored in both mice and
dogs causes a systemic inflammatory response as a result
of increased cytokine release in recipients.'*® In addition,
it leads to the growth of ferrophilic bacteria.’’! During cold
storage, oxidative stress and impaired adenosine triphos-
phate (ATP) metabolism lead to remodeling of the ery-
throcyte membrane and damage to the cytoplasmic com-
position.” In addition, loss of cellular antioxidant capacity,
concentration changes of K+ and Na+, loss of membrane
and skeletal proteins, loss of membrane lipids, formation
of vesicles, and oxidation of skeletal proteins ocur.® Fur-
thermore, the stored erythrocytes themselves develop
procoagulant activity.”) It is well established that stored
erythrocyte concentrates are associated with pathological
reactions such as immunomodulation and post-transfu-
sion pro-inflammation. The developed microparticles act
as pro-inflammatory mediators that induce inflammatory
signals as paracrine messengers on the immune system.!'%

Although all these biochemical and structural changes have
been demonstrated, the effect of changes secondary to
cellular degeneration, which develops with an increase in
the waiting time until the erythrocytes are taken from the
donor and transfused, on the clinical outcomes of patients
has not been proven in the literature, and clear evidence
has not yet been obtained.

Our primary aim in this study is to determine the effect of
the retention time of erythrocyte suspension on hospital
and intensive care unit (ICU) stay in the pediatric patient
group who underwent craniosynostosis surgery. Our sec-
ondary aim is to reveal its effect on the amount of bleed-
ing that may develop in the postoperative period. Our hy-

pothesis in this study is that erythrocyte suspensions with
longer storage times may lead to an increase in morbidity.

MATERIALS AND METHODS

This study was planned retrospectively. Children aged
2-24 months with an ASA score of |-2, who had under-
gone craniosynostosis surgery at our hospital between
2018 and 2021, were included in the study. Cases with
congenital or traumatic extremity pathology, a history of
allergy to sensor material, a history of cardiac or vascu-
lar disease such as heart failure or hypertension, a body
weight of less than 5 kg, those who were admitted to
emergency surgery, suffered from surgical complications
during the operation, and whose operation lasted longer
than 4 hours were excluded from the study.

The data were obtained by reviewing the hospital infor-
mation system and anesthesia follow-up records of the
patients. The storage time of the erythrocyte suspen-
sions given to the patients was recorded by determining
the day they were taken from the donor and the day they
were transfused to the patients. The obtained data were
grouped into two groups. A comparison was made be-
tween FFPs and erythrocyte suspensions with a storage
period of less than and more than 10 days. Demographic
data, including gender, age, and body weight of the pa-
tients, were recorded. Arterial blood gas samples were
analyzed with the GEN-S hematology analyzer (Beckman-
Coulter Inc., Brea, CA). Mean arterial blood pressure, peak
heart rate, and body temperature were recorded at the
beginning and end of the operation in both groups. Initial
and postoperative lactate and pH values were recorded in
perioperative arterial blood gas sampling. The amount of
intraoperative bleeding; Hb, Htc, INR, and creatinine val-
ues at the beginning and end of the operation; the amount
of perioperative transfusion of blood and blood products;
the amount of crystalloid and colloid fluid administered;
the duration of the operation; the duration of anesthe-
sia; urine output; the need for vasopressors; and all the
complications that developed in the perioperative period
were recorded. The duration of postoperative ICU stay;
the amount of transfusion given by drainage; the duration
of invasive mechanical ventilation; the need for renal re-
placement therapy; the Hb, INR, fibrinogen, and creati-
nine values; the lactate and pH values in blood gas on ICU
admission and discharge; reoperation, mortality, cardiac
ischemia or infarction that developed during the postop-
erative period; thromboembolic events; acute respiratory
failure; nosocomial infection; acute transfusion reaction;
multiple organ failure; and the need for vasopressor or
inotropic therapy were recorded.

Statistical Analysis

R version 2.15.3 (R Core Team, 2013) was used for sta-
tistical analysis. Descriptive statistical methods (minimum,
maximum, median, first quartile, third quartile, mean,
standard deviation, frequency, and percentage) were used
when reporting the data. Whether the quantitative data
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fit the normal distribution was evaluated with the Shapiro-
Wilk test and graphical analysis. Independent samples t-
test was used in the between-group evaluation of the nor-
mally distributed variables. The Mann-Whitney U test was
used in the between-group evaluation of the non-normally
distributed variables. Analysis of variance and Bonfer-
roni-corrected binary evaluations were used for repeated
measures in the within-group evaluations of the normally
distributed variables with more than two iterations.
Dependent samples t-test was used in the within-group
evaluations of the normally distributed variables with two
iterations. The Wilcoxon signed-rank test was used in the
within-group evaluations of the non-normally distributed
variables with two iterations. Pearson chi-square test and
Fisher’s exact test were used to compare the qualitative
variables. Spearman correlation analysis (Spearman’s rho)
was used to determine the level of correlation between
the quantitative variables. Linear regression analysis was
used to determine the factors affecting the length of
ICU and hospital stay and duration of use of vasopressor
agents. Kaplan-Meier plot and log-rank test were used to
compare survival between the groups. A P value of <0.05
was considered statistically significant.

RESULTS

Twenty-seven males (48.2%) and 29 females (51.8%) par-
ticipated in our study. No patient was excluded from the
study. When the diagnoses of the patients were examined,
I3 patients were diagnosed with brachycephaly (23.2%), 3
patients (5.4%) with multiple suture synostosis, | (1.8%)
with plagiocephaly and scaphocephaly, | with operated
lambdoid suture synostosis and brachycephaly, | with Ap-
ert Syndrome, | with Crouzon Syndrome, | (1.8%) with
calvarial remodeling, 8 (14.3%) with plagiocephaly, | with
plagiocephaly and scaphocephaly, 12 (21.4%) with scapho-

cephaly, | (1.8%) with scaphocephaly and plagiocephaly,
and |3 (23.2%) with trigonocephaly. The demographic data
of the patients, the values of the blood and blood products
used intraoperatively and the perioperative laboratory val-
ues, the duration of anesthesia and surgery, and the length
of ICU stay are given in Table |. No significant relationship
was found between the age of the red blood cells (RBCs)
and fresh frozen plasmas (FFPs) that were used and the
intraoperative changes in pH and lactate levels. No rela-
tionship was found between the age of RBCs and FFPs
used in the ICU and the changes in the Hb, pH, platelet,
creatinine, and fibrinogen levels observed during the peri-
od between ICU admission and discharge. No relationship
was found between the age of the RBCs and FFPs used
and the length of ICU and hospital stay. No relationship
was found between the age of the RBCs and FFPs used
and the amounts of RBC and FFP transfusion performed in
the ICU. No significant correlation was found between the
age of the RBCs and FFPs used and the amount of colloid
and crystalloid fluid administered in the intraoperative pe-
riod and the amount of intraoperative bleeding. However,
it was weakly associated with the amount of postoperative
drainage (r=0.29, p<0.05). There was a very weak positive
correlation between the age of RBC used and the amount
of urine output (r=0.30, p<0.05) (Table 2).

The amount of intraoperative RBC and FFP, duration of
anesthesia, duration of surgery, and amount of intraop-
erative colloid and crystalloid were compared with the
duration of drainage, ICU, and hospital stay. A significant
correlation was found between the amount of intraopera-
tive RBC and crystalloid and the amount of postoperative
drainage (Table 3).

There was a very weak significant positive correlation be-
tween the postoperative lactate values and the amount of
FFP transfused intraoperatively (r=0.31, p<0.05) (Table 4).

Table I. Demographic data of the patients, values of intraoperative blood and blood products used and perioperative labo-

ratory values

Mean SD Median IQR25 IQR75
Month 8.27 6.294 7.00 6.00 9.00
Weight (kg) 8.99 2.309 8.50 7.85 10.00
Storage day of FFP (day) 13.30 8.922 9.00 6.00 22.00
Storage day of ES (day) 10.80 6.423 10.50 6.00 13.75
Intraop bleeding (ml) 227.26 149.356 200.00 145.00 285.00
Intraop ES (ml) 7.75 3.604 7.00 6.00 8.00
Intraop TDP 1.26 0.561 1.20 0.90 1.50
Intraop Hb baseline 9.94 1.039 9.75 9.20 10.67
Intraop Hb end 10.68 1.448 10.55 9.70 11.50
ICU stay (hour) 59.11 58.892 48.00 26.00 74.00
ICU ES tx (ml) .16 81.903 120.00 0 150.00
ICU TDP tx (ml) 35.98 69.592 0 0 37.50
Postop drainage (ml) 173.30 90.430 150.00 100.00 217.50
Hospital stay (day) 7.75 3.604 7.00 6.00 8.00
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Table 2.

The relationship between the age of the RBCs and FFPs used and the amount of colloid, crystalloid given in the

intraoperative period, and the amount of intraoperative bleeding and drainage

FFP (day)

Intraoperative bleeding (ml) 0.255
Postoperative drainage (ml) -0.075
Intraoperative bleeding (ml) 0.255
Intraoperative crystalloid (ml) -0.105
Intraoperative colloid (ml) 0217
Anesthesia time (min) -0.310
Surgery time (min) -0.262

RBC (day)

P r P
0.140 0.054 0.703
0.659 0.287* 0.032°
0.140 0.054 0.703
0.536 -0.128 0.345
0.197 0.023 0.869
0.062 -0.111 0416
0.118 -0.146 0.281

Table 3.

The relationship between the amount of intraoperative RBC and FFP, duration of anesthesia, duration of surgery,

amount of intraoperative colloid and crystalloid and drainage, ICU stay, and hospital stay

Postoperative drainage (ml)

ICU stay (hour) Hospital stay (day)

r p r p r p
Intraoperative RBC (ml) 0.389" 0.003 0.253 0.062 0.124 0.364
Intraoperative FFP 0.140 0.304 0.045 0.746 0.134 0.326
Duration of anesthesia (min) 0.008 0.954 -0.082 0.553 0.102 0.455
Duration of surgery (min) -0.009 0.950 -0.055 0.688 0.098 0.473
Intraoperative crystalloid (ml) 0.350™ 0.008 0.260 0.055 0.260 0.053
Intraoperative colloid (ml) 0.211 0.119 -0.142 0.300 0.053 0.700

Table 4.

Analysis of the relationship between intraoperatively measured lactate values, the amount of RBC and FFP trans-

fused, the duration of anesthesia and surgery, and the amount of crystalloid and colloid fluid administered

Intraoperative
Lactate baseline

Intraoperative
Lactate variance

Intraoperative
Lactate end of surgery

r p r p r p
Intraoperative RBC (mL) 0.097 0.475 0.103 0.448 -0.034 0.804
Intraoperative FFP (mL) 0.039 0.775 0.315*% 0.018* -0.235 0.081
Anesthesia time (min) 0.060 0.659 0.054 0.690 -0.013 0.923
Surgery time (min) 0.099 0.466 0.060 0.662 0.003 0.985
Intraoperative crystaloid (ml) 0.097 0.475 0.103 0.448 -0.034 0.804
Intraoperative colloid (ml) 0.053 0.698 -0.026 0.849 0.048 0.725

The difference between the Hb values on ICU admission
and discharge and the amount of intraoperative FFP trans-
fusion were very weakly, negatively, and significantly corre-
lated (r=-0.28, p<0.05). There was a very weak significant
positive correlation between the fibrinogen values on ICU
admission and intraoperative FFP amounts (r=0.34, p<0.05).
There was a very weak significant negative correlation be-
tween the platelet values on ICU admission and intraopera-
tive FFP amounts (r=-0.32, p<0.05). There was a very weak
significant negative correlation between the platelet values
on ICU admission and intraoperative RBC amounts (r=-
0.50, p<0.001). There was a very weak significant negative

correlation between the platelet values on ICU discharge
and intraoperative RBC amounts (r=-0.35, p<0.001). The
data indicating the effect of FFP age, whether more or less
than 10 days, on patient parameters are given in Table 5.
The data indicating the effect of RBC age, whether more or
less than 10 days, on patient parameters are given in Table 6.

DISCUSSION

Our study investigated the relationship between blood
transfusion storage time in pediatric patients undergoing
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Table 5. Changes in patient parameters when FFP age is below and above |0 days

FFP day <10 10<
Mean SD Mean SD P

ICU ES tx (ml) 107.37 91.414 125.28 88.359 0.549
ICU FFP tx (ml) 63.95 80.287 44.44 80.292 0.465
Postop drenage (ml) 186.84 119.131 165.83 73.008 0.525
ICU creatinin gap 0.0706 0.06682 0.0556 0.10623 0.615
ICU fibrinogen gap -217.6316 133.71620 -126.8333 85.17197 0.020"
ICU trombosit gap 73.7368 73.55032 54.6111 150.38662 0.623
ICU pH gap -0.1363 0.09570 -0.1567 0.19629 0.688
ICU lactat gap 1.6368 2.32862 1.5778 1.39603 0.927
Table 6. Changes in patient parameters when RBC age is below and above 10 days

FFP day <10 10<

Mean SD Mean SD p

Month 7.54 3.930 9.00 8.009 0.389
Weight (kg) 9.02 1.619 8.95 2.871 0918
Intraop bleeding (ml) 220.00 170.571 235.40 124.381 0.712
Intraop ES (ML) -0.1464 0.70579 -0.3214 0.68224 0.350
Intraop FFP (ML) .17 0.539 1.35 0.579 0.247
Intraop crystalloid (ml) 525.54 190.114 498.93 185.878 0.599
Intraop colloid (ml) 20.71 34.633 33.93 61.904 0.329
Urine output (ml) 50.18 33.374 81.07 53.253 0.012*
Anesthesia time (min) 264.50 36.943 260.89 39.676 0.726
Surgery time (min) 221.43 36.052 218.57 37.782 0.773
ICU stay (hour) 62.57 77.868 55.52 29.672 0.661
Postop drainage (ml) 162.68 72.194 183.93 105.886 0.384
Hospital stay (day) 7.64 4.262 7.86 2.877 0.826

craniosynostosis surgery and their laboratory parameters
and incidence of complications. A positive correlation was
found between RBC age and the amount of postoperative
drainage. No significant correlation was found between
the age of RBCs or FFPs and the length of stay in the
hospital or ICU. A positive correlation was found between
the amount of FFPs transfused intraoperatively and the
postoperative lactate values. No significant correlation
was found between whether the age of FFPs or RBCs was
more or less than 10 days and the changes in patient pa-
rameters.

In the Informing Fresh versus Old Red Cell Management
(INFORM) study conducted with a pediatric patient
group, no significant difference was found between wheth-
er erythrocyte suspension was stored for less than 7 days,
8 to 35 days, or more than 35 days, and the patient out-
comes.l'"l In the Age of Red Blood Cells in Premature In-
fants (ARIPI) study by Fergusson et al.l'Z erythrocyte sus-
pensions stored in the neonatal ICU for less than 7 days
and erythrocyte suspensions stored in the ordinary way
were compared in 377 premature infants. While the mean

duration was 5 days in the group with less storage time, it
was 14.6 days in the group with longer storage time, and
morbidity and infection-related results were found to be
similar between the two groups.'? The results of these
studies also confirm our results.

In the study titled Tissue Oxygenation by Transfusion in
Severe Anemia with Lactic Acidosis (TOTAL), which inves-
tigated the effect of transfusion of erythrocyte suspension
with a longer or shorter storage period on blood lactate
levels in 290 children (6-60 months) who suffered severe
anemia due to malaria or sickle cell disease in Uganda
between February 2013 and May 2015, it was found that
longer storage time did not lead to higher lactate levels.
31 Similarly, no correlation was found between FFP age
and lactate level in our study. However, the lactate level
increased proportionally with the amount of transfused
FFP. In light of all this data, it is not possible to reach a con-
clusion about the effect of the storage period of the blood
product on the mortality and morbidity that may develop
in patients. The most important feature of this study is
that there is no study in the literature that could shed light
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on the relationship between the storage time of eryth-
rocyte suspensions used in craniosynostosis operations
and patient outcomes in the postoperative period. One
of the most important factors affecting patient survival is
prolonged hospital or ICU stay. However, no increase was
detected in either of them in our study. Ve believe that
this is due to the small sample size.

On the other hand, in a prospective cohort study includ-
ing 61 trauma patients, a significant correlation was found
between elderly blood transfusion and the risk of post-
operative infection.l' It was argued that this might de-
velop due to the immunomodulatory effects of pending
blood transfusion. It was also suggested that the infection
could be triggered due to the activation of the neutrophil
nicotinamide adenine dinucleotide phosphate oxidase sys-
tem.] In a study conducted with 128 pediatric patients
who underwent palliation of congenital heart disease with
cardiopulmonary bypass, longer erythrocyte storage time
was associated with a 4-fold increase in postoperative
nosocomial infections.l'! Older erythrocytes may cause
a proinflammatory cytokine response, leading to the de-
velopment of infection. For this reason, the use of leu-
kocyte-reduced blood transfusions has become a current
issue.l'”l |t was shown that reducing the leukocyte rate
in dogs receiving transfusion of blood stored for 28 days
does not significantly affect the rate of infection.l! Being a
controversial issue, leukoreduction was not applied before
blood transfusion in our study, and no infectious compli-
cation was detected.

Recent publications indicate that acquired fibrinogen de-
ficiency is a leading determinant in the development of
perioperative dilutional coagulopathy!'® In our study, a
significant correlation was observed between the amount
of intraoperative RBC and crystalloid and the amount of
postoperative drainage. However, no difference was found
between the fibrinogen levels, indicating that this may be
due to the dilution of other factors. In this case, we believe
that positive results will be obtained in clinics by shorten-
ing the storage period. In addition, the amount of drainage
that would require reoperation was not observed in any
of the patients.

Limitations

There are studies advocating that aged erythrocytes are
rapidly destroyed after transfusion.'”’ One of the limita-
tions of our study is that the clinical changes and labo-
ratory parameters of the intraoperative period and early
postoperative period were investigated. The long-term
effects resulting from erythrocyte destruction in the post-
operative period were not investigated. Another limita-
tion is that the study design was retrospective, and the
sample size was small.

Conclusion

The results of our study concluded that shortening the
storage time of blood and blood products may have a
positive effect on postoperative drainage. However, larg-

er-scale studies are needed as it was not proven whether
this has an effect on hospital and ICU stay and laboratory
parameters.
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Kraniyosinostoz Ameliyati Geciren Pediatrik Hasta Populasyonunda Eritrosit

Suspansiyonlarinin Artan Depolama Suresinin Hasta Sonuclarn Uzerindeki Etkileri

Amag: Kraniyosinositoz cerrahisi sirasinda genis insizyon alaninin yol agtigi kanama nedeniyle gereken kan transfiizyonu, kanin oksijen tagima
kapasitesinin devamliligini saglamak igin gerekli olmakla beraber, 6nemli riskleri bulunmaktadir. Giiniimiizde kan ve kan triinlerinin depolama
stiresiyle degisen igerigine bagh gelisen ciddi komplikasyonlarin postoperatif dsnemde hasta sonuglarini etkileyebilecegi de diistiniilmektedir.
Bu galismadaki amacimiz, kraniyosinositoz cerrahisi gegirmis olan pediyatrik hasta grubunda eritrosit siispansiyonunun depolama siiresinin
postoperatif ddnemde hasta sonuglari lizerine etkisini belirlemektir.

Gereg ve Yontem: Retrospektif olarak planlanan galismamiza, hastane bilgi sistemi ve anestezi izlem kayitlarindan verileri alinarak 2018-
2021 yillari arasinda kraniyosinositoz cerrahisi gegirmis olan 2-24 aylik 56 hasta alindi. Hastalar verilen eritrosit siispansiyonu (ES) ve taze
donmus plazmanin (TDP) depolama siiresine gére (donérden alindigi giin ile hastalara transfiize edildigi glin arasi siire) 10 giiniin altinda olan
ve 10 giliniin Uzerinde olan seklinde gruplara ayrildi. Hastalarin demografik verileri, ortalama arteryel kan basinci, viicut sicakligi, hemoglobin
(Hb), INR, trombosit (PLT) degerleri, intraoperatif kanama, transfiizyonu miktari, verilen kristalloid ve kolloid sivi miktari, operasyon siiresi,
anestezi siiresi, komplikasyonlar, postoperatif yogun bakimda (YBU) kalis siiresi, drenaj ile verilen transfiizyon miktari ve hastanede kalig
stiresi kaydedildi.

Bulgular: Hastalarin ortalama yasi 8.27+6.294 ay idi. intraoperatif dénemde kullanilan ES’lerin depolama siiresi, ES ve kristalloid miktari ile
postoperatif drenaj arasinda pozitif korelasyon saptanmistir. intraoperatif TDP transfiizyonu ile YBU'de élgiilen Hb degerlerinin degisimi ve
intraoperatif ES transfiizyonu ile YBU ¢ikis PLT degerleri arasinda negatif yonlii korelasyon saptandi (p<0.05).

Sonug: Calismamizin sonuglarina gére ES ve TDP’lerin depolama siiresindeki kisalmanin postoperatif drenaj tizerine olumlu etkisi olabilecegi
kanisina varildi. Ancak hastane ve YBU'de kalis iizerine bir etkisinin varligi gésterilememesi daha biiyiik &lcekli galismalara ihtiya oldugunu
dustindirmistir.

Anahtar Sozciikler: Eritrosit siispansiyonu; kraniyosinostoz; taze donmus plazma; kan transfiizyonu.
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INTRODUCTION

Objective: This study aimed to evaluate the performance of ChatGPT-4, a large language
model, in answering thoracic surgery questions compared to 5th-year medical students. The
goal was to assess the potential of ChatGPT-4 as an educational tool in medical training.

Methods: A retrospective comparative analysis was conducted involving 10 fifth-year med-
ical students and ChatGPT-4. Each participant answered 40 multiple-choice questions re-
lated to thoracic surgery. The students’ scores were compared to the scores generated by
ChatGPT-4. Statistical analysis was performed using an independent sample t-test to deter-
mine the significance of the differences in performance.

Results: The students’ scores ranged from 80% to 97.5%, with an average score of 88.25%
(SD=5.63). ChatGPT-4 scored 95% on the same set of questions. The t-test results indicated
a statistically significant difference between the students’ scores and ChatGPT-4’s score (t=-
3.98, p=0.00088).

Conclusion: The study demonstrated that ChatGPT-4 can provide accurate answers to
thoracic surgery questions, surpassing the performance of 5th-year medical students. This
indicates the potential of large language models as valuable educational tools in medical
training. However, further research is needed to evaluate the model’s performance across
different medical disciplines and question types.

to be well-equipped in both theoretical knowledge and
practical skills.[57]

Thoracic surgery is a medical specialty that involves the
surgical treatment of organs within the thoracic cavity.
This field deals with the surgical treatment of diseases and
disorders affecting vital organs such as the lungs, esopha-
gus, chest wall, and diaphragm. Thoracic surgery encom-
passes numerous serious health issues, including cancer,
infections, trauma, and congenital anomalies. Therefore,
accurate and timely interventions in the field of thoracic
surgery play a critical role in enhancing patients’ quality of
life and improving survival rates.!'*!

The significance of thoracic surgery is not limited to sur-
gical techniques and applications alone. This field also re-
quires working near complex anatomical structures and
vital organs, demanding a high level of expertise and skill.
Consequently, thoracic surgery training requires doctors

In recent years, the use of artificial intelligence (Al) and
large language models (LLMs) in medical education and pa-
tient care has been increasing. LLMs have demonstrated
significant potential in answering various medical ques-
tions, analyzing medical texts, and even providing diagnos-
tic and treatment recommendations, thanks to their ability
to learn from large datasets.®”) These models can be used
as educational tools for medical students and doctors, aid-

ing in the understanding of complex medical information.
[10-12]

This study aimed to compare the responses of 5th-year
medical students to thoracic surgery questions with those
provided by an LLM, such as ChatGPT-4.


https://orcid.org/0000-0003-1899-8983
https://orcid.org/0000-0003-4424-5918

210

South. Clin. Ist. Euras.

MATERIALS AND METHODS

This study was designed as a retrospective comparative
analysis to compare the responses of 5th-year medical stu-
dents from the the Health Sciences University Hamidiye
International Faculty of Medicine thoracic surgery ques-
tions with those provided by a large language model like
ChatGPT-4. The study includes 5th-year students enrolled
in the Faculty of Medicine during the 2023-2024 academic
year. A total of 10 students participated in the study. Ethics
approval was obtained from the Kartal Dr. Liitfi Kirdar
City Hospital Ethics Committee with the decision dated
26.07.2024 and numbered 2024/010.99/6/37.

To assess their knowledge in the field of thoracic surgery,
participants were asked 40 multiple-choice questions. Th-
ese questions were selected from those included in the
medical school curriculum and prepared by the Division
of Thoracic Surgery, covering theoretical knowledge and
clinical applications. Each question was prepared in a five-
choice multiple-choice format. The same questions were
also posed to ChatGPT-4, and the model’s responses were
recorded. ChatGPT-4 provided answers by entering ques-
tions and options into the user interface. The model eval-
uated each of the selected options and determined the
most appropriate answer.

ChatGPT-4 is a large language model developed by OpenAl
and trained on millions of texts. The model is trained with
deep learning algorithms to understand the structure and
context of language using large datasets. ChatGPT-4 has
the ability to generate text and answer questions on var-
ious topics using this pre-trained knowledge. The train-
ing of the model involves analyzing and processing a large
amount of text data to develop the capacity to understand
and produce human language.

Statistical Analysis

Statistical analyses were conducted using the Statistical
Package for the Social Sciences software (Version 29,
Chicago, IL, USA) for Windows. A significance level of
p<0.05 was set for the analyses. An independent sample
t-test was used to evaluate the differences in performance
between the students and ChatGPT-4. The t-test was
employed to assess whether the difference between the
means of the two independent groups was due to chance.
In this context, the difference in the number of correct
answers given by the students and ChatGPT-4 was statis-
tically analyzed.

RESULTS

In this study, the accuracy rates of responses to thoracic
surgery questions given by 5th-year medical students and
ChatGPT-4 were compared. When examining the scores
of the 10 participating students (S1-S10) from 40 multi-
ple-choice questions, it was observed that the students’
performance ranged from 80% to 97.5% (Figure 1). The
average exam performance of the students was calculated

Figure 1. Score distribution of students.

Figure 2. Performance comparison - Students vs ChatGPT-4.

Figure 3. Correct and incorrect answers - Students vs
ChatGPT-4.

as 88.25% (SD=5.63). The accuracy rate of ChatGPT-4’s
responses to the same 40 questions was recorded as 95%
(Figure 2). Although the individual scores of the students
varied, ChatGPT-4’s performance remained consistent
and high. The results of the independent sample t-test
indicated a statistically significant difference in perfor-
mance between ChatGPT-4 and the students (t=-3.98,
p=0.00088).

Examining the distribution of student scores reveals that
while the scores were spread over a wide range, they were
generally high. The performance comparison showing
ChatGPT-4 outperforming the students highlights the po-
tential of the language model. The comparison of correct
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and incorrect responses supports that ChatGPT-4 has a
higher accuracy rate than the students by providing more
correct answers (Figure 3).

DISCUSSION

This study concluded that ChatGPT-4 provided signifi-
cantly higher accuracy in responding to thoracic surgery
questions compared to 5th-year medical students. This
result indicates that LLMs can be used as valuable tools
in medical education and can be effective in enhancing the
knowledge level of medical students.

LLMs are deep learning systems trained on large datasets.
These models learn the meaning and context of language
using text data and can generate human-like text out-
puts. Models like GPT-4, developed by OpenAl, are highly
advanced systems with millions of parameters, offering
strong capabilities in language generation and understand-
ing.l1-1%1

LLMs have revolutionized the field of natural language pro-
cessing (NLP) and have been used in various applications.
These models demonstrate high performance in tasks
such as text generation, translation, question answering,
text summarization, and many more. ChatGPT, developed
by OpenAl, is a chatbot built on large language models like
GPT-4. ChatGPT has the ability to engage in natural and
meaningful dialogues with users.['¢!7]

In a study conducted in the field of neurology, the perfor-
mance of GPT-4 and other large language models (Bard
and Claude 2) on epilepsy examinations was evaluated.
The study found that GPT-4 achieved the highest perfor-
mance with an accuracy rate of 72%, while the other mod-
els showed lower performance.l'® This study highlighted
the ability of large language models to answer medical
exam questions, emphasizing their potential use in medical
education and exam preparation.

In another study conducted in the field of oncology, the
performance of LLMs on medical oncology exam questions
was evaluated. The study found that a proprietary LLM,
Proprietary LLM 2, achieved the highest performance with
an accuracy rate of 85%. However, a significant portion of
the incorrect answers was found to have a moderate to
high potential for harm in clinical practice.l'”? These find-
ings suggest that LLMs can be effective in answering ques-
tions based on medical knowledge, but caution should be
exercised when using them in clinical practice.

Limitations

This study has several limitations. First, the number of
students participating is limited, which may hinder the
generalization of the results. Second, only questions from
the field of thoracic surgery were used; therefore, the re-
sults cannot be generalized to other medical fields. Third,
the performance of ChatGPT-4 was evaluated only with
multiple-choice questions; its performance on open-ended
questions was not assessed.

Conclusion

This study demonstrates that ChatGPT-4 has a superior
accuracy rate compared to medical students’ performance
on thoracic surgery questions. Large language models can
be valuable tools in medical education and exam prepa-
ration. However, they need to be carefully evaluated and
validated before being used in clinical practice. Future re-
search should assess the performance of large language
models across different medical fields and various types of
questions and strive to better understand their integration
into medical education.
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4 )
Buyuk Dil Modeli ve Tip Egitimi: Gogus Cerrahisi Sorulannda Insan ve Yapay Zeka
Yanitlannin Degerlendirilmesi

Amag: Bu calisma, bir biiyiik dil modeli olan ChatGPT-4’iin, gogiis cerrahisi sorularina 5. sinif tip 6grencileri ile karsilastirmali olarak yanit
verme performansini degerlendirmeyi amaglamaktadir. Calismanin hedefi, ChatGPT-4’lin tip egitiminde bir egitim araci olarak potansiyelini
degerlendirmektir.

Gereg ve Yontem: Calismada, 10 besinci sinif tip 6grencisi ve ChatGPT-4’iin yer aldigi retrospektif kargilastirmali bir analiz yapildi. Her kati-
limc, gégis cerrahisiyle ilgili 40 goktan segmeli soruyu yanitladi. Ogrencilerin puanlari, ChatGPT-4 tarafindan iiretilen puanlarla karsilastirildi.
Performans farklarinin anlamlihigini belirlemek igin bagimsiz 6rneklem t-testi kullanilarak istatistiksel analiz yapildi.

Bulgular: Ogrencilerin puanlari %80 ile %97.5 arasinda degismis ve ortalama puan %88.25 (SD=5.63) olarak hesaplanmigti. ChatGPT-4,
ayni soru setinde %95 puan almistir. T-testi sonuglari, 6grencilerin puanlari ile ChatGPT-4’(in puani arasinda istatistiksel olarak anlamli bir fark
oldugunu géstermistir (t=-3.98, p=0.00088).

Sonug: Calisma, ChatGPT-4’iin gogis cerrahisi sorularina dogru yanitlar verebildigini ve 5. sinif tip 6grencilerinin performansini astigini
gostermistir. Bu durum, biyiik dil modellerinin tip egitiminde degerli egitim araglari olarak potansiyelini ortaya koymaktadir. Ancak, modelin
farkli tibbi disiplinler ve soru tiirleri izerindeki performansini degerlendirmek igin daha fazla arastirmaya ihtiyag vardir.

Anahtar Sozciikler: ChatGPT-4; buyiik dil modelleri; gogus cerrahisi; yapay zeka.
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INTRODUCTION
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Nilufer Kutay Ordu Gdkkaya

ABSTRACT

Obijective: Idiopathic scoliosis (IS) is a three-dimensional deformity of the spine, defined
radiographically as a lateral deviation of more than |0 degrees in the coronal plane, charac-
terized by sagittal and transverse plane changes. Balance and walking are the most common
activities of daily living. In our study, we aimed to analyze the effect of the curvature on
balance and walking in IS individuals, who have a reduced risk of progression and whose
curvatures are generally stable, by analyzing quantitative data.

Methods: The study included 34 patients with IS and 34 healthy individuals. All partici-
pants were questioned about their socio-demographic and physical characteristics. Balance
parameters were recorded using a multi-axis, motorized platform system called Huber 360
with built-in force sensors and handles. The participants’ gait analysis was performed using a
Zebris FDM type 3 (Zebris Medical GmbH, Germany) walking platform.

Results: When gait parameters were examined, step time and walking cycle duration were
significantly higher in the IS group compared to the control group (p=0.007 and p=0.008,
respectively). On the contrary, right-foot loading response and walking speed of the control
group were significantly higher than the scoliosis group (p=0.006 and p=0.0003, respec-
tively). Stability speed with eyes closed was significantly higher in the IS group compared to
controls (14.55+3.5 mm/s and 12.6£4.6 mml/s, respectively, p=0.012). No significant differ-
ences were observed between the groups in terms of other balance and gait characteristics.

Conclusion: This study revealed that balance and gait were affected in patients with IS, and
individuals with scoliosis had poor balance and walking skills compared to healthy individuals.
Therefore, in scoliosis rehabilitation, balance and walking problems that may be caused by
spinal curvatures should definitely be taken into consideration.

Scoliosis is a three-dimensional torsional deformity that
occurs with the rotation of one or more vertebrae in

Idiopathic scoliosis (IS) is a three-dimensional deformity of
the spine, defined radiographically as a lateral deviation of
more than |0 degrees in the coronal plane, characterized
by sagittal and transverse plane changes. The underlying
factors in the etiology of IS and the cause of the deformity
are not fully known. Since more than one factor is seen
to be effective in the pathogenesis of IS, a multifactorial
pathogenesis is considered. The most commonly blamed
factors include maturation disorders of the central and
peripheral nervous system, connective tissue disorders
in elastic and collagen fibers, muscle and bone diseases,
platelet disorders, melatonin, calmodulin, growth hormone
imbalances, and leptin deficiency.l'! Scoliosis is divided into
structural and non-structural scoliosis. One of the most
common etiological causes of structural scoliosis is IS, and
75-80% of all scoliosis cases are in this group.™

the spine. Chest deformity and pelvic asymmetry are of-
ten seen together with spinal deformity.®! This deformity,
which is usually painless, is asymptomatic and easily over-
looked. In advanced and untreated cases, there is a high
risk of developing significant health problems such as acute/
chronic back and waist pain, cardiopulmonary dysfunction,
functional limitation, depression, and deterioration in qual-
ity of life due to cosmetic deformity. IS classification is clas-
sically made based on the age at which the deformity is first
diagnosed. The classical classification of idiopathic scoliosis
according to age is: |. Infantile (0-3 years) 2. Juvenile (3-10
years) 3. Adolescent (10-18 years) 4. Adult (I8 years and
older) IS. 80-90% of IS occurs during adolescence. It is
frequently seen during childhood and adolescence, when
the growth plates develop, between the ages of 6 and 24
months, 5 and 8 years, and | | and 14 years. These periods
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are also the most obvious progression period in IS. After
the completion of spinal growth in adolescence, the po-
tential for progression of IS is much lower. In adulthood, it
may progress as a result of spinal collapse and progressive
osseous deformities.’! After skeletal maturation, it may
progress by one or two degrees per year, especially in cases
with scoliosis exceeding 50°, and it is reported that curves
with angles less than 35 degrees generally remain stable.
I Knowing the risk of progression in IS is important for
determining and continuing the treatment.

Postural balance is one of the most important factors that
determine a person’s ability to make and maintain move-
ments. Adequate postural balance is an important proof of
proper neuromuscular control and communication between
the central nervous system and the muscles. Balance is re-
lated to the integration of data from the visual, somatosen-
sory, and vestibular systems.!! In scoliosis, poor posture
causes imbalance in the spine, fatigue, and ultimately pain
due to nociceptive stimuli. In order to correct the poor
posture, the muscles are overstretched, and over time,
spasm and pain occur in the muscles. As the apical region is
approached on the convex side of the scoliotic curvature,
spinal mobility decreases, the muscles on the convex side
of the curvature are overstretched and strain the ligaments,
and on the concave side, weakness and shortening occur
in the muscles. As a result of scoliosis, the posture of the
patients is deteriorated, the biomechanics of the spine are
affected due to the poor posture, disuse atrophies develop,
and this causes asymmetrical loads in the spine.

Carrying more body weight on one side also affects the
load distribution of the lower extremity. This situation
can cause postural control and body balance to deterio-
rate, and walking mechanics, including the kinematics of
the lower extremity joints, can cause gait asymmetries
and the development of a pathological gait. In addition,
asymmetries in walking can affect the trunk-pelvis balance
and cause the curve to progress.”! Therefore, balance and
walking training that affects the trunk-pelvis balance in the
opposite direction according to the individual’s curvature
is of great importance in the exercise program planned for
scoliosis treatment.

To our knowledge, there is no study that evaluates the
effect of curvature on balance and walking, especially in
adult IS, with quantitative analysis and data. The aim of
this study is to examine the effect of curvature on balance
and walking in adult IS individuals, in a period when the
risk of progression has decreased, and the curvatures are
generally stable.

MATERIALS AND METHODS

From February 2024 to May 2024, 34 IS patients and 34
healthy individuals were recruited for this study. In this ob-
servational case-control study, the patients were included
if they were diagnosed with IS and healthy controls with a
natural spine curve. Approval for this study was obtained
from Bilkent City Hospital Ethics Committee (E2-24-

6163), and the study was conducted in accordance with
The Declaration of Helsinki.

The exclusion criteria of the study were determined as:
other types of scoliosis, musculoskeletal system patholo-
gies that may create asymmetry in the body and balance,
primary pathologies of the ear, benign paroxysmal positional
vertigo, Meniere’s disease, previous head trauma, previous
spinal surgery, presence of neurological disease, presence
of metabolic disease, presence of rheumatological disease,
and malignancies. All groups underwent demographic data
collection and physical examination. Sociodemographic in-
formation (age, gender, height, weight, body mass index,
employment status, education, smoking habitus, sports ac-
tivity, family history of scoliosis, twin pair, foot size, hand
dominance, pain assessment (rest and activity visual analog
scale (VAS)), lower extremity length difference (shorter
extremity side)) was recorded in IS and healthy individuals.
All patients’ measurements and evaluations in the study
were performed and recorded by the same physician. The
Cobb method is considered the gold standard for deter-
mining spinal curve severity in frontal plane radiography.®
In this study, the Cobb angles of all individuals with scolio-
sis were measured and recorded in degrees.

Before the balance and gait analysis, all individuals in both
groups were informed about how the tests would be per-
formed. Balance parameters were recorded using a multi-
axis, motorized platform system called Huber 360, which
has built-in force sensors and handles. Participants’ age,
height, and weight information were recorded on the de-
vice before the test began. Participants were placed on the
balance platform with their feet positioned according to
the guidelines on the measurement plate while climbing
onto the platform. During the measurement, participants
were asked to stand as quietly as possible, without mov-
ing, and looking ahead, with their arms crossed in front of
their chests, touching the opposite shoulder. Postural bal-
ance was evaluated in two different test conditions, last-
ing 30 seconds. Stability (eyes open (EO) and eyes closed
(EC)) area, speed, single-leg (right and left separately) area,
and walking step count data were recorded.

The participant was asked to step on the guidelines on the
force platform and keep their arms together at the sides
of the body. Before starting the test, the platform was cali-
brated according to the foot position by selecting “Reposi-
tion” on the application. With the test start command, the
participant was asked to bend forward, backward, right,
and left at the maximum level, each lasting 8 seconds,
without lifting the sole and heel of the foot or taking a
corrective step. In this way, the stability limits area of the
person was tested and determined in four directions.

The Zebris FDM type 3 (Zebris Medical GmbH, Germany)
walking platform was used to measure the spatio-tempo-
ral parameters of the participants during walking. The age,
height, and weight information of the participants were
recorded in the system. The participants were asked to
take off their shoes and socks and walk barefoot at their
own natural pace for 2 minutes from one end to the other.
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In order to eliminate the acceleration and deceleration
phases of walking during the turns, the participants started
walking from a distance of 2.5 m on the 3+2 m platform
and turned from a distance of 2.5 m. The participants
walked from end to end on a total of a 10 m platform for 2
minutes, and the data were obtained from the 298 x 54.2
cm section containing the sensor and stored by computer
and analyzed. The left and right forefoot, heel maximum
load (% of body weight), walking cycle duration, cadence,
and walking speed data of all patients were recorded using
the Zebris Medical GmbH system.

Statistical Analysis

Statistical analyses of the study were performed using
the IBM SPSS 26.0 package program (SPSS, Inc, Chicago,
lllinois). In the comparison of demographic and clinical

data, and balance and gait analysis data of the scoliosis
and control groups, the chi-square test was used for cat-
egorical data, the independent sample t-test for normally
distributed data, and the Mann-Whitney U test was used
for non-normally distributed data. The Shapiro-Wilk test
was used to determine whether the data were normally
distributed. The goodness of fit of the model was evalu-
ated by the Hosmer-Lemeshow test. All statistical analyses
were evaluated at a 95% confidence interval, and statistical
significance was assessed at p<0.05.

