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AIMS SCOPE AND PUBLICATION STANDARDS

Journal of Istanbul Faculty of Medicine (J Ist
Faculty Med) an international, scientific, open
access periodical published in accordance with
independent, unbiased, and double-blinded
peer-review principles. The journal is the official
publication of Istanbul University, Istanbul Faculty of
Medicine and it is published quarterly on January,
April, July and October. The publication language of
the journal is English.

Journal of Istanbul Faculty of Medicine (J Ist
Faculty Med) aims to contribute to the literature by
publishing manuscripts at the highest scientific level
on all fields of medicine. The journal publishes original
experimental and clinical research articles, reports of
rare cases, reviews articles by invited researchers who
have a reputable place in the international literature
in their field, and letters to the editors as well as brief
reports on a recently established method or technique
or preliminary results of original studies related to all

disciplines of medicine from all countries.

The journal’s target audience includes researchers,
physicians and healthcare professionals who are
interested or working in all medical disciplines.

The editorial and publication processes of the journal
are shaped in accordance with the guidelines of the
International Committee of Medical Journal Editors
(ICMJE), World Association of Medical Editors
(WAME), Council of Science Editors (CSE), Committee
on Publication Ethics (COPE), European Association
of Science Editors (EASE), and National Information
Standards Organization (NISO). The journal is in
conformity with the Principles of Transparency and Best
Practice in Scholarly Publishing (doaj.org/bestpractice).

Journal of Istanbul Faculty of Medicine is currently
indexed in Web of Science - Emerging Sources
Citation Index (ESCI), TUBITAK ULAKBIM TR Index,
CABI Global Health Database, EBSCO-Academic
Search Complete, EBSCO Biomedical Index, DOAJ,
Scopus and SOBIAD.

Processing and publication are free of charge with
the journal. No fees are requested from the authors at
any point throughout the evaluation and publication
process.

All expenses of the journal are covered by the
Istanbul University.

Statements or opinions expressed in the manuscripts
published in Journal of Istanbul Faculty of Medicine
reflect the views of the author(s) and not the opinions
of the editors, the editorial board, or the publisher;
the editors, the editorial board, and the publisher
disclaim any responsibility or liability for such
materials. The final responsibility in regard to the
published content rests with the authors.

All published content is available online, free of
charge.

Editor: Birsen Karaman

Address: Istanbul University, Istanbul Faculty of
Medicine Deanery, Turgut Ozal Cad. 34093, Capa,
Fatih, Istanbul, Turkiye

Phone: +90 212 414 21 61

E-mail: itfdergisi@istanbul.edu.tr

Publisher: Istanbul University Press

Address: Istanbul University Central Campus,
34452 Beyazit, Fatih/Istanbul, Turkiye

Phone: +90 212 440 00 00
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INSTRUCTION TO AUTHORS

Journal of Istanbul Faculty of Medicine (J Ist
Faculty Med) is an international, scientific, open
access periodical published in accordance with
independent, unbiased, and double-blinded peer-
review principles. The journal is the official publication
of Istanbul Faculty of Medicine of Istanbul University
and it is published quarterly on January, April, July
and October. The publication languages of the
journal is English.

Journal of Istanbul Faculty of Medicine (J Ist Facul-
ty Med) aims to contribute to the literature by pub-
lishing manuscripts at the highest scientific level on
all fields of medicine. The journal publishes original
experimental and clinical research articles, reports
of rare cases, reviews articles by invited researchers
who have a reputable place in the international liter-
ature in their field, and letters to the editors as well
as brief reports on a recently established method or
technique or preliminary results of original studies
related to all disciplines of medicine from all coun-
tries.

EDITORIAL POLICIES AND PEER REVIEW PROCESS

The editorial and publication processes of the jour-
nal are shaped in accordance with the guidelines of
the International Council of Medical Journal Editors
(ICMJE), the World Association of Medical Editors
(WAME), the Council of Science Editors (CSE), the
Committee on Publication Ethics (COPE), the Euro-
pean Association of Science Editors (EASE), and Na-
tional Information Standards Organization (NISO).
The journal conforms to the Principles of Transpar-
ency and Best Practice in Scholarly Publishing (doaj.
org/bestpractice).

Originality, high scientific quality, and citation poten-
tial are the most important criteria for a manuscript
to be accepted for publication. Manuscripts submit-
ted for evaluation should not have been previously
presented or already published in an electronic or
printed medium. The journal should be informed of
manuscripts that have been submitted to another
journal for evaluation and rejected for publication.
The submission of previous reviewer reports will ex-
pedite the evaluation process. Manuscripts that have
been presented in a meeting should be submitted

with detailed information on the organization, includ-
ing the name, date, and location of the organization.

Manuscripts submitted to Journal of Istanbul Faculty
of Medicine will go through a double-blind peer-re-
view process. Each submission will be reviewed by
at least two external, independent peer reviewers
who are experts in their fields in order to ensure an
unbiased evaluation process. The editorial board will
invite an external and independent editor to manage
the evaluation processes of manuscripts submitted
by editors or by the editorial board members of the
journal. The Editor in Chief is the final authority in the
decision-making process for all submissions.

An approval of research protocols by the Ethics Com-
mittee in accordance with international agreements
(World Medical Association Declaration of Helsinki
“Ethical Principles for Medical Research Involving
Human Subjects,” amended in October 2013, www.
wma.net) is required for experimental, clinical, and
drug studies and for some case reports. If required,
ethics committee reports or an equivalent official
document will be requested from the authors. For
manuscripts concerning experimental research on
humans, a statement should be included that shows
that written informed consent of patients and vol-
unteers was obtained following a detailed explana-
tion of the procedures that they may undergo. For
studies carried out on animals, the measures taken
to prevent pain and suffering of the animals should
be stated clearly. Information on patient consent, the
name of the ethics committee, and the ethics com-
mittee approval number should also be stated in the
Materials and Methods section of the manuscript. It
is the authors’ responsibility to carefully protect the
patients’ anonymity. For photographs that may re-
veal the identity of the patients, signed releases of
the patient or of their legal representative should be
enclosed.

All submissions are screened by a similarity detection
software (iThenticate by CrossCheck).

In the event of alleged or suspected research mis-
conduct, e.g., plagiarism, citation manipulation, and
data falsification/fabrication, the Editorial Board will
follow and act in accordance with COPE guidelines.
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Each individual listed as an author should fulfill the
authorship criteria recommended by the Internation-
al Committee of Medical Journal Editors

(ICMJE - www.icmje.org). The ICMJE recommends
that authorship be based on the following 4 criteria:

1 Substantial contributions to the conception or
design of the work; or the acquisition, analysis, or
interpretation of data for the work; AND

2 Drafting the work or revising it critically for import-
ant intellectual content; AND

3 Final approval of the version to be published;
AND

4 Agreement to be accountable for all aspects of
the work in ensuring that questions related to the
accuracy or integrity of any part of the work are
appropriately investigated and resolved.

In addition to being accountable for the parts of the
work he/she has done, an author should be able to
identify which co-authors are responsible for specific
other parts of the work. In addition, authors should
have confidence in the integrity of the contributions
of their co-authors.

All those designated as authors should meet all four
criteria for authorship, and all who meet the four cri-
teria should be identified as authors. Those who do
not meet all four criteria should be acknowledged in
the title page of the manuscript.

Journal of Istanbul Faculty of Medicine requires cor-
responding authors to submit a signed and scanned
version of the authorship contribution form (avail-
able for download through http://jmed.istanbul.
edu.tr/en/content/manuscript-submission-guide/
manuscript-submission-guide) during the initial
submission process in order to act appropriately on
authorship rights and to prevent ghost or honorary
authorship. If the editorial board suspects a case of
“gift authorship,” the submission will be rejected
without further review. As part of the submission of
the manuscript, the corresponding author should
also send a short statement declaring that he/she
accepts to undertake all the responsibility for author-
ship during the submission and review stages of the
manuscript.

Journal of Istanbul Faculty of Medicine requires and
encourages the authors and the individuals involved
in the evaluation process of submitted manuscripts
to disclose any existing or potential conflicts of inter-
ests, including financial, consultant, and institutional,
that might lead to potential bias or a conflict of in-
terest. Any financial grants or other support received
for a submitted study from individuals or institutions
should be disclosed to the Editorial Board. To dis-
close a potential conflict of interest, the ICMJE Po-
tential Conflict of Interest Disclosure Form should be
filled in and submitted by all contributing authors.
Cases of a potential conflict of interest of the editors,
authors, or reviewers are resolved by the journal’s Ed-
itorial Board within the scope of COPE and ICMJE
guidelines.

The Editorial Board of the journal handles all ap-
peal and complaint cases within the scope of COPE
guidelines. In such cases, authors should get in di-
rect contact with the editorial office regarding their
appeals and complaints. When needed, an ombud-
sperson may be assigned to resolve cases that can-
not be resolved internally. The Editor in Chief is the
final authority in the decision-making process for all
appeals and complaints.

Journal of Istanbul Faculty of Medicine requires
each submission to be accompanied by a Copyright
Agreement Form (available for download at https://
iupress.istanbul.edu.tr/en/journal/jmed/information/
author-guidelines). When using previously published
content, including figures, tables, or any other
material in both print and electronic formats, authors
must obtain permission from the copyright holder.
Legal, financial and criminal liabilities in this regard
belong to the author(s).

Statements or opinions expressed in the manuscripts
published in Journal of Istanbul Faculty of Medicine
reflect the views of the author(s) and not the opinions
of the editors, the editorial board, or the publisher;
the editors, the editorial board, and the publisher
disclaim any responsibility or liability for such materi-
als. The final responsibility in regard to the published
content rests with the authors.
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MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance
with ICMJE-Recommendations for the Conduct, Re-
porting, Editing, and Publication of Scholarly Work
in Medical Journals (updated in December 2015 -
http://www.icmje.org/icmje-recommendations.pdf).
Authors are required to prepare manuscripts in accor-
dance with the CONSORT guidelines for randomized
research studies, STROBE guidelines for observa-
tional original research studies, STARD guidelines for
studies on diagnostic accuracy, PRISMA guidelines for
systematic reviews and meta-analysis, ARRIVE guide-
lines for experimental animal studies, and TREND
guidelines for non-randomized public behavior.

Manuscripts can only be submitted through the
journal’s online manuscript submission and evalua-
tion system, available at http://jmed.istanbul.edu.
tr/en/content/manuscript-submission-guide/manu-
script-submission-guide Manuscripts submitted via
any other medium will not be evaluated.

Manuscripts submitted to the journal will first go
through a technical evaluation process where the
editorial office staff will ensure that the manuscript
has been prepared and submitted in accordance
with the journal’s guidelines. Submissions that do not
conform to the journal’s guidelines will be returned
to the submitting author with technical correction
requests.

Authors are required to submit informed consent of
the patient(s) through the journal’s online manuscript
submission and evaluation system.

Authors are required to submit the following:

e Copyrigt Agreement Form,

e Author Form and ICMJE Potential Conflict of In-
terest Disclosure Form (should be filled in by all
contributing authors) during the initial submission.
These forms are available for download at http://
jmed.istanbul.edu.tr/en/content/manuscript-sub-
mission-guide/manuscript-submission-guide

Title page: A separate title page should be submitted
with all submissions and this page should include:

Vil

e The full title of the manuscript as well as a short
title (running head) of no more than 50 characters,

e Name(s), affiliations, highest academic degree(s)
and ORCID ID(s) of the author(s),

e Grant information and detailed information on
the other sources of support,

e Name, address, telephone (including the mobile
phone number) and fax numbers, and email ad-
dress of the corresponding author,

e Acknowledgment of the individuals who contrib-
uted to the preparation of the manuscript but who
do not fulfil the authorship criteria.

Abstract: An English and a Turkish abstract should
be submitted with all submissions except for Letters
to the Editor. Submitting a Turkish abstract is not
compulsory for international authors. The abstract of
Research articles should be structured with subhead-
ings (Objective, Materials and Methods, Results, and
Conclusion). Abstracts of Case Reports and Reviews
should be unstructured. Please check Table 1 below
for word count specifications.

Keywords: Each submission must be accompanied by
a minimum of three to a maximum of six keywords for
subject indexing at the end of the abstract. The key-
words should be listed in full without abbreviations.
The keywords should be selected from the National
Library of Medicine, Medical Subject Headings data-
base (http://www.nlm.nih.gov/mesh/MBrowser.html).

Manuscript types

Research articles: This is the most important type
of article since it provides new information based on
original research. The main text of research articles
should be structured with Introduction, Material and
Method, Results, Discussion, and Conclusion sub-
headings. Please check Table 1 for the limitations for
research articles.

Statistical analysis to support conclusions is usually
necessary. Statistical analyses must be conducted
in accordance with international statistical report-
ing standards (Altman DG, Gore SM, Gardner MJ,
Pocock SJ. Statistical guidelines for contributors to
medical journals. Br Med J 1983: 7; 1489-93). Infor-
mation on statistical analyses should be provided
with a separate subheading under the Materials and
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Methods section and the statistical software that was
used during the process must be specified.

Units should be prepared in accordance with the In-
ternational System of Units (SI).

Editorial comments: Editorial comments aim to
provide a brief critical commentary by reviewers with
expertise or with high reputation in the topic of the
research article published in the journal. Authors are
selected and invited by the journal to provide such
comments. Abstract, Keywords, and Tables, Figures,
Images, and other media are not included.

Invited review articles: Invited reviews prepared by
authors who have extensive knowledge on a partic-
ular field and whose scientific background has been
translated into a high volume of publications with
a high citation potential are welcomed. The invited
reviews should describe, discuss, and evaluate the
current level of knowledge of a topic in clinical prac-
tice and should guide future studies. The main text
should contain Introduction, Clinical and Research
Consequences, and Conclusion sections. Please
check Table 1 for the limitations for Invited Review
Articles.

Case reports: There is limited space for case reports
in the journal and reports on rare cases or condi-
tions that constitute challenges in diagnosis and
treatment, those offering new therapies or revealing
knowledge not included in the literature, and inter-
esting and educative case reports are accepted for
publication. The text should include Introduction,
Case Presentation, Discussion, and Conclusion sub-

headings. Please check Table 1 for the limitations for
Case Reports.

Letters to the editor: This type of manuscript
discusses important parts, overlooked aspects, or
lacking parts of a previously published article. Ar-
ticles on subjects within the scope of the journal
that might attract the readers’ attention, partic-
ularly educative cases, may also be submitted in
the form of a “Letter to the Editor.” Readers can
also present their comments on the published
manuscripts in the form of a “Letter to the Editor.”
Abstract, Keywords, and Tables, Figures, Images,
and other media should not be included. The text
should be unstructured. The manuscript that is be-
ing commented on must be properly cited within
this manuscript.

Tables

Tables should be included in the main document,
presented after the reference list, and they should
be numbered consecutively in the order they are
referred to within the main text. A descriptive title
must be placed above the tables. Abbreviations
used in the tables should be defined below the ta-
bles by footnotes (even if they are defined within
the main text). Tables should be created using the
“insert table” command of the word processing
software and they should be arranged clearly to
provide easy reading. Data presented in the tables
should not be a repetition of the data presented
within the main text but should be supporting the
main text.

Table 1. Limitations for each manuscript type

Abstract Reference
Type of manuscript  Word limit word limit limit Table limit Figure limit
Research Article 3500 250 (Structured) 50 6 7 or tatal of 15images
Invited Review Article 5000 250 50 6 10 or total of 20 images
Case Report 1000 200 15 2 10 or total of 20 images
Letter to the Editor 500 No abstract 5 1 1
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Figures and figure legends

Figures, graphics, and photographs should be sub-
mitted as separate files (in TIFF or JPEG format)
through the submission system. The files should not
be embedded in a Word document or the main doc-
ument. When there are figure subunits, the subunits
should not be merged to form a single image. Each
subunit should be submitted separately through the
submission system. Images should not be labeled
(a, b, ¢, etc.) to indicate figure subunits. Thick and
thin arrows, arrowheads, stars, asterisks, and similar
marks can be used on the images to support figure
legends. Like the rest of the submission, the figures
too should be blind. Any information within the im-
ages that may indicate an individual or institution
should be blinded. The minimum resolution of each
submitted figure should be 300 DPI. To prevent de-
lays in the evaluation process, all submitted figures
should be clear in resolution and large in size (min-
imum dimensions: 100 x 100 mm). Figure legends
should be listed at the end of the main document.

All acronyms and abbreviations used in the manu-
script should be defined at first use, both in the ab-
stract and in the main text. The abbreviation should
be provided in parentheses following the definition.

When a drug, product, hardware, or software pro-
gram is mentioned within the main text, product
information, including the name of the product, the
producer of the product, and city and the country of
the company (including the state if in USA), should
be provided in parentheses in the following format:
"Discovery St PET/CT scanner (General Electric, Mil-
waukee, WI, USA)”

All references, tables, and figures should be referred
to within the main text, and they should be num-
bered consecutively in the order they are referred to
within the main text.

Limitations, drawbacks, and the shortcomings of re-
search articles should be mentioned in the Discus-
sion section before the conclusion paragraph.

REVISIONS

When submitting a revised version of a paper, the
author must submit a detailed “Response to the re-

viewers” that states point by point how each issue
raised by the reviewers has been covered and where
it can be found (each reviewer's comment, followed
by the author’s reply and line numbers where the
changes have been made) as well as an annotated
copy of the main document. Revised manuscripts
must be submitted within 30 days from the date of
the decision letter. If the revised version of the manu-
script is not submitted within the allocated time, the
revision option may be canceled. If the submitting
author(s) believe that additional time is required,
they should request this extension before the initial
30-day period is over.

Accepted manuscripts are copy-edited for grammar,
punctuation, and format. Once the publication pro-
cess of a manuscript is completed, it is published
online on the journal’s webpage as an ahead-of-print
publication before it is included in its scheduled issue.
A PDF proof of the accepted manuscript is sent to the
corresponding author and their publication approval
is requested within 2 days of their receipt of the proof.

REFERENCES

While citing publications, preference should be giv-
en to the latest, most up-to-date publications. If an
ahead-of-print publication is cited, the DOl number
should be provided. Authors are responsible for the
accuracy of references. Journal titles should be ab-
breviated in accordance with the journal abbrevia-
tions in Index Medicus/MEDLINE/PubMed. When
there are six or fewer authors, all authors should be
listed. If there are seven or more authors, the first
six authors should be listed followed by “et al.” In
the main text of the manuscript, references should
be cited using Arabic numbers in parentheses. The
reference styles for different types of publications are
presented in the following examples.

Journal article: Blasco V, Colavolpe JC, Antonini F,
Zieleskiewicz L, Nafati C, Albanese J, et al. Long-ter-
moutcome in kidneyrecipientsfromdonorstreated-
withhydroxyethylstarch  130/0.4  andhydroxyethyl-
starch 200/0.6. Br J Anaesth 2015;115(5):797-8.

Book section: Suh KN, Keystone JS. Malaria and
babesiosis. Gorbach SL, Barlett JG, Blacklow NR,
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ABSTRACT

Objective: It has been reported that long-term growth hormone
(GH) treatment may impair insulin sensitivity, hepatic glucose
production, and insulin-dependent glucose utilization. In our
study, we examined the effects of GH treatment on insulin sen-
sitivity in patients with GH deficiency after one year treatment.

Materials and Methods: Fifty-nine patients (22 female, 37
male) with GH deficiency who received GH therapy were in-
cluded in this study. Anthropometric measurements and pu-
bertal examination of the patients were done. Fasting plasma
glucose (FPQ), fasting plasma insulin (FPI), HbA1c levels were
measured and oral glucose tolerance test (OGTT) (1.75 g/kg,
max. 75 g) was performed before and one year after treatment.
Homeostatic Model Assessment for Insulin Resistance (HO-
MA-IR) and Matsuda indices were calculated.

Result: The mean age of the patients at the start of GH treat-
ment was 11.6+2.6 years old. The height standard deviation
score (SDS) of the patients was -2.5+0.7, and the body mass
index (BMI) SDS was -0.2+1.2. After one year, height SDS was
-1.8+1.0 and BMI SDS was similar compared to baseline mea-
surements. No difference was found between the initial and first-
year pubertal stages of the patients. At the end of the first year,
FPG and HbA1c levels did not change. When baseline and the
first year results were compared, FPI, peak insulin, and total in-

OzZET

Amag: Uzun dénem bilyime hormonu (BH) tedavisinin insilin
duyarliligini azaltabilecedi, karacigerde glukoz tretimi ve insilin
bagimli glukoz kullanimini bozabilecedi bildirilmektedir. Calis-
mamizda bir yillik BH tedavisinin instlin duyarliligi Gzerine etkile-
rini incelemeyi amacladik.

Gereg ve Yontem: Calismaya BH eksikligi tanisi ile BH kullanan
59 hasta (22 kiz, 37 erkek) dahil edildi. Antropometrik Slctimler
ve puberte muayeneleri yapildi. Tedavi ncesi ve tedavi sonrasi
birinci yilda plazma aglik glukoz (PAG), plazma aclik instlin (PA),
HbAlc dizeyleri 6lclldu ve oral glukoz tolerans testi (OGTT)
(1,75 g/kg maks 75 g) yapildi. insilin Direncinin Homeostatik
Modeli Degerlendirmesi (HOMA-IR) ve Matsuda indeksleri he-
saplandi.

Bulgular: Tedavi oncesi hastalarin ortalama yasi (ort+SD)
11,6+2,6 yil idi. Hastalarin ortalama boy standart deviasyon skoru
(SDS) degeri -2,5+0,7, viicut kitle indeksi (VKI) -0,2+1,2 idi. Te-
davi sonrasi birinci yilda boy SDS -1,8+1,0, VKi SDS baslangic
degerleri ile benzer idi. Tedavi dncesi ve sonrasinda puberte
evresi benzerdi. Birinci yil sonunda PAG ve HbA1c dizeylerinde
degisiklik saptanmadi. Tedavi dncesi ve tedavi sonrasi karsilasti-
nldiginda, birinci yilda PAI, zirve insiilin ve toplam insiilin diizey-
leri anlamli olarak daha yuksek idi (p=0,037; p=0,05; p=0,017).
Matsuda indeks anlamli olarak distk saptandi (p=0,009). Tedavi
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sulin were significantly higher at the first year (p=0.037; p=0.05;
p=0.017), and the Matsuda index was found to be significantly
lower (p=0.009). While HOMA-IR was higher in the first year, the
difference was not significant.

Conclusion: We observed that short-term GH treatment caused
a decrease in insulin sensitivity, but did not reach disease-caus-
ing levels. It is important to monitor children receiving GH treat-
ment for insulin resistance. We recommend further measure-
ments of FPl and FPG, and performing OGTT to evaluate the
degree of deterioration of glucose metabolism in risky patients.

Keywords: Growth hormone, glucose metabolism, insulin resis-
tance, oral glucose tolerance test

sonrast HOMA-IR daha yiiksek olmasina ragmen istatistiksel ola-
rak anlamli fark bulunmadi.

Sonug: Calismamizin sonucunda, kisa dénem BH tedavisinin in-
stlin duyarliliginda azalmaya sebep oldugunu ancak yine de has-
taliga sebep olacak seviyelere ulagsmadidi sonucuna vardik. BH
tedavisi alan hastalari instlin direnci agisindan izlemek 6nemlidir.
izlem sirasinda PAG ve PAI &lciimii ve riskli hastalarda glukoz
metabolizmasindaki bozulmalar belirlemek icin OGTT yapilma-
sini onermekteyiz.

Anahtar Kelimeler: Biyime hormonu, glukoz metabolizmasi,
inslin direnci, oral glukoz tolerans testi

INTRODUCTION

Growth hormone (GH) has metabolic benefits on lipid
profiles and body proportions and has favorable effects
on bone metabolism. However, the influence of GH on
glucose homeostasis is complex. It is known that GH has
a direct negative effect on insulin sensitivity, and an indi-
rect positive effect through insulin growth factor 1 (IGF-
1), which has an insulin mimetic, glucose-lowering effect
(1). The relationship between the GH/IGF-1 axis and insu-
lin has not been clearly established yet.

The lipolytic effect of GH in the visceral and subcutane-
ous adipose tissue causes an increase in free fatty acids
(FFA) (2). Increased FFA in circulation inhibits insulin re-
ceptor substrate-1 and phosphoinositide-3-kinase activa-
tion in skeletal muscle and the liver and impairs insulin
mediated glucose uptake by skeletal muscle and induces
insulin resistance (3). In addition, GH stimulates glucose
production via glycogenolysis and gluconeogenesis in
the liver and kidney (4,5).

Insulin growth factor 1 and insulin receptors have similar
properties, and they can bind to their own receptor with
great affinity and each other’s receptor weakly. IGF-1 may
cause hypoglycemia with a possible mechanism of stimu-
lating glucose uptake by skeletal muscle and decreasing
gluconeogenesis through insulin receptors and/or IGF-1
receptor activation which is shown in vivo studies (6,7).

In adults GH deficiency is associated with increased car-
diovascular risk, increased abdominal obesity and hyper-
lipidemia, which may be a consequence of decreased
IGF-1 levels. GH therapy seems to protect adults from
hyperlipidemia and hypertension, however, careful mon-
itoring of glucose metabolism is recommended (8,9).
Moreover, the prevalence of diabetes is reported to be
high in acromegalic patients who are known to have ex-
cess GH (5). Similarly, GH-treated children were reported
to have an increased incidence of type 2 diabetes, and
monitoring glucose metabolism in GH-treated patients
who have an increased risk of diabetes is recommended
(10,11). Studies in children and adolescents are limited in
this issue and if insulin resistance will develop, it remains

unknown in what year of treatment it will come out. We
planned this study accordingly and we aimed to evaluate
the effects of GH on glucose metabolism by comparing
oral glucose tolerance test (OGTT) responses, before
and one year after treatment in patients with idiopathic
GH deficiency (GHD).

MATERIALS and METHODS

The study population included patients who were diag-
nosed with idiopathic GHD and received GH treatment.
The study was designed as an observational study per-
formed retrospectively, and the data was collected from
patient files. The patients had short stature due to idio-
pathic GHD. Idiopathic GHD was diagnosed in children
who had low growth velocity, with stimulated GH levels
below 10 mg/L on GH stimulation tests (GHST), normal
cranial and hypophysial magnetic resonance imaging, no
other pituitary hormone deficiencies and no underlying
reason for GHD (12,13). For GHST, clonidine (0.15 mg/
m? per oral) and L-dopa (10 mg/kg per oral) tests were
used. For each test, blood samples for GH levels were
drawn at the baseline, 30, 60, 90, and 120 minutes. Peak
GH values less than 10 mg/L were accepted as a low GH
response (14,15).

Patients with idiopathic short stature and patients who
have known syndromes like Turner syndrome, Prader-Wil-
li syndrome etc., who have chronic disorders, use drugs
other than GH, those born as small for gestational age
(SGA) and who have a first-degree relative with diabetes
were excluded from the study.

Anthropometric measurements were done by the same
auxologist. Height was measured using a Harpenden sta-
diometer (nearest 0.1 mm) which was calibrated at inter-
vals (Holtain Ltd., Crymych, UK). Weight was measured
using a digital electronic scale (nearest 0.1 kg). Standard
deviation score (SDS) calculations of height, weight, and
body mass index (BMI) were done according to the na-
tional data of the measurements (16). Marshall and Tan-
ner's staging was used to evaluate puberty (17,18). GH
treatment was started subcutaneously daily before bed-
time and all patients completed one year of treatment.
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Each subject underwent an OGTT to assess insulin sensi-
tivity and glucose tolerance. GH treatment was initiated
in patients with a standard dose and individually adjust-
ed according to maintain IGF-1 levels in normal ranges.
OGTT, HbA1c, and c-peptide levels were measured be-
fore the start of GH treatment and one year after treat-
ment. Each test was performed after 8 hours of overnight
fasting. Immediately before the test, samples for fasting
plasma insulin (FPI), fasting plasma glucose (FPG), c-pep-
tide, and HbA1c were drawn. Each subject was given 1.75
g/kg oral glucose (max 75 g, 4g/1mL dilution with water)
and then samples for insulin and glucose were taken at
the baseline and 30, 60, 90, and 120 minutes after the
glucose intake.

Glucose was measured by using standard laboratory
methods. Insulin was measured with a chemiluminescent
immunoassay. HbATc was measured by ion-exchange
high-performance liquid chromatography and the con-
centrations for insulin and IGF-1 were tested by using
IMMULITE 2000 Xpi Analyzer (Siemens, India).

American Diabetes Association criteria were used to
classify the glucose metabolism disorders. Diabetes was
diagnosed with FPG higher than 126 mg/dL or 120-min

Table 1: Clinical and biochemical findings of patients

glucose higher than 200 mg/dL or HbA1c 36.5%. Glucose
intolerance was defined as FPG levels between 100-126
mg/dL and/or 120 min glucose level of 140-200 mg/dL.
FPI levels of 315 mU/mL in prepubertal and 320 mU/mL
in pubertal children and insulin levels higher than 75 mU/
mL at 120 min and total insulin above 300 mU/mL were
considered as insulin resistance (19,20).

To estimate insulin sensitivity and total insulin, the ho-
meostasis model assessment insulin resistance index
(HOMA-IR), and Matsuda index were calculated from
the results of OGTT. The Matsuda index was calculated
before and one year after GH treatment based on the
formula as described by Matsuda and DeFronzo (21):
10.000//FPG (mg/dL)x FPI (mU/mL) x Glucose,,.,, (mg/
dL) x Insulin .., (MU/mL). HOMA-IR was calculated as the
Matthews formula FPI (mU/mL) x FPG (mg/dL)/405 (22).

The study was performed with the written informed con-
sent of parents. The study protocol was approved by
the local ethics committee of Istanbul University, Istan-
bul Faculty of Medicine (Date: 02.10.2020, No: 24) and
conducted according to the Helsinki Declaration’s ethical
statement.

Baseline 1st year
mean=SD mean=SD p value
(median; ranges) (median; ranges)

Age, year 11.6+2.6 (12.2; 5.3-15.3) 13.1+£2.5 (13.3; 6.6-17.3) <0.001
Weight SDS -1.4+1.1(-1.5; -3.7-1.1) -1.1+1.3(-1.6; -3.1-2.1) <0.001
Height SDS -2.5+0.7 (-2.4, -4.3—1.2) -1.8+1.0(-1.9; -4.5-1.4) <0.001
BMI SDS -0.2£1.2 (-0.2; -2.2-2.2) -0.2+1.3(-0.5; -2.7-3.2) 0.964
Prepubertal n(%) 16 (27.1) 11 (18.6) 0.380
Pubertal n(%) 43 (72.9) 48 (81.4)
IGF1 SDS -1.0+1.1 (-1.0; -2.9-3.7) -0.02+1.3 (-0.1;-2.1-3.9) <0.001
OGTT

FPG mg/dL 80.4+10.0 (80; 61-109) 82.1+9.1 (82, 60.1-110) 0.168

FPI mU/mL 13.6£7.9 (11.4; 2.3-36.2) 15.9+11.1 (14.2; 3.9-73) 0.037

2" h glucose mg/dL 114.5£19.5 (111; 80-168) 114.4+24.0 (114, 72-226) 0.702

2" h insulin mU/mL 71.8+51.9 (55.3; 16.1-288) 82.8+56.2 (73.7;, 2.2-316) 0.05

Peak insulin mU/mL 107.1+68.5 (89.5;24.4-332) 126.2+77.1 (120.5;17 .2-464) 0.012

Total insulin mU/mL 323.5+200.2 (278;34.9-914) 377.8+235.1 (341.4,26.5-1540) 0.017
c-peptide ng/mL 2.2+0.8(2.2,0.7-4.2) 2.3+0.9 (2.0; 1.0-4.9) 0.166
HbA1c % 5.3+0.3 (5.3; 4.6-6.0) 5.4+0.4 (5.5; 4.1-5.9) 0.126
HOMA-IR 2.7+1.6(2.3;0.3-8.0) 3.2£2.5(2.7;0.3-16.1) 0.064
Matsuda index 5.8+5.6 (4.2; 1.4-36.6) 5.6+8.2 (3.0; 0.6-56.1) 0.009

SD: Standard deviation score, BMI: Body mass index, IGF1: Insulin growth factor 1, OGTT: Oral glucose tolerance test, FPG: Fasting plasma
glucose, FPI: Fasting plasma insulin, HOMA-IR: Homeostasis model assessment insulin resistance

277




] Influence of growth hormone on insulin sensitivity
Istanbul Tip Fakiltesi Dergisi @ J Ist Faculty Med 2023;86(4):275-281

Statistical analysis

Statistical analyses were made using the Statistical Pack-
age for Social Sciences (SPSS) program for Windows 22.0.
The Shapiro-Wilk test was used to determine the distri-
bution of variables. Results were presented as mean+SD
and categorical variables were expressed as numbers or
percentages, where appropriate. Comparisons of contin-
uous variables between groups were performed with the
Wilcoxon sign rank test for paired samples and those of
categorical variables with the Fisher's exact test. Correla-
tion analysis between groups was analyzed using Spear-
man'’s test. p-value <0.05 was accepted as statistically
significant.

RESULTS

A total of 59 patients consisting of 22 females (37.3%) and
37 males (62.7%) participated in our study. The mean age
of the patients at presentation was 11.6+2.6 years old (fe-
males 10.2+1.9 years old, males 12.5+2.6 years old). The
clinical and biochemical characteristics of the patients
are presented in Table 1. All patients were born at an ap-
propriate weight according to gestational age. The mean
height SDS was -2.5+0.7, weight SDS was -1.4+1.1, and
BMI SDS was -0.2+1.2. When the puberty stage was clas-
sified according to five subgroups, statistical evaluation
could not be done because some of the puberty groups
were too small for evaluation. Therefore, we compared
prepubertal patients with pubertal ones. At presenta-
tion 27.1% of the patients were prepubertal and 72.9%
of the patients were pubertal. The baseline IGF-1 SDS
was -1.0+£1.1. The peak GH level of GHST was (mean+SD)
5.5+2.6 mg/L and (median; min-max) 6.0; 0.2-9.9 mg/L.
Before treatment, FPG, FPI, HbA1c, and c-peptide levels
were in normal ranges. HOMA-IR was 2.7+1.6 and Mat-
suda index was 5.8+5.6. As expected, after one year of
treatment weight and height SDS improved significantly.
However, no marked change was noted in BMI SDS. Af-
ter one year 18.6% of the patients were prepubertal and
81.4% were pubertal and there was no significant differ-
ence between the initial and the first-year puberty stages
of the patients (p=0.380). After GH treatment we noticed
a significant increase in IGF-1 levels, however, it was still
in normal ranges (p<0.001). At the end of the first year,
FPG, HbAlc, and c-peptide levels were in normal ranges
and did not change significantly in comparison to base-
line values. First-year FPl was 15.9£11.1mU/mL, peak in-
sulin level was 126.2+77 . 1mU/mL, total insulin level was
377.8+235.1mU/mL, and Matsuda index was 5.6+8.2.
When the initial and the first-year results were compared,
FPI, peak insulin, and total insulin levels were significantly
increased after GH treatment (p=0.037; p=0.05; p=0.017);
The Matsuda index was found to be significantly lower
(p=0.009). Although first-year HOMA-IR levels (3.2+2.5)
were higher than pretreatment levels (2.7+1.6), no differ-
ences were found between HOMA-IR levels among pa-

tients (p=0.064). FPG and 120 min glucose levels were
within normal ranges before and after treatment and we
did not detect type 2 diabetes in our patients.

DISCUSSION

In our study, we investigated the changes in glucose me-
tabolism and insulin levels in patients with GH deficien-
cy who received GH treatment. The GH effect was con-
firmed to maintain a positive response by the increase in
height and IGF-1 SDS. In our patients, we found signifi-
cantly higher insulin levels when compared to the levels
at the start of therapy. Insulin levels and insulin indices
revealed a decrease in insulin sensitivity and increased
insulin resistance. However, we did not have any patients
who developed diabetes in the follow-up and we did not
observe a change in glucose levels.

GH treatment has been used since the 1990s for GH de-
ficiency. Since then, there has been an increasing number
of studies related to the effects and side effects of GH.
Adults with GH deficiency have an increased risk of ath-
erosclerosis, insulin resistance, deterioration in lipid pro-
file, and increased risk for cardiovascular mortality (8,23).
GH therapy provides an increase in muscle strength, lean
mass, bone mineral density, and benefits for lipid metab-
olism. The risks of cerebrovascular disease and insulin re-
sistance constitute the main limitations of GH therapy in

adulthood (9).

Glucose intolerance following impaired insulin sensi-
tivity and increased insulin resistance raises concerns
about the possibility of developing diabetes during GH
treatment in the long term. GH has an important role
in glucose homeostasis and insulin metabolism, but
the data about the metabolic effects of GH therapy in
childhood is controversial. Some studies showed deteri-
oration in insulin sensitivity with pubertal development
and ageing progress (24,25). Moreover, GH treatment
seems to be associated with impaired insulin sensitivity
in the short term, and long-term studies suggested that
this initial negative effect was temporary (26). However,
Cutfield et al. reported the results of an international
pharmacoepidemiological survey which indicates an
increased incidence of diabetes mellitus and glucose
intolerance in children and adolescents who receive
GH therapy and have a predisposal factor for diabetes
(10). This acceleration in diabetes development may be
reversible after discontinuation of treatment or dose
reduction. Lutski et al. found no difference in diabetes
incidence among patients with idiopathic GH deficien-
cy and those who were born with SGA and received
GH therapy during childhood when compared with the
healthy population (27). However, they advised check-
ing glucose levels closely during and after treatment,
especially for individuals with diabetes risk factors such
as a family history of diabetes, obesity, and Turner syn-
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drome. GH therapy in children with SGA seems to be
safe in terms of carbohydrate metabolism. Because no
adverse effect was detected in glucose metabolism of
SGA children during 260 weeks of GH treatment and in
another long follow-up study, glucose metabolism was
found to be normal at the end of six years in short SGA
children (28,29).

Most studies have demonstrated an increase in insulin
levels and HOMA-IR and normal glucose levels after
one year of treatment of GH in prepubertal and pubertal
children with GH deficiency. Our first-year results are in
line with the reported data. We summarized the studies
investigating the one-year effects of GH therapy on glu-
cose metabolism in Table 2 (30-37).

According to the results of long-term studies, GH treat-
ment is well tolerated after a three year follow-up and
does not impair glucose metabolism, although it causes
an increase in insulin levels. This increase in insulin lev-
els started after one year of treatment and did not in-
crease in the following years (35). A six year follow-up
study showed the safety of GH treatment on glucose
metabolism in GH-deficient children and they attributed
the increased insulin secretion to the fact that GH causes
a positive influence on beta cell capacity (38). Another
study revealed a significant worsening in insulin sensitiv-
ity after four years of GH treatment in GH deficient chil-
dren, while glucose and HbA1c levels were normal (31).
Some long-term studies have shown hyperglycemia and
insulin resistance under GH therapy. Glucose intolerance
has been found in children who consume a high amount
of simple carbohydrates and who have bad dietary hab-
its. They suggest evaluating the diets of children care-
fully because these effects are possibly reversible with

appropriate diet and may not require discontinuation of
treatment (39).

In a recent study in an animal model, although an in-
crease in endogenous GH and a concomittant increase
in IGF-1 and insulin were detected, insulin sensitivity re-
mained normal and glucose tolerance improved under
GH therapy. The increase in insulin levels without system-
ic insulin resistance in the body was thought to be a result
of increased beta cell mass or function (40).

In pubertal children, a physiological increase in in-
sulin secretion and decreased insulin sensitivity is
a known condition (41). It is difficult to estimate the
role of puberty in the changes in glucose homeostasis
during GH therapy. Pubertal children who are treated
with GH may have an increased risk for glucose intol-
erance. However, in our study increased insulin levels
were detected both in pubertal and prepubertal chil-
dren. Furthermore, the changes in insulin levels cannot
be attributed to body weight, since BMI SDS did not
change significantly during the treatment. Besides, the
increased insulin levels may be a result of increased
beta cell compensatory capacity that develops sec-
ondary to GH-mediated inhibition of glucose uptake
in the muscles and liver.

The main limitation of the present study is to assess in-
sulin resistance and beta cell function with OGTT. The
hyperinsulinemic-euglycemic clamp is the gold standard
procedure, However, today, it is rarely used due to its im-
practicality in clinical practice. Another limitation of our
study was that there were very few patients in puberty
subgroups. Therefore, the effects of puberty on insulin
resistance could not be clearly evaluated.

Table 2: Effects of one year recombinant human GH treatment on glucose metabolism in children and adolescents

with GH deficiency

Reference n Age FPG (mg/dL)  FPI (pU/mL) HOMA-IR Findings

30 30 8.6+3.4 97.5+8.5 12.3£7.6 2.99+0.21 FPGT, FPIT, HOMA-IRT

31 118 10.7£3.5 83.4+8.3 57 (2.8-9.5) 1.18(0.54-2.07) FPGT

32 16 8.9 (3.4-14.7) 82 (68-85) 4.2(0.27-14.3)  1.1(0.45-2.12 FPGT, FPIT

33 34 11.6+£2.6 86.9+6.2 17.5£11.3 3.7+£2.4 FPGe, FPIT, HOMA-IRT
34 73 10.5+2.8 4.9+0.5 9+6.1 2+1.4 FPGeo, FPl&, HOMA-IRT
35 101 10.4(7.7-12.5) 82 (76-88) 7.9(4.9-13.6) 1.16(0.72-1.72) FPIT, HOMA-IRT

36 30 9.3+0.5 85+1.8 77+1.2 1.7+0.4 FPGe, FPIT, HOMA-IRT
37 30 9.84+1.48 85.1+7.7 10.6+8.9 1.6+0.62 FPGe, FPlo, HOMA-IRT
This study 59 13.1£2.5 82.1£9.1 15.9+11.1 3.2+2.5 FPGe, FPIT, HOMA-IR&

FPG: Fasting plasma glucose, FPI: Fasting plasma insulin, HOMA-IR: Homeostasis model assessment insulin resistance, <: No change in
the values at the end of the study,T: Increase in the values at the end of the study. The age of the patients was presented in mean+SD or

range.
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CONCLUSION

After one year of GH treatment, we demonstrated an in-
crease in insulin resistance. However, this increase did not
reach pathological levels. According to our results before
starting GH treatment, checking FPI, FPG and HbA1lc
and in case of suspicious findings performing OGTT is
a practical, easily applicable, and reliable method for
evaluation of insulin resistance and glucose metabolism
until new biomarkers are developed for this purpose in
the following years. Our results do not exclude the pos-
sible development of glucose intolerance with long-term
use of GH treatment and we suggest performing OGTT
annually while using GH in children at risk and detecting
metabolically affected children. Following up with pa-
tients after treatment discontinuation is important since
insulin resistance can be reversible. In addition, studies
with larger numbers of patients are needed to investigate
the effects of puberty in children receiving GH treatment.
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ABSTRACT

Objective: Differentiated thyroid cancer accounts for 1.5% of all
pediatric malignancies. Papillary thyroid cancer (PTC) is the most
common subtype and is associated with more advanced disease
at diagnosis compared to adults. This study aimed to identify
long-term outcomes of pediatric PTC.

Material and Method: Records of 30 patients with PTC diag-
nosed in childhood and adolescence and followed up at the Is-
tanbul Faculty of Medicine were reviewed retrospectively.

Result: The mean age of 30 patients (21 females, 9 males) at
diagnosis was 14.7+2.3 years. The mean duration of follow-up
was 10.6+3.8 years. The patients underwent total thyroidectomy

OZET

Amag: Diferansiye tiroid kanseri, tim pediatrik malignitelerin
%1,5'ini olugturur. Papiller tiroid kanseri (PTK) en sik gorilen alt
tiptir ve tani aninda hastalik evresi eriskinlere kiyasla daha ileridir.
Bu c¢alismanin amaci, pediatrik PTK'nin uzun vadeli sonuclarini
degerlendirmekti.

Gereg ve Yontem: istanbul Tip Fakiiltesi'nde takip edilen co-
cukluk ve addlesan déneminde PTK tanisi konulan 30 hastanin
retrospektif olarak verileri incelendi.

Bulgular: Otuz hastanin (21 kadin, 9 erkek) tani anindaki ortala-
ma yasl 14,7+2,3 idi. Ortalama takip stresi 10,6+3,8 yildi. Dokuz
hastaya total tiroidektomi, dokuz hastaya santral lenf nodu di-
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(n=9), total thyroidectomy with central lymph node dissection
(n=9), or total thyroidectomy with central and lateral lymph node
dissection (n=12). The mean tumor diameter was 1.6+1.5 cm and
was microcarcinoma in 12 of the patients. There were five pa-
tients with T2 and two patients with T3 disease. At diagnosis, half
of the patients had lymph node metastasis to the neck or upper
mediastinum (N1a=5, N1b=10), and two also had lung metasta-
sis. Post-operative radioactive iodine (RAI) treatment was admin-
istered to 22 patients, the median cumulative dose was 150 mCi
(range 50 to 1100)]. Sixteen patients had excellent responses fol-
lowing single (n=13) or multiple (2 for persistent and 1 for recur-
ring disease after 8.3 years) RAl administrations. The remaining
three patients had structural incomplete and three had indeter-
minate responses.

Conclusion: Although PTC presented at a more advanced stage
in childhood and adolescence, the response to treatment was
fairly good with appropriate management.

Keywords: Papillary thyroid cancer, thyroid, pediatric, radioac-
tive iodine

seksiyonu ile total tiroidektomi, 12 hastaya ise santral ve lateral
lenf nodu diseksiyonu ile total tiroidektomi uygulandi. Ortalama
timor capi 1,6+1,5 cm idi ve 12 hastada mikrokarsinom saptand.
T2 hastaligi olan bes hasta ve T3 hastaligi olan iki hasta vard.
Tani sirasinda hastalarin yarisinda boyun veya lst mediastende
lenf nodu metastazi (N1a=5, N1b=10), iki hastada da ayrica ak-
ciger metastazi vardi. Ameliyat sonrasi 22 hastaya radyoaktif iyot
(RAI) tedavisi uygulandi, ortanca kimulatif doz 150 mCi (aralik
50-1100) idi. Hastalarin 13'G tekli doz, 3'U (2 hasta persistan has-
talik, 1 hasta 8,3 yil sonra gelisen niks hastalik nedeniyle) coklu
doz RAI uygulamasinin ardindan mikemmel yanit verdi. Kalan Gg
hastada yapisal inkomplet ve li¢ hastada indetermine yanit alind.

Sonug: PTK cocukluk ve ergenlik déneminde daha ileri evrede
ortaya ¢iksa da uygun hastalik yénetimiyle tedaviye yanit oldukca
iyiydi.

Anahtar Kelimeler: Papiller tiroid kanseri, tiroid, pediatrik, rad-
yoaktif iyot

INTRODUCTION

Thyroid cancer is an uncommon malignancy in childhood
and adolescence; however, it is the most common endo-
crine cancer in this age group (1). Between 1973 and 2013,
the annual incidence rate of pediatric thyroid cancer was
reported as 0.6/100 000, but it is increasing worldwide (2,3).
The most common type of thyroid cancer is papillary thy-
roid cancer (PTC) which accounts for approximately 86.0%
of pediatric thyroid malignancy. Follicular thyroid cancer
and medullary thyroid cancer constitute 8-9.0% and 4.0%
of the remaining cases, respectively (2). Exposure to radi-
ation increases thyroid cancer risk. Although the majority
of thyroid cancer in children is sporadic, having a family
history is one of the most important risk factors for the de-
velopment of thyroid cancer. Syndromes such as familial
adenomatous polyposis, PTEN (phosphatase and tensin
homolog) hamartoma tumor syndrome, Carney complex
type 1, McCune-Albright, multiple endocrine neoplasia
type 2 A, Peutz-Jeghers, DICER1, and Werner syndrome
are associated with non-medullary thyroid cancer (4,5).

At the time of diagnosis, children with PTC tend to pres-
ent with more advanced disease and have larger tumors
compared to adults. Regional lymph nodes and distant
metastases are more common. The lung is the most com-
mon distant metastasis site of PTC (6,7). Therefore, all pa-
tients with PTC should be evaluated by a comprehensive
neck USG preoperatively, and a fine-needle aspiration
biopsy should be performed if there is a suspicious lat-
eral cervical lymph node to optimize the surgical proce-
dure. Total thyroidectomy is the procedure of choice for
the majority of patients. Additionally, if there is evidence
of metastasis, lateral neck lymph node dissection is also
recommended. After surgery, radioactive iodine (RAI)

therapy must be considered according to American Thy-
roid Association (ATA) risk stratification to treat persistent
disease or to decrease the risk of recurrence. RAl is not
indicated in patients with the low-risk PTC category, TSH
suppressive-levothyroxine treatment is recommended
for this group of patients (8).

Despite these features, the limited available data sug-
gest that children with thyroid cancer generally have an
excellent prognosis with appropriate management (9,10).
This study aimed to assess the long-term oncological
outcomes of pediatric PTC.

MATERIAL and METHODS

We retrospectively screened available medical records
of patients who had PTC diagnosed in childhood and
adolescence and followed up in the Istanbul Faculty of
Medicine between 1980 and 2023.

Clinical characteristics of patients, age at diagnosis, gen-
der, risk factors (such as radiation exposure, family his-
tory), surgical procedure, pathological findings (tumor
diameter, histological type, microscopic subtype, inva-
sion, lymph node metastasis), tumor stage, postopera-
tive evaluation, and radioiodine treatment, presence of
persistent disease or recurrence at follow-up, time to re-
currence, the number of patients underwent reoperation,
total RAI dose administered, presence of postoperative
complications (recurrent nerve palsy and permanent hy-
poparathyroidism), duration of follow-up and oncological
outcomes were evaluated.

PTC staging was made according to the American Joint
Committee on Cancer/Tumor, Node, Metastasis (TNM)
staging system (AJCC 8th.edition) (11).
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The dose of administered activities of RAl was as follows:
30-100 mCi for tumors limited to the thyroid; 150 mCi for
tumors that invaded the tissues surrounding the thyroid
capsule and/or with metastasis to the neck or medias-
tinal lymph nodes; 175-200 mCi for distant metastases.
In younger children, dose adjustments were made on a
per kg basis using doses for a standard 70 kg person as
a reference point.

An excellent response is defined as the absence of clin-
ical, biochemical, or structural evidence of disease after
RAIl therapy.

BRAF mutation analysis was performed in thyroid tumor
specimens and by using the QlAamp DNA tissue kit (Qia-
gen, Hilden, Germany) for genomic DNA preparation.
The mutation was determined by pyrosequencing using
the Qiagen PyroMark Q24 pyrosequencer (Qiagen, Ven-
lo, Netherlands).

The Ethics Committee of the Istanbul Faculty of Medi-
cine approved the study protocol (Date 28.04.2023, No:
09). The written informed consent was waived because
of the nature of this retrospective study. For the statis-
tical analyses, SPSS version 21.0 was used. Continuous
and categorical variables were represented by mean=-
standard deviation, and frequency/percentage values,
respectively. Categorical variables were compared with
the chi-square test. The independent sample t-test was
used to compare the baseline laboratory data.

RESULTS

The cohort included all patients who were transitioned
from the pediatric to the adult endocrinology depart-
ment and therefore who were followed up at the same
tertiary center throughout the the entire process. In this
study, a total of 30 patients were evaluated. The mean
age at diagnosis was 14.7+2.3 years (range, 7 to 18).
There were 21 females (70.0%) and 9 males (30.0%). The
female-to-male ratio was 2.3:1. Among the patients, five
had a history of radiation exposure to the neck and the
mean duration from radiation exposure to the diagnosis
of PTC was 7.2+2.4 years (range, 5 to 11). Only one pa-
tient had a family history of PTC (Figure 1). Ultrasound
imaging was performed because of neck swelling in 18
patients, hypothyroidism in eight patients, and a histo-
ry of lymphoma in two patients. The mean nodule size
was 1.5+1.3 cm. According to Bethesda Classification
fine-needle aspiration biopsy findings were as follows:
Bethesda Il category: 6.6% (n=2), Bethesda Il category:
6.6% (n=2), Bethesda IV category: 10.0% (n=3), Bethes-
da V category: 26.6% (n=8), and Bethesda VI category:
46.6% (n=14). All of the patients underwent total thyroid-
ectomy. Total thyroidectomy was combined with central
lymph node dissection in 30.0% of the patients (n=9), and
central and lateral lymph node dissection in 40.0% (n=12).

RADIATION EXPOSURE FAMILY HISTORY

present M absent

present ®absent

17%

BRAF MUTATION AUTOIMMUNE THYROID DISEASE*

present Wabsent MNA present Wabsent MNA

20%

Figure 1: Presence of risk factors for papillary thyroid
cancer. * Controversial risk factor

The tumor was bilateral in 43.3% of the patients, was lo-
cated in the left lobe in 30.0%, in the right lobe in 20.0%,
and in the isthmus region in 3.3%. The mean tumor size
was 1.6+1.5 cm (range, 0.1 to 6), and the tumor was mi-
crocarcinoma (maximum diameter of 1 cm or less) in 12
of the patients. Histopathological subtype was available
in 29 patients, and distribution was as follows; follicular
variant in 13, classic variant in nine, encapsulated follicu-
lar variant in three, tall cell variant in one, macrofollicular
variant in one, hobnail variant in one, diffuse sclerosing
variant in one. The tumor was multicentric in 19 patients
(63.3%). Histopathological examination revealed chron-
ic lymphocytic thyroiditis in 10 patients. BRAF mutation
could be analyzed in 20 patients and was detected in
30.0% of them (Table 1).

Most of the patients presented with a T1 disease (T1a,
n=12; T1b, n=9; T2, n=5; T3, n=2). At diagnosis, half of
the patients had lymph node metastases to the neck or
upper mediastinum. Five patients had metastases to the
central lymph nodes (N1a), and ten patients had me-
tastases to the lateral lymph nodes (N1b). Seven of the
patients with N1b had multicentric disease and vascular
invasion, and six had lymphatic invasion. Lung metasta-
ses were detected in two patients (6.7%).

There was no difference between the metastasic and
non-metastatic groups in terms of age at diagnosis and
nodule size (p=0.68 and p=0.264 respectively). There was
no association between the BRAF mutation and meta-
static disease (p=0.051). However, radiation exposure was
significantly higher in the non-metastatic group (p=0.014)

The mean duration of follow-up was 10.6+3.8 years. Eight
low-risk patients still in remission were treated with only
TSH-suppressive levothyroxine. Post-operative RAI treat-
ment was administered to 22 patients [median number of
administration was one (range 1-7), and the median cumu-
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lative dose was 150 mCi (range 50 to 1100)]. Sixteen patients
had excellent response following single (n=13) or multi-
ple (2 for persistent and 1 for recurring disease after 100
months) RAI administrations. The remaining three patients
had structural incomplete and three had indeterminate re-
sponse. Data regarding the clinical characteristics and the
follow-ups of the patients are summarized in Table 1.

DISCUSSION

In this study, the clinical features of PTC diagnosed in
childhood and adolescence including stage at diagnosis,
therapy modalities, response to treatment, and course of
the disease were evaluated.

