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INSTRUCTIONS FOR AUTHORS

AIM AND SCOPE

The Journal will not consider manuscripts any that have been
published elsewhere, or manuscripts that are being considered
for another publication, or are in press. Studies previously
announced in the congresses are accepted if this condition
is stated. If any part of a manuscript by the same author(s)
contains any information that was previously published, a
reprint or a copy of the previous article should be submitted to
the Editorial Office with an explanation by the authors

A technical review is performed to confirm that all of the
required documentation has been submitted and to conduct
a preliminary evaluation of the manuscript and supplementary
files to assess suitability for the Journal. The manuscript will be
returned to the Author in the event of any deficiency.

Pediatric Practice and Research Journal operates a blind review
process. Contributions deemed suitable are then typically sent
to a minimum of two independent expert reviewers in the field
of study to assess the scientific quality of the paper.

The Editor/Editors are responsible for the final decision
regarding acceptance or rejection of articles. The Editor's
decision is final. If necessary, author(s) may be invited to submit
a revised version of the manuscript. This invitation does not
imply that the manuscript will be accepted for publication.
Revised manuscripts must be sent to the Editorial Office within
4 (four) weeks, otherwise they will be considered as a new
application. The corresponding author will be notified of the
decision to accept or reject the manuscript for publication.

Statements and suggestions published in manuscripts are the
authors’ responsibility and do not reflect the opinions of the
Editor, Associate Editors and the Editorial Board members.

The manuscript will not be returned to the authors whether
the article is accepted or not. Copyright fee is not paid for the
articles published in the journal. A copy of the journal will be
sent to the corresponding author.

Language of the Journal

The official languages of the Journal are Turkish and English.
The manuscripts that are written in Turkish have abstracts
in English, which makes the abstracts available to a broader
audience.
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Authorship Criteria

After accepted for publication, all the authors will be asked
to sign “Coyright Transfer Form” which states the following: “
This work is not under active consideration for publication, has
not been accepted for publication, nor has it been published,
in full or in part (except in abstract form). | confirm that the
study has been approved by the ethics committee. ” All authors
should agree to the conditions outlined in the form.

Pediatric Practice and Research Journal has agreed to use the
standards of the International Committee of Medical Journal
Editors. The author(s) should meet the criteria for authorship
according to the "Uniform Requirements for Manuscripts
Submitted to Biomedical Journals: Writing and Editing for
Biomedical Publication. It is available at www.icmje.org.

Ethical Responsibility
The protocol of clinical research articles must be approved by
the Ethics Committee.

In all studies conducted on humans, the “Material and Method”
section was approved by the relevant committee or the Helsinki
Declaration of Principles (https://www.wma.net/what-we-do/
medical-ethics/declaration-of-helsinki/).

It should be stated in the text that all persons included in the
study signed the am Informed Consent Form ”.

The articles submitted to the Pediatric Practice and Research
Journal will be deemed to have been conducted in accordance
with the Helsinki Declaration of Principles, and have received
ethical and legal permissions and will not be held responsible.

If the “Animal” item was used in the study, the authors stated
that in the Material and Method section of the article, they
protect the animal rights in their studies in accordance with the
principles of Guide for the Care and Use of Laboratory Animals
(www.nap.edu/catalog/5140.html) and that they have received
approval from the ethics committees of their institutions. must
specify.

In case reports, Informed Consent a should be obtained from
patients regardless of the identity of the patient.

If the article includes the institution (directly or indirectly)
providing financial support for the commercial connection or
work, the authors; the commercial product used, the drug, the
company has no commercial relationship with, or if there is
any relationship (consultant, other agreements, etc.), the editor
must inform the presentation page.

If Ethics Committee Approval is required in the article; the
received document should be sent with the article.
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The manuscript should be submitted to the Academic Plagiarism
Prevention Program by the authors.

It is the authors' responsibility to ensure that the article complies
with the ethical rules.

Policy of Screening for Plagiarism

The manuscripts are scanned by the Journal using the
iThenticate program for determination of plagiarism and non-
ethical situations. Pediatric Practice and Research Journal will
immediately reject manuscripts leading to plagiarism.

TYPES OF MANUSCRIPT

Manuscripts should be submitted online via www.pprjournal.
com

Original Articles should not exceed 3000 words and should
be arranged under the headings of Abstract (not more than
300 words), Introduction, Materials and Methods, Results,
Discussion, Conclusion and References.

Case Reports should not exceed 1000 words and 10 references,
and should be arranged as follows: Abstract, Introduction, Case
Report, Discussion and References. It may be accompanied by
only one figure or table.

Letter to the Editor should not exceed 500 words. Short
relevant comments on medical and scientific issues, particularly
controversies, having no more than five references and one
table or figure are encouraged. Where letters refer to an earlier
published paper, authors will be offered right of reply.

Reviews are not accepted unless written on the invitation of
the Editorial Board.

PREPARATION OF MANUSCRIPTS

All articles submitted to the Journal must comply with the
following instructions:

a) Submissions should be doubled-spaced and typed in Arial 10
points.

b) All pages should be numbered consecutively in the top right-
hand corner, beginning with the title page.

c) The title page should not include the names and institutions
of the authors.

d) The manuscript should be presented in the following order:
Title page, Abstract (English, Turkish), Keywords (English,
Turkish), Introduction, Materials and Methods, Results,
Discussion, Conclusion, Acknowledgements (if present),
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References, Figure Legends, Tables (each table, complete with
title and foot-notes, on a separate page) and Appendices (if
present) presented each on a separate page.

Title
The title should be short, easy to understand and must define
the contents of the article.

Abstract

Abstract should be in both English and Turkish and should
consist “Aim, Materials and Methods, Results and Conclusion”.
The purpose of the study, the setting for the study, the subjects,
the treatment or intervention, principal outcomes measured,
the type of statistical analysis and the outcome of the study
should be stated in this section (up to 300 words). Abstract
should not include reference. No abstract is required for the
letters to the Editor.

Keywords

Not more than five keywords in order ofimportance for indexing
purposes should be supplied below the abstract and should be
selected from Index Medicus Medical Subject Headings (MeSH),
available at www.nlm.nih.gov/meshhome.html.

Text

Authors should use subheadings to divide sections regarding the
type of the manuscript as described above. Statistical methods
used should be specified in the Materials and Methods section.

References

In the text, references should be cited using Arabic numerals in
parenthesis in the order in which they appear. If cited only in
tables or figure legends, they should be numbered according to
the first identification of the table or figure in the text. Names
of the journals should be abbreviated in the style used in Index
Medicus. The names of all authors should be cited when there
are six or fewer; when seven or more, the first three should
be followed by et al. The issue and volume numbers of the
referenced journal should be added.

References should be listed in the following form:

Journal article

Teke Z, Kabay B, Aytekin FO et al. Pyrrolidine dithiocarbamate
prevents 60 minutes of warm mesenteric ischemia/reperfusion
injury in rats. Am ] Surg 2007;194(6):255-62.

Supplement
Solca M. Acute pain management: Unmet needs and new advances
in pain management. Eur | Anaesthesiol 2002; 19(Suppl 25): 3-10.


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

Online article not yet published in an issue

Butterly §J, Pillans P, Horn B, Miles R, Sturtevant |. Off-label use
of rituximab in a tertiary Queensland hospital. Intern Med ] doi:
[0.1111/j.1445-5994.2009.01988.x

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

Sample 2: Siimbiiloglu K, Akdag B. Regresyon Yéntemleri ve
Korelasyon Analizi. Hatiboglu Yayinevi: Ankara; 2007.

Chapter in a book

Meltzer PS, Kallioniemi A, Trent JM. Chromosome alterations
in human solid tumors. | n: Vogelstein B, Kinzler KW, editors.
The genetic basis of human cancer. New York: McGraw-Hill;
2002. p. 93113.

Journal article on the Internet

Abood S. Quality improvement initiative in nursing homes: The
ANA acts in an advisory role. Am | Nurs [serial on the Internet]
2002 [cited 12 Aug 2002]; 102. Available from:
www.nursingworld.org/AJN/2002/june/wawatch.htm

Website

Cancer-pain.org [homepage on the Internet]. New York:
Association of Cancer Online Resources [updated |6 May
2002; cited 9 Jul 2002]. Available from: www.cancer-pain.org

An organization as an author

The Intensive Care Society of Australia and New Zealand.
Mechanical ventilation strategy in ARDS: Guidelines. Int Care
] Aust 1996;164:282-4.

Acknowledgements
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Tables

Tables should be complementary, but not duplicate information
contained in the text. Tables should be numbered consecutively
in Arabic numbers, with a descriptive, self-explanatory title
above the table. All abbreviations should be explained in a
footnote. Footnotes should be designated by symbols in the
following order: *,1, 1, §, 1.

Figures

All illustrations (including line drawings and photographs) are
classified as figures. Figures must be added to the system as
separate .jpg or .gif files (approximately 500x400 pixels, 8 cm
in width and at least 300 dpi resolution). Figures should be
numbered consecutively in Arabic numbers and should be cited
in parenthesis in consecutive order in the text.
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Figure Legends

Legends should be self-explanatory and positioned on a separate
page. The legend should incorporate definitions of any symbols
used and all abbreviations and units of measurements should
be explained. A letter should be provided stating copyright
authorization if figures have been reproduced from another
source.

Measurements and Abbreviations

All measurements must be given in metric system (Systéme
International d'Unités, Sl). Example: mg/kg, pg/kg, mL, mL/
kg, mL/kg/h, mL/kg/min, L/min, mmHg, etc. Statistics and
measurements should always be given in numerals, except
where the number begins a sentence. When a number does not
refer to a unit of measurement, it is spelt out, except where the
number is greater than nine.

Abbreviations that are used should be defined in parenthesis
where the full word is first mentioned. Some common
abbreviations can be used, such as iv, im, po, and sc.

Drugs should be referred to by their generic names, rather than
brand names.
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YAZARLARA BILGI
AMAC ve KAPSAM

Pediatric Practice and Research Dergisi, dort ayda bir yayimlanir
ve li¢ sayi ile bir cilt tamamlanir. Dergi; pediatri ile ilgili tim
nitelikli klinik ve deneysel arastirmalari, olgu sunumlarini ve
editére mektuplari yayimlar.

Pediatric Practice and Research Dergisi, bilimsel yayinlara agik
erisim saglar. Dergi basimindan hemen sonra, makalelerin tam
metinlerine licretsiz ulasilabilir.

Dergide yayimlanmak iizere génderilen yazilarin daha 6nce bagka
bir yerde yayimlanmamig veya yayimlanmak tizere génderilmemis
olmasi gerekir. Daha &nce kongrelerde sunulmus caligmalar,
bu durum belirtilmek kosuluyla kabul edilir. Makale, yazar(lar)
in daha &énce yayimlanmig bir yazisindaki konularin bir kismini
igeriyorsa bu durum belirtilmeli ve yeni yazi ile birlikte &nceki
makalenin bir kopyasi da Yayin Biirosu’na génderilmelidir.