RESULTS

The baseline demographic and clinical characteristics of
the study participants are shown in Table |. The median
age of the IS group (23 female and || male) was 22 (18-

Table I. Baseline demographic and clinical characteristics of study participants

Parameters IS Patients (n=34) Controls (n=34) p-value
n (%) or Median (Min-Maks) n (%) or Median (Min-Maks)

Age (years) 22 (18-45) 23 (22-47) 0.047%2

Gender
Male Il (32.4) Il (324) I3
Female 23 (67.6) 23 (67.6)

Body mass index (kg/m2) 21.5(17.3-33.8) 22.65 (18.3-36.3) 0.1152
Underweight 3(8.8) 1 (2.9) 0.4733
Normal weight 23 (67.6) 22 (64.7)

Overweight/Obese 8 (23.5) I'1(324)

Employment status
Unemployed 3(8.8) 4(11.8) 0.2123
Worker 16 (47.1) 9 (26.5)

Student 15 (44.1) 21 (61.8)

Sports activity
No 25 (73.5) 28 (82.4) 0.38°
Yes 9 (26.5) 6 (17.6)

Smoking
No 29 (85.3) 27 (79.4) 0.5253
Yes 5(14.7) 7 (20.6)

Hand dominance
Left 5(14.7) 5(14,7) 2
Right 29 (85.3) 29 (85.3)

Shoe number 39.5 (35-45) 39 (36-45) 0.6662

Family history of scoliosis
No 27 (79.4) 31 (91.2) 0.1713
Yes 7 (20.6) 3(8.8)

Low back pain
No 26 (76.5) 27 (79.4) 0.773
Yes 8 (23.5) 7 (20.6)

VAS Rest 0 (0-30) 0 (0-30) 0.622

VAS Activity 0 (0-50) 0 (0-40) 0.6482

Lower extremity length difference
No 30 (88.2) 32 (94.1) 0.6733
Yes 4(11.8) 2 (5.9)

2: Mann Whitney U test; 3:, Chi-square test; *: p<0.05
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Table 2. Balance parameters of IS and control groups

Parameters IS Patients (n=34) Controls (n=34) p-value
Median Min-Maks MeantSD Medyan Min-Maks MeanxSD

Stability area with 275.15  38.29-1330.12 371.15+361,7 163.51 35.12-2962,75  338.27+521.6 03152

eyes opened (mm?)

Stability speed with 10.815 5.76-18.23 11.49£3.7 9.365 6.3-22.88 10.35+£3.4 0.1392

eyes opened (mm/s)

Stability acquisition time 30 30-30 30+0 30 30-30 30+0 12

with eyes opened (sec)

Stability area with 44246  52.43-2009.06 529.95+440.4 263.085 44.37-1288.56 354.61+294 0.1082

eyes closed (mm?)

Stability speed with 14.66 7.23-19.62 14.55£3.5 10.76 7.61-27.92 12.6£4.6 0.0127

eyes closed (mml/s)

Stability acquisition time 30 30-30 30+0 30 30-30 30+0 12

with eyes closed (sec)

Left leg area (mm?) 759.71  26895-7981.76 1016.46+1305.8 669.495 340.98-2919.27 996.43+686.1  0.5892

Left leg acquisition 30 30-30 30+0 30 30-30 30+0 12

time (sec)

Right leg area (mm?) 59243 285.68-9162.19  953.5£1524.2 635295 295.47-2696.7 913.37+609.1  0.404*

Right leg acquisition 30 30-30 30+0 30 30-30 300 12

time (sec)

Walking step count 70 52-100 70.94+10.5 77 45-112 76.35£14.3 0.0852

Walking gain time (sec) 50 50-50 50+0 50 50-50 50+0 12

Stability limits 68847.335  29056.79-  69119.32+17746.3 70780.505 35121.56-  75369.36£23720 0.223'

area (mm?) 104652.33 124693.69

' Independent samples t test; 2 Mann Whitney U test; ™ p<0.05.

Table 3. Comparison of spatio-temporal parameters of the participants

Parameters IS Patients (n=34) Controls (n=34) p-value

Median Min-Maks MeanxSD Median Min-Maks MeanxSD

Forefoot loading-left foot (%) 104 90-112 103.26+4.3 105 99-113 105.35£3.7 0.072

Heel loading-left foot (%) 77.5 70-86 77.59+4.1 79 68-88 78.65+4.9 0.337!

Forefoot loading-right foot (%) 105 92-115 104.5614 107.5 97-121 107.41£5 0.006"?

Heel loading-right foot (%) 78 60-85 77.94+4.9 79 68-96 78.56+5.9 0.8682

Step time-left (sec) 0.62 0.49-0,76 0.630.1 0.59 0.49-0.69 0.59+0.1 0.007""

Step time-right (sec) 0.625 0.47-0,74 0.62+0.1 0.585 0.49-0.69 0.59+0.1 0.005™"

Walking cycle duration (sec) 1.25 0.96-1,49 1.25+0.1 .17 0.98-1.36 1.17%0.1 0,008

Cadence (steps/min) 98.5 8l1-117 98.82+9.8 103 88-122 103.21£8.8 0.057'

Walking speed (m/s) 32 2-44 3.25+0.4 3.6 2.9-55 3.71x0.5 0.0003"2

': Independent samples t test; 22 Mann Whitney U test; *: p<0.05; **: p<0.01

45) years, and the mean age of the control group (23 fe-
male and || male) was 23 (22-47) 9 years (p=0.047). All
groups had a female predominance. However, there was

findings (p>0.05).

Table 2 lists the results of the balance analysis of the study
population. When the balance parameters of the partic-

no statistically significant difference between the IS group
and the control group in terms of gender, body mass in-
dex, employment status, sports activity, smoking habitus,
dominant hand, family history of scoliosis, back pain, foot
number, VAS score, and lower extremity length difference

ipants were examined under EO and EC conditions, it
was revealed that stability speed with EC was significantly
higher in the IS group compared to controls (14.55+3.5
mm/s and 12.6+4.6 mm/s, respectively, p=0.012). On the
other hand, no statistically significant differences were
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found between the scoliosis group and the control group
in terms of other balance parameters.

Table 3 presents the comparisons of the right- and left-foot
loading measurement values, cadence, walking speed, and
step duration of the participants. In the forefoot loading
measurements comparison, it was observed that the max-
imum right-foot loading value of the control group was
significantly higher than the scoliosis group (107.41+5 vs.
104.56+4, p=0.006), whereas no significant difference was
observed in the left foot. Similarly, a higher walking speed
was recorded in the control group compared to the IS
group (3.71£0.5 m/s and 3.2510.4, respectively, p=0.0003).
On the contrary, a higher step duration was found in the
IS group compared to the control group in the right and
left foot of the study subjects (0.62+0.] sec and 0.59+0.1
sec, p=0.005 vs. 0.63+0.] sec and 0.59+0.1 sec, respec-
tively, p=0.007). Moreover, the evaluation of the walking
cycle duration of the participants showed that the walking
cycle duration was also significantly higher in patients with
scoliosis compared to healthy subjects (1.25+0.1 sec and
I.1710.1 sec, respectively, p=0.008). We also analyzed the
cadence and observed that there were no significant dif-
ferences for walking cadence (p>0.05).

DISCUSSION

To our knowledge, this study is the first to evaluate bal-
ance and walking parameters in adults with IS using current
quantitative analysis. In the study, it was demonstrated that
there were differences in the balance and walking analyses
between the patients with IS and healthy controls. Balance
and walking were affected in individuals with scoliosis, and
patients with scoliosis had poorer balance and walking
skills compared to healthy individuals.

The spine is extremely important in ensuring efficient
human movement, primarily by providing the balance el-
ement that the body requires while it is moving. In this
state, the spine function and the walking function are in-
separable working mechanisms. Therefore, in recent years,
walking and balance analysis studies have increasingly be-
gun to be applied to spinal diseases. In our study, in the
balance parameters obtained with the force platform, the
stability speed with EC was significantly higher in the IS
group compared to the control group, indicating that the
balance of patients with IS is weaker than that of healthy
individuals. In addition, although the stability area evalu-
ated with EO and EC, and the stability speed evaluated
with EO in the IS group were not statistically significant,
they were numerically higher than those of healthy individ-
uals, indicating that balance skills are also weaker in indi-
viduals with scoliosis.

Similarly, the fact that the IS group approached the stability
limits less and that the stability limits area of the scoliosis
group was numerically lower than that of healthy individ-
uals, although not statistically significant, again shows the
weak balance skills in individuals with scoliosis. Yamada et
al.”l found a positive correlation between scoliosis pro-

gression rate and balance disorder in individuals with AlS.
Poor body segmental alignment as a result of IS has been
associated with a lateral displacement of the body’s center
of mass, affecting the body’s dynamic balance during walk-
ing. IS has also been shown to affect gait mechanics, includ-
ing temporal distance parameters, ground reaction forces,
and lower extremity joint kinematics.'” Such kinematic
changes are thought to be a compensatory mechanism to
maintain whole-body balance during walking.!'!

Mahaudens et al.l'?l reported that 6 months of corset use
in the treatment of patients with idiopathic scoliosis re-
duced the curvature by 25% and that the patients’ walking
data improved with the correction of the curvature. In
our study, in the gait analysis, it was observed that the
cadence and walking speed decreased in the IS group and
the walking cycle time was prolonged due to this decrease.
Chen et al.l'l and Giakas et all'l also demonstrated the
existence of a decrease in cadence and step length in their
studies. In another study, Yang et al.l'¥! found no statisti-
cally significant difference in walking speed, step length,
and cadence in scoliosis patients, contrary to expecta-
tions. Although the results differ, a meta-analysis study by
Mahaudens et al.l'¥! reported that scoliosis shortens the
duration of the stance phase in walking data, prolongs the
double stance phase, and slows down walking speed. Con-
sidering that balance is also impaired in scoliosis cases, it
has been suggested that changes in walking data should be
evaluated from this perspective.

The present study has some limitations. One of the lim-
itations of the study was that other external forces and
kinematics, such as the loads at the cervico-thoracic and
lumbosacral joints, were not assessed, which might have
provided a better understanding of the role of balance
and gait in IS. Another limitation of our study was the
relatively small sample size. So, future large, prospective,
and randomized clinical trials are required to confirm our
results.

Conclusion

Adult IS is associated with poor balance and walking skills
compared to healthy individuals. This demonstrates that
patients with scoliosis should be evaluated in terms of
static and dynamic balance and walking, and should be fol-
lowed up regularly.

Ethics Committee Approval

The study was approved by the Bilkent City Hospital
Ethics Committee (Date: 24.01.2024, Decision No: E2-
24-6163).

Informed Consent
Retrospective study.
Peer-review

Externally peer-reviewed.
Authorship Contributions

Concept: T.O.C,, EY,; Design: TO.C,, E.Y,; Supervision:
TOY, EY, SSK, H.BS,; Fundings: TO.Y, EY, SSK,



218

South. Clin. Ist. Euras.

H.B.S., N.O.K.G,; Materials: TO.C,, S.S.K., N.O.K.G,; Data:
T.O:C, S.SKK, H.B.S; Analysis: TO.C,, E.Y,, H.B.S,; Litera-

Ciceres E, et al. Muscle dysfunction and exercise limitation in adoles-
cent idiopathic scoliosis. Eur Respir ] 2010;36:393-400. [CrossRef |

ture search: TO.Y,, E.Y,, S.S.K, H.B.S.; Writing: TO.Y,, E.Y,, 8. Cobb]JR. Outline for the study of scoliosis. In: Edwards JW, Arbor A,
S.S.K., H.B.S.; Critical revision: T.O.Y, E.Y, SS.K, H.BS., editors. AAOS, Instructional Course Lectures. Rosemont: American
N.OK.G. Academy of Orthopaedic Surgeons; 1948. p. 261-75.
9. Yamada K, Ikata T, Yamamoto H, Nakagawa Y, Tanaka H. Equilib-
Conflict of Interest rium function in scoliosis and active corrective plaster jacket for the
None declared. treatment. Tokushima J Exp Med 1969;16:1-7.
10. Ohashi M, Watanabe K, Hirano T, Hasegawa K, Katsumi K, Shoji
REFERENCES H, et al. Long-term impacts of brace treatment for adolescent idio-
pathic scoliosis on body composition, paraspinal muscle morphology,
1. Weinstein SL, Dolan LA, Cheng JC, Danielsson A, Morcuende and bone mineral density. Spine (Phila Pa 1976) 2019;44:E1075-82.
JA. Adolescent idiopathic scoliosis. Lancet 2008;371:1527-37. [CrossRef]
[CrossRef] 11. Smit TH. Adolescent idiopathic scoliosis: The mechanobiology of
2. Atalay B, Yalurik K. Adolesan idiopatik skolyoz epidemiyolojisi differential growth. JOR Spine 2020;3:e1115. [CrossRef]
ve patogenezi. In: Akgali 0O, ediyor. Adélesan idiopatik Skolyoz. 12. Mahaudens P, Raison M, Banse X, Mousny M, Detrembleur C. Ef-
Ankara: Tiirk Omurga Dernegi Yayinlary; 2017, p.17-23. fect of long-term orthotic treatment on gait biomechanics in adoles-
3. Parent S, Newton PO, Wenger DR. Adolescent idiopathic scoliosis: cent idiopathic scoliosis. Spine ] 2014;14:1510-9. [CrossRef ]
Etiology, anatomy, natural history, and bracing. Instr Course Lect 13. Chen PQ, Wang JL, Tsuang YH, Liao TL, Huang PI, Hang YS. The
2005;54:529-36. postural stability control and gait pattern of idiopathic scoliosis ado-
4. HeleniusI, Remes V, Lamberg T, Schlenzka D, Poussa M. Long-term lescents. Clin Biomech (Bristol, Avon) 1998;13:S52-8. [CrossRef ]
health-related quality of life after surgery for adolescent idiopathic 14. Giakas G, Baltzopoulos V, Dangerfield PH, Dorgan JC, Dalmira S.
scoliosis and spondylolisthesis. ] Bone Joint Surg Am 2008;90:1231- Comparison of gait patterns between healthy and scoliotic patients
9. [CrossRef] using time and frequency domain analysis of ground reaction forces.
5. Tan KJ, Moe MM, Vaithinathan R, Wong HK. Curve progression Spine (Phila Pa 1976) 1996;21:2235-42. [CrossRef ]
in idiopathic scoliosis: Follow-up study to skeletal maturity. Spine 15. Yang JH, Suh SW, Sung PS, Park WH. Asymmetrical gait in ado-
(Phila Pa 1976) 2009;34:697-700. [CrossRef | lescents with idiopathic scoliosis. Eur Spine ] 2013;22:2407-13.
6. Shahidi B, Yoo A, Farnsworth C, Newton PO, Ward SR. Paraspinal [CrossRef]
muscle morphology and composition in adolescent idiopathic scolio- 16. Mahaudens P, Banse X, Mousny M, Detrembleur C. Gait in adoles-

sis: A histological analysis. JOR Spine 2021;4:¢1169. [CrossRef ]
7. Martinez-Llorens J, Ramirez M, Colomina MJ, Bagé J, Molina A,

cent idiopathic scoliosis: kinematics and electromyographic analysis.
Eur Spine ] 2009;18:512-21. [CrossRef]

S~

Idiyopatik Skolyozda Denge ve Yurimenin Degerlendirilmesi

Amag: idiyopatik skolyoz (iS), koronal diizlemde 10 dereceden fazla lateral sapma olarak radyografik olarak tanimlanan, sagital ve transvers
diizlem degisiklikleriyle kendini gésteren, omurganin iig boyutlu bir deformitesidir. Denge ve yiiriime giinliik yasamin en yaygin aktiviteleridir.
Galismamizda, ilerleme riski azalmig ve egrilikleri genellikle stabil olan IS bireylerinde egriligin denge ve yiiriiyiis zerindeki etkisini analiz
etmeyi amagladik.

Gerec ve Yontem: Galismaya 34 IS hastasi ve 34 saglikli birey alindi. Tum katilimcilara sosyo-demografik ve fiziksel ozellikleri soruldu.
Denge parametreleri, yerlesik kuvvet sensorleri ve tutacaklari olan Huber 360 adli ¢ok eksenli, motorlu bir platform sistemi kullanilarak
kaydedildi. Katilimcilarin yiirime analizi, Zebris FDM tip 3 (Zebris Medical GmbH, Almanya) yiiriime platformu kullanilarak gergeklestirildi.

Bulgular: Yiirime parametreleri incelendiginde, adim atma siiresi ve yiiriime déngiisii siiresi IS grubunda kontrol grubuna gére anlamli
olarak ytiksekti (sirasiyla, p=0.007 ve p=0.008). Buna karsin, kontrol grubunun sag ayak yiikleme yaniti ve yiirime hizi skolyoz grubuna gére
anlamli olarak yiiksekti (sirasiyla, p=0.006 ve p=0.0003). Gézler kapaliyken stabilite hizi IS grubunda kontrol grubuna gére anlamli olarak
ylksekti (sirasiyla, 14.55£3.5 mm/s ve 12.6£4.6 mm/s, p=0.012). Diger denge ve yiiriiylis 6zellikleri agisindan gruplar arasinda anlaml bir
fark gézlenmedi.

Sonug: Bu calisma, IS hastalarinda denge ve yiiriiytsiin etkilendigini ve skolyozlu bireylerin saglikli bireylere gére zayif denge ve yiirime
becerilerine sahip oldugunu ortaya koymustur. Bu nedenle skolyoz rehabilitasyonunda omurga egriliklerinden kaynaklanabilecek denge ve
yiiriiylis sorunlarinin mutlaka dikkate alinmasi gerekmektedir.

Anahtar Sozciikler: Denge; idiyopatik skolyoz; yiriyus analizi.
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INTRODUCTION

Erdem Gurkas

ABSTRACT

Objective: The aim of our study is to evaluate the safety and effectiveness of basilar artery
stenosis cases in which we applied endovascular treatment due to recurrent stroke under
optimal medical management.

Methods: Patients with severe basilar artery stenosis (70-99%) due to atherosclerosis, who
had transient ischemic attack or ischemic stroke despite optimal medical management, and
who underwent endovascular treatment were retrospectively examined. The primary out-
comes were ischemic or hemorrhagic stroke within 90 days after stent deployment and death
related to the endovascular procedure during hospitalization. Secondary outcomes were suc-
cessful revascularization (residual stenosis <30%) and procedure-related complications.

Results: The median age of the 19 patients included in the study was 65 years (IQR, 53-
68.5), and 74% were male. The most common area of stenosis was the proximal third of the
basilar artery (63%), followed by the middle third (37%). According to the Mori classification,
the most common lesion type was MORI A (53%), followed by MORI B (42%). While the
stenosis rate before endovascular treatment was 85% (IQR, 80-90%), the median residual
stenosis rate after successful stenting was 16% (IQR, |1-20). Treatment was successful in
I8 of 19 patients (95%), and only | patient died due to basilar artery perforation during the
procedure. The mortality rate was 5% (1/19). Asymptomatic stent restenosis was observed
in one patient who underwent balloon angioplasty. During this period, no recurrent ischemic
stroke was observed in any patient. The 3rd month mRS score was | (IQR, 0-1.5).

Conclusion: The endovascular treatment of basilar artery stenosis appears to be safe and
effective in experienced centers, despite the potential risk of perioperative complications.
Randomized controlled trials are necessary to validate the efficacy and safety outcomes of
balloon angioplasty and stenting.

However, knowledge about the optimal management of
basilar artery stenosis is insufficient.

Posterior circulation ischemia (PCl) constitutes around
20% of all cases of ischemic strokes and is often due to
large vessel atherosclerosis.l Furthermore, the risk of
recurrence of stroke or transient ischemic attack (TIA)
within 90 days due to basilar artery or intracranial verte-
bral stenosis is significantly higher than in patients with-
out stenosis.’] Due to the high risk of early recurrence,
this situation, where medical treatment is inadequate, has
prompted the consideration of endovascular treatments.
Comprehensive international studies have demonstrated
the benefit of endarterectomy in symptomatic carotid
stenosis and stent deployment in selected patients.[**]

The current treatment of basilar artery stenosis (BAS)
consists of best medical therapy (BMT), which includes
dual antiplatelet therapy and close control of risk factors,
and endovascular percutaneous transluminal angioplasty
and/or stenting (PTAS).[¢!

SAMMPRIS (Stenting and Aggressive Medical Management
for Preventing Recurrent Stroke, n=451), VISSIT (Vitesse
Intracranial Stent Study for Ischemic Stroke Therapy;
n=112), and a single-center randomized controlled trial
(RCT) in China (n=70) compared PTAS and BMT in pa-
tients with high (>70%) intracranial stenosis who had a
stroke or TIA. In the 3 RCTs, 30-day stroke and death
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rates were revealed to be higher in the PTAS group./’”!
These studies mostly included patients with intracranial
stenosis in the anterior system.

Nevertheless, the presence of severe symptomatic BAS and
acute basilar artery occlusion (BAO) is associated with in-
creased death rates, despite the implementation of BMT.['%

MATERIALS AND METHODS

This study, collected prospectively and analyzed retro-
spectively, was conducted by Kartal Dr. Litfi Kirdar City
Hospital and approved by the Institutional Ethics Com-
mittee. Prior to the interventional procedure, written
informed consent was obtained from all patients and/or
their relatives.

Patients over |8 years of age who had a stroke or TIA
that did not cause serious disability in the basilar artery
vascular area within 90 days under BMT between Febru-
ary 2020 and January 2024 were retrospectively screened.
According to the North American Symptomatic Carotid
Endarterectomy Study (NASCET) standard, patients with
severe stenosis of the basilar artery (stenosis 270%) on
CTA or MRA whose stenosis was confirmed by DSA were
included in the study.!'l Other inclusion criteria were pre-
procedure modified Rankin Score (mRS) <3 and at least
one atherosclerotic risk factor (hypertension, diabetes
mellitus, hyperlipidemia, and smoking). Exclusion crite-
ria included |-Non-atherosclerotic stenosis, presence of
thromboembolic or non-hemodynamic stroke symptoms
(including perforator strokes), intracranial hemorrhage
in the stenotic artery region within 3-6 weeks, 4-Simul-
taneous presence of an intracranial tumor, aneurysm,
and cerebral arteriovenous malformation, 5-Concurrent
250% vertebral artery or extracranial carotid stenosis,
6-Documented contraindication to heparin, aspirin, clopi-
dogrel, anesthetic, and contrast media, 7- Platelet count
<100,000; international normalized ratio (INR) >1.5 (irre-
versible) and life expectancy <I year due to uncorrectable
bleeding diathesis and other medical conditions.

BMT was designed in accordance with the SAMPRISS
study.[” Pre-procedure, acetylsalicylic acid and clopidogrel
resistance were requested for all patients.

The basilar artery was anatomically partitioned into three
distinct segments: distal segment, middle segment, and
proximal segment, utilizing the anterior inferior cerebellar
artery and superior cerebellar artery.l'? In addition, based
on the Mori classification, Mori A refers to a lesion that is
small and concentric with a length of less than 5 mm. Mori
B is a tubular or very eccentric lesion with a length ranging
from 5 to 10 mm. The lesion Mori C, characterized by dif-
fuseness and a length exceeding 10 mm, was classified.!"’]

Successful stent deployment involves ensuring that the tar-
get lesion is fully covered, achieving less than 30% residual
stenosis or reducing stenosis by more than 50%. However,
since complete dilatation of the basilar artery to 100%
is not recommended, a small residual stenosis is aimed
for. Restenosis was described as 250% BAS detected at

the latest available follow-up in individuals who underwent
successful intervention.[']

The endovascular therapy choices were balloon-mounted
stenting, angioplasty alone, and angioplasty with a self-
expanding stent inserted thereafter. The clinical and en-
dovascular treatment processes were both carried out
by two interventional neurologists. Clinical complications
such as stroke, TIA, and mortality were documented af-
ter endovascular procedures. Following the treatment, a
regimen of dual antiplatelet therapy was maintained for a
minimum duration of 3 months. The National Institutes of
Health Stroke Scale (NIHSS) and mRS were used for clini-
cal assessment. Stenosis was identified by measuring distal
normal vessel diameter as defined by the North American
Symptomatic Carotid Endarterectomy Trial (NASCET).
Self-expandable stenting Neuroform stent (Stryker, Kala-
mazoo, Michigan, USA) was utilized.

Primary outcomes were ischemic or hemorrhagic stroke
after stent deployment within 30 days, TIA, and death
from the endovascular procedure during hospitalization.
[5] Secondary outcomes were successful revascularization
(residual stenosis <30%) and peri-procedural complica-
tions such as vessel dissection and acute stent thrombosis
after stenting.

Statistical Analysis

Continuous variables were presented as the median and
interquartile range (IQR). Categorical variables were of-
fered as frequency (n) and percentage (%). The statistical
analyses were conducted using IBM SPSS Statistics Soft-
ware 21 (SPSS Inc., Chicago, IL, USA).

RESULTS

Nineteen patients were included in the study. The me-
dian age of the participants was 65 years (IQR, 53-68.5),
and 74% were male. The most typical comorbidities were
arterial hypertension (74%), dyslipidemia (16%), diabetes
mellitus (65%), and coronary artery disease (I11%). The
most common area of stenosis was the proximal third of
the BA (63%), followed by the middle third (37%).

(a) (b)

Figure 1. Angiographic imaging findings of a patient with basilar
artery proximal stenosis before and after treatment. (a) Basilar
artery angiography in frontal view before the procedure, high
grade ostial stenosis in the proximal segment of basilar artery
(blue arrow). (b) After primary stenting with a balloon-mounted
stent, control angiography imaging confirms adequate restora-
tion of the vessel lumen.
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Table I. Patients’ clinical data and imaging features

No Gender Age Location MORI Pre-stenosis Interventional  Post-stenosis Complication  Re-stenozis

Class. (%) methods (%)

| M 74 prx 2 80 PTA+Stenting 10 no no
2 M 65 mid 2 90 PTA+Stenting 10 no no
3 M 67 Prx 2 90 PTA+Stenting 10 no no
4 M 76 prx | 85 PTA+Stenting 15 no no
5 F 68 mid | 90 PTA+Stenting 20 no no
6 M 54 Prx 2 90 PTA+Stenting 10 no no
7 M 68 Prx 2 80 PTA+Stenting 20 no no
8 M 69 Prx | 80 PTA+Stenting 20 no no
9 M 56 Prx 2 90 PTA+Stenting 20 no no
10 M 36 Prx | 80 PTA+Stenting 20 no no
I F 65 Prx 2 80 PTA 25 no yes
12 M 52 mid 2 80 PTA+Stenting 15 dissection no
13 M 46 mid | 90 PTA+Stenting 20 no no
14 M 63 mid 2 85 PTA+Stenting 10 no no
15 F 50 Prx | 75 PTA+Stenting 20 no no
16 F 71 prx | 85 PTA+Stenting 20 dissection no
17 F 72 mid 2 90 X n perforation X
18 M 46 prx | 90 PTA+Stenting 10 no no
19 F 64 mid 2 75 PTA+Stenting 20 no no

M: Male; F: Female; Class: Classification; PTA: Percutaneous transluminal angioplasty; mid: Middle; Prx: Proximal; Dist: Distal.

Table 2. Three months post procedure clinical and

imaging outcome

Total n:19

mRS (n,%) I (IQR, 0-1.5)
0-2 16
3-42
5 locked-in syndrome 0
6 (death) |
Imaging study at 3 months (n, %)
Stent restenosis (>30%) |
Stent occlusion 0

mRS: Modified Rankin Scale; IQR: Interquartile range.

Eighteen (95%) patients underwent balloon angioplasty,
and 17 (89%) patients received stenting. According to
the Mori classification, the most common lesion type was
MORI A, with 53%, followed by MORI B, with a frequency
of 42%. Patients’ data, as well as clinical and technical re-
sults, are summarized in Table |.

Before stenting, the rate of stenosis was 85% (IQR, 80—
90%), while after successful stent deployment, residual
stenosis of 16% (IQR, 11-20%) was observed. Out of
the |9 patients who had the procedure, successful stent
placement was performed on |8 of them (95%) (Figure |a-
Ib). Dissection developed in two patients during the PTA
procedure (Case 12, 16). In one of these patients (Case
12), an ischemic stroke attributed to perforator injury

occurred within 24 hours after endovascular treatment.
Another patient remained asymptomatic (Case 16). Dur-
ing the PTA procedure, the patient experienced vascular
perforation due to microwire, resulting in diffuse ischemia
and subsequent death during hospitalization (Case 17).
The mortality rate was 5% (1/19).

The duration of observation for the surviving patients was
measured as the median follow-up period of 12 months
(IQR, 7-24). Stent restenosis was observed in one patient
who only underwent the PTA procedure due to severe
elongation of the vessel (Case | ). However, no interven-
tion was carried out due to its asymptomatic status. The
3rd-month mRS score was | (IQR, 0-1.5) (Table 2).

DISCUSSION

The purpose of this study is to review our experiences on
the safety and clinical outcomes of endovascular interven-
tions in severe basilar artery stenosis. Our success rate
in performing PTA or stenting on our patients was 95%
(18/19). The rate of peri-procedural complications was
16% (3/19), with a symptomatic complication rate of |1%
(2/19). Of these complications, two were dissections and
one was vessel perforation. While one of the patients who
developed dissection did not have any symptoms, the other
patient developed ischemia as a result of perforator injury.
The patient who developed perforation died during hospi-
talization. During follow-up, asymptomatic restenosis was
observed in one patient. No patient had recurrent stroke.

Two large studies on the subject, the SAMMPRIS and
VISSIT studies, distinctly showed the superiority of aggres-
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sive medical treatment over PTAS in patients with stenosis
of intracranial arteries.”?) In a subgroup analysis of patients
with basilar artery stenosis from the SAMMPRIS trial,
the endovascular treatment group had a higher primary
endpoint of stroke or death than the aggressive medical
treatment group (10%, n=51 vs. 25% in the PTAS group,
n=49)."'l In the group of 97 patients with vertebrobasilar
stenosis who underwent stenting by Liu et al.,l'! ischemic
stroke occurred in 3.1% (3/97) and transient ischemic at-
tack occurred in four patients (4.1%, 4/97). In the study
by Bai et al.,l'! the perioperative ischemic stroke or death
rate was 14.3% (13/92). When examining the primary out-
come of our study, we observed dissection-related stroke
in 5% (1/19) of patients and death during hospitalization in
5% (1/19) of patients.

Our study had a peri-procedural complication rate of 16%
(3/19) and a symptomatic complication rate of 11% (2/19).
In the study by Maier et al.,l'"¥! nine (11.4%) peri-procedu-
ral events occurred in the endovascular treatment group.
Six of these patients (7.5%) were diagnosed with ischemic
stroke after the procedure, and the others had no clini-
cally significant events.!' It is thought that the selection of
patients with good collateral circulation, strict implemen-
tation of perioperative management, performance of the
procedure by experienced operators, and correct material
choices contribute to the increase in treatment success.

In our study, while the stenosis rate before the proce-
dure was 85% (IQR, 80-90%), the residual stenosis rate
after successful stent placement was 16% (IQR, |1-20%).
Looking at the literature, this rate varies depending on the
type of stent used and the type of lesion.l'*!"] In the meta-
analysis conducted by Palmisciano et al.,l'7 median BAS at
baseline was 81% (range, 53—99%) (data available in 659
cases), while median BAS post-intervention was 13% (0—
75%). The cause of this residual stenosis can be explained
by the fact that the basilar artery is more tortuous in some
patients, the perforators originate near the stenotic seg-
ment, and operators are forced to perform submaximal
dilatation with small-caliber balloons.

Perforating strokes (PS) are frequent complications of in-
tracranial endovascular management. Particularly, the basi-
lar artery is one of the regions where perforator arteries
are most frequently located. It has been discussed in the
literature that this may result from migration of atheroscle-
rotic debris or “snowplowing” on the perforator outlets
during angioplasty or stent deployment. The SAMMPRIS
trial reported a 16% occurrence rate of PS in the basilar
artery.”? In the study by Liu et al.,"¥! which included 102
patients with vertebrobasilar artery stenosis, three dissec-
tion cases were observed, and all of them were patients
with basilar stenosis. In our study, PS was observed in one
(5%) of the patients who developed dissection, and it was
observed to be low compared to the literature.

In BA pathologies, proximal and mid-segment occlusions
are typically associated with atherosclerosis, while occlu-
sion of the distal one-third is often caused by emboli.l'®'8
In our patient group, stenosis was observed in the proxi-
mal BA (68%) and in the middle segment of the BA (32%),
consistent with the literature. At the same time, the mid-

dle segment of the basilar artery (BA) is the segment that
affects the clinic the most. This is mainly because the per-
forators are mostly located here.

During follow-up, stent restenosis was observed in one
patient (5%), but no intervention was performed due to
the patient being asymptomatic. VWhen looking at the lit-
erature, Hatano et al.l'”) reported a stent restenosis rate of
27% (4/15) and 7% (1/15) cases of stent thrombosis. In the
study conducted by Machado et al.,['? restenosis occurred
in one out of 14 patients, while stent thrombosis devel-
oped in another patient. The reason why our results are
more positive than the literature may be appropriate pa-
tient selection and the use of fit caliber balloon and stent.

In our study, no recurrent stroke occurred in the patients
during the follow-up period. According to the literature,
it has been reported that in patients with vertebrobasi-
lar stenosis under intensive medical treatment, the annual
rates of cerebrovascular events are around [0-15%.'%
Therefore, we believe that endovascular treatments will
be prominent, especially in posterior system strokes, with
the correct patient selection and intervention by experi-
enced operators.

One of the limitations of our study is that it is retrospec-
tive, which may lead to potential selection bias since the
enrolled patients were not randomized. Secondly, our
small number of patients and relatively short follow-up
period limit its value. The third limitation is the use of a
single type of stent and the absence of comparison. There-
fore, randomized, prospective, and large-sample studies
are needed to provide stronger evidence about efficacy
and safety results.

Conclusion

Endovascular treatment has the advantage of lowering the
long-term risk of fatal and severely incapacitating stroke in
patients with severe basilar artery stenosis, even though
its superiority has not yet been proven in the literature. If
perioperative complications can be minimized, we believe
that basilar artery stenting may be beneficial for patients
with severe basilar artery stenosis.
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Semptomatik Baziler Arter Stenozunun Endovaskuler Tedavisinin Perioperatif ve 90

GUnluk Klinik ve Radyolojik Sonuclan

Amag: Calismamizin amaci, en iyi medikal tedavi altinda tekrarlayan inme nedeni ile endovaskiiler tedavi uyguladigimiz baziler arter stenozu
olgularimizin tedavi giivenligi ve etkinligini degerlendirmektir.

Gereg ve Yontem: Ateroskleroza bagl siddetli baziler arter stenozu (%70-99) olan, en iyi medikal tedavi altinda gegici iskemik atak veya
iskemik inme gegiren ve endovaskiiler tedavi uygulanan hastalar geriye doniik incelendi. Birincil sonuglar, stent yerlestirilmesinden sonra 90
giin iginde iskemik veya hemorajik inme ve hastanede yatis sirasinda endovaskiiler prosediirden kaynaklanan élimdii. ikincil sonuglar bagarili
revaskiilarizasyon (rezidiiel stenoz <%30) ve isleme bagl komplikasyonlar olarak belirlendi.

Bulgular: Hastalarin 19’unun yas ortalamasi 65 (IQR, 53-68.5) olup %74’u erkekti. Stenozun en fazla goriildiigii alan BA'nin proksimal ligte
birlik kismi (%63) olurken, bunu orta tigte birlik kisim (%37) takip etti. Mori siniflamasina gére lezyon tipi en sik %53 ile Mori A ve 42% Mori
B ile idi. Stent 6ncesi darlik orani ortalamasi %85 (IQR, 80-90%), iken basarili stent yerlestirme sonrasi ortalama %16 (IQR, 11-20) reziduel
stenoz izlendi. Galigmaya alinan 19 hastanin 18'sinde basarili stent uygulandi (%95). islem sirasinda | hastada damar perforasyonu ve | hastada
diseksiyona bagli iskemi gelisti. Mortalite orani %5 (1/19) idi. PTA yapilan bir hastada asemptomatik stent restenozu izlendi. Bu siiregte higbir
hastada tekrarlayan iskemik inme gériilmedi. Ugiincii ay mRS skoru | (IQR, 0-1.5) idi.

Sonug: Baziler arter stenozunun endovaskiiler tedavisi potansiyel perioperatif komplikasyon riskleri barindirmakla birlikte tecribeli mer-
kezlerde giivenli ve etkin tedaviler gibi gériinmektedir. Balon anjiyoplasti ve stentlemenin etkinlik ve giivenlik sonuglarini dogrulamak igin
randomize kontrollii galismalara ihtiyag vardir.

Anahtar Sozciikler: Ateroskleroz; baziler arter; iskemik inme; perkutan anjiyoplasti ve stentleme.
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INTRODUCTION

Ozge Beyza Gundogdu Ogutlu,!
Filiz Keskin?

Serdar Santas,?

ABSTRACT

Objective: The purpose of this research is to carry out a genetic cohort study of SMA
patients in the Eastern Anatolia region of Turkey, investigating the genetic causes of the
iliness, specifically the impact of the number of SMNI and SMN2 gene alleles on the course
of the disease.

Methods: The Erzurum Medical Faculty of Health Sciences at Erzurum City Hospital gave
ethical approval for the study to be conducted. A total of 348 patients with an initial diagno-
sis of SMA underwent genetic testing. Using the PCR-RFLP approach, deletions of exons 7
and 8 in the SMN| and SMN2 genes were examined.

Results: In examining the allele counts in the exon 7 and exon 8 regions of the SMN| and
SMN2 genes, 41 patients were found to have no copies of the SMNI gene (0 alleles), while
I 12 people were identified as possible carriers. Analysis of the SMN2 gene’s allele distribu-
tion revealed a substantial relationship between the number of alleles and the clinical severity
of the disease.

Conclusion: The number of alleles in the SMN | and SMN2 genes influences the course of
the disease, as demonstrated by the genetic cohort analysis of SMA patients in the Eastern
Anatolia region of Turkey presented in this paper. The findings indicate that sex does not
influence the frequency of the disease or carrier status, offering significant new insights into
the genetic diagnosis and treatment of SMA. The study also emphasizes the importance
of establishing local genetic screening programs and counseling services to facilitate early
diagnosis and treatment.

digital necrosis, decreased bone mineral content, and ab-
normal glucose metabolism.?!

Reduced motor neurons in the spinal cord and brain-
stem nuclei are the result of deletions or mutations in
the SMNI gene, which causes the uncommon autosomal
recessive neuromuscular disease known as spinal muscu-
lar atrophy (SMA).I'"! The currently used classification is
shown in Table |.

The main symptoms of SMA include gastrointestinal is-
sues, hypoventilation, and muscle weakness. However,
as life expectancy has grown, more symptoms have been
discovered, indicating that low SMN protein levels affect
more organ systems. These symptoms include sensory
dysfunction, cardiac arrhythmias, vascular issues like distal

The genetic etiology of about 96% of SMA cases is SMN|
deficiency or conversion to SMN2, which usually results
in homozygous deletion of exon 7 or both exons 7 and 8
of SMNI (Figure 1).In type Il and type Il SMA, there is
frequently a gene conversion from SMNI to SMN2, with
an increase in the number of copies of SMN2. In type |
SMA, most individuals have a genuine deletion of SMNI.
Exon 7 of SMN2 and exon 8 of SMNI can coexist in hybrid
SMNI1/SMN2 genes when this conversion isn't complete.
B34 In 96% of type |, 94% of type Il, and 86% of type Il SMA
patients, homozygous deletions are found through genetic
screening. Subtle mutations are more common in those
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Figure 1. The phenotype-genotype correlation and genetic ba-
sis of spinal muscular atrophy (SMA).

Figure 2. Organization of the 5913 region on chromosome 5.

with milder manifestations of the disease than in those
with more severe symptoms./#l

About 4% of SMA patients have subtle abnormalities
on chromosome 5 that result in the deletion of SMNI.
Rarely, consanguineous marriages result in children with
two mildly different SMNI alleles. About 2% of SMA in-
stances are de novo mutations, which are frequently the
consequence of uneven recombination because of the high
instability of the SMA locus at 5q13.%'% There are now
108 pathogenic SMNI variants known to exist. A 4 bp
deletion (c.399_402delAGAG) that causes a frameshift in
Spaniards, p.Tyr272Cys in Germans, p.Thr274lle in Poles,
and a frameshift mutation p.Gly261fs*269 from an || bp
duplication (c.770_780dup| |) seen in Spanish, French, and
US populations are examples of common subtle muta-
tions.['"12]

The technique of multiple ligation-dependent probe ampli-
fication (MLPA) for the SMNI and SMN2 genes is the gold
standard for the genetic diagnosis of SMA.I'l The copy
number of SMN2, compound heterozygotes with a single
copy of SMNI and a potential modest SMNI variant, and
healthy heterozygous carriers can all be identified using
this technique. Patients with homozygous SMN| deletions
cannot be identified. However, neither the detection of
minor mutations in SMNI (which account for 6% of cases)
nor the distinction between persons with one copy of
SMNI on each chromosome 5 and those with two copies
are possible with this method (Figure 2).'1 This means
that an individual carrying two copies of SMN | may still be
carrying SMA, resulting in a false negative rate of approx-
imately 5%.['3]

Two methods will be used in order to find subtle differ-
ences in SMNI: In order to detect SMNI gene carriers,
two methods can be used: (a) long-range PCR of the
whole 28 kb SMNI genomic area using SMN |-specific
primers, followed by exon re-amplification and sequencing;
or (b) amplification and cloning of SMN ¢cDNA products,
followed by PCR.I'! The latter technique additionally finds
exonic and intronic variations that could impact splicing.

Generally speaking, an individual with SMA will have fewer
severe symptoms the more copies of SMN2 they have.
There is a substantial correlation between the severity of
SMA symptoms and the number of SMN2 copies. For in-
stance, although 78% of type Il patients have three copies,
73% of type | SMA patients have two copies. Three copies
are present in roughly 50% of type llla patients, 61% of
type llIb patients, and 75% of type IV patients, respectively.
The predictive value varies; 20% of type | patients, 78%
of type Il patients, and 51% of type Ill patients have three
copies of SMN2.*!71 People with five or more copies of
SMN2 may continue to be asymptomatic, whereas having
no copies of SMN2 can be deadly.l'”? Nevertheless, there is
no clear correlation between phenotypic and SMN2 copy
number. Variability within families is possible.l'¥l SMA clas-
sification today is based on clinical symptom severity and
functional capacity.['”!