As in similar studies in the literature, our patients were
predominantly female (12,13). Specific risk factors for thy-
roid cancer are ionizing radiation and genetic predisposi-
tion (14). There were five patients with a history of radio-
therapy and one patient with a family history in our study.

In the literature, it was reported that the presence of
autoimmune thyroid disease might be a risk factor for
the development of thyroid cancer (15). However, in the
study of Anil et al, it was found that Hashimoto's thyroid-
itis was not a risk factor for thyroid cancer in patients with
thyroid nodules (16). On the pathological examination,
histopathological characteristics of non-tumor thyroid tis-
sues were available in 26 patients, and autoimmune thy-
roid disease was detected in 10 of them (38.4%, n:10/26).
No other identified risk factors were detected for the re-
maining patients.

Children with PTC tend to have bilateral and more ad-
vanced disease at presentation compared with adults.
Hay et al., reported the presence of regional lymph node
metastases at initial surgery in 75.0% of patients (7). It
was detected in 50.0% of the patients in our study. In the
study of Cherella et al., bilateral disease was reported in
41.0% of the patients, and similarly, it was detected in
43.3% of the patients in our study (17). Total thyroidecto-
my is recommended as the first surgical procedure due to
the risk of bilateral disease. After surgery, RAI treatment
should be considered according to risk assessment (8).

Despite more advanced disease at presentation, the
prognosis of PTC in children is excellent, and the survival
rate is better than in adults (7). In our study, an excellent
response was obtained in 16 of 22 patients who received
RAIl therapy. One of the patients with lung metastases
(case 12) had an excellent response after repeated RAI
therapies (total dose of 605 mCi). In the study of van de
Berg et al., it was reported that the recurrence rate was
19.0% and the median duration of follow-up was 11.3
years (10). In our study, recurrence occurred in only one
patient and the time from the initial surgery to recurrence
was 8.3 years. The patient had lymph node metastasis at

the time of diagnosis, and multicentricity and vascular in-
vasion were present in the microscopic examination.

BRAF mutations are associated with lymph node metasta-
ses and advanced-stage at presentation (18). However, in
the study of Poyrazoglu et al., it was stated that BRAFV600E
mutation was found in 25% of patients, and no relation was
found between BRAFVA00E mutation and lymph node
or pulmonary metastasis at diagnosis (19). In the study of
Senyurek et al., it was found that the locoregional recur-
rence rate was higher in BRAFV600E positive patients than
in negative patients nevertheless BRAFV600E mutation
had no role in the achievement of the excellent response
to treatment (20). Six of our patients had BRAF mutations.
Five of the 6 patients with BRAF mutations had lymph node
metastases at the time of diagnosis, and one of them re-
curred during follow-up. However, no association between
the BRAF mutation and metastatic disease was found.

Patients with a history of radiation exposure were diag-
nosed before the development of metastasis and these
patients had smaller nodules (the mean nodule diameter
1.2+1.1 cm) at the time of diagnosis. This result may be
related to the closer follow-up of the patients due to the
risk of radiation exposure.

Postoperative complications developed in 12 patients;
recurrent nerve palsy in one of them and permanent hy-
poparathyroidism in 11 patients. According to the litera-
ture, the risk of second primary cancer increases in chil-
dren who receive RAI (21). Second primary cancer did not
occur in our patients who received RAI, but the duration
of follow-up might be short to assess.

The limitation of the study is the number of patients, but
a small sample size is an unavoidable limitation in rare
diseases like pediatric thyroid cancer.

CONCLUSION

In conclusion, pediatric PTC, the most common endo-
crine cancer in childhood and adolescence, had a ten-
dency to present at a more advanced stage, but the
response to treatment was fairly good with appropriate
management.
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ABSTRACT

Objective: Diabetes mellitus (DM) is a disease characterized
by chronic hyperglycemia and inflammation, the frequency of
which increases with age. The monocyte to high-density lipo-
protein cholesterol ratio (MHR) is a recently emerging inflamma-
tory biomarker associated with various diseases. We aimed to
investigate the utility of the MHR as a clinically useful inflamma-
tion-based marker in determining the severity of DM in older
patients.

Material and Method: We designed our study in a retrospective,
cross-sectional structure. The participants were assessed for eligi-
bility from the population aged over 60 years of diabetic patients
who were admitted to the Istanbul Medipol University Hospital
endocrinology outpatient clinic between September 1 2022, and
March 1, 2023. Data were collected from electronic medical re-
cords. Age, gender, and laboratory findings were recorded.

Result: Overall, 148 older participants (70 females, 78 males,
mean age 69.17+5.74 years) were included in the analysis. MHR,
white blood cell, neutrophil, lymphocyte, and monocyte counts
were higher, while high-density lipoprotein cholesterol (HDL-C)
levels were lower in patients with inadequate glycemic control
(HbA1c=7%) (p<0.001, for both of them). There was a moderately

OzZET

Amag: Diabetes mellitus (DM), sikligr yasla birlikte artan, kronik
hiperglisemi ve inflamasyon ile karakterize bir hastalikti. Mono-
sit/yUksek yogunluklu lipoprotein kolesterol orani (MHR), cesitli
hastaliklarla iligkili, son zamanlarda ortaya ¢ikan inflamatuar bir
biyobelirtectir. Yagli hastalarda DM'nin ciddiyetini belirlemede
inflamasyona dayali bir belirte¢ olan MHR'nin kullaniminin fay-
dasini arastirmayi amagladik.

Gereg ve Yéntem: Calismamizi retrospektif, kesitsel bir yapida
tasarladik. Arastirmanin populasyonu olusturmak igin, 01 Eyldl
2022 - 01 Mart 2023 tarihleri arasinda istanbul Medipol Univer-
sitesi Hastanesi endokrinoloji poliklinigine bagvuran 60 yas Usti
diyabetik hastalar uygunluk agisindan degerlendirildi. Veriler
elektronik tibbi kayitlardan toplandi. Yas, cinsiyet ve laboratuvar
bulgular kaydedildi.

Bulgular: Toplam 148 yagli katiimci (70 kadin, 78 erkek, ortalama
yas 69,17+5,74 yil) analize dahil edildi. Yetersiz glisemik kontro-
|0 olan hastalarda (HbATc >%7) MHR, I6kosit, nétrofil, lenfosit,
monosit sayilar daha yiiksek iken, ylksek yoGunluklu lipoprotein
kolesterol (HDL-C) diizeyleri daha dusik saptandi (p<0,001, her
ikisi icin de). HoA1c ve MHR arasinda orta derecede gticli bir ko-
relasyon vardi (r=0,611, p<0,001). Dustk HDL-K ((OR=0,88, (%95
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strong correlation between HbAlc and MHR (r=0.611, p<0.001).
Lower HDL-C ((OR=0.88, (95% Cl:0.82-0.94), p< 0.001) (Model 1))
and higher MHR ((OR:1.45, 95% CI:1.27-1.65, p<0.001) (Model 4))
were independently associated with increased HbA1c.

Conclusion: HDL-C and MHR were independent factors in pre-
dicting an increased HbA1c in older diabetic patients. Lower
HDL-C levels had a more significant role in the severity of pre-
dicting increased HbA1c compared to the monocyte counts.

Keywords: Monocyte to high-density lipoprotein cholesterol ra-
tio, inflammation, diabetes mellitus, HbA1c, older patient

Cl1:0,82-0,94), p<0,001) (Model 1)) ve yiiksek MHR ((OR:1,45, %95
Cl:1,27-1,65, p<0,001) (Model 4)) bagimsiz olarak yiksek HbATc
degerleri ile iliskili bulundu.

Sonug: HDL-c ve MHR, diyabetik yasli hastalarda artmig HoA1c'
yi 6ngérmede bagimsiz faktorlerdi. Distk HDL kolesterol diizey-
leri, monosit sayilarina kiyasla artmig HbA1c'yi dngdrme sidde-
tinde daha anlamli bir role sahipti.

Anahtar Kelimeler: Monosit/yiiksek yogunluklu lipoprotein ora-
ni, inflamasyon, diabetes mellitus, HbA1c, yasl hasta

INTRODUCTION

As a result of the prolonged average life expectancy
worldwide, the world population is aging. As a natural
consequence of extending life, comorbidities are increas-
ing rapidly and becoming a challenge for older adults
(1). Diabetes mellitus (DM) is a chronic metabolic disor-
der that threatens human health all over the world, and
its frequency increases with age. This insidious disease
is characterized by chronic hyperglycemia, multi-organ
dysfunction, and systemic complications, the main caus-
es of increased diabetes-related morbidity and mortality
rates. The prevalence of DM between 20-79 years of age
is estimated to be 10.5% (536.6 million people) in 2021,
increasing to 12.2% (783.2 million) in 2045. The highest
prevalence of diabetes was between the ages of 75 and
79 (2). It is emerging as a public health problem, espe-
cially in developing countries (3). Diabetes is a disease
that requires early intervention, not only because it neg-
atively affects public health but also because managing
diabetes and its complications is responsible for the sig-
nificant increase in healthcare costs (4). Inadequate gly-
cemic control is an important factor affecting the health
status of the patients, causing mortality (5). Chronic hy-
perglycemia related to end-stage organ dysfunctions. (6).
Therefore, pathological knowledge about factors in the
development and homeostasis of the disease is critical
for preventing and controlling it.

The pathophysiology of DM is complex and multifac-
torial. There are non-modifiable risk factors, including
aging and genetic predispositions, and modifiable risk
factors, such as physical exercise, diet, and smoking, as
a determinant of blood glucose regulation (7). However,
inflammation is the main pathological event in the de-
velopment of DM and its associated complications (8). In
particular, these inflammatory biomarkers, secreted from
adipocytes, are associated with DM incidence and pro-
gression, as well as significant complications and cardio-
vascular events (9, 10).

Diabetes mellitus is a metabolic disorder whose etio-
pathogenesis is based on chronic inflammation. It has

been associated with various peptide hormones syn-
thesized in many tissues, complete blood count param-
eters, and their ratios. Monocytes interact mainly with
platelets and endothelial cells, causing the exacerba-
tion of the inflammatory and pro-thrombotic pathways
(11). Furthermore, high-density lipoprotein cholesterol
(HDL-C) particles are dynamically modified by altering
lipid and protein content, both structurally and func-
tionally, in response to physiological, pathological, and
acute inflammatory conditions. Unlike monocytes with
inflammatory and pro-oxidant effects, HDL-C protects
endothelial cells from inflammation and oxidative stress
by controlling monocyte activation and the migration of
macrophages. Although HDL-C has an anti-inflammatory
effect in healthy individuals, in case of severe inflamma-
tion, the components of HDL-C change, turning it into a
dysfunctional, pro-inflammatory particle that cannot per-
form its normal anti-inflammatory, atheroprotective, and
anti-oxidative functions (12). Based on this information,
researchers have investigated a new marker of system-
ic inflammatory response, the monocyte to HDL-C ratio
(MHR), obtained by dividing the monocyte count by the
HDL-C value. Previous studies have demonstrated that
both a high monocyte count and a low HDL-C level are
associated with inflammation and oxidative stress. MHR
is a useful parameter in predicting patients’ clinical
course and prognosis in various inflammatory and cardio-
vascular diseases (12-14). However, to our knowledge, no
studies have investigated the utility of the MHR as a clin-
ically useful inflammation-based marker in determining
the severity of DM in older patients. In light of the current
information, this study was planned to explore whether
MHR is a predictive marker for assessing the severity of
diabetes in the older diabetic patient group.

MATERIALS and METHODS

We designed our study in a retrospective, cross-section-
al structure. The participants were assessed for eligibility
from the population aged over 60 of previously diag-
nosed diabetic patients who were admitted to the Istan-
bul Medipol University Hospital endocrinology outpa-
tient clinic between September 1st 2022, and March 1st
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2023. The diagnosis of diabetes mellitus was identified
according to the American Diabetes Association criteria:
fasting plasma glucose>126 mg/dL, or randomly plasma
glucose>200 mg/dL with suspected diabetes-related
symptoms, or 2"-hour plasma glucose >200 mg/dL with
75 g oral glucose tolerance test, or HbA1C value >%6.5.
Some exclusion criteria were determined for the study.
Patients with a clinical diagnosis of malignancy, inflamma-
tory disease, autoimmune disease, anemia, hematologic
disease, severe complications of type 2 diabetes, hepatic
and renal failure, steroid usage, and receiving lipid-low-
ering therapy were excluded. After exclusion, a total of
148 participants were analyzed. Data were collected from
electronic medical records. Age, gender, and laboratory
finding were recorded. Evaluated venous blood parame-
ters were taken in the morning after all participants had
fasted for 8-10 hours. The complete blood count, fasting
plasma glucose, and biochemistry parameters, including
lipids, were assessed. Given that the current guidelines
from the American Diabetes Association and Association
of Clinical Endocrinologists recommends an HbAc level
of <7.0% as the treatment goal for older adults with intact
cognitive and functional status, we divided into two cat-
egories the patients according to HbA1c values (below
and above 7%) and examined. MHR was calculated by
monocyte counts (x10%/1)/HDL-C (mg/dL). Informed con-
sent was obtained from all participants. Ethical commit-
tee approval for this study was obtained from the ethics
committee of Istanbul Medipol University Hospital (Date:
20.03.2023, No: 265).

Statistical analysis

Statistical Package (SPSS for Windows, version 21.0; IBM
Corp. Armonk, NY, USA) was used for data analysis. De-
scriptive statistics were given as mean and standard devi-
ation (SD) for continuous variables, counts and percentag-
es for categorical variables, and median and Interquartile
range (IQR) for do not have normal distribution variables.
The chi-square test was performed for categorical vari-
ables. The groups were compared by Student’s t-test
when the data was with a normal distribution and by The
Mann-Whitney U-test when the data has a non-normal
distribution. A Pearson correlation analysis was performed
for Hbalc, age and associated laboratory parameters. Val-
ues determined to interpret the correlation’s power were,
for values of r, 0.00-0.29 is regarded as weak, 0.30-0.69 as
moderate, 0.70-0.99 as strong, and 1.00 as a perfect linear
relationship. Logistic regression analysis was applied to
determine the factors related to the HbA1c level. Values of
p<0.05 were accepted as statistically significant.

RESULTS

Overall, 148 older participants (70 females, 78 males) were
analyzed. The mean age of patients was 69.17+5.74. Patients
were divided into groups according to their HbATc values.

The baseline clinical characteristics and laboratory find-
ings of the patients according to the HbA1c value are
given in Table 1. The mean white blood cell (WBC), neu-
trophil, lymphocyte, and monocyte counts were signifi-
cantly higher in patients with inadequate glycemic con-
trol (HbA1c >7%) (p<0.001, for both of them). Moreover,
the mean eosinophil, basophil, and mean platelet vol-
ume (MPV) values significantly differed between groups
(p=0.027, 0.002, 0.002, 0.015, respectively).

Within the biochemistry parameters, glucose was sig-
nificantly higher, as expected in patients with inade-
quate glycemic control (p<0.001). HDL levels were low-
er (p<0.001), and creatinine were higher (p=0.004) in
patients with HbA1c>7%. Monocyte to HDL-C ratio was
higher in patients with the T2DM inadequately controlled
(p<0.001).

The correlation analysis between HbAlc, MHR, and
associated laboratory parameters is given in Table 2.
There was a moderate correlation between HbA1c and
MHR (r=0.611, p<0.001), HbA1c and monocyte counts
(r=0.458, p<0.001). A negative correlation was found be-
tween Hbalc and HDL-C (r=-0.624, p<0.001). MHR was
correlated with glucose, creatinine, WBC, hemoglobin,
neutrophil, lymphocyte, monocyte, basophil, and plate-
let counts. A negative correlation was found between
MHR and HDL-C (r=—0.868, p<0.001), MHR and total
cholesterol (r=—0.162, p=0.049) levels.

Moreover, we performed multivariate regression analysis
to predict an increased HbAc in older diabetic patients
in Table 3. We found that lower HDL-C was independently
associated with increased HbA1c in all models (OR=0.88,
(95% Cl:0.82-0.94), p<0.001) (Model 1), (OR=0.87, (95%
Cl:0.82-0.93), p<0.001) (Model 2), (OR=0.84, (95%
Cl:0.80-0.89), p<0.001) (Model 3). Neutrophil (OR:1.60,
95% Cl:1.09-2.33, p:0.017) and lymphocyte (OR:2.47, 95%
Cl:1.01-6.04, p:0.047) were independently related to pre-
dicting factors for an increased HbA1c in older diabet-
ic patients, in Model 3. When MHR was included in the
model, only MHR remained to be an independent deter-
minant of predicting an increased HbA1c (OR:1.45, 95%
Cl:1.27-1.65, p<0.001) (Model 4).

DISCUSSION

This study demonstrated a strong association and mod-
erately strong correlation between MHR and HbA1c in
older diabetic patients. In other words, older adults with
poorly controlled diabetes, revealed a higher MHR than
patients with controlled diabetes.

White blood cells (WBC), additionally, leukocyte subtypes
were detected to be robustly associated with HbA1c lev-
els. Moreover, monocyte, WBC, neutrophil, lymphocyte,
eosinophil, and basophil counts were higher in T2DM
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Table 1: The clinical characteristics and laboratory findings of the patients according to the Hbalc value

Characteristics Hbalc < 7 (n=73) Hbalc > 7 (n=75) P value
Age (years), mean=SD 68.86+5.62 69.47+5.79 0.520
Gender, n (%)

Female 40 (55%) 30 (40%)

Male 33 (45%) 45 (60%) 0.071
Hemoglobin (g/dL), mean+SD 13.28+1.45 13.70+1.24 0.062
WBC (10°/L), mean+SD 6.22+1.63 7.78+1.74 <0.001
Neutrophil (107/L), mean+SD 3.69+1.38 4.71+1.40 <0.001
Lymphocyte (10/L), mean+=SD 1.97+0.48 2.34+0.54 <0.001
Monocyte (107/L), mean+SD 0.37+0.11 0.53+0.11 <0.001
Eosinophil (10°/L), mean+SD 0.16+0.10 0.20+0.14 0.027
Basophil (107/L), mean+SD 0.03+0.02 0.04+0.02 0.002
Platelet (10°/L), mean+SD 259.92+61.74 280.55+65.46 0.076
MPV (fL), mean+SD 10.46+1.21 10.02+0.95 0.015
Glucose (mg/dL), mean+SD 99.82+23.31 136.72+45.70 <0.001
Urea (mg/dL), mean+SD 27.11+8.19 28.44+5.82 0.256
Creatinine (mg/dL), mean+SD 0.75+0.14 0.82+0.14 0.004
ALT (U/L), median (IQR 25-75) 17.00 (13.00-25.50) 20.00 (17.00-36.00) 0.052
AST (U/L), median (IQR 25-75) 17.00 (14.00-20.50) 21.00 (16.00-23.00) 0.186
Total Cholesterol (mg/dL), mean+SD 199.64+42.44 197.08+47.24 0.729
HDL-C (mg/dL), mean+SD 50.40+6.89 38.26+8.53 <0.001
LDL-C (mg/dL), mean=SD 121.97+36.99 125.41+41.79 0.597
Triglycerides (mg/dL), median (IQR 25-75) 98.00 (65.70-122.00) 102.00 (68.00-170.00) 0.088
MHR, median (IQR 25-75) 6.84 (5.71-8.21) 14.32 (10.70-18.10) <0.001

WBC: White blood count, MPV: Mean Platelet Volume, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, HDL-C: High-den-
sity lipoprotein cholesterol, LDL-c: Low-density lipoprotein-cholesterol, MHR: Monocyt-to-HDL cholesterol ratio, SD: Standard deviation,
IQR: Interquartile range, Significant p values are bolded. P<0.05 was considered statistically significant

patients with poor glycemic control than in controlled
diabetes. In addition, WBC, neutrophil, lymphocyte, and
monocyte counts were correlated with increased HbATc
levels. Based on all the scientific data mentioned above,
we hypothesized that full blood count parameters indices
as a practical way of evaluating diabetes regulation and
complication risk in older diabetic patients.

Many of the components in the blood cell are related
to the inflammatory process. Circulating monocytes af-
fect platelets and endothelial cells, causing aggravation,
thrombosis, and inflammation. In atherosclerosis, low
density lipoprotein cholesterol (LDL-C) is captured by
macrophages leaving circulating monocytes, thereby
forming plaques. The circulating monocytes are decisive
in new plaque formation and atherosclerosis progression
(11, 15). Therefore, monocytes are essential in managing
diabetes and coping with its complications (16). Some
studies have highlighted these associations, especially

with diabetic micro and macrovascular complications (17-
20). HDL-C prevents macrophage migration and LDL-C
oxidation and blocks the effects of monocytes. HDL-C
promotes Cholesterol efflux from macrophages, inac-
tivates vascular adhesion in endothelial cells, and pre-
vents the development of atherosclerosis; thus, it has an
anti-inflammatory effect (21). In our study, HDL-C levels
were lower and negatively correlated in our diabetic pa-
tients with inappropriate glycemic control. Higher mono-
cyte counts and lower HDL-C levels are signs of inflam-
mation. Moreover, it is well-known that diabetes is a part
of inflammation (22).

MHR is a novel and valuable inflammatory biomarker with
a routine blood test. MHR has been identified as a reli-
able marker for cardiovascular diseases (23). In patients
with diabetic nephropathy, MHR was found to be a con-
venient predictive biomarker by detecting simple blood
tests (13, 14). Chen WJ et al. suggested that a higher
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Table 2: Correlation analysis between Hbalc, MHR and associated laboratory parameters

Hbalc MHR
r r P

Age 0.007 0.936 0.141 0.087
Glucose 0.634 <0.001 0.469 <0.001
Urea 0.149 0.070 0.043 0.607
Creatinine 0.229 0.005 0.277 0.001
ALT 0.066 0.428 0.002 0.979
AST 0.146 0.076 0.013 0.871
Total Cholesterol -0.088 0.288 -0.162 0.049
Triglycerides 0.114 0.167 0.061 0.463
HDL-C -0.624 <0.001 -0.868 <0.001
LDL-C -0.067 0.419 -0.115 0.164
WBC 0.298 <0.001 0.478 <0.001
Hemoglobin 0.047 0.569 0.194 0.018
Neutrophil 0.228 0.005 0.392 <0.001
Lymphocyte 0.290 <0.001 0.350 <0.001
Monocyte 0.458 <0.001 0.891 <0.001
Eosinophil 0.098 0.234 0.102 0.216
Basophil 0.136 0.099 0.217 0.008
Platelet 0.082 0.321 0.209 0.011
MPV -0.191 0.020 -0.268 0.001
MHR 0.611 <0.001 - -

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, HDL-C: High-density lipoprotein cholesterol, LDL-C: Low-density lipopro-
tein-cholesterol, Wbc: White blood count, MPV: Mean Platelet Volume, MHR: Monocyt-to-HDL cholesterol ratio. Significant p values are

bolded. P<0.05 was considered statistically significant

MHR value is influential in prescribing the existence and
progression of carotid atherosclerosis in diabetic patients
(24). A study found that WBC, neutrophil, and lymphocyte
counts were higher in diabetic patients with inadequate
control and correlated with cardio-metabolic risk factors
(25). You S et al. revealed that MHR was associated with
an increased risk of disability or death at discharge in
patients with acute cerebrovascular events (26). Another
study found MHR to significantly predict high thrombus
burden in patients with acute coronary syndrome (27).
MHR represents independent variables for predicting
patients with cardiovascular risk factors such as diabetes
mellitus, hypertension, dyslipidemia, and older age (28).

In this study, a significant correlation was found between
higher MHR values with the increase of values in many of
the components in the blood cells, including WBC, neu-
trophil, lymphocyte, monocyte, basophil, hemoglobin,
and platelet. We found that HDL-C and MHR were in-
dependent factors for predicting an increased HbA1c in
older diabetic patients. Conspicuously lower HDL-C was

independently associated with higher Hbalc values in all
models. Furthermore, in Models 1 and 2, we performed
the regression analysis to determine whether HDL-C or
monocyte was the predictor of increased HbATc in old-
er diabetic patients. We showed that lower HDL-C had
a more significant role in the severity of predicting in-
creased HbATc.

We conducted the study in a single center with a rela-
tively small sample, which can be considered the ma-
jor limitation of our study. Another limitation is the lack
of adequate assessment of the effect of exercise and
smoking on HDL-C value due to the study’s retrospec-
tive nature. However, this study may inspire future stud-
ies in which the impact of exercise and smoking will also
be evaluated. Although the cause-and-effect relation-
ship can not be inferred from the study, it is noteworthy
that we focused on the value of interesting blood cell
parameters predicting increased HbA1c in older diabet-
ic patients.
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Table 3: Multivariate regression analysis for predicting an increased HbAc in older diabetic patients

Odds Ratio (95% ClI) p-value
Model 1
HDL-C 0.88 (0.82-0.94) <0.001
Neutrophil 1.37 (0.91-2.07) 0.131
Lymphocyte 1.74 (0.69-4.38) 0.237
Monocyte 143.43 (0.80-25602.11) 0.060
Mean platelet volume 0.96 (0.62-1.50) 0.871
Model 2
HDL-C 0.87 (0.82-0.93) <0.001
Neutrophil 1.37 (0.91-2.06) 0.133
Lymphocyte 1.75(0.70-4.39) 0.234
Monocyte 143.43 (0.87-26014.76) 0.057
Model 3
HDL-C 0.84 (0.80-0.89) <0.001
Neutrophil 1.60 (1.09-2.33) 0.017
Lymphocyte 2.47 (1.01-6.04) 0.047
Model 4
MHR 1.45 (1.27-1.65) <0.001
Neutrophil 1.25(0.85-1.83) 0.255
Lymphocyte 1.59 (0.69-3.68) 0.277

HDL-C: High-density lipoprotein cholesterol, MHR: Monocyt-to-HDL cholesterol ratio. Significant p values are bolded. p<0.05 was consid-

ered statistically significant.

CONCLUSION

A strong association and moderately strong correla-
tion were detected between increased MHR values and
HbA1c levels, as well as an increase in various compo-
nents of blood cells, including WBC, neutrophil, lym-
phocyte, monocyte, basophil, hemoglobin, and platelet
in older patient with poorly controlled DM. HDL-C and
MHR were identified as independent factors for predict-
ing increased HbA1c in older diabetic patients. Lower
levels of HDL-C played a more significant role in pre-
dicting the severity of increased HbAlc compared to
monocyte counts. In conclusion, MHR can help predict
the severity of diabetes in older patients. Therefore, this
parameter can serve as a clinically useful and potentially
predictive inflammation-based marker for identifying pa-
tients with uncontrolled blood glucose who are at higher
risk of complications related to DM.
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ABSTRACT

Objective: This study aims to determine the hematologic and
obstetric factors that would affect the management of immune
thrombocytopenia (ITP) during pregnancy.

Material and Method: This is a retrospective review of 54 preg-
nancies that were complicated by ITP at a single tertiary center. All
of the patients were followed-up and delivered at the same cen-
ter. Subgroup analysis for obstetric outcomes was made accord-
ing to the platelet counts at the time of delivery (<50x103/mm?® or
>50x10%/mm?3), the time of diagnosis (before or during pregnancy)
and neonatal platelet counts (£100x10°/mm? or >100x10%/mm?3).

Result: Transfusion of blood products, steroid administration per
se, or in combination with intravenous immunoglobulins (IVIG),
were significantly more often administered in those with platelet
counts <50x10%/mm? at the time of delivery (p=0.020, p=0.020,
and p=0.004, respectively). The patients who were first diag-
nosed with ITP during pregnancy had higher rates of transfusion
of blood products (p=0.041), higher rates of vaginal deliveries
(p=0.048), and lower rates of preterm delivery (p=0.044) when
compared to the patients who had ITP diagnosed before the on-

OzZET

Amag: Bu calisma, gebelikte immiin trombositopeni (ITP) yéne-
timini etkileyecek hematolojik ve obstetrik faktérleri belirlemeyi
amaclamaktadir.

Gereg ve Yéntem: ITP nedeniyle hastanemizde tedavi edilen ve
dogumu hastanemizde yaptinlan iTP ile komplike olmus 54 ge-
belik retrospektif olarak incelenmistir. Obstetrik sonuglar icin alt
grup analizi, dogum anindaki (<50x10%/mm? veya >50x10%/mm?3)
ve tani anindaki (gebelik 6ncesi veya gebelik sirasinda) trom-
bosit sayisi ve neonatal trombosit sayisina (<100x10°/mm? veya
>100x10%/mm?) gore yapilmistir.

Bulgular: Dogumda trombosit sayisi <50x10%/mm? olan gebe-
liklerde steroid uygulamasi, intravendz immiinoglobulinler (IVIiG)
ile birlikte steroid kullanimi ve kan Griinleri transflizyonu anlam-
I olarak daha yUksek saptanmistir (sirasiyla, p=0,020, p=0,020,
p=0,004). Gebelik 6ncesi ITP tanisi alan hastalara gore gebelikte
ITP tanusi alan hastalarda, gebelik esnasinda transfiizyon ve va-
jinal dogum oraninin anlamli olarak daha yiksek, erken dogum
oraninin anlamli olarak daha distk oldugu ve dogum anindaki
gebelik yasi, dogum agirligi ve neonatal trombosit sayisinin an-
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set of pregnancy. Gestational age at birth (p=0.020), birth weight
(p=0.002) and neonatal platelet count (p=0.002) were significant-
ly higher in those who were diagnosed during the pregnancy.
History of maternal splenectomy, intensive care unit admission,
IVIG administration, and blood transfusion were significantly
more frequent in neonates with platelet counts <100x10%/mm?
(p=0.028, p=0.001, p=0.001, and p=0.025, respectively).

Conclusion: The women diagnosed with ITP before the preg-
nancy and those who were diagnosed during the pregnancy had
comparable rates of postpartum bleeding. However, there was a
tendency towards overtreatment of the women who developed
ITP during pregnancy.

Keywords: Immune thrombocytopenia, pregnancy, bleeding

lamli olarak daha yiksek oldugu belirlenmistir (sirasiyla, p=0,041,
p=0,048, p=0,044, p=0,020, p=0,002 ve p=0,002). Trombosit sa-
yisi £100x10%mm? olan yenidoganlarda maternal splenektomi
dykusl, yogun bakim gereksinimi, IVIG tedavisi ve kan transfiiz-
yon gereksinimi anlamli olarak daha yiiksek bulunmustur (sirasiy-
la p=0,028, p=0,001, p=0,001 ve p=0,025).

Sonug: Gebelik 6ncesi ITP tanisi alan kadinlar ve gebelik sirasin-
da ITP tanisi konulan kadinlar, postpartum kanama bakimindan
benzerdir. Buna karsilik, gebelik sirasinda ITP gelisen kadinlarin
gereginden fazla tedavi edilmesine yonelik bir egilim séz konu-
sudur.

Anahtar Kelimeler: immun trombositopeni, gebelik, kanama

INTRODUCTION

Thrombocytopenia is the second most common hemato-
logical disorder in pregnancy after iron deficiency anemia
(1). Thrombocytopenia refers to a platelet count less than
150x103%/mm? and its prevalence ranges between 6.6%
and 11.6% in pregnancy (2).

Immune thrombocytopenia (ITP) has an incidence of 1.6
to 3.9 per 100,000 patient-years. It has been reported
that this incidence increases with age and has a slight fe-
male predominance (3). ITP affects 1 or 2 of every 1000
pregnancies and accounts for 5% of pregnancies with
thrombocytopenia (4). This autoimmune disease can be
diagnosed for the first time during pregnancy as its onset
may be triggered by gestation (5). TP during pregnancy
might also present as an exacerbation of a previously di-
agnosed disease, particularly in the last trimester (5, 6).

The prevalence of chronic active ITP corresponds to 245
cases per million in adults and 10%-15% of this adult
population comprises women of childbearing age (7).
Considering that each woman at reproductive age has
an average of two children in most European countries, it
can be estimated that about 2 out of 10,000 women with
chronic active ITP will become pregnant (6, 7). Similarly,
the incidence of severe chronic ITP has been designated
as 0.83in 10,000 pregnant women by a nationwide survey
conducted in the United Kingdom (8).

The most important maternal concern related to ITP is
the risk of intractable bleeding especially at the time of
delivery (9). Similarly, the major ITP-related fetal problem
is the risk of intracranial hemorrhage due to neonatal
thrombocytopenia induced by the transplacental pas-
sage of maternal antiplatelet antibodies (10). Therefore,
prompt diagnosis and treatment of ITP should be made
to prevent complications (11).

This study aims to determine the hematologic and ob-
stetric factors that would affect the management of ITP
during pregnancy.

MATERIAL and METHODS

The present study was approved by the Institutional Re-
view Board and Ethical Committee of Istanbul University
Istanbul Faculty of Medicine where the study was conduct-
ed (Date: 05.28.2021, No:11). This is a retrospective review
of 54 pregnancies of 49 women complicated with ITP and,
treated and delivered at the obstetrics department of the
study center between January 2013 and May 2020. The
study includes the pregnancies that were complicated
with ITP and got the first diagnosis during that index preg-
nancy (n=17) and all pregnancies of the women who had a
known diagnosis of ITP before pregnancy (n=37).

The diagnosis of ITP was made by a senior hematologist.
The patients with platelet count <150x10%/mm? with nor-
mal white and red blood cell counts, whose bone marrow
biopsy showed a normal or increased number of mega-
karyocytes, and who had other obstetric and hereditary
causes of thrombocytopenia were excluded. Other caus-
es of thrombocytopenia that were excluded consisted of
incidental gestational thrombocytopenia, preeclampsia,
HELLP syndrome (Hemolysis, Elevated Liver enzyme lev-
els, Low Platelets), viral infections such as hepatitis C,
cytomegalovirus, human immunodeficiency virus, sepsis,
disseminated intravascular coagulation, drug-induced
thrombocytopenia, liver disease and autoimmune con-
ditions such as systemic lupus erythematosus, hemolytic
uremic syndrome, thrombotic thrombocytopenic purpu-
ra and other hereditary thrombocytopenias. The preg-
nant women who received anticoagulant drugs and the
pregnant women who were diagnosed with gestational
thrombocytopenia were also excluded from the study.
The diagnosis of gestational thrombocytopenia was
made in patients with platelet counts >70x10%/mm? and
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in those with platelet counts within a normal range pre-
ceding or succeeding the pregnancy.

Data related to maternal age, time of ITP diagnosis (be-
fore or during pregnancy), minimum platelet count during
pregnancy, medical treatment during pregnancy (steroids
or steroids combined with IVIG), history of maternal sple-
nectomy, transfusion of blood products during pregnancy,
mode of delivery (vaginal or cesarean section), platelet
counts at the time of delivery, postpartum bleeding, ges-
tational age (GA) at delivery, preterm delivery and birth
weight were acquired from medical records. Data related
to the neonates including platelet counts, need for inten-
sive care, length of stay at the intensive care unit, medi-
cal treatment (IVIG, phototherapy, or transfusion of blood
products) and intracranial bleeding were also recorded.

Corticosteroid treatment was carried out by administer-
ing prednisone at a daily dose of 40 - 60 mg for a period
of one week to nine months until delivery. IVIG treatment
was initiated at daily doses of 400 mg/kg for five days.
Preterm delivery was defined as delivery before 37 weeks
of gestation. Postpartum bleeding has been identified as
blood loss of more than 500 ml within 24 hours following
a vaginal delivery or more than 1000 ml within 24 hours
following cesarean delivery.

Subgroup analysis for perinatal outcomes was made
according to the platelet counts at the time of delivery
(<50x10%/mm?3 or 250x10%/mm?), the time of ITP diagno-

sis (before or during pregnancy) and neonatal platelet
counts (£100x103/mm?3 or >100x10/mm?).

Statistical analysis

Collected data were analyzed using Statistical Package for
Social Sciences version 17.0 (IBM Corporation, Armonk, NY,
USA). The distribution of continuous variables was tested
by a Shapiro-Wilk test and the assumption of homogeneity
of variances was examined using a Levene test. Continuous
variables were expressed as mean =+ standard deviation or
median (minimum-maximum) while categorical variables
were denoted as numbers and percentages where appro-
priate. A Student’s t-test and Mann-Whitney U test were
used to compare the continuous variables whereas a Pear-
son’s chi-square test, continuity-adjusted chi-square test,
Fisher's exact test and, Fisher-Freeman-Halton test were
used to compare the categorical variables. Two-tailed p-val-
ues less than 0.05 were statistically significant.

RESULTS

The perinatal outcomes of pregnancies with ITP based
on platelet counts at the time of delivery are demonstrat-
ed in Table 1. When compared to the pregnancies with
platelet counts >50x10%/mm? at delivery, steroid admin-
istration, use of steroids in combination with IVIG, and
transfusion of blood products were significantly more
frequently observed in pregnancies with platelet counts
<50x10%/mm? at delivery (p=0.020, p=0.020 and p=0.004
respectively).

Table 1: Perinatal outcomes of pregnancies with ITP based on the platelet counts at delivery

Platelet counts

Platelet counts

<50x103/mm?3 >50x10%/mm? p value
(n=15) (n=39)

Maternal age (years) 26.7%£5.5 29.0+5.3 0.150
ITP diagnosed before pregnancy (n, %) 12 (80.0) 25 (64.1) 0.338
ITP diagnosed during pregnancy (n, %) 3(20.0) 14 (35.9) 0.338
Steroid use during pregnancy (n, %) 8(53.3) 15(38.5) 0.020*
Steroid+IVIG use during pregnancy (n, %) 5(33.3) 4(10.3) 0.020*
History of splenectomy (n, %) 0 (0.0 5(12.8) 0.306
Transfusion during pregnancy (n, %) 14 (93.3) 18 (46.2) 0.004*
Vaginal delivery (n, %) 7 (46.7) 18 (46.2) 0.999
Cesarean delivery (n, %) 8(53.3) 21 (53.8) 0.999
Postpartum bleeding (n, %) 2(13.3) 1(2.6) 0.183
Gestational age at delivery (weeks) 39 (31-40) 39 (31-41) 0.625
Preterm delivery (<37 weeks) (n, %) 3(20.0) 6(15.4) 0.696
Birth weight (gr) 3285.0+383.2 3195.4+621.2 0.605
Neonatal platelet count (x10%/mm?3) 174.4+57 4 166.9+95.8 0.727
Neonatal platelet counts <100x10%/mm?3(n, %) 1(6.7) 8 (20.5) 0.417
Need for neonatal intensive care (n, %) 3(20.0) 9(23.1) 0.999
Stay at neonatal intensive care unit (days) 10 (5-16) 6 (3-16) 0.482
Neonatal IVIG treatment (n, %) 1(6.7) 7(17.9) 0.419
Neonatal phototherapy (n, %) 1(6.7) 2(5.1) 0.999
Neonatal platelet transfusion (n, %) 0(0.0) 2(5.1) 0.999

*p<0.05 was accepted statistically significant, ITP: Immune thrombocytopenia, IVIG: Intravenous immunoglobulins.
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The perinatal outcomes of pregnancies with ITP depend-  agnosis of ITP before the pregnancy (p=0.041, p=0.048,

ing on the time of diagnosis are summarized in Table 2. P=0.020, p=0.002 and p=0.002 respectively). Preterm de-
liveries were significantly lower in those with a first diag-

The patients who were first diagnosed during the preg-
nosis of ITP during the pregnancy (p=0.044).

nancy had higher rates of blood transfusions, vaginal de-

liveries, GA at birth, birth weight, and neonatal platelet ~ The perinatal outcomes based on neonatal platelet
counts when compared to the patients who had the di-  counts are displayed in Table 3. When compared to the

Table 2: Perinatal outcomes of pregnancies with ITP based on the time of diagnosis

ITP diagnosed ITP diagnosed during

before pregnancy pregnancy p value
(n=37) (n=17)

Maternal age (years) 28.4+5.7 28.3+5.0 0.932
History of splenectomy (n, %) 5(13.5) 0(0.0) 0.168
Transfusion during pregnancy (n, %) 18 (48.6) 14 (82.4) 0.041*
Platelet count at delivery (x10°/mm?3) 65.7 (2.8-322.0) 63.0 (34.0-101.0) 0.948
Platelet count <50x10%/mm?3at delivery (n, %) 12 (32.4) 3(17.6) 0.338
Vaginal delivery (n, %) 16 (43.2) 13 (76.5) 0.048*
Cesarean delivery (n, %) 21 (56.8) 4 (23.5) 0.048*
Postpartum bleeding (n, %) 3(8.1) 0(0.0) 0.544
Gestational age at delivery (weeks) 38 (31-41) 39 (38-41 0.020*
Preterm delivery (<37 weeks) (n, %) 9 (24.3) 0(0.0) 0.044*
Birth weight (gr) 3066.3+568.8 3555.3+385.2 0.002*
Neonatal platelet count (x10%/mm?3) 145.5+77.6 220.0+84.6 0.002*
Neonatal platelet count <100x10%/mm? (n, %) 8 (21.6) 1(5.9) 0.244
Need for neonatal intensive care (n, %) 11 (29.7) 1(5.9) 0.078
Stay at neonatal intensive care unit (days) 7 (3-16) 5(5-5) 0.568
Neonatal IVIG treatment (n, %) 7 (18.9) 1(5.9) 0.411
Neonatal phototherapy (n, %) 2(5.4) 1(5.9) 0.999

*p<0.05 was accepted statistically significant, IVIG: Intravenous immunoglobulins.

Table 3: Perinatal outcomes of pregnancies with ITP based on neonatal platelet counts

Neonatal Neonatal platelet
platelet counts counts |
<100x10%/mm? >100x10%/mm? P Vale
(n=9) (n=45)

Maternal age (years) 28.3+5.8 28.4+5.4 0.974
Maternal platelet nadir during pregnancy 55.0 (3.0-287.0) 56.2 (3.3-362.0) 0.972
ITP diagnosed before pregnancy (n, %) 8(88.9) 29 (64.4) 0.244
ITP diagnosed during pregnancy (n, %) 1(11.1) 16 (35.6) 0.244
Steroid use during pregnancy (n, %) 3(33.3) 20 (44.4) 0.446
Steroid+IVIG use during pregnancy (n, %) 3(33.3) 6(13.3) 0.446
History of splenectomy (n, %) 3(33.3) 2 (4.4 0.028*
Transfusion during pregnancy (n, %) 5(55.6) 27 (60.0) 0.999
Platelet count <50x10%/mm?3at delivery (n, %) 1(11.1) 14 (31.1) 0.417
Vaginal delivery (n, %) 5(55.6) 24 (53.3) 0.999
Cesarean delivery (n, %) 4(44.4) 21 (46.7) 0.999
Gestational age at delivery 38 (31-40) 39 (31-41) 0.281
Preterm delivery (<37 weeks) (n, %) 2(22.2) 7 (15.6) 0.635
Birth weight (grams) 2902.2+774.8 3283.9+498.0 0.063
Need for neonatal intensive care (n, %) 7(77.8) 5(11.1) 0.001*
Stay at neonatal intensive care unit (days) 7 (5-16) 6 (3-16) 0.530
Neonatal IVIG treatment (n, %) 8(88.9) 0(0.0) 0.001*
Neonatal phototherapy (n, %) 2(22.2) 1(2.2) 0.069
Neonatal platelet transfusion (n, %) 2(22.2) 0(0.0) 0.025*

*p<0.05 was accepted statistically significant, ITP: Immune thrombocytopenia, IVIG: Intravenous immunoglobulins.




~ Managent of immune thrombocytopenia during pregnancy
Istanbul Tip Fakiiltesi Dergisi @ J Ist Faculty Med 2023;86(4):295-301

neonates born with platelet counts >100x10%/mm?, rates
of maternal splenectomy, need for neonatal intensive
care, neonatal administration of IVIG, and blood trans-
fusions were significantly more frequently observed in
the neonates born with platelet counts <100x10%/mm3
(p=0.028, p=0.001, p=0.001 and p=0.025 respectively).

The clinical characteristics of nine neonates (16.7%) that
were born with platelet counts <100x10%/mm? are shown
in Table 4. Five of these neonates were delivered vagi-
nally while the remaining four (44.4%) were by cesarean
section. Eight neonates (88.9%) received IVIG while two
neonates (22.2%) underwent phototherapy in combina-
tion with IVIG therapy. Intracranial bleeding occurred in
only one neonate who was born by cesarean section with
a neonatal platelet count of 38,000/mm?.

with IVIG and transfusion of blood products were sig-
nificantly more frequently administered to ITP patients
with platelet counts <50x10%/mm? compared to those
with platelet counts >50x10%mm? at the time of delivery.
This finding suggests that pregnant women with platelet
counts <50x10%/mm?3 are more likely to undergo medical
treatment and transfusion even though the management
of ITP in pregnancy should aim to reduce the risk of post-
partum bleeding instead of increasing maternal platelet
counts. Such a contradictory finding can be due to our
retrospective study design and the relatively small cohort
size. Another reason can be the fact that the study center
is a tertiary university center that receives many referrals
of high- risk pregnancies. The possible overtreatment of
asymptomatic patients with ITP might be also considered

Table 4: Clinical characteristics of newborns with platelet count <100x10%/mm?

Gestational Birth Neonatal
Case age at Delivery . Neonatal Neonatal . .
Maternal . weight intracranial
Number delivery mode platelet count  treatment .
splenectomy (weeks) (grams) bleeding
1 No 37 Cesarean 2510 38000 VIG Yes
No . IVIG+
2 39 Vaginal 3460 40900 phototherapy No
No ) IVIG+
3 36 Vaginal 2340 18800 ohototherapy No
4 Yes 38 Cesarean 2500 17000 VIG No
5 Yes 40 Cesarean 3730 93300 None No
6 No 39 Vaginal 3920 15000 VIG No
7 No 31 Cesarean 1480 8400 VIG No
8 No 37 Vaginal 2940 16500 IVIG No
9 No 39 Vaginal 3880 19000 IVIG No

IVIG: Intravenous immunoglobulins.

DISCUSSION

The management of pregnancies complicated with ITP is
a challenging issue (12). The American Society of Hema-
tology recommends the treatment of pregnancies with
ITP only if platelet counts are <30x103/mm? and/or there
are symptoms of thrombocytopenia (13). Treatment is not
required until 36 weeks of gestation or the expected time
of delivery if platelet counts are >30x10%/mm? without any
symptoms of thrombocytopenia (13). A platelet count of
>50x103/mm?3 is accepted as a safe lower limit for vaginal
delivery and cesarean section (4).

In this study, rates of postpartum bleeding and neonatal
complications did not differ between pregnancies asso-
ciated with platelet counts <50x10%/mm? or 250x10%/mm?.
However, steroid therapy, steroid therapy in combination

as an underlying factor, as suggested by Care et al. (8).
Her nationwide survey and a Canadian study have de-
fined the usually benign course of ITP in pregnant wom-
en (8, 14). These studies have specified that pregnancies
complicated with ITP and healthy pregnancies were com-
parable with respect to postpartum bleeding and the risk
of postpartum bleeding was unrelated to maternal plate-
let counts (8, 14).

Corticosteroids and IVIG have been considered as the
first-line treatment for pregnancies complicated with ITP
(12-14). It has been reported that about 30% to 35% of
women receive medical treatment for ITP during pregnan-
cy (15). In this study, corticosteroids were used in 42.6% of
the pregnancies and IVIG in combination with steroids was
administered in 16.7% of the pregnancies. The relatively
high incidence of medical treatment in this study may be
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interpreted as the evidence supporting the possibility of
overtreatment of asymptomatic patients with ITP diag-
nosed during pregnancy. The findings of large-scale stud-
ies concerning the treatment with corticosteroids, IVIG, or
both failed to yield any significant difference in terms of
either maternal or fetal outcomes (8, 14, 16).

In this study, neonatal platelet counts were significantly
higher in the patients who had ITP diagnosed during the
pregnancy than in the patients who had ITP diagnosed
before the pregnancy. Samuels et al. were the first to
show that neonates born to mothers who had ITP diag-
nosed before pregnancy were more likely to have severe
thrombocytopenia (17). A Japanese study also confirmed
the significantly dramatic fall in platelet counts of new-
borns that were delivered by women with a known history
of ITP (18). However, three other studies were unable to
detect the relationship between the pre-pregnancy his-
tory of ITP and neonatal thrombocytopenia (19-21). Such
discrepancy can be attributed to the heterogeneity in the
demographic and clinical characteristics of the reviewed
patients. It may be speculated that the relatively lon-
ger duration of the disease and/or the relatively higher
number of exacerbations in pregnant women with a pri-
or history of ITP enhance the production of anti-platelet
auto-antibodies. This excessive load of autoantibodies
may be conveyed to the fetus in utero, thus, inducing the
destruction of fetal platelets and leading to the develop-
ment of neonatal thrombocytopenia.

This study has indicated that vaginal delivery is signifi-
cantly more frequently observed and the preterm deliv-
ery rate is significantly lower in patients who had an ITP
diagnosis during the pregnancy than those diagnosed
with ITP before the onset of pregnancy. In fact, the de-
cision for the mode of delivery in pregnancies with ITP
should be solely based on obstetric indications. Uncom-
plicated vaginal delivery appears as safe as cesarean sec-
tion for the newborn and even safer for the mother (22,
23). However, cesarean section is usually preferred for the
pregnancies complicated with ITP. The rationale behind
this preference is the theoretically assumed decrease in
the risk of intracranial bleeding for the neonates of af-
fected mothers. Similar to our study, the rate of cesarean
delivery was 51.7% in a Korean study (24). Obstetric in-
dications might be the underlying reason for the signifi-
cantly higher rate of cesarean delivery in the pregnancies
of women who had a known history of ITP. The evidence
favoring this suggestion is the significantly higher rates of
preterm delivery in pregnant women with a known history
of ITP. That is, indications for emergency preterm cesare-
an delivery might have been made based on the under-
lying etiologic factors such as fetal distress, premature
rupture of membranes and malpresentation. In this study,
the rate of preterm delivery has been estimated as 24.3%
for the pregnant women who had ITP diagnosed before

pregnancy. This number is higher than the incidence of
preterm delivery which has been reported as 15.2% in
previously published studies (9, 22).

In this study, the neonates with platelet counts <100x10%/
mm? or >100x10%/mm? were statistically comparable with
respect to minimum maternal platelet count during preg-
nancy and severe maternal thrombocytopenia (<50x10%
mm?3) at the time of delivery. This finding supports the
existence of a poor correlation between maternal and
fetal platelet counts in pregnancies complicated with TP
(20-24). It has been declared that thrombocytopenia is
relatively rare in newborns delivered by women with ITP.
Previously published studies have yielded an incidence
of 10% for thrombocytopenia in infants born to affected
mothers (20). On the other hand, the risk of intracranial
hemorrhage has been estimated as <1.5% with mortali-
ty rates of <1% in newborns with thrombocytopenia (21).
In the present study, nine (17.6%) newborns had plate-
let counts <100x10%/mm? and six newborns (11.1%) had
platelet counts <30x10%/mm? but only one newborn was
diagnosed with intracranial hemorrhage and no deaths
occurred. This finding can be the result of vigorous treat-
ment received by the thrombocytopenic neonates.

It has been well established that the management of
pregnancies complicated with ITP requires the collabo-
ration of obstetricians, hematologists, and pediatricians
at a tertiary center. Our findings imply that and the diag-
nosis of ITP before pregnancy appears as a risk factor for
preterm delivery and cesarean section. Further research
has been warranted to standardize the approach for the
management of pregnancies complicated with ITP.
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ABSTRACT

Objective: To evaluate the safety and efficacy of postoperative
intravesical administration of tranexamic acid after transurethral
resection of the prostate.

Material and Method: The data of 112 patients who underwent
surgery for lower urinary tract symptoms associated with benign
prostatic obstruction (BPO) were retrospectively analysed. We
formed two groups: Group 1 consisted of 57 patients who re-
ceived tranexamic acid by irrigation fluid after the operation;
group 2 consisted of 55 patients who did not receive tranexamic
acid. Demographic data of patients and prostate characters, as
well as operative and postoperative data were analysed. Postop-
erative bleeding in all patients was evaluated using the haemo-
globin levels at the preoperative, and at O- and 24-h postopera-
tive were evaluated and noted.

Result: The mean ages of the patients were 66.9+7.2 (55-81) years
in the intervention group, and those in the control group were
68.6+7.6 (55-80) years. There were no significant differences be-
tween the groups for demographic data, prostate volume and
International Prostate Symptom Score (IPSS). The reduction in Hb
at 24 hours postoperatively was greater in the control group com-
pared to the tranexamic acid (TXA) group. Statistically significant
differences were found between the two groups in terms of post-
operative haemoglobin decrease, bladder irrigation time and total
amount of irrigation fluid. There were no statistically significant dif-
ferences between each group regarding the operation, weight of
resected adenoma, hospitalization time and catheter removal time.

OzZET

Amag: Benign prostat hiperplazili hastalarda transiretral
prostat rezeksiyonu sonrasi postoperatif intravezikal tranek-
samik asit uygulamasinin givenlik ve etkinligini degerlendir-
mek.

Gereg¢ ve Yéntem: Benign prostat hiperplazisine bagli alt
Uriner sistem semptomlari nedeniyle ameliyat edilen 112
hastanin verileri geriye déniik olarak incelendi. iki grup olus-
turuldu: Grup 1'de operasyon sonrasi irrigasyon sivisi ile
traneksamik asit uygulanan 57 hasta, grup 2'de traneksamik
asit uygulanmayan 55 hasta mevcuttu. Hastalarin demogra-
fik verileri, prostat 6zellikleri, operatif ve postoperatif verileri
analiz edildi. Tim hastalarda ameliyat sonrasi takiplerindeki
kanama miktarlar; preoperatif ve postoperatif 0. ve 24. sa-
atlerde hemoglobin duzeyleri kullanilarak degerlendirildi ve
not edildi.

Bulgular: Traneksamik asit grubundaki hastalarin yas ortalamasi
66,9+7,2 (55-81) yil, kontrol grubundakiler ise 68,6+7,6 (55-80)
yil idi. Demografik veriler, prostat hacmi ve Uluslararasi prostat
semptom skoru agisindan gruplar arasinda anlamli fark yoktu.
Postoperatif 24 saatte hemoglobindeki azalma, traneksamik asit
grubuna kiyasla kontrol grubunda daha fazlaydi. Postoperatif
hemoglobin dislst, mesane irrigasyon siiresi ve toplam irrigas-
yon sivisi miktari agisindan iki grup arasinda istatistiksel olarak
anlamli fark bulundu. Ameliyat siresi, rezeke edilen adenomun
agirhgi, hastanede kalis siresi ve kateter ¢ikarma suresi agisin-
dan gruplar arasinda istatistiksel olarak anlamli fark yoktu.

* The study was presented as an oral presentation at the Turkish Urology Society’s Symposium, 2023 / Eser Tiirk Uroloji Dernekleri Sempozyumu 2023'te

s6zIU bildiri olarak sunulmustur.
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Conclusion: A postoperative follow-up process with less bleed-
ing and complications is possible with tranexamic acid added to
the intravesical irrigation fluid used after transurethral prostate
resection (TURP) surgery.

Keywords: Tranexamic acid, transurethral resection of the pros-
tate, irrigation fluid, postoperative bleeding

Sonug: TransUretral prostat rezeksiyonu ameliyati sonrasi kulla-
nilan intravezikal irrigasyon sivisina eklenen traneksamik asit ile
ameliyat sonrasi daha az kanama ve komplikasyon ile takip sireci
mimkindr.