Gerekli tim belgelerin sunuldugunu teyit etmek ve dergiye
uygunlugunu degerlendirmek icin makale ve ek dosyalarin én
degerlendirmesini yapmak iizere teknik bir inceleme yapilir.
Herhangi bir eksiklik olmasi halinde makale yazara iade
edilecektir. Pediatric Practice and Research Dergisi kor bir
inceleme siireci yiritmektedir. Uygun goriilen yazilar daha
sonra makalenin bilimsel kalitesini degerlendirmek icin galisma
alaninda en az iki bagimsiz uzmana génderilir. Editor / Editorler
makalelerin kabulii veya reddi ile ilgili nihai karardan sorumludur.

Editorin karari kesindir. Gerekli oldugu durumlarda, yazar(lar)
dan diizeltme istenebilir. Yazardan diizeltme istenmesi, yazinin
yayimlanacag anlamina gelmez. Bu diizeltmelerin en geg 21 giin
icinde tamamlanip dergiye gonderilmesi gereklidir. Aksi halde
yeni bagvuru olarak degerlendirilir. Sorumlu yazara yazinin kabul
veya reddedildigine dair bilgi verilir.

Dergide yayimlanan yazilarin etik, bilimsel ve hukuki sorumlulugu
yazar(lar)a ait olup Edit6r, Editor Yardimaisi ve Yayin Kurulu’nun
gorislerini yansitmaz.

Dergide yayimlanmasi kabul edilse de edilmese de, yazi materyali
yazarlara geri verilmez. Dergide yayimlanan yazilar igin telif hakki
6denmez. Bir adet dergi, sorumlu yazara gonderilir.

Derginin Yaz Dili

Derginin yazi dili Tiirkge ve Ingilizcedir. Dili Tiirkge olan yazilar,
ingilizce ozetleri ile yer alir. Yazinin hazirlanmasi sirasinda,
Tiirkge kelimeler igin Tirk Dil Kurumundan (www.tdk.gov.
tr), teknik terimler igin Tirk Tip Terminolojisinden (www.
tipterimleri.com) yararlanilabilir.
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Yazarlk Kriterleri

Dergide yayinlanmasi uygun bulunan tiim yazilarin arastirma ve
yayin etigine uygun hazirlandigi, varsa saglanan fonun kaynaginin
tanimlandigl, bagka yerde yayimlanmadigi veya yayimlanmak
tizere gonderilmedigi, calismaya katilan tiim yazarlar tarafindan
yazinin son halinin onaylandigl, yayimlanacak yaz ile ilgili telif
haklarinin dergiye devredildigi, tim yazarlarin imzalari ile “Yayin
Hakki Devir Formu”nda belirtilmesi gerekir.

Pediatric Practice and Research Dergisi, Uluslararasi Tip
Dergileri Editorleri Kurulu’nun (International Committee of
Medical Journal Editors) “Biyomedikal Dergilere Gonderilen
Makalelerin Uymasi Gereken Standartlar: Biyomedikal Yayinlarin
Yazimi ve Baskiya Hazirlanmasi (Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Writing and
Editing for Biomedical Publication)” standartlarini kullanmayi
kabul ~etmektedir. Bu konudaki bilgiye www.icmje.org
adresinden ulasilabilir.

Etik Sorumluluk
Etik Sorumluluk / Kurallar: Klinik arastirma makalelerinin
protokolii Etik Komitesi tarafindan onaylanmig olmalidir.

insanlar iizerinde yapilan tim ¢aligmalarda “Gereg ve Yéntem”
bolimiinde caligmanin ilgili komite tarafindan onaylandig veya
galismanin  Helsinki Ilkeler Deklarasyonu'na (https://www.
wma.net/what-we-do/medical-ethics/declaration-of-helsinki/)
uyularak gerceklestirildigine dair bir ciimle yer almalidir.

Calismaya dahil edilen tiim kisilerin Bilgilendirilmis Onam
Formu’'nu imzaladigi metin icinde belirtiimelidir.

Pediatric Practice and Research Dergisi'ne gonderilen
makalelerdeki calismalarin Helsinki ilkeler Deklarasyonu’na
uygun olarak yapildigi, kurumsal etik ve yasal izinlerin alindig
varsayilacak ve bu konuda sorumluluk kabul edilmeyecektir.

Calismada “Hayvan” &gesi kullanilmis ise yazarlar, makalenin
Gereg ve Yontem bolimiinde hayvan haklarini Guide for
the Care and Use of Laboratory Animals (www.nap.edu/
catalog/5140.html) prensipleri dogrultusunda koruduklarini,
calismalarinda ve kurumlarinin etik kurullarindan onay aldiklarini
belirtmek zorundadir.

Olgu sunumlarinda hastanin  kimliginin ortaya ¢ikmasina
bakilmaksizin hastalardan “Bilgilendirilmis riza” alinmalidir.

Makalede ticari baglanti veya calisma icin maddi destek veren
kurum (dogrudan veya dolayl) mevcut ise yazarlar; kullanilan
ticari Urln, ilag, firma ile ticari higbir iliskisinin olmadigini veya
varsa nasil bir iliskisinin oldugunu (konsiiltan, diger anlagmalar
vs.), editore sunum sayfasinda bildirmek zorundadir.

Makalede Etik Kurul Onayr alinmasi gerekli ise; alinan belge
makale ile birlikte gonderilmelidir.


http://www.tdk.gov.tr
http://www.tdk.gov.tr
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Makale
programindan gegirilmelidir.

yazarlar tarafindan  akademik intihal &nleme

Makalenin etik kurallara uygunlugu yazarlarin sorumlulugundadir.

intihal Taramasi Politikasi

Makaleler, intihal ve etik olmayan durumlarin belirlenmesi igin
iThenticate programi kullanilarak Journal tarafindan taranir.
Pediatric Practice and Research Dergisi intihallere yol agan
makaleleri derhal reddedecektir.

YAZI TURLERI

Yazilar, elektronik ortamda www.pprjournal.com adresine
gonderilir.

Orijinal makaleler, 3000 s6zciik sayisini agmamali, “Oz (en fazla
300 kelime), Giris, Gereg ve Yontem, Bulgular, Tartisma, Sonug,
Kaynaklar” béliimlerinden olusmalidir.

Olgu Sunumu, “Oz, Giris, Olgu Sunumu, Tartisma, Kaynaklar”
seklinde diizenlenmelidir. En fazla 1000 so6zcik ile sinirhdir.
Sadece bir tablo veya sekil ile desteklenebilir.

Editore Mektup, yayimlanan metinlerle veya mesleki konularla
ilgili olarak 500 sozciigli asmayan ve bes kaynak ile bir tablo
veya sekil icerecek sekilde yazilabilir. Ayrica daha 6nce dergide
yayinlanmis metinlerle iliskili mektuplara cevap hakki verilir.

Yayin Kurulu'nun daveti iizerine yazilanlar disinda derleme
kabul edilmez.

MAKALENIN HAZIRLANMASI

Dergide yayinlanmasi istenilen yazi icin asagidaki kurallara
uyulmalidir.

a) Yazi; iki satir aralikh olarak, Arial 10 punto ile yazilmalidir.
b) Sayfalar baslik sayfasindan baglamak uizere, sag st kdsesinde
numaralandiriimalidir.

c) Online makale sistemine yiiklenen word dosyasinin baglk
sayfasinda (makalenin adini iceren baslk sayfasi), yazarlara ait
isim ve kurum bilgileri yer almamaldir.

d) Makale, su bolimleri icermelidir: Her biri ayri sayfada
yazilmak Uizere; Tiirkge ve ingilizce Bashk Sayfasi, Oz, Abstract,
Anahtar Sozciikler, Keywords, Giris, Gereg ve Yontem,
Bulgular, Tartigma, Sonug, Agiklamalar (varsa), Kaynaklar, Sekil
Alt Yazilari, Tablolar (basliklari ve agiklamalariyla beraber), Ekler
(varsa).

Yazinin Bashgi
Kisa, kolay anlagilir ve yazinin igerigini tanimlar o6zellikte
olmalidir.
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Ozetler

Tiirkge (Oz) ve ingilizce (Abstract) olarak yazilmali, Amag,
Gereg ve Yontem, Bulgular ve Sonug (Aim, Materials and
Methods, Results, Conclusion) olmak ilizere dért bolimden
olusmali, en fazla 300 sozciik icermelidir. Aragtirmanin amaci,
yapilan islemler, gézlemsel ve analitik yontemler, temel bulgular
ve ana sonuglar belirtilmelidir. Ozette kaynak kullaniimamalidir.
Editore mektup icin 6zet gerekmemektedir.

Anahtar Sézciikler

Tiirkge Oz ve ingilizce Abstract bdliimiiniin sonunda, Anahtar
Sozciikler ve Keywords baghg altinda, bilimsel yazinin ana
baslklarini yakalayan, Index Medicus Medical Subject Headings
(MeSH)’e uygun olarak yazilmig en fazla bes anahtar sézciik
olmalidir. Anahtar sozciiklerin, Tirkiye Bilim Terimleri'nden
(www.bilimterimleri.com) segilmesine 6zen gosterilmelidir.

Metin

Yazi metni, yazinin tiiriine gére yukarida tanimlanan béliimlerden
olugsmalidir. Uygulanan istatistiksel yontem, Gereg ve Yontem
bélimiinde belirtiimelidir.

Kaynaklar

Pediatric Practice and Research Dergisi, Tiirkge kaynaklardan
yararlanmaya &zel 6nem verdigini belirtir ve yazarlarin bu
konuda duyarli olmasini bekler.

Kaynaklar metinde yer aldiklari sirayla, ciimle iginde atifta
bulunulan ad veya 6zelligi belirten kelimenin hemen bittigi yerde
ya da ciimle bitiminde noktadan dnce parantez iginde Arabik
rakamlarla numaralandiriimalidir. Metinde, tablolarda ve sekil
alt yazilarinda kaynaklar, parantez icinde Arabik numaralarla
nitelendirilir. Sadece tablo veya sekil alt yazilarinda kullanilan
kaynaklar, tablo ya da seklin metindeki ilk yer aldigi siraya uygun
olarak numaralandiriimalidir. Dergi bagliklari, Index Medicus’ta
kullanilan tarza uygun olarak kisaltiimalidir. Kisaltilmig yazar ve
dergi adlarindan sonra nokta olmamalidir. Yazar sayisi alti veya
daha az olan kaynaklarda tiim yazarlarin adi yazilmali, yedi veya
daha fazla olan kaynaklarda ise li¢ yazar adindan sonra et al.
veya ve ark. yazilmalidir. Kaynak gosterilen derginin sayi ve cilt
numarasi mutlaka yazilmalidir.