MATERIALS AND METHODS

The Ethics Committee of the Medical Faculty at Erzurum
University of Health Sciences granted ethical permis-
sion for this study (decision number BAEK 2024/03-73).
Between 2018 and 2023, we tested 348 patients for ge-
netics at Erzurum City Hospital from pediatric neurology,
neonatal clinics, and family practices. Genomic DNA was
extracted from 10 milliliters of peripheral blood with in-
formed consent.

Using the primers 5-AGACTATCAACTTAATTTCT
GATCA-3’, 5-CCTTCCTTCTTTGATTTTGTTT-3’,
5’-GTAATAACCAAAATGCAATGTGAA-3’, and
5’-CTACAACACCTTCTCACAG-3’, deletions in SMNI
gene exons 7 and 8 were found by PCR-RFLP. After 35 cy-
cles of PCR, the samples were digested overnight at 37°C
using the enzymes Dral and Ddel. Ethidium bromide-s-
tained 4% agarose gels were used for the analysis of the
digestive products.

The PCR-RFLP method was used for the SMN2
gene exon 7 p.G287R (c.859G > C) variant. Primers
5-AGACTATCAACTTAATTTCTGATCA-3’ and
5-ATTTAAGGAATGTGAGCACCTTA-3’ were used for
40 cycles. The results were examined on 4% agarose gels
following Ddel digestion.

Multiplex PCR was used to analyze NAIP gene
deletions in exons 5 and 6 utilizing primers
5'-CATTTGGCATGTTCTTCCAAG-3",
5-AAAGCCTCTGACGAGAGGATC-3’, and
5-TGCCACTGCCAGGCAATCTAA-3' for exons 5
and 6, respectively, and exon |3 co-amplified using
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Table I. Current SMA classification
SMA  Subclassification Onset Acquired Motor Evolution/Natural Prevalent
Type Milestones History SMN2
Copies
| la (also called Prenatal None Death within weeks, |
type 0) Contractures,
Cardiomyopathy
| Ib <3 months Weak or no head control Feeding and respiratory 2
problems, Linear decline,
Death after the second
or third year
| lc >3 months Head control Feeding and respiratory 3
problems, Plateau within
the first 2 years
] lla >6 months Sitters Scoliosis, May lose sitting 3
ability
Il lIb Usually after 12 months Sitters Scoliosis, Can stand with 3
support
i Illa Between |8 and 36 months ~ Walks unassisted Scoliosis, Earlier loss of 3
walking ability
]l b >3 years Walks unassisted Later loss of 3-4
walking ability
v None Second/third decade Walks unassisted Can walk most of life 3-5
\ None Minimal symptoms or All major milestones Full lifespan 3-5
asymptomatic with walking ability

absence of SMNI

primers 5-CCAGCTCCTAGAGAAAGAAGGA-3’ and
5-ATGCTTGGATCTCTAGAATGG-3. Three percent
agarose gels were used for electrophoresis.

Finally, the SALSA P060-B1 SMA kit was used to perform
the MLPA method in order to determine the copy number
of the SMNI and SMN2 genes. Following five minutes of
denaturation at 98°C, an overnight hybridization at 60°C,
fifteen minutes of ligation at 54°C, and PCR using FAM-
labeled primers, the DNA samples were processed. PCR
products were examined using Coffalyzer software on an
ABI3130 Genetic Analyzer.

RESULTS

This study examined the number of alleles in the exon 7
and 8 regions of the SMNI| and SMN2 genes in a total of
348 patients. Forty-one patients were identified as having
no copies (0 alleles) of exons 7 and 8 of SMNI, which are
critical for diagnosing SMA. This is in line with the ex-
pected general prevalence of SMA, representing | 1.8% of
patients. Additionally, |12 individuals with single-copy loss
(I allele) of the SMNI gene were identified as potential
carriers, representing 32.2% of the population.

The distribution of SMN2 gene allele counts plays a sig-
nificant role in influencing the course of the illness. There
were two SMN2 alleles for exon 7 in 31 patients, three in

four patients, and four in three patients among the 41 indi-
viduals who lacked copies of the SMNI gene. Twenty-nine
patients had two alleles for SMN2 exon 8, eight patients
had three alleles, and one patient had four alleles. This dis-
tribution implies that the clinical severity of the condition
is significantly influenced by the number of SMN2 copies.
Milder symptoms might be indicated by higher SMN2 copy
levels.

A total of 348 newborn infants with hypotonia and a family
history of SMA were screened as part of this study. Of
those who were screened, 166 were male and 182 were
female. The distribution of the diagnosis of SMA and the
carrier status according to sex was analyzed.

The prevalence of SMA was 9.0% (15/166) for men and
8.8% (16/182) for women. Regarding carrier status, 34.3%
(57/166) of men and 30.2% (55/182) of women were
identified as carriers. Although this gender difference in
carrier rates may not be statistically significant, gender-
specific carrier status is important for genetic counseling
and family planning.

In summary, our research indicates that gender has no
bearing on the frequency and carrier status of SMA and
emphasizes the significance of screening for the condition
in patients with hypotonia and a family history of it (Table
2-3).
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Table 2. Frequency distribution of SMNI and SMN2 exons
Allele Count 0 I 2 3 4
SMNI Exon 7 41 112 185 8 |
SMNI Exon 8 41 112 185 8 |
SMN2 Exon 7 Il 9l 220 22 3
SMN2 Exon 8 Il 9l 220 24 2
Table 3. Allele count of SMN2 exon 7 and exon 8 in patients with 0 copies of SMNI Exon 7 and Exon 8
Exon/Allele Count 2 Alleles 3 Alleles 4 Alleles
SMN2 Exon 7 31 4 3
SMN2 Exon 8 29 8 I

DISCUSSION

The study focused on 348 spinal muscular atrophy (SMA)
patients at Erzurum City Hospital, Eastern Anatolia,
Turkey, analyzing the effect of SMN | and SMN2 alleles on
disease progression. The results indicate a significant rela-
tionship between allele variations and SMA severity, con-
tributing to a broader understanding of the disease when
compared to existing literature.

The identification of 4| patients (I11.8% of the cohort)
without any copies of SMN| gene exons 7 and 8 under-
lines the diagnostic importance of the gene, in line with
global prevalence rates. Notably, the study also identified
112 individuals (32.2% of participants) with a single-copy
loss in the SMNI gene. This suggests a significant carrier
prevalence.

Current research shows that SMA type | patients typically
suffer rapid and irreversible motor neuron loss starting
perinatally. This leads to extensive motor unit loss within
months.? Delays in diagnosis are common. For SMA
types |, 2, and 3, there are several months between symp-
tom onset and diagnosis.?"

In particular, the number of SMN2 alleles influences the
clinical course of patients with missing SMNI copies, with
higher SMN2 levels correlating with milder symptoms.
This highlights the potential therapeutic importance of
SMN2.

The study found a minimal effect of sex on SMA preva-
lence and carrier status, consistent with the autosomal
recessive nature of SMA. This suggests that sex should
not be considered in genetic counseling or SMA risk as-
sessment.

The 5q forms of SMA are primarily caused by homozy-
gous deletions or, less frequently, other mutations in the
SMNI gene, notwithstanding the great clinical diversity of
SMA (OMIM 600354).) The SMN2 gene (OMIM 601627),
which functions as an alternate copy, primarily determines

the severity of the disease; the phenotype tends to become
milder as SMN2 copy numbers grow.['’! Furthermore, un-
common variations in SMN2 and other genetic variables
such as plastin 3 (PLS3) or neurocalcin delta (NCALD)
may have an impact on the severity of the condition.?’]

There is a significant variation of mutations found in SMA
patients. Point mutations account for 4% of the total, while
homozygous deletion of SMNI accounts for 96%. Owing
to the intricate genetic structure, gene conversions and
de novo rearrangements occur often. Additional SMN2
variations or independent genes like PLS3 and NCALD
can exacerbate the illness.?*%] Research has shown that in
people with two copies of SMN2, SMA-I develops in 79%
of cases, whereas SMA-IIl occurs in 5% of cases; in peo-
ple with three copies of SMN2, SMA-Il occurs in 54% of
cases, SMA-IIl in 31% of cases, and SMA-Il in 16% of cases.
Milder types of SMA are more common in patients with
four copies of SMN2. Of those diagnosed, just 1% have
SMA-Il and 1 1% have SMA-.2¢!

By conducting this study in Eastern Anatolia, it is possible
to examine regional genetic diversity and environmental
influences on SMA prevalence and carrier rates. This high-
lights the importance of tailored regional screening and
genetic counseling services.

Conclusion

In conclusion, by demonstrating the benefits of regional
genetic screening and counseling in improving early di-
agnosis and disease management, this study at Erzurum
City Hospital provides critical insights into the genetic
basis and management of SMA. Such localized studies en-
hance national and international efforts in the screening
and management of genetic disorders. They also aid in the
development of strategies for genetic counseling and early
diagnosis.
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~
Turkiye'nin Dogu Anadolu Bolgesi’'ndeki Spinal Muskuiler Atrofi Kohortlan Uzerine Bir

Calisma

Amag: Bu galismanin amaci, hastaligin genetik temelini ve 6zellikle SMNI ve SMN2 genlerinin alel sayisinin hastaligin ilerlemesi iizerindeki
etkisini arastirmak igin Tiirkiye’nin Dogu Anadolu bolgesindeki SMA hastalarinda genetik bir kohort galismasi yapmaktir.

Gereg ve Yontem: Galisma, Erzurum Sehir Hastanesi'nde Erzurum Saglik Bilimleri Universitesi Tip Fakiiltesi’'nin etik onay ile yiiriitiil-
mistiir. SMA 6n tanisi olan toplam 348 hastaya genetik test uygulandi. SMNI ve SMN2 genlerindeki ekzon 7 ve 8 delesyonlari PCR-RFLP
yontemi ile analiz edildi.

Bulgular: SMNI ve SMN2 genlerinin ekzon 7 ve ekzon 8 bélgelerindeki alel sayilari incelenerek SMNI geninin hig kopyasi olmayan (0 alel)
41 hasta ve potansiyel tasiyici olarak degerlendirilen 112 birey belirlendi. SMN2 genindeki alel sayisinin dagilimi analiz edilmis ve hastaligin
klinik siddeti lizerinde 6nemli bir etkisi oldugu gosterilmistir.

Sonug: Bu calisma, Tiirkiye’nin Dogu Anadolu bélgesindeki SMA hastalarinin genetik kohort analizini sunmakta ve SMNI ve SMN2 genle-
rindeki alel sayisinin hastaligin ilerlemesi iizerindeki etkisini ortaya koymaktadir. Bulgular, cinsiyetin hastalik yayginligi ve tasiyiciik durumu
tizerinde sinirh bir etkiye sahip oldugunu 6ne siirerek, SMA'nin genetik teshisi ve yonetimi konusunda 6nemli bilgiler saglamaktadir. Arastirma
ayrica bolgesel genetik tarama ve danigmanlik hizmetlerinin gelistirilmesinin kritik 6nemini vurgulamaktadir.

Anahtar Sozciikler: Genetik varyasyon; SMA; SMN|; SMN2.
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INTRODUCTION

Banu Boyuk|'

Tunahan Refik Dumlu,? @ Hande Erman’

ABSTRACT

Objective: Many studies have compared scoring systems in the course of acute pancreatitis
(AP), but comparative analyses of scoring systems in patients with diabetes are limited. In
our study, we aimed to compare patients using more than one scoring system and also to
investigate whether there was a scoring system that could be preferred in predicting the
length of hospital stay (LOS) in individuals with diabetes.

Methods: Mild and moderate-severe acute pancreatitis patients who were followed up with
AP in the internal medicine clinic were evaluated retrospectively. The diagnosis of AP was
confirmed in accordance with the revised Atlanta criteria. AP with mild and moderate sever-
ity was the inclusion criteria. Patients with severe pancreatitis were excluded. Patients with
and without diabetes were analyzed according to demographic characteristics, laboratory
and imaging findings in two groups. Ranson, Systemic Inflammatory Response Syndrome
(SIRS), Bedside Index of Severity in Acute Pancreatitis (BISAP), Modified Glasgow Il Scoring
(IMRIE), Harmless Acute Pancreatitis Score (HAPS), Balthazar, and Computed Tomography
Severity Index (CTSI) scores were calculated on admission.

Results: AP patients with diabetes had higher serum triglyceride, leukocyte, CRP, and pro-
calcitonin levels (p<0.05). Serum amylase levels were slightly higher in non-diabetic patients
(p<0.05). The presence of diabetes was positively correlated with Ranson on admission,
SIRS, and Imrie scores (p<0.05; r=0.437; r=0.274; r=0.317). Among severity scores, only the
CTSI score was significantly higher in patients with >7 days LOS (p<0.004). In addition, while
there was no difference in LOS according to the presence of DM (p=0.840), mean HbAIc
values were higher in patients with longer LOS (p=0.037). As a result of regression analysis,
male gender and higher CTSI scores were related to increased LOS (OR=0.266, p=0.037 vs
OR=1.579, p=0.022).

Conclusion: Among the scoring systems, IMRIE, SIRS, and Ranson scores were higher in
mild-moderate AP patients with diabetes compared to non-diabetic patients. In addition,
male gender and higher CTSI scores were associated with increased LOS in this specific
patient group.

severe acute pancreatitis according to the severity of the
disease. Local or systemic complications and organ failure

Acute pancreatitis (AP) is an acute inflammatory process of
the pancreas, characterized by abdominal pain and elevated
pancreatic enzyme levels in the blood. The most common
causes of AP are alcohol, hypertriglyceridemia, hypercal-
cemia, drug-related, autoimmune disease, and genetic and
anatomic anomalies." According to the revised Atlanta
criteria, acute pancreatitis is examined histopathologically
in three groups as interstitial, edematous, and acute necro-
tizing types, and in three groups as mild, moderate, and

are not seen in mild acute pancreatitis. In moderate acute
pancreatitis, there is transient organ failure that resolves
within 48 hours and/or local-systemic complications that
do not continue for more than 48 hours, whereas in se-
vere acute pancreatitis, there is permanent failure involv-
ing one or more organs.”! Many scoring systems have been
developed, consisting of physical examination findings,
laboratory, and imaging methods to evaluate the severity
of acute pancreatitis and its complications. The Ranson
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criteria,®! Acute Physiology and Chronic Health Inquiry
(APACHE 1) scoring,® and Bedside Index of Severity in
Acute Pancreatitis (BISAP) scoring, which also includes the
Systemic Inflammatory Response Syndrome (SIRS) criteria,
are the widely used AP scoring systems today.”! In addi-
tion, Modified Glasgow Il Scoring (IMRIE) is a one-time
scoring at the 48th hour after the patient’s admission to
the hospital.l!

Due to the complexity of the existing scoring systems, the
Harmless Acute Pancreatitis Score (HAPS) has been devel-
oped, which evaluates both physical examination findings
and hematocrit (HCT) and creatinine values at admission.
1 The Balthazar score was developed based on computed
tomography (CT) imaging findings and is frequently used
in the diagnosis and evaluation of complications of AP
In addition, Computerized Tomography Severity Score
(CTSI) scoring can be performed by adding the necrosis
rate on CT to the Balthazar score, and it has been shown
that it has high diagnostic accuracy in the evaluation of se-
vere acute pancreatitis and can be used reliably in the early
prediction of complications.”) However, none of these
scoring systems alone is sufficient to assess prognosis.

Diabetes mellitus (DM), a chronic metabolic disorder, is a
rapidly growing global problem with major social, health,
and economic consequences. DM causes the development
of many complications, both acute and chronic, and is also
known to be an important risk factor for many other dis-
eases.[' High glucose levels in patients with diabetes are
suggested to induce oxidative stress in the pancreas as well
as in various tissues of the body.!' In addition, comorbid
factors such as obesity and hypertriglyceridemia have also
been associated with acute pancreatitis.[''*] However, the
number of studies comparing AP scoring systems in dia-
betics and non-diabetics is limited. In our study, we aimed
to compare the pancreatic scoring systems in mild-mod-
erate acute pancreatitis patients with and without T2DM
and factors effective on the length of hospital stay (LOS)
in this specific patient group.

MATERIALS AND METHODS

In our study, patients who were followed up with the di-
agnosis of AP in the internal medicine inpatient clinic be-
tween January 2018 and 2021 were evaluated retrospec-
tively. The diagnosis of AP in these patients was confirmed
by demonstrating the presence of two of the three basic
criteria in accordance with the revised Atlanta criteria:
typical abdominal pain in terms of pancreatitis, an increase
in blood levels of amylase or lipase more than three times
the upper limit, and significant imaging findings suggesting
pancreatitis.

Patients with mild and moderate acute pancreatitis aged
over |8 years who were not pregnant and were followed
up for at least 48 hours in the internal medicine inpatient
clinic were included in our study. Severe acute pancre-
atitis patients were excluded due to ICU follow-up. Pa-
tients diagnosed as having biliary pancreatitis in imaging

methods, patients with a hospitalization period of under 2
days, patients without CT imaging during hospitalization,
and patients diagnosed as having chronic pancreatitis were
excluded. In addition, patients with severe acute pancreati-
tis were excluded from the study. Mild acute pancreatitis
was defined for patients that had no concomitant organ
failure and no local or systemic complications, and their
Ranson, BISAP, and Imrie scores were <3. Moderate acute
pancreatitis was characterized by transient organ failure
(less than 48 hours) or the presence of local or systemic
complications, and Ranson, BISAP, and Imrie scores 23.
Severe acute pancreatitis was defined as persistent organ
failure lasting longer than 48 hours.

Demographic characteristics, smoking status, alcohol use,
comorbid diseases, and drug use of the patients were
recorded. Laboratory parameters such as blood glucose,
blood gases, hemoglobin, hematocrit, albumin, blood urea
nitrogen (BUN), calcium, magnesium, amylase, lipase,
thyroid-stimulating hormone (TSH), C-reactive protein
(CRP), procalcitonin (PCT), total cholesterol, high-den-
sity lipoprotein (HDL) cholesterol, low-density lipopro-
tein (LDL) cholesterol, triglycerides, glycated hemoglobin
(HbAIc), and leukocyte counts were recorded. CT imag-
ing findings and length of stay were analyzed. Ranson, SIRS,
BISAP, Imrie, HAPS, Balthazar, and CTSI scores at admis-
sion were calculated according to the previously described
formula.l''’ All parameters were compared between pa-
tients with and without diabetes. The study was approved
by Kartal Dr. Litfi Kirdar City Hospital Ethics Committee
(date/number: 14.04.2021, 2021/514/199/2).

Statistical Analyses

Statistical analysis was performed using the SPSS 25.0
(Statistical Package for the Social Sciences) program. De-
scriptive statistics (mean, standard deviation, median, min-
imum, maximum, percentage values) of the data were cal-
culated. Student’s t-test was used to compare parameters
between groups of normally distributed quantitative data.
Mann-Whitney U test was used for comparison of non-
normally distributed parameters between groups. The
Chi-square (x?) test was used for comparisons of quali-
tative data. Linear regression analysis was performed to
analyze the relationship between the presence of diabetes
and the scoring systems. The results were evaluated with
a statistical significance of p<0.05 at the 95% confidence
interval.

RESULTS

A total of 100 patients with acute pancreatitis were en-
rolled in the study. Among 100 patients, 5| had DM, and
49 patients did not have diabetes. Patients with diabetes
were older and had higher BMI, systolic blood pressure,
and comorbidities (p<0.05). Patients with and without
diabetes were similar in terms of sex, alcohol use, and
smoking history (p>0.05). As expected, patients with dia-
betes had higher fasting blood glucose (FBG) and HbAlc
(p<0.05). Similarly, acute pancreatitis patients with dia-
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betes had higher serum triglyceride, leukocyte, CRP, and
procalcitonin levels (p<0.05). Serum amylase levels were
slightly higher in non-diabetic patients (p<0.05) (Table I).

We compared the scoring results of acute pancreatitis pa-
tients according to the presence of diabetes in Table 2.
Ranson 0-hour scores, SIRS, BISAP, and Imrie scores were
significantly higher in diabetes (p<0.05 for all). HAPS, Balt-
hazar, and CTSI scores were similar in diabetics and non-
diabetics (p>0.05 for all).

Among severity scores, only the CTSI score is signifi-
cantly higher in patients with >7 days LOS (p<0.004). In
addition, while there is no difference in LOS according to

the presence of DM (p=0.840), mean HbAIc values were
higher in patients with a longer duration of hospitalization
(p=0.037). Male patients had a higher hospitalization du-
ration (p=0.026). Serum triglyceride values are higher in
patients with longer LOS (p=0.004) (Table 3).

We performed binary logistic regression analysis regard-
ing the effective factors on LOS in patients with mild and
moderate severity AP (Table 4). As a result of regression
analysis, male sex and higher CTSI score are related to
the increased LOS (OR=0.266, p=0.037 vs. OR=1.579,
p=0.022).

Table I. Demographic, laboratory, and clinical characteristics of patients according to the presence of T2DM

Non-diabetics Diabetics p value
n=49 n=51

Age (years) 54+17.52 61%15.12 0.016
Male, n (%) 26 (53.06) 25 (49.01) 0.843
BMI (kg/m?2) 28+4.59 31+5.33 0.002
Alcohol use, n (%) 8 (16.32) 5 (9.80) 0.371
Smoking history, n (%) 16 (32.65) Il (21.56) 0.261
Clinical
Fever (°C) 37+0.48 37+0.44 0.315
Pulse (rate/m) 84x|1.42 82+14.96 0.293
Respiration Rate 17£2.65 1843.18 0.059
Oxygen Saturation 97+2.65 96+2.62 0.149
SBP (mmHg) 125+15.12 132+18.00 0.011
DBP (mmHg) 77x11.07 75+9.86 0.449
LOS (days) 7+4.42 7+3.28 0.627
Co-morbidities (n/%) 15 (30.61) 33 (64.70) 0.001
Laboratory findings
FBG (mg/dl) 130.33£50.10 246.88+137.72 0.001
HbAIC (%) 5.69+0.45 8.02+2.15 0.001
T.Cholesterol (mg/dL) 180.80+£50.91 251.43+78.49 0.096
LDL- C (mg/dL) 116.19£42.31 115.524£44.53 0.952
HDL-C (mg/dL) 41.49£14.94 51.79+45.58 0.984
TG (mg/dL) 132.63+£98.55 534.74+375.61 0.001
TSH (mlIU/L) 1.44£1.19 1.49x1.42 0.673
Leukocytes (pl) 11309+4151,69 13592+5250,45 0.011
CRP (mg/l) 88.43+89.82 128.92497,26 0.031
Pct (ug/l) 1.82+4.99 2.37+4.41 0.003
AST (1U/1) 115.84+182.92 131.94£199.58 0.87
LDH (U/l) 290.86+158.74 335.57+254.67 0.388
Albumin (g/dl) 3.79+0.53 3.98+0,45 0.061
BUN (mg/dl) 15.50£8.27 18.89£10.74 0,055
Calcium (mg/dI) 9.0310.65 9.050.71 0.859
Magnesium (mg/ml) 1.860.12 1.83+0.19 0.172
Amylase (U/l) 1899.33+£1202.20 1506.25+1228.52 0.048
Lipase (U/l) 1250.29£1133.16 996.05+382.38 0.711

Statistical significance: p<0.05. Abbreviations; DM: diabetes mellitus; BMI: Body mass index; SBP: systolic blood pressure; DPB: diastolic blood pres-
sure; LOS: Length of hospital stay; FBG: Fasting blood glucose; T. Cholesterol: total cholesterol; LDL-C: low density lipoprotein cholesterol; HDL-C:
high density lipoprotein cholesterol; TG: triglycerides; TSH: thyroid stimulating hormone; AST: Aspartate transaminase; BUN: Blood urea nitrogen;
CRP: C-Reactive Protein; Hbalc: Hemoglobin Alc; LDH: Serum lactate dehydrogenase; Pct: Procalcitonin; TSH: Thyroid Stimulating hormone.
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Table 2. Comparison of scoring systems according to
the presence of T2DM

Non-DM DM p-value
n=49 n=51
Ranson-0.hour 1.04£0.98 2.04+1.09 0.001

SIRS 0.53+0.76 0.98+0.84 0.004
BISAP 0.78+1.12 1.10£1.01 0.028
IMRIE 1.43+1.20 2.27+1.34 0.001
HAPS 0.78+0.67 0.78+0.73 0.936
Balthazar 1.57%1.30 2.04+1.33 0.087
CTSI 1.96+2.05 2.29+1.66 0.253

BISAP: Bedside Index for Severity in Acute Pancreatitis; CTSI: Com-
puted Tomography Severity Index; HAPS: Harmless Acute Pancreatitis
Score; SIRS: Systemic inflammatory response syndrome.

DISCUSSION

Acute pancreatitis (AP) is one of the common emergen-
cies that can result in morbidity and mortality. There are
various results on the etiology, severity, complications, and
mortality rates of API'l Although scoring systems have
been developed to estimate the severity of the disease, no
single scoring system gives the best results, and each has
limitations in different aspects.['™! For this reason, different
scoring systems based on comorbidities and AP severity
have been preferred. Diabetes has special importance in
the patient group with AP due to its increasing frequency.
In our study, we evaluated the differences in scoring sys-
tems in showing the severity of AP in patients with and
without diabetes, as well as the effective factors on LOS.

Patients with diabetes have an increased risk of acute

Table 3. Laboratory parameters and acute pancreatitis severity scores according to the length of hospital stay

LOS > 7days LOS < 7days p value
n=4l| n=59
Age (years) 58.20+17.89 56.74+15.97 0.255
Gender (male) n (%) 26 (63.41) 25 (42.37) 0.026
BMI (kg/m?) 28.52+17.89 29.70£5.63 0.052
DM n (%) 20 (48.78) 31 (52.54) 0.840
FBG (mg/dl) 196.34x110.15 183.41+124.55 0.592
HbAlc % 7.05+2.30 6.71x1.74 0.037
BUN (mg/dl) 18.46+9.76 16.33£9.62 0.611
CRP (mg/l) 125.04x£101.87 97.40£100.75 0.579
Procalcitonin (ng/ml) 2.08+5.61 2.11%5.65 0.982
Amylase (U/l) 1924.66+1243.49 1553.67+1200.28 0317
Lipase (U/l) 1035.75+£1046.63 1180.82+1197.66 0.443
Triglycerides (mg/dl) 309.54+519.44 215.61+301.77 0.004
RANSON 1.56£1.14 1.52£1.16 0.924
SIRS 0.78+0.72 0.74+0.89 0.051
BISAP 1.05%1.11 0.87+1.04 0.793
IMRIE 2.00%1.34 1.75£1.33 0.865
HAPS 0.83+0.66 0.75+0.72 0.233
CTSI 2.80+2.29 1.70£1.30 0.004
Baltazar 2.07+1.36 1.62+1.28 0.815

LOS: length of stay; BMI: body mass index; FBG: fasting blood glucose; BUN: Blood urea nitrogen; CRP: C-reactive protein; SIRS: Systemic Inflam-
matory Response Syndrome; BISAP: Bedside Index of Severity in Acute Pancreatitis; IMRIE: Modified Glasgow |l Scoring; HAPS: Harmless Acute
Pancreatitis Score; CTSI: Computerized Tomography Severity Score.

Table 4. Binary Logistic regression analysis for effective factor on LOS in mild-moderate AP patients

95% C.1. for EXP (B)

B p O.R. Lower Upper
Gender (Male) 1.326 0.037 0.266 0.076 0.924
HbAlc % -0.140 0.946 0.986 0.658 1.477
Triglycerides 0.001 0.610 1.000 0.999 1.002
CTsI 0.457 0.022 1.579 1.068 2.333

OR: odds ratio; Cl: confidence interval; CTSI: computerized tomography severity score; AP: acute pancreatitis; LOS: length of stay. Statistical signi-

ficance at p<0.05.
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pancreatitis.'® However, conflicting results have been
reported on the hospital mortality risk of patients with
diabetes with AP. A retrospective study in Taiwan showed
that patients with AP and DM had a lower risk of hospi-
tal mortality.l'”? In a study by Zhao et al.,l'¥ patients with
AP with a previous history of DM or HbAc levels higher
than 6.5% had higher mortality than those without DM.
In our study, patients with AP and DM had significantly
higher blood glucose levels at admission than those with-
out DM. In addition, the average HbAIc value of patients
with diabetes was 8.02%. The mean LOS was 6.65+3.88
days in our study. In a study published by Ertas et al,[l'"
the hospitalization periods of individuals with edematous
and necrotizing pancreatitis were 6.7+4.5 and 6.2+5.3
days, respectively, similar to our findings. On the other
hand, our study revealed that patients with diabetes had
higher scores in acute pancreatitis severity scores. How-
ever, there was no difference between the groups with
and without diabetes in terms of LOS. Regression analysis
showed that higher CTSI scores and male gender were re-
lated to the length of hospital stay longer than seven days.
While BISAP and PANC3 scores have been suggested for
early prediction of LOS,?” there are limited data regarding
the utility of prognostic severity scores for predicting LOS.

Hyperglycemia is a common early feature of AP and is
used in prognostic scoring systems. In our current study,
we found that the presence of diabetes in patients with
AP was related to SIRS as well as being related to Ranson
and Imrie scores. Although the extent to which pre-ex-
isting DM may increase the severity of AP has yet to be
determined, there is an association between stress hyper-
glycemia and adverse outcomes. The association between
hyperglycemia and poor functional outcomes in critically
ill patients has been demonstrated. In the ICU, hyper-
glycemia is strongly associated with outcomes in patients
without pre-existing DM, but it is not associated with out-
comes in patients with pre-existing DM.2'!

In a study by Buter et al.?? in 2002 with a group of 121
patients, both organ dysfunction and SIRS scoring were
associated with increased mortality. It was observed that
early organ dysfunction generally improved and had no sig-
nificant effect on mortality by itself, whereas worsening
organ dysfunction was associated with mortality in more
than half of the patients.”? In our study, we showed that
patients with diabetes scored higher in SIRS scoring. This
may be due to the mild and moderate AP profile of the
patients included in the study and the higher leukocyte
count in patients with diabetes.

We observed that the Ranson score at admission was
higher in diabetic patients. This may be due to the presence
of blood glucose levels in scoring. The inability to calculate
48th-hour Ranson scores due to data insufficiency affects
the reliability of the findings. However, the meta-analysis
by De Bernardis et al.®] published in 1999 on 211 studies
conducted since 1974 showed that the Ranson criteria had
a weak power to predict findings. In BISAP scoring, pa-
tients with diabetes scored higher than those without di-

abetes, but despite this significant difference, both patient
groups are in the scoring range with low expected mortal-
ity. The meta-analysis by Gao et al.?*! of 10 studies, which
was conducted between 1980 and 2014 and published in
2015, focused on the predictive value of BISAP scores to
evaluate the clinical outcomes of AP. It was shown that
the cut-off value of 23 points had moderate sensitivity and
high specificity to predict mortality and severe AP. At the
cut-off value of 22 points, it was observed that although
the sensitivity increased for both results, the specificity
decreased. It was suggested that a BISAP score of 23 was
successful in predicting the mortality and severity of AP
However, in our study, when 3 points and above were con-
sidered as the cut-off value, no difference was observed
in patients with diabetes. This may be a result of the low
number of the study group.

Imrie scores were higher in patients with diabetes when 3
or more points were considered as the cut-off value in the
scoring. The reason for this may be that leukocyte counts
and glucose levels occur together in Imrie scoring. On
the other hand, no difference was observed in the patient
groups in terms of HAPS, Balthazar, and CTSI scores. In
the study of Lankisch et al.,’”® which included 394 patients,
it was shown that HAPS scoring was more correlated in
the course of non-severe disease. In a study on 149 pa-
tients, it was shown that both CTSI and modified CTSI
scores were associated with disease severity parameters,
and there was a correlation between imaging severity and
poor clinical outcomes.?¥ In another study, the thresholds
for the prediction of severe AP were Ranson 23, BISAP
22, APACHE-II 28, and CTSI 23.17

Aging and pancreatitis is an important issue due to the
aging population worldwide. In our study, the mean age of
patients with diabetes was higher than that of non-diabet-
ics. Yadav et al.®! reported that the risk of AP increased
gradually with age, and chronic pancreatitis mainly affected
middle-aged individuals. In another retrospective study,
the mean age of the patients was similar to our study.*”]

In the pathophysiology, cytokines, adipokines, damage-re-
lated molecular models, and unsaturated fatty acid-medi-
ated lipotoxicity have been considered. The role of obesity
in exacerbating pancreatic necrosis has been discussed. It
has been shown that there may be pancreatic fat necrosis
associated with obesity and that peripancreatic fat necrosis
can worsen organ dysfunction independent of pancreatic
necrosis.B” In our study, patients with diabetes had higher
BMI values than non-diabetics. In the study published by
Khatua et alB% in 2017, it was suggested that obesity
led to type 2 DM (T2DM), which secondarily caused an
increase in the incidence of gallstones and hypertriglyc-
eridemia, and that incretin-based treatments used in the
treatment of DM, surgery, and endoscopic interventions
for the treatment of obesity, caused an increase in the
incidence of AP in the obese group.

Previous animal studies suggested that sustained hyper-
tension increases pancreatic oxidative stress that might
lead to pancreatic damage in hypertensive rats.’'! Further-
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more, studies regarding acute pancreatitis in metabolic
syndrome patients revealed that hypertension is more fre-
quently seen in patients with severe acute pancreatitis.;’233]
Considering the blood pressure values of the patients at
the time of admission, systolic blood pressure was found
to be higher in patients with diabetes in our study. This
situation may be an indicator of concomitant hypertension
in patients with diabetes in our study, and therefore, the
inability to control hypertension in these patients.

In several studies, patients with T2DM had comorbidities
(e.g., obesity, heart failure, kidney disease, liver disease)
that might increase the risk of severe AP and were strong
predictors of premature death from APB*¥! In our study,
of the total patients, 48.04% had hypertension, 17.65%
had hyperlipidemia, 23.53% had cardiac disease, 9.80%
had hypothyroidism, 5.88% had respiratory disease, and
3.92% had chronic renal disease. We observed that the
presence of comorbidities did not affect the length of stay
and mortality. In the study published by Murata et al.*¥l in
2015, severe comorbidity resulted in higher hospital mor-
tality and longer stay when evaluated using the Charlson
Comorbidity Index in 1,090 hospitalized older patients in
Japan. This conflicting finding could be attributed to the
fact that the patients had mild-to-moderate pancreatitis
and that the number of patients was low.

In our study, it was observed that triglyceride levels were
higher in those with diabetes. It was previously reported
that poorly controlled diabetes and diabetic ketoacidosis
can trigger hypertriglyceridemia-associated acute pan-
creatitis.’” In a review published by Thambiah et al.*8
in 2021, it was emphasized that an impaired lipid profile
could be seen in poorly controlled type | diabetes and
type 2 diabetes, even though it was well controlled, and
that this situation was associated with insulin resistance
rather than impaired glycemic control. In patients with
diabetes, there is a significant increase in acute phase re-
actants such as CRP, PCT, and leukocyte values compared
with patients without diabetes. The early and serial CRP
level in AP is used as an indicator of the severity and pro-
gression of inflammation. Diabetes exacerbates systemic
inflammation during pancreatitis, may have a major impact
on the progression of pancreatitis at the local level, and
may also increase systemic inflammatory parameters such
as interleukin (IL)-6 concentrations in plasma.l”

It is already known that serum amylase is a useful bio-
chemical tool to diagnose acute pancreatitis. We observed
that the amylase levels of the patients at admission were
lower in diabetic patients. In the meta-analysis of Ko et
al.,* which was published in 2020 and included 20 stud-
ies comprising 20,916 participants, individuals with type 2
diabetes had serum amylase levels 3.1 times lower, serum
lipase levels 2.9 times lower, and serum trypsin levels 2.5
times lower than the upper limits of normal. These find-
ings support the low levels of amylase and lipase in our
study. Low amylase levels in patients with diabetes may
indicate impaired exocrine functions of the pancreas.

We made a comparison by calculating the scores related

to AP in diabetic and non-diabetic groups, but the lack of
APACHE-II scoring, which has proven its power in many
studies to predict the severity of AP, constituted the most
important limitation of our study. Similarly, the 48th-hour
Ranson score could not be calculated. The main reason for
this was that the study was conducted retrospectively, and
therefore, some laboratory parameters, especially blood
gas, were not studied. Finally, due to the retrospective
design of the study, a causative relationship cannot be es-
tablished.

Conclusion

Among the scoring systems, Imrie, SIRS, and Ranson
scores are higher in patients with diabetes with mild-mod-
erate AP in comparison to non-diabetic patients. In addi-
tion, male gender and higher CTSI scores are associated
with increased LOS in this specific patient group.
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Nonbiliyer Akut Pankreatit ile Takip Edilen Diyabetik ve Non-diyabetik Hastalarnn

Pankreatit Siddet Skorlan ve Hastane Yatis Surelerinin Degerlendirilmesi

Amag: Akut pankreatit (AP) seyrinde skorlama sistemlerini karsilastiran birgok galisma vardir, ancak diyabetli hastalarda skorlama sistem-
lerinin kargilagtirmali analizleri sinirhdir. Calismamizda birden fazla skorlama sistemi kullanan hastalari karsilastirmayi ve diyabetli bireylerde
hastanede kalis siiresini (HKS) tahmin etmede tercih edilebilecek bir skorlama sisteminin olup olmadigini aragtirmayi amagladik.

Gereg ve Yontem: Dahiliye kliniginde AP ile takip edilen hafif ve orta siddetli akut pankreatit hastalar geriye doniik olarak degerlendirildi.
Diyabetli ve diyabetsiz hastalar demografik 6zellikleri, laboratuvar ve gériintileme bulgularina gére iki grupta incelendi. Ranson, Sistemik
inflamatuvar Yanit Sendromu (SIRS), Akut Pankreatitte Yatak Bagi iddet indeksi (BISAP), Modifiye Glasgow Il Skorlamasi (IMRIE), Zararsiz
Akut Pankreatit Skoru (HAPS), Balthazar ve Bilgisayarli Tomografi Siddet indeksi (CTSI) skorlari hesaplandi.

Bulgular: Diyabetli AP hastalarinda serum trigliserit, I6kosit, CRP ve prokalsitonin diizeyleri daha yiiksekti (p<0.05). Diyabetik olmayan
hastalarda serum amilaz diizeyleri biraz daha yiiksekti (p<0.05). Diyabet varligi, basvuru aninda Ranson, SIRS ve Imrie skorlart ile pozitif kore-
lasyon gosterdi (p<0.05; r=0.437; r=0.274; r=0.317). Ciddiyet skorlarindan sadece CTSI skoru >7 giinden fazla yasam siiresi olan hastalarda
anlaml olarak daha yiksektir (p<0.004). Ayrica DM varligina gére HKSta farklilik gériilmezken (p=0.840), HKS’si yiiksek olan hastalarda
ortalama HbAlc degerleri daha yiiksekti (p=0.037). Regresyon analizi sonucunda erkek cinsiyet ve daha yiiksek CTSI puani artan HKS ile
iligkilidir (OR=0.266, p=0.037 vs OR=1.579, p=0.022).

Sonug: Skorlama sistemlerinden IMRIE, SIRS, Ranson skorlari hafif-orta siddette AP diyabetli hastalarda diyabetik olmayan hastalara gére
daha yiiksektir. Ayrica bu spesifik hasta grubunda erkek cinsiyet ve daha yiiksek CTSI skorlari artan HKS ile iligkilidir.

Anahtar Sozciikler: Akut pankreatit siddet skorlari; diyabet; hastanede kalis siiresi.
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ABSTRACT

Objective: Retrorectal or presacral tumors are rare, diagnostically challenging, and patho-
logically heterogeneous tumors. The exact incidence of these tumors is unknown, but it
is estimated that tertiary care centers see |-6 cases per year. The aim of this study is to
evaluate the clinical and surgical outcomes of patients diagnosed with retrorectal tumors and
treated surgically at our hospital.

Methods: A retrospective analysis was conducted on 23 patients diagnosed with retrorectal
tumors and treated surgically at the General Surgery Clinic of our hospital between 2012
and 2022. Ethical approval was obtained for the study, and demographic data, presenting
symptoms, radiological imaging methods, surgical details, and postoperative outcomes were
recorded. All patients underwent preoperative radiological evaluation, and the surgical ap-
proach was determined based on the tumor’s location.

Results: Between 2012 and 2022, 23 patients underwent RRT surgery. Of these patients, 20
(87.0%) were female, with a mean age of 45.24£12.2 (24-65) years. Twelve patients (52.2%)
presented with coccygeal pain. On physical examination, a mass was palpated in the rec-
tal examination of three patients (13.1%) and in the vaginal examination of three patients
(13.1%). Preoperative radiological examination was performed on all patients; one patient
underwent only CT, 12 patients underwent only MRI, and 10 patients underwent both CT
and MRI. RRTs were reported as solid in nine patients (39.1%), cystic in ten patients (43.5%),
and heterogeneous in four patients (17.4%). Fifteen patients underwent colonoscopy. Colo-
noscopy revealed external compression findings in two patients, and polyps were detected
in three patients and histopathologically benign after polypectomy.