Anahtar Kelimeler: Traneksamik asit, transuretral prostat rezek-
siyonu, irrigasyon sivisi, postoperatif kanama

INTRODUCTION

Lower urinary tract symptoms (LUTS) are a common com-
plaint in aging men and occur most frequently associat-
ed with benign prostatic obstruction. Especially surgical
treatment is performed in cases resistant to medical
treatment (1, 2). Despite the recent development of alter-
native surgical techniques, transurethral prostate resec-
tion (TURP) is still accepted as the gold standard for the
surgical treatment of benign prostatic obstruction (BPO).
However, bleeding is a major perioperative complication,
and transfusion rates after TURP have been shown to be
around 0.4-7.1% in patients. The amount of bleeding
varies depending on the patient’s use of anticoagulant
medication, comorbidity, size of the prostate, duration of
the operation, and the amount of resected tissue (3, 4).

Many interventions have been recommended to reduce
perioperative bleeding in prostate surgery such as intra-
venous oestrogen, erythropoietin, finasteride, intrapros-
tatic vasopressin, controlled hypotension, and the use of
antifibrinolytics (5).

Bleeding associated with urinary tract surgery is thought
to be due to the fibrinolytic effect of high plasmino-
gen concentration in the urine. Therefore, the use of
tranexamic acid (TXA) has been investigated in previ-
ous studies to reduce intraoperative and postoperative
bleeding in prostate surgeries. However, it has not been
adequately accepted in urology practice (6, 7).

In this study, we aimed to investigate the effect of
tranexamic acid, which was used in the irrigation fluid
postoperatively, on reducing the amount of periopera-
tive bleeding in bipolar TURP.

MATERIAL and METHODS

We included 112 patients operated on for BPO-related low-
er urinary tract symptoms and designed two groups with
similar characteristics. The study was designed by scanning
data of patients on whom bipolar TURP for benign prostat-
ic obstruction was performed between February 2018 and
July 2022 retrospectively. All operations were performed
by two expert endourologists in a tertiary hospital. Group
1 consisted of 57 patients who had tranexamic acid in the
irrigation fluid following the operation; group 2 consisted

of 55 patients who did not have tranexamic acid in the irri-
gation fluid. Approved written informed consent describing
the surgical procedure, benefits, and potential risks appro-
priately was read and completed by all study patients prior
to surgery. Ethics committee approval was obtained from
Istinye University Clinical Research Ethics Committee (Date:
07.12.2022, No: 3/2022.K-91). The study was conducted in
accordance with the ethical standards set forth in the 1964
Declaration of Helsinki and its subsequent amendments.
We performed a digital rectum examination, a routine
blood examination and urine test, prostate-specific antigen
(PSA\) levels, a transrectal ultrasound scan, and International
Prostate Symptom Score (IPSS). The haemoglobin levels of
the patients at the preoperative, and at O- and 24-h postop-
eratively were evaluated and noted. Inclusion criteria were
as follows: age <81, Qmax<10 mL/h, IPSS=16, and prostate
volume measured by transrectal US between 40-100 mL.
The exclusion criteria were suspected/confirmed bladder or
prostate cancer, neurogenic bladder, previous lower urinary
tract surgery (urethral and/or prostate), serious comorbidi-
ties (unstable angina, symptomatic CHF, poorly controlled
COPD, recent (less than six months ago) myocardial infarc-
tion or stroke), coagulopathy.

When the operation was over, a 22F 3-way urethral cathe-
ter was inserted and bladder irrigation was continued until
the postoperative flush was cleared. While 5 ampoules of
tranexamic acid (5 mL 250 mg/1 ampoule) were applied to
the first postoperative irrigation fluid (0.9% Sodium Chloride
Irrigation, 3000 mL), 3 ampoules of tranexamic acid were
added to the postoperative maintenance irrigation fluids.
In total, 17-29 ampoules of tranexamic acid were added in
irrigation fluids in all patients of the intervention group.

Statistical analysis

Statistical analyses were performed with SPSS version
18.0 (SPSS, Inc., Chicago, IL, USA) and data were dis-
played as mean=standard deviation (SD) (range). The chi-
square test, Manne-Whitney U test, and one-way analysis
of variance (ANOVA) were used for statistical compari-
sons. A 5% level of significance was used for all statistical
testing. A P-value<0.05 was considered significant.

RESULTS

Data from 57 (51%) patients treated with TXA and 55
(49%) control patients were analysed. The mean age of
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the patients was 66.9+7.2 (55-81) years in the interven-
tion group, and those in the control group was 68.6+7.6
(55-80) years. Body mass index (BMI) was calculated as
30.5+3.6 (21-36) in the intervention group and 28.8+4.1
(22-35) in the control group, respectively. While 46 (81%)
patients had ASA I-1l and 11 (19%) patients had ASA llI-IV
in the intervention group, 47 (85%) patients had ASA I-I
and ASA llI-IV was 8 (15%) patients in the control group.
The prostate volumes of the patients were 69.6+10.9 (40-
92) mL and 66+11.3 (48-91) mL, respectively. There were
no statistical differences between each group in age,
BMI, IPSS, prostate size and patients’ comorbidity. De-
mographic data and preoperative results of patients are
shown in Table 1. The reduction in Hb at 24 hours postop-
eratively was statistically significant in the control group
compared to the TXA group (p<0.001). The mean dura-
tion of operation was 73.8+14.5 (40-110) minutes in the
intervention group and 76.3£17.1 (48-125) in the control
group. The weight of resected adenoma was 35.1+7.8
grams in group 1 and 34.7+6.4 grams in group 2. The
mean hospitalization time of patients was 1.8+0.7 (1-3)
days and 2+0.8 (1-5) days, respectively. Catheter removal
times were 2.4+0.7 days and 2.8+1 days in group 1 and
group 2, respectively. There were no statistical differenc-
es between each group regarding the duration of the
operation, weight of resected adenoma, hospitalization
time, and catheter removal time. Postoperative bladder
irrigation time was 12.4+5.1 hours in the intervention
group, while it was 15.5+7.3 hours in the control group.
According to our analysis of patients’ data, statistical-
ly significant differences were found between the two
groups in postoperative bladder irrigation time and the
total amount of irrigation fluid (Table 2). No patient had
haematuria requiring blood transfusion in both groups.

DISCUSSION

The prostate tissue, which has a rich blood supply, contains
large venous sinuses. During prostate resection, these ve-
nous sinuses are opened, fibrinolytic enzymes pass into
the vascular system and fibrinolysis is activated. Bleeding
becomes inevitable with fibrin degradation (7-9).

TXA is a synthetic derivative of lysine and is an antifibri-
nolytic. Its mechanism of action is to prevent the forma-
tion of plasmin by binding to plasminogen, to prevent
the breakdown of fibrin polymers, and to stabilize blood
clots, respectively. Thus, it reduces blood loss and the
need for transfusion in surgeries. Thanks to this effect,
TXA is used in acute trauma, cardiac surgery, orthopae-
dics and liver surgery operations (5, 7, 10). Although it
was used in some previous studies in urological surgery, it
did not gain much interest in the urology practice.

Despite the developing technology in TURP operations,
blood loss continues to be a problem. Significant bleed-
ing can increase surgical morbidity and mortality. TXA,
which is used effectively in reducing blood loss in differ-
ent surgical branches, has also been used in TURP oper-
ations recently, but its effectiveness has been a matter of
debate (11, 12). In the studies, the route of administration
of TXA was performed intravenously, as in other surgical
specialties. However, in our study, TXA was added to irri-
gation fluids by the intravesical route, and its efficacy and
safety were evaluated.

In the literature, there are studies that evaluated the de-
crease in haemoglobin after TURP surgery and found a
significant difference in the TXA group (13), as well as
studies stating that there was no difference (14). In the
present study, we found that the urine colour was lighter,
and the amount of bleeding decreased with TXA add-
ed to the irrigation fluid in the postoperative follow-ups.
It showed that the decrease in Hb at the postoperative
24" hour was statistically less significant in the TXA group
(p<0.001).

Some studies found a statistical decrease in the volume
of irrigation fluid used intraoperatively with intravenous
TXA administered perioperatively (12, 13). However, there
have also been studies that applied TXA with the same
method and did not detect any difference (15, 16). Un-
like our study, TXA was applied only in the postoperative
period and was added to the irrigation fluid. There was a
statistical difference in the postoperative total amount of

Table 1: Preoperative demographic characteristics of the patients

Tranexamic acid (n=57) Control (n=55) P value
Age (years) 66.9+7.2 (55-81) 68.6+7.6 (55-80) 0.67
Body mass index 30.5+3.6 (21-36) 28.8+4.1 (22-35) 0.29
ASA category | + 11 (n) 46 47 0.44
ASA category Il + IV (n) 1 8 0.17
Preoperative haemoglobin (g/dl) 13.9+0.9 14.2+0.8 0,52
Prostate volume (ml) 69.6x10.9 (40-92) 66+11.3 (48-91) 0.15
IPSS 225+2.3 22.1+2.6 0.61

ASA: American Society of Anaesthesiologists, IPSS: International Prostate Symptom Score
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Table 2: Comparison of postoperative parameters and complications

Tranexamic acid (n=57) Control (n=55) P value

Haemoglobin (g/dl)

preoperative 13.9+0.9 14.2+0.8 0.52

postoperative 0-h 12.1£1 12.5+1.3 0.21

postoperative 24-h 11.8+1.1 10.6+1.4 0.001
Duration of operation (min) 73.8+14.5 (40-110) 76.3£17.1 (48-125) 0.45
Postoperative bladder irrigation time (h) 12.4+51 15.5+7.3 0.001
Total amount of irrigation fluid (L) 18.44+2.16 24.08+3.5 0.001
Weight of resected adenoma (g) 35.1+7.8 34.7+6.4 0.62
Hospitalization time (day) 1.8+0.7 (1-3) 2+0.8 (1-5) 0.37
Catheter removal (day) 2.4+0.7 (2-5) 2.8+1(1-6) 0.35

irrigation fluid and bladder irrigation time in the interven-
tion group. We state that our study differs from the other
studies in this aspect.

In addition, the effect of intravenous TXA, which is ap-
plied to provide better haemostasis and better imaging
during surgery, was evaluated in some studies in the lit-
erature, and significantly shorter operative times were
found in the intervention group (7, 11, 13). In our study,
TXA was applied to the postoperative irrigation fluid and
therefore its effect on the operation time could not be
evaluated.

On the other hand, some studies have shown that TXA
may be associated with postoperative neurological com-
plications in a dose-dependent manner. While it has
been reported that using TXA may increase the risk of
epilepsy in children undergoing cardiac surgery (10),
in another study it was shown that the use of TXA may
cause complications such as convulsions of the central
nervous system in a dose-dependent manner (17). There
were no neurological complications in any of the patients
after the operation in our study. We attribute this situ-
ation to the fact that the route of administration is not
intravenous, but intravesical (into the bladder irrigation
fluid) and its minimal passage into the vascular system.
Another important complication of administering TXA to
patients undergoing prostate surgery is the thromboem-
bolic risk. It has been stated that this risk exists especially
in patients with thrombophilia (18). Although studies in
the literature have shown that TXA does not increase the
risk of thromboembolic complications, its effect on this
complication remains unclear (19). In our study, we con-
clude that the TXA application method is safe, consider-
ing that systemic transmission is minimal.

The main limitations of the study were the small sample
size, and the inability to evaluate total and mean blood
losses. Further studies are needed on the use of intraves-
ical TXA after TURP operation.

CONCLUSION

The use of intravesical TXA offers a safe postoperative
follow-up process with less bleeding and lower irrigation
fluid volumes after TURP surgeries. In addition, we think
that intravesical use of TXA is superior to intravenous use
in terms of systemic complications. Further studies sup-
porting the results of this study will be required.
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ABSTRACT

Obijective: Chronic subdural hematoma (CSDH) is typically seen
in elderly people with unilateral hemorrhages. The aim of this
study was to examine the clinical outcomes of patients under
the age of 50 who were treated at our clinic for bilateral CSDHs.

Material and Method: This retrospective study included 20 pa-
tients under the age of 50 who had been diagnosed with bilater-
al CSDHs and treated with burr-hole drainage between 2000 and
2022 at Istanbul Faculty of Medicine, Department of Neurosurgery,
Istanbul University. The patients” demographic information, clinical
data, and radiological images were obtained retrospectively from
the hospital system. The data were subjected to descriptive statisti-
cal analysis using the IBM SPSS statistics 28.0.0 program.

Result: There were 14 (70%) males and 6 (30%) females in our
study, with a mean age of 20.5 years. The most common com-
plaints among the patients were headaches in nine patients (45%),
newly developed paresis in five patients (25%), and seizures in four
patients (20%). It was discovered that 17 patients (85%) had no his-
tory of head trauma. CSDH was evacuated by bilateral burr-holes
in 14 patients (70%). Three (21.4%) of 14 patients with bilateral
burr-holes, and 3 (50%) of the remaining six patients were reoper-
ated due to recurrent bleeding in the follow-up period.

Conclusion: In our study, trauma history and use of antiaggre-
gants and anticoagulants were low. More comprehensive stud-
ies on the etiology of bilateral CSDH in patients under 50 years
of age are required.

Keywords: Burr-hole, chronic subdural hematomas, intracranial
hematoma

OZET

Amag: Kronik subdural hematom (KSDH) genelde yasli poptlas-
yonda ve unilateral olarak izlenir. Bu calismada 50 yasin altinda
tani almig bilateral KSDH hastalarinin klinik 6zelliklerinin incelen-
mesi planlandi.

Gereg ve Yéntem: Bu calismaya istanbul Universitesi, istanbul
Tip Fakultesi, Beyin ve Sinir Cerrahisi anabilim dalinda 50 yasin
altinda bilateral KSDH tanisi almis ve "burr-hole" drenaji ile te-
davi edilmis olan 20 hasta dahil edildi. Hastalarin demografik,
klinik, radyolojik bilgilerine hastane sisteminden retrospektif
olarak ulasildi. Tim veriler IBM SPPS 28.0.0 programi kullanila-
rak istatiksel olarak degerlendirildi.

Bulgular: Calismaya, 14 (%70) erkek ve alti (%30) kadin hasta da-
hil edildi. Ortalama yasin 20,5 oldugu gorildu. En sik hastaneye
basvurma semptomlari incelendiginde dokuz (%45) hastada bas
agrisi, bes (%25) hastada yeni gelisen parezi ve dort (%20) hasta-
da nébet gecirme oldugu gorildi. On yedi (%85) hastada kafa
travmasi dykislniin olmadigi saptandi. KSDH 14 hastada bilate-
ral "burr-hole" ile bosaltildi. Bu 14 hastanin takiplerinde Gg¢lnin
(%21,4) ve geri kalan alti hastanin tG¢tintin (%50) rekirren kanama
nedeniyle tekrar opere edildigi saptandi.

Sonug: Calismamizda, geng bilateral KSDH tanili hastalarda
travma Oykuslnin, antiagregan ve antikoagdlan kullaniminin az
oldugu gérildd. Elli yas altinda karsilasilan bilateral KSDH eti-
yolojisini aydinlatmak i¢cin daha genis capli calismalara ihtiyag
bulunmaktadir.

Anahtar Kelimeler: Burr-hole, kronik subdural hematom, intrak-
ranyal hematom
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INTRODUCTION

One of the most common types of intracranial hemor-
rhage is chronic subdural hematoma (CSDH) with an inci-
dence of approximately 5.3-13.5/100,000/yr (1). The inci-
dence rate of CSDH increases with age (2). Bilateral CSDH
has a high recurrence rate and variable clinical features.
The most frequent factor in the etiology of CSDH is head
trauma. Other etiological factors are alcoholism, liver cir-
rhosis, chronic renal failure, history of anti-aggregant or
anticoagulant drug use, and hematological diseases (1).
However, recent studies show that the etiological factors
are not limited to these. Many factors contribute to the
development of CSDH, including age-related changes
in patients’ physiological immune responses and angio-
genic pathways, genomic instability, epigenetic defects,
dysregulation of metabolic pathways, increased cell ag-
ing, impaired cell regeneration, increased reactive oxy-
gen species in mitochondria, and loss of proteostasis
(3). Young-onset CSDHs are often associated with pre-
disposing factors, such as arachnoid cysts (AC), coagu-
lation disorders, and ventriculoperitoneal (V/P) shunts (4).
CSDH can occur in young people without any underlying
predisposing factor (5). Bilateral subdural hematomas are
characterized by severe symptoms, rapid progression,
and clinical deterioration, and they should be treated
as soon as possible. Various surgical techniques, such as
burr-hole drainage, craniotomy, twist—drill craniostomy
drainage, and subdural-peritoneal shunt, are used in the
surgical treatment (1,6). Middle meningeal artery emboli-
zation is an alternative treatment for CSDH (7). Our study
aims to present a cohort of young patients diagnosed
with CSDH, focusing on presentation, surgical treatment,
and outcome, and emphasizing the differences between
them and the elderly group.

MATERIAL and METHODS

Patients with bilateral CSDHs were reviewed retrospec-
tively between January 2000 and June 2022 at Istanbul
Faculty of Medicine, Department of Neurosurgery, Is-
tanbul University. This study was approved by the insti-
tutional ethics review committee at the Istanbul Faculty
of Medicine (Date: 11.11.2022, No: 20). Patients over the
age of 50, patients with subdural hematomas with acute
or subacute components, patients with CSDHs who had
been followed up with a conservative approach, and pa-
tients who had had craniotomy or twist-drill craniotomy
as surgical treatment were excluded from the study. The
radiological images of the patients were accessed from
the hospital ventriculoperitoneal (V/P). The study includ-
ed 20 patients whose diagnosis of bilateral CSDHs was
confirmed by preoperative radiological imaging and who
underwent burr-hole drainage. Age, gender, admission
complaint, use of anticoagulant or antiaggregant drugs,
comorbid disease, admission Glasgow Coma Scale

(GCS), preferred surgical method, and reoperation needs
were evaluated retrospectively. The outpatient clinic ap-
plication notes were used to evaluate follow-up times.
The results were subjected to descriptive statistical anal-
ysis using the SPSS ver.28.0 (IBM Corporation, Armonk,
NY, USA). Univariate analyses were performed using the
Mann-Whitney U test for non-normally distributed scale
parameters. Median and range calculations were used
for the description of scale parameters. All analyses were
performed with a 95% confidence interval and a signifi-
cance level of 0.05.

RESULTS

The study included fourteen (70%) males and 6 (30%) fe-
males. The mean age was 20.5 years. At the same time,
the mean age for men was 22.9 and 14.8 for women. The
most common complaint seen in nine patients (45%) was
a headache, followed by newly developed paresis in five
patients (25%) and seizures in four patients (20%) (Table
1). In 17 patients (85%), no previous head trauma was dis-
covered. While no patients were found to be using anti-
coagulant or antiaggregant drugs, eight patients (40%)
had at least one disease that could cause comorbidity.
Three patients (15%) had V/P shunts. While the GCS at
admission was 15 in 18 patients (90%), one patient (5%)
presented with a GCS of 14 (E4M6éV4), and one patient
(5%) presented with a GCS of 10 (E4AM3V3). An examina-
tion of the preoperative cranial imaging of the patients
included in the study revealed no midline shift. Drain-
age was provided with a total of four burr-holes, two on
the right side and two on the left, in 14 patients (70%).
A unilateral subduraperitoneal shunt was inserted after
drainage in one patient with one burr-hole, and a bilat-
eral subduraperitoneal shunt was inserted after drainage
in one patient with two biparietal burr-holes. In the first
operation, 18 patients (20%) had bilateral burr-hole drain-
age (Table 2). No postoperative complications were ob-
served in the patients, except for rebleeding. Six patients
(30%) were reoperated due to rebleeding within the first
three months after the first operation. Due to rebleeding,
3(21.4%) of 14 patients with bilateral four burr-holes and
3 (50%) of six patients with less than four burr-holes were
reoperated.

DISCUSSION

Chronic subdural hematomas are hemorrhages caused
by the rupture of the parasagittal bridging veins which
become stretched due to cerebral atrophy. CSDH is typ-
ically characterized by unilateral bleeding in the elderly.
Although the pathophysiology of bilateral CSDH is un-
known, traumatic injury to the bridging veins is believed
to be the cause (8).

In a meta-analysis comparing young and old patients
with CSDH, Bartek et al. stated that they considered 50
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Table 1: Clinical features of chronic subdural hematomas

Results Male Female

Number of patients 14 (70%) 6 (30%)

Average age (years) 22.9 14.8

Complaints

Headache 3 (15%) 6 (30%)

Newly developing paresis 5(25%) 0 (0%)

Seizure 2 (10%) 2 (10%)

Trauma 2 (10%) 1(5%)

Co-morbid diseases

V/P shunt 2 (10%) 1(5%)

Arachnoid cyst 2 (10%) 0 (0%)

Hypertension 1(5%) 0 (0%)

Thrombotic thrombocytopenic 0 (0%) 1(5%)

purpura

Urinary system pathology 1(5%) 2 (10%)

Surgical treatment/recurrent

bleeding

One-sided burr-hole 2/1 171

1 burr-hole in total on one side 1/0 0/0

2 burr-hole in total on one side 11 11

Bilateral burr-hole 12/3 5/1

Bilateral total 2 burr-holes 2/0 0/0

Bilateral total 3 burr-holes 11 0/0

Bilateral total 4 burr-holes 9/2 5/1

Table 2: Recurrent bleeding in young patients with bilateral chronic subdural hematoma

Variable Recurrent bleeding No recurrent bleeding P value
(n=6) (n=14) (p<0.05)

Gender 0.904

Male 4 (67.6%) 10 (71.4%)

Female 2 (33.3%) 4 (28.5%)

V/P shunt 0.019*

Patient with V/P shunt 3 (50%) 0 (0%)

Patient without V/P shunt 3 (50%) 14 (100%)

Arachnoid cyst 0.516

Patient with arachnoid cyst 0 (0%) 2 (14.3%)

Patient without 6 (100%) 12 (85.7%)

arachnoid cyst

Bilateral/unilateral dranaige 0.258

One-sided burr-hole 2 (33.3%) 1(0.07%)

Bilateral burr-hole 4 (66.7%) 13 (92.8%)

* Statistically significant, V/P: Ventriculoperitoneal
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years of age to be the limit because, in their study, brain
atrophy began to increase after the age of 50 (4). In our
study, we selected a younger age group and investigat-
ed the clinical outcomes of patients with bilateral CSDHs
who were all under the age of 50.

Previous studies demonstrated that CSDH manifests with
symptoms of increased intracranial pressure more fre-
quently in younger patients under the age of 50, while
it manifests with neurological deficits more frequently in
elderly patients. This is because there is no significant
age-related atrophy in the human brain until the age of
50. Bleeding in the subdural space causes an increase in
intracranial pressure and has a mass effect. Therefore,
symptoms appear earlier and, in most cases, before the
onset of neurological deficits (4). This information is sup-
ported by our study, which found that headache, nausea,
and vomiting were the presenting complaints of 18 pa-
tients (90%). In comparison, only five patients (20%) expe-
rienced new weakness in any extremity.

Various risk factors for bilateral CSDH were identified in a
previous study, including age (>75 years), coagulopathy,
use of antiaggregant or anticoagulant medication, and
hemodialysis (9). However, no patients in our study re-
ceived antiaggregant or anticoagulant therapy, and only
one patient received peritoneal dialysis due to chronic
renal failure caused by thrombotic thrombocytopenic
purpura. Most of the risk factors for bilateral CSDH were
absent in the young patients with bilateral CSDH includ-
ed in our study. Bilateral CSDH seen at a young age is
caused by other risk factors. To determine these, more
research on young-age bilateral CSDH is required.

CSHD is one of the complications of arachnoid cysts, and
CSDHs associated with arachnoid cysts are more com-
mon in the elderly and infants (10). Approximately 2%-4%
of patients with arachnoid cysts are found to have CSDH.
Men are three times more likely than women to suffer
CSDH caused by arachnoid cysts (11). ACs were discov-
ered in preoperative cranial computed tomography (CT)
images of two male patients aged 3 and 30. According
to Benek et al., the presence of arachnoid cysts in young
adults is a predisposing factor for developing CSDH (12).
In a study on young patients with CSDHs conducted
by Ou et al., it was discovered that when patients with
arachnoid cyst (AC) or V/P were compared with patients
without AC or V/P shunt, the history of head trauma was
statistically significantly higher in the group with AC or
V/P shunt (5). There were five patients in our study who
had AC or V/P shunts, three who had V/P shunts, and two
who had arachnoid cysts. There was no history of head
trauma in any of these patients. In our study, head trau-
ma history was not significant in the group with AC and
V/P (p=0.553). In the same study, no significant difference
in recurrence rates was found between the two groups.

Six patients were reoperated for rebleeding in our study,
and three of the reoperated patients had V/P shunts. Our
results showed that rebleeding was significantly higher in
patients with a history of /P shunts (p=0.019) (Figure 1).

C I
Figure 1: Pre-operative axial CT scan of bilateral chronic
subdural hematoma is seen (A). CT scan after bilateral
burr-hole drainage (B). Another patient with VP shunt and
bilateral chronic subdural hematoma is shown (C). Post-

operative image after burr-hole drainage is appreciated
(D). (CT. Computed tomography, VP. Ventriculoperitoneal)

Compression of the bilateral cerebral hemispheres pro-
vides a relatively buffering effect in bilateral CSDH, and
hematoma leading to midline shift is less common in
these patients (13). This was confirmed in our study where
there was no midline shift in the preoperative CT images
of the patients.

Andersen-Ranberg et al. discovered that evacuation
of unilateral hematoma in treating bilateral CSDHs in-
creased the rate of ipsilateral or contralateral reopera-
tion (13). In our study, 18 patients had bilateral burr-hole
drainage, and two had unilateral burr-hole drainage. One
of the two patients who had unilateral burr-hole drainage
had to be reoperated due to an increase in the size of the
hematoma on the opposite side. Only five of 18 patients
who had bilateral burr-hole drainage had to be reoperat-
ed. In terms of rebleeding, our results showed that there
was no significant difference between unilateral and bi-
lateral drainages (p=0.258).

The limitations of our study include retrospective data
collection, the small number of patients diagnosed with
bilateral CSDHs under the age of 50, and the exclusion of
surgical treatments other than burr-hole drainage.
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CONCLUSIONS

In our study, patients under the age of 50 with CSDHs
had a low trauma and antiaggregants and anticoagu-
lants usage history. The factors involved in the etiology
of young patients with bilateral CSDHs differ from those
seen in the elderly. A conclusion of our study is that more
comprehensive studies on the etiology of bilateral CSDH
in patients under 50 years of age are required.

Ethics Committee Approval: This study was approved by
Istanbul Faculty of Medicine Clinical Research Ethics Committee
(Date: 11.11.2022, No: 20).

Peer Review: Externally peer-reviewed.

Author Contributions: Conception/Design of Study- I.D., T.
Cc.U, S.0., CiG.; Data Acquisition- S.0., C.i.G.; Data Analysis/
Interpretation- s.0., CiG, D.S.; Drafting Manuscript- C.iG,
M.Y., M.S.S.; Critical Revision of Manuscript- PAS., A A, YA,
A.S.; Final Approval and Accountability- PA.S., AA,, YA, AS,;
Supervision- A.S.

Conflict of Interest: The authors have no conflict of interest to
declare.

Financial Disclosure: The authors declared that this study has
received no financial support.

REFERENCES

1. Uckun OM, Divanlioglu D, Daglioglu E, Alagéz F, Dalgic
A, Belen AD. Kronik subdural hematom hastalarinda
klinik &zellikler: travma ve antikoagilan/antiagregan ilag
kullanimi, clinical features in chronic subdural hematoma
patients: trauma and anticoagulant / antiagregan drug
used. Ankara Egitim ve Arastirma Hastanesi Tip Dergisi
2018;51(3):196:200.

2. Wei Q, Fan G, Li Z, Wang Q, Li K, Wang C, et al. Middle
meningeal artery embolization for the treatment of bilateral
chronic subdural hematoma. Front Neurol 2021;12:651362.
[CrossRef]

10.

1.

12.

13.

Weigel R, Schilling L, Krauss JK. The pathophysiology of
chronic subdural hematoma revisited: emphasis on aging
processes as key factor. Geroscience 2022;44(3):1353-71.
[CrossRef]

Bartek J, Sjavik K, Dhawan S, Sagberg LM, Kristiansson H,
Stahl F, et al. Clinical course in chronic subdural hematoma
patients aged 18-49 compared to patients 50 years and
above: a multicenter study and meta-analysis. Front Neurol
2019;10:311 [CrossRef]

Ou Y, Dong, J, Wu L, Xu L, Wang L, Liu B, et al. The clinical
characteristics, treatment, and outcomes of chronic
subdural hematoma in young patients. World Neurosurg
2019;125:1241-6. [CrossRef]

Mohamed T, Swed S, Al-Mouakeh A, Sawaf B. Nontraumatic
bilateral subdural hematoma: Case report. Ann Med Surg
(Lond) 2021;71:102907. [CrossRef]

Désir LL, D’Amico R, Link T, Silva D, Ellis JA, Doron O, et al.
Middle meningeal artery embolization and the treatment of
a chronic subdural hematoma. Cureus 2021;13(10):e18868.
[CrossRef]

Huang YH, Yang KY, Lee TC, Liao CC. Bilateral chronic
subdural hematoma: what is the clinical significance? Int J
Surg 2013;11(7):544-8. [CrossRef]

Oyama H, lkeda A, Inoue S, Shibuya M. The relationship
between coagulation time and bilateral occurrence in
chronic subdural hematoma. No To Shinkei 1999:51(4):325-
30.

Kaya M, Ceylan D, Kagira T, Tarihi G. Araknoid kistler ile
iliskili subdural hematomlar: iki olgu sunumu. Sakarya Tip
Dergisi 2021;11(3):669-74. [CrossRef]

Wu X, Li G, Zhao J, Zhu X, Zhang Y, Hou K. Arachnoid
cyst-associated chronic subdural hematoma: report of 14
cases and a systematic literature review. World Neurosurg
2018;109:€118-30. [CrossRef]

Benek HB, Akcay E. Concomitant chronic subdural
hematomas and arachnoid cysts in young adults. F1000Res
2021;10:421 [CrossRef]

Andersen-Ranberg  NC, Poulsen FR, Bergholt B,
Hundsholt T, Fugleholm K. Bilateral chronic subdural
hematoma: unilateral or bilateral drainage? J Neurosurg
2017;126(6):1905-11. [CrossRef]


https://doi.org/10.3389/fneur.2021.651362
https://doi.org/10.1007/s11357-022-00570-y
https://doi.org/10.3389/fneur.2019.00311
https://doi.org/10.1016/j.wneu.2019.02.017
https://doi.org/10.1016/j.amsu.2021.102907
https://doi.org/10.7759/cureus.18868
https://doi.org/10.1016/j.ijsu.2013.05.007
https://doi.org/10.31832/smj.881421
https://doi.org/10.1016/j.wneu.2017.09.115
https://doi.org/10.12688/f1000research.53210.1
https://doi.org/10.3171/2016.4.JNS152642

[STANBUL

UNIVERSITY
PRESS

RESEARCH / ARASTIRMA
DOI: 10.26650/IUITFD. 1260293
Ist Tip Fak Derg 2023 / J Ist Faculty Med 2023

CALCULATION OF LENS POWER WITH NEW BIOMETRIC

FORMULAS

LENS GUCUNUN YENI BIOMETRI FORMULLERI ILE HESAPLANMASI

Elif ERGUL' ®, Emre ALTINKURT? @, Adem UGURLU?

. Semih CAKMAK?

, Niltfer GOZUM?

'Catalca ilyas Cokay State Hospital, Department of Ophthalmology, Istanbul, Turkiye
?lstanbul University, Istanbul Faculty of Medicine, Department of Ophthalmology, Istanbul, Turkiye
3Erzincan Binali Yildinm University, Mengticek Gazi Training and Research Hospital, Department of Ophthalmology, Erzincan, Turkiye

ORCID IDs of the authors: E.E. 0000-0003-2076-705X; E.A. 0000-0001-7967-825X; A.U. 0000-0002-8900-7043;

S.C. 0000-0003-2638-0569; N.G. 0000-0001-5956-2348

Cite this article as: Ergul E, Altinkurt E, Ugurlu A, Cakmak S, Gozum N. Calculation of lens power with new biometric formulas. J Ist

Faculty Med 2023;86(4):312-318. doi: 10.26650/IUITFD.1260293

ABSTRACT

Objective: Comparison of the accuracy of six biometric formu-
las based on refractive findings using patients' biometric and
refractive data before phacoemulsification surgery.

Material and Method: A retrospective analysis was conducted
of the data of 65 eyes of 43 patients who underwent phacoemul-
sification at the Ophthalmology Department of Istanbul Univer-
sity Istanbul Faculty of Medicine between January 2016 and July
2019. The intraocular lens (IOL) power corresponding to the tar-
get refraction value in patients was calculated using the SRK/T
formula. The patients' final refraction values were obtained by
examinations conducted after the third postoperative month.
After implanting IOLs with the same refractive power, target re-
fraction values were calculated using the optical biometry mea-
surements of the patients and the Hoffer Q, T2, Ladas Super For-
mula (Ladas), Barrett Universal Il (BU Il), and Hill-RBF formulas.
The refractive refraction deviation values between the formulas
were compared, as well as the difference between the target
refraction values determined by the formulas and the spherical
equivalents of the patients' result refractions.

Result: The normal age of the 43 patients in the study was
64.65+8.23 (47-86) years. The mean axial length was 23.5£0.7mm
(22.01-24.5). The refractive deviation was 0.29+0.29 D with SRK/T,
0.27+0.27 D with T2, 0.3+0.24 D with Hoffer Q, 0.3+0.26 D with
Ladas, and 0.33+0.28 D with BU I, and 0.27+0.29 D with Hill-
RBF. The refractive deviation percentages of the formulas in the
range of -1.00 D to +1.00 D were as follows: 98.5% Hoffer Q and
Hill-RBF; 96.9% T2, Ladas, BU Il, and SRK/T. In terms of refractive
deviation values, there was no statistically significant difference
between the formulas (p>0.05).

&ZET

Amag: Hastalarin fakoemilsifikasyon cerrahisi éncesindeki bi-
ometrik ve refraktif verileri kullanilarak, alti biometrik formulin
refraktif sonuclara gére dogruluklarinin karsilagtinlmas.

Gereg ve Yontem: Retrospektif olarak 2016 Ocak ve 2019 Tem-
muz tarihleri arasinda istanbul Universitesi istanbul Tip Fakiilte-
si Goz Hastaliklari kliniginde fakoemdilsifikasyon uygulanan 43
hastanin 65 géziinln verileri retrospektif olarak incelendi. Has-
talarda hedefledigimiz refraksiyon degerine karsilik gelen goz
ici lens (GIL) giicii SRK/T formiiliine gére hesaplandi. Postope-
ratif 3. aydan sonra yapilan muayenelerde hastalarin sonug ref-
raksiyon degerleri saptandi. Hastalarin optik biometri dl¢timleri
kullanilarak, ayni kirma giiciine sahip GiL implante edildiginde,
Hoffer Q, T2, Ladas SUper Formuli (Ladas), Barrett Universal Il
(BU II) ve Hill-RBF formdillerine gére hedef refraksiyon degerleri
hesaplandi. Formullerin saptadigi hedef refraksiyon degerleriy-
le, hastalarin sonug refraksiyonlarinin sferik esdegerleri arasin-
daki fark alindi ve formuller arasindaki refraktif sapma degerleri
karsilagtirldi.

Bulgular: Calismaya alinan 43 hastanin yas ortalama-
st 64,65+8,23 (47-86) yil idi. Ortalama aksiyel uzunluk
23,5+0,7mm (22,01-24,5) olarak saptandi. SRK/T ile refraktif
sapma 0,29+0,29 D, T2 ile 0,27+0,27 D, Hoffer Q ile 0,3+0,24
D, Ladas ile 0,3+0,26 D, BU Il ile 0,33+0,28 D, Hill-RBF ile
0,27+0,29 D idi. Formllerin -1,00 D ile +1,00 D araliginda bu-
lunan refraktif sapma ylzdeleri su sekildeydi: %98,5 Hoffer Q
ve Hill-RBF; %96,9 T2, Ladas, BU Il ve SRK/T. Refraktif sapma
degerleri acisindan formiller arasinda istatistiksel olarak an-
lamli bir farklilik izlenmedi (p>0,05).
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Conclusion: The probability of obtaining the target refractive
value with a refractive deviation within +1 D of the six biometry
formulas included in the study is 96.9% and higher. Any of these
formulas can be employed safely to compute preoperative IOL
power in the eyes of normal length.

Keywords: Cataract surgery, biometrics, new generation formu-
las

Sonug: Calismada yer alan alti biometri formGlinin 1 D igcinde
refraktif sapma ile hedef refraktif degere ulagsma sansi %96,9 ve
Uzerindedir. Bu formullerin her biri normal uzunluktaki goézlerde
preoperatif GiL gliciini hesaplamak icin giivenli bir sekilde kul-
lanilabilir.

Anahtar Kelimeler: Katarakt cerrahisi, biometri, yeni jenerasyon
formdller

INTRODUCTION

Intraocular lens (IOL) implantation, performed for almost
60 years, is modern medicine's most prevalent and suc-
cessful surgical procedure. This procedure’s success and
safety result from ongoing advancements in surgical and
measuring techniques (1). Today, cataract surgery is be-
coming a refractive surgery method (2). Patients with cat-
aract surgery expect to gain visual ability independently
of glasses after cataract surgery (3, 4).

Obtaining the target refractive outcome has become a
fundamental component of cataract procedures. Thank-
fully, the advent of optical biometrics and the develop-
ment of new-generation IOL calculation formulas have
enhanced our ability to anticipate refractive outcomes
following cataract surgery correctly (5). Accurate estima-
tion of refractive results is important as it will also elimi-
nate patient dissatisfaction (6).

The SRK/T formula, which is a third-generation formula
we used in our study, is @ more customized form of the
SRK formula developed by Sanders, Retzlaff, and Kraff (7).
It represents a combination of a theoretical eye model
and a linear regression method. SRK/T also includes em-
pirical regression methodology for optimization, provid-
ing greater precision. It can be calculated using the same
constants A used with the SRK formula, or with anterior
chamber depth (ACD) estimates.

Sheard et al. observed a non-physiological behavior
while calculating the corrected axial length and corneal
height in the SRK/T formula. Therefore, they developed
the T2 formula using a regression formula for corneal
height obtained from the growth subset. They concluded
that the accuracy of refractive results can be increased by
10% with the T2 formula (8).

In 2015, Ladas et al. introduced the concept of an IOL
‘super formula’ and developed a solution to address the
need for a single formula that can be adapted to any eye
(9). They introduced a new methodology for displaying
previous-generation IOL formulas in three dimensions.
Based on peer-reviewed literature, they developed an IOL
‘super surface’ by selecting the best parts of each of the
modern IOL formulas. The ‘super formula’ is derived from
this super surface.

In 1993 and 2000, Hoffer tried to analyze the most accu-
rate formula using AU measurements taken by immersion
ultrasound in long and short eyes and showed that the
Hoffer Q formula gave the most reliable results in short
eyes (AU<22.0 mm) (10). Hoffer Q; personalized ACD is a
formula based on AU and corneal curvature.

The Barrett formula was developed based on a theoreti-
cal model eye in which anterior chamber depth is related
to axial length and keratometry (11). In this formula, the
user does not need to know the material and constant of
the lens. The principle of refraction of the intraocular lens
and the position of its planes is preserved as a relevant
variable in the formula.

Unlike other formulas, the Hill-RBF formula is a pattern
recognition algorithm that uses some kind of data inter-
polation. This formula provides potential independence
by eliminating computational errors from biometrics and
the need to customize constants (12).

This study compares the success of these six biometry
formulas in reaching the target refractive value in nor-
mal-length eyes.

MATERIAL and METHODS

The data from 196 eyes of 118 patients diagnosed with
cataracts and who underwent phacoemulsification sur-
gery at the Ophthalmology clinic of the Istanbul Univer-
sity Istanbul School of Medicine between January 2016
and July 2019 were retrospectively evaluated. Ambly-
opic eyes, eyes with any pathology affecting refraction
in the optic axis, retina, or optic disc, and eyes that had
undergone eye surgery (keratoplasty, refractive surgery,
vitrectomy, etc.) were excluded from the study. Also, eyes
in which sutures were placed at the incision site during
surgery, with surgery-related astigmatism (SRA) above
0.5 D, and with postoperative tilt and decentralization
in the IOL were excluded from the study. Eyes with an
axial length of 22-25 mm were included in the study. All
study patients had surgery scheduled using the SRK/T
calculation. Ethics committee approval was obtained
from Istanbul Medical Faculty’s Ethics Committee (Date:
28.05.2021, No: 11).

The gender of the patients who underwent surgery, age
at the time of surgery, the side of the eye undergoing
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surgery, preoperative uncorrected visual acuity (UVA) and
best corrected visual acuity (BCVA), biomicroscopic ex-
amination and the degree of existing cataract according
to LOCS Il were recorded (13). UVA and BCVA levels of
the patients at the earliest three months after surgery
were determined according to the logMAR chart. Tar-
geted refractive values were recorded according to the
biometry results obtained through measurements made
using the IOL Master 500 (Carl Zeiss AG, Germany). IOL
power calculation with a biometric formula was per-
formed for AcrySof SN6OWF in 31 eyes and for AcrySof
SAG0AT IOL in 34 eyes.

The power of the IOL planned to be implanted was cal-
culated preoperatively with the help of the SRK/T for-
mula. Axial length (AU), anterior chamber depth (ACD),
K1 (flat keratometry value), K2 (vertical keratometry val-
ue), corneal astigmatism, white-to-white (WTW) includ-
ed in the biometric measurements were recorded. In the
postoperative examinations of the patients, the new K1,
K2, and corneal astigmatism values obtained with the
Topcon TRK-1P auto-refractometer device were record-
ed. Spherical equivalents of UVA, BCVA, and subjective
refractions were taken. The difference between the tar-
geted refraction’s spherical equivalent (TRSE) and the
postoperative refraction’s spherical equivalent (PRSE)
and the absolute value of this difference (AVD) was re-
corded. The size and axis of astigmatism developed
due to surgery were calculated. HRSE, the difference
between PRSE and HRSE, and AVD were recorded in-
dividually with Hoffer Q, T2, Ladas Super Formula, Bar-
rett Universal I, and Hill-RBF formulas according to the
power of the IOL implanted during surgery. The website
of the User Group for Laser Interference Biometry (ULIB)
was used to obtain the A constant and pACD constant
values of the implanted IOLs (14).

The surgeries were performed through a 2.4 mm
transparent corneal incision in the temporal quadrant
with the Infiniti Vision system (Alcon Laboratories,
Inc., Fort Worth, TX, USA) using a 30° Kelman 0.9 mm
TurboSonics Mini-Flared ABS phaco handpiece tip
and Alcon MicroSmooth Ultra Infusion Sleeve. An Al-
con Monarch Il injector and D cartridge were utilized
for IOL insertion.

Anterior segment examination was performed in all post-
operative controls, dilated fundus examinations were
performed at the first and third postoperative follow-ups,
other pathologies that may impact vision were assessed,
and eyes with pathology in the optic axis were eliminated
from the study. At the postoperative third-month exam-
ination, the PRSE of the patients was calculated.

While calculating the SRA, the vectorial analysis program
was used (15).

IBM® SPSS (Statistical Package for Social Sciences)
version 23.0 was used for the statistical analysis of the
data. Pearson chi-square test was used when compar-
ing nominal data, the Shapiro-Wilk test to determine
whether the data were normally distributed, the ANO-
VA test was used when comparing continuous variables
with normal distribution, the Mann-Whitney U test was
used for correlation analysis, and the Spearman test
was used for correlation analysis. Continuously vari-
able data with normal distribution were expressed as
mean = standard deviation, and non-normally distrib-
uted data were expressed as median, mode, or range.
In categorical measurements, numbers and percentag-
es were given. Statistical significance was accepted as
p<0.05.

RESULTS

Sixty five eyes of 43 patients met all the criteria and were
included in the study. The mean age of the patients in-
cluded in the study was 64.6+8.3 years. Of these patients,
24 (55.8%) were male, and 19 (44.2%) were female. Of the
65 eyes that underwent surgery, 29 (44.6%) were right,
and 36 (55.4%) were left eyes.

The refraction data (Table 1) and biometric data (Table
2) obtained in the preoperative period and the patients’
third postoperative month control exams were recorded -
the calculated mean values of the obtained data.

To compare the target refraction with the final refraction,
the spherical equivalent values of the final refraction ob-
tained at the last examination of the patients were uti-
lized. The mean spherical equivalent value of the result-
ing refraction was calculated as -0.04+0.44 D.

Table 1: Mean refraction data of patients before and after phacoemulsification surgery

Mean Values (|og|\\$|ik) 32&2?)' A?;?un:‘(gs;m Ai?:i?d:;i::s) (IoBgCI\>I/2R) LOCS-NO
Pre-op 0.9+0.45 117426 0.9+0.6 87.9+40.43 0.44+0.4 3.97+0.97
Post-op 0.05+0.14 0.27+0.4 0.62+0.4 73.45+29.9 0.08+0.04 -
P value P<0.001 P<0.001 P=0.098 P<0.001 -

D: Diopter, UVA: Uncorrected visual acuity, logMAR: logarithm of the Minimum Angle of Resolution, BCVA: Best corrected visual acuity,
LOCS-NO: Lens Opacities Classification System Ill - Grade of nuclear opacification
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After surgery, there was a significant increase in the UVA
values of the patients (p<0.001), but there was also a sig-
nificant decrease in the spherical values (p<0.001). The
difference between the astigmatism values before and
after surgery was insignificant (p=0.098). BCVAs were sig-
nificantly higher after surgery (p<0.001) (Table 1).

Figure 1. When the results of the formulas were compared
within the range of +0.50 D, no statistically significant differ-
ence was found between each other (p>0.05 for all, Table 4).

When the results of the formulas in the range of +1 D are
compared, there was no statistically significant difference

Table 2: Normal biometric data of patients before and after phacoemulsification surgery

Mean Values

Pre-operative

Post-operative

AL (mm) 23.44+0.64 -

SNR 21.71+57.48 -

K1 (D) 43.18+1.42 43.44+1.56
K1 axis (degree) 90.83+57.26 127.02+64.06
K2 (D) 43.91+1.51 43.62+1.55
K2 axis (degree) 90.83+50.78 82.02+20.44
Astigmatism (D) -0.74+0.37 -0.58+0.37
Astigmatism axis (degree) 90.83+57.26 97.98+62.64
WTW (mm) 11.93+0.29 -

ACD (mm) 3.19+0.4 -

AL: Axial Length, SNR: Signal to Noise Ratio, K1: Mean flat keratometry, K2: Mean steep keratometry, WTW: white-to-white distance, ACD:

Anterior Chamber Depth

Table 3: Target and result refractive measurements measured with the biometry device

Formula Normal Mean refractive Standard Maximum refractive
target refractive value deviation deviation deviation

Hoffer Q -0.07 D 0.302D 0.237 143D

T2 -0.10D 0.269 D 0.259 152D
LADAS -0.04 D 0.296 D 0.255 1.36 D
Barrett -0.14 D 0.316 D 0.267 1.47 D
Hill-RBF -0.06 D 0.271D 0.278 1.38D
SRK/T -0.13D 0.286 D 0.283 152D
D: Diopter

The mean SRA value was 0.43+0.35 D, and the mean 1::[:% : o0 : : : . : :
axis of astigmatism due to SRA was 84.5+45.17 degrees. S o5 810 . i
Mean refractive deviation Hoffer Q formula 0.3 D+0.24, ne

T2 formula 0.27 D+0.26, Ladas Super Formula 0.3 D+0.26, o0

Barret Universal Il 0.32 D+0.27 D+0.28 in Hill-RBF, 0.29 60,00%

D+0.28 in SRK/T formula. The formulas had no statistical- s0.00%

ly significant difference regarding mean refractive devia- 10,006

tion values (p>0.05) (Table 3). 30,00%

The lowest refractive deviation was obtained in Ladas Su- ne

per Formula with 1.36 D. Hill-RBF followed this with 1.38 o

D, Hoffer Q with 1.43 D, Barrett Universal Il with 1.47 D, i " s st - -

T2 and SRK/T formula with 1.52 D (Table 3).

The percentages of the refractive deviations of the formu-
las in the range of +0.50 and +1.00 Diopters are shown in

315

m305D (%) m+1D(%)

Figure 1: The percentages of the resultant refractive
values of the formulas in the range of +0.50 D and +1 D
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between the Hoffer Q and Hill-RBF formulas and the T2,
Ladas Super Formula, Barrett Universal Il, and SRK/T for-
mulas (p=0.708).

Table 4: Comparison of the results of the formulas in
the range of £0.50 D

T2 Hill-RBF P=0.875
T2 Hoffer Q P=0.649
T2 SRK/T P=0.649
T2 Barrett U. Il P=0.284
T2 Ladas S. F. P=0.059
Hill-RBF Hoffer Q P=0.719
Hill-RBF SRK/T P=0.719
Hill-RBF Barrett U. Il P=0.627
Hill-RBF Ladas S. F P=0.198
Hoffer Q Barrett U. Il P=0.819
SRK/T Barrett U. Il P=0.819
Hoffer Q Ladas S. F. P=0.204
SRK/T Ladas S. F P=0.204
SRK/T Barrett U. Il P=0.819
Hoffer Q Ladas S. F P=0.204
SRK/T Ladas S. F. P=0.204
Barrett U. Il Ladas S. F P=0.586

Barrett U. II: Barrett Universal Il, Ladas S. F.: Ladas Super Formula

DISCUSSION

Today, achieving the optimal refraction and the maximum
uncorrected visual acuity after cataract surgery is just as
crucial as removing a condenser lens. The precise esti-
mation of preoperative |OL power is one of the most crit-
ical elements impacting the success of cataract surgery,
which has reached a level that may be deemed refractive
surgery due to technological breakthroughs in biometry
devices and the improvement of IOL quality (16).

This study compared the success of new-generation for-
mulas in eyes with normal axial length. According to the
results of our study, the T2 formula has the lowest normal
refractive deviation with the IOL Master 500 device, fol-
lowed by Hill-RBF, SRK/T, Ladas Super Formula, Hoffer Q,
and Barrett Universal Il. However, when the mean refrac-
tive deviation values of these formulas were compared, no
statistically significant difference was discovered (p>0.05).

In their study, Sanchez-Lifian et al. showed that Kane,
SRK/T, Hoffer Q, Haigis, Holladay I, and Barrett formu-
las were not statistically superior to each other in eyes
with an axial length of 22-25 mm (17). Our findings are
consistent with this study. They suggested that in this ax-

ial length range, £0.50 diopters postoperative refractive
error range was the highest in the eyes with biometry
calculated according to Holladay | (88.9%). After Holla-
day |, the highest rate was obtained from Hoffer Q and
SRK/T formulas (87.1%). The percentage of biometrics
performed with Barrett in the range of +0.50 diopters
(82.5%) was similar to our study (83.1%).

The refractive formulas of Olsen, Haigis, Holladay 1, Hof-
fer Q, SRK/T, and SRK Il formulas were compared in a
study by Cooke et al. utilizing optical low coherence re-
flectometry (OLCR) and partial coherence interferometry
(PCIl) methodologies (18). The study utilized the Olsen
formula, showing that the OLCR method outperformed
the PCI method. Compared to other formulas, the Olsen
method with the OLCR formula produced more accurate
results for both short and long eyes. Some formulas per-
formed similarly with either method.

Barrett Universal Il, Olsen, Holladay 2, Haigis, Ladas Su-
per Formula, Holladay 1, and SRK/T were compared in
a different study by Cooke et al. (19). When measured
with PCl, including all axial-length formulas, the refractive
deviation percentage of the Barrett Universal Il formula
within the eyes’ range of 1 D was found to be 99.3%. Hai-
gis and T2 were followed by Holladay 1 (98.4%), Ladas
Super Formula (98.3%), Holladay 2 and SRK/T (98.1%),
and Hoffer Q (97.4%), respectively. The Olsen formula
produced the most accurate results with the OLCR, sig-
nificantly superior to the formula that performed best
with PCI. It was determined that Barrett Universal Il pro-
vided the best results with the PCI method.

Unlike the Cooke et al. study, in our study, only eyes
with normal axial length were included, and only the PCI
method was used. The formulas compared in our study
are Hoffer Q, T2, Ladas Super Formula, SRK/T, Hill-RBF,
and Barrett Universal Il formulas. Percentages of the re-
fractive values of these formulas in the range of 1 D were
as follows: 98.5% for Hoffer Q and Hill-RBF and 96.9% for
T2, Ladas, Barrett, and SRK/T.

In their study, Kane et al. compared the measurements
made using the PCl method with the formulas of Barrett
Universal Il, Haigis, Hoffer Q, Holladay 1, Holladay 2,
SRK/T, and T2 (20). A study involving 3241 patients found
that Barrett Universal Il produced results with less refrac-
tive deviation than other formulas in eyes with regular,
medium-long, and long axial lengths (p<0.001).

In their study, Nemeth G. et al. compared the refractive re-
sults of the SRK/T, Hill-RBF, and Barrett Universal Il formulas
after cataract surgery with the biometric data obtained by
the Optical Low Coherence Interferometry (ODCI) method
(21). The study included 186 eyes with axial lengths be-
tween 20.72 and 28.78 mm. When all eyes of these axial
lengths were evaluated, the percentage of eyes within an
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estimation error of £0.5 D was 74.01% using the SRK/T
formula, 79.66% using the Barrett Universal Il formula, and
83.62% using the Hill-RBF method. Statistically, the mean
and median absolute refractive errors were not different.

In our study, the percentage of eyes with an estimation
error of 0.5 D was found to be 86.2% using the Hill-RBF
method, 84.6% using the SRK/T formula, and 83.3% using
the Barrett Universal Il formula.

In their study utilizing the PCl method, Aristodemou et al.
compared the refractive results of the Hoffer Q formula
with the SRK/T formula in normal-length eyes; however,
they did not find a statistically significant difference in
mean absolute error, as we found (22).

Sheard et al. established the T2 formula with their study
to understand the causes of non-physiological behaviors
of the SRK/T formula and to propose solutions for it (23).
They compared the performance of the T2 and SRK/T for-
mulas with their study and found that the estimation error
in the T2 formula was 9.7% less than in the SRK/T formula.
Moreover, they found that significantly higher eye rates
were achieved within the +0.50 D range (p<0.0001). They
concluded that significantly improved prediction accura-
cy was achieved with the T2 formula, which is a modifica-
tion of the SRK/T formula algorithm.

In our study, the mean refractive deviation value of the
T2 formula was found to be 0.269 D, whereas that of the
SRK/T formula was found to be 0.286 D. Nonetheless, it
was concluded that this difference was not statistically
significant (p>0.05).