Kaynaklar, yazinin alindigi dilde ve asagidaki &rneklerde
goriildugi sekilde diizenlenmelidir.

Dergilerdeki yazilar

Teke Z, Kabay B, Aytekin FO et al. Pyrrolidine dithiocarbamate
prevents 60 minutes of warm mesenteric ischemia/reperfusion
injury in rats. Am ] Surg 2007;194(6):255-62.
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http://www.bilimterimleri.com

Ek sayi1 (Supplement)

Solca M. Acute pain management: Unmet needs and new
advances in pain management. Eur ] Anaesthesiol 2002;19(Suppl
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Heniiz yayinlanmamis online makale

Butterly S}, Pillans P, Horn B, Miles R, Sturtevant J. Off-label use
of rituximab in a tertiary Queensland hospital. Intern Med ] doi:
[0.1111/j.1445-5994.2009.01988.x

Kitap

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

Ornek 2: Siimbiiloglu K, Akdag B. Regresyon Yéntemleri ve
Korelasyon Analizi. Hatiboglu Yayinevi: Ankara; 2007.

Kitap boliimii

Meltzer PS, Kallioniemi A, Trent JM. Chromosome alterations
in human solid tumors. | n: Vogelstein B, Kinzler KWV, editors.
The genetic basis of human cancer. New York: McGraw-Hill;
2002. p. 93113.

Internet makalesi

Abood S. Quality improvement initiative in nursing homes:
The ANA acts in an advisory role. Am ] Nurs [serial on the
Internet] 2002 [cited 12 Aug 2002]; 102. Available from: www.
nursingworld.org/AJN/2002/june/wawatch.htm

Web Sitesi

Cancer-pain.org [homepage on the Internet]. New York:
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Aciklamalar
Varsa finansal kaynaklar, katki saglayan kurum, kurulus ve kisiler
bu bélimde belirtilmelidir.

Tablolar

Tablolar metni tamamlayici olmali, metin icerisinde tekrarlanan
bilgiler icermemelidir. Metinde yer alma siralarina gére Arabik
sayllarla numaralandirilip tablonun stiine kisa ve agiklayici
bir baslik yazilmalidir. Tabloda yer alan kisaltmalar, tablonun
hemen altinda agiklanmalidir. Dipnotlarda sirasiyla su semboller
kullanilabilir: *, 1, 1, §, 1.

Sekiller
Sekil, resim, grafik ve fotograflarin timi “Sekil” olarak
adlandiriimali ve ayri birer .jpg veya .gif dosyasi olarak (yaklasik
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500x400 piksel, 8 cm eninde ve en az 300 dpi ¢Oziiniirliikte)
sisteme eklenmelidir. Sekiller metin icinde kullanim siralarina
gore Arabik rakamla numaralandiriimali ve metinde parantez
icinde gosterilmelidir.

Sekil Alt Yazilan

Sekil alt yazilari, her biri ayri bir sayfadan baslayarak, sekillere
karsilik gelen Arabik rakamlarla cift aralikli olarak yazilmaldir.
Seklin belirli boltimlerini isaret eden sembol, ok veya harfler
kullanildiginda bunlar alt yazida agiklanmalidir. Bagka yerde
yayinlanmig olan sekiller kullanildiginda, yazarin bu konuda izin
almis olmasi ve bunu belgelemesi gerekir.

Olciimler ve Kisaltmalar

Tim oSlgiimler metrik sisteme (Uluslararasi Birimler Sistemi,
SI) gore yazilmaldir. Ornek: mg/kg, ug/kg, mL, mlL/kg, mL/
kg/h, mL/kg/min, L/min, mmHg, vb. Olgiimler ve istatistiksel
veriler, ciimle baginda olmadiklari siirece rakamla belirtilmelidir.
Herhangi bir birimi ifade etmeyen ve dokuzdan kiigiik sayilar
yazi ile yazilmalidir.

Metin icindeki kisaltmalar, ilk kullanildiklari yerde parantez
icinde agiklanmalidir. Bazi sik kullanilan kisaltmalar; iv, im, po ve
sc seklinde yazilabilir.

ilalarin yaziminda jenerik isimleri kullanilmalidir.
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- Tiirkge ve Ingilizce baslik,

- Tiirkge ve ingilizce 6zet

- Tiirkge ve ingilizce anahtar sézciikler (En fazla 5 sézciik)

- Iki satir aralikli yazilmig metin (Arial, 10 punto)

- Kurallara uygun hazirlanmis tablo ve sekiller

- Kurallara uygun yazilmis kaynaklar

- imzali “Yayin Hakki Devir Formu” (makale yayin icin kabul
edildikten sonra istenmektedir)
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The Effect of Silver Nipple Cups in Nipple Care: Insights from

Breastfeeding Mothers

Meme Basi Bakiminda Glim{is Kapak Etkisi: Emziren Annelerin Gorisleri

Nalan Karabayir?,
Bekir Aktura#4

Mine Basibuyuk?,

Abdullah Emre Askin3,

Sebnem Bektas3,

Division of Social Pediatrics, Department of Pediatrics, International Faculty of Medicine, istanbul Medipol University, istanbul, Turkiye
2Department of Pediatrics, Faculty of Medicine, istanbul Medipol University, istanbul, Turkiye

SFaculty of Medicine, Istanbul Medipol University, istanbul, Turkiye
4Glnestepe Family Center, istanbul, Turkiye

| ABSTRACT |

Oz

Aim: Breastfeeding, which is the ideal feeding method for
babies, has many benefits for both babies and mothers.
However, nipple problems during breastfeeding can cause
early weaning. One of the methods used for nipple care is the
use of silver nipple cups. In this study, we aimed to evaluate
the experiences of breastfeeding mothers using silver cups for
nipple care.

Material and Method: Mothers contacted via social media
were asked to participate in a structured survey consisting of
33 questions related to breastfeeding, nipple care and silver
cups use.

Results: A total of 298 mothers participated in the study. There
was no significant difference between mothers who used
silver caps and those who did not in terms of demographic
characteristics, breastfeeding initiation time, frequency,
duration and milk expressing. Ninthy three percent (n=290) of
mothers used at least one method for nipple care. The first three
commonly used methods for nipple care were lanoline (52.2%),
breastmilk (51.2%) and silver cups (49.8%). It was reported
by 36.6% (n=109) of mothers that they have not experienced
any nipple problems. Among the 147 mothers who had used
silver cups 89.9% (132) claimed that this method was effective
for them. There was no difference between the frequency of
nipple fissures in mothers using silver cups when compared to
mothers who did not use it.

Conclusion: Nipple fissure is one of the most common causes
of early weaning. Mothers use many methods for nipple care.
Silver cups is one of the methods preferred by mothers for the
prevention of nipple fissures and is considered to be beneficial.

Keywords: Breastfeeding, nipple fissure, nipple problems,
silver cups, weaning

Amag: Bebekler icin ideal beslenme yontemi olan emzirmenin
hem bebekler hem de anneler icin bircok faydasi bulunmaktadir.
Ancak emzirme sirasinda olusan meme ucu problemleri erken
sutten kesilmelere neden olabilmektedir. Meme basi bakiminda
kullanilan yontemlerden biri de gimis meme ucu kapadi
kullanimidir. Bu calismada, meme basi bakimi icin glimus
kapak kullanan annelerin deneyimlerinin  degerlendirilmesi
amaclanmistir.

Gereg ve Yontem: Sosyal medya aracilidiyla ulasilan anneler 33
sorudan olusan emzirme, meme basi bakimi ve gimus kapak
kullanimi ile ilgili yapilandinlmig ankete katiimaya davet edilmistir.

Bulgular: Calismaya toplam 298 anne katildi. GUmdis kapak
kullanan ve kullanmayan anneler demografik ézellikler, emzirme
baslama zamani, sikhigi, stresi ve st sagma agisindan aralarinda
anlamli fark bulunmadi. Annelerin %93't (n=290) meme basl
bakimi icin en az bir yontem kullanmisti. Meme ucu bakimi igin
en sik kullanilan Gg¢ yontem lanolin (%52.2), anne sutl (%51.2)
ve gimuUs kaplar (%49.8) olarak belirlendi. Annelerin® %36.6'sI
(n=109) herhangi bir meme basi problemi yasamadigini bildirdi.
GUmds kapak kullanan 147 annenin %89.9'u (132) bu yéntemin
kendileri icin etkili oldugunu ifade etti. Gimus kapak kullanan ve
kullanmayan anneler arasinda meme basi catladi sikligi agisindan
fark bulunmadi.

Sonug¢: Meme basi catlaklar, emzirmenin erken kesilmesinin
en yaygin nedenlerinden biridir. Anneler meme basi bakimi icin
bircok yontem kullanmaktadir. Gimus kapak, anneler tarafindan
meme basi catlaginin dnlenmesi icin tercih edilen ve faydali
oldugu dusindlen bir yontemdir.

Anahtar Kelimeler: Emzirme, meme basi catlagi, meme basl
sorunlari, glimus kapak, sttten kesme
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Silver Nipple Cups

INTRODUCTION

Breastfeeding ensures the best nutrition, growth and
development of the baby and protects the baby and
mother from some diseases and infections (1). The World
Health Organization (WHO) recommends that infants be
breastfed exclusively for the first six months of life and
then, when complementary foods have been introduced,
continue to be breastfed until aged two years or beyond

(2).

Despite the benefits of breastfeeding for both mothers
and infants, breastfeeding problems such as nipple
fissures, engorgement and mastitis can result in early
weaning (3). Especially nipple pain and damage is
common in breastfeeding mothers. It is estimated that
80-90% of breastfeeding mothers experience nipple
pain, which may be associated with low milk supply,
mood disruption, and increased risk of early cessation
of breastfeeding (4). A study in the United States found
that more than a quarter of mothers who ceased
breastfeeding within the first month postpartum
reported 29.3% nipple pain, and 36.8% experienced
pain, fissures, or bleeding from the nipples (5). In
another study, exclusive breastfeeding for less than a
month was associated with nipple pain (6).

The most common attributed cause of nipple pain
was incorrect positioning and attachment, followed
by improper expressing technics, tongue tie, infection,
palatal anomaly, flat or inverted nipples, mastitis, and
vasospasm (7).

Treating nipple fissure trauma quickly is an important
factor in establishing successful breastfeeding and
preventing complications such as mastitis or abscesses.
Topical creams, solutions or sprays, exposing nipple
to dry heat or UV light, air drying, pre- or postnatal
breastfeeding education, nipple shells, hydrogel,
adhesive polyethylene film wraps and distilled water
are some of the widely-used available treatments and
prevention options for nipple fissures (8).

Silver nipple cups are also used to prevent and treat
nipple fissures. It is speculated that the benefits of using
silver cups are due to their mechanical covering effect
against possible trauma and preventing the entry of
microorganisms. It is also important to maintain a moist
healing environment for optimal healing of the nipple.
The moist and hypoxic environment provided by silver
nipple shields also helps the healing process and the
hypoxic environment prevents the growth of aerobic
microorganisms (4). Along with the benefits of silver
cups device, its trilaminate structure which prevents the
absorption of silver ions into the systemic circulation
provide be safe (3).