Conclusion: Retrorectal tumors are rare lesions requiring surgical treatment. Surgical in-
terventions performed in experienced centers have shown successful outcomes and low
recurrence rates. The management and surgical treatment of these tumors involve evaluating
the tumor’s imaging findings and location, leading to successful outcomes. This study pro-
vides a comprehensive approach to the surgical treatment of retrorectal tumors, emphasiz-
ing the importance of appropriate surgical strategies and complication management.

logical remnants, resulting in different histopathological
types like congenital, neurogenic, osseous, inflammatory,

Retrorectal tumors (RRT) are rare tumors that are dif-
ficult to diagnose and exhibit pathological heterogeneity.
Although the actual prevalence in the general population
is not well known, tertiary care centers report diagnosing
approximately | to 6 cases annually, with an estimated in-
cidence of | per 40,000 hospital admissions.['! Benign RRTs
are usually cystic, and malignant tumors are typically solid
with necrotic areas and invasive potential. Although the
majority of tumors are benign, 21-50% are malignant in
natiire.l”l

Retrorectal tumors can originate from various embryo-

or miscellaneous based on their origin. Histopathologi-
cally, they are further categorized as benign or malignant
congenital and benign or malignant acquired.®! Most ret-
rorectal tumors are asymptomatic (26-50% of cases) and
are often incidentally discovered during routine digital
rectal examinations. Although patients exhibit a variety of
symptoms, the most common symptom is chronic pain.
M Also, symptoms like sacral pain, constipation, urinary
incontinence, and pencil-thin stools may suggest that the
tumor has invaded nearby structures. Patients might also
suffer from lower back pain that intensifies when sitting
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but gets better with walking or standing.! Retrorectal
tumors should be considered in patients presenting with
recurrent perianal fistulas and abscesses, prompting fur-
ther imaging studies.”! Digital rectal examination is crucial
and can aid in diagnosing 90% of cases, but these soft and
compressible lesions may be easily missed unless the clini-
cian is vigilant.®! Preoperative imaging is nearly universal in
the diagnostic process, with computed tomography (CT)
and magnetic resonance imaging (MRI) being particularly
valuable for surgical planning (Figure 1).7 CT is useful for
determining the tumor’s nature (cystic or solid) and its
relationship with bone structures, while MRI excels in as-
sessing soft tissue involvement and the extent of adjacent
structure invasion (Figure 2).B! Other imaging techniques,
such as flexible sigmoidoscopy, transrectal ultrasonography
(TRUS), and fistulograms, are also applicable.”! While bi-
opsy was once avoided because of potential complications
and diagnostic inaccuracies, recent studies indicate that it
can be safe and helpful for treatment planning.l'” Effective
factors in the approach to RRTs include the location, size,
and presence of malignancy of the tumor. Asymptomatic
tumors with benign histopathology can be monitored with

Figure 1. CT is useful for determining the tumor’s nature (cystic
or solid) and its relationship with bone structures.

Figure 2. MRI excels in assessing soft tissue involvement and
the extent of adjacent structure invasion.

regular follow-ups; however, benign-appearing tumors can
harbor malignant components or transform into malig-
nancy.l'”! Moreover, benign tumors can lead to infections
in the urinary tract and meninges.l'! Surgery is the main
treatment option for RRTs since they do not respond well
to chemotherapy and radiation therapy, which are only
used for palliative care.l'? Complications and recurrence
can occur following surgeries not performed with free sur-
gical margins and proper technique. For benign tumors,
complete resection is advised, whereas malignant tumors
require radical resection or en bloc resection of surround-
ing organs. Surgical methods include anterior (transab-
dominal), posterior (perineal), and combined approaches.
Tumors located above the S3 level are typically treated
with anterior or combined techniques, while those below
the S3 level are treated with posterior techniques.!'! In
this study, we provide an in-depth review of the diagnosis
and surgical treatment of RRTs and share our clinical ex-
periences.

MATERIALS AND METHODS

Between 2012 and 2022, patients treated surgically for
RRT at Kartal Dr. Lutfi Kirdar State Hospital were ret-
rospectively analyzed from a prospectively followed data
pool. The study was approved by Kartal Dr. Litfi Kirdar
State Hospital ethics committee on 22.02.2022 with the
number 2022/514/220/14. Medical data of the patients
were obtained through the hospital information system,
outpatient clinic visits, and consultations. Patients under
I8 years of age, those with rectal cancer, gynecological
malignancies, urological malignancies, or any retrorectal
abscess diagnosis or history were excluded from the study.
Demographic characteristics, American Society of Anes-
thesiologists (ASA) physical status classification, present-
ing symptoms, radiological imaging methods aiding diag-
nosis, whether histopathological sampling was performed,
details related to the operation, intraoperative and post-
operative complications (Clavien-Dindo classification),!']
postoperative hospital stay duration, 30-day postoperative
mortality, mean follow-up duration, recurrence, and his-
topathological findings of the patients were recorded. As
a clinical approach, preoperative biopsy was not planned
to minimize the risk of tumor seeding and surgical site
infection and to avoid other complications. All patients
underwent preoperative radiological examination; imaging
findings were reported by radiology specialists. Imaging
report elements, including tumor size, localization, rela-
tionship with adjacent structures, and tumor morpholo-
gy, were collected. Three main surgical approaches were
used to remove RRTs depending on the tumor character-
istics in the imaging. The anterior approach was general-
ly preferred for tumors located above the S3 level, the
posterior approach for tumors located below the S3 level,
and the combined approach for large tumors or tumors
located both above and below the S3 level. All patients
received preoperative information and provided written
consent for surgery. Bowel preparation was completed
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Table I. Characteristics of the patient group

Characteristics n %

Colonoscopy

Polypectomy (Benign) 3 13.0
External compression on rectum 2 8.7
No colonoscopy 8 348
Normal colonoscopy 10 43.5
Symptoms
Leg pain | 43
Incidental | 43
Constipation 3 13.0
Constipation and coccydynia | 43
Abdominal pain 3 13.0
Abdominal pain and constipation | 43
Abdominal pain and coccydynia | 43
Coccydynia 12 522
ASA Score
ASAI 4 17.4
ASA2 17 739
ASA3 2 8.6
Type of operation
Kraske 17 739
Conversion from laparoscopy to laparotomy | 43
Laparotomy 4 17.4
Conversion from laparotomy to Kraske | 43
Preop Complication
Rectum perforation - primary repair 2 8.6
Ureter injury - repair + double ] catheter | 43
None 20 87.0
Characteristics n %
Postop complication
None 20 87.0
Yes (recurrence after 4 years) 3 13.0
Length of hospital stay
| day | 4.3
2 days 6 26.1
3 days 7 30.4
4 days 5 21.7
5 days 4 17.4
Cyst perforated
Yes 8 348
No 15 65.2
Preop biopsy
Yes | 43
No 22 95.7
Operation Duration (minutes) 35 (20-60)
Follow up
None 5 21.7
Yes 18 783
Follow-up Duration (months) 6 (2-12)

S3 Involvement
None 20 87.0
Yes 3 13.0
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for all cases. Patients undergoing pelvic surgery received
venous thromboembolism prophylaxis with low molecu-
lar weight heparin starting the night before surgery and
continuing for up to 4 weeks after discharge. Antibiotic
prophylaxis, consisting of 500 mg metronidazole and | g
cefazolin, was administered 30 minutes before surgery. All
procedures were conducted under general anesthesia, and
ureteral stents were inserted in cases where ureteral in-
vasion or suspicion was present. The data were analyzed
using IBM SPSS Statistics Standard Concurrent User V 29
(IBM Corp., Armonk, New York, USA). Descriptive statis-
tics included counts (n), percentages (%), meantstandard
deviation, and median (minimum-maximum) values.

RESULTS

From 2012 to 2022, 23 patients underwent surgery for
retrorectal tumors, with 20 (87.0%) being female and a
mean age of 45.2+12.2 (24-65) years. Twelve patients
(52.2%) presented with coccygeal pain. Other presenting
symptoms are summarized in (Table I). On physical exam-
ination, a mass was palpated in the rectal examination of
three patients (13.1%) and in the vaginal examination of
three patients (13.1%). Preoperative radiological examina-
tions were performed on all patients; one patient under-
went only CT, 12 underwent only MRI, and 10 underwent
both CT and MRI. Retrorectal tumors were reported
as solid in nine patients (39.1%), cystic in ten patients
(43.5%), and heterogeneous in four patients (17.4%). Fif-
teen patients underwent colonoscopy, revealing external
compression in two patients and benign polyps in three
patients post-polypectomy. Resected RRTs’ histopatholog-
ic findings are presented in (Table 2).

DISCUSSION

The literature indicates that retrorectal masses are gen-
erally seen in young to middle-aged adults, consistent
with the demographic and clinical characteristics of our
patients.['! Postoperative pathology typically reveals benign

Table 2. Histopathological findings

Pathology n %

Non-specific inflammation 2 8.7
Angiomyxoma | 43
Epidermoid cyst 3 13.0
Keratinous cyst 4 17.4
Cystic hamartoma | 43
Dystrophic calcification | 4.3
Micropapillary ependymoma 3 13.0
Schwannoma | 43
Benign cystic lesion 2 8.7
Tailgut cyst (benign cystic findings 4 17.4
No pathology sent (no cyst found) | 4.3

findings, although malignant pathologies are also possible,
emphasizing the importance of surgery. Wolpert et al.’!
indicated that the surgical treatment of retrorectal tumors
usually yields successful results despite the risk of compli-
cations. Similarly, a study by Hopper et al.B! emphasized
that surgical excision is generally sufficient for benign ret-
rorectal tumors and that radical surgical approaches are
necessary for malignant tumors. Considering this, the im-
portance and necessity of surgically resecting the tumor
en bloc and achieving negative surgical margins are empha-
sized. In our study, we determined our surgical approach
based on the location and characteristics of the tumor.
Although intraoperatively rectal perforation and ureteral
injury complications were encountered, these complica-
tions were managed with appropriate approaches. It has
been shown that the rarity of retrorectal tumors and the
potential complications and patient management in surgi-
cal treatment are quite successful in experienced centers.
[31In our study, surgical outcomes were generally satisfac-
tory, with most patients not experiencing complications
or recurrence. However, some patients experienced re-
currence after surgery. The potential malignancy and re-
currence rates of the cases were consistent with findings
from other studies in the literature.['']

Conclusion

The rarity of retrorectal tumors presents challenges in
surgical treatment and patient management for physicians.
However, it is observed that successful outcomes are
achieved in experienced centers by evaluating the tumor
imaging findings and localization and managing potential
complications with appropriate surgical approaches.
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Retrorektal Tumor Cerrahisi: Tek Merkez Calismasi

Amag: Retrorektal veya presakral tiimérler, teshisi zor ve patolojik olarak heterojenite gosteren nadir timérlerdir. Bu tiimoérlerin kesin
insidansi bilinmemekle birlikte, tiglincii basamak saglik merkezlerinde yillik olarak 1-6 vaka goriildiigii tahmin edilmektedir. Bu galismanin
amaci, 2012 ve 2022 yillar arasinda hastanemiz genel cerrahi kliniginde retrorektal tiimor tanisi alarak cerrahi tedavi géren hastalarin klinik
ve cerrahi sonuglarini degerlendirmektir.

Gereg ve Yontem: 2012 ve 2022 yillari arasinda hastanemiz genel cerrahi kliniginde retrorektal tiimér tanisi alarak cerrahi tedavi géren 23
hasta tizerinde retrospektif bir analiz yapildi. Calisma igin etik kurul onayi alinmig olup, hastalarin demografik verileri, basvuru semptomlari,
radyolojik goriintiileme yontemleri, cerrahi detaylar ve postoperatif sonuglar kaydedilmistir. Tiim hastalar ameliyat 6ncesi radyolojik olarak
degerlendirilmis ve cerrahi yaklasim tiimériin lokalizasyonuna gére belirlendi.

Bulgular: Retrorektal timérler genellikle geng-orta yas eriskin grubunda gériilmekte olup, galismamizdaki hastalarin demografik ve klinik
ozellikleri literatiirdeki diger galismalarla uyumludur. Cogu vakada benign tiimérler saptanirken, bazi malign vakalar da gézlenmistir. Bu durum
retrorektal tiimorlerin cerrahi tedavisinin 6nemini vurgulamaktadir. Literatiirde, retrorektal tiimérlerin cerrahi tedavisinin genellikle basaril
sonuglar verdigi, benign tiimérlerde cerrahi eksizyonun yeterli oldugu, malign tiimorlerde ise radikal cerrahi yaklagimlarin gerektigi belir-
tilmektedir. Calismamizda cerrahi yaklagim tiimériin lokalizasyonuna ve 6zelliklerine gére belirlenmis, komplikasyonlar uygun yontemlerle
yonetilmistir.

Sonug: Retrorektal tiimoérler nadir goriilen ve cerrahi tedavi gerektiren lezyonlardir. Deneyimli merkezlerde yapilan cerrahi miidahaleler
basarili sonuglar vermekte ve diisiik niiks oranlarina sahiptir. Bu timérlerin yénetimi ve cerrahi tedavisi, tiimériin gériintileme bulgularinin
ve lokalizasyonunun degerlendirilmesi ile basarili bir sekilde gergeklestirilmektedir. Bu galisma, retrorektal tiimérlerin cerrahi tedavisinde
kapsamli bir yaklasim sunarak, uygun cerrahi stratejilerin belirlenmesi ve komplikasyonlarin yénetimi agisindan 6nemli bir katki saglamaktadir.

Anahtar Sozciikler: Cerrahi; retrorektal; timér.
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INTRODUCTION

Tufan Hicddonmez?

ABSTRACT

Objective: The cervical pedicle screw fixation technique ensures rigid stabilization by of-
fering superior correction capability for the restoration of the sagittal alignment of the cer-
vical spine. Given the technical complexity of this procedure and its proximity to critical
neurovascular structures, it is imperative for surgeons to thoroughly assess the patient’s
anatomy before undertaking pedicle instrumentation in the lower cervical spine. This com-
prehensive evaluation is crucial for minimizing risks and ensuring optimal surgical outcomes.

Methods: In the present study, the widths, heights, transverse angles, and maximum lengths
of pedicle screws of the vertebral pedicles between C3 and C7 in posterior cervical spinal
instrumentation were bilaterally evaluated in 50 adult patients using preoperative four-way
direct radiographs, thin-section computed tomography (CT) scans, and 3-dimensional CT
(3D-CT) images.

Results: The results revealed that pedicle height, pedicle width, and maximum screw length
increased gradually as we descended caudally from the C3 vertebra to the C7 vertebra,

whereas the transverse pedicle angle increased between C3 and C5 and decreased between
C5 and C7. The mean maximum screw length varied between 29.7 mm and 33.1 mm.

Conclusion: The findings of this study emphasize the importance of the widths, heights,
transverse angles, and maximum lengths of pedicle screws for their appropriate placement
into the pedicle in surgical procedures.

geneity in architecture, researchers are now relying more
on preoperative computed tomography (CT) scans and

Abumi et al.l'! proposed lower cervical vertebrae stabiliza-
tion with pedicle screws in 1994. Further research by Ito
et al. found that pedicle screws are more biomechani-
cally stable than lateral mass screws for cervical fixation
from C3 to Cé. More specifically, pedicle screws were four
times more resistant to rotational pressures and twice as
robust against flexion and extension stresses than lateral
mass screws. However, cervical vertebrae pedicle screw
insertion is technically tough. Although morphological
studies have established landmarks and angulation stan-
dards for placing cervical pedicle screws, these anatomical
markers have proven to be unreliable when dealing with
specific diseases such as rheumatic cervical spine disorders
and degenerative cervical myelopathy. Due to the hetero-

personalized guidelines to ensure precise screw placement
that is suited to each patient’s particular anatomy.?!

In the present study, the widths, heights, and transverse
angles of the vertebral pedicles between C3 and C7 and
the maximum lengths of the pedicle screws that could be
inserted in posterior cervical spinal instrumentation were
bilaterally evaluated in 50 adult patients using preoperative
four-way direct radiographs, thin-section CT scans, and
3-dimensional CT (3D-CT) images to produce a database.
The findings of this study highlight the importance of these
variables for the appropriate placement of pedicle screws
into the pedicle in surgical procedures.
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MATERIALS AND METHODS

Data from a cohort of 50 patients, comprising 25 female
and 25 male individuals, aged between 25 and 65 years,
who underwent 3D cervical computed tomography (CT)
scans for various indications between 2000 and 2011 at
the Department of Neurosurgery, were systematically an-
alyzed utilizing the Novapacs system. Pedicle parameters
were meticulously measured. Exclusion criteria included
patients with infectious, neoplastic, traumatic, or congeni-
tal spinal anomalies. Axial and sagittal images of the C3-C7
cervical vertebral pedicles were selected for analysis, and
the following parameters were measured:

I. Craniocaudal Height of the Pedicle: This parameter, also
known as the rostrocaudal dimension, was obtained from
sagittal images.

2. Pedicle Width: This refers to the mediolateral diameter
of the pedicle isthmus.

3. Transverse Angle of the Pedicle: This is the angle be-
tween the pedicle axis and the midline of the vertebral
corpus.

4. Maximum Screw Length: This measurement represents
the distance from the posterior cortex of the lateral mass
to the anterior wall of the vertebral corpus along the pedi-
cle axis.

RESULTS

The C3 vertebral level had the lowest mean pedicle height,
measuring 6.5 mm in males and 5.6 mm in females. Con-
versely, the C7 vertebral level had the highest pedicle
height, measuring 7.6 mm in men and 6.7 mm in women
(Table I). The height of the pedicle exhibited a tendency
to progressively rise towards the distal extremity.

Figure 1. Pedicle height.

In both men and women, the smallest average pedicle
width was found at the C3 vertebral level, measuring 5.0
mm for men and 4.0 mm for women. Conversely, the
largest average pedicle width was seen at the C7 verte-
bral level, measuring 7.1 mm for males and 6. mm for
females (Table I). There was a tendency for the breadth of
the pedicle to expand as one moved from the C3 to C7
vertebrae.

In both men and women, the smallest average transverse

Table I. Mean values and standard deviations of measurements of cervical pedicle
Pedicle Width (mm) Pedicle Height (mm) Transvers Pedicle Angle (degree) Maximum Screw Length (mm)
C3 Mean 4.5+-1.0 6.2+-1.1 43.1+-4.8 29.7+-3.6
Man 5.0+-1.1 6.5+-1.0 42.3+-4.9 30.0+-3.7
Woman 4.0+-0.8 5.6+-1.0 44.2+-4.9 28.2+-33
C4 Mean 4.9+-1.1 6.3+-1.1 45.0+-4.6 29.9+-3.6
Man 5.3+-1.0 6.7+-1.2 44.3+-4.8 31.2+-34
Woman 4.3+-0.9 5.9+-1.1 45.1+-4.1 28.7+-3.5
C5 Mean 5.4+-1.1 6.5+-1.1 45.4+-4.5 31.1+-4.2
Man 5.8+-1.1 6.8+-1.2 44.4+-4.1 32.3+-4.1
Woman 4.9+-0.8 6.0+-1.1 45.8+-4.1 29.7+-3.6
Cé Mean 5.6+-1.0 6.8+-1.1 42.5+-4.8 32.0+-4.3
Man 6.0+-1.1 7.1+-1.0 42.1+-4.8 32.9+-44
Woman 5.1+-1.0 6.2+-1.1 42.9+-4.8 30.9+-4.0
C7 Mean 6.7+-1.2 7.2+-12 37.6+-4.9 33.1+-5.3
Man 7.1+-1.0 7.6+-1.0 37.4+-49 34.4+-54
Woman 6.1+-0.9 6.7+-1.1 38.3+-5.0 31.6+-4.8
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Figure 2. Pedicle width (Medio-Lateral Width of the Pedicle Ist-
mus).

Figure 3. Transverse pedicle angle (Angle between the pedicle
axis and the midline of the vertebral corpus).

pedicle angle was found at the C7 vertebral level, measur-
ing 37.4 degrees for men and 38.3 degrees for women. On
the other hand, the largest average transverse pedicle an-
gle was observed at the C5 vertebral level, measuring 44.4
degrees for males and 45.8 degrees for females (Table I).

The mean screw length varied between 29.7 mm and 33.1
mm. The smallest mean maximum screw length was ob-
tained at the C3 vertebral level in men (30.0 mm) and
women (28.2 mm), and the largest maximum screw length
was obtained at the C7 vertebral level in both men (34.4
mm) and women (31.6 mm) (Table I).

Figure 4. Maximum Screw Length (Distance from the Posterior
Cortex of the Lateral Mass to the Anterior Wall of the Vertebral
Corpus along the Pedicle Axis).

DISCUSSION

One significant peril associated with cervical pedicle screw
insertion is the potential harm to the vertebral arteries.
Injuries to the dominant side of the vertebral arteries
can lead to significant and potentially severe effects. To
reduce the chances of vertebral artery injury, it is impor-
tant to have a better understanding of the morphological
features. In a prior study conducted by Yang et al.,!l it was
discovered that the cervical pedicles on the same side as
the dominant vertebral artery had a reduced size. Pedicle
screws should not be used at the C3 and C4 vertebrae if
the pedicle width is less than 4 mm and the total breadth
and distance from the outer cortex to the vertebral artery
is less than 5 mm. According to Liu et al.,! the third cer-
vical vertebra pedicle was the smallest in the study. The
pedicles covered the third to seventh cervical vertebrae.

Previous investigations found that cervical pedicles have
a smaller transverse diameter than sagittal width®”l Ac-
cording to Yusof et al.,”® the pedicles of the lower cervi-
cal vertebrae have a greater width in the sagittal direction
compared to their width in the transverse direction. A
morphometric research study was conducted on the sub-
axial vertebrae of a Malaysian population using CT scans to
determine the key factor affecting the feasibility of employ-
ing the pedicle screw procedure on these vertebrae, which
is the transverse diameter of the pedicles. The findings
from the study showed that the widest pedicle was found
at the C7 vertebra for both male and female participants.
On the other hand, the narrowest pedicle was seen at the
C4 vertebra for male participants and at the C3 vertebra
for female individuals. Additionally, they stated that a min-
imum pedicle width of 4.5 mm is necessary for the inser-
tion of a 3.5-mm cervical pedicle screw.®! According to
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the existing literature, the findings from this study showed
that the lowest diameter of the pedicle was found at the
C3 vertebra, while the maximum diameter was seen at the
C7 vertebra. Furthermore, the pedicle diameter tended
to grow as it moved towards the distal end. The pedicle
height values were similar to those reported in prior in-
vestigations and exceeded the pedicle width values in both
males and females.

In a previous study performed using CT, Dong et al.’
reported that the optimal medial angulation for cervical
pedicle screw placement was 45-55 degrees at C3-6 and
30-45 degrees at C7 vertebrae. Liu et al.”! reported that
the pedicle transverse angle was the highest at C4 and
lowest at C7. In the present study, the smallest medial
angulation was at the C7 vertebra in both male and female
patients, whereas the largest medial angulation was at the
C5 vertebra.

Abumi posited that the optimal entry point for the in-
sertion of a pedicle screw is located just inferior to the
facet joint, approximately -2 mm lateral to the midpoint
of the superior articular process.I'! The lateral margin of
the cervical vertebrae’s lateral mass features a notch that
is approximately at the same level as the pedicle. Specifi-
cally, the pedicles are situated slightly inferior to this notch
at the C2 vertebral level, at the level of the notch between
C3 and Cé, and at or superior to the notch at the C7 level.
[1% Pan et al.l'!! delineated this notch, which is considerably
lateral to Abumi’s prescribed entry point and proximate
to the pedicle projection, as their designated entry point.
Consequently, they positioned the screw at a significantly
higher angle, closely aligning with the true pedicle trans-
verse angle, which they postulated likely mitigated the risk
of the proximal medial cortex deflecting the screw later-
ally.!'"1 In our clinical practice, we have adopted this notch
as the entry point. Our measurements of the maximum
feasible screw length from this reference point revealed
that the average screw length ranged from 29.7 mm to
33.1 mm. Correspondingly, Mohi Eldin et al.'Z reported
the minimum pedicle axis length as 29.5 mm.

Conclusion

Prior to performing pedicle instrumentation in the lower
cervical spine, surgeons should thoroughly assess the pa-
tients’ anatomy. Identifying the locations where the pedi-
cle screws will be inserted, as well as the angles at which
they will be placed, and their size prior to surgery might
help minimize potential difficulties.
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~
Posterior Servikal Spinal Enstrimantasyonda Uygulama Guvenligi icin Pedikul Caplar
ve Acilarnnin Ug Boyutlu Bilgisayarli Tomografi ile Olcumleri

Amag: Servikal pedikiil vida teknigi omurganin sagital diziliminin restorasyonu igin yiiksek korreksiyon kabiliyeti saglayarak rijit fiksasyona
olanak saglar. Teknigin zorlugu ve 6nemli nérovaskdiler yapilara komsulugundan dolayi, cerrahlar alt servikal omurgada pedikiil enstriimantas-
yonu yapmadan 6nce hastanin bireysel anatomisini ayrintili olarak degerlendirmelidir.

Gereg ve Yontem: Bu calismada, posterior servikal spinal enstriimantasyonda C3-C7 arasi vertebral pedikiillerin genislikleri, yiikseklikleri,
transvers agilari ve pedikil vidalarinin maksimum uzunluklari, preoperatif dért yonlu direkt grafi, ince kesit bilgisayarli tomografi (BT) ve 3
boyutlu bilgisayarli tomografi (3B-BT) goriintiileri ile 50 eriskin hastada iki tarafli degerlendirilerek veritabani elde edildi.

Bulgular: Elde edilen verilere gére C3 vertebrasindan C7 vertebrasina dogru kaudale dogru inildikge pedikiil yiiksekliginin, pedikiil genisligi-
nin ve yerlestirilebilecek maksimum vida boyunun giderek arttigi; transvers pedikiil agisinin ise C3-5 arasi artip, C5-7 arasi azaldigi belirlendi.
Ortalama maksimum vida uzunlugu 29.7 mm ile 33.1 mm arasinda bulundu.

Sonug: Bu degiskenlerin cerrahi uygulamalarda pedikiil vidalarinin pedikiile uygun yerlestirilebilmesi igin 6nemi vurguland.

Anahtar Sozciikler: Bilgisayarli tomografi; servikal pedikiil vidasi; servikal pedikiil morfometrisi.
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ABSTRACT

Obijective: This study aimed to evaluate the predictive capacities of three risk scoring sys-
tems, Child-Turcotte-Pugh score (CTP), MELD score (Model for End-Stage Liver Disease),
and AIMS65 score, in anticipating 3-month rebleeding and mortality in cirrhotic patients
presenting with acute variceal bleeding (AVB).

Methods: At the time of initial presentation, we prospectively collected patients’ medical
histories, vital signs, laboratory results, endoscopic findings, and interventions. Clinical out-
comes were defined as 3-month rebleeding and mortality.

Results: Among the three scoring systems, the CTP and MELD scores demonstrated com-
parable abilities to predict 3-month rebleeding, both statistically superior to the AIMS65
score (AUC: 0.676, 0.665, 0.558, respectively). The predictive capacities of the three scoring
systems (CTP, MELD, AIMS65) for 3-month mortality were similar and demonstrated high
accuracy (AUC: 0.861, 0.753, 0.769, respectively). In the high-risk patient group, the MELD
scores showed significant sensitivity (87.5%).

Conclusion: The three scoring systems, which are easy to calculate, may be useful in pre-
dicting rebleeding and mortality, with the CTP score being particularly beneficial.

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

INTRODUCTION

Variceal hemorrhage, resulting from portal hypertension
in patients with cirrhosis, is a significant cause of morbidity
and mortality! Cirrhosis is the most common cause of
portal hypertension. Varices develop in order to decom-
press the hypertensive portal vein and return blood to the
systemic circulation. They are seen when the pressure gra-
dient between the portal and hepatic veins rises above 12
mmHg; patients with lower values do not form varices and
do not bleed. The reduction of the hepatic vein pressure
gradient to less than or equal to 12 mmHg was associated
with a significant reduction in the risk of acute variceal
bleeding (AVB) and mortality.™

Various clinical and physiological factors, including variceal
location, size, and appearance, are employed to predict
the risk of variceal hemorrhage in patients with cirrhosis.
Several clinical scoring systems, namely the Child-Turcot-

te-Pugh score (CTP), MELD score (Model for End-Stage
Liver Disease), and AIMS65 score, have been utilized to
predict rebleeding and mortality in patients with acute
variceal hemorrhage.P!

The CTP score assesses the degree of liver dysfunction
and is based on serum albumin concentration, bilirubin
level, prothrombin time, and the presence of ascites and
encephalopathy. The MELD score, developed to deter-
mine 3-month mortality, incorporates serum creatinine,
bilirubin, sodium level, and international normalized ratio
results. It is valuable in prioritizing patients for liver trans-
plantation.'®! The AIMS65 score, developed by Saltzman
and colleagues,”! predicts mortality in patients presenting
with upper gastrointestinal bleeding, including both variceal
and nonvariceal etiologies. The AIMS65 score comprises
albumin level <3.0 g/dL (A), international normalized ratio
(INR) >1.5 (l), altered mental status (M), systolic blood
pressure <90 mmHg (S), and age >65 years.[l AIMS65 is a
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simple, accurate risk score that predicts in-hospital mor-
tality in patients with acute upper gastrointestinal bleed-
ing.l’! All three scoring systems are straightforward to cal-
culate without requiring endoscopic findings.

Each episode of active variceal hemorrhage carries a mor-
tality risk of up to 20 percent.”® Varices are present in
50% of cirrhotic patients, and their incidence increases
at a rate of 5-15% per year.®”] Furthermore, survivors of
variceal bleeding have a 70 percent chance of experiencing
recurrent hemorrhage within one year.['"!

Despite the increasing utilization of CTP and MELD scores
in predicting AVB, there is a lack of comparative studies in-
vestigating the long-term prediction of rebleeding and mor-
tality among the three scoring systems. Therefore, the ob-
jective of this study was to evaluate the predictive capacity
of these three risk scoring systems for 3-month rebleeding
and mortality in cirrhotic patients presenting with AVB.

MATERIALS AND METHODS

Study Population

This investigation encompassed cirrhotic individuals aged
I8 and above who had an endoscopic diagnosis of acute
variceal bleeding (AVB), including esophageal, gastric, or
both. Exclusion criteria incorporated patients incapable
of undergoing endoscopy due to procedural refusal or
adverse clinical progression, those unwilling to partici-
pate, noncirrhotic patients, patients with malignancy, and
individuals with insufficient data. The study obtained ap-
proval from Ankara City Hospital Scientific Research and
Ethics Committee, Approval No: E1/1051/2020, and date
02.09.2020.

Data Collection

Medical histories, vital signs, laboratory results, endo-
scopic findings, and interventions were compiled prospec-
tively from February 2019 through September 2020. The
CTP, MELD, and AIMS65 scores were calculated using a
standardized app, following internationally accepted pro-
tocols. Data on 3-month rebleeding and mortality were
recorded prospectively via the hospital’s electronic med-
ical records.

Patient Management

Patients with AVB were initially evaluated in the emer-
gency department and were referred to a gastroenterolo-
gist for bleeding management. Vasopressors (somatostatin
or terlipressin, as available) were administered to all pa-
tients diagnosed with AVB for 72—120 hours, followed by
the calculation of the CTP, MELD, and AIMS65 scores by
gastroenterologists. Patients were then transferred to the
intensive care unit for further management. Pantoprazole
40 mg/day intravenously was administered to all patients
during hospitalization to prevent esophageal ulceration.

The choice of endoscopic treatment was between endo-
scopic band ligation and cyanoacrylate sclerotherapy, con-
tingent on the patient’s hemodynamic status, decline in he-

moglobin level despite blood transfusion, and presence of
active bleeding. In the event of endoscopic therapy failure,
a Sengstaken-Blakemore tube was inserted to temporar-
ily control the bleeding. Rebleeding during hospitalization
prompted a repetition of the endoscopic procedure. Pa-
tients showing clinical improvement after discharge were
monitored for 90 days, with propranolol dose titration
initiated in the absence of contraindications.

Study Outcomes

The primary outcomes were defined as 3-month rebleed-
ing and mortality. Rebleeding was identified by a decrease
in hemoglobin of more than 2 g/dL, coupled with signs
of bleeding (hematemesis and/or melena). Subsequent en-
doscopy was performed to evaluate rebleeding in cases
of a drop in hemoglobin. Mortality encompassed all-cause
death, including in-hospital death and death within the
three-month follow-up period. The accuracy of the three
scoring systems was evaluated based on these outcomes.
Patients were stratified into low- and high-risk groups us-
ing established scoring system cut-off values. Based on the
reference studies of the scoring systems, those with CTP
score <6, MELD score <I1, and AIMS65 score =0 were
considered low-risk, and those with CTP score >6, MELD
score >19, and AIMS65 score >| were considered high-
risk patients.*>!1]

Statistical Analysis

Data were analyzed using IBM SPSS Statistics for Win-
dows, version 25.0 (IBM Corp., Armonk, N.Y., USA). The
normality of numerical variables was assessed using the
Kolmogorov-Smirnov test. Normally distributed variables
were presented as meantstandard deviation (SD), while
non-normally distributed variables were expressed as
median (interquartile range [IQR]). Categorical variables
were conveyed as frequency (percentage). The ability
of risk scoring systems to predict outcomes (rebleeding
within 8 weeks and 30-day mortality) was assessed using
receiver operating characteristic (ROC) curves. Results
were reported as the area under the curve (AUC), 95%
confidence interval (Cl), specificity, sensitivity, and p-value,
with a p-value <0.05 denoting statistical significance.

RESULTS

Our study sample included 103 patients out of the 128
who presented with AVB at the emergency department.
The excluded individuals comprised 14 patients with non-
cirrhotic AVB, 7 patients unable to undergo endoscopy,
and 4 patients with incomplete data. The median age of
the study cohort was 64 years (53-73), with a slight male
predominance (55 men, 53.4%). Two-thirds of the patients
had a history of previous variceal bleeding. The median
serum hemoglobin, serum urea, INR, serum platelet, and
serum albumin levels at presentation were 9.03 g/dL, 58
mg/dL, 1.38, 124x10%L, and 31 g/L, respectively.

Most patients were classified as CTP B or C, with the me-
dian CTP score being 8 (6-10). The distribution of patients
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across CTP A, B, and C was 12%, 63%, and 25%, respec-
tively. The median MELD score was 12 (9-32), and the
median AIMS65 score was | (0-2). The application of so-
matostatin or terlipressin therapy was evenly split (46.6%
versus 53.4%). The median duration of hospital stay was
8 days (4-11). Table | provides a comprehensive summary
of patient characteristics, laboratory findings, treatment
details, and outcomes.

Rebleeding

A total of 32 patients (31.1%) experienced rebleeding
within 3 months. When the cutoff value was set at 6.5,
CTP demonstrated a predictive accuracy for rebleeding
with 78% sensitivity and 49% specificity (AUC: 0.676,
95% CI: 0.568-0.785, p=0.004). Using a cutoff value of 9.5,
MELD predicted rebleeding with 90% sensitivity and 37%
specificity (AUC: 0.665, 95% CI: 0.558-0.771, p=0.008).
AIMS65, with a cutoff value of 1.5, predicted rebleeding
with 53% sensitivity and 67% specificity (AUC: 0.558, 95%

Table |. Patients’ characteristics, laboratory variables,
treatment details, and outcomes*
Study group
(n=103)
Age, years 64 (53-73)
Gender, male, n (%) 55 (53.4)
Previous episode of variceal bleeding, n (%) 66 (64.1)
Pulse, >100 beats/min, n (%) 12 (11.7)
Systolic blood pressure, <90mmHg, n (%) 9 (8.7)
Hemoglobin level on admission (g/dL) 9.03+2.08
Urea level on admission (mg/dL) 58 (43-81)
INR on admission 1.38 (1.2-1.61)
Albumin level on admission (g/L) 31 (27-36)
Platelet level on admission (10%/L) 124 (89-176)
Child-Pugh score 8 (6-9)
Child-Pugh class, n (%)
A 12 (12)
B 65 (63)
C 26 (25)
MELD score 12 (9-16)
AIMS65 score 1 (0-2)
Medical therapy, n (%)
Somatostatin 48 (46.6)
Terlipressin 55 (53.4)
Endoscopic intervention, n (%)
None 4 (3.9)
Band ligation 81 (78.6)
Sclerotherapy 18 (17.5)
Length of stay, days 8 (4-11)
Rebleeding within 3 months, n (%) 32 (31.1)
Mortality within 3 months, n (%) 18 (17.5)

*Results are expressed as: mean + standard deviation, median (inter-
quartile range), or frequency (%). INR: International normalized ratio,
MELD: Model for End-Stage Liver Disease.

Cl: 0.435-0.681, p=0.347). These findings are summarized
in Table 2.

Despite the demonstrated predictive abilities of these
scoring systems, none were able to efficiently identify pa-
tients at low risk of 3-month rebleeding. In the low-risk
patient group, the AUC value of all three scoring systems
was low and statistically insignificant in predicting rebleed-
ing (AUCs for CTP, MELD, and AIMS65 were 0.600, 0.695,
and 0.500, respectively, p>0.05). In contrast, for high-risk
patients, the MELD-Na scores showed significant sensitiv-
ity (87.5%, p=0.02) in predicting 3-month rebleeding.

Mortality

Of the study participants, 18 (17.5%) succumbed within 3
months. The CTP score predicted mortality with a sen-
sitivity of 72% and specificity of 82% (AUC: 0.861, 95%
Cl: 0.774-0.948, p<0.001). The MELD score predicted
mortality with 50% sensitivity and 92% specificity (AUC:
0.753, 95% CI: 0.621-0.885, p=0.001). The AIMS65 score
predicted mortality with a sensitivity of 78% and speci-
ficity of 68% (AUC: 0.769, 95% Cl: 0.634-0.904, p<0.001)
(Table 2).

Among high-risk patients, the CTP score predicted
3-month mortality with 78% sensitivity and 33% speci-
ficity, outperforming the other two scoring systems (AUC:
0.725, 95% Cl: 0.564-0.887, p=0.006). However, in the
low-risk group, akin to the results for rebleeding, none
of the scoring systems demonstrated predictive utility for
mortality.

DISCUSSION

This study has highlighted the presence of acute variceal
bleeding (AVB) in cirrhotic individuals as an indicator of dis-
ease progression and a leading cause of mortality. Identify-
ing high-risk patients is crucial for devising effective strate-
gies to reduce mortality and select suitable candidates for
emergency interventions. While the Glasgow Blatchford
Score is recommended for risk stratification in acute non-
variceal upper gastrointestinal bleeding (ANVUGIB), there
is no universally accepted scoring system for patients with
AVB. This condition is more dangerous than nonvariceal
bleeding and, therefore, requires effective risk stratifica-
tion.l'2

We analyzed three easily calculable scoring systems-CTPR,
MELD, and AIMSé5-for risk stratification in patients with
acute variceal bleeding (AVB). While none of these scoring
systems proved optimal, the CTP score was superior in
predicting 3-month rebleeding and mortality. The MELD
and AIMS65 scores, however, were able to demonstrate
comparable mortality prediction statistics to the CTP
score.

When compared, the CTP and MELD scores showed a
statistically significant and comparable ability to predict
3-month rebleeding, surpassing the AIMS65 score (AUC:
0.676, 0.665, 0.558, respectively). All three scoring systems
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Table 2. The ability of risk scoring systems to predict rebleeding and mortality within 3 months
AUC 95% CI P Cut-off Sensitivity Specificity
Rebleeding within 3-months
Child-Pugh score 0.676 0.568-0.785 0.004 6.5 0.781 0.493
MELD score 0.665 0.558-0.771 0.008 9.5 0.906 0.366
AIMS65 score 0.558 0.435-0.681 0.347 1.5 0.531 0.662
Mortality within 3-months
Child-Pugh score 0.861 0.774-0.948 <0.001 8.5 0.722 0.824
MELD score 0.753 0.621-0.885 0.001 19.5 0.500 0918
AIMS65 score 0.769 0.634-0.904 <0.001 1.5 0.778 0.682

Significant P values are in bold. AUC: Area under curve, Cl: Confidence interval; MELD: Model for End-Stage Liver Disease.

similarly exhibited high accuracy in predicting 3-month
mortality (AUC: 0.861, 0.753, 0.769, respectively).

According to the determined low- and high-risk cut-off
values of these scoring systems, none proved sufficient in
identifying 3-month rebleeding and mortality in the low-
risk patient group. In the high-risk patient group, the sen-
sitivity of the MELD scores was significant (87.5%), while
the CTP and AIMS65 scores had much lower sensitivity
(66% and 35%, respectively) in predicting 3-month re-
bleeding. When compared to the MELD and AIMS65, the
CTP score showed 78% sensitivity and 33% specificity in
predicting mortality within 3 months in patients classified
as high-risk based on the cutoff value.

Despite the limitations of these scoring systems, the CTP
score showed superiority in predicting 3-month rebleed-
ing and mortality. Other scoring systems, such as the
Full Rockall Score and the GBS, were assessed in stud-
ies to predict rebleeding and mortality in AVB patients.
However, their efficacy was found to be insufficient in
AVB compared to the scoring systems in our study, even
though they demonstrated efficacy in acute nonvariceal
upper gastrointestinal bleeding (ANVUGIB).2'34

Previous studies have highlighted the high accuracy of the
CTP and MELD scores in predicting rebleeding and mor-
tality.l'>'"] Our study corroborates these findings, partic-
ularly in terms of 3-month mortality prediction. Contrary
to previous studies that focused on hospitalization or 4-6-
week outcomes, our study investigated patients by risk
stratification and evaluated mortality and rebleeding at a
3-month follow-up.