The cases in our study underwent micro coaxial
phacoemulsification surgery, and the mean postopera-
tive SRA value was 0.43+0.35 D. Similar results had been
observed in the literature after micro coaxial phacoemul-
sification surgery (24).

This study shows that the Hoffer Q, T2, Ladas Super For-
mula, Barrett Universal I, Hill-RBF, and SRK/T formulas
can be safely favored by the surgeon before phacoemul-
sification surgery in eyes with normal axial length (22-25
mm), as measured by the PCl method. Using these for-
mulas, the chance of reaching the target refractive val-
ue with a refractive deviation within +1 D is 96.9% and
above. A refractive deviation rate remaining within the
range of £0.50 D will be at the lowest level of 81.5%.

One of the areas for improvement in our study is the lim-
ited number of cases covered. Another drawback of our
study is the inclusion of both eyes of some patients.

CONCLUSION

In conclusion, our study group had a limited sample size,
with six biometer formulas, in more than 95% of the eyes’
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final refractive outcome was within the +1 diopter. Tar-
geting fewer standard deviations and results in different
patient populations can help us to compare biometry for-
mulas more accurately.
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ABSTRACT

Objective: Down syndrome (DS) patients have a higher risk of
developing Celiac disease (CD) than the general population.
This study aimed to estimate the prevalence of CD in DS pa-
tients and compare the diagnostic performance of the screening
algorithms.

Material and Method: A cohort of 1117 DS patients were in-
cluded. Patients were grouped according to the initial screening
method. Anti-gliadin antibody (AGA)-IgA/IgG were measured
in the first, endomysial antibody-IgA (EMA) in the second, and
tissue transglutaminase (tTG)-IgA/IgG in the third group. Addi-
tionally, EMA was also measured in patients with elevated tTG-
IgA or tTG-IgG levels. In the follow-up, 225 patients were re-
screened. Intestinal biopsy was planned in patients with positive
AGA-IgA/IgG, positive EMA, or more than threefold elevated
tTG-IgA levels.

Result: Based on the initial screening, 34.5% of the patients in
the first group underwent a biopsy, and 2.3% were diagnosed
with CD. In the second and third groups, 1.8% and 1.6% of pa-
tients underwent biopsy, and CD was diagnosed in 0.5% and
1.3%, respectively. Among all patients, 1.3% were diagnosed

OZET

Amag: Down sendromlu (DS) hastalarda, Colyak hastaligi (CH)
riski yuksektir. Bu calismada DS tanili hastalarda CH sikliginin
arastirilmasi ve tarama algoritmalarinin tanisal veriminin karsilas-
tinlmasi amaclanmstir.

Gereg ve Yontem: Calismaya 1117 DS tanili hasta dahil edildi.
Hastalar ilk uygulanan tarama yontemine gére ¢ gruba ayrildi.
Birinci grup anti-gliadin antikor (AGA)-IgA/IgG, ikinci grup an-
ti-endomisyum IgA antikoru (anti-EMA) ve Uglincl grup doku
transglutaminaz (tTG)-IgA/IgG ile tarandi. Uglincii grupta tTG-I-
gA veya tTG-IgG dizeyi ylksek saptanan hastalarda ikinci ba-
samak test olarak anti-EMA diizeyi de &lclldi. Olgularin taki-
binde 225 hastada tarama tekrarlandi. AGA-IgA/IgG ylksekligi,
anti-EMA porzitifligi veya 3 kattan fazla tTG-IgA yUlksekligi olan
hastalarda ince bagirsak biyopsisi planlandi.

Bulgular: ilk taramada birinci gruptaki hastalann %34,5'ine ince
bagirsak biyopsisi yapildi, %2,3't CH tanisi ald\. ikinci ve tgiinci
gruplarda hastalarin %1,8'ine ve %1,6'sina ince bagirsak biyop-
sisi yapildi ve sirasiyla %0,5 ve %1,3'line CH tanisi konuldu. ik
taramada, tiim hastalarin %1,3'i CH tanisi aldi. izlemde colyak
antikor testi veya bagdirsak biyopsisi negatif cikan 225 hastada ta-
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with CD at initial screening. Two hundred twenty-five patients
with negative initial screening tests or intestinal biopsy were re-
screened; 8% underwent biopsy and CD was confirmed in 4.9%.
Overall, 2.3% of patients were diagnosed with CD. The posi-
tive predictive value of AGA-IgA and AGA-IgG was low (13.6%
and 7.2%, respectively) compared to EMA (69.6%) and tTG-IgA
(66.7%). Gastrointestinal or extraintestinal symptoms were pres-
entin 42.3% of CD patients, and none of them had short stature.

Conclusion: Celiac disease was detected in 2.3% of DS patients.
The CD detection rate was 1.3% at initial screening but in-
creased to 4.9% at rescreening. Our results strongly suggest that
CD screening should be performed regularly in all DS patients,
whether they are symptomatic or not.

Keywords: Celiac disease, Down syndrome, screening

rama tekrarlandi, bu hastalarin %8'ine ince bagirsak biyopsisi ya-
pildi ve %4,9'u CH tanusi aldi. Toplamda tlim hastalarin %2.3'line
CH tanisi konuldu. AGA-IgA ve AGA-IgG'nin pozitif prediktif
degeri (sirasiyla %13,6 ve %7,2), anti-EMA (%69,6) ve tTG-IgA'ya
(%66,7) gore distk bulundu. CH olanlarin %42,3'inde gastroin-
testinal veya ekstraintestinal semptomlarmevcuttu.

Sonug: Bu calismada DS'lu hastalarda CH sikhigr %2,3 saptand..
ilk taramada CH saptanma orani %1,3 iken, tarama tekrarlandi-
ginda bu oran %4.,9'a ylikseldi. Sonuclarimiz, semptomatik olsun
ya da olmasin, tim DS hastalarinda CH taramasinin dizenli ola-
rak yapilmasi gerektigini desteklemektedir.

Anahtar Kelimeler: Colyak hastaligi, Down sendromu, tarama

INTRODUCTION

Down Syndrome (DS) is the most common chromosomal
disorder characterized by facial dysmorphism, intellectual
disability, and congenital malformations. Patients with DS
are at increased risk of developing autoimmune diseases,
including Celiac disease (CD), compared to the general
population (1). Celiac disease is an autoimmune disorder
of the small intestine triggered by gluten consumption.
Classical symptoms include diarrhea, steatorrhea, ab-
dominal distention, weight loss, or failure to thrive (2).
In a large meta-analysis, the global prevalence of biop-
sy-proven CD in a normal population is documented to
be 0.7% (3).

The American Academy of Pediatrics (AAP) reported that
1-5% of DS children have CD (4). In different studies, the
prevalence varies between 0-19% (5-9). In a recent me-
ta-analysis of 31 studies considering 4383 DS patients,
CD was diagnosed in 5.8% of patients (10).

Celiac disease screening in DS patients is important be-
cause of the increased risk, the asymptomatic nature of
the disease, and the intellectual disability-associated lim-
itations of DS patients in communicating gastrointestinal
symptoms. However, there is no consensus on guidelines
for CD screening in DS patients (11). The AAP guideline
recommends reviewing CD symptoms at each visit and
performing serological testing only in symptomatic DS
patients (4). In contrast, the European Society for Pedi-
atric Gastroenterology, Hepatology, and Nutrition (ES-
PGHAN) guideline recommends CD screening in all DS
patients (12).

This study aims to determine the frequency of CD in DS
patients, describe clinical and serological findings of the
CD, and compare different serologic testing methods in
a large cohort of DS patients from a single tertiary center
with records collected over 30 years.

MATERIAL and METHODS

Down syndrome patients who were screened for CD be-
tween January 1992 and March 2023 were investigated. A
total of 1117 patients who had been on a gluten-containing
diet for at least one year before screening were included.
The male-to-female ratio was 1.12, and the median fol-
low-up duration was 62 months (range:1-281 months). Tri-
somy 21 was confirmed in all patients by karyotype analysis.

Clinical data was obtained from patient records. Growth
patterns were evaluated according to the National Down
Syndrome-specific growth charts (13). Celiac disease pa-
tients with gastrointestinal (abdominal pain/distension,
diarrhea, constipation) and/or extraintestinal symptoms
were defined as symptomatic CD, and patients without
symptoms were defined as asymptomatic CD. Patients
with positive serologic tests but a normal intestinal biop-
sy were defined as latent CD.

Anti-gliadin antibodies (AGAs) and tissue transgluta-
minase (tTG) antibodies were investigated by the en-
zyme-linked immunosorbent assay (ELISA) method. The
manufacturer-recommended values were used as cutoff
values. Values above 50 AU/ml for AGA-IgA and AGA-
IgG and above 18U/ml for tTG-IgA and tTG-IgG were ac-
cepted as positive. Endomysial antibody-IgA (EMA) was
determined by the indirect immunofluorescent method,
and the results were reported as positive or negative. Se-
rum IgA levels were measured in 856 patients, and levels
below 0.05 g/L were accepted as selective IgA deficiency.

The CD screening algorithm has been modified over
the years with advances in serologic testing. Before the
2000s, AGA-IgA and AGA-IgG were used for screening.
Since the 2000s, EMA and tTG antibodies have also been
included in CD screening. To compare the diagnostic po-
tency of these screening tests, we divided the DS patient
cohort into three groups according to the initial serologic
test used for CD screening:
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In group 1, AGA-IgA and AGA-IgG were measured in
344 patients. Patients with at least one positive test result
were scheduled for intestinal biopsy.

In group 2, EMA was measured in 392 patients. In pa-
tients with a positive EMA test, an intestinal biopsy was
planned.

In group 3, tTG-IgA and tTG-IgG were measured in 381
patients. If serum tTG-IgA or tTG-IgG levels were ele-
vated, an EMA test was performed. If the EMA test was
negative and the tTG-IgA level was elevated less than
threefold, the patient was observed without undergoing
an intestinal biopsy. If the EMA test was positive or the
tTG-IgA level was elevated more than threefold, an intes-
tinal biopsy was planned.

Among patients who underwent intestinal biopsy, pa-
tients with increased intraepithelial lymphocytes and
crypt hyperplasia (Marsh 1l), and villous atrophy (Marsh
llla: partial villous atrophy, Marsh lllb: subtotal villous at-
rophy, Marsh llic: total villous atrophy) were diagnosed
as CD (14).

Rescreening of patients: In 225 of the patients whose
initial screening tests or intestinal biopsy were nega-
tive, tTG-IgA and tTG-IgG, and/or EMA were measured
during follow-up. If tTG-IgA or tTG-IgG levels were ele-
vated, EMA was performed. If EMA was positive or tTG-
IgA was elevated more than threefold, an intestinal biop-
sy was planned.

Written informed consent was obtained from all patients.
The study was approved by the local ethics committee
(Date:21.02.2023, No: 626135).

RESULTS

Initial screening for CD

Patients were divided into three groups according to
the initial screening algorithm, which changed over time
according to recommendations and advancements in
screening tests. The initial screening results in the differ-
ent test groups are shown in Table 1 and Figure 1.

In the first group, 344 patients were screened with AGA-
IgA and AGA-IgG. Of these patients, 174 (50.6%) had at
least one positive serological test result. AGA-IgA was
positive in nine patients, AGA-IgG was positive in 114
patients and both tests were positive in 51 patients. In-
testinal biopsy was performed in 119 (34.5%) patients.
Fifty-five patients either refused to permit biopsy or were
lost to follow-up. Celiac disease was diagnosed in eight
patients (Table 1, Figure 1).

In the second group, 392 patients were screened with an
EMA test, which was positive in 13 patients. An intestinal
biopsy was performed on seven patients, and two were

diagnosed with CD. Six patients either refused to permit
a biopsy or were lost to follow-up (Table 1, Figure 1).

In the third group, 381 patients were screened by tTG-
IgA and tTG-IgG. Eighty-three patients had a positive
result in at least one test. tTG-IgA was positive in two pa-
tients (tTG-IgA <3X in both), tTG-IgG in 65 patients, and
both tTG-IgA and tTG-IgG were positive in 16 patients
(tTG-IgA <3Xin nine, tTG-IgA = 3X and <10X in four, and
tTG-IgA 210X in three patients). Endomysial antibody
was performed on 76 patients and found positive in six
patients. Endomysial antibodies could not be performed
in seven patients because they were lost to follow-up.
Biopsy was not allowed in three patients; two patients
refused intestinal biopsy (one had elevated tTG-IgA <3X,
positive tTG-IgG and EMA, second had elevated tTG-
IgA >10X, positive tTG-IgG and negative EMA) and the
third patient who had positive tTG-IgG, positive EMA
and negative tTG-IgA was diagnosed with acute leuke-
mia concomitantly. Intestinal biopsy was performed in six
patients and CD was diagnosed in five (Table 1, Figure 1).

As a result, 270 (24.2%) patients had at least one posi-
tive test result at the initial screening. Among them, 132
(11.8%) patients underwent intestinal biopsy, and 15 were
diagnosed with CD. In the entire group, the CD detection
rate at initial screening was 1.3%. Selective IgA deficiency
was detected in four patients, all with normal tTG-IgG or
AGA-IgG levels. Seventy-one patients who had at least
one positive serological test either refused to permit fur-
ther testing or were lost to follow-up.

Rescreening for CD

A total of 225 patients were rescreened for CD by tTG-
IgA and tTG-lgG and/or EMA during the follow-up. Thir-
ty-six (16%) patients had at least one positive result (Table
1, Figure 2).

Four patients had elevated tTG-IgA less than threefold
and negative EMA levels; they were followed up without
intestinal biopsy. Fourteen patients had negative tTG-
IgA but positive tTG-IgG levels. EMA was positive in one
of them who had a normal intestinal biopsy (Figure 2).

tTG-IgA was elevated 23X and <10X in six and 210X in 11
patients. Endomysial antibody was measured, and an in-
testinal biopsy was performed in 16 of them. One patient
with elevated tTG-IgA>10X refused further EMA testing
and intestinal biopsy. EMA was negative in six patients, and
one was diagnosed with CD by intestinal biopsy. Endomy-
sial antibody was positive in ten, and CD was confirmed by
intestinal biopsy in nine of them. Normal histopathology
was observed in one patient who had elevated tTG-IgA>
10X and positive EMA tests. By rescreening, 18 patients
underwent intestinal biopsy, and CD was confirmed in 11
patients. The CD detection rate was 4.9% at rescreening
(Table 1, Figure 2). While the mean age of these patients
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Table 1: Celiac disease screening results of patients

At [e.:—ast one Biopsy ' CD . CD diagnosis CcD diaqnctsis
positive test o diagnosis rate of the rate within
result n (%) n (%) n biopsy (%) the group (%)
:::'1""1' 1C7? screening 270 (24.2) 132 (11.8) 15 11.4 1.3
Group 1 (n=344) 174 (50.6) 119 (34.5) 8 6.7 2.3
Group 2 (n=392) 13(3.3) 7 (1.8) 2 28.6 0.5
Group 3 (n=381) 83(21.7) 6(1.6) 5 83.3 1.3
Rescreening (n=225) 36 (16) 18 (8) 11 61.1 4.9
Total (n=1117) 304* (27.2) 148" (13.3) 26 17.3 2.3

*Two patients had positive serologic test in the initial screening and rescreening, they were biopsied twice. CD: Celiac disease

n=1117

Initial screening for CD ‘

{
/ |

T
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AGA-IgA (+) AGA-IgA (-) AGA-IgA (+) ) EMA (+) e e ——
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n= n=114 n=s1 Biopsy=7 tTG-IgG (+) tTG-1gG (+) 210X n=3
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Figure 1: Initial Celiac disease screening in the whole cohort
AGA: Anti gliadin antibody, CD: Celiac disease, EMA: Endomysial antibody, tTG: Tissue transglutaminase antibody

was 3.2 years at initial screening, the mean age at which
they were diagnosed with CD was 8.1 years.

As aresult, a total of 26 patients were diagnosed with CD
(2.3%). Of the patients with CD, 15 were diagnosed at
the initial screening. Rescreening for CD was performed
in 225 patients, and 11 patients who had normal at initial
screening were diagnosed with CD during the follow-up.
Biopsy could not be performed in 72 patients who re-
fused further testing or lost to follow-up.

Clinical and laboratory features of patients with CD
The diagnosis of CD was confirmed by intestinal biopsy
in 26 patients. Gastrointestinal or extraintestinal symp-

toms were only present in 42.3% of patients with CD.
Gastrointestinal symptoms were present in three and
extraintestinal symptoms were present in seven patients.
One patient had both gastrointestinal and extraintestinal
symptoms (Table 2). None of the patients had short stat-
ure. Fifteen patients who had no gastrointestinal or ex-
traintestinal symptoms were classified as asymptomatic
patients. Intestinal biopsy revealed Marsh Illa and Marsh
lllc lesions in 11 and 15 patients, respectively (Table 2).

Diagnostic accuracy of serological tests

Intestinal biopsy was performed in 148 patients due to
positive screening tests in our cohort. Among the pa-
tients who underwent biopsy, 119 of them had elevated
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Table 2: The serological tests, clinical and pathological findings of patients with Celiac disease

tTG-  tTG- Pathology
No 'A(‘SS/:SI')A A(‘fCrIT?I)G IgA  IgG EMA " Clinical findings (Marsh Initial screening test
(U/ml) (U/ml) modified)
1 16 74 Diarrhea Type 3c
2 184 420 Asymptomatic Type 3a
3 Positive  Positive Autoimmune Type 3c
thyroiditis
4 Negative Positive Diarrhea Type 3c
5  Positive  Positive Asymptomatic Type 3a
6 131 144 Asymptomatic Type 3a
7 82 51 Asymptomatic Type 3a
8 11.3 142 Asymptomatic Type 3a
9 Positive  Asymptomatic Type 3c
10 Positive ~ Autoimmune Type 3c tTG-IgA (), tTG-I1gG (-)
thyroiditis
1 Positive  Asymptomatic Type 3a
12 300 82 Positive  Iron deficiency Type 3c EMA (-)
anemia
13 300 193 Positive  Iron deficiency Type 3a tTG-IgA (+), tTG-IgG (-)
anemia
14 170 29.3  Positive Diarrhea,iron de- Type 3c tTG-1gA (-), tTG-IgG (-)
ficiency anemia
15 300 41 Positive  Asymptomatic Type 3a
16 57.7 19 Positive Autoimmune Type 3a AGA-IgA (-),AGA-IgG (-)
thyroiditis
17 192 6.2 Positive Diarrhea Type 3c EMA (-)
18 300 59 Positive  Asymptomatic Type 3c
19 300 187  Positive  Asymptomatic Type 3c tTG-IgA (-), tTG-IgG (-)
20 277 300 Positive  Asymptomatic Type 3a AGA-IgA(-), AGA-IgG (-)
21 91 14.6  Positive  Asymptomatic Type 3a tTG-IgA (-), tTG-1gG (-)
22 166 187 Nega- Asymptomatic Type 3a
tive
23 158 12.5 Positive Autoimmune Type 3a AGA-IgA (-),AGA-IgG (-)
thyroiditis
24 300 123 Positive  Asymptomatic Type 3c
25 300 12 Nega- Autoimmune Type 3a tTG-IgA (-), tTG-I1gG (-)
tive thyroiditis
26 300 98 Positive ~ Asymptomatic Type 3a

AGA: Anti gliadin antibody, CD: Celiac disease, EMA: Endomysial antibody, tTG: Tissue transglutaminase antibody

AGA-IgA and/or, AGA-IgG levels. Celiac disease was
confirmed in six of 44 patients with elevated AGA-IgA
and eight out of 111 patients with elevated AGA-1gG lev-
els. The positive predictive value (PPV) of AGA-IgA and
AGA-IgG were 13.6% and 7.2%, respectively.
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Thirty-one patients with EMA testing underwent intesti-
nal biopsy. Of these patients, EMA was negative in eight
patients (tTG-IgA=3X in all these patients) and positive
in 23 patients. Two of eight EMA-negative patients and
16 of 23 EMA-positive patients were diagnosed with CD.
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[ Rescreening for CD
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Figure 2: Celiac disease rescreening in patients who had normal serology or biopsy at initial screening
AGA: Anti gliadin antibody, CD: Celiac disease, EMA: Endomysial antibody, tTG: Tissue transglutaminase antibody

The PPV of EMA was 69.6%. A total of 21 patients with el-
evated tTG-IgA underwent intestinal biopsy and CD was
confirmed in 14 of them. The PPV of tTG-IgA was 66.7%.

DISCUSSION

Overall, among the 1117 DS patients considered in this
study, 26 patients were diagnosed with CD. The preva-
lence of CD in our DS patients was 2.3%, lower than pre-
vious large-cohort studies; one of which included 1317
patients and reported CD in 9.8%, and the second includ-
ed 1202 patients and reported CD in 4.6% (6,15). A recent
meta-analysis that included studies from European coun-
tries and the United States reported that the prevalence
of CD was 6% and 5.7%, respectively, in DS patients (10).
Studies on the prevalence of CD in DS patients from Tur-
kiye were limited. In one study, CD screening was per-
formed based on EMA in 100 DS patients. One patient
was found to be EMA positive, but an intestinal biopsy
could not be performed because the patient refused the
biopsy (16). The prevalence of CD in DS was reported to
be 6.4% and 3.1% in two studies from Turkiye, including
47 and 98 patients, respectively (17,18). In a previous
study of our center which included 164 patients, CD was
reported in 3% of DS patients (19). In this study, we per-
formed an intestinal biopsy on 148 DS patients; however,
72 patients with positive serologic tests refused further

testing or were lost to follow-up. If we could also perform
a biopsy on these patients, the prevalence of CD in our
cohort would increase even more.

Celiac disease can develop at any age, from infancy to
adulthood. Therefore, it is crucial to repeat CD screen-
ing regularly in high-risk patients whose serologic tests or
biopsies are initially negative. In our cohort, 225 patients
were rescreened, and CD was diagnosed in 11 of them.
The CD detection rate was 1.3% at initial screening and in-
creased to 4.9% at rescreening. Similarly, Ostermaier et al.
emphasized that CD screening in DS should not be limited
to one time as the frequency of CD increases with age (7).

The classical gastrointestinal presentation of CD has
been observed less frequently in recent years, and many
CD patients are diagnosed with mild gastrointestinal or
extraintestinal findings or are asymptomatic (20). In our
cohort, 57.7% of CD patients were asymptomatic, and
only 15.4% had gastrointestinal symptoms.

According to the AAP, CD testing was recommended
for symptomatic DS patients (2). However, if only symp-
tomatic patients were tested, and a significant number
of CD patients would be missed. Liu et al. reported that
almost half of CD patients detected by routine screen-
ing had no symptoms, and if routine screening had not
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been performed, 82% of CD patients would have been
undiagnosed (15). In addition, the complaints of symp-
tomatic patients overlap with the symptoms commonly
seen in DS patients. Sharr et al. reported that gastrointes-
tinal problems were present in 30.7% of patients, whereas
the new CD was diagnosed in <1% (21). In our cohort,
more than half of CD patients were asymptomatic, and
42.3% of CD patients had normal initial screening. While
the mean age of these patients was 3.2 years at initial
screening, the mean age at which they were diagnosed
with CD was 8.1 years. Therefore, we recommend regular
screening for CD in the management of DS patients.

Serologic tests offered in the screening have changed
over the years due to advances in technology. In the early
1980s, AGA was the only serologic test available. It was
widely used until the discovery of EMA and tTG antibod-
ies. Both tTG antibodies and EMA have high sensitivity
and specificity. The endomysial antibody is more expen-
sive and labor-intensive than tTG antibodies. Therefore,
tTG-IgA, along with serum IgA, has been a first-line test
in the screening of CD worldwide (22). Toftedal et al. in-
vestigated the PPV of CD screening methods in a large
cohort of patients (23). They reported the PPV of AGA-
IgA, AGA-IgG, EMA, and tTG-IgA was 79.6%, 39.5%,
80.7%, and 60.2%, respectively. In our study, the PPV of
AGA-IgA and AGA-IgG were relatively low (13.6% and
7.2%, respectively). We found PPV of EMA was 69.6%,
and tTG-IgA was 66.7%. Only one patient with normal
tTG-IgA underwent intestinal biopsy, and it was found
normal. Celiac disease diagnosis without biopsy is pos-
sible in patients with elevated tTG-IgA 210X and positive
EMA (10). In our cohort, CD could not be confirmed with
biopsy in one patient that had elevated tTG-IgA 210X
and positive EMA. Therefore, in patients diagnosed with-
out biopsy, the risk of a false-positive diagnosis should be
considered, and if possible, the CD diagnosis should be
confirmed by intestinal biopsy.

CONCLUSION

In conclusion, we demonstrated the prevalence of CD in
a large cohort of DS patients from a single tertiary center
as 2.3%. The CD detection rate was 1.3% at initial screen-
ing, whereas it increased to 4.9% at rescreening. More
than half of the patients were asymptomatic, and only
15.4% of them had gastrointestinal symptoms. Due to the
increased risk of CD and the presence of asymptomatic
patients, we strongly recommend CD screening in DS. In
our cohort, 42.3% of CD patients were diagnosed at re-
screening, which supports that rescreening should also
be performed regularly.
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ABSTRACT

Objective: Alagille syndrome (ALGS), known as arteriohepatic
dysplasia, is an autosomal dominant multisystem disorder pri-
marily linked to JAGT gene variants. It features distinctive anom-
alies in the liver, heart, eyes, spine, and facial morphology.

Material and Method: Patients diagnosed with ALGS and referred
to Istanbul Faculty of Medicine, Department of Medical Genetics
between January 2016 and December 2022 were included in the
study. The clinical, radiological, cytogenetic, and molecular findings
of the patients as well as their families were re-assessed retrospec-
tively. Karyotype, fluorescence in situ hybridization (FISH), array
comparative genomic hybridization (@CGH), and JAGT gene se-
quencing utilizing next-generation and Sanger sequencing meth-
odologies were conducted.

Result: The presence of both large deletion and small variants as-
sociated with Alagille syndrome was detected in all cases. In karyo-
type and aCGH analysis of a single case, a 20p deletion was iden-
tified. Subsequent next-generation sequencing (NGS) of the JAG1
gene revealed the following findings: a heterozygous pathogenic
variant ¢.2122_2125del/p.(GIn708Valfs*34), a heterozygous likely

OZET

Amag: Arteriyohepatik displazi olarak da bilinen Alagille send-
romu (ALGS), codunlukla JAGT genindeki mutasyonlarin neden
oldugu otozomal dominant kalitilan bir multisistem hastaligidir.
Karaciger, kalp, g6z, vertebra ve yliz morfolojisinde belirgin ano-
maliler icerir.

Gereg ve Yontem: Calismamiza Ocak 2016-Aralik 2022 tarih-
leri arasinda ALGS tanisi alan ve istanbul Tip Fakiiltesi Tibbi
Genetik Anabilim Dali'na sevk edilen hastalar dahil edildi. Has-
talar ve ailelerinin klinik, radyolojik, sitogenetik ve molekiler
bulgulari retrospektif olarak yeniden degerlendirildi. Karyotip,
floresan in situ hibridizasyon (FISH), karsilagtirmali genomik
hibridizasyon (aCGH) yéntemi ile yeni nesil ve Sanger dizileme
teknolojisi kullanilarak yapilan JAGT geni molekiler ve moleki-
ler sitogenetik sonuglari incelendi.

Bulgular: Tim vakalarda Alagille sendromuyla iliskili baytk de-
lesyon veya nokta mutasyonlarinin varligi tespit edildi. Karyo-
tip ve aCGH analizi ile tek bir vakada de novo 20p delesyonu
saptadi. JAGT geninin yeni nesil dizileme analizi asadidaki bul-
gulari ortaya cikardi; heterozigot patojenik ¢.2122_2125del/p.
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pathogenic variant ¢.1754_1755del/p.(Asn585Argfs*4), a heterozy-
gous pathogenic variant ¢.2026del/p.(Cys676Alafs*67), a hetero-
zygous pathogenic variant ¢.753C>A/p.(Cys251*), and a heterozy-
gous likely pathogenic variant ¢.2458+2_2458+4delTAAInsGAC/p.
(7). In one case, FISH analysis revealed a 20p deletion inherited from
the mother. Analysis of available family members further indicated that
three variants were inherited within the family. One of the two novel
truncating variants, the ¢.1754_1755del variant was identified as de
novo, while the other ¢.2458+2_2458+4delTAAINsGAC variant was
determined to be familial.

Conclusion: In summary, the research effectively identified vari-
ous JAGT gene alterations and underlined the significance of
incorporating molecular cytogenetic analysis in conjunction with
sequence analysis of the JAGT gene for accurate genetic diag-
nosis and counseling. Furthermore, study highlights the valuable
outcome of screening parents, siblings, and children to clarify the
genetic etiopathogenesis, as there is a remarkable intra- and in-
ter-familial phenotypic variability in patients with ALGS.

Keywords: Alagille syndrome, JAGT, arteriohepatic dysplasia

(GIn708Valfs*34), heterozigot olasi patojenik ¢.1754_1755del/p.(As-
n585Argfs*4), heterozigot patojenik ¢.2026del/p.(Cys676Alafs*67),
heterozigot patojenik ¢.753C>A/p.(Cys251*), heterozigot olasi
patojenik ¢.2458+2_2458+4delTAAINsGAC/p.(?) varyantlarn ol-
dugu anlagildi. Bir vakada ise FISH analizi ile anneden kalitilan
20p delesyonu saptandi. Mevcut aile Uyelerinin analizi sonrasin-
da ti¢ varyantin ailesel oldugunu anlagildi. iki novel varyanttan
biri olan ¢.1754_1755del varyanti de novo olarak tanimlanirken,
diger c¢.2458+2_2458+4delTAAINsGAC novel varyantinin ailesel
oldugu belirlendi.

Sonug: Ozetle, arastirmamiz farkli JAGT geni varyantlarini tanim-
lamakla birlikte ve dogru genetik tani ve genetik danismanlik icin
JAGT geninin dizi analizi ile birlikte molekiler sitogenetik analizi
birlestirmenin énemli oldugunun altini ¢izdi. Ayrica ¢alismamiz,
ALGS'li hastalarda dikkate deger aileler arasinda ve aile ici feno-
tipik degiskenlik oldugundan, genetik etiyopatogenezi netlestir-
mek icin ebeveynleri, kardesleri ve ¢cocuklari taramanin katkisini
vurgulamaktadir.

Anahtar Kelimeler: Alagille sendromu, JAGT, arteriyohepatik
displazi

INTRODUCTION

Alagille syndrome (ALGS), is an autosomal-dominant,
multisystem disorder caused by a defective NOTCH
signaling pathway with a broad spectrum of clinical
variability, spanning from severe life-threatening cardi-
ac or liver complications to mild clinical manifestations.
Its prevalence is estimated at 1:30,000 to 1:50,000 live
births (1). ALGS is defined by the presence of three
of the following five major clinical features along with
hepatic bile duct paucity; cholestasis presented with
cholestatic liver disease, congenital heart disease
(CHD) (commonly pulmonic stenosis), skeletal abnor-
malities (typically butterfly vertebrae), ocular findings
(especially posterior embryotoxon), and recogniz-
able facial features (2). Typical facial features include
a prominent broad forehead, deeply set eyes, long
nose with a bulbous tip and a pointed chin, giving the
appearance of a triangular face. Less frequently, clin-
ical involvement of renal and vascular abnormalities,
growth failure, developmental delay and delayed pu-
berty can also occur (3, 4). The clinical phenotype asso-
ciated with Alagille syndrome manifests considerable
interfamilial and intrafamilial variation (5). Clinical find-
ings in heterozygous individuals are unpredictable and
can vary from subclinical manifestation to severe liver
disease. Early diagnosis and treatment are important
for mortality and morbidity in ALGS. The prognosis is
related to the severity of bile flow obstruction and scar-
ring of the liver and cardiovascular involvement (3,6).
Ninety-four percent of patients exhibit monoallelic
pathogenic alterations in the Notch signaling ligand,
JAGGED1 (JAGT), while 2.5% of patients carry monoal-
lelic pathogenic variants in the Notch signaling recep-
tor NOTCH2 (7, 8). Small sequence variants within the

JAG1 gene account for roughly 85% of the identified
pathogenic alterations in ALGS. Further molecular di-
agnoses, amounting to approximately 9%, are facilitat-
ed by employing techniques such as fluorescence in
situ hybridization (FISH), array comparative genomic
hybridization (aCGH), or multiplex ligation-dependent
probe amplification (MLPA) to detect deletions or du-
plications (8). No genotype-phenotype correlations for
JAGT and NOTCH2 pathogenic variants causing ALGS
were noted. Only a very small number (3.2%) of indi-
viduals clinically diagnosed with ALGS exhibit an iden-
tified disease-causing mutation in either of the two
genes (8). The JAGT gene encodes a transmembrane
protein that is a ligand of Notch receptors involved in
cell differentiation. So far, 766 variations in the JAGT
gene have been reported in the Human Gene Mutation
Database (HGMD) Professional subscription (Novem-
ber 2022). The pathogenic variants protein truncation
which include frameshift, nonsense, exon level dele-
tions and splice site are frequently found in patients
with ALGS, although missense variants and whole
gene deletions were also demonstrated in the cases.
In this study, we conducted a comprehensive analysis
of the molecular and clinical characteristics of seven
ALGS cases from Turkiye. Notably, one of these cases
was diagnosed with ALGS prenatally. We further com-
pared the genetic profiles of these cases with those
documented in existing literature.

MATERIAL and METHODS

Patients

The study encompassed cases that had received a con-
firmed diagnosis of ALGS and had been referred to the
clinic of the Department of Medical Genetics at Istanbul
Faculty of Medicine, Istanbul University between the years

328




) Alagille syndrome in Turkiye
Istanbul Tip Fakiltesi Dergisi @ J Ist Faculty Med 2023;86(4):327-335

2016 and 2022. The clinical, biochemical, cytogenetic and
molecular findings of the patients were retrospectively re-
viewed. The study includes probands and their affected
family members with ALGS. The study underwent an exten-
sive review process and received approval from the institu-
tional review board at Istanbul University (Date: 07.10.2022,
No: 18). Additionally, prior to conducting genetic testing,
written informed consent was appropriately obtained from
all parents or legal guardians of the participating patients.
The research involved reviewing the family history, clinical
details, biochemical analyses, pathological assessments,
and radiological examinations of the individuals.

Genetic tests

DNA extractions were performed using a kit (MagNaPure,
Roche). Genetic testing was carried out using a sequential
methodology. Initially, cytogenetic and molecular cytoge-
netic tests were conducted, and individuals with normal
results proceeded to undergo molecular genetic investi-
gation. All encoded exons and exon-intron regions of the
JAGT gene (NM_000214.3) were sequenced using next
generation sequencing (NGS) technology (Miseq, Illumina
Inc., San Diego, CA, USA) and confirmed by Sanger se-
quencing as well as segregated in available parents, ex-
cept for Case 3 whose parents were also sequenced with
JAGT by NGS. The variants were checked with the ClinVar
(https://www.ncbi.nlm.nih.gov/clinvar/) and HGMD (http://
www.hgmd.cf.ac.uk/ac/) databases. Single nucleotide
polymorphism (SNP) and novel variants were assessed by
using dbSNP, gnomAD (https://gnomad.broadinstitute.
org/). In silico prediction software, Mutation Taster (https://
www.mutationtaster.org/), Sorting Intolerant from Tolerant
(SIFT, https://sift.bii.a-star.edu.sg), and PolyPhen-2 Hum-
Var, (http://genetics.owh.harvard.edu/pph2/) were used
to predict the pathogenicity. The splice site affect was
searched from Splice Al (9). The classification of the vari-
ants according to The American College of Medical Ge-
netics and Genomics was based on the Varsome (10) and
Franklin databases (https://franklin.genoox.com/). The
Karyotype and aCGH analysis were performed in Case
1 due to the diagnosis of multiple congenital anomalies
(MCA). A Karyotype analysis was performed using G-band-
ed chromosomes at 500-550 band levels. The aCGH was
performed using the Agilent SurePrintG3 CGH+SNP Mi-
croarray Kit 4x180K (Agilent Technologies Inc, Santa Clara,
CA, USA) according to the manufacturer protocol. The
20p12 band was investigated with FISH using a JAGT spe-
cific probe (Diagen, Ankara, Turkiye) and was performed in
Case 7 with a clinical diagnosis of ALGS whose JAGT gene
sequence analysis was normal.

RESULTS

Patient characteristics
Seven of the index patients were from distinct families.
Among them, two were males and five were females. The

clinical, radiological, and molecular findings are summa-
rized in Table 1. In three families, there was a history of in-
dividuals similarly affected by the condition (Case 4, Case
6, and Case 7). All cases exhibited facial dysmorphism
consistent with ALGS, along with the cardiovascular com-
plications and skeletal abnormalities (as shown in Figure
1). Furthermore, posterior embryotoxon was observed in
each postnatal case that underwent eye examination.

Clinical findings

Case 1; a female fetus was the first child of a non-con-
sanguineous couple. A Gestation (G)1 Medical Abortion
(MA)1, was terminated at the 20" Gestation Week (GW)
due to MCA. The first trimester ultrasound revealed cystic
hygroma. Polyhydramnios, a single umbilical artery, hypo-
plastic left heart syndrome (HLHS), scoliosis, suspicion of
hemivertebrae, bilateral pes equinovarus, and shortness
of all tubular bones in the ultrasound performed at the
20"GW. The postmortem evaluation revealed character-
istic facial findings (hypertelorism, depressed nasal root,
bulbous nasal tip, wide columella, thin lips) associated
with ALGS and X-ray findings (rib fusion, hemivertebra,
vertebral cleft, butterfly vertebra).

Case 2; a 9-year-old male patient, the third child born to
non-consanguineous parents (G3P3), was delivered at the
38"GW by cesarean section (C/S) but due to prolonged
labor the birth weight was 2550 g (-1.41 SD). His birth
length measured 48 cm (-0.05 SD) and his head circumfer-
ence (HC) was 33 cm (-0.91 SD). The family history did not
reveal any notable conditions. His parents and siblings
were in good health. He presented dysmorphic facies
(sparse hair, broad forehead, triangular face, deep-set
eyes, hypertelorism, long nose with a bulbous tip, point-
ed chin). He was evaluated for jaundice at two months

Figure 1: Characteristic facial dysmorphism and skeletal
anomalies of ALGS cases

Case 1 (A and B), Case 3 (C and D), Case 4 (E and F), Case
5(G and H), Case 6 (I and J), Case 2 (K), Case 7 (L). Arrows
indicate butterfly vertebrae.



https://franklin.genoox.com/

) Alagille syndrome in Turkiye
Istanbul Tip Fakiltesi Dergisi @ J Ist Faculty Med 2023;86(4):327-335

JeAUND Ul piodal

pPa1IIWANS :DAS ‘(P40281 Jepul|D) UoBLIEA) IADA '©|ge|leAe 10N YN ‘UoiienBinBal o110y 1Yy ‘Snouslle snonp usled iydd ‘@A[eA d1nioe pidsnoig iAyg ‘sisousis Aleuownd |esaydiuad :Sdd

Sdd uoxojokiquia Kyoned
uonajep z'z1doz uona|ep ssoib seigemen Ajpenng Jouasod NP 9iq |eulalew [H11A @seD
(¢)d 68€ECOV00ADS
DVOSUIVYLIePY VN S1S01|02s uoxojokiquia
+8S¥¢ ¢+8StZ 2 uone|ep |[ews Bupids  ‘eeigaiiean Ajjenng Sdd Joueysod umousjun |euialew [H11A osed
88EECOY00ADS
VN SISO1|02S Sdd uoxojoAiquie Ayoned umousjun
12(x1G6ZsAD) d w<DEG /D 9SUasUON ‘seigemeA Aj1enng Jousysod 12Np 9|Ig auou [O]Aesed
2(£9x5481v9,95AD) d L8EEZOYOOADS uoljezile|nosen
9P 92022 VN aeIgaLaA Areuownd uoxojoAiquis
uons|ep ||lews Ajpienng ‘sisoljods  |eseyduad ‘544 Jousisod umouun [eusared [H1AIesed
Aydoune
98€E2000ADS vad ‘¥v Aie|ideduad uonelayjoid
(7xS4BIyGeGUsY)d vN p|iw ‘sisouals ‘uoxojohiquis 12np 9|Iq oAou ep
9P S/ HS/ LD uoia|ap |[ews seigemen Ajenng o1Hoe ‘Avg Jousysod p|iWw ‘siseissjoyd auou [H11esed
S8EECOVO0ADS
6¢ L¥6/L1000ADA Ayoned
cAVExSHEASDLUID) d 205 /2 /5! Sdd uoxojokiquia NP 9Iq onou ep
epSzLz 2z1Z 2 uoina|ap |[ews seigameA Ajpenng Joueysod 'siselsa|oyd auou [O]18sed
VN VN Hesy
VN VN seigeUBAILILY o] onse|dodAy onou ep
uons|ep z|dedog uone|ep ssoib 's1S01|02s umouun umouun auou [H]19sed
apnded . JeAUl]D e (ksdoiq) slaquiaw
apnospnu o dNSAP |e19|as oeipied oh3 ToAl Apwey ase)
s}jnsaJ d|3auan a2dA} Juenep n Bunoayy

SOV paiejas susb | DY/ Jo sbuipul) Jendsjow pue [ediuld jo Alewwns :|, ajqep




] Alagille syndrome in Turkiye
Istanbul Tip Fakiltesi Dergisi @ J Ist Faculty Med 2023;86(4):327-335

Fed

Chr20

q13.114
q13.13

q13.24
q13.314
q13.33

del (20p)

short arm of chromosome 20p12JAGT region
¢ control probes.

B

]

Figure 2: Cytogenetic and molecular cytogenetic results
of Case 1 and Case 7

A aCGH showed a 9.5 Megabase (Mb) deletion in the
20p13p12.1 region, including the JAGT gene [arr[GRCh37]
20p13p12.1(4709272_14175391)x1] in Case 1.
B Full and partial karyotype and FISH study using JAG1
specific probe showed a deletion on 20p12.2. Red signal
is absent on one chromosome 20 in case 7.

of age. The echocardiography revealed peripheral pul-
monary stenosis (PPS). He was found to have butterfly
vertebrae. A Histopathological examination of the liver
at five months of age revealed cholestasis which is asso-
ciated with the loss of the intrahepatic bile ducts (paucity
of interlobular bile ducts). His eye examination showed
bilateral posterior embryotoxon, and he underwent a he-
paticojejunostomy at the age of two. His growth param-
eters and motor developmental milestones were normal.

Case 3; a 7-year-old female, the first child born to
non-consanguineous parents from the same village
(G1P1). The family history was unremarkable. Prenatal
ultrasound at the first trimester showed nasal bone hypo-
plasia and nuchal translucency (NT). Cytogenetic analysis
of amniotic fluid cells performed for pathologic ultra-
sound revealed a normal karyotype. The NT was normal
in further scans. She was delivered at term via C/S due to
oligohydramnios with a birth weight of 2760 g (-0.84 SD)
and a birth length of 47 cm (-1.03 SD). Postnatally, she
showed cholestasis (conjugated hyperbilirubinemia with

»“

A/\\AAMM M M/\ |

Figure 3: Pedigree analysis and molecular results of Case
2-6. Sanger sequencing of Case 2, 4, 5, 6 and next
generation sequencing of Case 3 and her parents
revealed de novo/novel heterozygous c.1754_1755 del
p.(Asn585Argfs*4) variant. WT: Wild Type

high hepatic enzymes) which manifested as jaundice. The
echocardiography revealed a mild aortic regurgitation
(AR) with aortic stenosis, bicuspid aortic valve, and patent
ductus arteriosus. A histopathological examination done
at 3.5 months old, revealed cholestasis and mild ductal
proliferation. At nine months of age, an eye examination
identified posterior embryotoxon and the presence of
peripapillary atrophy. Butterfly vertebra in the thoraco-
lumbar region was detected. A physical examination at
10 months of age revealed failure to thrive with a weight
6600 g (-2.53 SD), the length 66 cm (-2.36 SD), and OFC:
44 cm (-0.76 SD). Her physical examination was remark-
able for mild jaundice and dysmorphic facial dysmorphic
features (pronounced forehead, deeply located eyes,
slightly narrow palpebral fissures, flattened nasal root,
thin lips, fish mouth, high palate). Her motor develop-
mental milestones were normal.

Case 4; an 18-year-old female patient was the second
child born to non-consanguineous parents (G2P2). She
was born via C/S (due to history of previous C/S) at the
38" GW with a weight of 3130 g (0.12 SD), a height of 49
cm (-0.05 SD) and a head circumference of 33 cm (-0.91
SD). Her father had unilateral renal hypoplasia. There was
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a history of jaundice that did not require postnatal pho-
totherapy. At the age of eight, an increased level of liver
enzymes was detected during a routine screening. The
echocardiography revealed PPS. Thoracal kyphoscoliosis
secondary to butterfly vertebra was detected in a verte-
bral X-ray. On a thorax MR angiography, bilateral periph-
eral pulmonary vascularization was slightly decreased.
Posterior embryotoxon was detected in an eye examina-
tion. Facial dysmorphic findings (broad forehead, deeply
located eyes, prominent nasal root, malar/midfacial hy-
poplasia, short philtrum, wide columella) were observed
in the physical examination. Her growth parameters and
motor developmental milestones were normal.

Case 5; a 19-year-old male patient was the second child
born to non-consanguineous parents (G2P2). His parents
and his older brother were healthy. He was delivered
via normal vaginal delivery (NVD) at the 34" GW with a
weight of 2870 g (2.22 SD). Direct hyperbilirubinemia was
found at the postnatal on the third day. An Echocardiog-
raphy revealed pulmonary stenosis, a doppler ultrasound
revealed the absence of bile ducts, and an ophthalmic
examination revealed posterior embryotoxon. A liver bi-
opsy revealed an absence of bile ducts in the portal area.
At 3.5-years-old the patient presented with complaints of
severe itching, jaundice, and swelling in the abdomen. A
liver transplant was performed at the age of eleven be-
cause of persistent itching. The patient was found to have
hyperglycemia on the fourth day after the transplant,
and was diagnosed with Type 1 DM in the follow-ups
and insulin therapy was started. Butterfly vertebrae and
mild thoracolumbar scoliosis were found on vertebral
radiographs at nine years of age. He had an operation
for urinary incontinence at the age of 11. He was diag-
nosed with a hepatitis B virus (HBV) infection at the age
of 15, received interferon treatment for a duration of one
year and subsequently underwent lamivudine treatment.
Aseptic necrosis was detected in the femoral head at the
age of 15. A physical examination at almost 19 years of
age showed growth retardation [Weight: 50 kg (-2.7 SD),
Height: 159.5 cm (-2.63 SD)] was present. Facial dysmor-
phic findings (bitemporal flattening, prominent glabella,
synophyria, upward slanted palpebral fissures, malar hy-
poplasia, prominent nasal arch, inferior columella, short
philtrum, prognathia, simple/slightly posteriorly located
ears, high palate, posteriorly located upper lateral inci-
sors) were present. His motor developmental milestones
and mental development were normal.

Case 6; a 17 year old female patient was the first child of
non-consanguineous parents. She was born via NVD at
term with a weight of 2950 g (-1.01 SD). There was a fam-
ily history of the mother affected with posterior embryo-
toxon and BAV and sisters and a brother affected with
vertebral anomalies and hyperbilirubinemia. She was
evaluated for direct hyperbilirubinemia at the postnatal

on the fourth day of life. A liver biopsy revealed the ab-
sence of bile ducts. An abdominal ultrasound performed
at the age of seven found a left renal cortical cyst. An eye
examination revealed posterior embryotoxon. Pulmonary
stenosis was detected on an echocardiography. Butterfly
vertebra and thoracolumbar scoliosis were found on an
X-Ray. A prominent broad forehead, up upslanting pal-
pebral fissures, hypertelorism, deep set eyes, malar hy-
poplasia were noted as dysmorphic facial features.

Case7; A 2-year-old female patient was the third child of
non-consanguineous parents. Her twin sister and brother
were diagnosed with ALGS and her brother died at the
age of 2.5 years after a liver transplant. Her mother had
facial dysmorphism compatible with ALGS, including re-
nal anomaly (focal ectasia), cardiac anomalies (mild mitral
insufficiency, and patent foramen ovale). She was born via
C/S (due to history of previous C/S) at the 37t GW with
a weight of 2500 g (-0.93 SD). She was admitted at 15
months because of the family history. Facial dysmorphic
findings (prominent forehead, upslanting palpebral fis-
sures, malar hypoplasia, hemangioma on the left side of
the nose, bulbous nasal tip, antevert ears) were present.
Her growth parameters were all normal. Butterfly verte-
bra was detected in the vertebral X-ray. An Echocardiog-
raphy revealed pulmonary stenosis. An increased level of
liver enzymes was detected. Her growth parameters and
motor developmental milestones were normal.

Genetic results

An examination of the available parents’ genetic profiles
showed that three of the pathological variants were in-
herited (Case 4-paternal, Case 6-maternal, Case 7-ma-
ternal), while the remaining three were de novo (Case 1,
Case 2, and Case 3) occurrences. Segregation analysis
was not feasible for Case 5 because the parents would
not consent to undergo testing themselves.

Case 1hadaheterozygous gross deletion on chromosome
20p, which was detected on fetal karyotype analysis. aCGH
showed a 9.5 megabase (Mb) deletion in the 20p13p12.1
region, including the JAGT gene (Figure 2A). Karyotype
analysis of the parents was normal. It was determined
that the case was a de novo novel gross deletion. Next
generation sequencing of the JAGT gene revealed a het-
erozygous ¢.2122_2125del/p.(GIn708Valfs*34) in Case 2,
a heterozygous novel ¢.1754_1755del/p.(Asn585Argfs*4)
in Case 3, a heterozygous c.2026del /p.(Cys676Alafs*67)
in Case 4, a heterozygous ¢.753C>A/p.(Cys251*) in Case
5, and a heterozygous novel ¢.2458+2_2458+4delTA-
AinsGAC/p.(?) in Case 6, in JAGT (Figure 3). In Case 7,
JAGT gene sequencing yielded normal results. However,
upon conducting a FISH examination, a 20p12 deletion
was detected. The karyotype and FISH analysis was in-
terpreted as follows: 46,X,del(20)(p12.2).ish del(20)(p12.2)
(JAG1-) (Figure 2B). This deletion was also observed in
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the affected mother and affected sister, indicating that
the variant was inherited within the familial.

All variants were truncating types of mutations includ-
ing three small deletions and one small deletion inser-
tion resulting in frameshift mutation, and one nonsense
mutation (Figure 3). The previously reported pathogenic
variants were identified in a total of three individuals (c.
c.2122_2125del, c.753C>A, c.2026del). The two variants
(c.1754_1755del and ¢.2458+2_2458+4delTAAINsGAC)
were novel truncating and predicted as likely pathogenic
[PVS1 (pathogenic very strong), PM2 (pathogenic mod-
erate)] according to ACMG criteria. The deep learning
splicing prediction analysis (SpliceAl) of ¢.2458+2_2458+
4delTAAInsGAC was predicted to abolish the Splice Do-
nor site of the pre-mRNA of the JAGT showing a maxi-
mum pathogenicity score of 1.0.

DISCUSSION

In this study, our objective was to elucidate the clinical,
radiological, cytogenetic, and molecular attributes of
seven index cases with Alagille syndrome, which also
goes by the name arteriohepatic dysplasia. This autoso-
mal dominant multisystem disorder arises from patho-
genic variants occurring in the JAGT gene. The diagnosis
of ALGS in infants and children primarily hinges on their
clinical manifestations. Chronic cholestasis stands out as
the most common initial symptom, while distinctive facial
features play a pivotal role as reliable indicators for ALGS
diagnosis.

All six individuals diagnosed postnatally exhibited all five
major clinical features. Since it is difficult to detect liver
findings, facial dysmorphism and ocular findings in the
prenatal period, ALGS must be considered in fetal cases
with multiple anomalies including the heart and vertebra.
Especially, fetal hemivertebrae detected by detailed ul-
trasound scan may be a clue for ALGS (11). In Case 1,
which had a gross heterozygous deletion of 9.5 Mb, in-
cluding the JAGT gene region, the vertebral anomalies
accompanying the hypoplastic left heart syndrome were
noted in the prenatal period. In the literature, the diag-
nosis of ALGS in the prenatal period is rare and is often
found with a history of affected parents (12-15). However,
a case of HLHS with a de novo gross 20p deletion has
been reported, as in our case (16). HLHS is a rare severe
CHD characterized by underdevelopment of left heart
components and dysfunction of the left ventricle. Our
case is a second fetal ALGS case with HLHS in the prena-
tal period, which was found to have a deletion of the 20p
and contributed to the literature in this respect.

Liver disease including biliary tract failure and cholesta-
sis, one of the five main clinical findings of ALGS, is an
important suggestive finding for ALGS documented
by liver biopsy. The characteristic hepatic pathology in

ALGS is defined by a paucity of interlobular bile ducts,
accompanied by an absence of significant bile ductular
reaction. Currently, a liver biopsy may not be mandatory
if there are other characteristic major findings of ALGS
syndrome, including cholestasis (17). In our case series,
a liver biopsy was done in four of the six postnatal diag-
nosed cases (Case 2, 3, 5 and 6). The histopathological
findings of all cases were consistent with ALGS, except
in Case 3, who underwent liver biopsy in the neonatal
period.

Case 3, who presented with cholestasis, posterior em-
bryotoxon and bicuspid aortic findings, ductal prolif-
eration, received a liver biopsy in the neonatal period.
Although progressive insufficiency of the intrahepatic
bile ducts are considered to be the most important and
constant feature of ALGS, paucity of the intrahepatic bile
ducts may not always be seen in infants younger than six
months of age, and a normal ratio of portal tracts to bile
ducts, bile duct proliferation, or neonatal giant cell hep-
atitis may be observed (18). Since ductal proliferation is
also seen in a liver biopsy in biliary atresia, it is important
to evaluate the liver biopsy results of patients with ALGS
in the neonatal period with clinical findings.

About 20% to 70% of ALGS cases may require a liver
transplant by age 18 due to liver failure or intense itch-
ing. A liver transplant (LT) is advised for pediatric ALGS
patients. Selecting appropriate donors for the living do-
nor LT (LDLT) is crucial due to ALGS's autosomal domi-
nant nature. Although genotype-phenotype correlation
is unclear, potential asymptomatic donors are often over-
looked. Donors can be screened using liver function tests
and imaging; if normal, first-degree relatives may serve as
LDLT donors. Genetic studies’ role in ALGS-related organ
donation remains undefined (19). ALGS, a genetic disor-
der, can lead to early childhood liver transplants with high
morbidity and mortality. In Case 7, a sibling history exists:
aliver transplant at 2.5 years resulted in fatality. The prog-
nosis is worse for neonatal cholestatic jaundice cases.

The clinical history and findings in ALGS patients under-
score notable inter- and intra-familial phenotypic vari-
ability, including liver severity and manifestations in other
organs. While affected cases often display three or more
main features, our case series, excluding prenatal cases,
commonly meets all criteria. Affected relatives typically
present a single additional criterion besides shared facial
appearance. Case 4, Case 6, and Case 7 are familial: one
paternal and two maternal inheritance patterns. Case 4
exemplifies intra-familial variation, with an affected father
displaying renal hypoplasia and mild facial dysmorphism.
Similarly, Case 6 and Caser 7 feature mildly affected sib-
lings and mothers.