The aim of this study was to evaluate the experiences of
breastfeeding mothers who used silver cups to prevent
nipple fissure.

MATERIAL AND METHOD

The study was carried out with the permission of istanbul
Medipol University Non-interventional Clinical Researches
Ethics Committee (Date: 03.03.2022, Decision No: 214). All
procedures were carried out in accordance with the ethical
rules and the principles of the Declaration of Helsinki. All
participants provided informed consent prior to the survey.

This cross-sectional study was conducted between March
15 and May 15, 2022. Mothers aged between 18 and
46 who voluntarily agreed to participate were included
in the study. Participants were recruited through social
media platforms, specifically WhatsApp and Instagram.
To minimize selection bias, recruitment messages were
disseminated across various social media groups with
diverse demographic compositions, ensuring a broader
representation of the target population.

The study utilized a structured questionnaire consisting of 33
items designed to assess the experiences of mothers who had
used nipple care methods, including silver nipple cups, for at
least one month. The questionnaire covered demographic
characteristics, breastfeeding education, initiation time
and duration of breastfeeding, use of pacifiers and bottles,
expressing, Oral problem in infant, breastfeeding counselling,
methods used for nipple care, features of the use of silver cup
(source of information, place of purchase, time of initiation,
duration of use and maternal satisfaction), presence of nipple
redness or bruise or nipple fissure in the mothers using silver
cups. Direct assessment of infant positioning and latching
could not be performed in our study.

To ensure the validity and reliability of the questionnaire,
a pilot test was conducted with 15 participants before full-
scale data collection. This pilot test helped refine the clarity
and comprehensibility of the questions. At the beginning
of the survey, participants were provided with detailed
information about the study, and informed consent was
obtained before proceeding with the questionnaire.

Statistical analysis

SPSS Statistics (IBM version 22.0) was used for the
statistical analyses. Kolmogorov-Smirnov test was used
to test the normality of the variables, Mann-Whitney
U test was used for the comparison of the quantitative
values of the categorical variables that were not normally
distributed. Chi-square or Fisher’s Exact tests were used for
the comparison of the categorical variables. P value was
less than 0.05 was accepted as statisticaly significant.

RESULTS

The mean age of the 298 mothers was 32.93 (21-46) and
147 (4.32%) of the mothers used silver cups. Ninthy three
percent (n=290) of mothers used at least one method for
nipple care. The first three used methods for nipple care
were lanoline (52.2%), breastmilk (51.2%) and silver cups
(49.8%). The general findings are presented in Table 1.
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Table 1: General features

Meanzstd Median
Mother age (year) 32.93+4.15 32.00
Baby age (month) 10.0+£7.5 8.0
n %

Education

Primary school 3 1.0%

High school 23 7.7%

University degree 272 91.3%
Number of pregnancies

1 207 69.5%

2 71 23.8%

>3 20 6.7%
Nipple fissurs history

Yes 70 23.5%

No 228 76.5%
Breastfeeding starting time

First hour 198 66.4%

First day 72 24.2%

After 24 hours 28 9.4%
Pacifier use

Yes 102 34.2%

No 196 65.8%
Bottle use

Yes 93 31.2%

No 205 68.8%
Expressing breast milk

Yes 87 29.2%

No 211 70.8%
Expressing method

Hand expression 3 3.4%

Hand pump 10 11.5%

Electrical pump 74 85%
Frequency of expressing

Everyday 30 34.5%

Less than 3 days per week 11 12.6%

More than 3 days per week 10 11.5%

When necessary 36 41.4%
Oral problem in infant

None 255 85.6%

Tongue-tie 21 7.0%

Cleft lip/ palate 0 0.0%
Breastfeeding Counselling

Yes 126 42.3%

No 172 57.7%
Nipple care

Yes 290 97.3%

No 8 2.7%
Nipple care methods

Lanoline 154 522

Breastmilk 151 51.2

Silver Cup 147 49.8

Only water 102 34.6

Water and soap 102 34.6

Breast Pads 87 29.5

Breast Shield 66 224

Olive Oil 48 16.3

Quince Seed 40 13.6

Garmastan © 35 11.9

Madecassol © 33 11.2

St. John's Wort 21 7.1

The characteristics of mothers who used silver cups and
those who did not are shown in Table 2. No significant
correlation was found between the two groups except
for prematurity of the baby (p<0.05).

There was no significant difference between mothers
regarding pacifier and bottle use and frequency and
technics of milk expressing (p>0. 05) (Table 3).

Data on the use of the silver cups are shown in Table 4.
The main source of information for 46.9% mothers about
using silver cups was the internet. It was recommended
by friends/relatives in 38.8% of the cases, by a lactation
consultant in 7.5% and by a health worker in 6.8%. The
silver cups were purchased from the internet in 59.2% of
cases and started to be used after pregnancy in 74.8% of
the cases. While 21.1% of the mothers used silver cups
for one month, 12.9% used it for more than six months.
Of the mothers who used silver cups, 132 (89%) thought
that this method was helpful in preventing nipple
fissures.

Nipple fissure was reported in 54.4 % of mothers who
used silver cups and 57 % of mothers who did not use
silver cups and there was no difference between the
frequency of nipple fissures or nipple redness/bruise in
both groups (Table 5).

In mothers who used silver cup, there was no significant
association was found between nipple fissure and
maternal age, education, number of pregnancies, and
expression, whereas a statistically significant association
was found with the presence of a history of nipple fissure
(p<0,001) (Table 6).

Table 4 : Features of the use of silver cups

n %

Information source

Internet 69 46.90

Friend / relative 57 38.80

Lactation consultant 11 7.50

Healthcare professional 10 6.80
Purchased from

Internet 87 59.20

Baby stores 27 18.40

Gift 24 16.30

Pharmacy 9 6.10
Time of initiation

After pregnancy 110 74.80

During pregnancy 37 25.20
Duration of use

Less than 1 month 23 15.60

1-3 months 77 52,40

3-6 months 28 19.00

More than 6 months 19 12.90
Maternal satisfaction

Yes 132 89.80

No 15 10.20
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Table 2: Characteristics of mothers with and without silver cups

Using Silver Cup

Yes No Total Total 3 p*
% % (n) (%)
n/mean+SD T, n/mean+SD ot
Age 33.11+4.19 21-46 32.75%£4.11 24-46 0.27**
Education 8.96 0.1
Primary school 0 0,0 3 2.0 3 1.0
High school 6 4.1 17 1.3 23 7.7
University degree 6 4.10 20 13.2 26 8.70
Under-graduate 61 41.5 65 43.0 126 423
Post-graduate 80 54.4 66 43.7 146 49.0
Number of Pregnancies 5.94 0.05
1 111 75.5 96 63.6 207 69.5
2 30 20.4 41 27.2 71 23.8
>3 6 4.1 14 9.3 20 6.7
Gestation 4.69 0.03
<37 10 6.8 22 14.6 32 10.7
>37 137 93.2 129 85.4 266 89.3
Nipple fissure history 0.02 0.88
No 113 76.9 115 76.2 228 76.5
Yes 34 23.1 36 23.8 70 235
Oral problem in infant 0.27 0.87
None 125 85.0 130 86.1 255 85.6
Tongue-tie 10 6.8 11 7.3 21 7.0
Cleft lip/ palate 0 0.0 0 0.0 0 0.0
Breastfeeding Counselling 0.04 0.84
No 84 57.1 88 58.3 172 57.7
Yes 63 429 63 41.7 126 423

*Chi-square test, **Man-Whitney-U test

Table 3: Data about breastfeeding experience

Using Silver Cup
Yes No T(()r:)al 1;?,:' X P*
n % n %
Pacifier use 0.43 0.51
Yes 53 36.1 49 325 102 342
No 94 63.9 102 67.5 196 65.8
Bottle use 0.52 0.47
Yes 43 293 50 33.1 93 31.2
No 104 70.7 101 66.9 205 68.8
Expressing breast milk 0.62 0.43
Yes 46 313 41 27.2 87 29.2
No 101 68.7 110 72.8 211 70.8
Expressing Method 237 0.55
Hand expression 1 2.2 2 4.9 3 34
Hand pump 7 15.2 3 7.3 10 11.5
Electrical pump 38 82.6 36 87.8 74 85
Frequency of expressing 433 0.23
Everyday 14 30.4 16 39.0 30 345
Less than 3 days per week 6 13.0 5 12.2 11 12.6
More than 3 days per week 3 6.5 7 17.1 10 11.5
When necessary 23 50.0 13 31.7 36 414

*Chi-square test
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Table 5: Comparison of nipple problems

Using silver cup

Yes No X P*
n % n %
Presence of nipple redness or bruise 1.04 031
Yes 89 60.5 100 66.2
No 58 39.5 51 338
Nipple fissure 019  0.66
Yes 80 544 86 57.0
No 67 45.6 65 43.0

*Chi-Square test

Table 6: Factors associated with nipple fissure in mothers

using silver cups

Nipple Fissure

Yes (n %) No (n %) X2 P
Education 0.567  0.753
Primary 15 (57.7 %) 11 (42.3 %)
Undergraduate 67 (53.2 %) 59 (46.8 %)
Graduate 84 (57.5%) 62 (42.5%)
Number of Pregnancy 0640 0.726
1 114 (55.1%) 93 (44.9%)
2 42 (59.2%) 29 (40.8%)
>3 10 (50.0%) 10 (50.0%)
Nipple fissure history 21.886 <0.001
Yes 110 (48.2%) 118 (51.8%)
No 56 (80%) 14 (20.0%)
Expressing breast milk 0399  0.528
Yes 120 (56.9%) 91 (43.1%)
No 46 (52.9%) 41 (47.1%)
*Chi-square test
DISCUSSION

Common nipple pain and damage in breastfeeding
mothers may be associated with an increased risk of early
cessation of breastfeeding (4). The most common causes
of nipple fissure were incorrect positioning and improper
suckling, followed by tongue tie, inappopriate expressing
technics, nipple infection, use of pacifier or bottle (4,7).
A history of nipple fissure was found in 23.5% of the 298
mothers in our study, The rates of pacifier and bottle use
were 34.2% and 31.2%, respectively. It was found that
29.2% of all mothers were milk expressing. Tongue tie was
present in 7% of the babies.

Proper counseling about breastfeeding, alongside
continuous support from educated health care
professionals, proved to be the most effective method
for preventing damaged nipples (6,9). In our study, 42.3%
of the mothers received breastfeeding support.