Aluizio and colleagues emphasized the importance of the
CTP score in predicting 6-week mortality.l'"® While the
Child and MELD scores were shown to detect 6-week
mortality with high accuracy (AUROC=0.72 and 0.74, re-
spectively), they demonstrated poor accuracy in predict-
ing rebleeding. In contrast, our study found that the CTP
and MELD scores can accurately predict three-month re-
bleeding, and all three scoring systems (with CTP being
the most accurate) are highly predictive of mortality. This
discrepancy in three-month rebleeding predictions may be
due to the fact that our study’s patient population pre-

dominantly included high-risk patients.

The AIMS65 score, designed by Hyett et al. to assess the
mortality risk of patients presenting with gastrointestinal
bleeding, had high sensitivity in predicting death but was
insufficient in predicting rebleeding, similar to our findings.
[l The AIMS65 score’s advantage is its applicability in pa-
tients with both AVB and ANVUGIB.I'!1617]

For patients presenting with ANVUGIB, they can be dis-
charged if GBS is < 1.I' While GBS is effective in identifying
low-risk patients among those with ANVUGIB, no scor-
ing system has been found to reliably detect low-risk pa-
tients among those presenting with acute variceal bleeding
(AVB).l'®"] |n our evaluation of rebleeding and mortality in
the low-risk patient group, all three scoring systems-CTP,
MELD, and AIMS65-had low AUROC values and showed
similar performance. The usability of these scoring systems
for low-risk AVB patients appears to be limited. In the con-
text of AVB, focusing on identifying high-risk patients may
prove more beneficial than trying to pinpoint low-risk pa-
tients. This approach can enable timely and targeted inter-
ventions, potentially improving patient outcomes.

One limitation of this study was that the majority of the
patient population consisted of high-risk patients, as our
hospital is a tertiary general admission hospital and is usu-
ally where such patients are referred. This may have intro-
duced bias in the evaluation of low-risk patients. Despite
this limitation, our study had several strengths, including
its prospective design, the inclusion of all patients present-
ing with AVB from cirrhotic patients, the application of
vasopressor therapy to all patients as a standard treatment
protocol, and endoscopic evaluation.

Conclusion

In conclusion, our findings suggest that the CTP and
MELD scores can reliably predict 3-month rebleeding, and
the CTP score is superior in predicting 3-month mortality.
However, all three scoring systems are highly predictive.
Therefore, calculating these simple scoring systems in pa-
tients with AVB may be beneficial in assessing prognosis.
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bunda MELD skorunun duyarliligi daha anlamli idi (%87.5).

olabilir.

Sirotik Hastalarda Akut Varis Kanamasi icin Ideal Risk Puanlama Sistemi Nedir?

Amag: Akut varis kanamasi ile bagvuran sirotik hastalarda 3 aylik yeniden kanama ve mortaliteyi tahmin etmede Ug risk skorlama sisteminin
(Child-Turcotte-Pugh skoru (CTP), MELD skoru ve AIMS65 skoru) prediktivitesini degerlendirilmesi amaglandi.

Gereg ve Yontem: Bagvuru sirasinda, hastalarin tibbi 6ykiilerini, vital bulgularini, laboratuvar sonuglarini, endoskopik bulgularini ve miida-
halelerini prospektif olarak topladik. Klinik sonuglar 3 aylik tekrar kanama ve mortalite olarak tanimland.

Bulgular: Ug skorlama sistemi arasinda, CTP ve MELD skorlari, her ikisi de AIMS65 skorundan istatistiksel olarak daha istiin olan (sirastyla,
AUC: 0.676, 0.665, 0.558) 3 aylik yeniden kanamayi predikte etmede benzer dogrulukta idi. Ug puanlama sisteminin (CTP, MELD, AIMS65)
3 aylk mortaliteyi 6ngérme kapasiteleri benzerdi ve yiiksek dogruluk gosterdi (sirasiyla, AUC: 0.861, 0.753, 0.769). Yiiksek riskli hasta gru-

Sonug: Hesaplanmasi kolay olan iig skorlama sistemi, 6zellikle CTP skoru olmak iizere, tekrar kanama ve mortaliteyi 6ngérmede faydali

Anahtar Sozciikler: Akut varis kanamasi; AIMS65 skoru; Child-Turcotte-Pugh skoru; son dénem karaciger hastaligi modeli.
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INTRODUCTION

Pinar Ozdemir]
Serkan Feyyaz Yalin,

Murat Tugcu,? ® Erman Ozdemir,?
Meral Mese,' ® Ebru Asicioglu,®> ® Ergln Parmaksiz'

ABSTRACT

Objective: Nutritional evaluation in peritoneal dialysis patients, one of the replacement
treatment methods in chronic renal failure, is becoming increasingly important in terms of
mortality and morbidity. The Prognostic Nutritional Index (PNI) and Immune-Inflammation
Index (Sll) are new inflammatory indexes that have been shown to have prognostic value in
many diseases. In our study, we investigated the relationship between high SlI scores, low
PNI scores, and mortality in PD patients.

Methods: PNI and Sl scores were calculated in 84 patients undergoing peritoneal dialysis.
Patients with low PNI scores and high SlI scores were divided into groups. These indices
were examined in terms of their prediction of mortality and morbidity in peritoneal dialysis
patients.

Results: The mortality rate in the low PNI group was higher than in the high PNI score
group (p=0.04). There was a difference between the groups in terms of mortality KT/v
values in the low SII group (p=0.008). In the Sl group, this value was higher in the high SlI
group, and there was a statistically significant difference in PTH values between the two
groups (p=0.024).

Conclusion: In our study, overall mortality was found to be higher in the low PNI group.
This supports the consideration of the PNI score in the evaluation of nutritional status in
peritoneal dialysis patients. As expected, we did not find a relationship with increased mor-
tality in patients with high Sll scores, probably because our number of patients was small.
However, these patients have lower dialysis adequacy rates and worse bone mineral metab-
olism control, and renal residual urine output was lower. These three parameters are known
to contribute to mortality in PD patients.

the International Society for Peritoneal Dialysis (ISPD)
recommended nutritional assessment in adult PD patients

Peritoneal dialysis (PD) is one of the renal replacement
therapy options for patients with end-stage renal disease
(ESRD)." Cardiovascular diseases (CVD) are the most
common cause of death in patients with chronic renal
failure.” Early diagnosis and prevention of cardiovascular
diseases are vital in order to reduce morbidity and mor-
tality in ESRD patients.’] Protein-energy malnutrition is
a common condition in peritoneal dialysis patients and is
associated with high mortality."** Studies have shown that
morbidity and mortality decrease with the improvement
of nutritional status in this group of patients.l®” Recently,

in order to reduce cardiovascular risk.”) However, there
is no single recommended method for the assessment of
malnutrition in PD patients. Therefore, in terms of the
assessment of malnutrition, a careful physical examination
and questionnaire are evaluated with pooled data from
various parameters, including weight loss, body mass in-
dex, and serum albiimin.[®!

The prognostic nutritional index (PNI) is a formula formed
by the serum albumin concentration in the peripheral
blood and the total lymphocyte count.’! Recently, the
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prognostic value of PNI has been variously confirmed.!'%!4]
There are few articles investigating the prognostic role of
a low PNI score in PD patients.!'>'®! The first aim of our
study was to investigate the prognostic value of a low PNI
score in PD patients.

On the other hand, the immune-inflammation index (Sll) is
a new inflammatory index calculated based on peripheral
blood neutrophils, platelets, and lymphocytes. Numerous
studies have shown that Sll can predict the prognosis of
malignant tumors such as esophageal cancer and non-small
cell lung cancer.!'"'" It has also been reported that there
is a relationship between high Sll and mortality in patients
undergoing hemodialysis.?®! Qin et al.? also showed that
patients with albuminuria had higher systemic immune-in-
flammatory index values. However, there are no reports
on the relationship between Sl and mortality in peritoneal
dialysis patients. As a secondary aim, we investigated the
relationship between high SII scores and morbidity-mor-
tality in PD patients.

In addition to these goals, we examined whether the initial
high SIl and low PNI scores of PD patients may predict the
risk of peritonitis, which is one of the factors that increase
mortality in PD patients.

MATERIALS AND METHODS

Participants

Eighty-five peritoneal dialysis patients followed up be-
tween 2018-2022, from two centers were included in our
study. Patients under the age of 18, followed up less than
one year, switched from chronic hemodialysis, failed re-
nal transplantation, pregnant, and presence of any active
inflammatory situations were not included in the study.
The study was conducted in compliance with the ethical
principles of the Helsinki Declaration and approved by the
Kartal Lutfi Kirdar State Hospital Ethics Committee (num-
ber: 2021/514/193/2).

Study Protocol

This was a retrospective observational study. Clinical,
demographic, and laboratory data of the patients were
recorded. PNI and SII scores of the patients during the
onset of PD treatment were calculated. The patients were
divided into the groups as low/high PNI and high/low SII.
We investigated whether low PNI and high SII patients
were associated with morbidity and mortality regarding
our study group.

Age, gender, weight, blood pressure, primary etiology of
ESRD, history of diabetes, hypertension, hyperlipidemia,
heart failure, malignancy, CVD risk factors, history of cere-
brovascular and peripheral vascular disease were recorded.
Laboratory values: leukocytes, lymphocytes, hemoglobin,
serum albumin at the onset of PD, serum creatinine, cor-
rected serum calcium, phosphorus, parathormone levels,
CRP, and serum uric acid values were also recorded. PNI
score was calculated as 10% serum albumin value (g/dl)

+ 0.005% peripheral lymphocyte count (per mm3). Sys-
temic immune-inflammation index (SIl) was calculated by
(NxP)/L (N, P, and L represent neutrophil counts, platelet
counts, and lymphocyte counts, respectively).

Total Ke/V (Kt/V is a formula that K=urea clearance by
dialysis, t=dialysis time, V=urea distribution volume in
proportion to body water. It is used to evaluate dialysis
adequacy) was calculated using PD Adequest software 2.0
(Baxter Healthcare Ltd). All of the patients were followed
up until either cessation of PD during the study period,
death, or May 30, 2022.

Statistical Analysis

Descriptive data were expressed as mean * standard de-
viation (SD) and median with interquartile range (IQR) for
the continuous variables and frequency and percentages
(%) for the categorical variables. The Shapiro-Wilk test
was used for evaluating the conformity of continuous vari-
ables to normal distribution. Peritoneal dialysis patients
were divided into two groups according to their Systemic
Immune-Inflammation (Sll) and Prognostic Nutritional
Index (PNI) levels. PNI levels were defined as low PNI
(PNI<36.6) and high PNI (PNI>36.6), and SII levels were
defined as low SII (SII<390) and high SII (SI1>390). PNI
groups and Sll groups were compared using an indepen-
dent samples t-test for normally distributed variables and
the Mann-Whitney U test for non-normally distributed
variables. Categorical variables were compared by using
the Chi-Square or Fisher’s Exact test for proportions. The
survival of the PD patients was assessed using the Kaplan—
Meier method, and comparisons of survival probability be-
tween PNI groups or Sl groups were analyzed using the
log-rank test. The univariate Cox model was applied to in-
vestigate the association between independent factors and
all-cause mortality. An age-adjusted Cox model for mor-
tality was applied. All statistical analyses were performed
by SPSS software version 21 (Chicago, IL) and R (v. 4.0.2).
All significance tests were two-tailed, and values of p<0.05
were considered statistically significant.

RESULTS

A total of 84 (35 men/49 women) PD patients were re-
cruited in this study (Table ). Our mean follow-up time
was 44.5 months. The overall mortality rate is 20.2%. All
of our patients were evaluated for cardiovascular risk
factors (Table I). SIl and PNI groups are similar in terms
of cardiovascular risks. Five patients were on automated
PD. Conventional PD solutions, Y-sets, and twin-bag sys-
tems were utilized in continuous ambulatory PD patients.
The primary cause of ESRD was diabetic nephropathy
(n=69, 82.1%). Glomerulonephritis was present in |7 pa-
tients, vesicoureteral reflux in 9 patients, amyloidosis in
4 patients, polycystic renal disease in 3 patients, and re-
nal stone disease in 3 patients. The median PNI level at
baseline was 36.82 (range: 33.28-39.22) for all patients.
The median Sll level at baseline was 672.57 (range: 69.13-
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Table I. Demographic and characteristics of patients
Patients
(n=84)

Age 56.16x13.67
Sex, n (%)

Men 35 (41.7)

Women 49 (58.3)
Weight 72.98+10.55
Mortality, n (%)

Yes 17 (20.2)

No 67 (79.8)
Smoking, n (%)

Yes 73 (86.9)

No I (13.1)
HT, (%)

No 29 (34.5)

Yes 55 (65.5)
DM, n (%)

No 69 (82.1)

Yes 15 (17.9)
Hyperlipidemia (LDL) 122 (98-157.5)
Family history of cardiovascular disease, n (%)

No 74 (88.1)

Yes 10 (11.9)
Heart failure, n (%)

No 75 (89.3)

Yes 9 (10.7)
Serebrovascularinfarct, n (%)

No 80 (95.2)

Yes 4 (4.8)
Peripheral arterial disease, n (%)

No 80 (95.2)

Yes 4 (4.8)
PD time (months) 44.5 (22.25-97.25)
Ke/V 2.26 (1.95-2.80)
PNI score 36.82 (33.28-39.22)
PNI, n (%)

Low 43 (51.2)

High 41 (48.8)
Sl score 655.83 (33.28-39.22)
SIl, n (%)

Low 20 (23.8)

High 64 (76.2)
Late onset peritotinitis frequency, n (%)

No 48 (57.1)

Yes 36 (42.9)

HT: hypertension, DM: Diabetes Mellitus, PD time: Periton diyalysis time,
PNI score: prognostic nutritional index score.

1796.67) for all patients. The patients with a high Sll score
had a lower rate of dialysis adequacy, worse bone mineral
metabolism control, and lower renal residual urine output.
The overall mortality rate was 20.2% (17/67).

The patients were divided into groups as low/high PNI and
high/low SII. The comparison of demographic and labora-
tory values of the SII groups and PNI groups are shown in
Tables 2 and 3.

The median Kt/V value was found to be 2.2 (1.92-2.75)
in the high Sl group and 2.71 (2.1-3.43) in the low SlI
group, with a statistically significant difference between
the groups in terms of Kt/V values (p=0.008). The median
PTH value was found to be 463 (223.25-641.25) in the
high SII group. This value was higher in the high SII group,
and there was a statistically significant difference between
the two groups in terms of PTH values (p=0.024). There
was a statistically significant difference between the two
groups in terms of median residual urine values (p=0.027).
The mortality rate was 21.9% in the high Sll group, while
it was 15% in the low Sl group. There was no statistically
significant difference (p=0.75) (Table 2).

On the other hand, the low PNI score group had lower
serum calcium levels and higher serum CRP levels. There
was a statistically significant difference between the two
groups in terms of calcium levels (p=0.004) and CRP levels
(p=0.007) (Table 2). Additionally, hypertension was more
common in the low-score PNI group (p=0.007). The mor-
tality rate was 12% in the low PNI group, while it was 5%
in the high PNI group. There was no statistically significant
difference (p=0.10) (Table 3).

The survival probabilities for the PNI groups are shown
in Figure |. The number of deaths in all patients was 17
(20.2%). The number of patients who died in the low PNI
group was 12 (27.9%), whereas the number of mortalities
in the high PNI group was 5 (12.2%). The mortality rate
in the low PNI group was statistically significantly higher
compared to the group with a higher PNI score (p=0.04).

The survival probabilities for the Sl groups are shown in
Figure 2. The number of patients who died in the low Sl
group was 3 (15%), while the number of mortalities in the
high Sl group was 14 (21.9%). In terms of the mortality
rate, there was no statistically significant difference in the

Figure 1. Survival probilities of PNI groups.
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Table 2. Comparison of demographic and laboratory values of the Sl groups

Low SII High SlI p
(n=20) (n=64)
Age 54.05+16.39 56.81+12.78 0.434
Sex, n (%)
Men 6 (30) 29 (45.3) 0.225
Women 14 (20) 35 (54.7)
Weight 70.2+10.3 73.84+10.56 0.179
Mortality, n (%)
No 17 (85) 50 (21.9) 0.751
Yes 3 (15) 14 (21.9)
Smoking, n (%)
Yes 18 (90) 55 (85.9) 0.928
No 2 (10) 9 (14.1)
HT, n(%)
No 7 (35) 22 (34.4) 0.959
Yes 13 (65) 42 (65.6)
DM, n(%)
No 15 (75) 54 (84.4) 0.535
Yes 5 (25) 10 (15.6)
Hyperlipidemia (LDL) 117.5 (80.45-156) 123.5 (102-157.5) 0.323
Family history of cardiovascular
disease (%)
No 19 (95) 55 (85.9) 0.439
Yes I (5) 9 (14.1)
Heart failure, n (%)
No 20 (100) 55 (85.9) 0.106
Yes 0 (0) 9 (14.1)
Serebrovascularinfarct, n (%)
No 19 (95) 61 (95.3) 1.000
Yes I (5) 3(4.7)
Peripheral arterial disease, n (%)
No 20 (100) 60 (93.8) 0.568
Yes 0 (0) 4 (6.2)
PD time 37.5 (16-76.75) 49 (27.5-107.75) 0.126
Ke/V 2.75 (2.1-3.43) 2.2 (1.92-2.57) 0.008
PNI score 36.12 (32.31-38.36) 37.11 (33.91-40.09) 0.167
PNI, n (%)
Low 12 (60) 31 (48.4) 0.367
High 8 (40) 33 (51.6)
Albumin(gr/dl) 3.6 (3.2-3.8) 3.7 (3.39-4) 0.165
Hemoglobin 10.65 (9.73—11.5) 10.6 (9.6—11.38) 0.462
PTH 223 (133-539.5) 463.5 (223.25-641.25) 0.024
Ca 8.75 (8.2-9.5) 8.9 (8.23-9.5) 0.535
P 5.35 (4.78-5.8) 4.7 (4.23-5.9) 0.233
CRP 3.11 (3-7.77) 6 (3.11-13) 0.066
Residual urine output (ml) 1050 (214.75-1950) 375 (0-1287.5) 0.027
Late onset peritonitis frequency, n (%)
No 13 (65) 35 (54.7) 0416
Yes 7 (35) 29 (45.3)

HT: hypertension; DM: Diabetes Mellitus; PD time:
calchium; P: phosporus; CRP:C reaktive protein.

Periton diyalysis time; PNI score: prognostic nutritional index score; PTH: parathormone; Ca:
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Table 3. Comparison of demographic and laboratory values of the PNI groups
Low PNI HighPNI p
(n=43) (n=41)
Age 58.61£15.09 53.59+11.64 0.091
Sex, n (%)
Men 17 (39.5) 18 (43.9) 0.685
Women 26 (60.5) 23 (56.1)
Weight 72 (62-83) 73 (67-78) 0.925
Mortality, n (%)
No 31 (72.1) 36 (87.8) 0.104
Yes 12 (27.9) 5(12.2)
Smoking, n (%)
Yes 39 (90.7) 34 (82.9) 0.345
No 4(9.3) 7 (17.1)
HT, n (%)
No 9 (20.9) 20 (48.8) 0.007
Yes 34 (79.1) 21 (51.2)
DM, n (%)
No 33 (76.7) 36 (87.8) 0.186
Yes 10 (23.3) 5(12.2)
Hyperlipidemia (LDL) 122 (98-158) 123 (97.5-157) 0.651
Family history of cardiovascular disease, n (%)
No 35 (81.4) 39 (95.1) 0.089
Yes 8 (18.6) 2 (4.9)
Heart failure, n (%)
No 38 (88.4) 37 (90.2) 1.000
Yes 5(11.6) 4 (9.8)
Serebrovascular infarct, n (%)
No 40 (93) 40 (97.6) 0.616
Yes 3(7) | (2.4)
PD time (months) 47 (2-98) 39 (18-96.5) 0.788
Ke/V 2.33 (1.96-2.94) 2.11 (1.94-2.78) 0.256
SIl 688.29+403.41 650.36+295.7 0.626
S, n (%)
Low 12 (27.9) 8 (19.5) 0.367
High 31 (72.1) 33 (80.5)
Ca 86 (8.1-9.1) 9.1 (8.55-9.95) 0.004
CRP 8 (3.11-15) 4 (3-8) 0.007
Residual urine output (ml) 700 (0-1250) 400 (0-1700) 0.862
Late onset peritonitis frequency, n (%)
No 26 (60.5) 22 (53.7) 0.529
Yes 17 (39.5) 19 (46.3)

HT: Hypertension; DM: Diabetes Mellitus; PD time: Periton diyalysis time; Sll score: Systemic immun inflamatory index score; PTH: Parathormone;

Ca: Calchium; CRP: C reactive protein.

low SII group compared to the high SII group (p=0.98).

Univariate Cox model results are given in Table 4. Accord-
ing to the univariate Cox model results, there was a sta-
tistically significant increase in the risk of death in diabetic
patients (HR=4.083 [95% CI 1.295-12.87], p=0.016). Age
was a statistically effective factor on the risk of death; with
a one-year increase in age, the risk of death increased by
HR=1.041 (95% CI 1.003—-1.081) (p=0.034). The increase

in phosphorus value increased the risk of death statistically
significantly (HR=1.446 [95% CI 1.045-2], p=0.026). High
PN, high Sll, hypertension, smoking, gender, Kt/V, calcium,
PTH, late peritonitis, and changes in residual urinary val-
ues were not found to be effective factors for mortality
(p>0.05). According to the age-adjusted Cox model anal-
ysis, we found that only serum phosphorus levels were
effective on mortality. Details are shown in Table 5.
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Figure 3. Cumulative comparison of mortality of patients with
low PNI,high PNI, low SII and high PNI scores in peritoneal
dialysis patients.

Figure 2. Survival probilities of Sll groups.

Table 4. Univariate Cox analysis results showing the consequences of low PNI score on mortality in peritoneal dialysis

patients
HR (95% CI) SE p
PNI, Low PNI 0.316 (0.099-1.001) 0.588 0.050
SII, HighSlI 0.984 (0.279-3.47) 0.643 0.98I
DM 4.083 (1.295-12.87) 0.586 0.016
HT 3.127 (0.708-13.81) 0.758 0.133
Smoking 0.292 (0.037-2.292) 1.051 0.242
Age 1.041 (1.003-1.081) 0.019 0.034
Sex female/male 1.122 (0.406-3.1) 0518 0.824
Ke/v |.446 (0.735-2.845) 0.345 0.285
Calcium 1.015 (0.634-1.531) 0.225 0.946
Phosphorus 1.446 (1.045-2) 0.165 0.026
Parathormone 1.001 (0.999-1.002) 0.0006 0.209
Peritonitis history 1.119 (0.423-2.959) 0.496 0.820
Residue urine output 1.0001 (0.996-1.001) 0.003 0.558

Table 5. Age adjusted cox analysis results showing the consequences of low PNI score on mortality in peritoneal dialysis

patients
HR (95% CI) Adjusted HR (95% CI) SE p
PNI, low PNI 0.316 (0.099-1.001) 0.371 (0.115-1.195) 0.597 0.097
Sll, HighSlI 0.984 (0.279-3.47) 0.968 (0.274-3.142) 0.643 0.968
DM, yes 4.083 (1.295-12.87) 2.697 (0.729-9.972) 0.567 0.137
HT 3.127 (0.708-13.81) 2.947 (0.651-13.334) 0.770 0.160
Cigarette 0.292 (0.037-2.292) 0.352 (0.045-2.769) 1.053 0.321
Sex female 1.122 (0.406-3.1) 1.580 (0.543-4.608) 0.546 0.402
Kt/v 1.446 (0.735-2.845) 0.359 (0.753-2.725) 0.328 0.273
Calcium 1.015 (0.634-1.531) 1.050 (0.667-1.654) 0.232 0.833
Phosphorus 1.446 (1.045-2) 1.625 (1.158-2.280) 0.173 0.005
PTH 1.001 (0.999-1.002) 1.001 (I-1.003) 0.001 0.101
Late onset peritonitis 1.119 (0.423-2.959) 0.921 (0.346-2.447) 0.499 0.868
Residual urine | (0.996-1.001) 1 (0.999-1.001) 0.001 0911
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Figure 4. Cumulative comparison of survival of patients with
low PNI,high PNI, low SII and high PNI scores in peritoneal
dialysis patients.

When we evaluated our patients with both low PNI scores
and high Sll scores, we found that the difference in mortal-
ity was dependent on the PNI score. Our data are shown
in Figures 3 and 4.

DISCUSSION

There are various indicators that reveal nutritional status
but lack an ideal standard and simple marker. PNI, calcu-
lated by serum albumin and lymphocyte count, has been
shown to be a prognostic factor in various malignancies.
12 A low PNI level is associated with a decrease in al-
bumin and lymphocyte counts. Serum albumin is one of
the markers of nutritional status and inflammation.’?? Hy-
poalbuminemia is associated with reduced quality of life in
dialysis patients./?’] According to the results of the Canada-
USA Peritoneal Dialysis Working Group, an increase of |
g/L of serum albumin is associated with a 6% reduction in
mortality."! In various studies, higher serum albumin levels
have been shown to be associated with the stabilization of
circulating levels of inflammatory cytokines and increases
in oxidative stress.?!! Therefore, low albumin may be con-
sidered to be associated with impaired immunity. Absolute
lymphocyte count, another aspect of PNI, is a marker of
malnutrition. It has been found to be associated with all-
cause mortality in non-dialysis-dependent chronic kidney
patients with a lower lymphocyte percentage.”! Evidence
suggests that PNI can be used in nutritional assessment.
According to numerous studies, CVD is the most com-
mon cause of death in PD patients.?* One of the risk
factors, malnutrition, is an important determinant of mor-
tality in these patients, as demonstrated in various stud-
ies. Peng et al.l'"¥l found that low PNI increased the risk
of CVD and all-cause mortality in their study. In another
Korean study, it was reported that low PNI was associated
with increased mortality in PD patients.'® PNI needs to
be widely validated in different populations in the future.
In our study, mortality was found to be higher in the low
PNI group. Also, we researched mortality using the Ka-

plan-Meier method. In the assessment between groups,
mortality rates were higher in the low PNI groups.

Accumulating evidence suggests that chronic inflammation
is a major contributor to the pathogenesis and progres-
sion of chronic kidney disease (CKD) and is associated
with the prognosis of dialysis patients.’! In a study of 86
Parkinson’s patients followed for 36 months, chronic in-
flammation was found to be associated with all-cause and
cardiovascular mortality and arterial stiffness.”’! In a large
sample study of 1,652 Parkinson’s disease patients, chronic
inflammation was again associated with an increased risk
of CVD events and CVD mortality in both multivariate
Cox regression models and competitive risk models./?
Similar results were found in another study from China.l?’]
Chen et al.P% in a multicenter retrospective study involv-
ing 1,753 participants, showed that chronic inflammation
was independently correlated with CVD mortality. We
also evaluated the relationship between high SlI scores and
mortality in our study, but we could not find statistical
significance. The contradictory results of our study with
the literature may be associated with the presence of a
history of malignancy in 14 of our patients. In addition, due
to the insufficient number of events/cases, we could not
perform a cause-related mortality analysis. Although their
malignancies were not active, we thought that this might
affect the results. In addition, there were more patients
with a history of systemic vasculitis as a primary nephro-
logical disease in the low SII group. We thought that this
may also be effective.

Although we did not find a relationship between mortality
and patients with high Sl scores, they had a lower rate of
dialysis sufficiency, worse bone mineral metabolism con-
trol, and lower renal residual urine output. These three
parameters may contribute to long-term mortality in PD
patients. The median Kt/V value was found to be lower in
the high Sll group. These results may suggest that dialysis
efficiency and bone mineral control will be more difficult
in the future in patients with a high initial SIl score. There-
fore, patients with high initial SIl scores may need to be
followed more closely in terms of dialysis efficiency and
bone mineral disorder control. In addition, since residual
urine output is lower in patients with high Sl scores, we
think that more sensitive follow-up regarding volume con-
trol and residual urine preservation may be required in
such patients.

We evaluated survival analysis between low and high PNI
groups using the log-rank test. We also evaluated survival
analysis between low and high Sl groups using the log-
rank test. In both evaluations, the low PNI score had lower
survival than high PNI, and the high Sll score had lower
survival than low SII.

The effect of high serum phosphorus on mortality and
morbidity in peritoneal dialysis patients is well known. Two
of the current studies in the literature are the study con-
ducted by Huang et al.B'in 2021 and the study conducted
by Gong et al.B% in 2020. In both studies, it was shown
that high serum phosphorus levels increase mortality and



260

South. Clin. Ist. Euras.

morbidity. In our study, we also found the relationship be-
tween high serum phosphorus levels and mortality in the
univariate Cox model and the age-adjusted model. In the
cumulative evaluation, the effect of this situation on mor-
tality was not observed, even if the patients with low PNI
scores had high SII scores (Figures 3-4). This may suggest
that initial PNI evaluation may be predictive of mortality in
peritoneal dialysis patients.

Another issue we investigated in our study was whether
initial Sll and PNI scores could predict the risk of late-on-
set peritonitis in PD patients. According to the univariate
Cox model statistical analysis, we could not find statisti-
cal significance in the association of low PNI and high Sl
scores with late-onset peritonitis. Ve thought that the
high number of our patients with a history of cancer and
vasculitis could cause the result. The retrospective design
of our study and the small number of patients can be con-
sidered limitations. Longer follow-up time may be valuable.
A recent study revealed that elevated systemic immune
inflammation level on admission was an independent risk
factor for all-cause, cardiovascular, and cancer mortality
among CKD patients.? Because of the insufficient num-
ber of events/cases, we think that we could not show the
association of those with high Sll scores with overall mor-
tality.

Conclusion

We found a correlation between low PNI score and gen-
eral mortality. This supports us in also considering the PNI
score in the evaluation of nutritional status in peritoneal
dialysis patients.

Ethics Committee Approval

The study was approved by the Kartal Liitfi Kirdar State
Hospital Ethics Committee (Date: 13.01.2021, Decision
No: 2021/514/193/2).

Informed Consent

Retrospective study.

Peer-review

Externally peer-reviewed.

Authorship Contributions

ancept: S.Y, M.T; Design: M.T,, PO, Supgrvision: S,
PO.; Fundings: M.M., S.F.Y.l S.Y. Materials: PO, E.P; Data:
M.T, S.Y,; Anal).'.sis: S.Y.,, E.O;; Literature search: E.O,, S.EY.
Writer: S.Y., PO. Ciritical review: E.A,, E.P, M.M.

Conflict of Interest

The authors declare that there is no conflict of interest.

REFERENCES

1. YuX, Yang X. Peritoneal dialysis in China: Meeting the challenge of
chronic kidney failure. Am ] Kidney Dis 2015;65:147-51.

2. Wang AY, Brimble KS, Brunier G, Holt SG, Jha V, Johnson DW, et
al. ISPD Cardiovascular and metabolic guidelines in adult peritoneal
dialysis patients part IT - Management of various cardiovascular com-
plications. Perit Dial Int 2015;35:388-96. [CrossRef ]

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

Peev V, Nayer A, Contreras G. Dyslipidemia, malnutrition, inflam-
mation, cardiovascular disease and mortality in chronic kidney dis-
ease. Curr Opin Lipidol 2014;25:54-60. CrossRef ]

Canada-USA (CANUSA) Peritoneal Dialysis Study Group. Ade-
quacy of dialysis and nutrition in continuous peritoneal dialysis: asso-
ciation with clinical outcomes. ] Am Soc Nephrol 1996;7:198—207.
Dong]J, LiY, XuY, Xu R. Daily protein intake and survival in patients
on peritoneal dialysis. Nephrol Dial Transplant 2011;26:3715-21.
Han SH, Han DS. Nutrition in patients on peritoneal dialysis. Nat
Rev Nephrol 2012;8:163-75. [CrossRef |

Yang Y, Zhou H, Zhang P, Chao W, Zou Y, Yang M. Evaluation of
objective nutritional indexes as predictors of worse outcomes in peri-
toneal dialysis patients. Nutrition. 2020;79-80:110963. [CrossRef |
Jager KJ, Merkus MP, Boeschoten EW, Dekker FW, Stevens P,
Krediet RT. Dialysis in The Netherlands: The clinical condition of
new patients put into a European perspective. NECOSAD Study
Group. Netherlands Cooperative Study on the Adequacy of Dialysis
phase 1. Nephrol Dial Transplant 1999;14:2438—44. [CrossRef ]
Onodera T, Goseki N, Kosaki G. Prognostic nutritional index in gas-
trointestinal surgery of malnourished cancer patients. Nihon Geka
Gakkai Zasshi [Article in Japanese] 1984;85:1001-5.

Sakurai K, Tamura T, Toyokawa T, Amano R, Kubo N, Tanaka H,
et al. Low preoperative prognostic nutritional index predicts poor
survival post-gastrectomy in elderly patients with gastric cancer. Ann
Surg Oncol 2016;23:3669-76. [CrossRef ]

Mohri T, Mohri Y, Shigemori T, Takeuchi K, Itoh Y, Kato T. Impact
of prognostic nutritional index on long-term outcomes in patients
with breast cancer. World ] Surg Oncol 2016;14:170. [CrossRef ]
Yang L, Xia L, Wang Y, Hong S, Chen H, Liang S, et al. Low Prog-
nostic Nutritional Index (PNI) predicts unfavorable distant metas-
tasis-free survival in nasopharyngeal carcinoma: A propensity score-
matched analysis. PLoS One 2016;11:¢0158853. [CrossRef |

Chan AW, Chan SL, Wong GL, Wong VW, Chong CC, Lai PB, et
al. Prognostic Nutritional Index (PNI) Predicts tumor recurrence of
very early/early stage hepatocellular carcinoma after surgical resec-
tion. Ann Surg Oncol 2015;22:4138-48. [CrossRef]

Hong S, Zhou T, Fang W, Xue C, Hu Z, Qin T, et al. The prognos-
tic nutritional index (PNI) predicts overall survival of small-cell lung
cancer patients. Tumour Biol 2015;36:3389-97. [CrossRef ]

Peng F, Chen W, Zhou W, Li P, Niu H, Chen Y, et al. Low prog-
nostic nutritional index associated with cardiovascular disease
mortality in incident peritoneal dialysis patients. Int Urol Nephrol
2017;49:1095-101. [CrossRef ]

Kang SH, Cho KH, Park JW, Yoon KW, Do JY. Onodera’s prognostic
nutritional index as a risk factor for mortality in peritoneal dialysis

patients. ] Korean Med Sci 2012;27:1354—8. [CrossRef |

. FengJF, Chen S, Yang X. Systemic immune-inflammation index (SII)

is a useful prognostic indicator for patients with squamous cell carci-
noma of the esophagus. Medicine (Baltimore) 2017;96:¢5886.

Diao B, Wu Y, Li ], Zhang W, Huang R, Zhou C, et al. Preoperative
systemic immune-inflammation index predicts prognosis of patients
with oral squamous cell carcinoma after curative resection. | Transl
Med 2018;16:365. [CrossRef |

Guo W, Cai S, Zhang F ShaoE Zhang G, ZhouY, et al. Systemic im-
mune-inflammation index (SII) is useful to predict survival outcomes
in patients with surgically resected non-small cell lung cancer. Thorac
Cancer 2019;10:761-8. [CrossRef |

Lai W, Xie Y, Zhao X, Xu X, Yu S, Lu H, et al. Elevated systemic im-
mune inflammation level increases the risk of total and cause-specific
mortality among patients with chronic kidney disease: A large multi-
center longitudinal study. Inflamm Res 2023;72:149-58.

Qin Z, Li H, Wang L, GengJ, Yang Q, Su B, et al. Systemic Immune-



Yadigar. PNI and Sl on Perntoneal Dialysis

261

22.

Inflammation Index is associated with increased urinary albumin ex-
cretion: A population-based study. Front Immunol 2022;13:863640.
Spiegel DM, Breyer JA. Serum albumin: A predictor of long-

phocyte ratio is a significant predictor of cardiovascular and all-cause
mortality in patients undergoing peritoneal dialysis. Kidney Blood
Press Res 2018;43:490-9. [CrossRef |

term outcome in peritoneal dialysis patients. Am J Kidney Dis 28. Basu N, Karabayas M, Pusey C. Prognosis and future developments
1994;23:283-5, [CrossRef] in vasculitis. Best Pract Res Clin Rheumatol 2018;32:148—-65.

23. Kaysen GA. Biological basis of hypoalbuminemia in ESRD. ] Am 29. Halpern SE, Moris D, Shaw BI, Krischak MK, Olaso DG, Kesseli

Soc Nephrol 1998;9:2368-76. [CrossRef ] SJ, et al. The Systemic Immune-Inflammation Index predicts clinical

24. Gupta D, Lis CG. Pretreatment serum albumin as a predictor of can- outcomes in kidney transplant recipients. In Vivo 2020;34:3349-60.

30. Chen MQ, Wang HY, Shi WR, Sun YX. Estimate of prevalent hy-

cer survival: A systematic review of the epidemiological literature.

Nutr ] 2010;9:69. [CrossRef ]

peruricemia by systemic inflammation response index: Results from a

rural Chinese population. Postgrad Med 2021;133:242-9.

25. Kove.sdyb('iB Ge:;ge SMl;Andefrson]E-, Kalantar—Zzu%eh K. OLiltcﬂome 31. Huang N, Li H, Fan L, Zhou Q, Fu D, Guo L, et al. Serum phos-
Pred'mta' “t)’; 1omzr zrs N i ro}tlem-'en;fiy wa;tmg ar:i m étlr'l’ phorus and albumin in patients undergoing peritoneal dialysis:
mation In moderate an :i vanced chronic kidney disease. Am J Clin interaction and association with mortality. Front Med (Lausanne)
Nutr 2009;90:407—14. [CrossRef ] 2021;8:760394. [CrossRef]

26. Kalantar-Zadeh K, Ikizler TA, Block G, Avram MM, Kopple JD. 32. Gong N, Xiao Z, Zhang E Zhong X, He Y, Yi Z, et al. Duration

27.

Malnutrition-inflammation complex syndrome in dialysis patients:
Causes and consequences. Am ] Kidney Dis 2003;42:864-81.
Lu X, Wang S, Zhang G, Xiong R, Li H. High neutrophil-to-lym-

of serum phosphorus control associated with overall mortality
in patients undergoing peritoneal dialysis. Kidney Dis (Basel)
2020;6:434-43. [CrossRef ]

S~

Prognostik Nutrisyonel indeks ve Sistemik immun inflamatuar indeks: Periton Diyaliz
Hastalarnnda Mortaliteyi Ongorebilirler mi?

Amag: Kronik bobrek yetersizliginde replasman tedavi yontemlerinden biri olan periton diyalizi hastalarinda nutrisyonel degerlendirme,
mortalite ve morbidite agisindan giderek énemli hale gelmektedir. Prognostik nutrisyonel indeksi (PNI) ve immiin-inflamasyon indeksi (SIl)
ise birgok hastalikta prognostik degeri gosterilmis yeni bir inflamatuvar indekstir. Calismamizda PD hastalarinda yiiksek SlI skorlari ile dusiik
PNI skorlari mortalite arasindaki iligkiyi arastirdik.

Gereg ve Yontem: Periton diyalizi yapilan 84 hastada PNI VE SlI skorlari hesaplandi. Disiik PNI skoru ile yiiksek SlI skorlari olan hastalar
gruplara ayrildi. Periton diyaliz hastalarinda mortalite ve morbiditeyi 6ngéstermeleri agisindan incelendi.

Bulgular: Diisiik PNI grubunda mortalite orani, yiiksek skorlu PNI grubuna gére yiiksekti (p=0.04). Dusiik SIl grubunda mortalite KT/v
degerleri agisindan gruplar arasinda fark vardi (p=0.008). SlI grubunda bu deger yiiksek SlI grubunda daha yiiksekti ve iki grup arasinda PTH
degerleri agisindan istatistiksel olarak anlamli fark vardi (p=0.024).

Sonug: Calismamizda genel mortalite, diisiik PNI grubunda daha yiiksek bulunmustur. Bu durum periton diyalizi hastalarinda beslenme
durumunun degerlendirilmesinde PNI skorunun da dikkate alinmasini desteklemektedir. Bekledigimiz gibi yiiksek Sl skoru olan hastalarda
muhtemelen hasta sayimiz az oldugu igin, artmis mortalite ile bir iligki bulamadik ancak bu hastalarin diyaliz yeterlilik oranlari daha disiik,
kemik mineral metabolizmasi kontrolii daha kétii ve renal rezidiiel idrar gikisi daha disiiktii. Bu li¢ paramatrenin PD hastalarinda mortaliteye
katkilar bilinmektedir.

Anahtar Sozciikler: Periton diyalizi; prognostik nutrisyonel indeks; sistemik immun inflamatuvar indeks.
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INTRODUCTION

Cemil Cihad Gedik,?
Bedri Karaismailoglu?#

Batuhan Yuruk,?

ABSTRACT

Objective: We aimed to conduct a comprehensive bibliometric analysis of the top 100
most-cited publications in the field of Chronic Lateral Ankle Instability (CLAI). We sought
to identify key research themes, trends, and the collaborative network among scholars,
institutions, and countries within the CLAI domain, and to offer insights into the evolution
of CLAI research and its impact on clinical practice and patient care in the context of evi-
dence-based medicine.

Methods: We conducted a bibliometric analysis of the 100 most-cited articles on CLAI
using the Web of Science database up to the end of 2023. The mean citation count and cita-
tion density were calculated. Additionally, we classified studies by evidence level, design, and
subject matter, and investigated correlations with citation metrics, including evidence level,
publication decade, and journal title. Additional analyses examined the influence of author
specialty, inter-institutional collaborations, and quantitative aspects such as the number of
authors, institutions, page count, and references on citation numbers.