In our series of cases, even in the absence of established
genotype-phenotype correlations for JAGT, we have
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observed instances of ALGS patients exhibiting supple-
mentary anomalies such as developmental delay, hear-
ing loss, and autism. Remarkably, these individuals were
identified to possess a larger deletion encompassing
JAGT on chromosome 20p12 (20). Similarly, the presence
of HLHS in the fetal case (Case 1) with a 9,5 Mb dele-
tion supports the prediction that large deletions may be
associated with additional anomalies in ALGS. In accor-
dance with the literature, it is suggested that microscopic
and submicroscopic chromosomal deletions should be
excluded before JAGT gene sequence analysis, since
developmental delay and/or the presence of additional
anomalies in addition to the common features in ALGS
in our case series may increase the suspicion of chromo-
somal deletion.

Analysis of available family members revealed that three
variants were familial inherited, and two were novelsingle
nucleotide variation. The variants (c.753C>A, c.2026del,
¢.2122_2125del) are rare variants previously reported as
a single case report in the literature (21-23). Case 3 and
Case 6 had novel variants, whereas Case 4, Case 6, and
Case 7 were familial.

In this study, a noteworthy fraction of familial cases was
noted, with three out of seven patients originating from
familial clusters. In ALGS, roughly 30%-50% of cases in-
herit the pathogenic variant from an affected family
member, while the remaining 50%-70% exhibit a de novo
pathogenic variant.

The presence of multiple affected individuals within Case 6
and Case 7 accentuates the critical role of genetic counsel-
ing. In these instances, the diagnosis of ALGS was estab-
lished in more than one child of a mildly affected mother,
leading to significant implications for the family, given the
pronounced morbidity and mortality associated with this
disorder. Deciphering the underlying molecular etiopatho-
genesis of the condition in its early stages, combined with
well-directed genetic counseling, is poised to enhance the
management of familial cases of this nature.

CONCLUSION

Our study highlights the significance of comprehensive as-
sessment of parents, siblings, and children of affected cases,
particularly after elucidating the genetic etiopathogenesis.
This methodology is crucial due to the notable intra- and
inter-familial phenotypic variability observed in patients with
ALGS. Such an approach not only deepens the comprehen-
sion of the disorder but also holds substantial implications
for clinical management strategies and genetic counseling.
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ABSTRACT

Objective: Structural aberrations of 1p36 are very common in
most hematologic malignancies. 1p36 consists of genes that are
important in oncogenesis. The aim of this study was to define
1p36 abnormalities and their distributions within different hema-
tologic malignancies.

Materials and Methods: To achieve this goal, we retrospectively
evaluated the cytogenetic results of our hematological cancer
cases.

Result: We found deletions or rearrangements of breakpoint
1p36 in 18 patients with various hematologic malignancies, in-
cluding myelodysplastic syndrome (MDS), acute myeloid leuke-
mia (AML), multiple myeloma (MM), chronic myeloid leukemia
(CML), lymphoma, B cell acute lymphoblastic leukemia (B-ALL),
idiopathic thrombocytopenic purpura (ITP) and aplastic anemia
(AA). We observed t(1;3)(p36;p21) in one AML-M2 patient and
t(1;3)(p36;921) in two CML patients. Eight patients (1 MDS, 2
MM, 3 CML, 1 AML, and 1 AA) had translocations and rearrange-
ments. One ITP patient had der(1)t(1;1)(p36;921) and another
CML patient had der(1)t(1;1)(p36;912). We demonstrated several
terminal deletions with different breakpoints between 1p11 and
1p36 in five patients, (2 MDS, 2 lymphomas, and 1 B cell acute
lymphocytic leukemia).

Conclusion: The 1p36 breakpoint is a hot spot for cancer-related
chromosome rearrangements and is associated with poor prog-
nosis. In order to emphasize the importance of 1p36 in hemato-
logic malignancies it essential to build a large data pool on the

OzET

Amag: 1p36 bodlgesinin yapi anomalileri bir cok hematolojik kan-
serde oldukca yaygindir. 1p36 bdlgesi, kanser gelisiminde etkili
olan &nemli genlere sahiptir. Bu ¢alismanin amaci, olgularimiza
ait 1p36 anomalilerini ve farkli hematolojik kanserlerdeki dagi-
limlarini belirtmektir.

Gereg ve Yontem: Bu calisma icin hematolojik kanser olgulari-
mizin sitogenetik sonuglan retrospektif olarak degerlendirilmis-
tir.

Bulgular: Myelodisplastik sendrom (MDS), akut myeloid 16semi
(AML), multipl myelom (MM), kronik myeloid 1&6semi (KML), len-
foma, B hicreli akut lenfoblastik l6semi (B-ALL), idyopatik trom-
bositopenik purpura (ITP) ve aplastik anemi (AA) hastasi olmak
Uzere 18 farkli hematolojik kanser olgusunda 1p36 kirik nokta-
sina ait delesyon ya da yeniden dizenlenmeler saptanmistir. Bir
AML-M2 hastasinda t(1;3)(p36;p21) ve iki KML hastasinda t(1;3)
(p36;921) gozlemlenirken, sekiz hastada (1 MDS, 2 MM, 3 KML, 1
AML and 1 AA) translokasyon ve yeniden diizenlenmeler tespit
edilmistir. Bir ITP hastasi der(1)t(1;1)(p36;g21) ve bir KML hasta-
sinda ise der(1)t(1;1)(p36;912) kromozom yapisi saptanmistir. Beg
hastada (2 MDS, 2 lenfoma, ve 1 B hucreli akut lenfositik |6se-
mi)1p11 ve 1p36 arasindaki farkli kirik noktalarinda cesitli termi-
nal delesyonlar gézlenmistir.

Sonug: 1p36 kanserle iliskili kromozom yeniden dlzenlemeler
icin sicak noktadir ve kéti prognozla iliskilendirilmektedir. 1p36
bolgesinin hematolojik kanserlerdeki dnemini vurgulamak icin,
konuyla ilgili genis bir veri havuzu olusturmak énemlidir. Serimiz-

*This study was presented at the 11th European Cytogenetics Conference (July 1-4. 2017) as a poster presentation.
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subject. The distribution of breakpoints in 1p abnormalities in
our series was remarkable, as 12 out of 18 1p breakpoints were
1p36. However, while 1p breakpoints aggregated on 1p36 in all
translocations, there was only one 1p36 breakpoint in five dele-
tions. With this paper, we contribute to the relevant literature by
reporting our results.

Keywords: 1p36, leukemia, lymphoid malignancies, myeloid
malignancies, cytogenetics, bone marrow

deki 1p36 anomalilerinin dagilimi, 18 hastanin 12'sinde 1p kirk
noktasinin 1p36 olmasi nedeniyle dikkat cekicidir. Ancak, bitin
translokasyonlarin kirk noktalar  1p36'da yogunlasirken, bes
delesyonun sadece birinde kirk noktasi 1p36 idi. Bu ¢alisma ile
sonuglarimizi sunarak bu alandaki literatire katki saglayacagimizi
distinmekteyiz.

Anahtar Kelimeler: 1p36, [6semi, lenfoid kanserler, myeloid kan-
serler, sitogenetik, kemik iligi

INTRODUCTION

Conventional cytogenetic testing is a major tool in the
diagnosis, classification, and follow-up of hematologic
malignancies. Structural aberrations of chromosome
1p36, including translocations, inversions, deletions,
and duplications are common in several hematologic
malignancies. These aberrations are mostly observed
in myeloproliferative disorders (MPD), myelodysplastic
syndrome (MDS), and multiple myeloma (MM) (1). Al-
though rarely, 1p36 abnormalities may also be observed
in acute lymphocytic leukemia (ALL), chronic lympho-
cytic leukemia (CLL), follicular lymphoma (FL), and
non-Hodgkin's lymphoma (NHL) (1-3). Furthermore, a
shorter overall survival has been correlated with breaks
in the 1p32-p36 region in malignancies (4-8). There are
various reports on relevant genes such as CDC2L1 and
CDC2L2 (cell division control 1 and 2), PRDM16 (PR/SET
domain 16), TNFRSF14 (a member of the tumor necro-
sis factor receptor family), DFFB (DNA fragmentation
factor subunit beta), PRKCZ (protein kinase C zeta),
MMP23 (metalloproteinase), SKI (sarcoma virus homo-
log), ERRFIT (a cell growth regulator) that are located
on 1p (4,7,9-16). According to the literature, molecular
mechanisms of these genes are involved in several dif-
ferent malignancies.

This study aims to determine the 1p36 abnormalities
and their distribution across different hematologic ma-
lignancies. For this purpose, we retrospectively evaluat-
ed the cytogenetic results of our hematological cancer
cases. We intend to contribute to the relevant literature
by presenting the cytogenetic findings of 18 cases with
various hematologic malignancies and different 1p ab-
normalities.

MATERIAL and METHODS

In this study, cytogenetic results of 5,098 hematologic
cancer cases referred from IU-C, Cerrahpasa Faculty of
Medicine, Department of Internal Medicine, Division of
Hematology, to the Cytogenetics Laboratory of the Med-
ical Biology Department of Cerrahpasa Faculty of Med-
icine, IU-C, between 1994 and 2017 were evaluated ret-
rospectively in terms of chromosome 1p abnormalities.
Eighteen cases (12 males, six females) with a median age

of 62.5 (range 31-86) constituted the study group. Dis-
tribution of the patients was as follows: chronic myeloid
leukemia (CML, 6 cases), MDS (3 cases), acute myeloid
leukemia (AML, 2 cases), MM (2 cases), lymphoma (2 cas-
es; one with diffuse large B-cell lymphoma (DLBCL) and
one with follicular non-Hodgkin’s lymphoma, B-ALL (1
case), idiopathic thrombocytopenic purpura (ITP, 1 case)
and aplastic anemia (AA, 1 case). Fifteen of these patients
were newly diagnosed, and 3 (1 CML, 1AML, and 1AA)
were follow-up patients. The study was approved by the
institutional Medical Ethics Committee (Date: 03.07.2018,
No: A-38).

Bone marrow (BM) and/or peripheral blood samples
were used for conventional cytogenetic analyses. Cy-
togenetic analyses were performed with 24-h or 48-h
unstimulated BM cultures, and 72-h peripheral blood
cultures using standard procedures (17). Two cultures
were set up for each patient by adding 0.1 ml of hep-
arinized bone marrow aspiration material to 5 ml of
medium for BM cultures. Similarly, two cultures were
set up for each patient by adding 0.2 ml of heparin-
ized peripheral blood to 5 ml of medium in a 72-hour
culture.

After harvesting, the GTL (G-bands using trypsin and
staining with Leishman) banding technique was applied
to the slides, and karyotypes were described according
to the An International System for Human Cytogenomic
Nomenclature (ISCN), 2016 (18).

RESULTS

This study presents deletions and rearrangements of 1p
in 18 patients with hematologic malignancies. The ab-
errations we observed include six additions (33%), five
deletions (28%), four translocations (22%), two derivative
chromosomes (11%), and one inversion (6%).

Additions were the most observed abnormalities with
the accumulation of breakpoints at 1p36 in five cases.
One AML, two CML, and two MM cases had add(1)(p36).
The other chromosomal addition seen in our study was
add(1)(p34) in a patient with AML.

Five patients had deletions with different breakpoints
from 1p11 to 1p36. These deletions were del(1)(p35), and
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del(M(p11) in two MDS cases, del(1)(p32p36) in DLBCL,
del(1)(p22) in ALL, and del(1)(p21) in follicular non-Hod-
gkin lymphoma.

We observed reciprocal translocations of 1p36 with other
chromosomes in five patients. These translocations were:
t(1;3)(p36;921) in two patients with CML, t(1;3)(p36;p21)
(previously reported (19)), in one patient with AML M2,
t(1;2)(p36;911) in one patient with MDS and, t(1;10)
(p36;921) in one patient with CML.

We identified derivative chromosomes 1 in two cases. One
of them was der(1)t(1;1)(p36;921) in an ITP case, and the
other was der(1)(1qter—=1q12::1p36—1qter) in a CML case.

Apart from these, we observed inv(1)(p369g41) in one pa-
tient with AA.

Table 1: Patient characteristics and karyotype formulas

¢ malignancies
Faculty Med 2023;86(4):336-344

Finally, t(1;,2)(p36;,911), t(1;10)(p36;921), inv(1)(p36g41)
and der(1t(1;1)(p36;921) were observed as sole abnor-
malities.

Characteristics, diagnoses, and karyotype formulas of
our patients are shown in Table 1. The distribution of
structural aberrations of chromosome 1p in our cases is
presented in Table 2. The distribution of hematologic
malignancies by breakpoints in chromosome 1 ideo-
gram is demonstrated in Figure 1. The most common-
ly observed breakpoint was 1p36 in our study. It was
detected in 12 cases, 6 of whom had CML while 2 had
AML, 2 had MM, 1 had AA, and 1 had ITP. Examples
of deletion and rearrangements at 1p36 are shown in
Figure 2.

Case Age, years Gender Clinical diagnosis Karyotype

1 35 F AML M2 44~46 XX 1(1;3)(p36;p21)[21],-21[3],+mar1[3],+mar2[2][cp21]

2 57 F MM 38~46,X,-X[6],add(1)(p16)[6],inv(11)(p15;911[3],
add(19)(p or q13)[2],+mar1[6],+mar2[3][cpb]/46,XX[10]

70 M MDS 46,XY,1(1;2)(p36;,911)[2]/46,XY[4]

55 F CML 45~46,XX,der(1)(1gter>19g12::1p36>1qgten), 1(9;22)(g34;911)[36]
[cp36]/46~48 XX, 1(9;22)(g34;q11)[4],+der(22)t(9;22)(q34;,911)
3,
+marl[4][cp4]/46,XX,1(9;22)(g34;911)[10]

51 M CML 44~46,XY1(1;10)(p36;021)[cp4l/46,XY[10]

6 86 M ITP 40~46,XYder(1)t(1;1)(p36;921)[cp101/46,XY[7]

80 M CML 36~50,X,-Y[20],add(1)(p36)[17],del(2)(g21923)[17],
add(3)(p2M)[17],-4[3],-5[3],add(5)(g227?)[5],del(6)(q13)[17],-7[3],
add(8)(g23)[16],-10[6],del(11)(g23)[16],-13[16],add(15)(g25)[10],
-18[5],-19[3],-20[3],-22[3], +r[3],+r[1],+mar1[17],
+mar1[8],+mar1[1],+mar2[11],+mar2[3],+mar3[7],
+mar4[4],+mar5[9],+mar6[3],+mar7[3],+mar8[2],
+mar9[3],+mar10[5],+mar10[2],1~2dmins[3][cp26]/46,XY[10]

31 M AA 46,XY,inv(1)(p36941)[31/46,XY[12]

55 F AML recurrence  36~46,XX,add(1)(p34)[13],add(1)(p36)[11],-9
[3],der(t(2;7)(g?;?) [14],del(11)(q13)[24][cp24]/46,XX[2]

10 69 M MM 49~51,Y,del(X)(g25)[4],add(1)(p36)[4],del(4)(g32)[4],+5[2],
add(®)(p13)[2],+6[2],add(6)(q12)[4],add(7)(p22)[4],
add(9)(g34)[4],add(10)(g25)[3],-13[4],i(15)(q10)[4],+mar1[4],
+mar2[4],+mar3[4],+mard[3][cp4]/46,XY[9]

11 76 F CML 42~44, XX ,1(1;3)(p36;921)[17],-15[3][cp17]

12 66 M CML 39~47,XY,add(1)(p36)[4],1(3;22)(928;911)[12],
+der(22)t(3;22)[3][cp12]/46,XY[3]

13 61 M CML 45~46,XY,1(1;3)(p36;921)[cp7],del(2)(p12)[3],-7[6], i(15)(g10)[2]
[cp7]

14 64 M MDS 45~47,XY,del(1)(p35)[cp91/45,X,-Y[4]/46, XY[7]
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Table 1: Continue

Case Age, years Gender Clinical diagnosis Karyotype

15 70 M DLBCL 39~44,XY,+1[2],del(1)(p32p36.1)[9],del(1)(p31)[3],
1(1;9)(p31;022)[2,-6]15],add(6)(p25)]15],add(7)(p22)[15],
del(®)(q24.1)[15],del(9)(q22)[13], add(9)(p24)[11],
add(10) (g26)[15],+11[15],-13[3],add(14)(g32)[15]
-15[11],-16[6],add(16)(p13.3)[15],-17[15],-18[5],
add(18)(p11.3)[10],-19[7], add(19)(p11)[6],-20[3],
add(22)(p11.2)[cp15]

16 75 M B-ALL 45~50,XY,+1[12],del(1)(p22)[12],t(5;8)(p13?,913?)[12],+78],
t(7;8)(q117;911?)[10],-8[12],-2[10],add(9)(p23?)[11],+12[11],
1(12;13)(q12,912)[12],-13[12],add(14)(g32)[12],add(18)(g21?)[8],

+19[10],der(19t(19;)(p132;2[12],+mar1[11],+mar2[5][cp12]

/ 46,XY[24]

17 39 F Follicular NHL  46~50,XX, +X[4],+1[3],del(1)(p21)[4], +3[3], +7[6],add(8)(q23)[3],
-9[6),add(14)(q32)[4],+mar1[4],+mar2[3][cpb]

18 56 M MDS 39~44,(XY),+1[15],del(1)(p11)[16],-5[171,-7[17],-12[17],-14[4],

-15[9],-16[17],-17[3],-19[17],-20[6],-22[17],+mar1[17],+mar3[17],
+mar4[5],+mar5[2],+maré[14],+mar7[2],+mar8[3][cp17]

MDS: Myelodysplastic syndrome, AML: Acute myeloid leukemia, AML M2: acute myeloblastic leukemia with maturation, ALL: acute
lymphocytic leukemia, B-ALL: B cell acute lymphocytic leukemia, CML: Chronic myeloid leukemia, MM; Multiple myeloma, ITP: Idiopathic
thrombocytopenic purpura, DLBCL: Diffuse large B-cell lymphoma, NHL: Non-Hodgkin's lymphoma, AA: Aplastic anemia

Table 2: Distribution of chromosome 1p aberrations in our cases

1p abnormalities MDS AML ALL CML MM ITP DLBCL Follicular NHL AA

del(1)(p32p36) 1

t(1;3
£(1;3)(p36;921) 2
t(1;10)(p36;921) 1

t(1;2)(p36;911) 1

inv(1)(p36g41) 1
der(Mt(1;1)(p36;921) 1

der(1) 1
(1gter>1g12::1p36->1gter)

MDS: myelodysplastic syndrome, AML: acute myeloid leukemia, ALL: acute lymphocytic leukemia, CML: chronic myeloid leukemia,
MM: multiple myeloma, ITP: idiopathic thrombocytopenic purpura, DLBCL: diffuse large B-cell lymphoma, NHL: Non-Hodgkin's lymphoma,
AA: aplastic anemia
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Figure 1: Distribution of hematologic malignancies by
breakpoints in chromosome 1 ideogram

a: AA; b: AML, c: CML, d: DLBCL, e: ALL, f: Folicular NHL,
g: MM, h: MDS, ¢ITP
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Figure 2: Examples of deletion and rearrangements at
1p36 with ideograms

Chr: Chromosome, add: Addition, del: Deletion, t:
Translocation, der: Derivative

DISCUSSION

Structural aberrations of the short arm of chromosome 1
(from 1p11 to 1p36) involving balanced and unbalanced
translocations, inversions, deletions, and duplications are
very common in most hematologic malignancies. 1p con-
tains numerous genes that are important in oncogenesis
(4, 5,9, 20, 21). PRDM16 encodes a zinc-finger transcrip-
tion factor, and this protein is known to induce the devel-
opment of myeloid leukemia. It is an important predictive
marker for poor prognosis in adult AML patients (6, 10,
20, 21). Deletion of the CDC2L1 gene locus, which codes
a protein kinase implicated in apoptotic signaling, has
been observed in 88.5% of NHL cases containing 1p36
abnormalities (4). TNFRSF14 is a tumor necrosis factor re-
ceptor family member and a tumor suppressor whose loss
promotes germinal center lymphomagenesis. TNFRSF14
mutations tend to occur later in the pathogenesis of FL
(7). Additionally, tumor suppressor genes such as DFFB,
PRKCZ, MMP23B, ERRF11, and the SK1 proto-oncogene
have been reported to be associated with different solid
tumors localized to 1p36 (12-16).

The most commonly observed abnormality was add(1)
(p36) in our series. We detected this addition in five
patients (one AML, two CML, and two MM cases). The
add(1)(p36) finding was also reported by Duhoux et al. as
the most frequent abnormality in their hematologic ma-
lignancy series with 1p36 aberrations (22). Yoshida et al.
also reported a case with add(1)(p36) in a complex karyo-
type of an AML case (2).

The other chromosomal addition in our study was add(1)
(p34) in an AML patient. We could not find another case
with this abnormality in our literature and database re-
search (23).

Deletions that involve the 1p36 region are frequent-
ly seen in both myeloid and lymphoid neoplasms. We
detected five patients with deletions at different break-
points from 1p11 to 1p36, which were: del(1)(p11) and
del(1)(p35) in MDS, del(1)(p21) in follicular non-Hodgkin's
lymphoma, del(1)(p22) in ALL, and del(1)(p32p36) in DL-
BCL. Although there was no report for del(1)(p11) in our
search of the literature, we found two reports of MDS
cases with the 1p11 breakpoint in translocations with dif-
ferent chromosomes, namely der(1)t(1;16)(p11;p11.1) (24),
and t(1;7)(p11;p11) (25). While not reported in the litera-
ture/database as del(1)(p35), we found a deletion of the
region within an interstitial deletion as del(1)(p34p36) in
an MDS case in our database research (23). We detected
deletion of 1p21 in one patient with follicular non-Hod-
gkin's lymphoma. There are reports of the same deletion
in follicular lymphoma patients (26, 27). We observed a
del(1)(p22) in ALL, and Carbone et al. reported a FAB-L1
ALL case with del(1)(p22), too (28). We had a DLBCL case
with an interstitial deletion of del(1)(p32p36). Belaud-Ro-
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tureau et al. showed a terminal deletion at 1p36 in four
of their large B cell ymphoma patients (29).

Patients with loss of heterozygosity (LOH) of 1p in MDS,
AML, and MM are reported to have poor survival (4, 6,
30-32). Several researchers working on MDS reported
that chromosome 1 abnormalities are often involved in
the cytogenetic evolution of disease (33, 34). Frequent
observations of 1p deletions in both hematologic ma-
lignancies and solid tumors suggest the presence of
tumor suppressor genes encoded in this region. Most
1p deletions involve large regions; therefore, multiple
tumor-suppressive genes might be lost in this setting
(34-36). Various research groups have reported that de-
letion 1p correlates with tumor histopathology, tumor
evolution, and disease progression (3, 37, 38). Because
numerous genes with a potential role in malignant
transformation are located at 1p22~1p36, detection of
these deletions in chromosome analyses may indicate
progression of the malignancy (30, 39-41). Sureyya et al.
also reported in their case series that MM cases in which
they detected deletions between the p21-p36 regions
had short survival times (42).

We observed reciprocal translocation of 1p with other
chromosomes in five patients as follows: t(1;3)(p36;921)
in 2 patients with CML, t(1;3)(p36;p21) in one patient with
AML M2, t(1;2)(p36;g11) in one patient with MDS and,
t(1;10)(p36;921) in one patient with CML.

The t(1;3)(p36;921) finding, which we observed in two
CML patients, one of whom also had metastatic lung can-
cer, is a prominent finding in hematologic malignancies
(9,15, 43).

We detected t(1;3)(p36;p21) in one patient with AML M2.
Sato et al. reported the finding of t(1;3)(p36;p21) in var-
ious hematologic malignancies such as MDS, AML, and
CML. In the same way, we found t(1;3)(p36;p21) togeth-
er with structural and numerical abnormalities of other
chromosomes in our case. This patient was in the high-
risk group based on the International Prognostic Scoring
System (IPSS) and had a poor prognosis. Bai et al. also
reported that they had AML patients with the same find-
ing and poor prognosis (44).

We also observed t(1;2)(p36;911) in one patient with MDS
and t(1;10)(p36;921) in one patient with CML. We could
not find the exact match of these abnormalities in our
literature search.

We identified derivative chromosomes in two cases. One
of them was der(1)t(1;1)(p36;921) in an ITP case and the
other was der(1)(1qgter—1g12:1p36—>1qter) in a CML
case, Duhoux et al. reported t(1;1)(p36;912) as the most
common anomaly in hematologic cancers (9). The inv(1)
(p36g41) we detected in an AA case was the only inver-
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sion in our series, and we could not find the same inver-
sion in the literature.

The distribution of breakpoints in different 1p abnormal-
ities was remarkable in our study. In total, 12 out of 18 1p
breakpoints were 1p36. However, while 1p breakpoints
aggregated on 1p36 in all translocations, there was only
one 1p36 breakpoint in five deletions, and it was one of
the two breakpoints of the interstitial deletion.

It is also noteworthy that rearrangements involving 1p36
were observed mostly in CML cases in our series. Six out
of 12 patients with 1p36 anomalies were CML, while oth-
ers had different diagnoses.

The 1p36 breakpoint is well known as a hot spot for
cancer-related chromosome rearrangements. There are
different reports in the literature with rearrangements
of 1p36 in different malignancies, and multiple genes
in 1p36 are reported to have prognostic effects in vari-
ous neoplasms. These genes are significantly associated
with worse treatment response to targeted therapies and
poor prognosis (4, 45-49). The PR/SET domain containing
16 (PRDM16), one of the genes that reside on 1p36, is
fused with AF3p21 at 3p21 in t(1;3)(p36;p21), while with
RPN1 (Ribophorin 1) at 3921 in t(1;3)(p36;921) in AML and
MDS (43,50). It is reported that translocations of PRDM16
with RPN1 at 3921 lead to its overexpression of PRDM16,
and affected patients (AML, MDS, and CML) have a poor
response to chemotherapy as well as poor prognosis (9).
Sato Y et al. reported the finding of t(1;3)(p36;p21) in var-
ious hematologic malignancies such as MDS, AML, and
CML. Also, they declared that the karyotypes in all cases
were complex, and the t(1;3)(p36;p21) had been found
together with structural and numerical abnormalities of
other chromosomes. It has been observed that the prog-
nosis of the patients varies from case to case (1).

Even in the new era of Next Generation Sequencing
(NGS), cytogenetics, which is the only technique capable
of detecting balanced chromosome abnormalities while
observing the genome as a whole, remains the gold
standard for the evaluation of hematologic malignancies.
However, due to the technical difficulties of cancer cy-
togenetic studies and new developments in molecular
techniques, the addition of new karyotype findings to the
literature has been decreasing in recent years. Therefore,
it is crucial to add cytogenetic results to the literature
whenever possible, especially with complete karyotype
formulas, which is the only way to access rare and previ-
ously unmentioned abnormalities (38).

CONCLUSION

In conclusion, we demonstrated rearrangements of 1p in
18 cases with hematologic malignancies by convention-
al cytogenetic methods and compared our results with
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the literature. 1p rearrangements are seen as one of the
main irregularities in myeloid and lymphoid hematologic
malignancies. The frequency of these abnormalities in he-
matologic cancers implies the importance of this genomic
region in carcinogenesis and disease progression. Survival
data suggest that patients with myeloid malignancy and
1p rearrangements have a poor prognosis (9). Finally, these
abnormalities can serve as biomarkers for prognosis when
detected during routine cytogenetic follow-up of the pa-
tients. Therefore, the application of conventional cytoge-
netics during follow-up as well as at the time of diagnosis
continues to be important in predicting the prognosis.
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ABSTRACT

Objective: This study aimed to investigate the role of social
support and coping strategies in moderating the psychological
distress of cancer patients during high-stress health crises.

Material and Method: From June 2022 to January 2023, we col-
lected data from 206 cancer patients and 202 healthy controls
at Florence Nightingale Hospital. Minimizing the immediate
psychosocial impacts and aiming to investigate more chronic,
longer-term psychological responses, during a 'return to nor-
malcy' participants completed the Beck Anxiety and Depression
Inventories, Fear of COVID-19 Scale, Brief Coping Orientation
to Problems Experienced Questionnaire, and Multidimensional
Scale of Perceived Social Support.

Result: Cancer patients reported higher levels of anxiety and
depression than healthy controls (13.73+7.18 vs. 11.15+7.70,
12.94+5.39 vs. 9.98+6.93, p<0.001). Higher perceived social
support, especially from family (b=-0.043; p=0.024 for anxiety,
b=-0.028; p=0.044 for depression) and significant others
(romantic or life partners) (b=-0.021; p=0.028 for anxiety),
moderated the relationship between fear and mental health
outcomes, reducing the severity of anxiety and depression
symptoms. In contrast, the use of maladaptive coping strategies
was found to amplify these outcomes (b=0.162; p<0.001 for
anxiety, b=0.1307; p<0.001 for depression).

Conclusion: Being the first study in the literature to investigate
the buffering role of social support and coping mechanisms on
fear, depression, and anxiety within a cancer patient cohort, it

OzZET

Amag: Bu calismada, kiresel sagdlik krizleri sirasinda kanser hastala-
rinin karsilagtiklan psikolojik problemleri hafifletmede sosyal destek
ve basa ¢ikma stratejilerinin roliniin arastinlmasi amaclanmustir.

Gereg ve Yoéntem: Haziran 2022 - Ocak 2023 tarihleri arasinda
Florence Nightingale Hastanesi'nde 206 kanser hastasi ve 202
saglikli kontrol calismaya dahil edilmistir. Ani psikososyal etkileri
en aza indirgemeyi ve daha kronik, uzun vadeli psikolojik tep-
kileri arastirmayr amaclayarak 'normale dénis' déneminde kati-
limcilara Beck Anksiyete ve Depresyon Envanterleri, COVID-19
Korkusu Olcegi, Cok Boyutlu Algilanan Sosyal Destek Olcegi ve
Basa Cikma Stratejileri Anketi-Kisa Formu uygulandi.

Bulgular: Kanser hastalarinin anksiyete ve depresyon diizeyleri
saglikli kontrollere gore daha ylksek saptanmistir (13,73+7,18
vs. 11,157,70; 12,94+5,39 vs. 9,98+6,93, p<0,001). Ozellikle
aile (anksiyete icin b=-0,043; p=0,024, depresyon igin b=-
0,028; p=0,044) ve 6zel insan (es, romantik partner) (anksiyete
icin b=-0,021; p=0,028) tarafindan gérilen sosyal destegin,
korkunun yol actigi anksiyete ve depresyon semptomlarinin
siddetini hafiflettigi tespit edilmistir. Buna karsilik, uyumsuz
basa ¢ikma stratejilerinin kullaniminin bu dizeyleri daha da
kotilestirdigi saptanmistir (anksiyete i¢in b=0,162; p<0,001;
depresyon icin b=0,1307; p<0,001).

Sonug: Bu calisma literatirde bir ilk olarak kanser hastalarinda,
global kriz sonrasinda korku, depresyon ve anksiyete Uzerinde
sosyal destedin ve basa ¢ikma mekanizmalarinin tamponlayi-
ci rolind arastiran bir calisma olmasi sebebiyle klinisyenler icgin
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provides valuable insights for practitioners. These findings are of
practical relevance to clinicians aiming to improve mental health
among cancer patients in times of global crises, emphasizing
the importance of fostering social support and promoting adap-
tive coping strategies.

Keywords: Anxiety, coping strategies, depression, psycho-on-
cology, social support

degerli bilgiler sunmaktadir. Kanser hastalarinca algilanan sos-
yal destegin gliclendirilmesi ve uyumlu basa ¢ikma stratejilerini
gelistirmesinin, kriz dénemlerinde hastalarin biyopsikososyal yo-
netimi acisindan terapotik odak noktasi olarak degerlendirilmesi
dnem arz etmektedir.

Anahtar Kelimeler: Anksiyete, bas etme stratejileri, depresyon,
psiko-onkoloji, sosyal destek

INTRODUCTION

As our world becomes increasingly interconnected, we
are confronted with global health crises that have the po-
tential to dramatically influence societies and healthcare
systems, as evidenced by the recent COVID-19 pandemic
that originated in Wuhan, China, in December 2019 (1-
3). The overwhelming nature, along with the uncertainty
regarding the pandemic’s long-term impacts, amplify the
fear and anxiety associated with such widespread health
crises (4). Certain populations, such as cancer patients,
face heightened risks during pandemics due to com-
promised immunity from disease progression, treatment
side effects, and malnutrition. Existing evidence indicates
a worse prognosis for COVID-19 infection among these
individuals (4-8).

A pressing concern arising from this is the emotional
well-being of cancer patients during such health crises.
Events like pandemics can magnify feelings of uncertain-
ty, helplessness, and fear of illness or death in these pa-
tients, exacerbating the emotional distress experienced
by the general population. Moreover, necessary medical
visits for diagnosis, treatment planning, and follow-ups
can further heighten anxiety (9-11).

Prior research emphasizes the role of social support and
positive coping mechanisms in reducing anxiety and
depression during health crises, as well as in enhancing
overall psychosocial well-being (12). Perceived social
support can mitigate the impact of stressful life events,
including the emotional distress experienced by cancer
patients and individuals with other health conditions (13).
However, social isolation, which is often necessitated by
a pandemic, can exacerbate emotional distress in cancer
patients, potentially affecting treatment adherence and
overall quality of life (14).

In light of this, our study aimed to assess levels of depres-
sion and anxiety in cancer patients during a significant
health crisis. Specifically, we explored the potential medi-
ating roles of coping strategies and perceived social sup-
port in the relationship between health crisis-related fear
and symptoms of depression and anxiety. We hypothe-
sized that perceived social support and effective coping
strategies could buffer the adverse psychological effects
of fear associated with significant health crises among

this vulnerable population. While our study focused on
the most recent global health crisis, we aimed to shed
light on potential psychological responses to other sim-
ilar health crises in the future. This underscores the vital
role of social support and adaptive coping strategies in
managing fear and uncertainty during such crises.

MATERIAL and METHODS

This research, sanctioned by the Ethics Committee of Is-
tanbul Bilgi University (Date: 26.05.2022 Project no: 2022-
40034-70), conformed to the principles of the Declaration
of Helsinki. All involved parties provided their consent in
writing.

Design, patients, and recruitment

The study included 206 cancer patients and 202 healthy
controls, matched for age, gender, education level, and
employment status. Controls, relatives, or friends of
healthcare workers at Florence Nightingale Hospital,
were not caregivers, had no chronic diseases, or family
members diagnosed with cancer. Cancer patients were
recruited from the Chemotherapy Unit of Florence Night-
ingale Hospital between June 2022 and January 2023.
To minimize the immediate psychosocial impacts of the
pandemic and to study more chronic, longer-term psy-
chological responses, patients were recruited approx-
imately two years after the pandemic’s peak, during a
period often described as a return to normality’. Eligible
cancer patients had either been living with their diagno-
sis for at least two years or had undergone chemothera-
py during the pandemic period, and ensured that their
psychological responses were not immediate reactions
to the acute crisis of diagnosis or initial treatment but
rather represented their adaptive processes and coping
mechanisms.

To be included in the study, participants had to be at least
18 years old and capable of providing written informed
consent. Those with dementia or any other organic neu-
rological conditions that might interfere with their ability
to provide informed consent or to complete the study
measures were excluded from participation.

Measurements
Participants completed a Sociodemographic Data Form,
Fear of COVID-19 Scale, the Brief Coping Orientation
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to Problems Experienced (Brief-COPE) Questionnaire,
the Multidimensional Perceived Social Support Scale
(MPSSS), the Beck Depression Inventory (BDI), and the
Beck Anxiety Inventory (BAI).

The Fear of COVID-19 Scale, developed by Ahorsu et
al., was used to assess the fear levels and the associated
psychological stress caused by COVID-19, serving as a
representation of fear induced by a recent global health
crisis. Higher scores indicate a higher fear level. In this
study, the internal consistency of the scale was found
to be 0.82 (15). A higher score on the scale indicates a
higher level of fear. Based on certain research protocols
and following a cut-off point of 3 for each question, a
total score of 21 was used as a threshold in our study to
distinguish between individuals with low and high fear of
COVID-19 (16). This served as a specific measure of stress
and fear levels associated with the most recent global
health crisis, providing a real-world context for our explo-
ration of potential responses to future, similarly stressful
situations.

The Beck Depression Inventory (BDI), a 21-item self-re-
port questionnaire, assesses the severity of depression
symptoms. Higher scores indicate more severe symp-
toms. It has been validated and adapted to Turkish (17).
In our study, we found a high Cronbach’s alpha of 0.877,
indicating strong internal consistency of the BDI items in
our sample.

The Beck Anxiety Inventory (BAI) measures the severity of
anxiety symptoms in adults. Higher scores indicate great-
er symptom severity. The BAI has been validated and
adapted to Turkish (18). In this study, we found a Cron-
bach’s alpha of 0.893 indicating high internal consistency
of the BAI items in our sample.

The Turkish variant of the Brief Coping Orientation to
Problems Experienced (Brief COPE) was used to evalu-
ate coping strategies. This is a more succinct version of
the COPE inventory Higher scores denote a higher incli-
nation towards using a given strategy. These strategies
fall into two categories: adaptive coping strategies (ac-
ceptance, planning, active coping, use of instrumental
support, positive reframing, use of emotional support,
humor, and religious coping) and maladaptive coping
strategies (self-blame, denial, self-distraction, venting,
disengagement, and substance use). The Turkish validity
and reliability study of the scale was conducted by Ba-
canli et al., indicating good psychometric properties (19).
In our study, we found that the Cronbach’s alpha values
for the sub-scales were higher than 0.60, indicating ac-
ceptable to good internal consistency.

The Multidimensional Perceived Social Support Scale
(MPSSS) evaluated social support across three dimen-
sions: family, friends, and significant others. Higher

scores mean higher perceived support. It has been val-
idated and adapted to Turkish (20). High internal consis-
tency was found in our study for all three dimensions with
Cronbach’s alpha values above 0.88.

Statistical analysis

Statistical analysis was carried out using SPSS 22. Normal-
ity checks were conducted with the Kolmogorov-Smirnov
test and kurtosis skewness values. Depending on data
distribution, correlations between variables were as-
sessed with Pearson’s or Spearman’s tests. Group com-
parisons were made with independent samples t-test or
Mann-Whitney U-test. To identify independent predic-
tors of anxiety or depression in cancer patients, regres-
sion analyses were performed. The moderating effects
of social support and coping styles on the relationship
between fear and anxiety/depression symptoms were
evaluated using the PROCESS for SPSS Macro(Model 1).
The direct and mediated effects of fear on depression
and anxiety were examined using process modeling, with
bootstrapping used for non-normal distributions. The
significance level was set at p < 0.05. The analysis includ-
ed only complete questionnaires, ensuring no missing
data.

RESULTS

The study comprised 206 cancer patients (average age:
60.45+12.40 years, male/female ratio: 86/120) and 202
healthy controls (average age: 57.34+13.23 years, male/
female ratio: 87/115). No significant differences were ob-
served between the cancer patient and healthy control
groups in terms of sex (p=0.78), marital status (p=0.21),
and education levels (p=0.89).

Among the cancer patient group, female patients
had significantly higher BDI scores than male patients
(13.73+£5.16 vs 11.83£5.53, p=0.01). No significant differ-
ences were observed in BDI and BAI scores for cancer
stage, recurrence, therapy, history of operation, or mar-
ital status.

Cancer patients generally showed significantly higher
scores than healthy controls in the Fear of COVID-19
Scale, BAI, BDI, and MPSSS (Table 2).

For individuals with a Fear Scale score below 21, cancer
patients displayed significantly higher mean BAI and
BDI scores than healthy controls (BAI=13.21 vs. 10.33,
p=0.003; BDI=12.66 vs. 8.96, p<0.001). However, for
those with a Fear Scale score of 21 or above, no notable
differences in BAIl or BDI scores were observed between
cancer patients and the healthy control group (Table 3).

In the cancer cohort, negative correlations were found
between BAIl and BDI scores and MPSSS subscores, as
well as certain Brief-COPE subscores. However, BAl and
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Table 1: Sociodemographic and Clinical Features

Cancer patients  Healthy controls

Age meanSD (n=206) n (%) (n=202) n (%) p-value
60.45+12.40 57.34 £ 13.23 0.01
Gender Female 120 (58.3) 115 (56.9) 0.78
Male 86 (41.7) 87 (43.1)
Marital status Single 8 (3.9 18 (8.9)
Married 170 (82.5) 160 (79.2) 0.21
Divorced 11 (5.3) 10 (5.0)
Widow 17 (8.3) 14 (6.9)
Education Primary school 44 (21.4) 48 (23.8) 0.89
Secondary school 24 (11.7) 22 (10.9)
High school 61 (29.6) 64 (31.7)
College 67 (32.5) 61 (30.2)
PhD 10 (4.9) 7 (3.5)
Stage of the 2 22 (10.7)
disease 3 44 (21.4)
4 140 (68.0)
Recurrence Yes 62 (30.1)
No 144 (69.9)
Treatment Chemotherapy 206 (100)
history Hormonotherapy 28 (13.6)
Radiation therapy 81 (39.3)
Surgery 124 (60.2)
Diagnosis of Breast 54 (26.2)
cancer type Lung 38(18.4)
Colorectal 33 (16.0)
Gastric 18 (8.7)
Pancreatic 11 (5.3)
Head and neck 10 (4.9)
Other* 42 (20.4)

*Qvarian, testicular, bladder cancer; cholangiocarcinoma, mesothelioma; Numbers indicate mean + Standard Deviation or n (%) and p

value denotes Student’s t test or chi square test where appropriate.

BDI scores were positively correlated with the Self Blame
subscores (Table 4).

Univariate regression analysis identified fear, MPSSS sub-
scores, and certain coping strategies as significant pre-
dictors of anxiety and depression levels. Following multi-
variate analysis, these predictors were narrowed down to
fear, MPSSS significant others, and select coping strate-
gies for BAI, and fear, MPSSS friends, significant others,
and specific coping strategies for BDI (Supplementary
Table 1).

Model 1, including fear, MPSSS family, significant other,
active coping, acceptance, and religious coping as inde-
pendent variables, accounted for 65% of the variance in
BAI scores (F(4,201)= 27582, p<0.001). Model 2, compris-
ing fear, MPSSS significant other, active coping, accep-
tance, positive reframing, use of instrumental support,
and acceptance as independent variables, explained 56%
of the variance in BDI scores (F(4,201)= 22696, p<0.001).

Mediator analyses were conducted to investigate the
indirect effects of fear on depression and anxiety symp-
toms through perceived social support and coping styles.
MPSSS family showed a significant and negative moder-
ating effect on the relationship between fear and depres-
sion and anxiety symptoms severity (b=-0.028, t=-2.020,
p=0.044, R2=0.08, AR2=0.02 for depression; b=-0.043, t=-
2.020, p=0.024, R2=0.08, AR2=0.02 for anxiety) (Figure 1,2).

Maladaptive coping styles demonstrated a significant
and positive moderating effect on the relationship be-
tween fear and severity of depression and anxiety symp-
toms (b=0.1307, t=6.581, p<0.001, R2=0.22, AR2=0.16
for depression; b=0.1620, t=6.036, p<0.001, R2=0.20,
AR2=0.14 for anxiety) (Figure 1,2).

MPSSS significant other also showed a significant and
negative moderating effect on the relationship between
fear and severity of anxiety symptoms (b=-0.021, t=2.222,
p=0.028, R2=0.61, AR2=0.09) (Figure 2).
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Table 2: Comparison of Scale Scores between cancer patients and healthy controls

Cancer patients Healthy controls
(n=206) (n=202) p-value
Beck anxiety inventory 13.73£7.18 11.15+£7.70 <0.001
Beck depression inventory 12.94+5.39 9.98+6.93 <0.001
Fear of COVID-19 Scale 21.71+6.34 16.25+4.27 <0.001
MPSSS 61.85+8.69 48.89+7.33 <0.001
MPSSS family 22.34+3.71 17.62+3.89 <0.001
MPSSS friends 20.08+4.13 18.34+3.98 <0.001
MPSSS significant other 19.43+5.50 12.93+4.50 <0.001
Adaptive COPE
Active coping 4.34+1.73 4.92+1.76 0.001
Planning 2.53+0.75 5.93+1.18 <0.001
Positive reframing 2.63+0.94 4.54+1.10 <0.001
Use of instrumental support 5.72+1.48 3.56£1.25 <0.001
Use of emotional support 6.19£1.18 5.85+1.08 0.003
Acceptance 6.82+1.69 5.26+1.55 <0.001
Religious Coping 6.20+1.36 6.31+1.44 0.45
Maladaptive COPE
Humor 2.93+0.98 5.47+1.50 <0.001
Denial 2.47+0.73 4.38+1.45 <0.001
Disengagement 2.83+0.92 6.18+1.54 <0.001
Self-distraction 4.21£1.65 4.35%1.21 0.33
Venting 3.26+1.15 5.33+1.57 <0.001
Substance use 2.29+0.58 4.63+1.66 <0.001
Selfblame 4.12+1.09 4.04+1.67 0.58

Brief-COPE: Brief coping orientation to problems experienced questionnaire, MPSSS: Multidimensional Perceived Social Support Scale

Table 3: Comparison of Anxiety (BAl) and Depression (BDI) Levels in Cancer Patients and Healthy Controls Based
on Fear of COVID-19 Scale Score Threshold

Fear of COVID-19 Number of Mean Standard value
Scale Score patients deviation P
BAI Cancer patients <21 86 13.21 7.28 0.003
Healthy controls 165 10.33 7.04
BDI Cancer patients <21 86 12.66 5.73 <0.001
Healthy controls 165 8.96 6.04
BAI Cancer patients >21 120 14.11 7.10 0.68
Healthy controls 37 14.78 9.39
BDI Cancer patients >21 120 13.13 7.10 0.35
Healthy controls 37 14.54 8.69

BAI: Beck Anxiety inventory, BDI: Beck depression inventory
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Table 4: Correlation Analysis of Beck Anxiety Inventory (BAI), Beck Depression Inventory (BDI), Multidimensional
Perceived Social Support Scale (MPSSS), Brief Coping Orientation to Problems Experienced (Brief-COPE)
Questionnaire Scores and Subscores

BDI BAI
BDI 1 0.173"
BAI 0.173" 1
MPSSS -0.584™ -0.514"
MPSSS family -0.176° -0.146
MPSSS friends -0.374™ -0.309"
MPSSS significant other -0.525" -0.618"
Adaptive coping orientation to problems experienced subscores
Active Coping -0.320" -0.208™
Planning -0.108 -0.152"
Positive Reframing -0.275" -0.227"
Use of Instrumental Support -0.244~ -0.202™
Use of Emotional Support -0.055 -0.130
Acceptance -0.341™ -0.139"
Religious Coping -0.219" -0.246"
Humor -0.005 -0.037
Maladaptive coping orientation to problems experienced subscores
Denial 0.027 0.001
Disengagement -0.146" -0.177"
Self-distraction 0.088 0.043
Venting -0.099 -0.142"
Substance Use -0.037 -0.004
Selfblame 0.263" 0.182"

*p<0.05, **p<0.01, MPSSS: The Multidimensional Perceived Social Support Scale, BDI: The beck depression inventory, BAI: The beck
anxiety inventory
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Figure 1: Interaction Effects of Perceived Social Support from Family (1a) and Maladaptive Coping Styles (1b) on the
Relationship between Fear of COVID-19 and Depression Symptom Severity

Brief-COPE: The Brief Coping Orientation to Problems Experienced, MPSSS: The Multidimensional Perceived Social
Support Scale, BDI: The beck depression inventory, BAl: The beck anxiety inventory
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Figure 2: Interaction Effects of Perceived Social Support from Family (2a), from Significant Others (2b), and Maladaptive
Coping Styles (2c) on the Relationship between Fear of COVID-19 and Anxiety Symptom Severity

Brief-COPE: The Brief Coping Orientation to Problems Experienced, MPSSS: The Multidimensional Perceived Social
Support Scale, BDI: the beck depression inventory, BAI: The beck anxiety inventory

DISCUSSION

This research explores the psychological repercussions of
global crises on cancer patients as a vulnerable group, us-
ing the pandemic as the current context. Our key findings
underline the need for targeted interventions to support
their mental health, revealing that cancer patients exhib-
ited higher levels of fear, anxiety, and depression related
to health crises compared to healthy controls. We also
found that adaptive coping and strong social support
were associated with reduced anxiety and depression
among cancer patients, thus playing a protective role.
Importantly, these factors, along with fear, accounted for
a significant portion of the variance in anxiety and de-
pression scores. Additionally, our mediation analyses re-
vealed that social support and maladaptive coping styles
moderated the relationship between fear and the severi-
ty of anxiety and depression symptoms.

Cancer patients reported higher levels of fear, anxiety,
and depression due to the crisis compared to healthy
controls. However, a stronger social support network and
adaptive coping strategies reduced the levels of anxiety
and depression, indicating their protective role during
crises. These factors accounted for a significant portion
of the variance in anxiety and depression scores. The
association between high perceived social support and
lower depression and anxiety levels aligns with previous
studies (21-23).

Importantly, patients with a lower fear of the global crisis
(as measured by fear scores less than 21) still experienced
higher levels of anxiety and depression, suggesting the
stress of cancer diagnosis amplifies the psychological ef-
fects of the crisis. This underscores the need for robust
mental health support for cancer patients, particularly
during times of global uncertainty (24).

Interestingly, the differences in anxiety and depression
levels between cancer patients and healthy controls di-
minished among those with higher fear scores, suggest-
ing that extreme fear might act as a dominant stressor
that blurs the distinction between these two groups. This
reveals the necessity to provide comprehensive support
for both vulnerable groups and the general population
during crisis times.

The study also found that low levels of perceived so-
cial support correlated with higher levels of depression
among cancer patients, emphasizing the importance of
social support networks during times of health crises,
aligning with previous studies that highlight social sup-
port as a crucial factor in adjustment to illness (25-27).
Identifying patients struggling to receive social support
can enable referrals to appropriate support networks and
programs, thereby improving their quality of life. Further-
more, maladaptive coping styles like “Self Blame” were
positively correlated with anxiety and depression in line
with the literature (28), highlighting the need to promote
adaptive coping methods in vulnerable populations.

Our study affirms social support and coping strategies
buffer pandemic-induced anxiety and depression. Re-
search indicates that social support can serve as a shield,
mitigating psychological strain in periods of crisis. The
buffering hypothesis posits that social support can mod-
erate, or "buffer,” the impact of stressful events on an
individual’s well-being (29).

Our research indicates that the level of perceived social
support, particularly from family and significant others,
has a substantial moderating effect on the intensity of
anxiety and depression symptoms related to fear during
a crisis. Specifically, higher levels of perceived social sup-
port were linked to a decrease in the severity of these
symptoms, explaining a significant portion of their vari-
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ance. Conversely, the use of maladaptive coping strat-
egies intensified anxiety and depression symptoms in
relation to crisis-related fear. This underscores the pivotal
role of adaptive coping strategies in managing mental
health symptoms during global crises.

The results from this study are not only applicable to the
COVID-19 pandemic but also point towards potential
impacts of future global crises. These elements may not
be unique to this pandemic but pertinent in any context
involving widespread fear and uncertainty, like future
pandemics, epidemics, or large-scale natural disasters.
The findings emphasize the pivotal role of social sup-
port and adaptive coping strategies in mitigating fear-in-
duced mental health impacts in cancer patients, during
any health crisis. Our findings provide evidence-based
insights for crafting interventions for future crises. They
underline the importance of ongoing research into the
psychological impacts of global crises, especially on vul-
nerable groups, to bolster societal resilience. Notably,
fostering social support networks and promoting adap-
tive coping strategies could help mitigate the psycholog-
ical impact of health crises on cancer patients.

Limitations

The cross-sectional design limits our ability to definitively
establish the causality or directionality of the observed
relationships. Our reliance on self-reported measures
raises potential issues such as response biases. Further-
more, the study did not control for pre-existing mental
health conditions, which can significantly influence the
severity of anxiety and depression symptoms.

Clinical implications

The findings underscore the need for robust mental
health support during global crises. Understanding that
individuals differ in their sources of support and coping
strategies can inform the development of customized
intervention approaches. Such strategies can enhance
mental health responses during crises, aiding in bet-
ter management of anxiety and depression symptoms
among vulnerable groups like cancer patients.

CONCLUSION

The study illuminates the psychological challenges faced by
cancer patients during global health crises. These individ-
uals experience significantly elevated levels of anxiety and
depression, pointing towards the necessity of comprehen-
sive mental health support for these patients. Fostering so-
cial support and promoting adaptive coping strategies can
help to mitigate the psychological impact of crises.

Future research should further investigate these factors
in the post-crisis recovery phase, further elucidating their
role in shaping mental health outcomes in vulnerable
groups. Ultimately, the study emphasizes the importance

of comprehensive, tailored mental health interventions
that account for individual fears, social support systems,
and coping mechanisms during global crises.
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ABSTRACT

Objective: Venous thromboembolism is one of the significant
complications after elective and emergency splenectomy. Up to
35% of portal and splenic venous thromboembolism has been re-
ported in the first two months after splenectomy for hematolog-
ic malignancy. Our objectives were to compare emergency and
elective splenectomy and their complications, and to analyze the
risks on the development of portal vein thrombosis (PVT).

Material and Method: A total of 78 splenectomy cases per-
formed between 2017-2023 and that had complete medical re-
cords were included in this study. Of these cases, 39 were emer-
gency and 39 were elective procedures. The two groups were
compared retrospectively for risks of PVT.

Result: We found a significant relationship between the de-
velopment of postoperative complications and the risk of PVT
(p=0.004). The risk of developing PVT in emergency cases in
the post-operative 2 weeks was significantly higher than elec-
tive cases (p=0.048). Shorter operation times, larger spleen siz-
es, lower platelet counts and malignancy in pathology results
were found to be significantly in favor of elective cases (p=0.007,
p=0.004, p<0.001, p=0.001, respectively). In emergency cases,
the need for RBC transfusion and complications were more fre-
quent (p<0.001, p=0.021).

Conclusion: High-risk patients should be evaluated for pro-
phylactic anticoagulation with low-molecular-weight heparin in
the postoperative period and after discharge. Anticoagulation
should be considered for emergency splenectomy, factoring in
cost-benefit, and a low suspicion for venous thromboembolism

OZET

Amag: Terapotik ve acil splenektomi sonrasi gelisen Snemli
komplikasyonlardan biri vendz tromboembolidir. Hematolo-
jik malignite nedeniyle splenektomi sonrasi ilk iki ay icerisinde
%35'e varan portal ve splenik vendz tromboembolizm bildiril-
mistir. Bu calismada, acil ve elektif splenektomi operasyonlarini
ve komplikasyonlarini karsilagtirarak portal ven trombozu (PVT)
gelisimi Uzerindeki risklerin incelenmesi amaglandi.