Various methods are used during the breastfeeding
period for the prevention and treatment of nipple fissures.
Although literature presents mixed results, interventions
such as tea compresses, hot and cold local applications,
peppermint juice, lanolin, olive oil, vernix caseosa, and
hydrogel compresses have been explored in recent
years (10-12). A recent study found both lanolin and

human milk are equally effective in treating painful and
damaged nipples (13). Maleki et al. (14) reported that aloe
vera may be a beneficial option for reducing nipple pain
and irritation, demonstrating significant improvement
compared to routine care. Additionally, studies suggested
that cocoa butter and beeswax may help prevent nipple
fissures (15,16). In our study, 97.3% of mothers (n=290)
reported using at least one method for nipple care. The
first three methods used for nipple care were lanolin
(52.2%), breast milk (51.2%) and silver cups (49.8%).

One of the methods applied in nipple care and fissures
is the use of silver cups. Silver cover creates a barrier
that accelerates wound healing and reduces the risk of
infection. A study involving 40 women with symptomatic
nipple fissures found that silver cups led to a more rapid
resolution of painful symptoms, bleeding, and nipple
fissures compared to applying only breast milk (8). The
preventive effect of silver cups on nipple fissures is also
significant. A recent study evaluating 99.9% pure silver
trilaminate cups found that they effectively prevented
nipple pain and fissures, with 98.8% of users reporting
symptom relief and no adverse effects observed (17).

In our study, no significant difference was found between
mothers who used silver cups and mothers who did not use
silver cups in terms of pacifier and bottle use, frequency and
techniques of expressing milk. In addition, it was found that
46.9% of the mothers obtained information about silverware
from the internet, 25.2% started using silvercups after
pregnancy, and 52.4% used silvercups between 1-3 months.
The fact that there was no statistically significant difference
in the frequency of nipple fissures between silver cup users
and non-users suggests that silver cups may be more useful
in relieving symptoms rather than preventing them. Similarly,
Charehsaz et al. (18) reported that silver-made nipple caps
exhibit antimicrobial properties and are biocompatible;
however, their efficacy in preventing nipple fissures remains
inconclusive. These findings suggest that silver cups may
primarily aid in symptom relief rather than prevention,
highlighting the need for further large-scale, controlled
clinical trials to establish their preventive potential.

On the other hand, in a study investigating the risk
factors for nipple fissure, it was found that a history of
nipple fissure increased (19). In our study, similar results
were obtained when the groups using silver cup and not
using silver cup were compared.

The strength of our study is that, to our knowledge,
it is the first study in Turkiye to investigate the use of
silver cups in reducing the frequency of nipple fissures.
Our study was shared on different social media groups,
which may have helped us reach mothers from different
socio-demographic groups. However, the fact that
participants participated in the survey based on their
own preferences (self-selection bias) and that mothers
using certain platforms participated more in the study
may limit the representativeness of the results.
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CONCLUSION

Nipple fissure is one of the most common causes of early
weaning. Mothers use many methods for nipple care. Silver
nipple cups are one of the methods preferred by mothers
in the prevention of nipple fissures and it is reported to
be beneficial. Large-scale clinical trials are needed to
determine the efficacy of silver cups in nipple care and pain.
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| ABSTRACT |

Oz

Aim: Obesity is a serious condition associated with increased
blood volume and left ventricular hypertrophy. While diastolic
dysfunction is more prominent during childhood, systolic
dysfunction is more commonly observed in adulthood. The aim
of this study is to investigate the relationship between body
mass index (BMI) increase and early structural changes in the
heart, systolic/diastolic functions, and vascular intima in obese
adolescents.

Material and Method: The study included 80 obese and 60
normal-weight adolescents aged between 12-18 years. The
body mass index of all participants was calculated, and their
systolic and diastolic blood pressures were measured. Lipid
profile and insulin resistance assessments were conducted
for the obese adolescents, and waist/hip ratio was calculated.
M-mode echocardiography, pulsed Doppler, and tissue
Doppler echocardiography were performed on all subjects to
evaluate cardiac functions.

Results: The results showed that systolic and diastolic blood
pressure were higher in obese adolescents compared to the
control group. Left ventricular mass index (LVMI), epicardial
adipose tissue (EAT), and carotid intima-media thickness (CIMT)
were also found to be higher in the obese group. Additionally,
a significant decrease was detected in markers of diastolic
dysfunction. No systolic dysfunction was observed; however,
the left ventricular Tei index (LVTEI), which reflects both systolic
and diastolic dysfunction, was significantly higher in the obese
group.

Conclusion: This study demonstrates that cardiac dysfunction
can be detected in obese adolescents before symptoms appear,
providing an opportunity for early intervention.

Keywords: Obesity, adolescent, echocardiography diastolic
dysfunction

Amag: Obezite, artmis kan hacmi ve sol ventrikil hipertrofisi ile
iliskili ciddi bir durum olup, cocukluk ¢aginda ¢zellikle diyastolik
disfonksiyon belirgin iken, yetiskinlikte daha yaygin olarak sistolik
disfonksiyon gozlenir. Bu calismanin amaci, obez adolesanlarda
vlcut kitle indeksi artigi ile kalpteki erken yapisal degisiklikler,
sistolik/diyastolik fonksiyonlar ve damar intimasi arasindaki iliskiyi
incelemektir.

Gereg ve Yontem: Calismaya 12-18 yas arasindaki 80 obez ve 60
normal kilolu saglkli adolesan dahil edilmistir. Tim katiimcilarin
vicutkitleindeksihesaplanmisvesistolikile diyastolikkan basinglar
Olctlmustlr. Obez adolesanlarin lipid profili ve insulin direnci
degerlendirmesi yapilmis olup bel/kal¢a orani hesaplanmistir.
Tum katilimcilara kardiyak fonksiyonlari degerlendirmek amaciyla
M-mode ekokardiyografi, pulsed Doppler ve doku Doppler
ekokardiyografi degerlendirmesi yapilmistir.

Bulgular: Sonuglar, obez adolesanlarda sistolik ve diyastolik
kan basincinin kontrol grubuna gore daha yuksek oldugunu
gostermistir. Sol ventrikul kitle indeksi, epikardiyal yag dokusu
ve karotis intima-media kalinhigi da obez grupta daha yuksek
bulunmustur. Ayrica diyastolik disfonksiyon belirteclerinde anlamli
bir azalma tespit edilmistir. Sistolik disfonksiyon gozlenmemistir;
ancak hem sistolik hem diyastolik disfonksiyonu yansitan sol
ventrikil Tei indeksi obez grupta anlamli derecede yuksek
bulunmustur.

Sonug: Bu calisma, obez adolesanlarda semptomlar ortaya
¢tkmadan 6nce kardiyak disfonksiyonun tespit edilebilecedini
gostererek erken mudahale icin bir firsat sunmaktadir.

Anahtar Kelimeler: Obezite, adolesan, ekokardiyografi, diyastolik
disfonksiyon
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INTRODUCTION

Obesity is a serious public health issue, attracting
attention with its increasing prevalence in childhood and
adolescence in recent years. According to data from the
World Health Organization (WHO), in 2022, 8% of children
and adolescents (160 million young people) were living
with obesity (1). The World Obesity Federation predicts that
by 2025, 206 million individuals aged 5-19, and by 2030, 254
million children and adolescents will be living with obesity
(2). Obesity has significant effects on the cardiovascular
system, leading to various complications later in life. WHO
defines obesity as excessive fat accumulation that poses a
threat to health (3). The adverse effects of obesity on the
metabolic and cardiovascular systems can lead to severe
long-term health issues. Cardiovascular complications
associated with obesity include hypertension, dyslipidemia,
and insulin resistance, which are indicators of metabolic
syndrome (4). Individuals who are obese in childhood have
an increased risk of developing cardiovascular diseases in
adulthood (5). Additionally, obesity can impair myocardial
functions, leading to severe complications like heart failure.
With anincrease in body fat tissue, obesity causes significant
changes in the cardiovascular system. Increased fat tissue
raises circulating blood volume, resulting in eccentric
hypertrophy of the left ventricle. Obesity is regarded as a
condition of chronic volume overload, as the heart must
pump blood through the extensive and relatively low-
resistance adipose tissue reservoir (6,7). While childhood
obesity often leads to diastolic dysfunction, systolic
dysfunction is seen in adulthood. Therefore, identifying
subclinical cardiac changes before systolic functions
deteriorate is essential. An increase in epicardial adipose
tissue (EAT) in obese adolescents may also play a role in
the pathogenesis of atherosclerosis and cardiomyopathy
(8). Additionally, ultrasonographic measurement of
carotid intima-media thickness (CIMT) is considered a
valid indicator for assessing atherosclerotic changes at the
subclinical stage, providing an assessment of cardiovascular
risk (9,10,11). The aim of this study was to determine the
differences in left ventricular muscle index, systolic and
diastolic functions, and carotid intima-media thickness
between obese adolescents and those with normal body
mass index. If abnormalities in the left ventricular diastolic
and systolic functions can be detected early, it may offer an
opportunity to intervene before heart failure develops.

MATERIAL AND METHOD

Between February 2023 and December 2023, 80 children
aged 12-18, diagnosed with exogenous obesity, were
referred to the pediatric cardiology outpatient clinic
and evaluated in terms of cardiology. These children,
who were identified based on their medical history,
physical examination, and test results, formed the study
group. Additionally, 60 healthy children aged 12-18, who
attended the clinic for routine control, general screening

before school or dorm registration, and who had no
active complaints or chronic illnesses, were included
in the control group. Body mass index (BMI) percentile
curves determined for Turkish children according to age
and gender were used. BMI below the 85th percentiles
was defined as normal weight, and a BMI above the
95th percentile was defined as obesity. Exclusion criteria
included acquired or congenital heart disease (e.g., ASD,
VSD, PDA, mitral/aortic insufficiency or stenosis), chronic
systemic illness, consumption of nutrients or medications
that could lead to hypertrophy of cardiac muscles (e.g.,
corticosteroids, addictive stimulants, testosterone, growth
hormone, high-protein supplements, etc.), hypertension
due to non-obesity-related causes, endocrine/genetic
diseases, and lack of parental consent. Approval for the
study was obtained from our hospital’s Clinical Research
Ethics Committee (Date:01/02/2023, Decision no:2023-
3/3).