Results: The analysis of the top 100 cited articles on CLAI revealed a maximum citation
count of 1,074 and an average of 166.15£127.05 across articles, with citation density ranging
from 2.50 to 60.60. The research was predominantly from the United States (52 studies),
involved an average of 4.42+4.32 authors per article, and spanned 2 to |8 pages with 10 to
260 references. The University of North Carolina emerged as a leading institution with eight
articles, and Hertel was noted as a key contributor with contributions to |5 papers.

Conclusion: This bibliometric analysis on CLAI underscores the evolving interest in recent
studies, particularly from 201 1-2020, and highlights the importance of multicenter research
and the need for higher-level evidence. It reveals the United States, Sweden, and the United
Kingdom as key contributors, suggesting a potential for global collaboration.

management of CLAI has evolved substantially, driven by
advancements in our understanding of its pathophysiology,

Chronic lateral ankle instability (CLAI) is a commonly en-
countered condition that has garnered significant attention
from orthopaedic surgeons, especially in the field of foot
and ankle surgery, over the years. It encompasses a spec-
trum of anatomical and functional abnormalities resulting
from recurrent ankle sprains or traumatic injuries, leading
to persistent pain, instability, and impaired function.!! The

diagnosis, and treatment options.??

In this era of evidence-based medicine, the identification
and analysis of seminal publications play a pivotal role in
shaping the direction of research, clinical practice, and pa-
tient care. Bibliometric studies, which involve the quanti-
tative analysis of scientific literature, have become invalu-
able tools for assessing the impact, trends, and knowledge
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dissemination within specific fields of medicine.*s! Such
analyses provide an objective means to evaluate the influ-
ence and evolution of research topics, as well as to rec-
ognize key contributors and institutions that have shaped
the field.

The objective of this manuscript is to present a compre-
hensive bibliometric analysis of the top 100 publications
in the domain of CLAI research that have received the
highest citations. Through systematic review and data ex-
traction, we aim to unravel the pivotal research themes,
emerging trends, and the global network of collaboration
among researchers, institutions, and countries. By delving
into these influential publications, we intend to provide
insights into the trajectory of CLAI research.

MATERIALS AND METHODS

Literature from the Web of Science database was re-
viewed. Utilizing the search term “Chronic lateral ankle
instability,” the top 100 most-cited articles up to the end
of 2023 were identified. A total of 1,325 articles were
documented. Each article was individually examined to
gather necessary information and confirm its relevance to
chronic lateral ankle instability. After excluding the articles
that were not relevant, the top 100 articles were taken
into consideration for analysis.

Information such as the year of publication, names of the
authors, the institution and country of the lead author,
and the names of the journals was documented. The mean
citation count and citation density (mean citations per an-
num) were computed. The studies were classified by their
evidence level (following the criteria set by The Journal of
Bone and Joint Surgery—American Volume [J Bone Joint
Surg Am]), the design of the study (for example, case se-
ries, case-control study, randomized controlled trial), and
the primary subject matter of the article. The association
between the average number of citations with evidence
level, decade of publication, and journal title was sought.
Additionally, the impact of the first author’s specialty and
the effect of inter-institutional collaborations on average
citation numbers were examined. Correlation analyses
were also performed to assess the relationship between
average citation numbers and the number of authors, insti-
tutions involved, page count, and reference count.

Statistical Analysis

Statistical evaluations were conducted using the IBM SPSS
28.0 software suite (IBM Corp., Armonk, New York).
Quantitative data were presented as means and standard
deviations. The distribution of the data was assessed using
the Levene test. For comparing mean values, the Student’s
t-test was utilized for normally distributed data, while the
Mann-Whitney U test was employed for data not follow-
ing a normal distribution. In situations where the compar-
ison involved more than two groups, the analysis of vari-
ance (ANOVA) test was applied if the data were normally
distributed; otherwise, the Kruskal-Wallis test was used.

To identify significant differences among multiple group
means, the Bonferroni post hoc test was performed. Fur-
thermore, the Spearman rank correlation test was used
to explore potential correlations between variables. A
p-value of less than .05 was considered statistically sig-
nificant. The software VOSviewer, version |.6.16, was uti-
lized to generate a map displaying the co-occurrence of
keywords in articles. Charts were produced using Python
scripts.

RESULTS

The investigation yielded 1,325 articles, with the top 100
most-referenced articles analyzed in depth as detailed in
Supplemental Table |. The maximum citation count for
a single article reached 1,074, whereas the mean number
of citations per article was 166.15+£127.05, with citation
counts spanning from 78 to 1,074. The average citation
density was 10.59+9.45, and values ranged from 2.50 to
60.60. On average, articles were authored by 4.42 individ-
uals £ 4.32, with the number of authors per article varying
from | to 38. Moreover, out of the total 100 articles, 7
were the result of collaborative efforts among multiple in-
stitutions, while 93 originated from individual institutions.
The length of the articles averaged 7.59+3.50 pages, ex-
tending from 2 to |8 pages, and they contained an average
of 53.61143.63 references, with a reference count ranging
from 10 to 260.

The analysis covered four types of articles, which were
63 clinical studies, one basic science study, 32 review arti-
cles, and four consensus studies. The distribution of first
authors by country highlighted the United States at the
forefront with 52 articles, followed by Sweden with seven
articles, and the United Kingdom contributing five arti-
cles, as shown in Figure IA. Moreover, the United States
had the most citations as well, as shown in Figure 1B. At
the institutional level, the University of North Carolina
(NC, USA) led with contributions to eight articles. It was
closely followed by the University of Kentucky (KY, USA)
and East Hospital Goteborg (Sweden), each with five
articles, as summarized in Figure 1C. Pennsylvania State
University had the most citations, and the top institutions
by citation count are shown in Figure 2A. In terms of indi-
vidual contributions, Hertel was the most prolific author,
participating in |15 articles. Wikstrém was involved in ten
articles, and both McKeon and Karlsson contributed to
seven articles each. The study types included 40 case se-
ries, 13 case-control studies, 25 reviews, four systematic
reviews, three meta-analysis studies, and four consensus
studies.

Hertel’s review, titled “Functional Anatomy, Pathome-
chanics, and Pathophysiology of Lateral Ankle Instability,”
published in the Journal of Athletic Training, emerged as
the top-cited work, amassing 1,074 citations. This 2002
publication thoroughly examines lateral ankle instability
and boasts a citation density of 48.82. Another highly influ-
ential piece by Hertel and Corbett, “An Updated Model of
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Figure 1. (a) Frequencies of countries. (b) Total citation count by country. (¢) Bar chart for count of publications.

Figure 2. (a) Pie chart showing the top 10 institutions by citation counts. (b) Distribution of Level of Evidence. (c) Citation density

by publication year.

Chronic Ankle Instability,” holds the record for the highest
citation density at 60.60. This review was featured in the
Journal of Athletic Training in 2019.

The articles’ evidence levels were categorized as follows:
44 articles at level IV, 14 at level lll, nine at level Il, and six
at level | (Figure 2B). Statistical analysis revealed no signif-
icant differences in average citation and citation density
across these evidence level groups, with p-values of 0.951
and 0.237. The bulk of the articles were published be-
tween 2001 and 2010, with the year 2002 alone seeing the
publication of 9 articles. There was no notable difference
in the mean number of citations across decades (p=0.515).
However, a significant difference was observed in average
citation density across the groups (p<0.001), with arti-
cles from 2001-2010 showing significantly higher citation
densities compared to those from 1991-2000 (p=0.001).
Additionally, the average citation density of articles pub-
lished between 201 1-2020 was higher than those from the
previous decades, 1991-2000 (p<0.001) and 2001-2010
(p=0.001), as shown in Figure 2C.

The American Journal of Sports Medicine (AJSM) led in the
number of published articles on the topic with 22 studies,
followed by Foot & Ankle International (Foot Ankle Int)
with 18 studies, and the Journal of Athletic Training fea-
turing 13 articles. Statistical analysis showed no significant
differences in the average number of citations or citation

density among these journals, with p-values of 0.416 and
0.116, respectively. Average citation counts are shown in
Figure 3.

The analysis revealed “sprains” as the most frequently
appearing keyword in 24 articles, followed by “joint” in
20, “functional instability” in 18, “instability” and “re-
construction” each in 17, and “chronic ankle instability”
in 16 instances. The map for keyword co-occurrence is
shown in Figure 4. The majority of first authors specialized
in orthopedic surgery, contributing to 64 articles, while
the remaining 36 articles featured first authors from non-
orthopedic disciplines, including 13 from physical therapy
backgrounds, as shown in Figure 5. Out of the total, 93 ar-
ticles were the work of single institutions, and 7 were from
inter-institutional collaboration. However, multicenter pa-
pers had significantly higher average citation density com-
pared to single-institution papers (p<0.001), although no
significant difference was found for average citation counts
(p=0.627). The specialty of the first author was not related
to average citation count (p=0.150); however, a significant
difference was found for citation density (p=0.016). Fur-
ther analysis showed a higher citation density for physical
therapy-affiliated first authors compared to orthopaedic
surgery-affiliated authors (p=0.021). The mean citation
density for the physical therapy group was 16.64+10.69
and 9.39+9.51 for the orthopaedic surgery group.
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Figure 3. Average citation count by journal.

Figure 4. Map for keyword co-occurrence.

Further analysis showed a positive correlation between
citation density and the year of publication (Spearman’s
rho 0.660, p<0.001) (Figure 6A), as well as between cita-
tion density and the number of references cited (Spear-
man’s rho 0.273, p=0.006) (Figure 6B). There was also a
significant correlation between the number of authors and
the year of publication (Spearman’s rho 0.294, p=0.003).
Moreover, citation density and the number of authors
were also correlated (Spearman’s rho=0.244, p=0.015).

DISCUSSION

In this bibliometric analysis, we aimed to offer a compre-
hensive overview of the literature on CLAI, encompassing
a review of 100 of the most frequently cited papers. The

citation metrics revealed a significant range in the impact
of research on CLAI, with the highest-cited article receiv-
ing 1,074 citations and an average citation count of 166.15.
This wide difference likely underscores the pivotal role of
certain studies in advancing our understanding of ankle
instability. Notably, the higher mean citation density for
newer articles, especially in the 2011-2020 period, sug-
gests that newer articles, particularly those published in
the last decade, are garnering attention at an accelerated
rate, likely reflecting the growing importance and recog-
nition of recent scientific advances in this field. A similar
trend was seen in the articles on flatfoot as well.] Ad-
ditionally, previous studies suggested a higher impact for
review papers.*”] In our research, we identified 23 studies
that were classified as review papers. This outcome aligns
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Figure 5. Affiliations of the first authors.

Figure 6. (a) Citation density by publication year. Spearman’s rho 0.660, p<0.001 (b) Citation density by reference count. Spearman’s

rho 0.273, p=0.006.

closely with figures documented in existing literature,
where the number of review studies stood at |7 for ankle
arthroscopy and |9 for plantar fasciitis.[5”!

Our analysis revealed that a predominant number of stud-
ies originated from a single institution; however, multi-
institutional papers had higher citation density. Similarly,
Frazer et all”l have posited that multicentered studies
could wield a more significant impact. This suggestion un-
derscores the potential benefits of conducting more mul-
ticenter research specifically on CLAI, highlighting the im-
portance of diverse institutional collaboration to enhance
the robustness and applicability of research findings in this
area. This may reflect the necessity to produce more mul-
ticenter research on CLAI

The distribution of evidence levels among the papers, with
a predominance of Level IV studies (44%), aligns with the
broader challenge in orthopedic research of generating
high-level evidence.! Previous studies also reported a
prevalence of Level IV studies, as high as 74% in articles

for the top 50 most-cited total ankle arthroplasty!*! and
even higher, 86%, for olecranon fracture studies.!'” Karsh
et al.® also reported that Level IV studies represent 58%
of the top 100 most-cited ankle arthroscopy studies. This
finding underscores the ongoing need for more random-
ized controlled trials and systematic reviews that can offer
stronger evidence to guide clinical decision-making in the
management of ankle instability.

The findings highlight a significant concentration of re-
search output from the United States, followed by Swe-
den and the United Kingdom. Previously, multiple other
studies for the top 100 foot and ankle surgery articles, as
well as for the most influential flatfoot articles and oth-
ers, have reported similar findings regarding the country
distribution, with the United States leading the list.l8!!-14
Moreover, Luo et al.l'¥! reported that North America led
the list in four highly cited journals from 2009 to 2014.
This geographical distribution not only illustrates the lead-
ing role of these countries in ankle instability research but
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also indicates potential areas for global collaboration to
enrich the diversity of research perspectives.

The distribution of articles across journals, with the
American Journal of Sports Medicine, Foot & Ankle In-
ternational, and the Journal of Athletic Training leading in
terms of publication volume, reflects the interdisciplinary
nature of research on ankle instability, spanning orthope-
dics, sports medicine, and athletic training.

We found that the mean citation density for studies led by
physical therapy and rehabilitation was 16.64, which was
markedly higher than the 9.39 observed for orthopaedic
surgery-led research (p=0.021). One explanation for this
finding might lie in the fact that despite the longstanding
history of surgical treatments for CLAI, there is a continu-
ous evolution in techniques. This evolution is propelled by
industrial advancements, which facilitated the development
of more durable implants, leading to better outcomes.!']
Another explanation could be that surgical intervention is
not the primary treatment option for CLALI'"!

The prevalence of keywords related to sprains, joint insta-
bility, and functional instability indicates a focused interest
in the underlying mechanisms, clinical manifestations, and
therapeutic approaches to managing chronic ankle instabil-
ity. The emphasis on surgical and rehabilitation strategies
highlights the clinical relevance of this research to improv-
ing patient outcomes.

The positive correlation between citation density and pub-
lication year, along with the number of references, sug-
gests an increasing recognition of recent studies and the
importance of comprehensive literature referencing for
enhancing a study’s visibility and impact. This was in paral-
lel with the findings of our previous bibliometric study on
flatfoot articles.l!

While our analysis provides valuable insights, it is limited
to the most cited articles, potentially overlooking emerg-
ing research that has yet to achieve high citation counts.
Popular bibliometric analysis designs include global analysis
of a specific time period, investigation of specific journals,
and analysis of the most influential studies.”!""'® In this
study, we analyzed the most cited articles, as all designs
have different shortcomings./! Future bibliometric studies
could include a broader range of articles to capture the full
spectrum of research on CLAI. Additionally, the evolving
nature of research topics and methodologies underscores
the importance of continuous review and analysis to iden-
tify shifting trends and gaps in the literature.

Conclusion

In conclusion, our bibliometric analysis highlights the dy-
namic and evolving field of research on CLAI, emphasizing
the need for high-quality, collaborative research efforts to
advance our understanding and management of this con-
dition. By identifying key trends, contributions, and gaps in
the current literature, this study sets the stage for future
investigations aimed at addressing the remaining questions
in this important area of orthopedic research.
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Kronik Lateral Ayak Bilegi instabilitesi Arastirmalannin Bibliyometrik Analizi: Etkili
Yayinlann Haritalandinlmasi

Amag: Bilimsel literatirii niceliksel olarak degerlendiren bibliyometrik analiz yontemiyle, Kronik Lateral Ayak Bilegi instabilitesi (KLAI)
alanindaki en gok alinti yapilan ilk 100 yayini kapsamli bir sekilde analiz etmeyi amagladik. KLAI alani igindeki ana aragtirma temalarini, egilim-
leri ve arastirmacilar, kurumlar ve ilkeler arasindaki igbirligi agini tanimlamayi ve KLAI arastirmasinin degisimine ve klinik uygulama ile hasta
bakimina olan etkisine, kanita dayal tip baglaminda i¢goriiler sunmayi hedefledik.

Gereg ve Yontem: Web of Science veritabani kullanilarak 2023 yili sonuna kadar KLAI iizerine en gok alinti yapilan 100 makale iizerinde
bir bibliyometrik analiz gergeklestirildi. Ortalama alinti sayisi ve alinti yogunlugu hesaplandi. Yayin yil, yazarlk, kurumsal ve cografi kokenler
ve dergi isimleri gibi ilgili veriler kayit altina alindi. Ayrica, galismalar kanit diizeyi, tasarim ve konu bagligina gére siniflandirildi ve alinti metrik-
leriyle kanit diizeyi, yayin on yili ve dergi basligi arasinda olan korelasyonlar incelendi. Yazar uzmanhginin, kurumlararasi isbirliklerinin ve yazar
sayisl, kurum sayisi, sayfa sayisi ve referanslar gibi niceliksel yonlerin alinti sayilari Gizerindeki etkisi ek analizlerle incelendi.

Bulgular: KLAI konusunda en gok atif almig ilk 100 makale lizerine yapilan analiz, atif sayisi maksimum 1,074 ve makale bagina ortalama
166.15+127.05 atif ile atif yogunlugunun 2.50 ile 60.60 arasinda degistigini ortaya koydu. Aragtirmalar agirlikla Amerika Birlesik Devletle-
ri'ndendi (52 ¢alisma), makale basina ortalama 4.42+4.32 yazarliyd, 2 ila 18 sayfa arasindaydi ve 10 ila 260 arasi referans icermekteydi. Kuzey
Karolina Universitesi, sekiz makale ile ne gikan bir kurum olarak belirlendi ve Hertel, 15 makaleye katkida bulunmasiyla énemli bir yazar
olarak tespit edildi.

Sonug: KLAI lizerine yapilan bu bibliyometrik analiz, 6zellikle 201 1-2020 yillari arasinda yapilan son galismalara olan artan ilgiyi vurgulamakta
ve ¢ok merkezli aragtirmalarin 6nemini ve daha yiiksek diizeyde kanita olan ihtiyaci ortaya koymaktadir. Amerika Birlesik Devletleri, isveg ve
Birlesik Krallik’in ana katkida bulunanlar olarak belirlenmesi, kiiresel isbirligi potansiyelini géstermektedir.

Anahtar Sozciikler: Atf sayisi; atif yogunlugu; bibliyometrik galisma; kronik lateral ayak bilegi instabilitesi.
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Supplementary Table |

Rank Top 100 Most Cited Chronic Lateral Ankle Instability Articles Times Cited

Title WoS$ Core
| Functional anatomy, pathomechanics, and pathophysiology of lateral ankle instability 871
2 Persistent disability associated with ankle sprains: a prospective examination of an athletic

population 554
3 Ligamentous posttraumatic ankle osteoarthritis 409

Chronic lateral instability of the ankle - roentgen stereophotogrammetry of talar position 382
5 Efficacy of the star excursion balance tests in detecting reach deficits in subjects with

chronic ankle instability 327
6 Arthroscopic findings in patients with chronic ankle instability 321
7 Evidence review for the 2016 international ankle consortium consensus statement on the

prevalence, impact and long-term consequences of lateral ankle sprains 279
8 An updated model of chronic ankle instability 273
9 Reconstruction of the lateral ligaments of the ankle for chronic lateral instability 266
10 Systematic review of postural control and lateral ankle instability, part i: can deficits be

detected with instrumented testing? 241
I A multi-station proprioceptive exercise program in patients with ankle instability 218
12 Recovery from a first-time lateral ankle sprain and the predictors of chronic ankle

instability: a prospective cohort analysis 216
13 Seven years follow-up after ankle inversion trauma 215
14 The effect of external ankle support in chronic lateral ankle joint instability -

an electromyographic study 212
15 Reliability and sensitivity of the foot and ankle disability index in subjects with

chronic ankle instability 201
16 Prolonged reaction-time in patients with chronic lateral instability of the ankle 194
17 Arthroscopic-assisted brostrom-gould for chronic ankle instability a long-term follow-up 182
18 Understanding acute ankle ligamentous sprain injury in sports 180
19 Associated injuries found in chronic lateral ankle instability 180
20 Epidemiology of ankle sprains and chronic ankle instability 175
21 Treatment and prevention of acute and recurrent ankle sprain: an overview of

systematic reviews with meta-analysis 168
22 Contributing factors to chronic ankle instability 158
23 The clinimetric qualities of patient-assessed instruments for measuring chronic ankle

instability: a systematic review 152
24 Chronic lateral instability: arthroscopic findings and long-term results 152
25 Arthroscopic treatment of anterolateral impingement of the ankle 152
26 Individuals with mechanical ankle instability exhibit different motion patterns than those

with functional ankle instability and ankle sprain copers 151
27 Chronic lateral ankle instability 151
28 National athletic trainers’ association position statement: conservative management

and prevention of ankle sprains in athletes 148
29 Twenty-six-year results after brostrom procedure for chronic lateral ankle instability 147
30 Systematic review of postural control and lateral ankle instability, part ii: is balance

training clinically effective? 146
31 A comparison of star excursion balance test reach distances between acl deficient

patients and asymptomatic controls 140
32 2016 consensus statement of the international ankle consortium: prevalence,

impact and long-term consequences of lateral ankle sprains 137
33 Ankle sensorimotor control and eversion strength after acute ankle inversion injuries 136
34 Arthroscopic findings associated with the unstable ankle 135
35 Isolated anterior talofibular ligament brostrom repair for chronic lateral ankle instability

9-year follow-up 134
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36
37

38
39

40
41
4
43
44
45
46
47
48

49
50

51

52

53

54

55

56

57
58

59

60

6l

62

63

64

65

66
67

68

69

70
71

Postural control differs between those with and without chronic ankle instability
Comprehensive reconstruction of the lateral ankle for chronic instability using a
free gracilis graft

Arthroscopic repair of chronic lateral ankle instability

Comparison of two anatomic reconstructions for chronic lateral instability of the
ankle joint

Treatment of acute lateral ankle ligament rupture in the athlete -: conservative
versus surgical treatment

Treatment of acute ankle ligament injuries: a systematic review

Chronic ankle instability alters central organization of movement

Chronic lateral ankle instability the effect of intra-articular lesions on clinical outcome
Invertor vs. evertor peak torque and power deficiencies associated with lateral
ankle ligament injury

Is stress radiography necessary in the diagnosis of acute or chronic ankle instability?
Minimum reporting standards for copers in chronic ankle instability research
Chronic ankle instability - evaluation with mr arthrography, mr-imaging, and stress
radiography

Outcomes of the chrisman-snook and modified-brostrom procedures for chronic
lateral ankle instability - a prospective, randomized comparison

Medial ankle instability - an exploratory, prospective study of fifty-two cases

Joint mobilization improves spatiotemporal postural control and range of motion

in those with chronic ankle instability

Chronic tibiofibular syndesmosis injury: the diagnostic efficiency of magnetic resonance
imaging and comparative analysis of operative treatment

Lateral ankle sprains: a comprehensive review - part |: etiology, pathoanatomy,
histopathogenesis, and diagnosis

Surgical-treatment of chronic lateral instability of the ankle joint - a new procedure
Balance capabilities after lateral ankle trauma and intervention: a meta-analysis
Management of acute and chronic ankle instability

Combination of modified brostrom procedure with ankle arthroscopy for chronic
ankle instability accompanied by intra-articular symptoms

Peroneus brevis tendon tears: pathophysiology, surgical reconstruction, and clinical results
Arthrogenic muscle inhibition in the leg muscles of subjects exhibiting functional
ankle instability

Clinical assessment of acute lateral ankle sprain injuries (roast): 2019 consensus
statement and recommendations of the international ankle consortium

Evaluation of ankle instability using the biodex stability system

Factors contributing to chronic ankle instability: a strength perspective

Outcome of the modified brostrom procedure for chronic lateral ankle instability
using suture anchors

Long-term results after modified brostrom procedure without calcaneofibular
ligament reconstruction

The all inside arthroscopic brostrom procedure: a prospective study of

40 consecutive patients

Bilateral balance impairments after lateral ankle trauma: a systematic review

and meta-analysis

Treatment of common deficits associated with chronic ankle instability
Correlations among multiple measures of functional and mechanical instability in
subjects with chronic ankle instability

Anatomical reconstruction for chronic lateral ankle instability in the high-demand
athlete functional outcomes after the modified brostrom repair using suture anchors
Quantitative assessment of mechanical laxity in the functionally unstable ankle
Peroneus longus ligamentoplasty for chronic instability of the distal tibiofibular syndesmosis
A new paradigm for rehabilitation of patients with chronic ankle instability

133

133
131

130
129
123
123
123
123
121
117
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109

109
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97
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74
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77
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82
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9l
92
93
94
95
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Dynamic postural control but not mechanical stability differs among those with and
without chronic ankle instability 91

Is there a link between chronic ankle instability and postural instability?
Sensorimotor function as a predictor of chronic ankle instability

The management of concomitant tears of the peroneus longus and brevis tendons
Chronic pain following ankle sprains in athletes: the role of arthroscopic surgery
Searching for consensus in the approach to patients with chronic lateral ankle
instability: ask the expert

Current concepts: lateral ankle instability

Anatomical reconstruction and evans tenodesis of the lateral ligaments of the ankle -
clinical and radiological findings after follow-up for |5 to 30 years

Long-term outcome of anatomical reconstruction versus tenodesis for the
treatment of chronic anterolateral instability of the ankle joint: a multicenter study
Arthroscopic treatment of synovial impingement of the ankle

In vivo cartilage contact strains in patients with lateral ankle instability

Peroneal activation deficits in persons with functional ankle instability

Factors contributing to chronic ankle instability: kinesthesia and joint position sense
Acute and chronic lateral ankle instability in the athlete

Mechanical contributions to chronic lateral ankle instability

Comparison of lateral ankle ligamentous reconstruction procedures

Open and arthroscopic lateral ligament repair for treatment of chronic ankle
instability: a systematic review

Arthroscopy and endoscopy of the foot and ankle: indications for new techniques
Acute ankle injury and chronic lateral instability in the athlete

Osteochondral lesions of the talar dome associated with trauma

Ct analysis of hindfoot alignment in chronic lateral ankle instability

Biomechanics of the unstable ankle joint and clinical implications

Lateral instability of the ankle joint

Arthroscopic findings in chronic lateral ankle instability - do focal chondral lesions
influence the results of ligament reconstruction?

Effects of chronic ankle instability on kinetics, kinematics and muscle activity during
walking and running: a systematic review

Strength-training protocols to improve deficits in participants with chronic ankle
instability: a randomized controlled trial

Ankle ligament injuries

Anatomic suture anchor versus the brostrom technique for anterior talofibular
ligament repair a biomechanical comparison

Biomechanics of ankle instability. part |: reaction time to simulated ankle sprain
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INTRODUCTION

Tugba Kolomug Gayretli,! ® Selver Ozge Sefik,
Candost Hanedan,? ® Caganay Soysal'

ABSTRACT

Objective: We aimed to investigate the association between the triglyceride glucose index
and body shape index in predicting premalignant-malignant endometrial pathologies.

Methods: The results of patients who presented to the Department of Gynecology and
Obstetrics at our hospital due to abnormal uterine bleeding and underwent endometrial
biopsy were reviewed. We formed two groups: benign pathologies and premalignant-malig-
nant pathologies. Multiple logistic regression analysis was performed to evaluate the relation-
ship between the triglyceride glucose index, body shape index, and premalignant-malignant
endometrial pathology. The study is a retrospective cohort study.

Results: There were 579 patients whose fasting blood glucose and fasting triglycerides
were measured before endometrial biopsy. After applying exclusion criteria, 330 patients
(age: 43-56 years) were included in the study. Significant differences were observed between
the groups in terms of age, weight, waist circumference, BMI, and body shape index Z
scores (p<0.05). Triglyceride glucose index, anthropometric measurements, and waist cir-
cumference had the highest AUC. Regression analysis showed that a one-unit increase in the
triglyceride glucose index value increased the probability of the patient having premalignant-
malignant pathology by 164 times.

Conclusion: Consequently, obesity increases the likelihood of endometrial pathology.
Therefore, it is recommended to assess the triglyceride glucose index and body shape index
Z scores in patients with abnormal uterine bleeding. Both of these methods are simple and
cost-effective to calculate. It is important to inform patients about the risks identified in
these calculations and to provide preventive advice.

and mortality of several cancers, including breast, colorec-
tal, and cervical cancers.*® This may be because insulin

Endometrial carcinoma (EC) is a common gynecologic
malignancy, and its incidence is increasing.!'! Endometrial
intraepithelial neoplasia often precedes it. Frequently iden-
tified risk factors include increased age, obesity (especially
abdominal obesity), increased body mass index (BMI), in-
sulin resistance, diabetes, dyslipidemia, and hormonal im-
balance.*”!

The development of cancer is a complex process that can
be traced back to serious disturbances in the regulation of
cell growth and proliferation. Recent evidence has shown
that insulin resistance, which is regulated in part by fast-
ing and lifestyle, is closely associated with the morbidity

resistance increases cell proliferation, inhibits apoptosis,
activates IGF-1 receptors, and triggers inflammation and
oxidative stress, which promote cancer growth.l!

Obesity is a risk factor for EC.I! The underlying process
is thought to be related to insulin resistance and the re-
lease of adipokines. Insulin resistance causes higher insulin
levels that stimulate endometrial cell mitogenesis, and
adipokines such as adiponectin and leptin also contribute
to the development of EC.”! In addition, hyperinsuline-
mia leads to excessive proliferation of granulosa cells and
the production of large amounts of androgens, which are
converted to estrogens by the enzyme aromatase. Insulin
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resistance thus becomes a risk factor for endometrial hy-
perplasia and early-stage endometrial cancer.!'>'?

It is well known that insulin resistance can be measured
by the Homeostatic Model Assessment and the hyper-
insulinemic-euglycemic clamp test.['*! In addition, several
studies have shown that the triglyceride glucose (TyG) in-
dex may be a more appropriate and reliable predictor of
insulin resistance compared with these two measurement
tools. Therefore, because of its availability and cost-effec-
tiveness, the TyG index may be a promising indicator of
insulin resistance in large-scale epidemiological studies.!'*]

Our aim was to investigate the relationship between in-
sulin resistance and endometrial pathologies using the
TyG index, taking into account existing risk factors for EC.
In addition, we investigated the relationship between en-
dometrial pathologies and anthropometric measurements
such as BMI and a body shape index (ABSI).

MATERIALS AND METHODS

Study Design

This study is a retrospective cohort study. The results of
patients who presented to the Department of Gynecolo-
gy and Obstetrics at our hospital with abnormal uterine
bleeding and underwent endometrial biopsy between Oc-
tober 2022 and June 2023 were reviewed. Over the past
year, 579 patients were found whose fasting blood sugar
and fasting triglyceride levels were measured before biopsy.
According to the study’s purpose, two groups of patients
were formed: benign (endometrial polyp, endometrial hy-
perplasia without atypia, atrophic endometrium) and pre-
malignant (endometrial intraepithelial neoplasia)-malignant
(endometrial cancer). Patients were contacted, informed
about the study, and invited to the outpatient clinic. All

patients were informed that their medical data and re-
cords could be used in the studies without revealing the
patient’s identity. Informed consent was obtained from the
patients. We prepared a form including risk factors for EC.
The form was completed in a face-to-face interview with
the patients, and height, weight, and waist circumference
were measured. All patients had a confirmed histopatho-
logical diagnosis. Patients with fasting glucose and fasting
triglyceride values checked within the past year were in-
cluded in the study. Patients currently taking medications
due to diabetes, hyperlipidemia, and a history of cancer
were excluded from the study.

The triglyceride-glucose index of the patients was calcu-
lated according to the equation TyG=In [fasting triglyceride
(mg/dl) x fasting glucose (mg/dl)] /2.I'"! To determine the
risk of early death due to the patients’ body shape, ABSI
scores were calculated by adding waist circumference,
height, and BMI to sex and age, and ABSI| Z-scores were
calculated to compare the results with similar age groups.
ABSI values were calculated using the formula ABSI=Waist
circumference/(height |21 1/2_22xBMI2/22/3_33), ABSI Z-
score: ABSI-ABSIMean/ABSISD.!']

RESULTS

In the past year, 579 patients whose fasting blood sugar
and fasting triglyceride levels were measured before biopsy
were identified. After applying the exclusion criteria, 134
patients (22%) were excluded from the study because they
were taking antidiabetic drugs, 70 patients (12%) were
taking antilipidemic drugs, 20 patients (3%) had a history
of cancer, and 25 patients (4%) declined to participate in
the study, leaving 330 patients eligible for the study. The
groups formed based on the number of patients and the
pathology results are shown in Figure 1.

Figure 1. Flowchart.
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Primary Outcome

There was a significant difference in age, weight, BMI,
waist circumference, and ABSI| Z-score between the two
groups. Group Il had a higher number of menopausal pa-
tients (p<0.05). Smoking and plasma albumin levels were
statistically higher in Group | than in Group Il. In Group II,
plasma fasting triglyceride level, fasting blood glucose, TyG
index, leukocyte count, and neutrophil count were higher
than in Group | (p<0.05) (Table ).

In evaluating the laboratory and anthropometric measure-
ments with statistically significant differences between

groups with ROC analysis, weight, waist circumference,
BMI, ABSI Z-score, plasma triglyceride, fasting blood
glucose, and the TyG index were found to be statisti-
cally significant (p<0.05). The TyG had the highest AUC
(AUC:0.813, Cl%:0.744-0.869, p<0.00l, sensitivity:67.1,
specificity:88, cut-off value: >4.79). Among the anthropo-
metric measurements, waist circumference had the high-
est AUC value (AUC:0.779, Cl%:0.708-0.840, p<0.001,
sensitivity: 68.3, specificity: 45.8, cut-off value: >73 cm).
The values of AUC, Cl%, p-value, cut-off value, sensitivity,
specificity, negative likelihood ratio, and positive likelihood
ratio of each parameter are shown in Table 2. In the ROC

Table I. Demographic and clinical characteristics of the study population

Variables

Benign Malign- premalignant Total p
(n=166) (n=164) (n=330)
Age 41.75 (45.5-50) 53 (47-63.5) 48 (43-56) <0.001
Gravida 2.5 (2-3.75) 3 (2-4) 3 (2-4) 0.219
Parity 2 (2-3) 3 (2-4) 2 (2-3) 0.233
Abort 0 (0-0) 0 (0-0.75) 0 (0-0) 0.481
Menarcheal
Age (years) 13 (12-14) 13 (12-14) 13 (12-14) 0.151
Weight (kg) 75 (66-85) 83.5 (74-97.25) 78 (71.5-90) <0.001
BMI (kg/m?) 29.3 (25.8-32.8) 32.1 (29.2-38.6) 35.2 (30.5-27.5) <0.001
Waist circumference (cm) 95 (86-103) 110 (98-125.25) 102 (91-116) <0.001
ABSI 0.0791 0.0846 0.0820
(0.0749-0.0840) (0.0798-0.0886) (0.0861-0.0770) <0.001
ABSI Z score 0.0494 0.8403 0.4990
(-0.7508-1.0514) (0.0488-1.4491) (-0.4525-1.3128) 0.003

Fasting triglyceride level (mg/dL) 113 (78-145) 174 (117-256) 133 (97-184.5) <0.001
Fasting glucose level (mg/dL) 88 (80-95) 100.5 (88-121) 91 (84.5-105) <0.001
TyG index 4.58+0.242 4.90£0.267 4.74+0.300 <0.001
Hemoglobin (g/dL) 12.5 (11-13.1) 12.4 (11.5-13.4) 12.4 (11.1-13.3) 0.444
Smoking status

No 120 (72.3) 144 (87.8) 264 (80) 0.022

Yes 46 (27.7) 20 (12.2) 66 (20)
Previous endometrial
hyperplasia diagnosis

No 156 (94) 160 (97.6) 316 (95.8) 0.443

Yes 20 (6) 8 (2.4) 28 (4.2)
Family history of colorectal
cancer or endometrial cancer

No 146 (88) 158 (96.3) 304 (92.1) 0.087

Yes 20 (12) 6 (3.7) 26 (7.9)
Menopause status

No 142 (85.5) 78 (47.6) 220 (66.7) <0.001

Yes 24(14.5) 86 (52.4) 110 (33.3)
Previous infertility diagnosis

No 154 (92.8) 160 (97.6) 314 (95.2) 0.277

Yes 12 (7.2) 4 (2.4) 16 (4.8)

kg: kilogram; BMI: body mass index; kg/m2: kilogram per square meter; cm, centimeter; ABS: A Body Shape Index; mg/dL: milligrams per decilitre;
TyG: Triglyceride glucose index; g/L: gram per liter; pL: microlitre; g/dL: grams per decilitre; WBC: white blood cell. Data are expressed as the
meanSD, median (Q1-Q3), or number (percentage) where appropriate. A p value of <0.05 indicates a significant difference. Statistically significant

p values are in bold.
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Figure 2. Comparison of the ROC graphs of various para-
meters.

analysis performed to determine the superiority of AUC
values of all statistically significant parameters over each
other, waist circumference was found to be superior to
all other anthropometric measurements (waist circumfer-
ence vs. BMI p:0.004; vs. ABSI p:0.023; vs. ABSI Z-score
p<0.001) (Figure 2). The TyG index has better sensitivity
and specificity values than other laboratory parameters
and has a statistically significantly higher AUC value (TyG
vs. Plasma triglyceride level p:0.015; vs. fasting glucose
level p:0.045). The p-values expressing the superiority and

difference of all parameters in terms of AUC values are
shown in Table 3.

Secondary Outcomes

In the regression analysis performed to determine the
risk factors for premalignant-malignant pathologies and
the rates of risk increase among the categorical vari-
ables, not smoking (OR:2.871, p: 0.047) is considered a
risk factor, while premenopause appears to be a protec-
tive factor with a 6.41-fold reduction in risk (OR:0.156,
p<0.001). However, each year, the patient’s age increases,
resulting in a 1.089-fold increase in the risk of premalig-
nant-malignant pathology (p<0.001). Of the anthropomet-
ric measurements, only waist circumference (OR:1.056,
p: 0.001) showed a statistically significant risk increase,
while of the laboratory measurements, plasma triglyceride
level (OR:1.02, p<0.001), fasting blood glucose (OR:1.025,
p: 0.024), and TyG index (OR:164.67, p<0.001) showed
significantly increased risk. A one-unit increase in the
patient’s TyG index value increases the likelihood of the
patient having premalignant-malignant pathology |64-fold.
Weight, ABSI Z-score, white blood cell count, neutrophil
count, and albumin levels alone were not sufficient to de-
termine the risk increase (p>0.05) (Table 4).

DISCUSSION

Endometrial cancer is increasing daily due to rising obesity
worldwide. Obesity, metabolic disorders, and insulin re-
sistance pose serious risks, especially for estrogen-related
EC.I'1 In our study, we wanted to draw attention to the
relationship between endometrial pathologies and obesity
by calculating waist circumference, weight, BMI, ABSI, and

Table 2. The results of ROC curve analysis for various parameters that can be used to predict the outcome of a premalig-
nant-malignant biopsy
Variables AUC Cl 95% p Cut-off value Sensitivity Specificity LR+ LR-
(%) (%)

Weight 0.670 0.592-

0.741 <0.001 >73 80.5 45.8 1.48 0.43
Waist 0.779 0.708-
circumference 0.840 <0.001 103 68.3 77.1 298 0.41
BMI 0.693 0.617-

0.763 <0.001 >30.45 67.1 65.1 1.92 0.51
ABSI| Z-score 0.636 0.557-

0.709 0.001 >0.0667 75.6 512 1.55 0.48
Fasting 0.755 0.703-
triglyceride level 0.836 <0.001 >|50 65.9 79.5 3.22 043
Fasting 0.728 0.653-
glucose level 0.794 <0.001 >97 56.1 84.3 3.58 0.52
TyG 0.8I3 0.744-

0.869 <0.001 >4.79 67.1 88 5.57 0.37

ROC: receiver operating characteristic; AUC: the area under the curve; C: confidence interval; LR+: positive likelihood ratio; LR: negative likelihood

ratio; BMI: body mass index; ABSI: A Body Shape Index; TyG: Triglyceride glucose index; p-value of <0.05 indicates a significant difference. Statistically

significant p-values are in bold.
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Table 3. The p-values obtained when the parameters for which ROC calculations were performed are compared using the

AUC values
Variables Height Weight Waist BMI ABSI ABSI TyG Fasting
circumference Z score glucose level
Height 0.215 <0.001% 0.040% 0.091 0.489 <0.001% 0.024%
Weight 0.215 0.002% 0.209 0.755 0.572 0.002°% 0.285
Waist circumference <0.001? 0.002% 0.004% 0.023% <0.001® 0.456 0.378
BMI 0.040% 0.209 0.004® 0.938 0.330 0.010® 0.489
ABS| 0.091 0.755 0.023% 0.938 <0.001®  0.027% 0.458
ABSI z score 0.489 0.572 <0.001% 0330  <0.001% 0.001% 0.097
TyG <0.001%  0.002% 0.456 0.010%  0.027% 0.001% 0.045%
Plasma Triglyceride level 0.001® 0.034 0910 0.108 0.161 0.020% 0.015% 0.372

ROC: receiver operating characteristic; BMI: body-mass index; ABSI: A Body Shape Index; TyG: Triglyceride glucose index; p value of <0.05 indicates
a significant difference. Statistically significant p-values are in bold. ®For comparisons where the p value is significant, the parameter with the higher
AUC value in Table 2 is superior in predicting the outcome of a premalignant-malignant biopsy.