Gereg ve Yéntem: Calismaya 2017-2023 yillari arasinda gergek-
lestirilen ve kayitlan eksiksiz olan 78 splenektomi vakasi dahil
edildi. Bu vakalardan 39'u acil, 39'u ise elektif prosedirlerdi. iki
grup portal tromboembolizm ve riskleri agisindan retrospektif
olarak karsilastirildi.

Bulgular: Ameliyat sonrasi komplikasyon goérilmesi ile PVT
gelisimi riski arasinda anlamli bir iligki saptanmigtir (p=0,004).
Operasyon tipi olarak incledigimizdeyse ameliyat sonrasi ilk iki
haftalik strecteki acil vakalarda PVT gelisimi riski, elektif vakalara
gbre anlamli dlctide yiksek bulunmustur (p=0,048). Ayrica, kisa
ameliyat slresi, buytk dalak boyutu, dustk trombosit sayisi ve
patoloji sonuglarinda malignite olmasi elektif vakalar lehine an-
lamli bulunmustur (sirasiyla p=0,007, p=0,004, p<0,001, p=0,001,
p=0,001). Acil vakalardaysa kan replasmani ihtiyaci ve komplikas-
yonlar daha sik gorilmustdr (sirasiyla p<0,001, p=0,021).

Sonug: Yiksek riskli hastalar ameliyat sonrasindaki dénemde ve
taburculuk sonrasinda dustik molekdl agirlikli heparin ile profi-
laktik antikoagullasyon agisindan degerlendirilmelidir. Acil sple-
nektomi vakalarinda kar/zarar orani g6z énlinde bulundurularak
antikoagulasyon duslnilmeli ve olasi vendz tromboemboli igin
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should be maintained with timely investigation. In this sense, our
study supports the existing data with its current results.

Keywords: Splenectomy, portal thrombosis, emergency surgery,
splenomegaly

stphe esigi dusik tutulup erken tetkik edilmelidir. Bu anlamda
calismamiz giincel sonuglar ile mevcut verileri desteklemektedir.

Anahtar Kelimeler: Splenektomi, portal tromboz, acil cerrahi,
splenomegali

INTRODUCTION

Splenectomy is performed both for diagnosis and treat-
ment of hereditary, hematologic, and oncologic diseas-
es, as well as in cases of unexplained splenomegaly or
traumatic splenic injury. Splenectomy is the complete
removal of the spleen after ligation of all the arteries and
veins of the spleen, including the accessory tissues of the
spleen. In addition to laparoscopic and open procedures
in adult patients, partial splenectomy may be performed
in children to preserve immune function, and cholecys-
tectomy may be performed in some patient groups due
to the risk of pigment stone formation (1,2).

Possible complications after splenectomy include
thrombosis, thromboembolism, disruption of vascular
smooth muscle structure, arterial or venous stenosis or
occlusion due to vasospasm or atherosclerosis, bleed-
ing, infection, cardiovascular events, pulmonary hyper-
tension, and splenosis (3). In a retrospective study by
van't Riet et al, venous thromboembolism was found
in 6-7% of patients after elective splenectomy (4). Ve-
nous thromboembolism includes deep vein thrombosis
(DVT), portal vein thrombosis, splenic vein thrombosis,
and pulmonary thromboembolism. Portal vein thrombo-
sis is an increasingly recognized and reported complica-
tion after splenectomy (4).

The purpose of this study was to evaluate the effect of
elective and emergency splenectomy and the effect of
patient demographic and clinical parameters on the de-
velopment of portal vein thrombosis. In addition, clinical
and surgical characteristics of patients with and without
postoperative complications were analyzed and com-
pared. The risk factors for venous thromboembolism in
the patient group were evaluated, and the mortality and
bleeding rates of the patients were analyzed.

MATERIAL and METHODS

In our study, patients who underwent splenectomy at our
university hospital, in the Department of General Surgery
between 2017 and 2023, were retrospectively reviewed
through electronic medical records. Patients with com-
plete records of demographic data, pathologic data, op-
erative notes, preoperative clinical notes, preoperative
imaging, preoperative and postoperative laboratory val-
ues, treatment and follow-up data, and whose necessary
permissions were obtained were included in the study.

Specimen weight was evaluated by comparison with
pathology reports and preoperative imaging or clinical
notes.

After all the data were collected and grouped, statistical
analyses were performed using SPSS ver.26.0 (IBM Corpo-
ration, Armonk, NY, USA). For continuous data, normal-
ity was assessed by Kolmogrov-Smirnov test; data with
normal distribution were assessed by Student’s t-test,
and data with non-normal distribution were assessed
by Mann-Whitney U test. Chi-square test was used to
compare categorical data. The confidence interval in our
study was set at 95%, and p<0.05 was considered statis-
tically significant. Survival analysis was performed by the
Kaplan-Meier method, and risk factors for venous throm-
boembolism were evaluated by regression analysis.

The collected data were divided into two groups as
elective and emergency surgery patients. Age, sex, co-
morbidities, mean operative time, mean need for blood
product replacement, platelet and INR levels, preop-
erative appearance, venous thromboembolism during
follow-up, complications, and survival were compared
between these two groups. Risk factors for venous
thromboembolism were evaluated between groups and
the effect of risk factors on survival was analyzed.

This study was approved by Ege University Clinical Re-
search Ethics Committee (Date: 21.09.2023, No: 23-
9.1T/39).

RESULTS

A total of 78 patients were enrolled in the study who were
within the inclusion criteria. Of these patients, 39 un-
derwent emergency surgery and 39 underwent elective
surgery. Demographic data, need for a blood product
replacement, preoperative hemogram parameters, the
length of hospital stay, development of complications,
and pathology results are summarized in Table 1.

Fifty-one patients (65.4%) had no comorbidities as shown
in Figure 1. Fifteen patients (19.2%) had previous ab-
dominal surgery. The mean platelet count was 261,628
(5,000-1,401,000). The mean International Normalized Ra-
tio (INR) was 1.06 (0.8-2.8) and the mean hematocrit was
33.99 (17.30-46.80). The preoperative imaging included
ultrasound (USG) in two patients (2.6%) and computed
tomography (CT) in the remaining patients.
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Table 1: Comparison between two groups

Elective n, [CI], (%) Emergency n, [Cl], (%) p value
Age Year 47.6 [42.4-52.8] 42.04 [33.7-50.3] p=0.184
Operation time Min 97.4[93.7-101.3] 107.9 [102.3-113.6] p=0.007
Erythrocyte Units 0.21[0.11-0.52] 0.96 [0.47-1.46] p<0.001
Spleen size cm 16.2[13.5-18.8] 8.3[5.6-11.1] p=0.004
PLT number 145.1 [109.3-180.8] 337.5[222.3-452.7] p<0.001
INR 1.04 [0.99-1.08] 1.08 [1.01-1.15] p=0.522
Hematocrit 32.5[30.3-34.8] 35.4[33.3-37.5] p=0.150
Length of stay Day 9.417.8-11.1] 11.3[7.9-14.5] p=0.362
Previous No 27 (74.4%) 34 (87.2%) p=0.151
operation Yes 10 (25.6%) 5(12.8%)
Gender Female 21 (53.8%) 10 (25.6%) p=0.018
Male 17 (43.6%) 29 (74.4%)
Complication No 39 (100%) 34 (87.2%) p=0.021
Yes 0 (0%) 5(12.8%)
Portal vein No 39 (100%) 35(89.7%) p=0.040
Thrombosis Yes 0 4 (10.3%)
Pathology Benign 27 (69.2%) 38 (97.4%) p=0.001
result Malign 12 (30.8%) 1(2.6%)

COMORBIDITIES

Hypertension  IEE——

Parkinson I

Coronary Artery Disease |[INNENEG
Hypothyroidism
Lung cancer
Diabetes Mellitus
Thalassemia Major
Myelofibrozis
Epilepsy
Chronic Kidney Disease
COPD

Congestive Heart Disease

DIIIIIIIII

w

5 8 10 13
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Figure 1: Comorbidities

Thirty-nine patients underwent emergency surgery and
their indications are summarized in Table 2. Among the
15 patients with preoperative diagnoses, 12 patients
(15.4%) had idiopathic thrombocytic purpura (ITP) and
three patients (3.8%) had hereditary spherocytosis. No
patient was diagnosed with splenic hemangioma and
autoimmune hemolytic anemia. Twenty-four patients re-
ceived a diagnosis after pathological examination and
simple cysts were reported in two patients (2.6%), lipo-
ma in one patient (1.28%), hemosiderosis in one patient

Table 2: Indications for emergency surgery

Indication Patient number Percentage
Grade 3 10 12.8%

Trauma  Grade 4 18 23.1%
Grade 5 8 10.3%

Splenic abscess 3 3.8%

(1.28%), and nonspecific hemorrhagic foci in dense con-
gested tissue in the remaining 20 patients (25.6%).

Comparing elective and emergency patients in terms
of age, INR, hematocrit, hospital stay and previous sur-
gery, no statistically significant difference was found
(p=0.184, p=0.522, p=0.150, p=0.362, p=0.151). In ad-
dition, a shorter operation time, larger spleen sizes, a
lower platelet count and more malignancy in pathology
results were found to be significantly in favor of elective
cases (p=0.007, p=0.004, p<0.001, p=0.001, p=0.001 re-
spectively). In emergency cases, the need for RBC ex-
change was more frequent and complications and portal
vein thrombosis were more frequent (p<0.001, p=0.021,
p=0.040, respectively). Gender was not equally distrib-
uted between the two groups (p=0.018). The mean fol-
low-up of the patients was 35.73 months (2-64). The asso-
ciated parameters are summarized in Table 3.
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Table 3: Assessments for patients with portal vein thrombosis

Portal vein Thrombosis
p value
Absent n, [Cl], (%) Present n, [Cl], (%)
. Elective 39 (100%) 0 p=0.040
Operation type
Emergency 35 (89.7%) 4(10.3%)
Female 30 (93.8%) 2 (6.3%) p=0.708
Gender
Male 44 (95.7%) 2 (4.3%)
Benign 61(93.8%) 4 (6.2%) p=0.358
Pathology report
Malign 13 (100%) 0
Age Year 45.6 [40.9-50.2] 39.3[36.13-78.79] p=0.654
Operation time Min 100.87 [97.65-104.09] 120 [70.32-169.68] p=0.170
Erythrocyte Units 0.54 [0.24-0.84] 0[0-0] p=0.218
Spleen size cm 13.33[11.23-15.44] 5.67 [4.3-11.3] p=0.398
PLT number 204.4 [160.9-247 .8] 631.0[102.5-228.7] p=0.060
INR 1.06 [1.01-1.10] 0.97 [0.89-1.05] p=0.341
Hematocrit 34.03 [32.2-35.8] 35.5[25.9-45.1] p=0.904
Hospitalization Days 10.1 [8.4-11.8] 11.3[7.6-16.8] p=0.607

The relationship between the type of surgery and the
development of DVT during follow-up is shown in Fig-
ure 2. The development of portal vein thrombosis during
follow-up was significantly different between the two
groups in favor of emergency cases (p=0.045).

Portal Vein Thrombosis

L

Operation Type
ecti

Follow Up

Figure 2: Development of portal vein thrombosis by type
of surgery

DISCUSSION

Although the spleen is an important organ for the im-
mune system and coagulation mechanisms, it can be
compensated by other organs and tissues. Splenectomy
may be performed as part of treatment or diagnosis in
emergency or elective conditions, depending on the risk/
benefit ratio. The indications for splenectomy in the pa-
tients included in our study were mostly splenic injuries
and hematologic diseases.

The indication for splenectomy is made with a multidis-
ciplinary approach by evaluating clinical, laboratory, and
radiologic imaging studies. Szasz et al. also reported that
the importance of complete blood count and computed
tomography in the indication for splenectomy was higher
than other tests (5). In our clinical practice, blood tests
and radiological imaging are performed in all patients
diagnosed by the hematology department and referred
to us, and blood tests and all radiological imaging are
performed in all patients admitted from the emergency
department, unless there is hemodynamic instability.

Although the majority of patients (93.59%) had an un-
eventful postoperative follow-up, the most common
complications were portal vein thrombosis (5.06%),
bleeding (2.53%), and infection (1.26%). There was a dif-
ference in venous thrombosis between the two groups,
with a statistically higher incidence of venous thrombosis
in the group that underwent emergency splenectomy.
A study by Dendle et al. found that venous thrombosis
increased after splenectomy in both elective and emer-
gency cases, regardless of the indication for surgery (6).

Apart from venous thromboembolism, the most com-
mon complications in our study group were infection and
bleeding. Venous thromboembolism and other compli-
cations were evaluated on a patient-by-patient basis, and
it was found that venous thromboembolism did not cor-
relate with other complications in our study. In this con-
text, the possibility of venous thromboembolism in the
subgroup without postoperative complications, which
was the majority of our patients, was also evaluated. Since
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no additional imaging and testing was performed in this
uncomplicated group, the relationship between venous
thromboembolism, which may occur in the follow-up of
patients, and the surgical procedure and technique used
was evaluated. Crary et al. showed in a study that the risk
of postoperative venous thromboembolism peaks in the
first three weeks postoperatively and then the possibility
of development decreases (3). Given the average length
of hospital stay in our study, it is concluded that the num-
ber of patients missed, not imaged because of lack of
suspicion, but who developed venous thromboembolism
would not significantly change the data.

Fujita et al. reported a thrombosis frequency of 1.5% in
splenectomies of hematologic origin (7). In a prospec-
tive analysis, Chaffanjon et al. reported thrombosis rate
of 6.7% in sixty cases of open splenectomy. In another
prospective analysis, Hassn et al. reported an incidence
of venous thromboembolism of 10% in 50 cases of open
splenectomy (8,9). Harris et al. examined laparoscopic
techniques and found a 14% PVT rate in 17 individuals
having elective splenectomy over a year (10). In 64 open,
and 37 laparoscopic cases it was found that the incidence
of portal vein thrombosis was 8%, with no discernible dif-
ference between the open and laparoscopic procedures
(11). The findings of Tsamalaidze and colleagues, who
reported a postoperative thrombosis rate of 6.6% in 229
splenectomized patients over 21 years, are consistent with
this (12). lkeda et al. showed that the incidence of portal
vein thrombosis was statistically significantly higher in the
CT images of patients who had undergone splenectomy
(13). In our study, portal vein thrombosis was detected
in 5 patients (5.06%) on control CT imaging, and the de-
tection rate of this thrombosis was found to be higher in
the first two months. Our study has a similar incidence of
venous thromboembolism compared to case reports in
the literature. Due to possible additional comorbidities,
it has been observed that the risk of thrombosis is higher
in emergent cases than in elective cases.

In our study, splenectomy was performed in all patients,
including elective cases diagnosed by the hematology
department. Laparoscopic surgery was not performed in
any patient. However, in the literature, Segalini et al. per-
formed laparoscopic surgery in 21 patients in a series of
202 patients with splenic trauma and reported a mortality
rate of 2.5% and a morbidity rate of 7.7%. These rates are
encouraging for laparoscopic surgery even in emergency
situations (14). Di Buono et al. showed that laparoscopy
was associated with a lower rate of reoperation and post-
operative recurrence of anemia in a comparison of all sur-
gical splenectomy techniques (15).

From a thrombosis standpoint, laparoscopic surgery is
beneficial because it is associated with less trauma and
quicker postoperative recovery than open surgery, but the
incidence of venous stasis and thrombosis is significantly

increased because the pneumoperitoneum created during
laparoscopy changes the hemodynamics of the splenic por-
tal venous system. Another study included 149 normal and
cirrhotic patients undergoing laparoscopy and found that
the risk of postoperative thrombosis was 32% in cirrhotic pa-
tients and 9.5% in patients without cirrhosis (16).

A systematic review was performed to investigate the effect
of laparoscopy, especially non-splenectomy laparoscopic
surgery with only intra-abdominal insufflation and pneu-
moperitoneum, on portal vein thrombosis. It has also been
found in non-splenectomy surgical cases where laparosco-
py was performed such as cholecystectomy, fundoplication,
gastric bypass, appendectomy. In this review, James et al.
found a dose-dependent relationship between insufflation
pressures and venous stasis in laparoscopic cases (17).

CONCLUSION

In high-risk patients, venous thromboembolism is a rather
frequent consequence following splenectomy. Although
it may be fatal, anticoagulation is a viable treatment op-
tion. The presence of pain or fever after splenectomy is
suggestive of venous thromboembolism. Due to the high
risk of thromboembolism in the first two months, low-mo-
lecular-weight heparin should be considered for prophy-
lactic anticoagulation in high-risk patients, and antico-
agulation should be continued after the patient is sent
home. Therefore, anticoagulation should be considered
in emergency cases and especially in multiple trauma
cases with difficult-to-control bleeding foci, taking into
account the risk/benefit ratio, attention should be paid
to possible venous thromboembolism. In this sense, our
study supports the current data with its current results.

The single center and small number of patients are the
limitations of our study. To evaluate the development of
venous thromboembolism in patients undergoing sple-
nectomy, to determine the risk factors, and to take appro-
priate preoperative or postoperative precautions, multi-
center studies with larger groups of patients are needed.
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ABSTRACT

Objective: Previous studies related to the anatomy of the anteri-
or tibial artery have focused mainly on morphology. The number
of studies examining arterial morphometry is limited. Conse-
quently, we aimed to examine the morphology and morphome-
try of this artery in detail.

Material and Method: The study was performed on 30 lower
extremities injected with colored silicone. Morphological fea-
tures of anterior tibial and popliteal arteries were assessed.
The morphometrical evaluation included the tibiofibular trunk
length, diameters of popliteal, anterior tibial, posterior tibial, fib-
ular, dorsalis pedis arteries, and the vertical distances between
the origin of the anterior tibial artery and the head of the fibula
and tibial tuberosity.

Result: Five types of the anterior tibial artery were determined
according to branching morphology, location, and course. The
mean length of the tibiofibular trunk was 32.0£9.9 mm. Mean di-
ameters of popliteal, anterior tibial, posterior tibial, fibular, and
dorsalis pedis arteries were 5.8+1 mm, 4.1+0.6 mm, 3.5+0.6 mm,
3.7+0.7 mm and 2.8+0.4 mm, respectively. The mean vertical
distance of the origin of the tibialis anterior artery to the head
of the fibula and tibial tuberosity was 38+10.2 mm and 23.6+8.0
mm, respectively.

OZET

Amag: Arteria (a.) tibialis anterior anatomisi ile ilgili yapilmis ¢a-
lismalar agirlikli olarak arter morfolojisine odaklanmistir. Arterin
morfometrisini inceleyen sinirli sayida ¢alisma bulunmaktadir. Bu
dogrultuda, arter morfolojisi ve morfometrisini ayrnintili olarak in-
celemeyi amagladik.

Gereg¢ ve Yéntem: Calisma renkli silikon enjekte edilen 30
alt ekstremite Uzerinde gerceklestirildi. A. tibialis anterior'un
ve a. poplitea'nin morfolojik ézellikleri dederlendirildi. Trun-
cus tibiofibularis'in uzunlugu, a. poplitea, a. tibialis anterior,
a. tibialis posterior, a. fibularis ve a. dorsalis pedis'in ¢aplar
ile a. tibialis anterior'un orijin yerinin caput fibulae'ya ve tu-
berositas tibiae'ye vertikal uzakligi morfometrik olarak ince-
lendi.

Bulgular: A. tibialis anterior'un dallanma morfolojisi, yeri ve
seyrine gore bes tipi belirlendi. Truncus tibiofibularis'in ortala-
ma uzunlugu 32,0+9,9 mm idi. A. poplitea, a. tibialis anterior,
a. tibialis posterior, a. fibularis ve a. dorsalis pedis'in ortalama
caplan sirasiyla 5,8+1,0 mm, 4,1+0,6 mm, 3,5+0,6 mm, 3,7+0,7
mm ve 2,8+0,4 mm olarak bulundu. A. tibialis anterior'un orijin
yerinin caput fibulae'ye vertikal uzakligi ortalama 38+10,2 mm;
tuberositas tibiae'ye mesafesi ise ortalama 23,6+8,0 mm olarak
Sleuldi.

*This study is derived from the thesis entitled "Morphometric evaluation of anterior tibial artery" (Yok Thesis No: 541254). In addition, the Turkish and
English abstracts of this study with less than 300 words were presented as a poster presentation at the 20" National Anatomy Congress on 27-31 August

2019 and received the "Best Cadaver-Based Clinical Anatomical Study" award.

Corresponding author/iletisim kurulacak yazar: Buse Naz CANDIR - busenazcandir@gmail.com

Submitted/Basvuru: 17.03.2023 ¢ Revision Requested/Revizyon Talebi: 28.03.2023
Last Revision Received/Son Revizyon: 17.08.2023 ¢ Accepted/Kabul: 16.08.2023 ¢ Published Online/Online Yayin: 13.10.2023

@. BY _NC Content of this journal is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

360



https://orcid.org/0000-0003-3138-8098

https://orcid.org/0000-0001-7958-3170

https://orcid.org/0000-0001-9188-4662

https://orcid.org/0000-0002-0337-4927

https://orcid.org/0000-0001-6796-7484

https://orcid.org/0000-0002-5819-0543

https://orcid.org/0000-0002-2305-420X

] Anatomy of anterior tibial artery
Istanbul Tip Fakiiltesi Dergisi @ J Ist Faculty Med 2023;86(4):360-367

Conclusion: Knowledge regarding anterior tibial artery anatomy
and popliteal artery branching variations are essential for endo-
vascular interventions around the knee, infrapopliteal bypass
procedures planned for peripheral arterial disease, and ortho-
pedic operations involving the tibial plateau. We believe that
our results will help orthopedic and vascular surgeons.

Keywords: Popliteal artery, anterior tibial artery, tibiofibular
trunk, posterior tibial artery, fibular artery

Sonug: A. tibialis anterior'un anatomisini ve a. poplitea'dan
dallanma varyasyonlarini bilmek; diz ¢evresindeki endovaskdler
girisimler, periferik arter hastaligi icin planlanan infrapopliteal
bypass, ve tibial platoyu ilgilendiren ortopedik operasyonlar aci-
sindan oldukca énemlidir. Elde ettigimiz sonuglarin ortopedik ve
vaskdiler cerrahlara yardimci olacagi dislincesindeyiz.

Anahtar Kelimeler: Arteria poplitea, arteria tibialis anterior,
truncus tibiofibularis, arteria tibialis posterior, arteria fibularis

INTRODUCTION

The femoral artery passes through the adductor canal
and reaches the popliteal fossa on the posterior aspect
of the leg, and it is called the popliteal artery (PA). When
the PA comes in line with the distal edge of the poplite-
us muscle, it branches into the anterior tibial artery (ATA)
and the posterior tibial artery (PTA). PTA then gives off
the fibular artery (FA) branch. ATA is initially located in
the posterior (flexor) compartment of the leg. Passing
between the two heads of the posterior tibial muscle, it
reaches the oval opening in the upper part of the inter-
osseous membrane of the leg, where it passes into the
anterior (extensor) compartment of the leg. In the ante-
rior compartment of the leg, the ATA passes just medial
to the head of the fibula. Here it runs over the interosse-
ous membrane and between the extensor muscles of the
leg towards the ankle. It then passes under the inferior
extensor retinaculum and becomes the dorsalis pedis
artery (DPA). Some authors use the "tibiofibular trunk"
(TFT) definition for the portion of the popliteal artery af-
ter giving the ATA and subsequently dividing into PTA
and FA (1,2). There is no consensus on the use of this defi-
nition and it is not included in Terminologia Anatomica
(3). However, in this study, the definition of TFT was used
to be compatible with the current literature.

Although the PTA and FA injury rates are low, ATA ac-
counts for one-third of vascular injuries (4). Injuries of
ATA due to high-energy trauma, tibia fractures, and blunt
traumas have been reported (4). In addition, it has been
reported in the literature that ATA has iatrogenic injuries
during procedures such as intramedullary nailing, tibial
osteotomy, external fixation, and arthroscopic reduction.

There are various studies on the clinical significance and anat-
omy of the ATA, but these studies examined branching varia-
tions of ATA from the PA. In our study, we aimed to examine
the course, morphometry, and morphology of ATA in detail.

MATERIAL and METHODS

The study was carried out between November 2017
and July 2018 at the Department of Anatomy of the Is-
tanbul Faculty of Medicine. The cadavers with no signs
of size difference, shape abnormality, trauma, bumns, or

surgical scars in the lower extremities were included in
the study. Thus, the bilateral lower limbs of 15 cadavers
were dissected for examination of the ATA. The cadavers
were embalmed with a mixture of formaldehyde-phe-
nol-glycerin-ethanol. The study was approved by the
Ethics Committee of the Istanbul Faculty of Medicine
(Date:13.10.2017, No: 16). Written consent was obtained
from the donor-cadaver before death.

Colored silicone injection

To better follow the ATA and its branches during the dis-
section, the colored silicone injection method developed
by Sanan et al. was modified and used (5). Pebeo brand
514/5 numbered red acrylic paint, Polisan brand synthetic
thinner as diluent, Ottosil BS 15 mold silicone, and Otto-
sil BS Cat as catalyst were used in this mixture. Firstly, 50
ml of silicone and 4 ml of red acrylic paint were mixed
with a wooden tongue depressor until the mixture was
homogeneous in plastic containers of appropriate size.
The silicone was diluted 1:1 with a synthetic thinner to
increase its flowability. Next, the popliteal fossa was dis-
sected, the PA was found, and a window was opened in its
wall. Plastic cannulas were inserted into the opened win-
dow. The vessel was ligated to prevent the reflux of dye.
A 3% catalyst was added to the prepared silicone-paint
mixture and mixed homogeneously. The mixture was in-
jected into the PA with a 100 cc syringe. The mixture was
allowed to cure for at least 48 hours.

Dissection protocol

A vertical incision was made into the popliteal fossa. After
the popliteal adipose tissue was removed, the common
fibular nerve, tibial nerve, popliteal vein, and artery were
identified. After the PA was separated from the adjacent
anatomical structures by fine dissection, it was cannulated,
and a colored silicone mixture was injected. After the mix-
ture was cured, the PA was dissected distally. TFT, ATA, PTA,
and FA were defined. In addition, a vertical skin incision was
made in the anterior leg region from the tibial tuberosity to
the inferior extensor retinaculum on the dorsum of the foot.
The skin and crural fascia were released laterally and the an-
terior compartment muscles of the leg were defined. ATA
was dissected from the interosseous membrane of the leg
to the inferior extensor retinaculum level. And finally, DPA
was identified distal to the retinaculum.
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Morphometric evaluation
1. Leg length regarding the most protruding points of the
head of the fibula and lateral malleolus,

2. Vertical distance from the origin of the ATA to the head
of the fibula,

3. Diameter of PA before and after giving ATA,
4. Diameter of ATA, PTA, FA, and DPA at their origin point
5. TFT length,

6. The vertical distance between the tibial tuberosity and
the point the ATA reaches the anterior leg compartment
from the interosseous membrane of the leg was measured.

All measurements were made with a digital caliper (Mitu-
toyo Corporation, Kawasaki-shi, Kanagawa, Japan) with a
measurement accuracy of 0.01 mm. The measurements
were repeated twice by an experienced investigator and
the mean values were used. If the difference between the
two measurements was more than 10% the measurement
was repeated.

Morphological evaluation
1. Branching morphologies of ATA, PTA, and FA from PA
were recorded.

2. The leg region was divided into three parts, proximal,
middle, and distal. The number of muscular branches in
each part of ATA was recorded.

Statistical analysis

A priori power analysis was performed based on the find-
ings of the study by Heidari et al. (6). Taking the study
of 40 unilateral extremities as a reference, the minimum
required sample size was estimated as n=26 unilater-

Table 1: Measurement values of morphometric parameters

al extremities with a power of 0.80 and an alpha value
of 0.05. Power analysis was performed under G*Power
3.1.9.4 (http://www.gpower.hhu.de/). Whether the ob-
tained parametric values showed normal distribution or
not was evaluated with Kolmogorov-Smirnov and Sha-
piro-Wilk tests. Descriptive statistics were made for the
values showing normal distribution. The comparison of
the number of branches according to the side and leg
length was evaluated with the Kruskal Wallis test. PTA
and AF diameters, as well as differences between both
sex were compared with the ANOVA test. SPSS ver.21.0
(IBM Corp., Armonk, NY) software was used for the anal-
ysis, and p<0.05 was considered significant.

RESULTS

Eight cases were female, and seven were male, aged 52
to 79 years (mean 68.8+6.78). Morphometric values were
found to have a normal distribution for the right and left
sides. The mean values of the morphometric measure-
ments are shown in Table 1.

When morphometric parameters were compared accord-
ing to gender, only leg length was found to be statistically
significantly longer in males (p<0.001). No significant differ-
ence was observed when the parameters were compared
according to body sides. The comparison of morphometric
measurement values according to gender and body sides
and their statistical significance are shown in Table 2.

The mean number of muscular branches of ATA in the
proximal, middle, and distal sections were found as 6, 5,
and 5, respectively. There was no statistically significant
difference between these values (p=0.67).

ATA was divided into five types according to branching
morphology from PA, place of origin, and course.

Sample (n) Mean=SD (mm)
Leg length 30 356.6+24.8
The vertical distance between the origin of ATA and the head of fibula 30 38.0+10.2
Diameter of the PA before giving ATA 30 5.8+1.0
Diameter of the PA after giving ATA 26* 4.8+0.8
Diameter of the ATA 30 4.1+0.6
Diameter of the PTA 30 3.5+0.6
Diameter of the FA 30 3.7+0.7
Diameter of the DPA 30 2.8+0.4
Length of the TFT 26* 32.0+9.9
The vertical distance between tibial tuberosity and ATA 30 23.6+£8.0

* Since the TFT was not observed in cases with trifurcation, these parameters could not be measured
ATA: Anterior Tibial Artery, PA: Popliteal Artery, PTA: Posterior Tibial Artery, FA: Fibular Artery, DPA: Dorsalis Pedis Artery, TFT: Tibiofibular

Trunk, n: Number, SD: Standard Deviation
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Table 2: Comparison of morphometric parameters by sex and body sides

Gender Body sides

Male Female <] Right Left P

(mm) (mm) value (mm) (mm) value
Leg length 3786 3373  <0.01 3553 357.8 0.724
EZ:Ji?itiael ](c:iili;tjla;ce between the origin of ATA and 400 36,3 0337 392 368 0.468
Diameter of the PA before giving ATA 6.1 55 0.100 5.7 5.8 0.468
Diameter of the PA after giving ATA 5.0 4.74 0.417 4.9 4.7 0.740
Diameter of the ATA 4.1 4.08 0.662 4.1 4.1 0.846
Diameter of the PTA 37 3.41 0.119 3.6 34 0.361
Diameter of the FA 3.84 3.60 0.428 3.7 3.6 0.468
Diameter of the DPA 3.0 2.71 0.073 2.9 27 0.225
Length of the TFT 31.2 32.6 0.269 34.5 29.6 0.901
The vertical distance between tibial tuberosity and ATA ~ 27.3 20.9 0.053 21.5 25.6 0.950

ATA: Anterior Tibial Artery, PA: Popliteal Artery, PTA: Posterior Tibial Artery, FA: Fibular Artery, DPA: Dorsalis Pedis Artery, TFT: Tibiofibular

Trunk

e Type-1 (Classical pattern): After the PA passes the
lower edge or more distal of the popliteus muscle,
it divides into ATA and TFT. TFT is divided into PTA
and FA. This was the most common type and was

found in 24 (80%) cases (Figure 1).

e Type-2 (Anterior TFT): PA is divided into PTA and
TFT. TFT is then split into ATA and FA. This finding

was found in 1 (3.3%) case (Figure 2).

Figure 1: Type-1 (Classical pattern)
Posterior view of left leg

PA: Popliteal Artery, ATA: Anterior Tibial Artery, TFT: Tibiofibular Trunk,
FA: Fibular artery, PTA: Posterior Tibial Artery, P: Proximal, D: Distal, L:

Lateral, M: Medial

Type-3 (Trifurcation): It is the separation of ATA, FA,
and PTA less than 5 millimeters apart. This pattern
was found in 3 (10%) cases (Figure 3).

Type-4 (High division): PA gives ATA proximal to the
lower edge of the popliteus muscle. This type was
observed in 1 (3.3%) case. And in this case, it was
seen that ATA originated from the medial aspect of
the PA (Figure 4).

Figure 2: Type-2 (Anterior TFT)

Posterior view of left leg

PA: Popliteal Artery, PV: Popliteal Vein, ATA: Anterior Tibial Artery, FA:
Fibular artery, PTA: Posterior Tibial Artery, P: Proximal, D: Distal, L: Lateral,
M: Medial
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* Type-5 (Hypoplasia/Aplasia): ATA is hypoplasic/
aplasic. Hypoplasic ATA was found in one case
(3.3%). In this case, it was observed that DPA origi-
nated from FA (Figure 5).

Accordingly, 24 (80%) of the 30 lower extremities showed
branching in the general pattern, and 6 (20%) showed
branching in other patterns. Of these six extremities,

Figure 3: Type-3 (Trifurcation)
Posterior view of left leg
PA: Popliteal Artery, ATA: Anterior Tibial Artery, Ant TFT: Anterior Tibiofib-

ular Trunk, FA: Fibular artery, PTA: Posterior Tibial Artery, P: Proximal, D:
Distal, L: Lateral, M: Medial

Figure 4: Type-4 (High division)
Posterior view of left leg

PA: Popliteal Artery, ATA: Anterior Tibial Artery, TFT: Tibiofibular Trunk,
FA: Fibular artery, PTA: Posterior Tibial Artery, P: Proximal, D: Distal, L:
Lateral, M: Medial

Figure 5: Type-5 (Hypoplasia/Aplasia)

Anterior (in cadaver image) and posterior (in schematic
diagram) views of left leg

ATA: Anterior Tibial Artery, TA: Tibialis Anterior Muscle, EHL: Extensor
Hallucis Longus Muscle, EDL: Extensor Digitorum Longus Muscle, DPA:
Dorsalis Pedis Artery, P: Proximal, D: Distal, L: Lateral, M: Medial

four were unilateral and one was bilateral. If ATA showed
branching according to the classical pattern in one half
of the body, the probability of anatomical variability on
the other side was found to be 28.5%. And if there was
anatomical variability in ATA branching morphology on
one side of the body, the probability of variability on the
other side was found to be 20%.

DISCUSSION

To explain the branching variations of ATA, it is neces-
sary to know the embryological development of the low-
er extremity arteries. The axial artery, which provides the
arterial supply of the lower extremity, develops from the
umbilical artery originating from the dorsal aorta. In the
11-12™ stages of embryological development, the lower
extremity bud is observed for the first time. At stages 13-
16, the axial artery runs along the lower extremity bud.
The axial artery develops in stages 16-17 and is called the
ischiadic artery in the thigh, the poplitea profunda artery
in the knee region, and the interosseous artery in the leg.
The external iliac artery originates from the umbilical ar-
tery, runs distally, and extends towards the knee as the
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femoral artery. A branch of the femoral artery, called ra-
mus communicans superior, passes posteriorly and joins
the ischiadic artery. In stage 18, a branch called poplitea
superficialis emerges between the poplitea profunda and
the interosseous arteries. Two new arteries arise from the
poplitea superficialis, the tibialis posterior superficialis
and the peroneal posterior superficialis. At this stage, an
artery named ramus perforans cruris emerges from the
interosseous artery, passes through the tibiofibular inter-
space, and forms the primitive ATA. At this time, there
are three arteries in the leg. Also, the proximal portion of
the ischiadic artery begins to regress at this stage and re-
mains the inferior gluteal artery in adults. In stage 19, ATA
develops as the distal part of the ramus perforans cruris.
An artery called ramus communicans inferius arises from
the peronea posterior superficialis artery. At this stage,
there are five arteries in the leg (tibialis posterior super-
ficialis, peronea posterior superficialis, ramus communi-
cans inferior, interosseous, and anterior tibial arteries). In
stage 20, the ramus communicans inferius fuses with the
interosseous artery to form the adult peroneal (fibular)
artery. At this stage, a connection called ramus communi-
cans medius is formed between the peroneal artery and
the deep popliteal. This branch eventually becomes the
proximal part of ATA. With the regression of the popliteal
profunda, interosseous, and peronea posterior superfi-
cialis arteries, the leg arteries take their adult form (7,8).

Variations of ATA can be explained by the deviation of
these developmental steps. As a result of the lack of re-
gression of the anterior part of the ischiadic artery, ante-
rior TFT, which is the common root containing ATA and
FA, occurs (9). The permanence of the distal portion of
the ischiadic artery enables anastomosis with the pop-
liteal artery, thus forming a trifurcation (1). Failure in the
formation of the ramus communicans medius causes the
anterior tibial artery to be of high origin (10).

Morphometry

In intramedullary nailing for tibial fractures requiring an-
atomical reduction and fixation, the locking holes are
located close to the ATA and are therefore at risk of iat-
rogenic injury (6). For this reason, it is important to know
the distances of ATA to adjacent bone structures in de-
termining the position of the nailing holes in new surgi-
cal techniques. Heidari et al. found the mean distance
between the ATA and the head of the fibula as 35.7+9.0
mm, and May et al. found this distance as 36.5+6.0 mm
(6,11). In this study, this distance was 38+10.2 mm.

The most common peripheral artery aneurysm is seen in
the PA (12). The diameter of the vessels should be deter-
mined in the diagnosis of the aneurysm and the selection
of the treatment method (12). While the diameter of the
PA in the study by Holzle et al. was 5.5 mm on the right
and 5.4 mm on the left, it was found as 5.841.0 mm in the

current study (13). While Ozgur et al. found the diameters
of ATA, PTA, and FA to be 6.1+1.1 mm, 4.5+0.9 mm, and
4.4+0.9 mm, respectively, in this study, these values were
4.1+0.6 mm, 3.5£0.6 mm, and 3.7+£0.7 mm (14). In the lit-
erature, the diameter of the DPA ranges from 1.5 mm to
5.0 mm, and in this study, it was 2.8+0.4 mm (15).

Current anatomy sources state that ATA and PTA are
the two terminal branches of AP, and AF is a sub-branch
of PTA (7,16). However, Adachi expressed his thoughts
on these branches as follows: “Although | use the term
truncus peronaeo-tibialis posterior, my view is that the
peronaeal artery, the continuation of the popliteal artery,
is very variable and the tibialis posterior artery is con-
sidered as a lateral branch of the peroneal artery.” (17).
Therefore, this study compared FA and PTA diameters
and found no statistically significant difference (p=0.452).
In line with this information, the authors’ knowledge that
FA is a branch of PTA should be re-examined.

The importance of TTF length in the planning of the en-
dovascular treatment of peripheral arterial diseases and
the selection of appropriate equipment and the plan-
ning of infrapopliteal bypass operations was emphasized
(18,19). The length of the TFT was determined by Ozgur
et al. as 30.3+16.2 mm, Celtikci et al. as 30.5 mm, and Kim
et al. as 39 mm (14,18,19). In the present study, this was
found to be 32.0+9.9 mm. In addition, Celtikci et al. creat-
ed two subclasses because there was a statistically signif-
icant difference between the right and left sides in cases
with a general pattern (Type 1A) (18). They classified the
cases with TTF longer than 3 cm as Type 1-A-L (Long) and
those below as Type 1-A-S (Short). According to this clas-
sification, they found 363 (51.7%) cases as 1-A-L and 339
(48.3%) cases as 1-A-S. In the present study, 16 (66.6%)
1-A-L and 8 (33.3%) 1-A-S cases were found according
to this subclassification. Similarly, the 1-A-L subtype was
more common in both studies.

Morphology

Many classifications have been proposed for the branch-
ing morphology of the PA (17,19,20). The classification
of Kim et al. is the most widely used today (19). In this
study, three main categories and three subcategories
for each of these were defined for the PA branching pat-
tern. In this classification, In this classification, Catego-
ry-1 is normal branching of PA, Category-2 is high-origin
branching, and Category-3 is explains hypoplastic/aplas-
tic arteries. Kim et al. reported that 92.2% of PA showed
normal branching (19). This prevalence ranges from 72%
to 96% (1,17). Similarly, it was found that 80% of the low-
er extremities examined in our study showed normal
branching patterns.

The cases in which the first branch originating from the PA
was PTA and then the common roots of ATA and FA were
defined as anterior TFT. The incidence of this type varies
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between 0.1% and 5%, and anterior TFT was found in
one case (3.3%) in our study (21,22). Kim et al. defined the
branching of ATA, PTA, and FA within 0.5 cm as trifurca-
tion, and they found this type of branching in 12 cases (2%)
(19). In this study, trifurcation was found in 3 cases (10%).
The reason why this rate was higher in this study compared
to other studies may be the number of samples.

The definition of high origin was used for the branches
originating from the PA in the proximal of the lower end
of the popliteus muscle in cadaver studies and in the
proximal of the tibial plateau in angiographic studies
(2,10,17,18,20,21). In this study, ATA separated from the
PA proximal to the lower end of the popliteus muscle was
found in one case (3.3%). In addition, in this case, it was
observed that ATA emerged from the medial side of the
PA, not from the lateral side as it should normally be. Kim
et al. divided high-origin ATA into two subclasses, with
the normal course and medial origin at the beginning,
and this type was found in 4 cases (0.7%), and Celtikci et
al. in 5 cases (0.6%) (18,19). In cases where the PA branch-
es are hypoplastic/aplastic, the nutrition of the distal leg
changes. In the case of hypoplastic/aplastic ATA, DPA
originates from FA or PTA (13,19,23). In the present study,
hypoplastic ATA was found in one case and it was ob-
served that FA gave DPA.

Limitations

This study was designed as a preliminary study. It is
planned to extend the study as a multi-center study to
increase the sample size and add radiological data.

CONCLUSION

This study highlights ATA morphometry and variations in
the hope that this information will be incorporated into
future procedures and reduce avoidable complications. It
was concluded that the branching pattern of the ATA dif-
fered from the classical pattern in 20% of the cases includ-
ed in the study, with trifurcation being more common. In
addition, no significant difference was found between the
diameters of the FA and PTA. Therefore, we believe that
the information that the FA is a branch of the PTA should
be reconsidered and that it would be more appropriate to
use the nomenclature “tibiofibular trunk” instead.
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ABSTRACT

Objective: Difficulty in performing daily activities and loss of
balance are common complaints in addition to generalized pain
in fibromyalgia syndrome (FMS) patients. Exercise is an effective
treatment for fibromyalgia. There are a variety of forms of ex-
ercise used to treat fibromyalgia. This study aimed to compare
the effects of aerobic and balance-proprioception exercises on
pain, functional status, and balance in female patients with fi-
bromyalgia.

Material and Method: Female patients with fibromyalgia syn-
drome who applied to the university physical medicine and
rehabilitation department clinic were evaluated for eligibility.
Patients were allocated into two groups: the aerobic exercise
group and balance-proprioception group. These two groups
exercised under the supervision of a physiotherapist three days
a week for a total of 6 weeks. Visual Analogue Scale (VAS) was
used for pain severity, Fibromyalgia Impact Questionnaire (FIQ)
was used for functional status assessment, and balance-stabili-

OZET

Amag: Fibromiyalji sendromunda yaygin agriya ek olarak gtinlik
aktiviteleri gerceklestirmede guclik ve denge kaybi sik gérilen
sikayetlerdir. Calismamizda fibromiyaljideki bu sikayetler Uzerine
etkili olabilecedini duslindigumuz farkl tip egzersiz program-
larinin (aerobik ve denge-propriyosepsiyon) agdri, fonksiyonel
durum ve denge parametreleri lUzerine etkilerini kargilagtirmayi
amagladik. Bu nedenle randomize kontroll, paralel gruplar ice-
ren, tek merkezli ve tek kor bir calisma tasarladik.

Gereg ve Yontem: Universitenin fizik tedavi ve rehabilitasyon
balimi klinigine bagvuran fibromiyalji sendromlu kadin hasta-
lar uygunluk acisindan degerlendirildi. Hastalar aerobik egzer-
siz grubu ve denge-propriyosepsiyon grubu olarak iki gruba
aynildi. Bu iki grup haftada 3 giin fizyoterapist gdzetiminde top-
lam 6 hafta egzersiz yapti. Agn siddeti icin Visual Analog Scale
(VAS), fonksiyonel durum degerlendirmesi icin Fibromiyalji Etki
Anketi (FEA), denge durumu degerlendirmesi icin denge-stabi-
lite sistemi (Biodex Balance System) kullanildi. Her 6l¢im teda-
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ty system (Biodex Balance System) was used for balance status
assessment. Each measurement was repeated twice, before and
after the treatment, and the results were compared.

Result: Fifty-one patients were enrolled including 26 patients in
the aerobic exercise group and 25 patients in the balance-pro-
prioception group. Both aerobic exercise and balance pro-
prioception exercise groups showed significant improvement
following the treatment in FIQ (34.63+11.85, 29.60+12.77, re-
spectively, p<0.001) and VAS (4.54+1.83; 4.28+1.92, respectively,
p<0.001), all Eyes-Closed Mediolateral Stability Index (EC-MLSI)
(0.41+0.43, 0.35+0.19, respectively, p=0.39), Eyes Closed Over-
all Stability Index (EC-OSI) (0.85+0.53; 0.80+0.33, respectively,
p<0,001), Eyes Closed Anteroposterior (EC-APSI) Stability Index
(0.65+0.32, 0.62+0.29, respectively, p<0.001) and Eyes-Opened
Mediolateral Stability (EO-MLSI) (0.15+0.07, 0.14+0.05, respec-
tively, p=0.019). Similar to before-treatment findings, there was
no statistically significant difference between groups in the FIQ,
VAS, and balance scores after treatment (p>0.05).

Conclusion: Both aerobic exercise and balance-proprioception
exercises are effective methods in improving pain, functional
status, and balance abilities of patients with FMS. In addition to
aerobic exercise programs that are often prescribed nowadays,
programs consisting of balance—proprioception exercises can
also be a preferable option in FMS treatment.

Keywords: Fibromyalgia, aerobic exercise, balance-propriocep-
tion exercise, pain, functional status

vi dncesi ve sonrasi olmak Uzere iki kez tekrarlandi ve sonuglar
karsilastirildi.

Bulgular: Aerobik egzersiz grubunda 26 ve denge-propriyo-
sepsiyon grubunda 25 hasta ¢alismayi tamamladi. Hem aero-
bik egzersiz hem de denge propriyosepsiyon egzersiz grup-
larinda, FIQ'da (sirasiyla 34,63+11,85; 29,60+12,77, p<0,001)
VAS'ta (sirasiyla 4,54+1,83; 4,28+1,92, p<0,001), gozler kapal
OSlI (sirasiyla 0,85+0,53; 0,80+0,33, p<0,001), gozler kapa-
[l MLSI (sirasiyla 0,41+043; 035,+0,19, p=0,39), gozler kapa-
I APSI (sirasiyla 0,65+0,32; 0,62+0,29, p<0,001), gozler agik
MLSI (sirasiyla 0,15+0,07; 0,14+0,05, p=0.019) parametrelerin-
de iyilesme saptandi. Tedavi 6ncesi bulgulara benzer sekilde
tedavi sonrasinda da FIQ, VAS ve denge skorlarinda gruplar
arasinda istatistiksel olarak anlamli fark yoktu (p>0,05).

Sonug: Hem aerobik egzersiz hem de denge-propriyosepsiyon
egzersizleri, FMS'li hastalarin agn, fonksiyonel durum ve denge
yeteneklerini iyilestirmede etkili yéntemlerdir. FMS tedavisinde
glnumdizde siklikla recete edilen aerobik egzersiz programla-
rinin yani sira denge-propriyosepsiyon egzersizlerinden olusan
programlar da tercih edilebilir.

Anahtar Kelimeler: Fibromiyalji, aerobik egzersiz, denge-prop-
riyosepsiyon egzersizi, agri, fonksiyonel durum

INTRODUCTION

Fibromyalgia syndrome (FMS) is a chronic disease
characterized by generalized pain, fatigue, sleep disorder,
cognitive impairment, and other physical symptoms that
negatively affect physical and sensory functions while
lowering quality of life (1). The prevalence of FMS is 2%-4%
in the population, with a female/male ratio of 9:1. People
between the ages of 45 and 60 are most commonly affected
(2). It is believed that numerous mechanisms contribute to
the development of FMS. There is evidence of biochemical,
neurohormonal, central nervous system, immunological,
psychological, and environmental factors (3).

Fibromyalgia significantly affects the health-related qual-
ity of life of patients by restricting their ability to perform
daily activities including walking, lifting, and carrying ob-
jects (4,5,6). Patients with FMS have reduced functional
abilities, poor health status, and lower quality of life in
comparison to both healthy individuals or those with oth-
er chronic conditions (7,8). These patients tend to main-
tain a sedentary lifestyle due to their impaired physical
fitness, which exacerbates symptoms and increases the
risk of other morbidities (9-11).

There are two options for the treatment of FMS: pharma-
cological and non-pharmacological. Education, cognitive
behavior therapy, exercise, and complementary and al-
ternative medicine are the four most effective non-phar-
macological treatment approaches commonly used and

have a 1A level of evidence (12). Exercise training is a
non-pharmacological management strategy for FMS that
is effective and affordable. Exercise improves the quality
of life, cognitive function, anxiety, depression, pain, sleep
quality, and stress responses by increasing the “status of
energy” (13). Despite these effects, studies demonstrate
that women with FMS spend 48%-71% of their time in
sedentary behaviors and engage in activities that do not
require elevated energy expenditure (14-16).

The literature indicates that various exercise programs
have positively impacted pain and functionality, with no
significant adverse effects reported in individuals with
FMS (17). Research on the type, intensity, and frequen-
cy of exercise has increased significantly in recent times.
Aerobic exercise (AE) is frequently suggested as the pre-
dominant modality of exercise for the management of
FMS. Many exercise programs involve both strengthen-
ing and flexibility types of exercise. Approximately 80%
of the studies investigated the effects of AE or a com-
bination of exercises including aerobic, flexibility, and
strength (13).

Balance problems are another prominent functional symp-
tom of FMS, in addition to pain and chronic fatigue. It is
reported that 45%-68% of the FMS cases have balance
problems. Jones et al. reported that individuals diagnosed
with FMS exhibit balance problems and are susceptible to
falls. The authors emphasize the importance of developing
protective measures for postural stability, given that the dis-
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ease affects the mechanisms that regulate postural control
(18). It is shown that exercise programs improving balance
increase postural stability and decrease the fall risk in pa-
tients with FMS (19). In the literature, the number of studies
testing the efficacy of different exercise programs on bal-
ance disorders is limited. Furthermore, there is not much
data on the influence of various exercise types on balance
and the possible pain-balance relationship. Therefore, the
goal of our study was to evaluate and compare the effects
of aerobic and balance-proprioception exercises on pain,
functionality, and balance parameters in patients with FMS.

MATERIAL AND METHODS

This randomized controlled, double-center, single-blind-
ed, parallel-group study was approved by the local re-
search ethics committee (Clinical Research Ethics Com-
mittee of Istanbul University Faculty of Medicine (Date:
22.09.2017, No: 15)) and registered on the ClinicalTrial.gov
website (registration number NCT04437524). The study has
been performed in accordance with the ethical standards
laid down in the Declaration of Helsinki. Patients included
in the study were verbally informed regarding the study’s
objective, the process, the methods to be used, and any
potential side effects. Their written consent was obtained
by having them sign the “Informed Consent Form.”

Eligibility criteria

The study comprised 62 female FMS patients admitted
to our physical medicine and rehabilitation department
outpatient clinic and met the study requirements. The
test and rehabilitation programs of the patients were
completed in the exercise test laboratories of the Istan-
bul Faculty of Medicine, Department of Sports Medicine.
The following were the inclusion criteria: patients aged
between 18 and 60 years old, patients whose symptoms
lasted more than three months, and patients who agreed
to undergo treatment for six weeks, three days per week.
Additionally, there was no anticipated possibility of any
changes in the medical treatment they received for FMS
during the study process. Another criterion for inclusion
was that the patient had a Pain Location Inventory (PLI)
score of 17 or higher and a Symptom Impact Question-
naire (SIQR) score of 21 or higher, as defined by the 2011
American College of Rheumatology (ACR) criteria (20).
The exclusion criteria were: the presence of a central or
peripheral nervous system disease, progressive neuro-
logical damage, severe cardiovascular pathology, loss of
sensation or position sense, unhealed fractures or surgi-
cal wounds, uncontrolled hypertension, and the inability
to understand or follow simple commands.

Randomization

The cases were randomized using a simple random-num-
ber drawing procedure. Those who picked odd numbers
from the bag of odd and even numbers were assigned
to the aerobic exercise group (AEG), whereas those who

picked even numbers were assigned to the balance-pro-
prioception exercise group (BPEG).

Group assignment

Exercise therapy programs were designed independent-
ly for each group and were performed three days a week
under the supervision of a physiotherapist for six weeks
in the study. Exercise programs were conducted in the
Department of Sports Medicine'’s exercise laboratory.

The AEG's exercise program was thoroughly explained
to the patient, and documentation was provided in both
written and graphic form. Each exercise session was car-
ried out under the supervision of a physiotherapist in a
clinical environment. Total exercise time ranged from a
minimum of 30 minutes to a maximum of 60 minutes, in-
cluding warm-up (low-intensity foot ergometer followed
by short-duration stretching of major muscle groups) and
cool-down (heart rate was gradually decreased follow-
ing treadmill use, followed by stretching and abdominal
breathing exercises). The patients began with a low-in-
tensity walk on a treadmill at 55%-60% of maximal heart
rate (calculated using the formula 220—age in years). The
intensity and duration of walking on the treadmill were
gradually increased to a moderate level. Subjective exer-
tion was assessed using the Borg Scale of perceived ex-
ertion. The intensity level was kept at a moderate level for
each individual once they had reached moderate intensi-
ty during the exercise program (21). The duration was in-
creased by 5 minutes in each exercise session of the first
two weeks to reach 60 minutes of exercise duration (22).

The BPEG's exercise program was thoroughly explained to
the patient, and documentation was provided in both written
and graphic form. Each exercise session was carried out un-
der the supervision of a physiotherapist in a clinical environ-
ment. Total exercise time ranged from 30 minutes to a max-
imum of 60 minutes, including warm-up (low-intensity foot
ergometer followed by short-term stretching of large muscle
groups) and cool-down (short-term stretching exercises fol-
lowed by abdominal breathing exercises). Balance exercises
included exercises on fixed surfaces and progressed to those
on mobile surfaces (balance board, Pilates ball). Furthermore,
if the patients successfully completed the exercises, they
were asked to perform the exercises with their eyes closed
to make the exercises more challenging. The proprioception
exercise program included: standing on one leg, bending
forward-backward-two sides with eyes open, bending for-
ward-backward-two sides with eyes closed, and sitting on the
Pilates ball with arms open and one leg extended. As the pa-
tients progressed, they were asked to do the same exercises
on balance pads while holding a small exercise ball.

Outcome measures

First, demographic data on the study’s participants were
obtained. The patients’ pain intensity was assessed using
the Visual Analogue Scale (VAS), their functional status
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was assessed using the Fibromyalgia Impact Question-
naire (FIQ), and their balance was assessed using the
"Biodex Balance System” (Biodex, Inc., Shirley, New York)
device, which was found to be valid and reliable (23,24).