Anthropometric and Biochemical Measurements

To determine anthropometric parameters, height, weight,
hip, and waist circumference measurements were taken
from the children. BMI was calculated by dividing body
weight in kilograms by the square of height in meters (12).
Hip circumference was measured at the broadest point of
the hips, at the level of the greater trochanter, with the legs
close together in centimeters (cm). Waist circumference
was measured while the child was standing, using a
non-flexible tape measure from the midpoint between
the arcus costae and spina iliaca anterior superior in cm.
Patients were rested for at least 20 minutes before blood
pressure measurement. Blood pressure measurements
for the entire group were taken three times by the same
researcher using a suitable cuff size for the patient’s
right arm with a sphygmomanometer, and the average
of these measurements was calculated for evaluation. In
the obese group, laboratory test results (fasting glucose,
fasting insulin, lipid profile, aspartate amino transferase
(AST), alanine amino transferase (ALT), thyroid-stimulating
hormone (TSH), thyroxine (T4), triglycerides, total
cholesterol, high-density lipoprotein (HDL), low-density
lipoprotein (LDL), very low-density lipoprotein (VLDL),
hemoglobin Alc (HbA1c)) from the last three months
were obtained from the Pediatric Endocrinology Clinic
data. No laboratory tests were conducted in the control
group. Homeostasis Model Assessment Insulin Resistance
(HOMA-IR) was calculated using the formula: FBG (mg/dl)
x fasting insulin (uU/ml) / 405. HOMA-IR value is the most
widely used and reliable method to determine insulin
resistance in children, and HOMA-IR >3.16 in adolescents
is considered insulin resistance (13).

Echocardiography

Echocardiography was performed by the same pediatric
cardiologist using the Vivid S60N (GEVingmed Ultrasound
AS Strandpromenaden 45, 3191 Horten, NORWAY)
device and a 3ScRs probe. All measurements were taken
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during three consecutive cardiac cycles and averaged.
Standard 2D, M-mode, and Doppler measurements were
performed according to the guidelines of the American
Society of Echocardiography.

Two-Dimensional and M-Mode Echocardiography
Measurements

Left ventricular M-mode measurements were obtained
from a parasternal long-axis view. Interventricular septal
end-diastolic dimension (IVSd), interventricular septal
end-systolic dimension (IVSs), left ventricular end-diastolic
dimension (LVEdD), left ventricular end-systolic dimension
(LVEsD), left ventricular posterior wall end-diastolic
dimension (LVPWd), left ventricular posterior wall end-
systolic dimension (LVPWs), and left atrial dimension (LAd)
were measured. Ejection fraction (EF) was calculated using
the Simpson method. Left ventricular mass (LVM) was
calculated using the Devereux formula: 0.8{1.04[([LVIDd
+ IVSd + LVPWd]? - LVIDA®)]} + 0.6. Left ventricular mass
index (LVMI) was calculated by dividing LVM in grams by
body surface area (BSA). Epicardial adipose tissue (EAT)
was defined as an echo-free space within the pericardial
layers in two-dimensional echocardiography and was
measured perpendicularly on the free wall of the right
ventricle at the end of diastole from a parasternal long-
axis view (14-16). Measurement of carotid intima media
thickness (CIMT) of carotid bifurcation was performed by
the pediatric cardiologist using the Vivid S60N, GE, Horten,
Norway echocardiography device with linear probe.
Measurements were taken with the patient lying supine,
with the head slightly extended and turned to the side
opposite the artery being evaluated.

Conventional Diastolic Parameters

Ventricular diastolic flow rates were determined by placing
the sample volume probe at the tip of the tricuspid and
mitral leaflets in an apical four-chamber view using pulsed
Doppler. The peak early diastolic filling velocity (E), the
peak late diastolic filling velocity (A), and the E/A ratio,
indicating diastolic function status, were obtained.

Tissue Doppler Echocardiography

Tissue Doppler imaging was performed by placing the
sample volume at the mitral annulus on the posterior wall
of the left ventricle, the right ventricular anterior wall at the
tricuspid annulus, and the basal part of the interventricular
septum in apical four-chamber views. Peak systolic flow of
the left ventricle (LVSm), peak early diastolic myocardial
velocity (E'), and peak late diastolic myocardial velocity
(A) were measured. The isovolumic contraction time
(IVCT) was measured from the end of the A’ wave to the
beginning of the Sm wave, and the isovolumic relaxation
time (IVRT) was measured from the end of the Sm wave to
the beginning of the E'wave. The myocardial performance
index (LVTEI) was calculated by dividing the sum of IVCT
and IVRT by the ejection time (ET) (17,18).

Statistical Analysis

In this study, the conformity of continuous variables to a
normal distribution was examined using the Shapiro-Wilk
test. Continuous variables were expressed as mean and
standard deviation values if they conformed to a normal
distribution, and as median (minimum-maximum) values
if they did not conform, while categorical variables were
reported with frequency and the relevant percentage
values.Comparisons between study groups for continuous
variables were performed using the independent samples
t-test if the data conformed to a normal distribution, and
the Mann-Whitney U test if they did not. For categorical
variables, comparisons between study groups were
made using the Chi-square and Fisher’s exact Chi-square
tests. The relationships between continuous and discrete
variables were examined by correlation analysis, and the
relationships between variables were reported with the
Spearman correlation coefficient. The analyses of the
study were conducted using the SPSS (IBM Corp. Released
2015. IBM SPSS Statistics for Windows, Version 23.0.
Armonk, NY: IBM Corp.) program, and a type | error rate of
5% was accepted for statistical comparisons. A two-tailed
p<0.05 was considered statistically significant.

RESULTS

There was no significant difference between the groups
participating in the study in terms of age and gender
(p:as0.312). However, in the obese group, systolic and
diastolic blood pressure values were significantly higher
than those in the control group (p<0.001, p<0.001).
BMI was found to be significantly higher in the obese
group (p<0.001). A comparison of demographic data,
anthropometric measurements, and blood pressure
values of obese patients and children in the control
group is presented in Table 1.

Table 1. Comparison of demographic data, anthropometric

measurements, and blood pressure values of obese patients
and children in the control group

Control Group Obese Group

(n=60) (n=80) pvalue
Age (Years) 14 (12-17) 15(12-17) 03122
Gender 0.921°
Female 25 (41.70%) 34 (42.50%)
Male 35 (58.30%) 46 (57.50%)
Body Weight (kg) 61.62+10.03 101.93+£13.70 <0.001¢
Height (cm) 1.67 (1.52-1.85) 1.68 (1.49-1.90) 0.300°
BMI (kg/mz) 21.78(17.93-25.71) 34.57 (30.41-46.17) <0.001°
BMilsds 0.28 (-1.53-0.99) 2.99 (2.03-4.35) <0.001°
SBP (mmHg) 120 (106- 135) 130.50 (111-164)  <0.001°
SBPsds 0.84 (-0.10-2.05) 1.55(-0.33-2.33)  <0.001°
DBP (mmHg) 67 (50-82) 74 (55-110) <0.001°
DBPsds 0.14 (-1.28-1.48) 0.83 (-0.95-2.33)  <0.001°

Data are reported as median (minimum-maximum), mean + standard deviation, and n (%).

a: Mann-Whitney U Test, b: Chi-square Test, c: Independent Samples t-test. BMI:Body Mass
Index, BMIsds: Body Mass Index standard deviation score, SBP: Systolic blood pressure, DBP:
Diastolic blood pressure, DBPsds: Diastolic blood pressure standard deviation score.
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In the obese group, the HOMA-IR value was also found
to be high, indicating insulin resistance. The prevalence
of elevated HOMA-IR levels was 94.10% in females and
82.60% in males. Among the obese adolescents in the
study, 50% showed decreased HDL levels, and 10% had
elevated triglyceride levels. The descriptive statistics of
biochemical parameters for the obese patient group are
shown in Table 2.

Table 2. Descriptive statistics of biochemical parameters in

the obese patient group

Biochemical Parameter Ob?:Z;';;’“P Refe(ﬁil::jw F:a)l(r;ges
Fasting Glucose (mg/dL) 90.38 (70-110) 70-100
AST (U/L) 21.14 (10-35) 0-32
ALT (U/L) 27.50 (15-40) 0-33
Fasting Insulin (ulU/ml) 28.07 (15-50) 2.6-24.9
HOMA-IR 6.31(3-10) 0-3.16
HbA1C (%) 5.24 (4-6.50) 3.5-5.6
Cholesterol (mg/dL) 159.19 (130-190) 3-200
LDL (mg/dL) 87.05 (60-110) 0-130
HDL (mg/dL) 4535+ 1045 45-65
Triglycerides (mg/dL) 130.81 (80-200) 0-200
Tsh (mIU/L) 2.15(1-3.50) 1.13-5.34
Free T4 (ng/dL) 1.16 (0.90-1.50) 1-1.53

Data are reported as median (minimum-maximum) and mean + standard deviation. Min:
Minumum, Max: Maximum, AST: Aspartate amino transferase, ALT: Alanine amino transferase,
HOMA-IR: Homeostasis Model Assessment Insulin Resistance, HbA1c: Hemoglobin Alc, LDL:
Low-density lipoprotein, HDL: High density lipoprotein, Tsh: Thyroid-stimulating hormone,
T4: Thyroxine.

In echocardiographic measurements, LVMI was found
to be significantly higher in the obese group (p<0.001).
Additionally, EAT and CIMT measurements were
significantly higher in the obese group compared to
the control group (p<0.001, p<0.001). No differences
were observed between the control and obese
groups regarding EF and fractional shortening (FS)
measurements, which reflect systolic functions (p:0.175,
p:0.106). The results of conventional echocardiography,
EAT, and CIMT measurements for the obese and control
groups are presented in Table 3.

In the obese group, positive significant correlations
were found between BMI SDS and CIMT, EAT, E/E,
and  LVTEl  (rs=0.61-p<0.001, rs=0.58-p<0.001,
rs=0.52-p<0.001, rs=0.64-p<0.001), while negative
significant correlations were found between BMI
SDS and E/A, E, and E'/A" (rs=-0.76-p<0.001, rs=-
0.63-p<0.001, rs=-0.77-p<0.001) (Table 5). A positive
correlation was also found between waist/hip ratio
and CIMT (rs=0.30; p:0.007), EAT (rs=0.26; p:0.021), LVMI
(rs=0.24; p:0.029), and LVTEI (rs=0.26; p:0.020), while
negative correlations were observed between waist/
hip ratio and E/A (rs=-0.27; p:0.017) and E'/A’ (rs=-
0.26; p:0.019). Table 4 shows the correlation analysis
between waist circumference, waist/hip ratio, and
cardiac measurements in the obese group.