Table 4. Results of regression analysis showing the risk of
a premalignant-malignant pathological outcome
for statistically significant variables

Variables OR 95% Cl p

Age* 1.089 1.044-1.135 <0.001
Premenopause* 0.156 0.062-0.389  <0.001
Smoking status (no)* 2.871 1.012-8.147 0.047
Weight? 1.019 0.991-1.047 0.192
BMI* 1.044 0.975-1.118 0.219
Waist circumference® 1.056 1.024-1.088 0.001
ABSI| Z-score* 1.285 0.995-1.661 0.055
Fasting triglyceride level® 1.020 1.011-1.029 <0.001
Fasting glucose level® 1.025 1.003-1.048 0.024
TyG? 164.67 21.635-1253.415 <0.001
WBC? 1.000 0.999-1.000 0.143
Albumin® 0.895 0.791-1.013 0.078

OR: odds ratio; Cl: confidence interval; BMI: body mass index; ABSI: A
Body Shape Index; TyG: triglyceride glucose index; WBC: white blood
count. A p-value of <0.05 indicates a significant difference. Statistically
significant p-values are in bold. ¥In modeling involving only demographic

data, all demographic data were adjusted with statistically significant

parameters. “Each anthropometric measurement was adjusted for sta-

tistically significant demographic data and the laboratory parameter
(TyG) with the highest AUC in the ROC analysis. ®Each laboratory
measurement and index were adjusted with statistically significant de-
mographic data and anthropometric measurement (waist circumferen-
ce) with the highest AUC in the ROC analysis.

ABSI Z-score of the patients participating in the study.

Metabolic syndrome is a combination of various metabolic
abnormalities such as obesity, insulin resistance, hyperten-
sion, and dyslipidemia.l'¥l Studies suggest that metabolic
abnormalities and obesity may be important risk factors
for the development of EC.I'"!

Obesity is associated with gynecological cancers in
women. Alsansan et al.?” showed that EC is common in
women with obesity. Nicholson et al.?"! found that there
is a linear relationship between increasing BMI scores
and early-stage endometrial intraepithelial neoplasia in
premenopausal patients. Laslov et al.?? concluded that
patients with a higher BMI increase during follow-up had
higher recurrence rates of EC.

In our study, we observed a significant association be-
tween increased BMI and endometrial pathologies, con-
sistent with previous findings. It is important to note that
BMI has limitations. It cannot distinguish between fat and
lean mass or central and peripheral obesity. To overcome
these limitations, a new anthropometric index called the
body shape index (ABSI) has been proposed as an alterna-
tive. ABSI values are associated with all-cause mortality,
metabolic syndrome, diabetes, and hypertension, making
it useful in estimating the risk of diseases that BMI cannot
detect easily.?24

Our study focused on waist circumference as one of the
diagnostic criteria for metabolic syndrome. We calculat-
ed ABSI scores to predict the risk of early mortality. Our
results showed that increased waist circumference, espe-
cially due to abdominal adipose tissue, was more closely
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associated with premalignant endometrial pathologies. In
addition, the ABSI Z-scores of patients in the premalig-
nant-malignant group were higher. Although there have
been studies on the association between metabolic dis-
orders and endometrial pathology, none have considered
ABSI and endometrial pathology outcomes. Our study
suggests that ABSI should be considered an important
parameter for determining the risk of premalignant and
malignant endometrial pathology.

It is well known that smoking increases the risk of many
chronic diseases and cancers. However, it has been shown
to have an estrogen-inhibiting effect due to the changes it
causes in the estrogen mechanism. Smoking can reduce es-
trogen-induced cell proliferation in the endometrial glands.
This effect may contribute to protection against the devel-
opment of endometrial cancer. In our study, we found that
smoking was more frequent in the benign group, which is
consistent with the results reported in the literature.*”!

Dyslipidemia is an independent risk factor for EC.1?] Sethre
et al.” found a positive correlation between serum lipid/li-
poprotein levels (e.g., triglycerides) and EC risk in a cohort
of 31,473 women.””’ Abnormal lipid metabolism increases
the risk of endometrial cancer through several mecha-
nisms. High triglyceride levels resulting from abnormal lipid
metabolism increase free estrogen levels by decreasing the
binding of the sex hormone to proteins (e.g., globulin).[?8
The TyG index results evaluated in our study show that
dyslipidemia and insulin resistance increase the risk of EC,
which is consistent with the literature. It is noteworthy
that the TyG index is particularly high in the endometrial
intraepithelial neoplasia group. This may suggest that the
association between endometrial cancer and diabetes in
the population may be due to previously untreated insulin
resistance. Most of the literature has examined the rela-
tionship between the TyG index and cardiovascular dis-
ease. In the article that examined the association between
the TyG index and obesity-related cancers, no association
was found between ovarian and endometrial cancer and
the TyG index.’™ There was only one study that exam-
ined the association between endometrial cancer and the
triglyceride glucose index, and it found that the index was
high in premalignant-malignant endometrial pathologies,
which was consistent with our study.!

The strength of our study is that, using indices calculat-
ed with a simple method, we can predict people’s risk of
endometrial pathologies and provide opportunities for
preventive medicine. It is important to point out that
this study has certain limitations. First, the patients were
selected from only one institution, and the sample size
is relatively small. Therefore, our results may not be fully
representative of the wider population. However, if multi-
center studies with larger patient cohorts are conducted
in the future, we may obtain more precise and accurate
results that reflect the general population.

Conclusion

The triglyceride glucose index provides information about

insulin resistance. It is determined using a simple method
and helps to assess a patient’s risk of endometrial cancer.
In this way, we can explain the current risk to the patient
and make recommendations to reduce the risk through
lifestyle changes and an appropriate dietary program. Th-
ese parameters, which we have examined in diagnosed pa-
tients, can be used as a screening program in primary care
to calculate individual risk by examining all women over
the age of 35.
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Endometriyal Patolojiler ile Trigliserit Glikoz Indeksi ve Vicut Sekli Indeksi Arasindaki
Iliski: Retrospektif Kohort Calismasi

Amag: Bu galismada, premalign-malign endometrial patolojileri dngérmede trigliserid glukoz indeksi ve viicut sekil indeksi arasindaki iligkiyi
arastirmayi amagladik.

Gereg ve Yontem: Hastanemiz Kadin Hastaliklari ve Dogum Klinigine anormal uterin kanama nedeniyle bagvuran ve endometrial biyopsi
yapilan hastalarin sonuglari tarandi. Benign patolojiler ve premalign-malign patolojiler olmak tizere iki grup olusturuldu. Trigliserid glukoz
indeksi, viicut sekil indeksi ve premalign-malign endometriyal patoloji arasindaki iligkiyi degerlendirmek igin g¢oklu lojistik regresyon analizi
yapildi. Calisma retrospektif bir kohort galigmasidir.

Bulgular: Endometriyal biyopsi 6ncesinde aglik kan sekeri ve aglik trigliseritleri Slgiilen 579 hasta vardi. Diglama kriterleri uygulandiktan
sonra 330 hasta (yas: 43-56) calismaya dahil edildi. Gruplar arasinda yas, kilo, bel gevresi, VKI ve viicut sekil indeksi Z skorlari agisindan
anlamli farklihklar gézlendi (p<0.05). Trigliserid glukoz indeksi, antropometrik Slgiimler ve bel gevresi en yiiksek AUC’ye sahipti. Regresyon
analizi, trigliserit glukoz indeksi degerindeki bir birimlik artigin hastanin premalign-malign patolojiye sahip olma olasiligini 164 kat artirdigini
gostermistir.

Sonug: Obezite endometriyal patoloji olasiligini artirmaktadir. Bu nedenle, anormal uterin kanamasi olan hastalarda trigliserit glukoz indeksi
ile viicut sekil indeksi Z skorlari arasindaki iligkiye bakilmasi 6nerilmektedir. Bu yontemlerin her ikisinin de hesaplanmasi basit ve uygun mali-
yetlidir. Hastalari bu hesaplamalarda belirlenen riskler hakkinda bilgilendirmek ve &nleyici tavsiyelerde bulunmak 6nemlidir.

Anahtar Sézciikler: Endometrioid; insilin direnci; karsinom; obezite.
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ABSTRACT

Obijective: The intricate connection between serum iron levels, adipose tissue, and meta-
bolic parameters has been the subject of many clinical studies. In this direction, the aim of
this study was to evaluate the relationship between the Dysfunctional Adiposity Index (DAI)
and serum iron status.

Methods: This single-center retrospective study included 32 women with iron deficiency
(ID) as a patient group and 45 women without ID as a control group. The individuals’ demo-
graphic data, laboratory tests, height, weight, and waist circumference (WC) measurements
were obtained from our hospital’s records. DAl was calculated by the following formula:
[WC/[24.02 + [2.37 * Body Mass Index (BMI)]] * [triglyceride (mmol/L) / 1.32] * [1.43 / high-
density lipoprotein (mmol/L)]].

Results: We found statistically significant differences between the two groups in terms
of hemoglobin values and iron parameters, such as ferritin, total iron-binding capacity, and
transferrin saturation (p<0.001). While there was a statistically significant difference in waist
circumference between the groups (p<0.001), the other DAl components did not differ. We
also detected a negative correlation among DAI and serum iron, ferritin levels, and transfer-
rin saturation (r=-0.321, p=0.004; r=-0.416, p<0.001; r=0.359, p=0.001, respectively).

Conclusion: This study tries to add information to the current literature on the interaction
between serum iron parameters and DAl as a metabolic risk marker. The results of our
study emphasize the close relationship between iron deficiency and increased waist cir-
cumference, which are very common and constitute global health problems, and underline
the importance of the interaction of these two entities in clinical evaluation. However, the
contradictory results of the existing literature highlight the complexity of this relationship,
pointing to the need for larger, well-designed prospective studies to provide a more detailed
understanding of the role of serum iron parameters, especially among individuals with high
waist circumference and DAl levels.

abnormalities that may reflect AT functionality.>"!

The process of adipose tissue dysfunction involves several

According to the World Health Organization report!"
published in 2024, 16% of the adult population is obese
(over 890 million), while those with overweight increased
up to 43% (2.5 billion). The most often used tool for deter-
mining excess body weight is the body mass index (BMI).
Nonetheless, a number of researchers have cast doubt
on the reliability of BMI and suggested that assessing the
morpho-functional features of adipose tissue (AT) may be
a more effective way to determine the risk of developing
metabolic disorders.**! Given that metabolic abnormali-
ties are detected in one-fifth of individuals with normal
body weight and approximately one-fourth of overweight
or obese subjects are metabolically healthy, several clinical
markers, such as the visceral adiposity index and the body
adiposity index, have been proposed to identify metabolic

steps. Initially, hypertrophic adipocytes are produced when
subcutaneous AT is unable to preserve energy appropri-
ately. This leads to inflammation and visceral AT fat deposi-
tion. Subcutaneous and visceral AT dysfunction eventually
results in impaired systemic metabolism.®?!

Iron deficiency (ID) and iron deficiency anemia (IDA) are
global health problems. IDA accounts for 66.2% of all ane-
mias and affects approximately 825 million women. It is ap-
proximately twice as common in the female sex as in men.
In developing societies, the most common cause is inad-
equate intake, whereas in developed societies, there are
different causes depending on age, gender, and region.[']

Iron plays a crucial role in many biological processes in the
body and is also essential for maintaining the homeostasis
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of adipose tissue. For adipocyte differentiation, especially
brown fat tissue production, endocrine function, energy
supply, and other physiological processes, iron is vital.l''
On the other hand, fat tissue accumulation and obesity also
affect many steps of iron metabolism.['"# Numerous chronic
metabolic diseases, including obesity, type 2 diabetes melli-
tus, and non-alcoholic fatty liver disease, are influenced by
iron homeostasis. ID is linked to obesity in adipose tissue,
primarily as a result of systemic inflammation.!'*!]

This intricate connection between iron and fat tissue is
the subject of many clinical studies. In the present study,
we aimed to evaluate the association between ID and
the dysfunctional adiposity index (DAI), which is a clinical
measurement linked to the morpho-functional traits of AT
(leptin, adiponectin, and adipocyte area) and is simply mea-
sured by using BMI, waist circumference, triglycerides, and
high-density lipoprotein cholesterol.

MATERIALS AND METHODS

Study Design and Measurements

This retrospective study included 32 women with ID and

45 women as a control group who were applied to the in-
ternal medicine outpatient clinic of our hospital. This study
excluded those who were pregnant and had autoimmune,
oncological, or chronic diseases. The determination of all
participants was summarized in Figure | as a flow chart.

Participants’ demographic data, height, weight, and waist
circumference (WC) measurements, and laboratory test
results were obtained from our hospital’s electronic
records. The following formula was used to calculate the
DAI: [WC / [24.02 + [2.37 * Body mass index (BMI)]] *
[triglyceride (mmol/L) / 1.32] * [1.43 / high-density lipopro-
tein (mmol/L)]].”! WC was measured via non-extensible
tape at the midpoint between the upper iliac crest and the
inferior costal edge. The subjects were measured when
they were standing with their feet together, their arms
swinging loosely at their sides, and breathing regularly. BMI
is derived from height and weight measurements as kg/m>.

Statistical Analysis

Due to the retrospective nature of the study, a formal
power analysis could not be performed at the study design
phase. The statistical software SPSS 26.0 was used for all
of the analyses (Chicago, IL, IBM Corp.). The Kolmogorov-

Table I. Demografic and clinical features and laboratory findings of groups

Group | Group 2 p
n=32 n=45

Age, years 33 (23-41) 40 (29-45) 0.06
Body weight, kg 66.8 (55.2-68.2) 65 (54-75) 0.681
Blood pressure, mmHg
-Systolic 112 (110-120) 110 (106-124) 0.247
-Diastolic 75 (70-80) 70 (68-82) 0.473
Smoking status, %
-No-smoker/current 71.9/28.1 84.4/15.6 0.231
Iron, mg/dL 20 (9.5-29.7) 102 (70-108) <0.001
Ferritin, ug/L 7 (5.2-9.1) 36 (24-61) <0.001
TIBC, mg/dL 377 (333-427) 310 (297-349) <0.001
Transferrin saturation, % 5.25 (2.82-7.32) 30 (20.4-39.1) <0.001
Hemoglobin, g/dL 10.9 (9.9-11.3) 12.8 (12.25-13.4) <0.001
Leukocyte, 10%/uL 6.86 (5.84-7.8) 6.71 (5.7-7.48) 0.266
Platelet, 10%/uL 273 (240-299) 258 (233-286) 0.153
CRP, mg/L 0.86 (0.6-1.86) 1.54 (0.6-2.62) 0.129
Blood glucose, mg/dL 90 (88-94) 89 (86-97) 0.567
Creatinine, mg/dL 0.65 (0.57-0.7) 0.64 (0.61-0.7) 0.727
eGFR, ml/min/1.73m? 120 (109-125) 111 (103-119) 0.012
ALT, U/L 13 (9-17) 11 (9-21) 0.379
LDL, mg/dL 101 (83-120) 106 (85-123) 0.322
Uric acid, mg/dL 3.6 (3.1-4.1) 3.9 (3.4-4.6) 0.184
Vitamin B12, pg/L 315 (275-438) 289 (247-394) 0.434
Folic acid, pg/L 7.63 (6.47-9.95) 7.2 (6.06- 8.88) 0.632
TSH, mlU/L 1.62 (1.2-2.19) 1.7 (1.15-2.35) 0.868

TIBC: total iron binding capacity, CRP: C-reactive protein, eGFR: estimated glomerular filtration rate, ALT: alanin aminotransferase,

LDL: low density lipoprotein, TSH: thyroid stimulating hormone.
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Table 2. Demografic and clinical features and laboratory findings of groups
Group | Group 2 p
n=32 n=45

Waist circumference (cm) 81 (75-91) 75 (69-81) 0.001
Body mass index (kg/m?) 24.4 (20.3-27.8) 25.9 (20.1-30. 1) 0.795
HDL (mg/dL) 64 (54-72) 67 (54-74) 0.445
Tryglyceride (mg/dL) 85 (95-104) 72 (52-90) 0.068
DAl 1.4 (1.19-1.8) 1.01 (0.74- 1.53) 0.07

BMI: body mass index; HDL: high density lipoprotein; DAI: dysfunctional adipose index.

Smirnov test determined the distributions of variables.
The variables that were not normally distributed were ex-
pressed as the median. Categorical parameters were indi-
cated as percentages. The Kruskal-Wallis test was used to
assess significance among study groups. Additionally, the
correlations between serum iron, ferritin, and hemoglobin
levels and DAl were determined with the Spearman cor-
relation test. The statistical significance cut-off value was
deemed to be p<0.05.

RESULTS

As shown in Table I, no differences were observed be-
tween the groups in terms of demographic data and clini-
cal features. There were statistically significant differences
between the values of hemoglobin, ferritin, total iron-
binding capacity, and serum iron in the biochemical data.

Table 2 unveils statistical disparities in DAI and its com-
ponents across the delineated groups. The difference be-
tween the groups in terms of waist circumference reached
the p<0.00! significance level. Other DAI components,
including BMI, HDL, and triglycerides, showed no differ-
ences.

Concurrently, correlation analysis, as outlined in Table 3,
unearthed a robust negative correlation between serum
ferritin levels, transferrin saturation, and DAI (r=-0.416,
p<0.001; r=0.359, p=0.001, respectively). There was also
a significant negative correlation between serum iron level
and DAI (r=-0.321, p=0.004).

DISCUSSION

In the present retrospective study, we assessed the rela-

Total 123 participants:
with or without Iron
deficiency

-26 Male gender
-6 Pregnancy

-4 Oncologic disease

-2 Rheumatic disease

-8 Autoimmune endocrine

disease
32 patients:
w5 45 patients:
Iron deficiency
Control group
group

Figure 1. The determination of all participants.

tionships between serum iron parameters and DAI. We
found statistically significant differences between the val-
ues of hemoglobin and iron parameters such as ferritin and
TIBC. While there was a statistically significant difference
in waist circumference between the groups, the other DAI
components did not differ. We also detected negative cor-
relations among serum iron, ferritin, transferrin saturation
levels, and DAL

Several studies have shown close relationships between

Table 3. Correlation analysis between DAl and anemia parameters.
Serum iron Serum ferritin TS Hb
DAl
r -0.321 -0416 -0.359 -0.197
p 0.004 <0.001 0.001 0.86

DAI: Dysfunctional adipose index; TS: Transferrin saturation; Hb: Hemoglobin.
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iron status, body weight status, and adipose tissue. Cham-
bers et al.l'¥l found a negative correlation between serum
iron and BMI, WC, and fat mass. In another study con-
ducted by Laudisio et al.,l'”! a significant but weak inverse
correlation was found between serum iron levels and BMI
and WC. Our study revealed that while there was no sig-
nificant difference in BMI between the groups with and
without ID, similar to the mentioned studies, WC and
DAl were found to be significantly higher in the ID group.
Considering the critical role iron ion plays in adipose tis-
sue homeostasis, these results may also indicate that the
use of BMI alone is not sufficient to evaluate the morpho-
functional properties of adipose tissue and thus the risk of
metabolic diseases.

In the present study, as indicated in the studies by Stoffel
et al.l'¥ and Olefsky et al.,l'"] transferrin saturation, ferritin,
and serum iron levels were found to be lower in women
with increased waist circumference. In the mentioned
studies, it was stated that one of the possible pathways of
this effect may be systemic low-level inflammation caused
by central obesity.

It is known that the iron ion plays a role in many metabolic
biological processes and is in a complex interaction with
lipid, glucose metabolism, insulin resistance, and obesity.!']
In the present study, no difference was observed between
the two groups in terms of lipid parameters, including
HDL, LDL, and triglyceride levels, as in a study conducted
by Wolide et al.?® Nonetheless, HDL levels in the ID
group were considerably higher than those in the normal
group in the research published by Sawada et al.?'l and
Ellidag et al.?Z Ferritin levels were positively correlated
with TG and LDL levels, according to Ellidag et al.?2 study.

Due to its retrospective design, the inability to evaluate
HOMA-IR-like insulin resistance parameters, body com-
position by bioimpedance analysis, and the relatively small
number of patients can be considered among the limita-
tions of the study.

Conclusion

We think that this study contributes valuable information
to the current understanding of the interaction between
serum iron parameters and DAI, a metabolic risk marker.
The results of our study emphasize the close relationship
between iron deficiency and increased waist circumfer-
ence, which are very common and constitute global health
problems, and underline the importance of the interaction
of these two entities in clinical evaluation. However, the
contradictory nature of the literature highlights the com-
plexity of this relationship, highlighting the need for larger,
well-designed prospective studies to provide a more de-
tailed understanding of the role of serum iron parameters,
especially among individuals with high waist circumference
and DAL
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Kadinlarda Demir Duizeyi ile Disfonksiyonel Adipoz indeks Arasindaki iliski

Amag: Serum demir diizeyleri ile yag dokusu ve metabolik parametreler arasindaki karmasik baglanti birgok klinik galismanin konusudur. Bu
dogrultuda galismamizda serum demir durumu ile disfonksiyonel adipoz indeks (DAI) arasindaki iliskiyi degerlendirmeyi amagladik.

Gereg ve Yontem: Tek merkezli retrospektif calismamiza hasta grubu olarak demir eksikligi olan 32 kadin, kontrol grubu olarak ise demir
eksikligi olmayan 45 kadin dahil edildi. Bireylerin demografik verileri, laboratuvar testleri, boy, kilo ve bel ¢evresi (BC) 6lgiimleri hastanemiz
kayitlarindan elde edildi. DAI su formiille hesaplandi: [BG/[24.02+[2.37" viicut kitle indeksi]] [trigliserid (mmol/L)/1,32][1.43/yiiksek yogun-
luklu lipoprotein (mmol/L)].

Bulgular: Hemoglobin degerleri ve ferritin, total demir baglama kapasitesi, transferrin satiirasyonu gibi demir parametreleri agisindan iki
grup arasinda istatistiksel olarak anlamli fark bulduk (p<0.001). Gruplar arasinda bel gevresi agisindan istatistiksel olarak anlaml fark bulu-
nurken (p<0.001), diger DAI bilesenleri acisindan farkliik yoktu. Ayrica DAI ile serum demiri, ferritin diizeyleri ve transferrin satiirasyonu
arasinda da giiglii bir negatif korelasyon tespit ettik (sirasiyla, r=-0.321, p=0.004; r=-0.416, p<0.001; r=0.359, p=0.001).

Sonug: Bu calisma, serum demir parametreleri ile bir metabolik risk belirteci olarak DAI arasindaki etkilesime iligkin mevcut literatiire
katki saglamayr amaglamaktadir. Calismamizin sonuglari, toplumda yaygin olarak gériilen ve kiiresel saglik sorunu olusturan demir eksikligi ile
ozellikle bel gevresi artisi arasindaki yakin iligkiye dikkati gekip klinik degerlendirmede bu iki antitenin etkilesimlerinin 6nemini vurgulamak-
tadir. Bununla birlikte, mevcut literatiiriin geliskili sonuglari bu iliskinin karmasikligini vurgulamakta ve &zellikle yliksek bel gevresi ve DAI
seviyelerine sahip bireyler arasinda serum demir parametrelerinin roliiniin daha ayrintili bir sekilde anlagilmasini saglamak igin daha biiyik, iyi
tasarlanmis prospektif galismalara ihtiyag duyulduguna isaret etmektedir.

Anahtar Sozciikler: Anemi; bel gevresi; demir; demir eksikligi; disfonksiyonel adipoz indeks; ferritin.
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ABSTRACT

Objective: Surgical treatment is often preferred for medial malleolus fractures to achieve
anatomic reduction and enable early mobilization. This study aims to evaluate the clinical and
radiological outcomes of fixing Herscovici Type C medial malleolus fractures using tension-
band wiring (TBW) and half and fully threaded cannulated screws.

Methods: This retrospective study included patients aged 18 to 65 who underwent surgery
for isolated medial malleolus fractures between January 2012 and December 2022. Exclusion
criteria were a follow-up period of less than one year, fractures other than Herscovici Type
C, open fractures, use of other implants, or loss to follow-up. Radiological evaluations were
conducted using preoperative anterior-posterior, lateral, and mortise radiographs, along with
computed tomography scans. The talocrural angle, corner angle, and alignment between the
talus and tibial plafond were assessed. Clinical outcomes were measured using the American
Orthopaedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot Scale. Statistical analysis was
performed using SPSS software.

Results: A total of 178 patients were included: 55 (30.9%) underwent TBW fixation, 60
(33.7%) had half-threaded cannulated screw fixation, and 63 (35.4%) received fully threaded
cannulated screw fixation. The mean follow-up period was 76 months, and the mean age was
32.2 years. The TBW group had a significantly longer follow-up period than the other groups
(p=0.000), with no difference between the half and fully threaded screw groups. There were
no differences among the groups regarding fracture side, trauma mechanism, or need for
implant removal. Postoperative talocrural angles were similar across groups (p=0.530). The
postoperative corner angle was significantly lower in the TBW group (mean: 63.4) compared
to the half-threaded (mean: 65.8) and fully threaded (mean: 65.2) screw groups (p=0.049).
AOFAS scores were significantly higher in the half-threaded screw group (mean: 89.1) com-
pared to the TBW (mean: 84.2) and fully threaded screw groups (mean: 85.9) (p=0.02). No
significant difference was found between the half-threaded and fully threaded screw groups
regarding the alignment between the superior facet of the talus and the anterior tibial pla-
fond. The TBW group had a significantly higher number of patients with misaligned joints
compared to the other groups (p=0.000).

Conclusion: Radiological outcomes were better in the half and fully threaded cannulated
screw fixation groups compared to the TBWV fixation group. The AOFAS scores were high-
est in the half-threaded screw fixation group. No significant differences were found among
the groups regarding complications. The study concludes that cannulated screw fixation is
a safer and more effective method for treating isolated medial malleolus fractures than the
TBW fixation method.
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INTRODUCTION

Medial malleolus fractures are common among ankle and
talocrural region fractures, with an annual isolated medial
malleolus fracture incidence of 10-12/100,000. In addition,
it is rare among other talocrural region injuries.l" Clinical
and biomechanical studies suggest that the medial malleo-
lus has primary significance in ankle stability. Isolated me-
dial malleolus fractures make up only 10% of all ankle frac-
tures.B! The surgical treatment of these fractures is still
controversial. While conservative follow-up is suggested in
displaced and non-displaced cases, there are also surgeons
in favor of surgical treatment. Surgical treatment stands
out when it comes to early mobilization of the patients
and essential joint range of motion (ROM).l! The align-
ment of the ankle mortise is vital for the functioning of the
tibiotalar joint. Even one millimeter of talar displacement
can decrease tibiotalar joint contact by 40%, accelerating
the development of osteoarthritis (OA), which results in
poor functional outcomes. Thus, surgical treatment is pre-
ferred in medial malleolus fractures to provide anatomic
reduction and early joint ROM.71 The aim of this study
is to evaluate the clinical and radiological outcomes of the
fixation of Herscovici Type C medial malleolus fractures
by using the tension-band wiring (TBW) (Zuggurtung)
technique and half and fully threaded cannulated screws.

MATERIALS AND METHODS

The study is approved by Umraniye Training and Research
Hospital Ethics Committee for Clinical Trials (registra-
tion no: 240623882). This single-centered retrospective
study examined a total of 243 patients between [8-65
years of age who were operated on due to isolated medial
malleolus fractures between January 2012 and December
2022. Patients with a follow-up period of less than one
year, with fractures other than Herscovici Type C, with
open fractures, and patients having another implant, and
those lost to follow-up were excluded from the study.
After the exclusion of the aforementioned patients, a to-
tal of 178 patients who attended their last follow-up visit
were included in the study. The patients in Group | (55
patients, 30.9%) were treated using the TBW technique
with Kirschner wire and transosseous cerclage wire. The
fractures of Group 2 (60 patients, 33.7%) and Group 3 (63
patients, 35.4%) were fixated using half-threaded cannu-
lated screws and fully threaded cannulated screws, respec-
tively. The fixation method depended on the preference of
the surgeon. The fractures were postoperatively classified
according to the fracture classification system described
by Herscovici et al.®! Only the patients with Herscovici
Type C were included in the study.

Preoperative views of anterior-posterior, lateral, and mor-
tise radiographs, and computed tomography (CT) scans
were considered in the radiological evaluation. The unseen
fracture pattern and/or the bone callus tissue that forms
the fracture pattern were accepted as a sign of radiolog-
ical bone union in the radiographs. The alignment of the

talocrural angle, corner angle, talus, and tibia plafonds were
evaluated from the radiographs taken in the latest follow-
up visits. An experienced orthopedic specialist (MD), who
did not participate in the surgical process, carried out the
radiological measurements and all clinical evaluations. The
American Orthopaedic Foot and Ankle Society (AOFAS)
Ankle-Hindfoot Scale (AHFS) score was used for the eval-
uation of the clinical outcomes.!”

All patients were followed up according to the standard
postoperative follow-up protocol of our clinic. Thus, all
patients were immobilized with short leg braces in the first
four weeks. After the removal of the braces, active and
passive ankle joint ROM exercises were started. VVeight
bearing was allowed only after the patients showed re-
covery not only in clinical examination results but also in
radiological findings. All patients were postoperatively pre-
scribed aspirin 100 mg/day for 4 weeks as standard venous
thromboprophylaxis treatment.

Surgical Technique

The patients were positioned in the supine position and
received intravenous prophylactic cefazolin. After the
placement of the thigh tourniquets, the operations were
begun. Through the incisions made over the medial malle-
olus, the fractures were anatomically reduced and fixated.
In the TBW technique, the incisions were slightly extended
proximally, and a bone tunnel was made 4-5 cm proximal
to the malleolus, and the cerclage wire was passed through
this tunnel (Figure ). Fixations were achieved with two
parallel screws in the half and fully threaded cannulated
screw fixation methods (Figure 2-3).

Statistical Analysis

The data was analyzed using the Statistical Package for
the Social Sciences (SPSS) software (ver. 22.0; IBM Corp.,
Armonk, NY, USA). The normal distribution of the data
was evaluated with the Shapiro-Wilk test and Levene test.
Non-parametric variables were analyzed using the Mann-
Whitney U test, and parametric variables were analyzed
using the Student t-test and ANOVA test. Categorical
variables were compared using Pearson’s chi-squared test,
Monte Carlo simulations, and Fisher’s exact test. Quanti-
tative variables were described as meantstandard devia-
tion or interquartile range (IQR), and median. Qualitative
variables were described as frequencies or rates. A p-value
less than 0.05 was considered statistically significant.

RESULTS

A total of 178 patients were included in the study. Of
these patients, 55 (30.9%), 60 (33.7%), and 63 (35.4%)
were in Group | (TBW fixation group), Group 2 (half-
threaded cannulated screw fixation group), and Group
3 (fully threaded cannulated screw fixation group), re-
spectively. The mean follow-up period was 76 (13-127)
months, and the mean age was 32.2 (18-65) years. The
mean follow-up period was significantly longer in Group |
compared to the other two groups (p=0.000), but there
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Figure 1. Post-union radiograph of the patient fixed with tension band wiring.

Figure 2. Fixation with fully threaded cannulated screw early post operative radiograph.

Figure 3. Fixation with half threaded cannulated screw.

was no significant difference between Group 2 and Group
3. There was no difference among the groups regarding
age, fracture side, trauma mechanism, and the need for
implant removal (p=0.307, p=0.949, p=0.112, p=0.105, re-

spectively) (Table ). There was no significant difference
among the groups in terms of postoperative talocrural an-
gles (p=0.530). Postoperative corner angle was found to
be significantly lower (mean:63.4) in Group | than in the
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Table I. Demographic characteristics of the patients
Group | Group 2 Group 3 Total p
(n=55) (n=60) (n=63)
Age Mean +SD Mean +SD Mean )
27.3 12.4 38 15.4 30.5 13.6 0.307
n % n % n %
Gender
Female 16 35.6 20 44.4 9 20 45 0.038
100%
Male 39 29.3 40 30.1 54 40.6 133
100%
Fracture Side
Right 23 311 24 324 27 36.5 74
100%
Left 32 30.8 36 34.6 36 34.6 104 0.949
100%
Trauma mechanism
Distortion 16 432 9 243 12 324 37
100%
Traffic accident 22 324 20 294 26 382 68
100%
Falling 14 26.4 19 35.8 20 37.7 53 0.112
100%
Crush injury 3 15 12 60 5 25 20
100%

Group |: Tension-band wiring Fixation. Group 2: Half threaded cannulated screw Fixation. Group: Fully threaded cannulated screw Fixation.

Table 2. Comparison of post operative radiologic and
clinical values of the patients
Group |
Mean 12.2 63.4 84.2
Max 19 75 100
Min 5 53 73
+SD 2.95 5.13 7.15
Group 2
Mean 12.8 65.8 89.1
Max 18 78 100
Min 7 55 68
+SD 2.76 4.95 7.73
Group 3
Mean 12.7 65.2 85.9
Max 20 80 100
Min 4 50 75
+SD 3.28 6.09 7.39
p 0.530 0.049 0.02

Group |: Tension-band wiring Fixation. Group 2: Half threaded cannu-
lated screw Fixation. Group: Fully threaded cannulated screw Fixation
AOFAS: American Orthopaedic Foot and Ankle Society.

other two groups, but there was no difference between
half- (mean:65.8) and fully (mean:65.2) threaded cannu-
lated screw fixation groups (p=0.049). AOFAS scores ob-

tained at the last follow-up visit were significantly higher in
Group 2 (mean: 89.1) compared to the other two groups,
but there was no significant difference between Group |
(mean:84.2) and Group 3 (mean:85.9) (p=0.02). There was
no significant difference between Group 2 and Group 3
regarding the alignment of the superior facet of the talus
and anterior tibial plafond. The number of patients with
misaligned joints was found to be significantly higher in
Group 2 than in the other two groups (p=0.000) (Table 2).

DISCUSSION

The surgical treatment of ankle medial malleolus fractures
constitutes an anatomical joint surface and ensures early
mobilization exercises and early weight-bearing to accel-
erate patients’ return to normal life. Studies suggest that
prognosis depends on anatomic reduction and the main-
tenance of this reduction, which is crucial for the union of
ankle fractures.'” The medial malleolus is also supposed
to be aligned in the ankle mortise for normal tibiota-
lar joint alignment.”] The medial malleolus and anterior
talofibular ligaments prevent the medial translation of the
talus.”? Due to the anatomical importance of medial malle-
olus fractures, surgical treatment is preferred to minimize
joint misalignments, instability, and arthritis formation due
to trauma.['"'2

There are many methods for fracture fixation in the liter-
ature. In this study, we compared three of the most com-
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mon methods of fixation. Lee YK et al.l'¥! carried out a
study on |2 fresh cadavers and found that after Herscovici
Type C fractures, the mean contact area decreased by 9%,
and a 2 mm displacement increased mean contact pressure
by 8%. After Herscovici Type C fractures, a 2 mm displace-
ment showed significant changes in contact area and con-
tact pressure when compared to a normal tibiotalar joint.
(31 Except for the treatment method, the degree of the
fracture displacement was also an independent risk factor
for a lower functional result.!

Many methods have been described in the surgical fixation
of the medial malleolus.l”'*'8 The most common ones are
the TBW technique that involves Kirschner wire and cer-
clage wire, and fixation with cancellous lag screws.!’'*2!]
There is no clear evidence on which method is superior
to the others."! Studies indicated that the TBW technique
was more effective in medial malleolus avulsion fractures,
comminuted fractures, and osteoporotic fractures.”? TBW
converts tensile force on the fracture pattern into com-
pression force. Wire and cerclage tension can be adjusted
according to the type of fracture. It can also be used for
cracked or rebroken fractures during the fixation process
with screws.”?2! In one study, functional scores were
found to be better in fixation with TBW when compared
to fixation with screws. TBW fixation was also found to
cause less fixation failure and delayed union.?2

Ebraheim et al.?*! carried out a study evaluating implants
according to medial malleolus fracture types and found
that fixation with TBW had fewer complications and lower
revision rates when compared to screw fixation in Her-
scovici Type C fractures. However, screw fixation demon-
strated better outcomes compared to TBW fixation in
Herscovici Type D fractures. TBW was superior in small
broken bone pieces, poor bone quality, and transverse
fractures, while screws were superior in young patients
and oblique fractures. They concluded that when the suit-
able fixation method was chosen according to the size and
type of the fracture and the patient’s general condition,
excellent clinical and radiological results could be achieved
without any complications.**! However, in our study,
no functional superiority was observed in patients who
underwent the TBW procedure, and the outcomes were
similar for both TBW fixation and fully threaded cannu-
lated screw fixation. We also found TBW fixation to have
poorer outcomes compared to half-threaded cannulated
screw fixation. The TBW fixation group was also observed
to have poorer joint alignment and a smaller ankle corner
angle. Contrary to the literature, TBW fixation was ob-
served to have poorer clinical and radiological outcomes.
We concluded that the poor clinical outcomes of TBW
fixation corresponded to the radiological evaluations.
Although we found no significant difference among fixa-
tion methods regarding complications, TBW was found to
have other disadvantages when compared to screw fixa-
tion. These disadvantages were the proximal extension of
the incision to the fracture pattern and the necessity of a
secondary surgery.?>2! We believe that one of the reasons

for the TBW group having the lowest AOFAS score was
patient dissatisfaction due to implant irritation.

In a biomechanical and clinical study by Ricci et al.,»*! fully
threaded cannulated screws were used in 46 patients, and
half-threaded cannulated screws were used in another
46 patients. Fully threaded cannulated screws had better
biomechanical, radiographical, and clinical outcomes when
compared to half-threaded cannulated screws. Screw loos-
ening was found to be significantly higher (11 times) in
fully threaded cannulated screw fixation when compared
to half-threaded cannulated screw fixation. In transverse
fractures, the strongest fixation was observed in the fully
threaded screw fixation group after the tension and com-
pression forces.'"?! In a study by Yammine et al.,?! they
emphasized less screw loosening and less necessity for
implant removal in fully threaded cannulated screw fixa-
tion when compared to half-threaded cannulated screw
fixation.

They also stated that fixation with screws might not
achieve rigid fixation in this region due to the spongiform
nature of the distal tibial metaphysis, especially in the pres-
ence of osteoporosis. They supported that fully threaded
cannulated screws provided better compression in the dis-
tal tibial metaphysis region and showed better outcomes
by increasing tensile force.’””’ When compared with TBW
fixation, fully and half-threaded cannulated screw fixations
were found to have shorter operation times, less need
for implant removal due to less implant irritation, and
the incisions could be made smaller during operations.®®!
However, in our study, we did not find any significant dif-
ference between half-threaded and fully threaded cannu-
lated screw fixation groups, but we obtained better results
regarding AOFAS scores in the half-threaded cannulated
screw fixation group.

In a biomechanical study by Parker et al.,! 4 mm fully
threaded cancellous screws were found to apply a signif-
icantly higher amount of compression into the fracture
region when compared to partially threaded isometric
cancellous screws.

Our study had limitations. Headless compression screws
were not included in the study as we did not use them due
to their high cost. Bone density (DEXA) scans were not
carried out to evaluate the bone quality of the patients,
and time to union for the fractures was not assessed. We
also believe that potential bias might have occurred due
to the retrospective design of the study, the relatively low
number of patients, the lack of a biomechanical compar-
ison with other fixation methods, and the lack of an in-
dependent orthopedist’s evaluation. The strength of our
study was the assessment of similar isolated medial malle-
olus fractures.

Conclusion

Our study demonstrated satisfying results in all three fix-
ation methods used for medial malleolus fractures. More-
over, the incidence of pain/sensitivity and palpation of the
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medial malleolus associated with implant irritation was
lower in the fully threaded cannulated screw group when
compared to the other two groups. Radiological measures
were found to be better in the TBW group than in the
other two groups, and the AOFAS score was found to be
higher in the half-threaded cannulated screw group. No
significant difference was found among the three groups
regarding complications. VWe concluded that fixation with
cannulated screws was a safer and more effective method
when compared to the TBW method in the treatment of
the medial malleolus. There is a shortage of studies com-
paring these three methods in the literature. We believe
our study will make a valuable contribution to the liter-
ature. Prospective, double-blind, randomized controlled
studies are needed to reach more accurate results.
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Herscovici Tip C Medial Malleol Kinklarnnda Tam Yivli Kanule Vida, Yarim Yivli Kanule

Vida ve Gergi Bandi ile Tespitin Karsilastinlmas: Retrospektif Bir Klinik Calisma

Amag: Medial malleol kiriklarinda anatomik rediiksiyon saglamak ve erken mobilizasyonu miimkiin kilmak igin genellikle cerrahi tedavi tercih
edilir. Bu galisma, Herscovici Tip C medial malleol kiriklarinin tension-band wiring (TBW) ve yarim ve tam yivli kaniile vidalar kullanilarak
tespit edilmesinin klinik ve radyolojik sonuglarini degerlendirmeyi amaglamaktadir.

Gereg ve Yontem: Bu retrospektif calisma, Ocak 2012 ile Aralik 2022 arasinda izole medial malleol kirigi nedeniyle ameliyat edilen 18-
65 yas arasi hastalari igermektedir. Bir yildan az takip siiresi olanlar, Herscovici Tip C disindaki kiriklari olanlar; agik kiriklari olanlar, bagka
implant kullananlar veya takibi kaybedilenler calisma disi birakildi. Radyolojik degerlendirmeler, preoperatif anteroposterior, lateral ve mortis
radyografileri ile bilgisayarli tomografi taramalari kullanilarak yapildi. Talokrural agi, kose agisi ve talus ile tibia tavani arasindaki hizalanma
degerlendirildi. Klinik sonuglar, Amerikan Ortopedik Ayak ve Ayak Bilegi Dernegi (AOFAS) Ayak Bilegi-Arka Ayak Skalasi kullanilarak 6lgiildi.
istatistiksel analiz SPSS yazilimi kullanilarak yapildi.