The balance test was applied on the platform of the de-
vice in a standing position with both feet for 20 seconds,
in triplicate. The mean score of these three times was cal-
culated and recorded as the result. The rest period be-
tween repetitions was 60 seconds (25). Overall Stability
Index (OSI), Anterior/Posterior Stability Index (APSI), and
Medial/Lateral Stability Index (MLSI) data were obtained
as test parameters (26).

A blinded physiotherapist who aggregated the outcome
data into a specialized database evaluated all the afore-
mentioned scales on the first and last days of the six-
week exercise program.

Statistical analysis

G*Power (v3.1.9) software was used to do a power analysis
to calculate the number of samples. Repeated measures
analysis of variance was used to determine the minimal
clinically significant difference (MCID=14%) in the FIQ, the
study’s main outcome measure based on values acquired
from the literature (27,28). The probability of Type 1 error
(significance level) was 0.05, and the power of the test
was 80% (Type 2 error: 20%). The total number of cases
for each group was calculated as 26 and was determined
by assessing the likelihood of participants dropping out
of the study. A total of 72 patients were evaluated, with 10
of them being excluded because they did not meet the
inclusion criteria. As a result, 62 patients participated in the
study. The CONSORT flowchart is shown in Figure 1. SPSS
ver. 21.0 (IBM Corp., Armonk, NY) was used to analyze the
data in the study. Shapiro-Wilk test was used to assess
the data's conformity to the normal distribution. The Chi-

Assessed for eligibility (=72)

Enrollment

Excluded (n=10)
+ Mot meeting inclusion criteria (n=10)

+ Declined to participate (n= 0)
+ Otherreasons (n= 0)

Randomized (n=62)

l 1 Allocation ) l
Allocatedtointervention (n= 31) Allocatedtointervention (n=31)
+ Received allocated intervention (n=29) + Received allocated intervention (n= 28)
« Did not receive allocated intervention (n=2) + Did not receive allocated intervention(n=3)
did not wish to participate®* did not wish to participate™
l Follow-Up l
Lost to follow-up (n=3 discontinued intervention Lost to follow-up (n=3 discontinued intervention
due to residing far away from due o residing far away from
the treatment center) the treatment center)
l Analysis l
Analysed (n= 26} Analysed (n=25)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Figure 1: The CONSORT flowchart

square test was used to analyze independent qualitative
data, whereas the Pearson Chi-Square likelihood ratio was
used to evaluate the predicted values of the data in the
cross tables. Independent samples t-test was used to ex-
amine independent (between-group) two-group normally
distributed quantitative data, whereas the paired samples
t-test was used to compare two dependent (within-group)
quantitative variables. A value of p<0.05 was accepted as
the statistical significance threshold.

RESULTS

A total of 11 of the 62 patients dropped out of the study
during the treatment due to the fact that five patients re-
fused to continue treatment, and six of them resided far
away from the treatment center and were unable to con-
tinue treatment. Twenty-six out of 31 patients in the AEG,
and 25 out of 31 patients in the BPEG completed their
exercise programs successfully in the study, and the data
of 51 patients were analyzed. Table 1 shows the baseline
demographic (age, weight, body mass index, etc.) char-
acteristics of the groups. In our study, all the participants
were female. There was no statistically significant differ-
ence between the demographic characteristics of the
groups (p>0.05).

At the beginning of the study, there was no statistically
significant difference between the FIQ, VAS, and balance
assessment values of the groups (p>0.05) (Table 2).

Similar to before-treatment findings, there was no statis-
tically significant difference between groups in the evalu-
ation of the FIQ, VAS, and balance scores after treatment
(p>0.05) (Table 3).

The difference between the before-treatment and af-
ter-treatment FIQ and VAS scores was statistically signif-
icant in both the groups (p<0.001 each) on within-group
comparison. After treatment, the FIQ and VAS scores of
the groups decreased (Table 4). The results of the with-
in-group comparison showed that values of the Eyes
Open Overall Stability Index (EO-OSI) and Eyes Open
Anteroposterior Stability Index (EO-APSI) parameters
in the BPEG after treatment were decreased and statis-
tically significant (p=0.008 and p=0.043, respectively),
whereas there was no significant difference in the same
parameters in the AEG compared with the before-treat-
ment values (p>0.05). The changes in Eyes Open Medi-
olateral Stability Index (EO-MLSI), Eyes Closed Overall
Stability Index (EC-OSI), Eyes Closed Anteroposterior
Stability Index, and Eyes Closed Mediolateral Stability
Index parameters were statistically significant in both the
AEG (respectively; p=0.019, p=0.001, p<0.001, p=0.039)
and BPEG (respectively; p=0.002, p<0.001, p=0.002,
p<0.001). The results of balance parameters improved
following treatment in both the groups (Table 4).
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Table 1: Demographic characteristics of the patients

AEG (n=26) BPEG (n=25) P value
(mean=SD) (mean=SD)
Age (years) 38.12+9.02 41+5.81 0.180
Body weight (kg) 70.77£14.16 66.36+11.29 0.226
Body mass index (kg/m?) 27.40+5.64 26.43+3.77 0.469
Occupation status n (%) n (%)
Employed 10 (38.5) 12 (48.0%)
Unemployed 13 (50.0%) 13 (52.0%) 0206
Student 3(11.5%) 0 (0%)

AEG: Aerobic Exercise Group, BPEG: Balance-proprioception Exercise Group, SD: Standard deviation, n: Number of samples, %: percent-
age

Table 2: Comparison of the FIQ, VAS, and balance parameters of the groups before treatment

AEG (n=26) BPEG (n=25)

mean=SD mean=SD P value
FIQ 72.01+£9.31 67.46+£13.00 0.156
VAS 8.03+1.37 8.06+1.32 0.955
EO-OSI 0.43+0.14 0.44+0.14 0.817
EO-APSI 0.32+0.14 0.32+0.12 0.912
EO-MLSI 0.21+0.10 0.23+0.12 0.582
EC-OSI 1.29+0.58 1.36+0.49 0.671
EC-APSI 0.97+0.51 0.95+0.49 0.911
EC-MLSI 0.63+0.34 0.71+0.38 0.432

AEG: Aerobic Exercise Group, BPEG: Balance-proprioception Exercise Group, FIQ: Fibromyalgia Impact Questionnaire, VAS: Visual
Analogue Scale, EO-OSI: Eyes Open Overall Stability Index, EO-APSI: Eyes Open Anteroposterior Stability Index, EO-MLSI: Eyes Open
Mediolateral Stability Index, EC-OSI: Eyes Closed Overall Stability Index, EC-APSI: Eyes Closed Anteroposterior Stability Index, EC-MLSI:
Eyes Closed Mediolateral Stability Index, SD: Standard deviation

Table 3: Comparison of the FIQ, VAS, and balance parameters of the groups after treatment

AEG (n=26) BPEG (n=25) P value
mean=SD mean=SD
FIQ 34.63+11.85 29.60+£12.77 0.152
VAS 4.54+1.83 4.28+1.92 0.626
EO-OSI 0.39+0.17 0.34+0.13 0.208
EO-APSI 0.31+£0.16 0.25+0.12 0.177
EO-MLSI 0.15+0.07 0.14+0.05 0.823
EC-OSI 0.85+0.53 0.80+0.33 0.692
EC-APSI 0.65+0.32 0.62+0.29 0.701
EC-MLSI 0.41+£0.43 0.35+0.19 0.537

AEG: Aerobic Exercise Group, BPEG: Balance-proprioception Exercise Group, FIQ: The Fibromyalgia Impact Questionnaire, VAS: Visual
Analogue Scale, EO-OSI: Eyes Open Overall Stability Index, EO-APSI: Eyes Open Anteroposterior Stability Index, EO-MLSI: Eyes Open
Mediolateral Stability Index, EC-OSI: Eyes Closed Overall Stability Index, EC-AP: Eyes Closed Anteroposterior Stability Index, EC-MLSI:
Eyes Closed Mediolateral Stability Index, SD: Standard deviation
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Table 4: Within-group comparison of changes in the FIQ, VAS, and balance scores

AEG (n=26) BPEG (n=25)
B.T. A.T. P value B.T. AT P value
mean=SD mean=SD mean=SD
FIQ 72.01+9.31 34.63+11.85 0.001 67.46+13.00 29.60+12.77 0.001
VAS 8.03+1.37 4.54+1.83 0.001 8.06+1.32 4.28+1.92 0.001
EO-OSI 0.43+0.14 0.39+0.17 0.350 0.44+0.14 0.34+0.13 0.008
EO-APSI 0.32+0.14 0.31+£0.16 0.711 0.32+0.12 0.25+0.12 0.043
EO-MLSI 0.21+0.10 0.15+0.07 0.019 0.23+0.12 0.14+0.05 0.002
EC-OSI 1.29+0.58 0.85+0.53 0.001 1.36+0.49 0.80+0.33 0.001
EC-APSI 0.97+0.51 0.65+0.32 0.001 0.95+0.49 0.62+0.29 0.002
EC-MLSI 0.63+0.34 0.41+£0.43 0.039 0.71+0.38 0.35+0.19 0.001

AEG: Aerobic Exercise Group, BPEG: Balance-Proprioception Exercise Group, B.T.: Before Treatment, A.T.: After Treatment, FIQ: The Fibro-
myalgia Impact Questionnaire, VAS: Visual Analogue Scale, EO-OSI: Eyes Open Overall Stability Index, EO-APSI: Eyes Open Anteroposte-
rior Stability Index, EO-MLSI: Eyes Open Mediolateral Stability Index, EC-OSI: Eyes Closed Overall Stability Index, EC-APSI: Eyes Closed
Anteroposterior Stability Index, EC-MLSI: Eyes Closed Mediolateral Stability Index, SD: standard deviation

DISCUSSION

AE and BPE programs were found to be effective in im-
proving the functional status, pain, and balance of pa-
tients with FMS in our study. However, it was shown that
there was no difference between the exercise programs
in terms of reducing pain and improving functionality.
Whilst the EO-OSI and EO-APSI balance parameters
improved in both groups, the improvement in the AEG
was not statistically significant. On the other hand, the
improvement was statistically significant in the BPEG.

The implementation of diverse exercise modalities, en-
compassing aerobics, stretching, strengthening, balance,
and flexibility has been observed to yield superior out-
comes in pain reduction, quality of life enhancement, and
functional status improvement among FMS patients, as
compared to exercise programs that do not incorporate
therapeutic exercises (29-34). This study indicated that
both AE and BPE statistically significantly improved the
pain and functional status of female patients with FMS.
However, we could not find any statistically significant dif-
ference between two exercise programs, consistent with
the findings of Demir-Go¢men et al. (35). In this context,
our findings emphasize the need for individuals with FMS
to participate in an exercise program that is appropriate
for them to live a pain-free life with high levels of function.

In a study conducted by Duruturk et al., it was shown
that the aerobic exercise program had no significant ef-
fect on balance parameters, whilst the balance exercise
program showed considerable improvements in two of
the eight parameters tested (balance on a pad with eyes
open and balance in head-up position with eyes closed)
(1). In this study, four balance parameters improved in
the AEG, whereas all the balance parameters improved

in the BPEG. This difference could be attributed to the
use of a different balance exercise program in this study
compared to Duruturk et al (1). An exercise program that
comprised both static and dynamic balance and proprio-
ceptive exercises was used in this study. Moreover, the
level of difficulty of the exercises was gradually increased
based on the performance of the individual. On the
other hand, Colledge et al. examined the relative con-
tributions of proprioceptive, visual, and vestibular com-
ponents of balance ability in different age groups. The
authors argued that the maintenance of balance across
all age groups is more dependent on proprioception
than vision (36). In this context, we believe that the pro-
prioception exercises performed in this study may have
additional contribution balance results. In addition, the
younger mean age of the patients in the groups could
play a role in the different balance outcomes achieved
as young people, by definition, have better physical per-
formance than the elderly in terms of muscle strength,
endurance, and reaction time (37). These factors may also
have a favorable impact on exercise program compliance
and gains, explaining why patients in our study showed
significant improvements in numerous parameters.

Eleven of the 62 patients dropped out of the study during
the treatment; 6 of them stated residing far away from the
treatment center as the reason. A recent study investigating
the effects of a Telerehabilitation-based aerobic exercise
program on pain intensity, mechanical pain sensitivity, and
psychological stress in patients with FMS noted significant
improvements, similar to previous face-to-face studies (38).
This method could be an appropriate solution for patients
with FMS to continue their exercise programs from home,
also considering the COVID-19 pandemic conditions, to
prevent loss of motivation and interruption of treatment.
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The strength of this study arises from the evaluation tech-
niques and equipment utilized for evaluation which were
regularly calibrated and had a high level of sensitivity and
reliability. Thus, we can confidently state that our study
findings are objective and valuable. Furthermore, regular
patient follow-up and the supervised implementation of
exercise programs in clinical settings provided appropri-
ate exercise performance and safety in terms of any ad-
verse effects.

The limitations of this study include the small number of
participants, the lack of a non-exercising control group,
and the inability to investigate the long-term effects of
exercise.

CONCLUSION

As the outcomes of the two exercise programs assessed
for their efficacy on FMS were similar, we believe both
exercise regimens can be recommended. Furthermore,
we assume that an exercise model tailored to an individ-
ual's preferences will be more practical and will help in
exercise program adherence over a long-term period. In
this context, we suggest that exercises should be incor-
porated into the treatment of FMS. As a matter of fact,
the balance proprioception exercises, apart from the AE
models that are often prescribed today, can also be a
preferable option.
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ABSTRACT

Objective: This study was designed to investigate the effect of
participation in sports on the functional capacity of a person with
an amputation.

Material and Method: The study included a sports group of 29
male football players with unilateral lower limb loss aged be-
tween 18-45 years and a control group of 11 sedentary persons
with an amputation. Body composition, postural stability, and
trunk muscle strength were measured with a skinfold, Biodex
Stability System, and dynamometer. A pulmonary function test
and cardiopulmonary exercise test were performed. Aerobic ca-
pacity was evaluated by cardiopulmonary exercise test using the
breath-by-breath method.

Result: Skinfold thickness measurements performed at the tri-
ceps, thigh, and calf regions were higher in the sports group
(p<0.05), whereas body fat percentage indicated no significant
difference among both groups (p>0.05). The sports group had
higher postural stability, trunk muscle strength, and endurance
(p<0.05). Predicted maximum voluntary ventilation (MVV%) and
peak expiratory flow (PEF%) values were significantly higher in
the sports group (p<0.05). The sports group had higher heart
rates corresponding to the anaerobic threshold (p<0.05). At
the same time, no significant difference was observed between
the two groups concerning resting and maximum heart rate
(p>0.05). The sports group had longer exercise times and higher
gas exchange values (p<0.05).

OzZET

Amag: Bu calisma, amputasyonu olan kisilerin spora katiliminin
fonksiyonel kapasiteleri Gzerindeki etkisini aragtirmak icin yapil-
mistir.

Gerec ve Yontem: Calismaya 18-45 yas arasi tek tarafli alt eks-
tremite kaybi olan 29 erkek futbolcudan olusan spor grubu ve
amputasyonu olan sedanter 11 kisiden olusan kontrol grubu da-
hil edildi. Vicut kompozisyonu, postural stabilite ve gévde kas
kuvveti sirasiyla skinfold, Biodex Stabilite Sistemi ve izokinetik
dinamometre ile dl¢tldi. Solunum fonksiyon testi ve kardiyopul-
moner egzersiz testi yapildi. Aerobik kapasite, breath-by-breath
(her nefeste) yontemi kullanilarak kardiyopulmoner egzersiz testi
ile degerlendirildi.

Bulgular: Triseps, uyluk ve baldir bélgelerinden yapilan deri
kivrim kalinhgr él¢timleri spor yapan grupta daha yiiksek bu-
lundu (p<0,05), viicut yag ylzdesi ise her iki grup arasinda an-
lamli bir fark géstermedi (p>0,05). Postural stabilite, gévde
kas kuvveti ve dayanikliligi spor yapan grupta anlamli olarak
ylksekti (p<0,05). Tahmin edilen maksimum istemli ventilas-
yon (%MVV) ve tepe ekspiratuar akis (%PEF) degerleri spor
yapan grupta anlamli olarak ylksekti (p<0,05). Anaerobik esi-
Je karsilik gelen kalp hizlari spor grubunda daha yiksek bulu-
nurken (p<0,05), istirahat ve maksimum kalp hizi acisindan iki
grup arasinda anlamli bir fark gézlemlenmedi (p>0,05). Spor
yapan grubun egzersiz slreleri ve gaz degisim degerleri daha
yuksekti (p<0,05).

*This study is based on the master thesis of the first author.

**The study was presented as an oral presentation at the 44" National Congress of Physiology in Turkey, held on November 1¢-4*, 2018.
***|n this study, 6 participants with upper extremity amputations included in the sports group were excluded to ensure homogeneity, and the results

were re-evaluated.
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Conclusion: Postural stability, trunk muscle strength, and physi-
cal condition were better in football players. These findings sug-
gest that performing regular physical activities positively affects
the development of physical performance in a person with an
amputation.

Keywords: Football, cardiopulmonary exercise test, muscle
strength, amputation

Sonug: Postural stabilite, gévde kas kuvveti ve fiziksel kondisyon
futbolcularda daha iyi seviyedeydi. Bu bulgular, ampUtasyonu
olan kisilerde duzenli fiziksel aktivite yapmanin fiziksel perfor-
mans gelisimi Uzerine olumlu etkileri oldugunu distindirmek-
tedir.

Anahtar Kelimeler: Futbol, kardiyopulmoner egzersiz testi, kas
glicli, amputasyon

INTRODUCTION

Amputation that disrupts the biomechanics of the mus-
culoskeletal system is a significant trauma leading to
physical, psychological, and occupational losses. It also
leads to decreased walking and running activities and in-
creased energy needs, difficulty in adapting to a prosthe-
sis, fatigue, atrophy in the stump, joint limitation, and loss
of physical ability, thereby leading to immobilization and,
as a result of complications, worsened general health
condition (1-4). In disabled individuals, physical and
sports activities improve public health, reduce the risk of
chronic diseases, prevent complications, and decrease
anxiety and depression (2, 5, 6). In addition, encouraging
disabled individuals to participate in such sports activi-
ties may also lead to reduced health expenditures (7).

Studies evaluating body composition, respiratory capac-
ity, and physical fitness level in healthy professional ath-
letes are frequently encountered in the literature (8, 9).
However, studies examining the effect of sports activities
on amputees’ lifestyles are limited. In most studies, indi-
rect measurement-field tests determine aerobic capacity
and physical condition (10-12). Although field tests pro-
vide information on individuals’ aerobic capacity, there is
aneed for evaluation with laboratory test methods, which
can provide more reliable results. In addition, although
many studies investigate the physical ability of healthy
sedentary individuals, there are only a limited number
of studies investigating the sedentary lifestyle caused by
amputation (2, 13).

Amputee football is becoming a growingly popular sport
in Turkiye and the world. Moreover, amputee football has
recently emerged as an exciting subject among sports
scientists. However, since there are a limited number of
studies on this subject, it is not easy to standardize the
data obtained due to the wide variation in the evaluation
methods used by these studies. A recent systematic re-
view showed that studies investigating amputee football
are scarce (14). Thus, there is a need for more research
on the characteristics of this sport, particularly in terms
of the physiological and anthropometric parameters of
the athletes (14). In this cross-sectional controlled study,
we aimed to investigate the effect of playing football
on body composition, postural stability, trunk muscle

strength, pulmonary functions, and aerobic capabilities
in individuals with unilateral lower limb loss.

MATERIAL and METHODS

Design and participants

This study included a sports group of 29 male football
players with unilateral lower limb loss aged between
years (recruited at Pendikspor Amputee Football Team)
and a control group of 11 sedentary peer individuals who
applied to a prosthetics unit at Istanbul. All the partici-
pants had unilateral lower limb loss and had adequate
cognitive and physical abilities to complete the tests in
the study. The inclusion criteria were playing football ac-
tively for at least one year for the sports group and not
regularly participating in any sport for at least six months
before the study for the control group. We excluded a
person with amputation with visual and cognitive defects
and chronic systemic diseases from the survey.

Procedures

We performed all the tests in two days between 09.00
and 11.00 AM. On the first day, we recorded the descrip-
tive and clinical characteristics of the participants and
measured body composition, postural stability, trunk
strength, and endurance. On the second day, we per-
formed pulmonary function tests (PFTs) and cardiopul-
monary exercise tests (CPET). Following data analysis,
the participants were informed about the results ob-
tained in the study.

Body mass index (BMI) was calculated as weight (kg)
divided by height (m) squared. Holtain skinfold caliper
(Cambridge Scientific Industries, Cambridge, MD, USA)
was used to determine body fat percentage. Skinfold
measurements were performed on the right side in a
standing position. In the participants with right limb loss,
measurements were obtained on the left side, and eight
values obtained from different regions were recorded.
Body fat percentage was measured using the Jackson
Pollock (J-P) method (15).

Biodex Balance System (Biodex, Inc, Shirley, New York)
platform was used to evaluate single-leg stance postural
stability. During the test, all the participants were bare-
foot and remained on one foot, with hands parallel to
the body and eyes open and fixed on the horizon. At the
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beginning of the trial, the participants were instructed to
maintain balance throughout the procedure. The same
procedure was repeated three times for the non-ampu-
tated limb, and each repetition lasted twenty seconds,
with a 10-second rest interval. Overall Stability Index
(OSI), Anterior-Posterior Stability Index (APSI), and Me-
dial-Lateral Stability Index (MLSI) were assessed for each
participant.

Isokinetic trunk flexion and extension strength were eval-
uated using a computerized isokinetic dynamometer (Cy-
bex Humac Norm 2, USA). Pads stabilize the lower limb
or limbs. A belt was used to secure the pelvis and limit
hip flexor muscles’ use. A shoulder harness and back-
rest provided anchorage to the moving upper section of
the apparatus. Strength was measured with a trunk flex-
ion-extension movement consisting of 5 repetitions at
60°/sec, and the endurance test was performed with 15
repetitions at 90°/sec. The interval (rest time) was 20 sec.
Peak torque for flexor and extensor muscles was mea-
sured under isokinetic conditions, and the muscle torque
was adjusted to body weight (BW).

The lung volumes, capacities, and flow velocities were
measured by spirometry (Spirobank). The slow vital ca-
pacity maneuver, forced vital capacity, and maximal vol-
untary ventilation were performed three times, and the
highest value was calculated for each. The highest values
of forced vital capacity (FVC), forced expiratory volume
in the first second (FEV,), forced expiratory ratio ([FEV1/
FVC] x100), predicted peak expiratory flow (%PEF), vital
capacity (VC), and predicted maximum voluntary ventila-
tion (%MVV) were recorded. These maneuvers were per-
formed in the sitting position with the nasal clip attached.

After obtaining resting electrocardiograms (ECG), car-
diopulmonary exercise tests were performed on a Quin-
ton 65 double-arm ergometry bicycle with a Q 5000 stress
test system (Quinton 5000, USA) using an Ergospirometry
system (Metalyzer 3B system, Metasoft 2.7 software, Cor-
tex, Germany) to measure cardiopulmonary parameters
including oxygen uptake and carbon dioxide output, us-
ing the breath-by-breath method with a two-way non-re-
breathing facemask (Series 7910-Hans Rudolph Inc, Kan-
sas City, Missouri, USA). After a 3-minute steady-state

Table 1: Demographic characteristics of the participants

workload at 25 watts, the workload was increased contin-
uously by 15 watts every 3 min. After reaching maximal
volitional fatigue, participants cycled for recovery every 3
minutes at 0 watts. Twelve-lead ECG and gas exchange
measurements were recorded continuously (Mason-Likar
type). The breath-by-breath gas exchange method mea-
sured ventilation, oxygen consumption, and carbon di-
oxide production, and data were averaged in 10 seconds
periods. A Peak Oxygen Consumption (VO, peak) was
calculated as the mean value of three measures of VO,
during the final 10 seconds of the exercise. Exercise du-
ration (min), peak, and resting heart rate were measured.
The anaerobic threshold value was calculated using the
V-Slope method.

G*Power Analysis program (http://www.gpower.hhu.de/)
was used to determine the sample size. According to the
data from the studies, the size of effect size was evaluated at
0.97. We concluded that we could obtain meaningful data
when we included a minimum of 24 participants in the eval-
uations, where we received a Type 1 error amount (a value)
of 0.05 and a Type Il error amount (B value) of 0.5 (12).

The protocol for this study was approved by the Ethics
Committee of Istanbul University (Date: 27.10.2017, No:
17) and performed following the principles of Declara-
tions of Helsinki. A written declaration of informed con-
sent was obtained from each participant.

Statistical analysis

Data were analyzed using SPSS ver.21.0 (IBM Corp. Ar-
monk, NY). Descriptive statistics were expressed as fre-
quencies (n) and percentages (%) for categorical vari-
ables and as mean, standard deviation (SD), and median
for continuous variables. Anthropometric parameters,
including postural stability, muscle strength, and aerobic
capacity, were compared between the two groups using
the Student's t-test. A p-value of <0.05 was considered
significant.

RESULTS

The two groups had similar demographic characteristics
(p>0.05) (Table 1). The amputation features of the par-
ticipants in both groups are presented in Table 2. Table

Parameters Control group (n=11) Sports group (n=29) P

Age (years) 30.4+8.57 30.3+6.07 0.97
Height (cm) 175+3.7 174+6.39 0.63
Weight (kg) 75+16 67.9£10.3 0.11
BMI (kg/m?) 24.36+5.1 22.38+3 0.81
Age at amputation (years) 12117 15.8+7.76 0.24

BMI: Body mass index
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3 shows the body composition of the participants. The
measurements performed at the triceps, femur, and calf
regions were significantly lower in the sports group com-
pared to the control group (p<0.05). No significant dif-
ference was found between the two groups concerning
body fat percentage (p>0.05) (Table 3). The OSI — APSI
values were lower in the sports group (p<0.05). The MLSI
value was significantly lower in the sports group com-
pared to the control group (p=0.01) (Table 3). It means
the sports group had better postural stability than the
control group. According to trunk muscle strength as-
sessment, the flexor and extensor muscle strength at 60°%/
sec angular velocity values were significantly higher in
the sports group compared to the control group (p<0.05)

Table 2: Amputation features of the participants

(Table 3). In addition, 60°/sec flexor and extensor peak
torque/%body weight values were significantly higher in
the sports group (p=0.01) (Table 3). The flexor and exten-
sor muscle endurance at 90°/sec angular velocity values
were significantly higher in the sports group (p<0.05),
and at 90°/sec, flexor and extensor peak torque/%body
weight values were higher in the sports group than the
control group (p=0.01) (Table 3).

In the respiratory capacity assessment, the %PEF and
%MWV values were significantly higher in the sports
group compared to the control group (p<0.05) (Table 4).
CPET results showed that the sports group had higher
heart rates corresponding to the anaerobic threshold,

Parameters Control group (n=11) Sports group (n=29)
Amputation level (n, %) Above knee 7 (63.6) 19 (65.5)
Below knee 4 (36.4) 10 (34.5)
Amputation Side (n, %) Right 5 (45.5) 13 (44.8)
Left 6 (54.5) 16 (55.2)
Cause of amputation (n, %) Congenital 1(9.09) 3(10.35)
Traumatic 10 (20.9) 23 (79.31)
Neoplasm 0 3(10.35)

Table 3: Comparison of body composition, balance, and trunk muscle strength parameter values between two

groups

Parameters Control group (n=11) Sports group (n=29) o]
Abdominal (mm) 23.57+12.05 18.98+10.03 0.28
Pectoral (mm) 11.15+6.66 8.05+4.66 0.18
Suprailiac (mm) 23.35+12.43 15.38+8.34 0.07
Biceps (mm) 7.71+£5.26 4.59+1.38 0.08
Triceps (mm) 12.85+4.52 8.02+3.21 0.006*
Subscapular (mm) 21.16x11.14 14.97+7.47 0.1
Femur (mm) 15.93+8.52 8.4+4.05 0.016*
Calf (mm) 8.78+3.24 4.59+2.44 0.001*
Body fat percentage (%) 15.16+7.82 10.47+5.25 0.09
OSI (%) 1.44+0.71 0.92+0.29 0.04*
APSI (°) 1.02+0.58 0.61+0.26 0.04*
MLSI (°) 0.95+0.45 0.55+0.22 0.01*
60°/sec FPT 224.55+62.85 276.45+56.74 0.02*
60°/sec FPT %BW 302.45+70.93 408.41+£72.95 0.001*
60°/sec EPT 184.27+53.73 228.35+49.97 0.035*
60°/sec EPT %BW 246.36+54.88 339.79+80.62 0.001*
90°/sec FPT 220.45+54.79 271.07+£53.27 0.02*
90°/sec FPT %BW 295.82+59.35 401.41+£71.34 0.001*
90°/sec EPT 163+51.26 204+55.2 0.046*
90°/sec EPT %BW 217.18+55.21 304.28+87.56 0.001*

Values are mean+SD, APSI: Anterior-Posterior Stability Index, MLSI: Medial-Lateral Stability Index, OSI: Overall Stability Index, FPT: Flexor

peak torque, EPT: Extensor peak torque, %BW: % Body weight, *Statistical significance (p<0.05)
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and this group exercised longer than the control group
(p<0.05). However, no significant difference was found
between the groups regarding resting and maximum
heart rate (p>0.05) was found. The mean ventilation
(anVE, VE peak), oxygen consumption (anVO,, VO, peak),
and carbon dioxide production (anCO,, CO, peak) values
were significantly higher in the sports group compared to
the control group (p=0.01) (Table 4).

DISCUSSION

In this study, the effect of football on amputees was mea-
sured with different physical fitness tests (body compo-
sition, postural stability, strength, pulmonary functions,
aerobic and anaerobic capacity), and the results were
compared with the values of sedentary amputees and
evaluated statistically. In the skinfold fat measurement
used to determine the body composition, the fat ratio
of the triceps region of the amputee football players
was lower. This may be due to the use of crutches during

training and matches. In addition, the fat ratios of the
thigh and calf regions were also found to be lower than
sedentary amputees. These regions show the positive
effect of football-specified activities on the body com-
position of amputee football players. When the body fat
percentage obtained by J-P method was compared, no
difference was found between the groups. The fact that
the fat ratios in the chest and abdomen regions were sim-
ilar in both groups may have caused this result. The J-P
method may not be a specific measurement method for
this amputee football players. However, when the litera-
ture is examined, the body fat ratio of amputee players is
similar to the results in our study (10, 12, 16).

Football-specific movements such as defending, running,
attacking, throwing, and dribbling are performed by pro-
viding postural stabilization. The ability to kick the ball and
perform different technical movements in football requires
a standing posture on one leg. In amputee football, while
the football players fix their bodies with forearm crutches,

Table 4: Comparison of respiratory function and cardiopulmonary exercise test parameters values between two

groups

Parameters Control group (n=11) Sports group (n=29) p
%FVC 89.64+16.08 91.26+12.28 0.77
%FEV, 95.18+13.33 97.47+£12.32 0.64
%FEV,/FVC 110.55+11.47 109.43+7.14 0.77
FEV %25-75 99.09+16.97 101.57+24.16 0.73
FEV %50 93.63£16.65 97.57+24.53 0.59
%PEF 76.55+11.04 88+15.82 0.021*
%MVV 88.64+13.70 107.00+15.88 0.002*
%IC 89.18+22.26 85.08+13.56 0.58
HR-rest (bpm) 78.27+8.91 80.22+14.85 0.64
HR-peak (bpm) 150.73+19.39 164.26+25.75 0.10
HR-AT (bpm) 108.27+12.7 133.52+19.22 0.001*
Exercise duration (sec) 273.09+136.76 483.86+180.79 0.001*
anVO, (L/min) 0.95+0.26 1.44+0.38 0.001*
anVO, (ml/kg/min) 14+3.66 21+6.33 0.001*
anVCQO, (L/min) 0.92+0.24 1.41+£0.41 0.001*
anVE 28.23+7.8 40.57+11.86 0.001*
VO,peak (L/min) 1.15+0.33 2.00+0.65 0.001*
VO,peak (ml/kg/dk) 17.36+3.88 29.65+9.49 0.001*
VCO,peak (L/min) 1.29+0.44 2.23+0.78 0.001*
VEpeak 41.38+15.3 66.34+21.46 0.001*

Values are presented as mean+SD, FVC: Forced vital capacity, FEV,:Forced expiratory volume in the first second, FEV: Forced expiratory
ratio, %PEF: Predicted peak expiratory flow, %6MVV: Predicted maximum voluntary ventilation, IC: Inspiratory capacity, HR: Heart rate, AT:
Anaerobic threshold, anVO,: Oxygen consumption at anaerobic threshold, anVCO,: Production of carbon dioxide at anaerobic threshold,
anVE: Ventilation amount at anaerobic threshold, VO,peak: Peak oxygen consumption, VCO,peak: Peak carbon dioxide production, VE-

peak: Peak ventilation amount, *Statistical significance (p<0.05)
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they interfere with the ball with their intact limbs. When
we examined the postural stability on one leg in our study,
it was observed that amputee football players’ general,
anterior-posterior, and medial-lateral stability index values
were lower than sedentary amputees.

Due to the displacement of the center of gravity in ampu-
tees, the balance is disturbed, and more energy is need-
ed to control the balance (2). It is known that amputees
need more power in daily life activities and depend on
using assistive devices (2, 4). This can result in amputees
getting tired more quickly, a lack of motivation during
mobility, and increased energy costs (2, 4, 5). Howev-
er, this study also shows that amputee football players’
physical condition values were higher than the control
group, indicating that participation in sports reduces the
disadvantages of amputation.

Buckley et al. compared static and dynamic balance val-
ues of six healthy and six amputee individuals and re-
ported that the balance values were worse in a person
with an amputation (17). The authors also noted that the
anterior-posterior balance control was worse than the
medial-lateral direction balance control in dynamic bal-
ance testing. In our study, amputated individuals could
not be compared with healthy individuals since there was
no healthy control group. However, in our study, ampu-
tee football players showed better postural stability than
sedentary amputees. Therefore, we can say that football
positively affects postural stability.

Trunk stabilization is explained according to the princi-
ple of proximal stability for distal mobility (18). Good
trunk stabilization is required for football-specific tech-
nical skills such as dribbling, passing, shooting, tackling,
and defending. Guchan et al. evaluated the strength and
endurance of back extensor and abdominal muscles in
amputated football players and sedentary amputee in-
dividuals (12). They reported that football players’ trunk
muscle strength (flexion, extension) and endurance im-
proved (12). In our study, the strength and endurance of
the trunk flexor and extensor muscles were evaluated
at 60°/sec and 90°/sec angular velocities. Moreover, we
found that amputee football players had higher trunk
muscle strength and endurance. According to these
data, we can say that football positively affects strength,
which is one of the physical fitness parameters.

The central nervous system, musculoskeletal system, and
cardiopulmonary system should coordinate to perform dif-
ferent movements in a 50-minute football match. Low and
high levels of effort can be completed by inhaling oxygen,
ensuring the passage of inhaled oxygen from the lungs to
the blood, transmitting oxygen through the blood, and
ultimately generating energy. Therefore, a pulmonary
function test is essential in determining physical fitness. In
this study, %FEV1, %FVC, %FEV1/FVC values were similar.

These results depend on many factors, such as respiratory
muscle strength, lung capacity, and airway resistance. The
fact that there was no significant difference in respiratory
muscle test results between amputee football players and
sedentary amputees suggests that respiratory functions
may be similar. However, further research may be needed
to determine the exact reasons for these results.

Vital capacitiy is another parameter that is evaluated in
football players. However, maximum voluntary ventilation
is the value to be considered (%MWV) (19). Vital capacity
can give misleading results because it is affected by fac-
tors such as body structure, body condition during mea-
surement, the strength of respiratory muscles, and lung
and chest wall ability to expand. Therefore, the %MVV
value should be examined. %MWV, 110-120 It/min in nor-
mal individuals, increases to 170-180 It/min in football
players (19). In our study, the %MVV value of the amputee
football players was 107 It/min. The shorter duration of
the match and the differences in the game characteris-
tics of amputee football may have caused the %$MVV val-
ue to be lower. However, in this study, amputee football
players’ %$MVV value was significantly higher than seden-
tary amputees. Considering this result, we can say that
football positively affects respiratory functions, one of
the physical fitness parameters. In addition, the present
study is the first to evaluate the respiratory functions of
amputee football players.

As stated in the study, the average resting and maximum
heart rate values were similar between amputee football
players and sedentary amputees. This is because resting
and maximum heart rates are typically determined by
genetic factors, training level, overall health, and related
exercise capacity (21). Therefore, even high-level athletes
like amputee football players may have similar maximum
heart rate values as sedentary amputees. However, more
research is needed to understand this relationship fully.
Anaerobic capacity is a metabolic pathway the body uses
to produce energy without oxygen. The pathway is used
during high-intensity exercise and is essential for short,
intense activities. High-performance athletes like ampu-
tee football players can increase their anaerobic capacity
by working out according to their training programs. This
can result in high anaerobic heart rate values than seden-
tary amputees. Our results support this pathway's effects.
The mean maximum heart rate run by the football players
corresponded to 85.69% of the targeted heart rate value.
A previous study that involved eight amputee players and
20 healthy individuals reported that the mean heart rate
of amputee players was 161 bpm in the cardiopulmonary
exercise test (double-arm ergometer bicycle test), which
corresponded to 86% of the targeted heart rate value
(20). These results are consistent with those of our study.

In our study, the peak oxygen value used by the mus-
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cles during the double-arm ergometer bicycle test was
determined by the Breath-by-Breath method. The mean
VO, peak value reached 29.65 ml/kg/min in the amputee
football players. Mikami et al. evaluated eight amputee
players using the Arm Ergometer Bicycle Test and Breath-
by-Breath method and reported a mean VO, peak value
of 30.3 ml/kg/min (20). This finding is similar to our study.
However, the VO, peak value during the double-arm er-
gometer bicycle test is approximately 70% of that in bi-
cycle ergometer exercise due to the smaller muscle mass
and the maximum achievable workload. Many studies
have shown that the cycling ergometer VO, peak val-
ue is approximately 89-95% of the value obtained with
treadmill exercise (21, 22). Therefore, measurement with
a double-arm ergometer bicycle may have resulted in a
lower VO, peak value.

The VO, level is an indicator of the use of oxygen by
the muscles during exercise. Considering that one of
the extremities of the athletes included in our study is
amputated, it is seen that a large muscle group that will
carry the most oxygen is removed from the body during
exercise. In addition, the VO, values found in these ath-
letes are inevitably below the expected values since the
blood circulation in the entire lower extremity does not
increase as much as in a test performed with treadmill
since the test in this study was performed with the arm
ergometer.

The high heart rate at the anaerobic threshold (HR-AT)
and oxygen consumption capacity (anVO,) of amputee
football players are indicators of improvement in aerobic
capacity. The high amount of oxygen used by the muscles
in amputee football players during the cardiopulmonary
exercise test is an essential indicator of the development
of aerobic capacity (26). Likewise, the significant increase
in the VO, peak values of football players supports this
finding. Moreover, our metabolic evaluation findings in-
dicated that the mean anVO, (L/min), anVO, (ml/kg/min),
anVCO, (L/min), anVCO, (ml/kg/min), VO, peak (L/min),
VO, peak (ml/kg/min), VCO, peak (L/min), and VCO, peak
(ml/kg/min) were also significantly higher in the amputee
football players. This notion supports the hypothesis that
performing sports activities positively affects the aerobic
conditions of amputated individuals.

In conclusion, the results indicated that playing football
positively affects body composition, postural stability,
muscle strength, pulmonary functions, and aerobic and
anaerobic capacity in amputee players. This is the first
study to compare sedentary amputees and amputee
football players in a laboratory environment. Our findings
indicated that physiological parameter variability would
guide health scientists studying this field. Further studies
are needed to substantiate our findings.

The limitation of this study is the small number of am-

putee athletes included since amputee football is a dis-
abled sport played with seven players in each team (six
outfield players and one goalkeeper). Outfield players
have lower-extremity amputations, and goalkeepers have
upper-extremity amputations. We could not include and
evaluate goalkeepers in this study, as we could not get
sedentary amputees with upper extremity amputation to
participate. Also, laboratory test that measure aerobic
and unaerobic capacity in goalkeepers are different from
outfield players (treadmill vs arm ergometer). For this rea-
son, the values obtained may be lower than expected.
We propose developing a cardiopulmonary exercise test
specifically for amputee football players.

CONCLUSION

This study proves that amputee football players have
significantly better physical conditions than sedentary
amputees. The findings suggest that participation in am-
putee football can positively impact the physical condi-
tion of amputees. Further research is needed to identify
strategies to encourage more amputees to participate
in football-specified activities. The study highlights the
importance of promoting football activities and training
programs for amputees to improve their health.
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ABSTRACT

Objective: This study aimed to investigate the needle penetra-
tion depth in ventrogluteal intramuscular injections in adults,
taking into account gender and body mass index (BMI).

Material and Method: This study was designed as correlational
research with a sample of 232 patients. The ventrogluteal intra-
muscular injection area was identified using V and G methods
and these points were examined under ultrasonography; the
subcutaneous tissue, M. gluteus medius, and M. gluteus mini-
mus thicknesses were defined by considering the gender and
BMI. Data analysis was performed using arithmetic mean, stan-
dard deviation, frequency, percentage, Independent Samples t
Test, and ANOVA.

Result: Needle penetration depth is between 20-48 mm in thin
women, 18-53 mm in normal weight women, 29-62 mm in over-
weight women, and 26-88 mm in obese women; 23-37 mm in
thin men, 18-41 mm in normal weight men, 25-50 mm in over-
weight men, and 17-82 mm in obese men. In addition, it was
determined that needle penetration depth was statistically dif-
ferent according to the BMI category for both women and men
(p<0.001) and also statistically different according to gender
(p<0.001).

Conclusion: Particularly in overweight and obese women, lon-
ger needles should be used. In addition, considering BMI, the
needle penetration depth in women should be greater than in
men. It was found that the range of needle penetration depths

&ZET

Amag: Bu calisma, yetiskinlerde ventrogluteal bélgeye intramis-
kiiler enjeksiyon sirasinda cinsiyete ve beden kitle indeksi (BKI)
dikkate alinarak igne penetrasyon derinligini belirlemek amaciy-
la yapildi.

Gereg ve Yéntem: iliski arayici tirde yapilan arastirmanin 6r-
neklemi 232 hastadan olustu. V ve G ydntemleri ile ventrog-
luteal intramuskiler enjeksiyon alani belirlendi ve bu noktalar
ultrasonografi altinda incelendi. Cinsiyet ve BKi dikkate alina-
rak deri alti doku, M. gluteus medius ve M. gluteus minimus
kalinliklar saptandi. Veri analizi, aritmetik ortalama, standart
sapma, frekans, ylzde, bagimsiz 6rneklem t testi ve ANOVA
kullanilarak yapildi.

Bulgular: igne penetrasyon derinligi zayif kadinlarda 20-48 mm,
normal kilolularda 18-53, kilolularda 29-62 mm, obezlerde 26-88
mm arasinda; zayif erkeklerde 23-37 mm, normal kilolularda 18-
41 mm, fazla kilolularda 25-50 mm, obezlerde 17-82 mm arasi
uzunlukta bulundu. Ayrica igne penetrasyon derinliginin BKi si-
niflamasina gére kadin ve erkeklerde istatistiksel olarak farkl ol-
dugu belirlendi (p<0,001) ve cinsiyete gore de istatistiksel olarak
farkliydi (p<0,001)

Sonug: Ozellikle kilolu ve obez kadinlarda daha uzun igneler
tercih edilmelidir ve BKI dikkate alinarak kadinlardaki igne pe-
netrasyon derinligi erkeklerden fazla olmalidir. Ayrica igne pe-
netrasyon derinligi araliginin genis oldugu gérilmektedir ve bu
nedenle IM enjeksiyon uygulamasinda, bireye 6zgt degerlendir-
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is wide and should therefore be assessed individually during IM
injection; adipose tissue thickness and muscle condition should
be assessed by palpating the area.

Keywords: Body mass index, gender, intramuscular injection,
ventrogluteal area, needle penetration depth

me yapilmali, yag dokusunun kalinligi ve kaslarin durumu bélge
palpe edilerek tanilanmalidir

Anahtar Kelimeler: Beden kitle indeksi, cinsiyet, kas ici enjeksi-
yon, ventrogluteal bolge, igne penetrasyonu

INTRODUCTION

Intramuscular (IM) injections involve many risks. Potential
complications include abscesses, necrosis, tissue irrita-
tion, muscle tissue fibrosis, bone injury, and sciatic nerve
damage. Of these, especially bone injury and injection
of the medication into the subcutaneous tissue can be
prevented by applying the needle to the correct loca-
tion during injection, and specifically, by penetration into
muscle (1-4).

For the drug to reach the gluteus medius muscle, all of
the injector needles must reach the fascia part of the
muscle. The interval to the gluteus medius muscle is
defined by two elements: the thickness of subcutane-
ous adipose directly beneath the injection area, and the
availability or tonus of the gluteus medius muscle (5-8).
The needle length for IM injection is selected based on
the patient’s muscle development, body weight, and in-
jection type (2).

Many needles that are available in healthcare environ-
ments are not long enough to reach muscle tissue, espe-
cially in women and obese individuals. Since most institu-
tions only have needles ranging from 3/8 to 1.5 inches in
length, nurses must seek alternate routes for medication,
especially when IM injections are ordered for obese and
women patients (9, 10).

The standard IM injection needle used in clinical prac-
tice (1.25 inches, 32 mm) reaches a penetration depth of
about 30 mm (6-7). Subcutaneous adipose tissue thicker
than 25 mm causes undesired drug accumulation, slow-
er drug absorption, reduced drug efficacy, and local
tissue damage (11). In IM injection, to effectively inject
into the muscle tissue without damaging the bone by
passing the subcutaneous tissue, the needle must have
a sufficient length and an internal diameter that can vary
depending on the type of drug. However, standard nee-
dles are sometimes unsuitable for injection into the glu-
teal muscle. Therefore, problems related to the issues
of needle length and the type and amount of fluid to
be injected IM should be adequately examined with ev-
idence-based studies (7-9). Kaya et al.’s study provided
a significant response to the questions regarding deter-
mining the area (3).

A needle of appropriate length should be chosen to al-
low the needle to penetrate the muscle during IM injec-
tion (1,3). The appropriate length can be determined ac-

cording to the gender and BMI of the individual (12-14).
Gender, body weight, and height affect muscle and sub-
cutaneous adipose distribution in the gluteal area (7,12).
This study was conducted to define needle penetration
depth (NPD) according to gender and body mass index
for IM injections in the ventrogluteal area of adults. The
research questions are as follows:

Does BMI affect NPD when IM injection is applied to the
ventrogluteal area?

Does gender affect NPD when applying IM injection to
the ventrogluteal area?

MATERIAL and METHODS

Study design

The study was conducted with a correlational design to
define the NPD according to gender and BMI during IM
injection in the ventrogluteal area in adults.

Study population

The population of the study consisted of patients hospi-
talized in a university hospital between September 2017
and June 2018. The sample consisted of 232 randomly
selected individuals.

Data collection tools and procedures

Patient information form: Data were collected by a pa-
tient information form consisting of 14 questions created
by reviewing the literature (1,3,6,12,13,15,16). This form,
developed by the researchers, consists of two parts. In
the first part, age, gender, height, weight, and BMI data
were questioned. In the second part, ventrogluteal area
data were examined under ultrasonography (presence
and location of M. gluteus medius and M. gluteus min-
imus in the area defined by the G and V methods, the
thickness of subcutaneous tissue in the designated area,
M. gluteus medius and M. gluteus minimus thickness,
etc.) were noted.

The individual who decided to be included in the study
was informed in written and verbal ways, their volun-
teering was confirmed, height-weight was measured,
and gender was recorded. The researcher determined
the ventrogluteal area by the V method described in
textbooks of nursing principles and marked the punc-
ture area with a dermograph as “V” (9,13). At the same
time, the ventrogluteal area was determined again by
the method specified in the literature and named the
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geometric method and this puncture area was marked
with a dermograph as “"G"(3,17). Another researcher
authorized to perform ultrasonography determined the
presence of M. gluteus medius and M. gluteus minimus,
subcutaneous (SC) tissue, M. gluteus medius, and M.
gluteus minimus thickness in the marked areas using ul-
trasonography. The distance between the skin and the
bone was determined by collecting SC tissue, M. glu-
teus medius, and M. gluteus minimus thickness in the
areas determined by the G and V methods. In IM injec-
tion, the needle tip is desired to come to the middle of
the muscle layer. Therefore, to determine the NPD, M.
gluteus medius and M. gluteus minimus thickness were
summed and divided into two, and SC tissue thickness
was added to this result.

It was carried out in incompliance with the principles out-
lined in the Declaration of Helsinki. Ethical approval was
obtained from the Istanbul University Istanbul Faculty
of Medicine Clinical Research Ethics Committee (Date:
22.04.2015, No: 870). Participants were aware of the aim
and advantages of the survey and their roles in the study.
The written and verbal permit was obtained from the par-
ticipants, denoting that they were aware of the pertinent
aspects of the study.

Data analysis

Data were analyzed in the Statistical Package for Social
Sciences Windows 22.0 program. Minimum, maximum
values, arithmetic mean, and standard deviation were
used for the evaluation of ordinal (continuous) data;
frequency and percentage calculations were used
to evaluate nominal (discontinuous) data. A Group
Kolmogorov-Smirnov Goodness of Fit Test was ap-
plied to analyze the obtained data’s normality. It was
determined that the distributions were normal, and a
t-test was used to determine the difference between
the mean of two groups in independent groups, and
one-way ANOVA methods were used to determine
the difference between the means of more than two
groups. Bonferroni method was applied for the Multi-
ple Comparisons in cases where there was a significant
difference. The level of significance for all analyses was
set at p<0.05.

RESULTS

The average age of the patients included in the study
was 35.02+£10.62 years (minimum=18, maximum=70),
58.2% were women and 41.8% were men. Among all
cases, it was determined that 23.3% were underweight,
31.9% were normal weight, 25.4% were overweight,
19.4% were obese, and the average BMI was 24.31+5.61
(minimum=15, maximum=41). BMI classes according
to gender are shown in Figure 1. Accordingly, 26.7% of
women were underweight, 31.9% were normal weight
according to height, 20.7% were overweight, and 20.7%

were obese, and the average BMI was 24.11 (SD=6.08,
minimum=15, maximum=41). Also, the situation for men
was 18.6% underweight, 32% normal weight, 32% (n=31)
overweight, and 17% obese, and the mean BMI was 24.58
(SD=4.91, minimum=17.90, maximum = 40).

Needle penetration depth, SC tissue, M. Gluteus medius,
M. Gluteus minimus, and total thickness values below the
injection puncture point determined according to the G
and V methods in women and men were examined ac-
cording to BMI (Tables 1,2,3 and 4).

In the G method, needle penetration depth was found
to be between 20.4-48.3 mm for under-weight women,
18.6-53.8 mm for normal-weight women, 29.7-62.5 mm
for overweight women, and 26.7-88.0 mm for obese
women. In addition, it was determined that NPD was sta-
tistically different according to BMI classes (p<0.001) and
this difference was because the mean value of depth of
the needle in under-weight and normal-weight women
was statistically significantly lower than in overweight and
obese women (Table 1). Similar results were obtained in
the V method (Table 2).

When the area was determined according to the G
method, needle penetration depth was found to be
between 23.0-37.5 mm for under-weight men, 18.9-41.5
mm for normal-weight, 25.7-50.4 mm for overweight,
and 17.5-82.3 mm for obese. In addition, it was deter-
mined that the needle length was statistically different
according to BMI classes (p<0.001). Multiple compari-
sons showed that the mean depth of needle value was
statistically lower in under-weight men than obese, and
in normal-weight men than in overweight and obese
men (Table 3). Similar results were obtained in the mea-
surements obtained by determining the area with the V
method (Table 4).

Table 5: Shows that the NPD was statistically different ac-
cording to gender in both methods (p<0.001.

O Men
B Women

Under-
weight

Over- Obese

weight

Normal
weight
Figure 1: Distribution of body mass index categories by
gender
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Table 1: Distribution of thickness values for SC tissue. M. gluteus medius. and M. gluteus minimus, and needle
penetration depth according to BMI categories of women in areas determined by G methods (n=135)

SC tissue MG medius MG minimus Total thickness
thickness thickness thickness
MeanxSD MeanxSD MeanxSD MeanxSD
Body mass index (%) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.)
. n
categories > MG medius+MG minimus
thickness/2
Meanz=SD
(Min.-Max.)
Under-weight (a) 36 (26.7) 12.8+3.9 17.9+5.6 20.2+7.2 50.8+11.8
4.5-17.5 8.1-28.1 9.2-335 32.1-79.1
Needle penetration depth* (w) 19.0+£4.7 31.8+7.4
11.8-30.8 20.4-48.3
Normal weight (b) 43 (31.9) 16.2+5.6 22.0£5.1 16.7+5.5 54.8+11.6
6.1-26.5 10.0-30.0 7.3-30.6 31.1-83.6
Needle penetration depth* (x) 19.3+4.2 35.5+8.1
11.0-29.8 18.6-53.8
Overweight (c) 28 (20.7) 23.6+£8.0 24.4+5.8 18.0+7.0 66.0+11.1
10.5-47.0 9.5-34.0 6.5-35.0 46.7-86.8
Needle penetration depth* (y) 21.2453 44.8+8.1
10.8-31.5 29.7-62.5
Obese (d) 28 (20.7)  26.0+12.5 23.4+8.4 19.9+6.1 69.3£16.7
10.2-59.0 9.0-39.9 9.4-32.0 41.2-117.0
Needle penetration depth* (z) 21.6+5.7 47 .6+13.6
14.5-33.6 26.7-88.0
ANOVA for tissue thicknesses F=20.897 F=7.002 F=2.451 F=15.228
p=0.000 p=0.000 p=0.066 p=0.000
a<c,d; b<c,d a<b,c,d a<c,d; b<c,d
ANOVA for needle penetration F=2.239 F=20.794
depth p=0.087 p=0.000

w<y,z; X<Y,z

BMI: Body Mass Index, SD: Standard deviation, Min: Minimum, Max: Maximum, a: Under-weight, w: Needle penetration depth for un-
der-weight, b: Normal weight, x: Needle penetration depth for normal weight, c: Overweight, y: Needle penetration depth for overweight,
d: Obese, z: Needle penetration depth for obese, *: Needle penetration depth is half of the total thickness of m.gluteus medius and m.glu-

teus minimus plus the sum of SC tissue thickness,**: Half the total thickness of m.gluteus medius and m.gluteus minimus

DISCUSSION

In the study, the IM injection puncture point in the ventro-
gluteal area was determined using the V and G methods,
and the thickness of the SC tissue, gluteus medius, and
gluteus minimus muscles in these areas were measured
using ultrasound. Furthermore, the distance from skin to
bone was calculated as part of the investigation. Under-
standing these distances is crucial, particularly to avoid
needle retention in the SC tissue and to prevent bone
injuries during IM injections (8).