Table 3. Comparison of conventional echocardiography,

pulsed, and tissue Doppler echocardiography findings, and
EAT and CIMT measurements in obese and control groups

Control Group Obese Group
(n=60) (n=80) =
IVSd (mm) 6.25(4.50-8) 8.23(5-11) <0.001
IVSs (mm) 11.25(8-14) 13.28(10-16) <0.001
LVEdD (mm) 37.32(30-45) 41.98(35-50) <0.001
LVEsD (mm) 23.07(18-28) 25.67(20-30) <0.001
LVPWd (mm) 6.12(4.50-8) 8.03(5-11) <0.001
LVPWs (mm) 10.87(8-13.50) 13.63(10-16) <0.001
LVM (gr) 61.79(40-80) 105.88(70-140) <0.001
LVMI (gr/m?) 34.03(20-50) 50.86(30-65) <0.001
EF (%) 70.42(65-75) 69.86(65-75) 0.175
CIMT (p) 470.17(400-600) 690.94(500-900) <0.001
EAT (mm) 3.03(2-4) 5(4-7) <0.001
E (m/sn) 92(87-103) 96(81-111) 0.850
A (m/sn) 58(55-70) 64(51-86) 0.002
E/A 1.58(1.31-1.78) 1.47(1-1.96) 0.037
E'(cm/s) 14(11-16) 14(9-16) 0.295
A'(cm/s) 8.75 (6.88-10) 8.99(7.14-11.54) 0.034
E/A 1.60(1.30-1.80) 1.45(1.10-1.90) 0.002
E/E' 6.71(6-8) 6.89(5.80-9.10) 0.009
LVTEI 37(35-41) 39(36-45) <0.001

Data are reported as median (minimum-maximum). a: Mann-Whitney U Test. IVSD:
Interventricular septal end-diastolic dimension, IVSs: Interventricular septal end-systolic
dimension, LVEdD: Left ventricular end-diastolic dimension, LVEsD: Left ventricular end-
systolic dimension, LVPWd: Left ventricular posterior wall end-diastolic dimension, LVPWs:
Left ventricular posterior wall end-systolic dimension, LVM: Left ventricular mass, LVMI: Left
ventricular mass Index, EF: Ejection fraction, CIMT: Carotid intima media thickness, EAT:
Epicardial adipose tissue, E: The peak early diastolic filling velocity, A: The peak late diastolic
filling velocity, E/A: Peak velocity ratio, E": Peak early diastolic myocardial velocity, A": Peak late
diastolic myocardial velocity, E'/A': Mean peak diastolic mitral annular velocity ratio, E/E": Early
entry, early diastolic peak velocity ratio, LVTEI: Myocardial performance index.

Table 4. Correlation analysis of BMI SDS and waist/hip

ratio with ventricular function parameters measured by
echocardiography in the obese and control groups

=80 BMisds Waist/Hip Ratio
rs p-value rs p-value
CIMT 0.61 <0.001 0.30 0.007
EAT 0.58 <0.001 0.26 0.021
LVMI 0.10 0.398 0.24 0.029
E/A -0.76 <0.001 -0.27 0.017
E/A -0.77 <0.001 -0.26 0.019
E/E' 0.52 <0.001 0.07 0.538
LVTEI 0.64 <0.001 0.26 0.020

rs: Spearman Correlation Coefficient, CIMT: Carotid intima media thickness, EAT: Epicardial
adipose tissue, LVMI: Left ventricular mass Index, E/A: Peak velocity ratio, E'/A": Mean peak
diastolic mitral annular velocity ratio, E/E": Early entry, early diastolic peak velocity ratio,
LVTEI: Myocardial performance index.

Graphs of correlation analyses between BMI SDS
and ventricular function parameters measured by
echocardiography in obese and control groups are
shown in Figure 1.
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DISCUSSION

The prevalence of obesity among children and
adolescents is increasing worldwide (17). In a cohort
study conducted by Lindberg et al., using the Swedish
Childhood Obesity Treatment Register (BORIS), it was
shown that individuals with childhood obesity had
a threefold higher risk of all-cause mortality in early
adulthood compared to a community-based comparison
group (19). When evaluating the systolic and diastolic
blood pressures of the obese and control groups in our
study, the blood pressures in the obese group were
found to be higher than in the control group (p<0.001).
Similarly, in the study by Skinner et al, a significant
relationship between increased BMI and high systolic
and diastolic blood pressure was demonstrated (20).

Waist circumference is one of the indicators of
cardiovascular risk factors in children, and increased
waist circumference in childhood obesity has been
shown to be predictive of metabolic syndrome.
Studies have demonstrated a correlation between
waist circumference and BMI in children (21,22). In our
study, a weak correlation was found between BMlIsds
and waist circumference in the obese group (rs=0.24;
p<0.032). Insulin resistance, a condition requiring
higher insulin levels to maintain normal blood glucose
and biological responses, is considered a common
cause of cardiovascular and metabolic complications.
Hyperinsulinemia and insulin resistance, which are
also closely related to abdominal obesity, may induce

myocadial hypertrophy by growth-stimulating effect
of insulin or increasing blood volume. Bjelakovic et al,
showed a positive correlation between HOMA-IR and
LVMI (23). The study by Skinner et al. demonstrated the
association between obesity and high HOMA-IR values
(20). Similarly, Thota et al. showed that obesity was
significantly associated with higher fasting insulin and
HOMA-IR values in adolescents (24). In our study, the
median HOMA-IR value for obese adolescents was 6.31,
with elevated HOMA-IR levels observed in 94.10% of
obese females and 82.60% of obese males. Dyslipidemia
associated with obesity can be characterized by
hypertriglyceridemia, reduced HDL levels, and normal
or slightly elevated LDL levels. Gomez-Diaz et al. found
a 26% prevalence of hypertriglyceridemia and a 67%
reduction in HDL levels among obese adolescents (25).
In our study, 10% of patients in the obese group had
hypertriglyceridemia, and 8% had slightly elevated LDL
levels, while 50% had reduced HDL cholesterol levels.

The relationship between obesity in childhood and
adolescence and the development of hemodynamic,
thrombotic, and inflammatory disorders, such as
atherosclerosis in later life, is well-supported in the
literature (26). The first subclinical sign of atherosclerosis
is an increase in arterial intima-media thickness.
There is evidence that children with diabetes,
hypercholesterolemia, and obesity have higher CIMT
than healthy controls.Inastudy by Simsek et al., increased
CIMT was observed in obese children compared to those
of normal weight (27). Similarly, a study by Freedman et

1
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al. demonstrated a relationship between CIMT and BMI
(28). In our study, the median CIMT measurement in the
obese group was 690.94 y, while it was 470.17 W in the
control group (p<0.001). A positive significant correlation
was found between BMIsds and CIMT (rs=0.61, p<0.001).

Epicardial adipose tissue (EAT) accumulates around
the heart and coronary vessels. EAT is located between
the outer edge of the myocardium and the visceral
pericardium, and it is distinct from pericardial adipose
tissue located outside the visceral pericardium (8). EAT
plays arolein diastolic dysfunction and may exert a direct
compressive force on the myocardium. Coronary arteries
are embedded within EAT, and increased EAT thickness
is associated with impaired coronary blood flow reserve
due to the perivascular compressive effect (29,30). In a
study by Yang et al., a strong correlation between BMIsds
and increased EAT was demonstrated. Similarly, Alp et
al. showed that EAT thickness was increased in obese
individuals (8). In our study, even though the adolescents
were obese, they were otherwise healthy. This controlled
for the effects of additional comorbidities or chronic
diseases. Our results also showed elevated EAT in the
obese group (p<0.001). In the obese group, the median
EAT was 5 mm, while in the control group, it was 3.03 mm.

Obesity is associated with increased fat tissue, increased
blood volume, and, consequently, an increase in
preload returning to the heart. Left ventricular mass
index (LVMI), which reflects the thickening of the left
ventricle to compensate for the increased afterload
caused by vascular changes affecting arterial stiffness
and resistance, is a related parameter. In a study by Brady
et al., LVMI was shown to be associated with BMI SDS
independently of hypertension (31). In another study
by Porcar-Almela et al.,, higher LVMI was observed in
obese individuals compared to the control group (32).
Similarly, Bartkowiak et al. found that obese children had
higher LVMI (33). In our study, LVMI was also found to
be elevated in obese individuals (p<0.001). The median
LVMI was 50.86 g/m2 in obese adolescents, whereas it
was 34.03 g/m’ in healthy adolescents.

Obesity beginning in childhood should be considered a
risk factor not only for cardiovascular diseases in adulthood
but also as a factor in subclinical cardiac dysfunction
during childhood. In a study by Alp et al., increased E/E,
decreased E/A, and E'/A’ ratios were reported, indicating
reduced diastolic function in obese children (8). Similarly,
Porcar-Almela et al. demonstrated increased E/E’ and
decreased E/A ratios in obese children (32). In the study
by Mangner et al., elevated E/E’ ratios were also shown in
obese individuals (34). In our study, the E/A ratio, detected
by standard Doppler as a parameter showing diastolic
function, was lower in obese individuals compared to the
control group (p:0.037). The E'/A’ ratio obtained through
tissue Doppler was also significantly lower in obese
individuals compared to normal-weight adolescents

(p:0.002). Additionally, the E/E’ measurement was found to
be increased in the obese group compared to the control
group (p:0.009). This indicates that the adverse effects of
obesity are already present during adolescence.

In childhood obesity, systolic dysfunction can be predicted
by EF, FS, and tissue Doppler parameters. In our study,
while abnormal diastolic parameters were detected in
obese adolescents in both conventional and tissue Doppler
measurements, systolic functions were preserved in both
groups. There was no difference between the groups in
terms of fractional shortening (FS) (%) (p:0.106), which
is a variable parameter related to load. Similarly, there
was no difference between the groups in terms of EF
measurement (p:0.175). Studies report that LVTEI, which
reflects both systolic and diastolic function of the heart, is
impaired in obese individuals. This may indicate that overt
diastolic dysfunction is accompanied by subclinical systolic
dysfunction in obesity (35,36,37). Similarly, in our study,
LVTEl was found to be higher in the obese group compared
to the control group and was correlated with BMI SDS
(rs=0.64, p<0.001).

Limitations of Our Study

Since no laboratory tests were performed on the control
group, no comparisons between groups could be made
in this area. Additionally, non-alcoholic steatohepatitis
(NASH) and its effects on the cardiovascular system could
not be studied due to the lack of ultrasound screening
for liver steatosis. Due to the limited number of obese
patients, we did not classify obesity within its own
subcategories. Since this was a cross-sectional study,
we were unable to detect possible cardiac changes
in patients following multidisciplinary treatments by
dietitians, endocrinologists, and nephrologists..