Bulgular: Toplam 178 hasta galismaya dahil edildi: 55’i (%30.9) TBWV tespiti, 60'1 (%33.7) yarim yivli kaniile vida tespiti ve 63’li (%35.4) tam
yivli kaniile vida tespiti uygulandi. Ortalama takip siiresi 76 ay ve ortalama yas 32.2 yildi. TBW grubunun takip siiresi diger gruplara gére
anlamli derecede daha uzundu (p=0.000), yarim ve tam yivli vida gruplari arasinda fark yoktu. Kirik tarafi, travma mekanizmasi veya implant
gikarma ihtiyaci agisindan gruplar arasinda fark yoktu. Postoperatif talokrural agi gruplar arasinda benzerdi (p=0.530). Postoperatif kose
agisl, TBW grubunda (ortalama: 63.4), yarim yivli (ortalama: 65.8) ve tam yivli (ortalama: 65,2) vida gruplarina gére anlamli derecede daha
diisiiktii (p=0.049). AOFAS skorlari, yarim yivli vida grubunda (ortalama: 89,1), TBW (ortalama: 84.2) ve tam yivli vida gruplarina (ortalama:
85.9) gore anlamli derecede daha yiiksekti (p=0.02). Talus’un iist yiizeyi ile anterior tibia tavani arasindaki hizalanma agisindan yarim ve tam
yivli vida gruplari arasinda anlamli fark bulunmadi. TBW grubunda yanhs hizalanmis eklem sayisi diger gruplara gére anlamli derecede daha
yuksekti (p=0.000).

Sonug: Radyolojik sonuglar; yarim ve tam yivli kaniile vida tespiti gruplarinda TBW tespiti grubuna gore daha iyiydi. AOFAS skorlari, yarim
yivli vida tespiti grubunda en yiiksekti. Komplikasyonlar agisindan gruplar arasinda anlamli fark bulunmadi. Calismada, kaniile vida tespitinin
izole medial malleol kiriklarinin tedavisinde TBWV tespiti yontemine gore daha giivenli ve etkili bir yontem oldugu sonucuna varildi.

Anahtar Sozciikler: Gergi bandi ydontemi; kantile vida ile tespit; medial malleol kirg.
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INTRODUCTION

Diabetic ketoacidosis (DKA) is a metabolic emergency
frequently observed in patients with type | diabetes and
is potentially life-threatening. DKA is characterized by hy-
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ABSTRACT

Objective: This study aimed to evaluate the effectiveness of the Rapid Emergency Medicine
Score (REMS) and the Rapid Acute Physiology Score (RAPS) in predicting mortality among
patients with diabetic ketoacidosis (DKA) in the emergency department.

Methods: A retrospective cross-sectional study was conducted on | | | patients diagnosed
with DKA who were admitted to the emergency department of a tertiary hospital between
June 1, 2021, and June I, 2022. Inclusion criteria were patients aged |8 years and older who
met the diagnostic criteria for DKA as defined by the American Diabetes Association. Data
on vital signs, laboratory results, and clinical outcomes were collected. The predictive power
of the REMS and RAPS scores for mortality was assessed using Receiver Operating Charac-
teristic (ROC) curve analysis to determine the area under the curve (AUC) for each score.
Descriptive statistics and non-parametric tests were used to analyze the data.

Results: A total of |11 patients with DKA were included in this study. The cohort com-
prised 64 males (57.6%) and 47 females (42.3%), with a mean age of 51.86£20.27 years.
Among the patients, 7 (6.31%) were discharged, 56 (50.45%) were admitted to the general
ward, 35 (31.53%) to the intensive care unit (ICU), and |13 (11.71%) patients died. The REMS
score demonstrated a higher predictive power for mortality in DKA patients, with an AUC
of 0.712, compared to an AUC of 0.60 for the RAPS score.

Conclusion: The REMS score proved to be a more effective tool than the RAPS score in
predicting mortality among DKA patients. Given its higher accuracy and reliability, the REMS
score could be valuable as an early warning system in the management of DKA in emergency
settings. Routine use of REMS in similar critical conditions is recommended.

perglycemia, ketonemia, and metabolic acidosis as a result
of insulin deficiency and increased levels of counter-regula-
tory hormones. This condition can lead to severe dehydra-
tion, electrolyte imbalances, and acid-base disturbances.
[] The diagnosis and management of DKA in emergency
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departments are of great importance because the mor-
tality rate is significantly high if not treated promptly and
appropriately. Rapid and accurate recognition and manage-
ment of DKA increase patients’ chances of survival and
reduce complications.

In critical conditions such as DKA, the implementation of
scoring systems is indispensable for guiding clinical deci-
sion-making and optimizing patient care. DKA, marked by
severe metabolic disturbances, including hyperglycemia,
ketonemia, and acidosis, poses a significant risk of morbid-
ity and mortality if not promptly and effectively managed.
Scoring systems provide a structured approach to evaluat-
ing the severity of a patient’s condition by quantifying vital
physiological parameters. These tools allow clinicians to
prioritize interventions based on the patient’s risk profile,
ensuring that those with the highest need receive timely
and appropriate treatment. By offering a standardized
method to assess and monitor disease progression, scor-
ing systems are critical in improving outcomes in patients
with life-threatening conditions like DKA.

The Rapid Emergency Medicine Score (REMS) and the
Rapid Acute Physiology Score (RAPS) are two impor-
tant scoring systems used in emergency departments to
quickly assess the overall condition of patients and esti-
mate their mortality risk.[*® In REMS, parameters such as
age, mean arterial pressure, heart rate, respiratory rate,
body temperature, and the Glasgow Coma Scale (GCS)
are included. Each of these parameters is assessed with
specific points, and the total score reflects the patient’s
overall condition and mortality risk.”'? In RAPS, param-
eters such as mean arterial pressure, heart rate, respira-
tory rate, and GCS are included, and similarly, it is used
to quickly assess the patient’s physiological condition.!'"!?
These scores play a crucial role in clinical decision-mak-
ing processes and can be applied quickly and effectively in
emergency departments.

The aim of this study is to examine the predictive power
of RAPS and REMS scores in estimating mortality in pa-
tients with DKA.

MATERIALS AND METHODS

This retrospective cross-sectional study includes patients
diagnosed with DKA who presented to the emergency de-
partment of a tertiary hospital between June |, 2021, and
June 1, 2022. Ethics approval was obtained from Kartal
Dr. Liitfi Kirdar City Hospital Ethics Committee with the
decision dated 30.06.2022 and numbered 2022/514/228/3.
The study included patients over the age of 18 who pre-
sented to the emergency department and met the diag-
nostic criteria for DKA. The diagnostic criteria for DKA
include hyperglycemia, ketonemia or ketonuria, and
metabolic acidosis, as defined by the American Diabetes
Association (ADA).I''] The data were obtained from the
hospital’s electronic patient record management system.
Patients who did not meet the DKA diagnostic criteria,
patients for whom REMS or RAPS scores could not be
calculated, patients whose emergency department triage

data could not be accessed through the electronic patient
record management system, and patients transferred from
another hospital were excluded from the study.

For all patients included in the study, age, gender, vital
signs (blood pressure, heart rate, respiratory rate, body
temperature), laboratory parameters (blood glucose,
serum electrolytes, blood gases), and medical history were
recorded digitally. Vital signs and laboratory results were
evaluated as the initial data obtained at the time of the
emergency department visit.

The REMS includes parameters such as age, mean arterial
pressure, heart rate, respiratory rate, body temperature,
and GCS. The RAPS, on the other hand, includes param-
eters such as mean arterial pressure, heart rate, respira-
tory rate, and GCS. These scores are used to estimate
the overall condition and mortality risk of patients. Higher
REMS and RAPS indicate worse clinical outcomes and a
higher risk of mortality.

The primary aim of the study is to evaluate the effective-
ness of REMS and RAPS in predicting mortality in DKA
patients presenting to the emergency department.

Statistical Analysis

Statistical analyses were performed using the SPSS ver-
sion 25 statistical software package. Descriptive statistical
methods (mean, frequency, percentage) were used to sum-
marize the data during the evaluation of the study findings.
The normality distribution of continuous variables was as-
sessed using the Shapiro-Wilk test. Since the assumption
of normal distribution was not met, the Mann-Whitney U
test was applied to examine differences between the two
groups. Relationships between two continuous variables
were investigated using Spearman’s rho correlation coef-
ficients. To determine the predictive power of the scores
used in identifying patient mortality, ROC analysis was
performed. A p-value of <0.05 was considered statistically
significant for all tests.

RESULTS

In this study, | |1 patients diagnosed with DKA who met
the inclusion criteria were included. Of these patients, 64
(57.6%) were male, and 47 (42.3%) were female, with a
mean age of 51.86+20.27 years (range 19-90 years). Seven
patients (6.31%) were discharged, 56 (50.45%) were ad-
mitted to the ward, and 35 (31.53%) were admitted to
the intensive care unit (ICU), with 13 (11.71%) patients
who died. Patients admitted to the ward stayed an average
of 5.81+4.86 days (range 0-23), while those in the ICU
stayed an average of 6.04+3.69 days (range |-18). The de-
mographic information of the patients, along with their
hospital admission, non-survivor, and discharge statuses, is
presented in Table |.

The statistical data for the criteria used in the REMS and
RAPS, including age, mean arterial pressure, heart rate,
respiratory rate, oxygen saturation, and GCS values,
which were used to predict patient mortality, are summa-
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Table |. Basic statistics of categorical variables of
patients
Variable Frequency Percentage
Sex
Man 64 57.66
Woman 47 42.34
Outcome
Outpatient 7 6.31
Inpatient Unit 56 50.45
Intensive Care Unit 35 31.53
Non-survivor 13 11.71

rized in Table 2.

A ROC analysis was performed to compare the power of
the RAPS and REMS in predicting patient mortality. This
analysis identified the appropriate positivity threshold,
critical values, and the quality of mortality prediction for
each score. According to the ROC analysis results pre-
sented in Table 3, the area under the curve (AUC) for the
RAPS was 0.60 (p>0.05), which was not statistically signif-
icant. For the REMS, the AUC was 0.712 (p<0.05), which
was statistically significant (Tables 3-4).

The sensitivity of correctly identifying non-survivor pa-
tients was higher for the REMS, while the specificity of
correctly identifying non-survivor patients was higher for
the RAPS. Based on the Youden | index, the discriminatory
ability of the REMS in predicting mortality was higher than
that of the RAPS. Additionally, when considering the non-
survivor criteria, it was observed that a RAPS greater than
4 and a REMS greater than 5 were associated with a higher
likelihood of non-survival (Tables 3-4).

DISCUSSION

The key findings of this study reveal that REMS and RAPS
scores have different levels of effectiveness in predicting
mortality in DKA patients. It was observed that the REMS
score could be used with higher accuracy for mortality
prediction. ROC analyses demonstrated that the REMS
score has higher sensitivity and specificity rates, while the
RAPS score did not exhibit sufficient performance in this
regard. These findings suggest that the REMS score may be
a more effective tool in the management of DKA patients
in emergency departments.

Scoring systems in emergency departments play a crucial
role in the rapid and accurate assessment of patients’ clin-
ical conditions. These tools provide healthcare profession-

Table 2. Basic statistics of vital values of patients

Variable Mean Standard Deviation Minimum-Maximum
Age (years) 51.86 20.27 19-90

Mean arterial pressure (mmHg) 93.11 46.86 36.67-156.67
Pulse rate (/min) 99.40 19.48 64-160
Respiratory rate (/min) 20.95 7.76 12-40
Oxygen Saturation (%) 95.92 5.74 50-100

Table 3. Predictive performance of RAPS in terms of severity in diabetic ketoacidosis patients
AUROC
(95% CI) Youden | Cut-off Sensitivity (95% CI) Specificity (95% CI) p value
0.600
(0.503-0.692) 0.283 >4 46.2
(35.3-65.5) 89.8 (67.5-94.6) 0.3367
RAPS: Rapid Acute Physiology Score; AUROC: Area under the receiver operating characteristic; Cl: Confidence interval.
Table 4. Predictive performance of REMS in terms of severity in diabetic ketoacidosis patients
AUROC
(95% CI) Youden Cut-off Sensitivity (95% CI) Specificity (95% Cl) p value
0.712
(0.619-0.794) 0.3760 >5 69.2
(45.7-77.5) 68.4 (49.2-84.3) 0.0134

REMS: Rapid Emergency Medicine Score; AUROC: Area under the receiver operating characteristic; Cl: Confidence interval.
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als with a standardized method to evaluate the severity of
iliness, prioritize treatment, and make informed decisions
about patient management. By quantifying various physio-
logical parameters, scoring systems such as the REMS al-
low for early identification of high-risk patients, ensuring
timely intervention. The integration of these systems into
routine practice not only enhances patient outcomes but
also optimizes the allocation of limited resources in the
fast-paced and high-stakes environment of emergency care.

In critical conditions such as DKA, the use of scoring
systems is essential for assessing the severity of the pa-
tient’s condition and guiding clinical management. DKA
is a life-threatening metabolic emergency that requires
prompt and precise treatment to prevent complications
and reduce mortality. Scoring systems like REMS or the
RAPS score enable clinicians to systematically evaluate the
physiological derangements associated with DKA, such as
electrolyte imbalances, acid-base disturbances, and organ
dysfunction. By providing a quantifiable measure of illness
severity, these tools help prioritize interventions and
monitor the patient’s response to treatment, ultimately
improving the chances of survival in such critical scenarios.

DKA is a common and serious complication, particularly
in type | diabetes. Diagnosing and managing DKA in emer-
gency departments is critical to increasing patients’ chances
of survival. DKA is characterized by hyperglycemia, ke-
tonemia, and metabolic acidosis due to insulin deficiency
and elevated counter-regulatory hormone levels. Hyper-
glycemia leads to severe dehydration and electrolyte loss
through osmotic diuresis. This condition, especially when
combined with potassium imbalance and metabolic acido-
sis, increases the risk of cardiac and neurological compli-
cations. Ketonemia and ketonuria result from increased
lipolysis and the production of ketone bodies, which are
the primary causes of metabolic acidosis. The pathophys-
iology of DKA is a complex process requiring prompt
and appropriate treatment, and managing this condition
in emergency departments is crucial for reducing patient
mortality and morbidity. Treatment generally focuses on
insulin replacement, fluid therapy, and electrolyte balance.
However, the rapid and accurate assessment of patients’
clinical conditions enhances the effectiveness of the treat-
ment process and helps prevent complications.['* €]

REMS and RAPS are important tools used in patient as-
sessment and triage processes in emergency departments.
REMS includes parameters such as age, mean arterial
pressure, heart rate, respiratory rate, body temperature,
and GCS. These parameters reflect the patient’s overall
physiological condition and are used to determine mor-
tality risk. For example, the age factor indicates that older
patients have a higher mortality risk compared to younger
ones. Mean arterial pressure is an indicator of hemody-
namic stability, with low pressures associated with a higher
risk of mortality. Heart rate and respiratory rate assess the
status of cardiac and respiratory functions. Body temper-
ature can indicate the presence of infection or a systemic
inflammatory response. GCS provides a rapid assessment
of neurological status, with lower scores associated with

poor prognosis. The RAPS, on the other hand, includes
mean arterial pressure, heart rate, respiratory rate, and
GCS parameters and is similarly used for quickly assessing
the patient’s physiological condition. However, it has been
observed that the REMS offers a more comprehensive
evaluation and, therefore, may have broader applicability in
emergency departments.!'’]

In the literature, there are various studies on the use and
effectiveness of REMS and RAPS scores in different clinical
scenarios. Many studies have demonstrated that the REMS
is a reliable tool for predicting mortality in conditions such
as sepsis, trauma, and other critical illnesses. For instance, a
study conducted by Imhoff et al.l'® reported that the REMS
had high accuracy in predicting mortality among trauma pa-
tients. This study showed that the REMS was particularly
effective in predicting mortality in trauma patients at the
time of hospital admission.l'® Similarly, in the study con-
ducted by Ruangsomboon et al.,l'"! the use of the REMS in
patients with suspected sepsis was examined, and it was
shown to have higher accuracy in predicting mortality com-
pared to other early warning systems. These studies sup-
port the broad applicability of the REMS in various critical
situations. Additionally, studies on the use of the RAPS in
emergency departments have shown that it can be a use-
ful tool for quick assessment. However, it has been deter-
mined that the REMS offers higher accuracy and reliability.

This research faces certain limitations. Firstly, as it is a ret-
rospective study, there is an inherent risk of inaccuracies in
data collection and recording. Additionally, since the study
was conducted at a single center, the results may not be
widely applicable to other settings. Furthermore, the rel-
atively small sample size could limit the strength of the
conclusions, indicating that larger studies might yield more
definitive results. To address these issues, future research
should focus on prospective and multicenter studies to
confirm and expand upon these findings.

Conclusion

This study evaluated the effectiveness of REMS and RAPS
in predicting mortality in DKA patients. The findings indi-
cate that the REMS is more effective in predicting mortal-
ity in DKA patients. The REMS can be used as a rapid and
accurate assessment tool in emergency departments and
may play a significant role in patient management. There-
fore, it is recommended that the routine use of the REMS
be considered in DKA and similar critical conditions.
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Diyabetik Ketoasidoz Hastalannda Mortalite Riskinin Belirlenmesinde Hizli Akut

Fizyoloji Skoru ve Hizli Acil Tip Skorunun Ongori Guicu

Amag: Bu calisma, acil serviste diyabetik ketoasidoz (DKA) hastalarinda mortalite tahmininde Rapid Emergency Medicine Score (REMS) ve
Rapid Acute Physiology Score (RAPS) skorlarinin etkinligini degerlendirmeyi amagladi.

Gereg ve Yontem: Retrospektif kesitsel bir galisma, | Haziran 2021 - | Haziran 2022 tarihleri arasinda bir lgtincii basamak hastanenin
acil servisine basvuran ve DKA tanisi alan ||| hasta lizerinde gergeklestirildi. Dahil edilme kriterleri, Amerikan Diyabet Dernegi tarafindan
tanimlanan DKA tani kriterlerine sahip 18 yas ve uzeri hastalari igeriyordu. Vital bulgular, laboratuvar sonuglari ve klinik sonuglara iliskin
veriler toplandi. REMS ve RAPS skorlarinin mortaliteyi tahmin etme giicii, her bir skor igin egri altindaki alani (EAA) belirlemek amaciyla
ROC (Receiver Operating Characteristic) egrisi analizi kullanilarak degerlendirildi. Verilerin analizi igin tanimlayici istatistikler ve parametrik
olmayan testler kullanildi.

Bulgular: Bu calismaya toplam |11 DKA hastasi alindi. Kohort, 64 erkek (%57.6) ve 47 kadindan (%42.3) olusmakta olup, yas ortalamasi
51.86420.27 yildir. Hastalardan 7’si (%6.3 1) taburcu edilirken, 56’si (%50.45) servise, 35’ (%31.53) yogun bakim nitesine (YBU) kabul edilmig
ve |3 hasta (%1 1.71) hayatini kaybetmistir. REMS skoru, DKA hastalarinda mortaliteyi 6ngérmede RAPS skoruna kiyasla daha yiiksek bir
prediktif glice sahip olup, EAA degeri 0.712 iken, RAPS skoru igin bu deger 0,60 olarak bulunmustur.

Sonug: REMS skoru, DKA hastalarinda mortaliteyi tahmin etmede RAPS skorundan daha etkili bir arag olarak éne gikti. Yiiksek dogrulugu ve
guivenilirligi géz 6niine alindiginda, REMS skoru, acil servislerde DKA y6netiminde erken uyari sistemi olarak degerli olabilir. REMS skorunun
benzer kritik durumlarda rutin kullaniminin degerlendirilmesi 6nerilmektedir.

Anahtar Sézciikler: Acil servis; diyabetik ketoasidoz; erken uyari sistemler.
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INTRODUCTION

Thoracolumbar fractures are the most common injuries
to the spine and account for more than 50% of all trau-
matic spine cases. However, fracture dislocations are rare
and occur in less than 3%. Thoracolumbar fracture dislo-
cations are an important cause of morbidity and mortal-
ity in these patients.l' Neurological deficit is observed in
the majority of cases and always requires urgent surgical
reduction and stabilization.”? In this study, cases in which
thoracolumbar fracture dislocation was detected as a re-
sult of high-energy trauma and urgently operated on in our
clinic are discussed in light of the literature.

In our case series, there were 5 male and | female patient.

Julide Hazneci]

Thoracolumbar fracture dislocations are important cause of morbidity in patients with a his-
tory of accidents causes high energy trauma. In this type of spinal trauma, all three columns
of the spine affect due to high-energy and may cause serious neurological deficits. There is
two major surgical options when stabilization is indicated. Short segment and long segment
stabilization options have their own advantages and disadvantages. In this brief report we
will present the outcomes of our case series with thoracolumbar fracture dislocations that
were managed with long segment stabilization. In our case series, neurological recovery was
achieved in 4 of 6 patients to whom we applied emergency surgical treatment within 8 hours.
We showed that reduction, stabilization and decompression performed with emergency
surgical treatment had positive effects on the neurological recovery of patients.

Their ages varied between 14 and 62. Most of the time,
a fall from height was the mechanism of the accident. All
patients were indicated for surgery, and we operated on
them and stabilized the vertebrae with long-segment pos-
terior fixation (Table I).

CASE REPORT

Case |

A 24-year-old male patient was injured as a result of falling
from a height. He was brought to the emergency depart-
ment with complaints of waist and back pain and weakness
in both lower extremities. On neurological examination,
both lower extremities were paraplegic and anesthetized
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Table I. Demographic characteristics of the patients
No Age, Trauma Preop Pathology Additional Surgery Postop Follow Last
Gender Neurological pathology Complication -up  Neurological
examination examination
24,M Fallfrom  ASIA-A TIO-TII Right T8-L2 posterior (-) 8 year ASIA-B
height fracture pulmonary  stabilization and
dislocation contusion reduction
2 24,M Blunt ASIA-A T8-9 Sternum  T5-T|2 posterior (-) 4 year ASIA-A
trauma fracture fracture, stabilization and
dislocation multiple reduction T8 to-
costa tal laminectomy,
fracture duraplasty
and left
hemothorax
3 62,M Fallfrom  ASIA-A TI2-LI ) T9-L4 posterior -) 4 year ASIA-E
height fracture stabilizasyon,
dislocation rediiksiyon
4 14, W Fallfrom  ASIA-A L1-2 fracture -) T10-S| posterior -) 4 year ASIA-D
height dislocation, stabilization and (-)
L5 reduction, L2 to-
comperssion tal laminectomy,
fracture duraplasty
5 52,M Fallfrom  ASIA-A TII-TI12 -) T7-L4 posterior CSF 5 year ASIA-A
height fracture stabilization and
dislocation reduction
6 23, M Car ASIA-A TII-12 Right T8-L3 posterior Fistula, 2 year ASIA-D
accident fracture hemothorax stabilization and abscess
dislocation reduction
T12 total

laminectomy,
duraplasty

below the TI 1 level (ASIA A). In the patient’s spinal com-
puted tomography (CT) scans, a fracture dislocation (AO
Spine Type C injury) was detected at the TI0-TI I level
(Figure 1A-1B), and a contusion in the right lung was de-
tected in the thorax CT. The patient, whose general con-
dition was stable, was taken into emergency surgery. T8-
L2 posterior stabilization was performed (Figure |1C-1D).
The patient was transferred to the physical therapy clinic
on the 3rd postoperative day. The follow-up period was 8
years. His last neurological examination was observed as
ASIA-B.

Case 2

A 24-year-old male patient was brought to the emergency
room with an injury caused by a concrete pump hitting his
back during construction. In his neurological examination,
his bilateral lower extremities were paraplegic and anes-
thetized below the T8 level (ASIA A). The patient had a
T8-9 fracture dislocation (AO Spine Type C injury) (Figure
IE-1F), sternum fracture, multiple rib fractures, and left
hemothorax, which were detected in the CT examina-

tions. A tube thoracostomy was performed. The patient,
whose general condition was stable, was urgently operated
on, and T5-T 12 posterior stabilization was performed. T8
total laminectomy was performed (Figure |G-1H), bone
fragments compressing the spinal cord were removed, and
duraplasty was performed. The patient was transferred to
the physical therapy unit on the 7th postoperative day. The
follow-up period was 4 years. His last neurological exami-
nation was evaluated as ASIA-A.

Case 3

A 62-year-old male patient was brought to the emer-
gency room after falling from a height. On neurological
examination, both lower extremities were paraplegic and
anesthetized below the L1 level (ASIA A). Spinal CT scans
revealed a fracture dislocation (AO Spine Type C injury)
at the T12-L1 level (Figure 2A-2B). The patient, who had
no additional pathology and whose general condition was
stable, was operated on urgently. The patient, who under-
went posterior stabilization between T9-L4 (Figure 2C-
2D), was transferred to the physical therapy unit on the
3rd postoperative day. The follow-up period was 4 years.
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Figure 1. (a) Preoperative sagittal thoracolumbar computed
tomography (CT) image of Case 1, (b) Preoperative coronal
thoracolumbar CT image of Case 1, (c) Postoperative sagittal
thoracolumbar CT image of Case 1, (d) Postoperative coronal
thoracolumbar CT image of Case 1, (e) Preoperative sagittal
thoracolumbar CT image of Case 2, (f) Preoperative coronal
thoracolumbar CT image of Case 2, (g) Postoperative sagittal
thoracolumbar CT image of Case 2, (h) Postoperative coronal
thoracolumbar CT image of Case 2.

His last neurological examination was observed as intact,
ASIA-E.

Case 4

A 14-year-old girl was brought to the emergency depart-
ment after falling from a height. On neurological exami-
nation, both lower extremities were paraplegic and anes-
thetized below the L2 level (ASIA A). The patient, whose
spinal CT examination revealed L1-2 fracture dislocation
(AO Spine Type C injury) and L5 partial compression, was
taken into surgery urgently (Figure 2E-2F). Posterior stabi-
lization was performed between T10-SI. L2 total laminec-
tomy was performed, bone fragments in the spinal canal
were removed, and duraplasty was performed (Figure
2G-2H). She was transferred to the physical therapy unit
on the 5th postoperative day. The follow-up period was 4
years. Her last neurological examination was evaluated as
ASIA-D.

Case 5

A 52-year-old male patient was brought to the emergency
room due to a fall from a height. His neurological exami-
nation revealed paraplegia in both lower extremities and
anesthesia below the TI1 level (ASIA A). The patient,
whose examinations revealed a T11-T12 fracture disloca-
tion (AO Spine Type C injury) (Figure 3A-3B), was oper-
ated on urgently, and a T7-L4 posterior stabilization and

Figure 2. (a) Preoperative sagittal thoracolumbar CT image of
Case 3, (b) Preoperative coronal thoracolumbar CT image of
Case 3, (c) Postoperative sagittal thoracolumbar CT image of
Case 3, (d) Postoperative coronal thoracolumbar CT image of
Case 3, (e) Preoperative sagittal thoracolumbar CT image of
Case 4, (f) Preoperative coronal thoracolumbar CT image of
Case 4, (g) Postoperative sagittal thoracolumbar CT image of
Case 4, (h) Postoperative coronal thoracolumbar CT image of
Case 4.

reduction operation was performed (Figure 3C-3D). The
follow-up period was 5 years. His last neurological exami-
nation was evaluated as ASIA-A.

Case 6

A 24-year-old male patient was brought to the emergency
room after an in-car traffic accident. In his neurological
examination, his bilateral lower extremities were para-
plegic and anesthetized below the LI level (ASIA A). A
spinal CT scan revealed a TI1-T12 fracture dislocation
(AO Spine Type C injury) and hemothorax in the right
lung (Figure 3E-3F). A tube thoracostomy was performed
on the right lung. The patient, whose general condition
was stable, was taken into emergency surgery. Posterior
stabilization was performed between T8-L3 (Figure 3G-
3H). With TI2 total laminectomy, bone fragments that
were compressing the spinal cord from the anterior were
pushed anteriorly, and duraplasty was performed. Exter-
nal lumbar drainage was installed in the patient, who was
found to have a CSF fistula during postoperative follow-up.
Vancomycin and Meropenem treatment were started for
the patient, who had fever, neck stiffness, and pus from the
wound on the |2th postoperative day. When pan-resistant
Klebsiella pneumoniae grew in the CSF culture, Polymyxin,
Fosfomycin, and Meropenem treatment was started. Due
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Figure 3. (a) Preoperative sagittal thoracolumbar CT image of
Case 5, (b) Preoperative coronal thoracolumbar CT image of
Case 5, (c) Postoperative sagittal thoracolumbar CT image of
Case 5, (d) Postoperative coronal thoracolumbar CT image of
Case 5, (e) Preoperative sagittal thoracolumbar CT image of
Case 6, (f) Preoperative coronal thoracolumbar CT image of
Case 6, (g) Postoperative sagittal thoracolumbar CT image of
Case 6, (h) Postoperative coronal thoracolumbar CT image of
Case 6.

to the development of an abscess in the operation area in
the control MR, the patient was taken into re-operation,
and abscess drainage was performed and the CSF fistula
was repaired. The patient, whose antibiotic treatment was
completed, was transferred to the physical therapy unit at
the 8th postoperative week. The follow-up period was 2
years. His last neurological examination was evaluated as
ASIA-D.

DISCUSSION

Thoracolumbar fracture dislocations are treated surgically
with long-segment posterior stabilization. While surgical
fixation allows early rehabilitation, the chance of neurolog-
ical recovery is rare. Many cases of thoracolumbar fracture
dislocations without spinal cord injury have been reported
in the literature. This is an issue that needs to be taken into
consideration in terms of the risk of neurological deficits
during the transfer of the patient to the operating table
and during surgical treatment. Kanna et al.l’! reported in
their case series of 36 thoracolumbar fracture dislocation
cases without spinal cord injury that they divided these

injuries radiologically into four types: coronal translation
(Type 1), sagittal translation (Type 2), anterior-combined
translation (Type 3a), and posterior-combined translation
(Type 3b). They reported that translation can occur in
one or two planes, depending on the variability in the dis-
tortion of the posterior ligamentous structures and facet
joints.’] Three of our cases were sagittal translation (Type
I) and three were posterior-combined (Type 3b) injuries.

Chokshi et al. applied short-level posterior stabilization,
including the fracture level, to 50 patients who were oper-
ated on with the diagnosis of thoracolumbar fracture dis-
location. Their average follow-up period was 8.4 months,
and they argued that including the fracture level in short-
-segment fixation in thoracolumbar fracture dislocations
could eliminate the need for traditional long-segment fix-
ation.l'l Similarly, Mittal et al.! reported that 12 of the
26 cases with thoracolumbar fracture dislocation were
stabilized at a long level, two levels above and two levels
below the fracture level, and applied short-level posterior
stabilization to 14 of them, one level above and one level
below, including the fracture level. Their follow-up period
was 8.64 months, and they reported that short-segment
stabilization can be used in the treatment of thoracolum-
bar fracture dislocations because short-segment stabiliza-
tion is associated with less blood loss, shorter intraopera-
tive time, and has similar radiological and clinical results to
long-segment fixation."!

Wang et al.! reported that due to the high level of in-
stability, early surgical treatment with decompression,
reduction, and stabilization is the best policy in patients
with thoracolumbar fracture dislocation, and they rec-
ommended long-level stabilization in these cases due to
higher rigidity.’! We preferred reduction and fusion with
long-level stabilization in all our cases. In a series of 53
thoracolumbar fracture dislocation cases, Farooque et
al.®! applied interbody fusion with fragmented autogenous
bone grafts to the fracture level after long-level fixation.
They achieved 90.56% fusion at the end of one-year fol-
low-up. They also stated that one upper and one lower
short-segment instrumentation at the fracture level could
provide 360-degree fusion and adequate spinal stability in
non-ambulatory patients.!!

Although it is known that the prognosis of patients with
incomplete spinal cord injury is much better, it has been
reported that patients with complete injuries can also
benefit from early surgical decompression within 24 hours.
Regarding the timing of surgical decompression after acute
spinal cord injury, it has been emphasized that the opti-
mal duration should be 8 hours, especially in animal ex-
periments.”] In our case series, neurological recovery was
achieved in 4 of 6 patients to whom we applied emergency
surgical treatment within 8 hours.

Conclusion

Thoracolumbar fracture dislocations are spinal traumas
that affect all three columns of the spine due to high-en-
ergy traumas and cause serious neurological deficits. We
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showed that reduction, stabilization, and decompression
performed with emergency surgical treatment may have
positive effects on the neurological recovery of patients.
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Vaka Serisi

Yuksek Enerjili Travma Sonucu Olusan Torakolomber Kinkl Cikiklann Yonetimi: Klinik

Torakolomber kirikli gikiklar, yiiksek enerijili travmaya neden olan kaza &ykiisii olan hastalarda 6nemli bir morbidite nedenidir. Bu tiir omurga
travmalarinda omurganin g stitunu da yiiksek enerji nedeniyle etkilenir ve ciddi nérolojik defisitlere neden olabilir. Stabilizasyon endike ol-
dugunda iki ana cerrahi segenek vardir. Kisa segment ve uzun segment stabilizasyon segeneklerinin kendilerine gore avantaj ve dezavantajlari
bulunmaktadir. Bu raporda uzun segment stabilizasyonu ile tedavi edilen torakolomber kirikli gikikli olgu serimizin sonuglarini sunacagiz. Olgu
serimizde acil cerrahi tedavi uyguladigimiz 6 hastanin 4’iinde 8 saat iginde nérolojik iyilesme saglandi. Acil cerrahi tedavi ile yapilan rediksiyon,
stabilizasyon ve dekompresyonun hastalarin nérolojik iyilesmesi lizerine olumlu etkileri oldugunu gosterdik.

Anahtar Sozciikler: Cerrahi tedavi; spinal travma; torakolomber kirikli gikik.
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INTRODUCTION

Lung cancer ranks first among cancer-related deaths
worldwide.l' Symptoms, diagnosis, treatment approach,
and survival in lung cancer vary depending on the loca-
tion, invasion, and local or distant metastasis of the tumor.
While the brain, liver, adrenal glands, bone, bone marrow,
contralateral lung, and kidneys are the most common sites
of metastasis in lung cancer, it can metastasize to any part
of the body, though this is rare.’! Metastasis to the oral
cavity is very rare and accounts for approximately | % of all
oral malignancies.®! Among metastatic oral cavity tumors,
primary lung malignancy accounts for 0.1%.1) Metastases
in the oral cavity are most commonly seen in the mandible,
with soft tissue metastases being rarer.’! Although metas-
tasis to the tongue is rare, advanced investigations should
be planned when a lesion is detected on the tongue due
to the generally poor prognosis and alteration of disease

stage in patients with lung cancer.¥]

When examining oral cavity tumors, the incidence of metastatic tumors is quite low. Most
of these metastases occur in the mandible, with only a small portion involving soft tissues.
Generally, the most common sites for metastases from lung cancer are the brain, adrenal
glands, bones, and the contralateral lung, while the incidence of metastases to the tongue is
reported to be approximately 0.2% to 1.6%. Patients with tongue metastases from lung can-
cer usually have a poor prognosis, making early diagnosis important. This case presentation
aims to discuss a 62-year-old male patient with lung adenocarcinoma who presented with
dysphagia and was found to have tongue metastasis. No distant metastases were detected
apart from the tongue and cervical lymph node metastases. Systemic treatment was initiated
for the patient diagnosed with stage 4 lung adenocarcinoma.

CASE REPORT

A 62-year-old male patient with a history of known periph-
eral artery disease presented to our Ear, Nose, and Throat
clinic with unintentional weight loss and swelling in the left
cervical area. The patient, who had a smoking history of 55
pack-years, was found to be an active smoker. On physical
examination, a fixed, hard, painless lymph node approxi-
mately 2x| cm in size was palpated in the left cervical area,
and another lymph node approximately Ix| cm in size was
palpated in front of the sternocleidomastoid muscle on
the right side. Laboratory tests revealed no abnormalities
in complete blood count and biochemistry values.

Ultrasonography revealed multiple spherical-shaped
pathological lymph nodes without fatty hilum in bilateral
submandibular and cervical chains, with the largest being
1211 mm in size in the upper cervical chain on the left
side. Fine-needle aspiration biopsy taken from the left cer-
vical lymph node supported a malignant epithelial tumor,
with the thyroid and lung considered as the primary focus,
prompting a Positron Emission Tomography-Computer
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Figure 1. Lesion on the posterior segment of the left lateral
tongue and cervical lymph nodes on PET-CT.

Figure 2. Lesion in the left hilum, right upper paratracheal and
subcarinal lymphadenopathy on PET-CT.

Tomography (PET-CT) scan (Figure I). The PET-CT scan
revealed a lesion measuring 15x20 mm with maximum
standardized uptake value (SUVmax):11.1 in the posterior
segment of the left lateral tongue, conglomerate lymph
nodes with SUVmax:9.6 at cervical levels 2, 3, and 5A, with
the largest being approximately 18x12 mm, and lymph
nodes with a diameter of | cm and SUVmax:3.6 at level 4
on the right side (Figure 2). In the thoracic and mediastinal
sections, a lesion measuring 2 cm with SUVmax:10.5 in the
left lung hilum was observed, and nodules with significant
fluorodeoxyglucose uptake in the left lower lobe and lym-
phadenopathies in the right upper paratracheal, subcari-
nal, and left hilar areas, with the largest measuring 25x15
mm with SUVmax:| 1.2, were observed. Diagnostic endo-
bronchial ultrasound (EBUS) was planned for the lesions
described in the lung and mediastinum.

During the EBUS procedure, transbronchial needle aspi-
ration was performed three times from oval, well-defined
hypoechoic lymphadenomegaly (LAM) with a short axis
of 1.3 cm seen in the right lower paratracheal area and
oval, heterogeneous LAM with a well-defined border and
a short axis of 1.4 cm seen in the left hilar area. Patho-
logical examination revealed lung adenocarcinoma. Since
the patient also experienced swelling in the tongue and
impairment in articulation and swallowing functions, mul-
tiple deep punch biopsies were taken from the mass seen
on the left lateral aspect of the tongue during simultane-
ous endolaryngeal microsurgery and direct laryngoscopy.
Pathological examination supported the diagnosis of lung
adenocarcinoma metastasis. Treatment was initiated for
stage 4 lung adenocarcinoma, and the patient was found
to be deceased approximately 3 months after diagnosis
during follow-up.

DISCUSSION

Symptoms of primary lung cancer often include cough,
sputum, and hemoptysis due to irritation of the respira-
tory mucosa. However, when tongue metastasis occurs,
it typically results in dysphagia.l’! In our case, the patient
presented primarily with swelling in the neck, and a biopsy
of the lesion in the tongue was performed when dyspha-
gia developed during follow-up, leading to the diagnosis
of lung adenocarcinoma metastasis. Similarly, in the case
presented by Cheng et al,,/® the patient’s admission to the
hospital was due to hemoptysis and chronic cough, and
the diagnosis of metastasis was made when the patient
noticed swelling and pain in the tongue. Therefore, when
investigating patients for lung cancer, dysphagia should also
be considered. According to the literature, the rates of
tongue metastasis in patients diagnosed with lung cancer
are approximately 0.2% to 1.6%.°! In a study by Zegarelli
et al,®! 12 cases of tongue metastasis were detected in
autopsies of 6,881 malignant patients, with a rate of 0.2%.
Among all malignancies, 579 were primary lung cancer, and
tongue metastasis was detected in only 2 cases (0.3%).
In the study by Baden et al.l'” it was reported that the
metastases to the tongue were 21% lung, 21% kidney, and
17% skin-derived. Tongue metastases are usually located
in the base of the tongue. The reason for this is thought
to be the richness of the base of the tongue in vascular
and lymphatic structures and its relative immobility.l''? As
in our case and in the case presented by Cheng et al.,®
metastasis was observed at the base of the tongue. Addi-
tionally, since metastasis was also detected in the cervical
lymph nodes in our case, the metastasis at the base of the
tongue suggests that lymphatic spread may be the primary
route. However, there are also case presentations in the
literature showing metastasis to the anterior part of the
tongue.'"'d This indicates that advanced investigations
should be planned when a suspicious lesion of metastasis
is detected regardless of its location in the oral cavity. Re-
garding treatment, surgery can be performed for patients
with oligometastatic disease only if metastasis is limited to
the tongue, but systemic treatment is more appropriate
if metastasis occurs elsewhere. As in our case and in the
case presented by Giiven et al.,['¥l systemic treatment was
administered to patients due to metastases to the cervical
lymph nodes and the base of the tongue. According to the
study by Baden et al.,l'% the prognosis is poor in patients
with tongue metastasis, with an average estimated survival
time of six months. This is presumed to be due to the
fact that metastasis to other sites usually occurs until the
disease has metastasized to the head and neck region, indi-
cating an advanced stage. Similarly, during follow-up of our
case, the patient was found to be deceased approximately
3 months after diagnosis.

Conclusion

In conclusion, with this case presentation, we aimed to
emphasize that tongue metastases in lung cancers should
be taken into consideration due to their rarity and poor
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prognosis. And although it is rare, it should be noted that

dysphagia may be a signal of tongue metastasis.
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Akciger Adenokarsinomunun Nadir Metastazi: Dil Metastazi

Oral kavite timorleri incelendiginde metastatik tiimér goriilme orani oldukga disiiktiir. Bu metastazlarin gogu mandibulaya olmakla beraber
az bir kismi yumusak dokuya olmaktadir. Genel olarak akciger kanserinin metastazlarina bakildiginda ise en sik beyin, siirrenal, kemik, karsi
akciger metastazi goriilirken dile metastaz oranlari yaklasik olarak %0.2-1.6 olarak bildirilmistir. Dilde metastaz saptanan akciger kanseri
tanili hastalarin genellikle prognozu kétii seyretmektedir. Bu sebeple erken tani konulmasi 6nemlidir. Bu olgu sunumunda tarafimiza disfaji
ile bagvuran dil metastazi saptanan akciger adenokarsinomlu 62 yasinda erkek hasta sunulmasi amaglandi. Hastada dil ve servikal lenf nodu
metastazlari diginda uzak metastazi saptanmadi. Evre 4 akciger adenokarsinomu tanisi konulan hastaya sistemik tedavi baglandi.

Anahtar Sozciikler: Akciger adenokarsinom; dil; metastaz.
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