In the literature, it is stated that the ventrogluteal area
is an area that can be used safely in place of the dor-

sogluteal area (13). The muscle tissue in the ventrogluteal
area is thicker than the dorsogluteal area, the subcutane-
ous adipose tissue is thinner. The thinner subcutaneous
adipose tissue in this area reduces the possibility of the
injection being made into the SC tissue by mistake. On
the other hand, there are no large nerves and blood ves-
sels in this area, but it is innervated with small nerves and
blood builds up through the arms of the blood vessels,
which prevents the occurrence of more serious injuries
(16). In addition, the ventrogluteal area is preferred be-
cause of the easy position to be given to the patient, and
it is easy to determine the ventrogluteal area since bone
protrusions can be easily felt by hand (2, 9, 13). Conse-
quently, the ventrogluteal area should be used instead
of the commonly-used dorsogluteal area. However, nurs-
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Table 2: Distribution of thickness values for SC tissue. M. gluteus medius. and M. gluteus minimus. and needle
penetration depth according to BMI categories of women in areas determined by V methods (n=135)

SC tissue MG medius MG minimus Total thickness
thickness thickness thickness
. Mean+SD Mean+SD Mean+SD Mean+SD
Body m?ss index n (%) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.)
categories
MG medius+MG minimus thickness/2
Mean=SD
(Min.-Max.)

Under-weight (a) 36 (26.7) 11.9+5.8 17.2+7.3 20.0+7.4 49.1+15.6

4.9-24.0 1.7-29.4 7.1-32.7 18.0-80.9
Needle penetration 18.6+£6.5** 30.5+£9.9
depth* (w) 4.4-30.2 13.6-50.7
Normal weight (b) 43 (31.9) 21.5+7.2 23.7+49 14.8+6.1 59.9+9.8

6.9-40.5 10.2-31.0 4.5-35.0 32.1-85.9
Needle penetration 19.2+£3.8** 40.7+7.7
depth* (x) 11.2-30.1 20.9-58.3
Overweight (c) 28 (20.7) 23.7+9.8 26.2+6.9 18.5+6.9 68.4+12.0

10.5-51.0 9.5-47.6 1.7-32.0 41.7-99.1
Needle penetration 22.4+5.2%* 46.1£9.7
depth* (y) 14.1-33.8 27.6-75.1
Obese (d) 28 (20.7) 29.8+13.4 25.4+10.1 19.9+7.9 75.1+€13.4

10.5-58.5 10.2-48.1 7.8-38.6 41.4-96.1
Needle penetration 22.7+7.9%* 52.4+10.8
depth* (z) 10.4-40.8 31.0-77.3
ANOVA for tissue F=21.557 F=10.779 F=4.712 F=24.905
thicknesses p=0.000 p=0.000 p=0.004 p=0.000

a<b,c,d; a<b,c,d b<a,d a<b,c,d; b<c,d

b<d

ANOVA for needle F=4.214 F=31.335
penetration depth p=0.007 p=0.000

w<z W<X,Y,Z; X<z

BMI: Body Mass Index, SD: Standard deviation, Min: Minimum, Max: Maximum, a: Under-weight, w: Needle penetration depth for un-
der-weight, b: Normal weight, x: Needle penetration depth for normal weight, c: Overweight, y: Needle penetration depth for overweight,

d: Obese, z: Needle penetration depth for obese, *: Needle penetr

ation depth is half of the total thickness of m.gluteus medius and m.glu-

teus minimus plus the sum of SC tissue thickness,**: Half the total thickness of m.gluteus medius and m.gluteus minimus

es prefer the dorsogluteal area more in clinical practice.
One of the reasons for this is that nurses have doubts
about whether there is muscle tissue in the ventrogluteal
area (12, 16).

Various tools and equipment are used in drug adminis-
tration by IM injection. There are different injectors and
needles. Each of these is designed to deliver a certain
volume of drugs to tissues with certain properties. Nurses
must decide on the tools and equipment to use consid-
ering the IM injection application area, the drug to be
given, etc. Standard injectors have a capacity of 2,5,10
ml. Standard injectors are available without needles or
with needles with a diameter of 18,21,22,23,25 numbers,
and 10.16-76.2 mm in length. Injector needles are individ-

ually packaged and available in various sizes and diam-
eters (2,6,7,9). In Turkiye, the inner diameter numbers of
the needles are 20,21,22,23,26, and needle lengths are %2
inch (12.5 mm), 1 inch corresponds to 25 mm, 1 % inch to
31.25mm, and 1 Y2 inch to 37.5 mm in length.

IM injection is usually applied to adults using 2 ml or 5 ml
syringes with a 25.4-50.8 mm length and medium width
(21-22 or 23 numbers in diameter) needle (9). Several
research groups studied the risk of short needles inad-
vertently interpenetrating the intramuscular level and
delivering the drug in the subcutaneous adipose tissue.
Overpenetration can cause pain and/or damage to the
bone or periosteum in the patient. It can also cause the
needle to detach from the syringe (8,9,19). This study
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Table 3: Distribution of thickness values for SC tissue. M. gluteus medius. and M. gluteus minimus. and needle
penetration depth according to BMI categories of men in areas determined by G methods (n=97)

SC tissue MG medius MG minimus Total thickness
thickness thickness thickness
Mean=SD Mean=SD Mean=SD Mean=SD
Body mass index (%) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.)
. n
categories > MG medius+MG minimus
thickness/2
Mean+SD
(Min.-Max.)
Under-weight (a) 18 (18.6) 8.2+4.0 22.8+8.1 24.3+4.4 55.3+9.9
’ 4.5-16.5 10.0-34.0 16.0-29.0 41.5-69.0
Needle penetration 23.6+4.9%* 31.8+5.8
depth* (w) 18.5-31.5 23.0-37.5
Normal weight (b) 31(32.0) 9.7+4.5 20.6+7.2 18.3+6.9 48.6+9.1
’ 3.3-20.5 7.0-36.7 9.0-40.0 33.0-74.0
Needle penetration 19.4+4.6%* 29.1£5.5
depth* (x) 9.3-32.5 18.9-41.5
Overweight (c) 31(32.0) 13.8+4.9 22.8+5.8 21.2+6.7 57.8+10.1
’ 7.5-29.8 9.0-33.1 9.4-40.0 37.5-83.7
Needle penetration 22.0+5.0** 35.8+6.2
depth* (y) 10.8-33.4 25.7-50.4
Obese (d) 17 (17.5) 19.5+12.5 21.3+7.5 21.1+7.6 61.8+17.4
10.0-62.2 2.9-30.9 2.0-32.0 25.0-102.3
Needle penetration 21.2+6.5%* 40.6+£13.7
depth* (z) 7.5-29.3 17.5-82.3
ANOVA for tissue F=11.026 F=0.668 F=3.276 F=5.962
thicknesses p=0.000 p=0.574 p=0.025 p=0.001
a<c,d; b,c<d; a>b b<c,d
ANOVA for needle F=2.700 F=9.256
penetration depth p=0.05 p=0.000
W>X w<z; x<y.z

BMI: Body Mass Index, SD: Standard deviation, Min.: Minimum, Max.: Maximum, a: Under-weight, w: Needle penetration depth for un-
der-weight, b: Normal weight, x: Needle penetration depth for normal weight, c: Overweight, y: Needle penetration depth for overweight,
d: Obese, z: Needle penetration depth for obese, *: Needle penetration depth is half of the total thickness of m.gluteus medius and m.glu-
teus minimus plus the sum of SC tissue thickness. **: Half the total thickness of m.gluteus medius and m.gluteus minimus

showed that while administering the IM injection to the
ventrogluteal area, standard needles could not even pass
SC tissue in overweight, obese women and men when
the area was determined according to the G and V meth-
ods. Consequently, long needles should be used for IM
injection, so the needle passes through the subcutane-
ous tissue, and reaches deep muscle tissue.

Body mass index and the amount of adipose tissue af-
fect the choice of needle size. For instance, a 76 mm
long needle is often required for an obese individual,
whereas a 13 mm-25 mm long needle is sufficient for an
underweight individual (3,9,13). Both BMI and gender
were found to be factors affecting SC tissue thickness
in this study. Ozen et al. in their study determined that

subcutaneous adipose tissue (SAT) thickness values are
important if IM drug injection is to be administered cor-
rectly. Unsuccessful IM injections may be seen even in
patients with appropriate SAT thicknesses (18). In ad-
dition, in the study by Nisbet, 12 out of 100 individu-
als included in the study were found to have SC tissue
thickness of more than 35 mm in the ventrogluteal area,
and it was determined that muscle tissue could not be
reached in these individuals when standard needles
were used (20). As a result, when IM injection is applied
to the ventrogluteal area, there is a risk that the needle
cannot reach the target muscle mass, and the most im-
portant factor causing this risk is BMI. Thus, when intra-
muscular injections are to be administered to M. gluteus
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Table 4: Distribution of thickness values for SC tissue. M. gluteus medius. and M. gluteus minimus. and needle

penetration depth according to BMI categories of men in areas determined by V methods (n=97)

SC Tissue MG Medius MG Minimus Total
Thickness Thickness Thickness Thickness
Mean=SD Mean=SD Mean=SD Meanx=SD
Body mass index (%) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.)
. n
categories ) MG medius+MG minimus
thickness/2
Mean+SD
(Min.-Max.)
Under-weight (a) 18 (18.6) 9.6+3.7 26.3+5.2 22.3%£3.3 58.3+8.6
7.0-17.0 18.0-32.5 17.5-27.5 47.5-68.0
Needle penetration depth* 24 3+3.7%* 33.9+5.5
(w) 20.3-29.8 27.3-40.8
Normal weight (b) 31(32.0) 10.7+4.9 20.9+7.5 16.8+£8.6 48.5+10.1
4.4-263 5.0-32.9 1.1-37.5 24.0-70.5
Needle penetration depth* 18.9+£5.0%* 29.6+6.2
(x) 7.0-32.3 16.0-45.3
Overweight (c) 31(32.0) 16.8+4.7 24.0+£8.5 19.1+£7.5 59.9+12.3
10.0-30.0 7.0-38.8 6.7-36.3 32.0-87.9
Needle penetration depth* 21.6+6.0** 38.4+7.1
(y) 9.8-33.6 22.0-54.4
Obese (d) 17 (17.5) 20.7+11.1 21.8+6.7 2047 .4 62.9+11.6
10.0-48.0 9.5-32.7 11.0-34.7 40.0-80.7
Needle penetration depth* 21.1£5.7*%* 41.8+9.8
(2) 11.0-30.4 28.5-63.0
ANOVA for tissue F=14.574 F=2.393 F=2.358 F=8.735
thicknesses p=0.000 p=0.073 p=0.077 p=0.000
a<c,d; b<c,d; b<a,c,d
ANOVA for needle F=4.172 F=13.448
penetration depth p=0.008 p=0.000
wW>X w<z; x<y,z

BMI: Body Mass Index, SD: Standard deviation, Min.: Minimum, Max.: Maximum, a: Under-weight, w: Needle penetration depth for un-
der-weight, b: Normal weight, x: Needle penetration depth for normal weight, c: Overweight, y: Needle penetration depth for overweight,
d: Obese, z: Needle penetration depth for obese*: Needle penetration depth is half of the total thickness of m.gluteus medius and m.glu-
teus minimus plus the sum of SC tissue thickness. **: Half the total thickness of m.gluteus medius and m.gluteus minimus

Table 5: Distribution of thickness values for SC tissue. M. gluteus medius. and M. gluteus minimus. and needle
penetration depth according to gender in areas determined by G and V methods

METHOD G METHOD V
Women Men Women Men
(n=135) (n=97) t p (n=135) (n=97) t* p
Mean+SD Mean=SD Mean+SD  Mean=SD

SC tissue thickness 18.8+£9.3 124+7.6 5598;0.000 21.1+11.0 14.2+7.4 5.722;0.000
MG medius thickness 21766 21.8+7.0 -0.159;0.874 22.8+80 23.1+7.5 -0.251; 0.802
MG minimus thickness 18.5+6.5 20.8+6.8 -2.586;0.01 18.0£7.3 19.2+7.5 -1.227; 0.221
Total thickness 59.1£14.7 55.1+£12.2 2.183;0.030 61.9+15.8 56.5+12.1 2.841; 0.005
Needle penetration depth 39.0+11.2 33.8+8.7 3.975;0.000 41.5%£12.2 35.3+84 4.568; 0.000

BMI: Body Mass Index, SD: Standard deviation, Min.: Minimum, Max.: Maximum, *: Independent Samples t Test
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medius and minimus, the length of the needle should
be chosen according to the patient’s BMI (2,7,9).

In this study, while administering the IM injection to the
ventrogluteal area, when the area was determined ac-
cording to the G, V methods, the SC tissue thickness of
the woman was higher than man. Subcutaneous tissue is
found below the layer of the dermis. Dermis and SC tis-
sue thickness can be estimated by BMI. The subcutane-
ous tissue thickness of women is more than that of men
across all BMI ranges (21). This finding was found to be
like other studies conducted (3,21). Finally, the sample
size is limited to this hospital; therefore, the generaliz-
ability of study findings to other settings may be limited.

This study showed that when administering IM injection
to the ventrogluteal area, standard needles should not
be used, and needle length should be decided accord-
ing to gender and BMI. But the longest of the needles
used for this purpose on the market is 2.5-3.75 cm. In
addition, clear guidelines should be prepared about the
gold standard technique for nurses (22). There are no
prescribed guidelines for choosing the correct needle
length based on an individual’s BMI and gender. Without
updated guidelines, IM injections will continue to be ad-
ministered inappropriately into muscles (23).

Limitations of the study

In the IM injection, the age and level of exercise of the
individual affect the depth of needle penetration. In this
study, NPD could not be analyzed according to age class-
es (the number of individuals over 65 is insufficient and
the maximum age is 70), since the individuals within the
scope of the study were generally adults (35.02+10.62
years, minimum=18, maximum=70). The effect of exer-
cise status on NPD could not be analyzed since measure-
ment tools were not applied to determine the exercise
status of the individuals within the scope of the study and
the general condition of the muscles.

CONCLUSION

This study showed that NPD should be different ac-
cording to BMI and gender. A needle length of 20-48
mm should be used in thin women, 18-53 mm in normal
weights, 29-62 mm in overweight, and 26-88 mm in obese
women. A needle length of 23-37 mm should be used
in thin men, 18-41 mm in normal weights, 25-50 mm in
overweight, and 17-82 mm in obese men.

Longer needles should be preferred especially in over-
weight and obese women, and NPD in women should be
greater than in men, taking into account BMI. In addition,
it is seen that the range of NPD is wide and therefore,
individual evaluation should be made while injecting IM,
the thickness of the adipose tissue and the condition of
the muscles should be diagnosed by palpating the area.
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ABSTRACT

The February 6, 2023, Kahramanmaras earthquakes were report-
ed as one of the biggest disasters in our country. The magnitude
of the natural events, the large-scale impact, and its man-made
aspect made this disaster a mass trauma that affected almost the
entire country. Survivors can experience many different psycho-
logical symptoms after disasters, and although Post-Traumatic
Stress Disorder (PTSD) is the most frequently reported one, all
psychiatric disorders, such as depression and anxiety, can be
seen. In addition to the individuals who experienced the earth-
quake, mental problems can be observed in rescue and health
workers who go to the region to help. Different methods such as
psychological first aid (PFA), psychotherapies, and drugs can be
applied from very early to the following months after the disas-
ter. Post-traumatic growth (PTG) can also develop as one of the
mechanisms for coping with great suffering in individuals and
communities after major traumas. This article will present the
psychological effects that develop after major disasters, espe-
cially earthquakes, the treatment approaches, and discuss PTG.

Keywords: Disaster, earthquake, mental health, post traumatic

stress disorder, psychological first aid

OZET

Alti Subat Kahramanmaras depremleri Glkemizdeki en biylk
afetlerden biri olmustur. Depremlerin siddeti, genis alana yayil-
masl ve insan kaynakli boyutunun da olmasi bu afeti neredeyse
tum Ulkeyi etkisi altina alan kitlesel bir travma haline getirmistir.
Afetlerden etkilenen bireyler olaydan sonra bir¢ok farkli psikolo-
jik belirti yasayabilmekte ve en sik bildirilen tani Travma Sonrasi
Stres Bozuklugu (TSSB) olmasina ragmen, depresyon ve anksi-
yete gibi bircok psikiyatrik bozukluk gérilebilmektedir. Afeti
yasayan bireylerin yani sira bdlgeye yardim icin giden kurtarma
ve saglik calisanlarinda da ruhsal sorunlar gézlemlenebilir. Psi-
kolojik ilk yardim (PIY), psikoterapiler, ilaglar gibi farkli yéntemler
afetin cok erken déneminden itibaren sonraki aylara kadar uygu-
lanabilir. Travma sonrasi blyime (TSB), blyUk travmalardan son-
ra bireylerde ve topluluklarda buyik acilarla basa ¢ikma meka-
nizmalarindan biri olarak gelisebilir. Bu makalede, basta deprem
olmak Uzere blyUk afetler sonrasinda gelisen psikolojik etkiler ile
tedavi yaklagimlari sunulacak ve TSB anlatilacaktir.
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stres bozuklugu, psikolojik ilk yardim
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GENIS OZET

Altr Subat 2023 tarihinde birka¢ saat arayla meydana gelen 7.7 ve 7.6 siddetinde merkezi Kahramanmaras olan depremler, 11 sehri
dogrudan etkileyerek ve en son agiklanan resmi sayiya gore 50 binden fazla insanin 6lim nedeniyle tlkemiz tarihinin en buyik afetle-
rden biri olmustur. Depremlerin siddeti, genis alana yayilmasi, blylk sayidaki 6lim ve yaralanmalar, ortaya ¢ikan gtvenlik sorunlari,
insanlarin basta evlerini ve islerini olmak Uzere sahip olduklari codu seyi kaybetmeleri nedeniyle zorunlu géce yol agmasi ve insan
kaynakli boyutunun da olmasi bu afeti neredeyse tim Ulkeyi etkisi altina alan kitlesel bir travma haline getirmistir.

Afetlerden etkilenen bireylerde bircok farkli psikolojik belirti gelisebilir. Olaydan sonraki erken dénemde gérilebilen bircok belirti
anormal bir olaya verilen normal tepkiler kapsaminda degerlendirilir ve ilk zamanlarda bircok belirti yogun dizeyde yasanabilirken
streg icerisinde bunlarin cogunun azalarak sonlandigi gorilir. Ancak arastirmalar, afetler sonrasi toplumda %10-30 arasinda tani konu-
lacak duzeyde psikiyatrik bozuklugun gelistigini bildirmektedir. En sik bildirilen ve Gzerinde en ¢ok calismanin yapildigi bozukluk
Travma Sonrasi Stres Bozuklugu (TSSB) olmasina ragmen, depresyon ve anksiyete gibi bir¢ok psikiyatrik bozukluk gérilebilecegi de
unutulmamalidir. TSSB'nin dért belirti kiimesi vardir; yeniden yasantilama, uyarilmislik hali, kaginma ve bilissel- duygusal sorunlar. TSSB
olaydan haftalar ya da aylar sonra da gelisebilir.

Afeti yasayan bireylerin yani sira bélgeye yardim icin giden arama- kurtarma ekipleri, saglik calisanlari, sosyal hizmet uzmanlari ve
gonullilerde de ruhsal sorunlar goézlemlenebilir. Bunlardan ilki travmatik yasantilari deneyimleyen kisilerden ya da cesitli kaynaklar-
dan duyma ve 6grenme gibi dolayli yoldan etkilenme olarak tanimlan ve belirtileri TSSB ile &rtisen ikincil travmatik strestir. ikincil
travmatik stresin beklenen bir sonucu olan, yogun ruhsal ve fiziksel yorgunlugun giderek yol actigi empati kurma becerisinde bozulma,
merhamet yorgunlugu olarak tanimlanir. Merhamet yorgunugu yasayanlarda bircok bedensel, zihinsel, duygusal ve davranigsal sorun
g6rilebilir ancak en énemli dzelliklerinden biri, tikenmislik hissidir. Maslach, duygusal tikenmislik hissi, ilgilendigi ise ve bireylere
yonelik duyarsizlasma ve kisisel basar duygusunun azalmasi ile ortaya ¢ikan psikolojik tabloyu tikenmislik sendromu olarak tanim-
lamistir. Belirtiler, baslangicta algilanamayabilir ancak zaman icinde giderek siddetlenir.

Afetlerden sonra bireylerin ruhsal gereksinimlerine yonelik hem erken dénemde hem de ilerleyen zamanlarda uygulanabilecek cesitli
girigsimler vardir. Bunlardan ilki, olaydan dakikalar sonrasinda dahi baslanabilecek ve ruh sagligi alaninda uzmanlik egitimi gerektir-
meden de uygulanabilecek bazi basit prensipler tizerine kurulu olan Psikolojik ilk Yardimdir (PiY). PiY prensiplerine makalenin icinde
genis kapsamda deginilmistir. Erken dénem sonrasi, ruhsal belirtilerin devam ettigi ya da siddetlendigi olgularda Travmaya Duyarli
Farkindalik, Gz Hareketleri ile Duyarsizlastirma ve Yeniden isleme, Biligsel Davranisci Terapi gibi psikoterapi yontemleri uygulanabilir.
Makalede TSSB basta olmak Uzere afetle iliskili ruhsal sorunlarda bagvurulabilecek psikoterapétik uygulamalara detayli yer verilmistir.
Her ne kadar ilk tedavi yaklagimi olmasa da, belirtilerin ilk bir aydan sonra da bireyin yasaminin bircok alanindaki islevselligini bozacak
dizeyde strdigu, major depresif bozukluk ya da alkol- madde kullanim bozuklugu gibi komorbiditelerin gelistigi bireylerde psiko-
farmakolojik tedavilerin de baslanmasi gerekebilir. TSSB tedavisinde etkinligi blylk oranda kabul edilen ajanlar Sertralin, Paroksetin,
Fluoksetin ve Venlafaksindir. Ek olarak farkli nérotransmisyon mekanizmalar Gzerinden etkinligi g&sterilen ancak halen yiksek kanit
dlzeyine ulagmayan cesitli ajanlar da olgu bazinda degerlendirme yapilarak kullaniimaktadir. Makalede ¢esitli psikofarmakolojik ajan-
larin kullanim ilkelerine deginilmistir.

Son 25 yilda yapilan arastirmalar, afetlerden ve travmatik olaylardan kurtulan bireylerin cogunun bu zor deneyimlerden olumlu degisik-
liklerle ¢iktigini belirten travma sonrasi biyime (TSB) kavramini ortaya ¢ikarmistir. Olumlu degisimler arasinda sosyal iligkilerin olumlu
yonde gelismesi, yasami daha fazla takdir etme, yagsam icin stikran duyma ve daha derin manevi anlamadan séz edilebilir. Afetler, bi-
reylerin dinyanin iyi bir yer oldugu ve iyi insanlarin basina iyi seylerin gelecegine dair inanglarini sorgulamasina neden olan olaylardir.
Aniden gelerek biyik bir yikima yol acan olaylar, hayatin kontrol edilebilirligi, dngérilebilirligi ve dinyanin givenirligini sarsarak
bireylerin kendilerini savunmasiz hissetmelerine yol acar. Ancak hayatta kalan kisiler icin, hi¢ beklemedikleri bu felaket sonrasinda,
dnceden alisik olduklar yasam kosullar olmadan da hayata devam ettiklerinin farkina varmak &z yeterliklerini ve kisisel glglerini art-
tirabilir. Manevi baglarinin gliglenmesi, yeni yasam amaclarinin yaratilmasi, ailelerin ve topluluklarin bir araya gelmesi, sosyal degerlerin
gelismesi, baskalariyla baglanti kurma gibi yeni kazanimlar elde edebilirler. Umut her zaman vardir...
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INTRODUCTION

The earthquakes with a magnitude of 7.7 and 7.6 Richter
in Kahramanmaras, dated February 6, 2023, directly af-
fected 11 cities and was recorded as one of the most sig-
nificant traumatic events in the history of our country. The
number of people who lost their lives was announced
as 50,096 and the number of injured people as 107,204
(1). Natural disasters are events that occur suddenly and
have large-scale effects resulting from the earth’s natural
geological or climatic processes. In addition to experi-
encing the moment of disaster, being in the wreckage,
experiences during the rescue, death, injuries, disabili-
ties, witnessed destruction, delay or inadequacy of as-
sistance, security weakness, interruption or complete
disappearance of social networks, especially regarding
basic needs and health needs. Natural disasters due to
resource depletion, loss of housing, and workplace trau-
matize individuals and groups (2).

Among natural disasters, earthquakes are described as
the disasters that threaten life the most and cause the
most forced migration due to their uncontrollability, de-
structiveness, the uncertainty of the future, and the feel-
ing of insecurity (3). In addition to the “natural” nature of
disasters, there is also a “man-made” dimension. Among
the reasons are the facts that the houses were built un-
stably against the scientifically expected earthquakes,
unpreparedness, organizational problems experienced
during the response and aid process, the negative atti-
tudes of the administrators in the process following the
disaster, the number of experts working on disasters and
their inadequate knowledge and skills. It is known that
human-made traumas cause various psychological re-
actions that deeply shake the individual's sense of trust
and justice (4). Due to their terrifying and devastating di-
mensions, the February 6 Kahramanmaras earthquakes
constitute a massive trauma with a huge psychological
impact (4).

In this article, although the recent earthquake disaster
that our country has experienced is at the focus, the
mental problems that individuals may experience after
natural disasters and the solution approaches in terms of
psychological-psychiatric aspects will be discussed. We
expect our article to guide readers to understand the
mental states that can be observed after disasters and
take appropriate approaches.

Psychological reactions to trauma

Trauma is defined as an event that involves "actual or
threatened death, serious injury or an equivalent threat,
or extreme helplessness, fear, and terror.” It includes vi-
carious experiences in the definition of traumatic events.
Not only the person who directly experienced the event
but also the people who witnessed the event, loved ones
who experienced the disaster, and those who were in the

environment immediately after the event due to their du-
ties are affected by the events (5).

The February 6, 2023, Kahramanmaras earthquakes are a
trauma that affects almost the whole country, considering
those who lived through the disaster at that time, had a
relative in the region, went to the area to help, and wit-
nessed all these events (4). Natural disasters may threaten
individuals’ and communities’ psychosocial well-being in
many ways and result in many short and long term con-
sequences (2). In the early post-disaster period, psycho-
logical symptoms should often be considered a normal
reaction to an abnormal event (6). Individuals may feel very
intense negative emotions such as depression and anxiety,
may experience physical symptoms such as palpitations,
breathing difficulties, sleep disturbances, may experience
as if they are reliving the event, startling easily, alertness,
dullness, and an inability to focus. Although these psycho-
logical symptoms are common at first, they are expected
to decrease spontaneously in most people over time (4).

Psychiatric symptoms and diseases that occur after di-
sasters vary according to age, gender, marital status, loss
of life and property after the disaster, old health prob-
lems, and the economic conditions of the country (7,8).
In population-based studies, the rate of those develop-
ing any psychiatric disorder in disasters is between 10-
30%. Post-Traumatic Stress Disorder (PTSD), on the other
hand, is the most frequently observed mental disorder,
together with natural disasters (2,10). In a study conduct-
ed 4-12 months after the 1999 Marmara Earthquake, the
incidence of PTSD was found to be 25% (11).

According to The Diagnostic and Statistical Manual of
Mental Disorders-5, PTSD includes four clusters of symp-
toms: re-experiencing, i.e., recurrent memories, night-
mares, dissociative reactions; alterations in arousal such
as aggressive, reckless or self-destructive behavior, sleep
problems, hypervigilance; avoidance from distressing
memories, thoughts, or reminders of the event; cognitive
and mood alternations, i.e., persistent negative beliefs,
distorted blame, or trauma-related emotions; feelings
of alienation and diminished interest in life (1). PTSD can
occur weeks or months after the traumatic event and last
for years. Studies show that high education level, loss
or serious injury of a close person in the event, forced
displacement, a history of trauma experience before the
traumatic event, and mental disorders are factors that in-
crease the risk of PTSD (12). In addition, the extent of the
person’s perception of control over the onset, duration,
and end of the traumatic event has an important place
in the emergence of PTSD symptoms. Foa et al. report-
ed higher PTSD symptoms in the earthquake experience
with less sense of control (13).

Although most studies focused on PTSD, it should be
kept in mind that the rates of other psychiatric diseas-
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es, such as generalized anxiety disorder (GAD) and ma-
jor depressive disorder (MDD), increase in individuals
after disasters. It should be kept in mind that almost all
diseases and symptoms known in psychiatry can be en-
countered (8,14). When a mental disorder develops after
traumatic events, it is expected that the symptoms tend
to decrease over time. If, after a few months, there are
still symptoms that meet the criteria for the diagnosis of a
mental disorder, it is unlikely that the symptoms will less-
en spontaneously, and treatment should be started (4).
Early diagnosis and intervention in psychiatric diseases
will also change the course of the disease (7).

What helpers may experience

Many occupational groups as healthcare professionals,
social workers, disaster relief and recovery workers, etc.,
are at increased risk of exposure to traumatic events in
the areas of disasters. After the earthquakes, the treat-
ment of the injured started primarily in the health institu-
tions in the affected regions, and most of the cases were
transferred to the surrounding provinces to ensure conti-
nuity of treatment. Many physicians from our country ap-
plied to participate in working activities voluntarily, and
they were assigned to the necessary health institutions in
the earthquake region. The management of our institu-
tion, the Istanbul University Istanbul Faculty of Medicine,
created a coordination network shortly after the earth-
quake and sent its employees, who had received UMKE
(National Medical Rescue Team) training, and then vol-
unteers to various cities in the region at regular intervals.

In times of major disasters, the healthcare workload in-
creases while the number of operational healthcare per-
sonnel decreases. Beyond the physical fatigue of rescue
and health workers, the compelling conditions of the
patients and their relatives can also affect them within
the scope of secondary traumatization. When someone
is indirectly exposed to a traumatic event by getting in-
formed or hearing about it, secondary traumatic stress
(STS) develops (15,16). In other words, secondary trauma
occurs when an individual is indirectly exposed to trau-
ma. Since healthcare professionals frequently contact
traumatized people, STS is ubiquitous among them. STS
symptoms can include reliving the trauma, avoiding re-
minders of the experience, and having higher arousal
(17). These symptoms are similar to those of PTSD.

Understanding other people’s suffering and being willing
to work with them to find a solution are two characteristics
of compassion (18). As a consequence of STS, psycholog-
ical and physical exhaustion may decrease one'’s capaci-
ty for empathy, which is called compassion fatigue (CF).
Signs and symptoms of CF are grouped into emotional,
psychological, and physical aspects such as detachment,
despair, or apathy; excessive consideration and worrying
about other people’s suffering; blaming oneself or oth-

ers for not doing enough to help or prevent the trauma;
irritability or anger; problems falling asleep, changes in
appetite, stomach ache, nausea, and dizziness (19).

Burnout is a psychological syndrome emerging as a pro-
longed response to chronic interpersonal stressors on
the job. Maslach describes burnout as a psychological
syndrome of emotional exhaustion, depersonalization,
and reduced personal accomplishment, which can occur
among individuals who work with others in some capac-
ity (20). Emotional exhaustion refers to feeling emotion-
ally overextended and depleted of one’s emotional re-
sources. Depersonalization refers to a negative, callous,
or excessively detached response to other people who
usually receive one’s service or care. Reduced personal
accomplishment refers to a decline in one’s feelings of
competence and achievement in one’s work (20). Burnout
happens in employees who experience significant levels
of occupational frustration, and it is more common in
occupations requiring long working hours and frequent
human interactions (21).

Burnout and compassion fatigue have certain similarities,
but they also differ significantly. Burnout is a term used
to describe a condition of exhaustion that results in low
motivation and little enthusiasm for one’s job. Contrari-
ly, compassion fatigue is a specific kind of burnout that
describes the unfavorable feelings and loss of empathy
people experience after being exposed to the trauma,
pain, and suffering of others. Compassion fatigue is
most common in professionals who deal with people
daily, such as physicians, nurses, psychotherapists, social
workers, and teachers. Although the symptoms of burn-
out and compassion fatigue are similar, their underlying
causes differ. In contrast to burnout, which is brought on
by the workplace and is more closely related to the insti-
tutions than the patients, compassion fatigue develops
due to the caring nature of helping professionals (22).

Psychological interventions in disasters

In the first moments of disasters, individuals mainly focus
on sheltering, nutrition, and the basic medical care needs
of people who are affected. Situations that may pose a
risk in terms of mental health, such as losses, adaptation
to the new environment, and stress, usually remain in sec-
ond place (23). The psychological needs of people affect-
ed by disasters may become more evident over time, so
psychosocial intervention methods are used to protect
individuals’ mental health and prevent the emergence
of psychopathological conditions (23). The main goals of
psychosocial interventions are to instill a sense of secu-
rity, calm, reinforce the sense of self-efficacy and social
competence, nurture the sense of connectedness, and
increase hope (24).

Studies emphasize that structured psychotherapies are
not suitable immediately after disasters and suggest im-
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plementing particular psychosocial interventions in the
first week, the first month, 1-3 months, and three months
after the disaster (25).

Commonly used post-disaster interventions are:

Psychological first aid (PFA)

e  Trauma-sensitive mindfulness

e Eye movement desensitization and reprocessing

(EMDR)

e Trauma-focused cognitive behavioral therapy (CBT)

In the first week after the disaster, interventions for PFA,
psychoeducation for coping with the effects of disasters,
and social support are preferred. It may be more appro-
priate to perform EMDR in the first month and after the
disaster and structured psychotherapies such as CBT
within the first three months after the disaster for people
with PTSD (26).

Psychological first aid

Psychological first aid, the basic approach recommend-
ed recently after disasters, effectively prevents long-
term problems at the center of the event (23). As an ev-
idence-based approach, PFA is a supportive, practical,
and humane intervention offered to individuals suffering,
experiencing intense stress, and needing support (27).
PFA aims to establish a non-coercive relationship with
individuals affected by disasters, to reduce the stress
caused by disasters with a compassionate approach,
and to improve individuals’ coping and adaptation skills
in the short and long term (27). PFA is not a psychiatric
treatment method, and it can be applied not only in the
clinical setting but also in settings such as the epicenter,
camps, homes, schools, and workplaces by people who
have PFA training (23, 28). There is no strict time limit for
PFA intervention since the effects of the disaster may last
for days, weeks, or months, depending on the duration,
type, and meeting the needs of individuals (28). Brymer
et al. grouped PFA in eight steps and these are present-
ed in detail in Table.1 (27).

In addition to its positive effects on disaster-affected in-
dividuals, PFA positively impacts the rescue team, health-
care staff, and volunteers working in the epicenter (29).
PFA training of emergency response teams and volun-
teers facilitates their ability to address their needs in the
post-disaster period (30). For these reasons, PFA, which
can be learned and applied quickly, should be given to
all health workers.

Trauma-Sensitive mindfulness

Mindfulness can be a protective factor that can reduce the
combined effects of traumatic or challenging experienc-
es and stress. The first goal of mindfulness programs is to
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develop the ability to recognize and express emotions,
especially through the body. Another aim is to create
the ability of people to recognize the threat and impulse
system in terms of stress and to switch to the soothing
system when they realize these. Some approaches have
integrated mindfulness into the basic steps of PFA, as
well as psychoeducation and relaxation exercises (31).
Hechanova et al. practiced mindfulness-based PFA and
reported that mindfulness is beneficial both as a calming
activity at the first moment and as a tool to help them
manage their stress reactions in the future (32).

In mindfulness practices, itis also important for individuals
to display a non-judgmental, compassionate approach to
themselves. In recent years, the “Trauma-Sensitive Mind-
fulness” program has been developed by Treleaven,
noting that forcing oneself to focus carefully on a partic-
ular stimulus may not always help people who have ex-
perienced trauma (33). The importance of staying in the
"Tolerance Range” is emphasized in the trauma-sensitive
mindfulness approach. The tolerance range is an internal
support area and a starting point for all trauma-sensitive
interventions. Individuals in the tolerance range are more
likely to feel balanced, in the present time, and regulat-
ed. The way to support an individual to stay within the
tolerance range is to refocus attention (33). For example,
if focusing on the breath bothers the person, she/he can
be directed to focus on a neutral object.

Eye movement desensitization and reprocessing

Developed by Francine Shapiro, EMDR is a therapy tech-
nique that combines various aspects of many therapy ap-
proaches, such as psychodynamic, cognitive-behavioral,
and existential (34, 35). The main purpose of EMDR is to
desensitize the participant regarding the negative event
by using eye movements, to process the memories nor-
mally and to eliminate the pathology in this way (35). In
EMDR, the focus is on gestures or tapping when talking
about the traumatic event. Focusing on hand movements
or sounds when discussing the traumatic event can help
change the response to trauma memories over time. In
addition, the patient is instructed with skills to help re-
lax and cope with emotional distress (35). Many studies
support using EMDR for trauma treatment after natural
disasters. For example, after a single session of EMDR
applied to the victims of Hurricane Andrews, a 60% recov-
ery was reported (36). EMDR was used on 18 participants
with PTSD who survived the Hanshin-Awaji earthquake,
and it was reported that PTSD symptoms decreased and
that recovery was maintained at a rate of 80% during the
follow-up period despite “aftershocks” (37). While work-
ing with participants diagnosed with PTSD after the 1999
Marmara earthquake, Konuk et al. reported that after two
sessions of EMDR, trauma symptoms decreased, and in-
dividuals preserved recovery for six months (38). Mukba,
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Table 1: Eight steps of psychological first aid (27)

1. Commitment and
contact:

2. Safety and comfort:

3. Stabilization:

4. Information gathering:

5. Practical help:

6. Connecting with social
support:

7. Giving information
about coping skills:

8. Linking with other
services:

At this stage, the aim is to initiate communication with people who have experienced a
traumatic event in non-intrusive, compassionate, and helpful ways. To establish a rela-
tionship based on trust and respect, the first step for the PFA practitioner is to introduce
himself by saying her/his name, state via which institution she/ he is there, and for what
purpose she/ he is conducting the interview. In the first interaction occurring in the
acute period, it is essential at this stage to identify and meet basic needs, such as asking
about the health status of the individuals, water, blankets, etc.

At this stage, the PFA practitioner takes measures related to life safety, such as taking
the affected people to a safe place, removing them from hazards and risky areas at the
disaster/incident site, and gathering them in secure locations. In addition, interventions
to meet the security needs of the affected people and provide relief by eliminating their
concerns should also be evaluated.

Symptoms such as shock, extreme fear, panic or freezing reactions, forgetfulness,
distraction, startle and alertness, etc., which can be seen especially in the first 24 hours
after the disaster, may require intervention. For this reason, stabilization techniques are
used to return individuals to a psychologically stable state and to help them achieve
emotional calm and balance. One of the important applications used for stabilization
is the grounding technique. As an example of grounding, first, the individual takes a
few breaths, then says the names of the five non-irritating/neutral objects around, then
breathes again, then tells the five sounds that are heard and are not disturbing to the
person, then breathes again. She/ he is asked to notice five bodily sensations that do
not cause discomfort.

It is necessary to understand people’s physical or psychological needs after the event
and to plan the most appropriate support for them. For this purpose, observation, inter-
views with individuals, and/or using needs analysis forms may be helpful.

In light of what is determined during the information acquisition phase, an attempt is
made to meet the needs of individuals. It is a more appropriate approach to take action
regarding the basic and urgent needs first and to make a plan for meeting the needs
that are less urgent and important.

Promoting social connections as soon as possible and helping individuals develop and
maintain them is especially important in disaster situations. Being associated with others
increases the likelihood of giving and receiving support. For this reason, PFA practi-
tioners can take a series of actions to identify the existing social support mechanisms of
the individuals affected by the event and activate them.

The most important aspect of this stage is to give individuals information about post-trau-
matic stress reactions. This information includes the physical, mental, behavioral, and
emotional changes that may occur after the event and the methods to help them cope. In
addition, psychoeducation on sleep hygiene can be provided to cope with sleep distur-
bances seen in a large number of the affected individuals, as well as psychoeducation on
breathing and relaxation exercises to cope with anxiety and encourage relaxation. Activity
planning practices can be used to help them return to their previous habits.

The PFA practitioner supports the establishment of relations between the affected
individuals and the person, team, and institutions in charge, as well as completing the
mandate, etc. In case of team changes due to other reasons, he informs his teammates
about the process of the victims in their follow-up and transfers them.

Tannverdi, and Tanhan observed that the symptoms of
individuals who showed long-term PTSD symptoms after
the Van earthquake improved quickly after EMDR (39).

Trauma-focused cognitive behavioral therapy

Cognitive behavioral therapy is a recommended treat-
ment in the mid-and long-term for PTSD (40). According

to the emotion processing model, PTSD becomes per-
manent when individuals process trauma in a way that
causes an existing sense of threat (6). This permanency
is thought to be due to an excessive negative evaluation
of trauma, strong sensory memories, and weak autobi-
ographical memory. Components of CBT typically include
practices related to psychoeducation, relaxation training,
imagery and in-vivo exposure, cognitive restructuring,
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homework, and social support (41). Trauma-focused CBT
has protocols that can be used for children, adolescents,
and adults. In this treatment model developed by Cohen
et al., introductory sessions are conducted separate-
ly with the child and family, and then the interviews are
brought together (42).

Psychopharmacological treatments in the treatment
of PTSD

After disasters, individuals may experience various psy-
chological disturbances within limits, and PFA and psy-
chotherapeutic interventions can start, as mentioned
before. It should be kept in mind that trauma-focused
psychotherapy methods are recommended as the first
choice in treatment guidelines (43). However, in the con-
tinuation of the first month after the trauma, the fact that
the individual still shows symptoms of PTSD at a level
that will impair the functionality of many areas of his busy
and daily life, or the development of comorbidities such
as major depressive disorder and substance use disor-
ders may lead to the necessity of starting pharmacolog-
ical treatments. During treatment, all options should be
discussed in detail with the patient, and joint decisions
and participation should be ensured after informing.

Drug treatment targets in PTSD can be listed as follows
(44):

¢ Reducing the severity and frequency of intrusive symp-
toms,

¢ Reducing the tendency to interpret incoming stimuli as
a repetition of trauma,

e Reducing the conditioned hyperarousal response to
stimuli reminding the trauma,

¢ Reducing avoidance,

e Correction of depressive mood and blunting,

¢ Reducing psychotic and dissociative symptoms,

e Reducing impulsive aggression towards self and others

According to the PTSD guideline published by the In-
ternational Association for the Study of Traumatic Stress
(ISTSS) in 2018, the recommended treatments are flu-
oxetine, sertraline, and paroxetine, which are selective
serotonin reuptake blockers; and venlafaxine, which is a
serotonin noradrenaline reuptake blocker (45). Sertraline
and Paroxetine are approved by the Food and Drug Ad-
ministration for the treatment of PTSD. The guideline
states that the evidence for quetiapine’s effectiveness
has increased. It has also been noted that amitriptyline,
imipramine, mirtazapine, olanzapine, divalproex, topira-
mate, lamotrigine, tiagabine, and ketamine can be used
in the treatment of PTSD, but still, the level of evidence

is not sufficient to recommend them (45). Second-gener-
ation antipsychotics, especially quetiapine and olanzap-
ine, as augmenting agents in PTSD and major depressive
disorder, can reduce impulsivity or the presence of psy-
chotic symptoms. Mood stabilizers such as lamotrigine,
topiramate, and divalproate can be used in the treatment
of PTSD by playing a role in balancing the levels of the
excitatory neurotransmitter glutamate and the inhibitory
neurotransmitter gamma amino butyric acid (GABA). Bus-
pirone and beta-blockers can be used for hyperarousal
symptoms, while Prazosin is particularly effective in pre-
venting nightmares. The use of benzodiazepines in the
treatment of PTSD is not primarily recommended due to
potential disinhibition, difficulty integrating the traumatic
experience, adversely affecting the psychotherapy pro-
cess, and risks of abuse/dependence. However, they can
be used for a short time in acute agitation.

Drug treatments effectively improve PTSD symptoms
through serotonin, norepinephrine, and GABA, by stim-
ulating amino acid glutamate and dopamine, which are
effective in the fear and anxiety pathways of the brain.
NMDA (n-methyl-d-aspartate) and AMPA (amino-3-hy-
droxy-5-methyl-4-isoxazolepropionic acid) are target re-
ceptors with many potential values. There is a need for
effective drugs in the treatment of PTSD through new
and more specific mechanisms (46).

Hopes for the future

Based on the research in the last 25 years, the concept of
post-traumatic growth (PTG) has been defined, which states
that most individuals who survive disasters and traumatic
events emerge from these difficult experiences with posi-
tive changes (47). Among the positive changes in PTG are
improved relationships, a greater appreciation of life, a grat-
itude for life, and reaching a deeper spiritual meaning (48).

The vulnerability of disaster survivors profoundly shakes
their assumptions about the safety, controllability, and
predictability of the world (49). Individuals may question
their beliefs about a fair world or the idea that “good
things happen to good people and bad things happen
to bad people” (50). With these interrogations, disaster
survivors need to construct a new hypothetical world
containing their post-disaster life's realities. Survivors can
increase their self-efficacy and personal strength by be-
coming aware of their ability to survive without the living
conditions they were used to before this disaster they
never expected (50). In these new living conditions, spir-
itual and religious changes may occur. After the disaster,
survivors may frequently use religious coping methods
and forge to bond with God or create new life purpos-
es. Finally, disasters can bring individuals, families, and
communities together in ways previously unimaginable
and offer many opportunities for changes in relationships
with others. Relationships can gain new meanings due
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to increased social values, connecting with others, and
gains associated with PTG (50).

CONCLUSION

Experiences during and after natural disasters such as earth-
quakes can cause various psychological effects on the indi-
viduals who experienced the disaster and the helpers who
work in the region. It is important to make psychosocial as-
sessments for both groups after disasters to see their needs
and to apply appropriate treatments. Although major disas-
ters negatively affect many individuals’ perceptions of a fair
and safe world, it should not be forgotten that individuals
and the community can also become stronger after trau-
matic events and that there is always hope.
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ABSTRACT

Transient benign hyperphosphatasemia (TBH) is a benign condi-
tion characterized by transiently elevated serum alkaline phos-
phatase (ALP) levels by 3-50 times normal values. It can some-
times be seen in connection with different clinical disorders such
as respiratory tract infections, gastrointestinal diseases, congen-
ital metabolic disorders, malignancies, congenital anomalies,
anemia, and neurological disorders. In this report, we describe
three children who had TBH after rotavirus-associated gastro-
enteritis and in whom there was no evidence of liver or bone
disease. We aim to raise awareness and draw attention to TBH
in this case report.

Keywords: Transient hyperphosphatasemia, alkaline phospha-
tase, rotavirus, gastroenteritis, children

OZET

Gegici benign hiperfosfatazemi (TBH), serum alkalen fosfataz
(ALP) duzeylerinin normalin 3-50 kati kadar gecici olarak yik-
selmesi ile karakterize ve bazen de gastrointestinal hastaliklar,
solunum yolu enfeksiyonlar, dogumsal anomaliler, dogumsal
metabolik bozukluklar, anemi, maligniteler, nérolojik bozukluk-
lar gibi farkh klinik bozukluklarla birlikte gérilebilmektedir. Bu
calismada, karaciger veya kemik hastaligi olmayan, rotaviris ile
iliskili gastroenterit sonrasi TBH'li li¢ cocuk sunuldu. Bu olgularin
sunulmasi ile TBH konusuna dikkat ¢ekilmesi ve farkindalik yara-
tilmasi amaglandi.

Anahtar Kelimeler: Gecici hiperfosfatazemi, alkalin fosfataz, ro-
tavirUs, gastroenterit, cocukluk evresi

INTRODUCTION

Alkaline phosphatase (ALP) is present in different con-
centrations in many tissues such as the placenta, ileal mu-
cosa, kidney, bone, and liver. In healthy individuals, more
than 80% of ALP in serum is released from the liver and
bone. Levels of serum ALP are high during childhood and
adolescence, mainly due to bone growth and develop-
ment (1, 2). Transient benign hyperphosphatasemia (TBH)
is a benign condition characterized by above normal lev-
els of serum alkaline phosphatase (ALP), transiently ele-

vated by 3-50 times the normal value. This disease can be
seen in connection with different clinical disorders such
as respiratory tract infections, gastrointestinal diseases,
congenital metabolic disorders, malignancies, congeni-
tal anomalies, anemia, and neurological disorders (3).

The characteristic features of TBH have previously been de-
scribed in the literature: a) no signs of liver or bone disease
on laboratory findings or physical examination, b) serum
ALP elevation, ¢) return to normal levels of serum ALP within
four months, d) age of presentation less than five years (4).
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In this report, we describe three children who had TBH
after rotavirus-associated gastroenteritis. This study aims
to raise awareness and draw attention to TBH.

CASE PRESENTATIONS

A two and half-year-old female, a three-year-old boy and
a four and a half-year-old boy were admitted to our pedi-
atric emergency department with the complaint of acute
diarrhea. All three cases had been born full term, and their
neuromotor developments were compatible with their
peers. They had no history of illness and were not on any
medication. Their physical examinations were normal ex-
cept for increased bowel sounds. Their growth parame-
ters were normal for their age. When rotavirus antigen was
tested in fresh stool specimens of the patients, all samples
were positive. The initial blood test results of the patients
are shown in Table 1. Their laboratory examinations also
revealed high ALP activity.

Levels of 25-hydroxy vitamin D, parathormone, phospho-
rus, and calcium were all within normal values. Skeletal
radiographs were checked, and they were all normal as
well. Liver function tests, albumin, total and direct biliru-
bin and prothrombin time were all within normal values.
Abdominal ultrasonography for possible hepatic disor-
ders were normal. The results of examinations carried out
on the parents were within normal levels. After excluding
bone and liver diseases in the differential diagnosis, we

Table 1: Initial blood test results of patients

thought that the high ALP levels might be due to rota-
virus gastroenteritis. Serial levels of ALP were checked
during follow-up of the patients (Table 2). Alkaline phos-
phatase levels decreased and returned to normal levels
at 3 months. As a result of all these findings, the patients
were diagnosed with TBH due to acute rotavirus infec-
tion.

Informed consent was obtained from the families of the
patients for the publication of the case report.

DISCUSSION

Alkaline phosphatase is a widely used biochemical marker
to screen for hepatic or skeletal disorders. Therefore, pa-
tients with high ALP levels are potentially referred to tertia-
ry care centers for further evaluation. Transient benign hy-
perphosphatasemia is a benign condition typically caused
by viral infections such as Epstein-Barr virus, enterovirus,
and rotavirus. However, it is certainly difficult to diagnose
TBH in children (5-8). Behulova et al. reported a wide vari-
ety of clinical disorders associated with TBH (9). The most
common diseases associated with TBH are gastrointesti-
nal diseases (24%), respiratory infections (21%), congenital
anomalies and metabolic diseases (15%) (9). Zemer et al.
reported that the three leading diagnoses noted with hy-
perphosphatasemia included fever (28%), gastroenteritis
or diarrhea (25%) and acute otitis media (11%) (10). Suzuki
et al. reported that the four most common infectious diag-

Case-1 Case-2 Case-3 Reference range

ALT (IU/L) 10 24 31 5-45 1U/L
AST (IU/L) 10 23 39 15-55 IU/L
GGT (U/L) 16 28 24 5-32 U/L

D bil (mg/dl) 0.21 0.40 0.35 0-0.5 mg/dl
ALP (1U/L) 1846 2423 1958 145-420 1U/L
LDH (U/L) 348 284 326 180-345 U/L
Ca (mg/dl) 9.2 9.6 10.2 8.8-10.8 mg/d|
P (mg/dl) 4.0 4.3 4.8 3.7-5.6 mg/dl
PTH (pg/dl) 38 41 31 9-65 pg/dl
25 (OH) Vit. D (ng/ml) 36 28 34 7.4-53.3 ng/m

ALP: Alkaline Phosphatase, Ca: Calcium, P: Phosphorus, PTH: Parathormone, LDH: Lactate dehydrogenase, 25 (OH) vit. D: 25-Hydroxy
Vitamin D, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, GGT: Gamma glutamyl transferase, D bil: Direct bilirubin

Table 2: Serial ALP (IU/L) measurements

1st day 3 day 7* day 1%t month 2" month 3" month 4* month
Case 1 1846 2284 2784 1946 454 401 345
Case 2 2423 2372 2057 1155 427 354 320
Case 3 1958 1848 1764 978 357 368 290
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noses observed in TBH cases were bronchitis, pneumonia,
diarrhea, and fever (11). The pathogenesis of TBH is not
fully understood. The presence of diarrhea may lead ei-
ther to impaired clearance of ALP from the circulation or to
increased production of ALP secondary to hyperactivated
osteoblasts (6). In our cases, TBH was associated with diar-
rhea or rotavirus infection.

The prevalence of TBH is difficult to estimate because it
is usually discovered incidentally in laboratory tests re-
quested for other reasons (12). Its prevalence in patients
whose age falls between 6 months and 5 years ranges be-
tween 2-6% depending on the ALP values used for the di-
agnosis (13-17). In one study, 2.8% of patients had a tran-
sient and unexplained elevation of the ALP level among
321 healthy infants and toddlers aged 8-24 months (13).
A study in Israel reported that 87% of patients with TBH
between the ages of one day and 18 years consisted of
children under the age of 2 years (10). This condition is
not common in older children or adults (15). All three pa-
tients in our case report were under 5 years old, which is
consistent with the literature.

An evaluation of the patient with a detailed history,
basic laboratory tests, and accurate physical examina-
tion are usually sufficient to exclude possible bone or
liver disease. We found 25-hydroxy vitamin D, para-
thormone, phosphorus and calcium levels within nor-
mal values, therefore we excluded increased bone
turnover. High levels of serum ALP (3-50 times above
the normal value of serum ALP levels) return to normal
levels within an average of four months in TBH. It is
recommended that the diagnosis of TBH according to
age criteria should be considered in children younger
than five years old (4). Although there is no clear infor-
mation on the timing to check the ALP levels in the fol-
low-up of patients with TBH, a conservative approach
recommending testing again in 2-3 months has been
reported to be safe and cost-effective (17). In our pa-
tients, the time it took for ALP levels to normalize again
was within four months, and all children with TBH were
under five years of age, consistent with both Kraut's
criteria and previous reports (4, 5, 17). In the follow-up
of our patients, their growth and development were
normal, and no additional pathology was observed.
According to these findings, our patients met all the
diagnostic criteria of TBH.

Transient benign hyperphosphatasemia is associated
with a marked but transient benign elevation of ALP
without any other abnormality and it does not have any
specific treatment (7). No special treatment was applied
to our patients except symptomatic treatment. The clini-
cal course of our patients showed an event-free improve-
ment in the expected time, consistent with previously
reported cases.

CONCLUSION

Transient benign hyperphosphatasemia is a self-limited
clinical condition, and no treatment is required. For patients
with elevated ALP for any reason, if there is no known chron-
ic disease nor evidence of bone or liver diseases, outpatient
follow-up will be sufficient until their ALP values decrease.
Awareness of this condition among pediatricians will reduce
expensive and unnecessary investigations.
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