CONCLUSION

Our study identified diastolic dysfunction in
asymptomatic obese children in terms of cardiovascular
function. We observed that systolic dysfunction had not
yet reached a level detectable by conventional methods.
We believe these pathological findings may provide
an opportunity for early intervention in the subclinical
phase before clinical symptoms develop.
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Ates Yakinmasi ile Basvuran Radial Arterde insidental Thrill
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Thrill in Radial Artery in a Patient with Fever
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| ABSTRACT |

Arterioven6z malformasyon (AVM), arter ve venler
arasindaki kapiller yatagin olmamasiyla nedeniyle olusan
santlardir. Arteriyel kanin vendz damarlarda birikimine
bagli etkilenen boélgede pulsasyon farki, thrill ve yuksek
sicaklik saptanabilir. Erken doénemlerde asemptomatik
olup gebelik, travma gibi durumlarda biyumeleri hizlanip
semptomatik hale gelebilirler. Daha 6nce saghkh 23
ayhk erkek hasta, ates, balgamh 6ksirik ve ishal sikayeti
ile Cocuk Acil Servise getirildi. Vital bulgular stabil olan,
fizik muayenesinde patoloji saptanmayan hastanin, nabiz
muayenesinde sol radial arter Uzerinde thrill saptandi.
Ekstremite muayenesinde renk degisimi yoktu, kapiller
dolum zamani normaldi. Doppler Sonografi ‘de “13x11
mm fuziform vaskiler yapilanma izlenmis ‘alising' artefakt
gorilda. Sefalik ven ile uyumlu, lezyon ile iliskili venoz
yapida arterialize akim izlenmis olup bulgular AVM ile
olrak yorumlandi. Kalp ve Damar Cerrahisi bélimiince
hastaya elektif anjiografi planlandi. Acil servis takibinde
atesi gerileyen hastanin kontrol fizik muayenesinde radial
arterde thrill kayboldu. Bu durumun ates gibi hiperdinamik
bulgularin kan akimini artirarak thrill siddetinde artisa bagh
oldugu distinildi. AVM'ler nadir gorilmekte olup, siklikla
asemptomatiktir. Ates gibi hiperdinamik bulgularin durumu
tetikleyebilecedi, agir formlarda ise kalp yetmezligi gibi
komplikasyonlar gelisebilecedi bilinmektedir. Siklikla farkh
amaclarla yapilan gériintiileme yontemleri ile tesadiifen tani
alan AVM’ler, bu hastanin detayli fizik muayenesiile insidental
olarak saptanmis olup, bu olgu ile fizik muayenenin 6nemi
vurgulanmak istenmistir.

Anahtar Kelimeler: Arterioventz fizik
muayene, radiyal arter, thrill

malformasyon,

Arteriovenous malformations (AVMs) are shunts that occur due to
the absence of a capillary bed between arteries and veins. Pulsation
differences, thrills, and high temperatures can be detected in the
affected area due to the accumulation of arterial blood in venous
vessels. They are asymptomatic in the early stages, but their growth
accelerates, and they become symptomatic in cases such as
pregnancy and trauma. A previously healthy 23-month-old male
patient was brought to the Pediatric Emergency Department with
fever, productive cough, and diarrhea complaints. The patient's
vital signs were stable, no pathology was detected in the physical
examination, and a thrill was detected on the left radial artery in
the pulse examination. There was no color change in the extremity
examination, and the capillary refill time was normal. Doppler
sonography showed a "13x11 mm fusiform vascular structure
with ‘alising" artifact. Arterialized flow was observed in the venous
structure associated with the lesion, which was compatible with the
cephalic vein, and the findings were interpreted as AVM. Elective
angiography was planned for the patient by the Cardiovascular
Surgery Department. The patient's fever regressed during the
emergency room follow-up, and the thrill disappeared in the radial
artery during the follow-up physical examination. It was thought
that this situation was due to the increase in thrill intensity by
hyperdynamic findings such as fever increasing blood flow. AVMs
are rare and often asymptomatic. It is known that hyperdynamic
findings such as fever can trigger the condition, and complications
such as heart failure can develop in severe forms. AVMs, which are
often diagnosed incidentally with imaging methods performed for
different purposes, were detected incidentally with the detailed
physical examination of this patient, and the importance of physical
examination was emphasized in this case.

Keywords: Arteriovenous malformation, thrill, radial artery,
physical examination

GiRiS

Arterioven6z malformasyonlar (AVM), arter ve ven arasin-
da yer alan kapiller yatagin olmamasi sebebiyle olusan
santlardir. Arteriyel kanin, venéz damarlarda birikimine
bagl olarak etkilenen bdlgede pulsasyon farki, thrill ve
sicaklik artisi saptanabilir. Asemptomatik olabilecekleri
gibi Ulserasyon, ani gelisen kanamalar ve kalp yetmezli-

gine kadar ilerleyebilen ciddi komplikasyonlar da gori-
lebilir.

Arterioven6z malformasyonlar, genellikle ileri yaslarda
semptom gelistiginde tani almakta beraber %15 olguda
asemptomatiktir (1). Bu malformasyonlar, gebelik, ergen-
lik, ameliyat ve travma gibi durumlarda hizlica biyuye-
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rek semptomatik hale gelebilirler. Nadiren, 6zellikle sant-
ral sinir sistemindeki malformasyonlar kanamaya, hatta
Olume sebebiyet verebilir, calma sendromu gelisebilir.
Bunun sebebi AVM icinden gegen damarlarin direncinin
ciltteki damarlara gore daha disiik olmasi; zamanla AVM
icinden gecen kan miktarinin artmasi ve cevre kapillerler-
den gelen kanin AVM’lere dolmasidir (2). Hastalar boyle
durumlarda nadir de olsa kalp yetmezligi, ani bilin¢ bo-
zuklugu ile basvurabilirler. Asemptomatik vakalar, genel-
likle bagska amacla yapilan goriintiilemelerde insidental
olarak saptanmaktadirlar (3). Bu nedenle hastalar hangi
yakinma ile basvurursa basvursun tam ve ayrintili fizik
muayene yapilmali, nabiz muayenesi de atlanmadan ya-
pilmahdir.

Thrill, fizik muayenede kolaylikla saptanabilir. Damar hi-
zasinda palpasyonla alinan titresim, uguldama hissi ola-
rak tanimlanmaktadir. Siklikla kan akiminin yarattigi tir-
bilansa bagl hissedilen klinik bir durumdur (4).

Bu yazida da ates yakinmasi ile bagvuran Gst solunum
yolu enfeksiyonu bulgulari olan ancak fizik muayenesin-
de atesin tetikledigi thrill saptanan ve radial AVM tanisi
alan bir hasta sunulacaktir.

OoLGU

Daha once saghkh 23 aylik erkek hasta, iki glindir en
yuksek 38,5°C ates, bir glindir olan balgamli 6ksuriik
ve kotu kokulu ishal sikayeti ile Cocuk Acil Servise geti-
rildi. Triajda ilk degerlendirmesinde genel durumu iyi
olan hastanin vicut sicakhgr ciltten temas ile dlgiimle
37,9°C, nabiz 131/dk, oksijen satiirasyonu oda havasinda
%96, solunum sayisi 34/dk idi. Acil bagvurusu sirasinda
st solunum yolu enfeksiyonu bulgularinin olmasi ve bu
nedenle cocugun huzursuzlugu nedeniyle uygun sekilde
tansiyon 6l¢imi yapilamadi.

Fizik muayenesinde viral tst solunum yolu bulgulari olan
hastanin, nabiz muayenesinde sol radial arter tzerinde
thrill saptandi. Ekstremite muayenesinde renk degisimi
yoktu, kapiller dolum zamani normaldi. Diger santral ve
periferik nabiz muayeneleri dogaldi.

Muayenede saptanan thrill nedeniyle hastaya Ust Ekstre-
mite Arterial Doppler Ultrasonografi (US) planlandi. US'si
“yaklasik 13x11 mm boyutlu fuziform vaskiler yapilanma
izlenmis olup RDUS' da 'alising' artefakti gostermektedir.
Bu duizey proksimalinde radial arterde PSV 180 cm/sn,
lezyon diizeyinde 400 cm/sn' dir. Sefalik ven ile uyumlu,
lezyon ile iliskili vendz yapida arterialize akim izlenmis
olup bulgular AVM ile uyumludur” olarak yorumlandi.
Kalp ve Damar Cerrahisi bolimiine danisilan hastaya,
elektif anjiografi planlandi.

Acil servis takibinde atesi gerileyen hastanin fizik muaye-
nesi tekrarlandi ve radial arter thrill saptanmadi. Bu duru-
mun kan akiminin artmasiyla thrill siddetinin artmasina
bagli oldugu disuntldd.

Hastaya yaklasik bir ay sonra yapilan anjiografide AVYM
saptanmadi (Resim 1).

Resim 1. Hastanin angiografik goriintiilemesi; AVM saptanmadi

TARTISMA

Olgumuz acil serviste sistemik muayene sirasinda insi-
dental AVM saptanan bir olgudur. Bu olgu ile fizik mu-
ayenenin 6nemi bir kez daha vurgulanmak istenmistir.
Farkli bir yakinma ile acil servise gelmesine ragmen pe-
riferik nabiz muayenesinin yapilmis olmasi hastanin tani
almasini saglamistir.

Arterioven6z malformasyonlar, %0,15 insidans ve
%0,001-0,5 prevelans ile oldukga nadir gériilmektedir (1).
Siklikla asemptomatiktir. Ancak hastalar kalp yetmezIligi,
organ kaybi gibi agir klinik durumlar ile de gelebilir. Ar-
teriyel komponenti olan vendz malformasyonlar ylksek
akimli olarak degerlendirilirken, arteriyel komponenti
olmayanlar diisiik akiml olarak siniflandirilir (5). AVM'ler
vaskuler anomalilerin %4,7’sini olusturmakta olup siklikla
bas-boyun bolgesinden kaynaklanmaktir ancak ekstre-
mitelerde de gordlebilirler (6).

Ergenlik donemi ve hamilelikte cinsiyet hormonlarinin
anjiyogenezi arttirarak bu donemlerde AVM malformas-
yonlarda buyimeye sebep oldugu gorilmistr (7).

Schobinger siniflamasina gore periferal malformasyonlar
dort evrede incelenmektedir. Evre 1: asemptomatik has-
talar olup 1s1 artisl, renk degisimi ile prezente olmaktadir.
Evre 2: palpabl thrill, pulsasyon, tortioz venler mevcut
olup 3. Evrede bu bulgulara ek olarak tlserasyon, kana-
ma ve agri eslik eder. 4. Evrede ise kalp yetmezligi gelis-
mektedir (9). Hastamiz bu siniflamaya gore her ne kadar
hastada is1 artisi ve renk degisikligi olmasa da asempto-
matik olmasi ve fizik muayene sirasinda tesadiifen thrill
saptanmis olmasi nedeniyle evre 1 olarak kabul edilmis-
tir. Vlcut 1sis1 distiikten sonra thrillin kaybolmus olmasi
da vakanin hafif bir vaka oldugunu ileri evre bir vaka ol-
madigini distindirmustdr.
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Radial Arterde Thrill Alinan Hasta

Arterioven6z malformasyonlar yiiksek debili kan akimina
sahip malformasyonlardir, atesli hastaliklarin kan akimini
vazodilatasyon ile arttirdigi bilinmektedir (9). Hastamiz-
da bu sebepten dolayi ates nedeniyle gelisen kan akimi
artisinin thrilli tetikledigi dustniilmektedir. Hastamizin
bu sekilde tani almasi hem fizik muayenenin 6nemini
vurgulamakta olup bu konu hakkinda daha 6nce yapilan
bir arastirma olmadigi gorulmustir. Hastanin erken evre-
de tani almasi, komplikasyon gelisimini engellemek agi-
sindan da 6nemlidir. Hastada saptanan bulgu ileri tetkik
gerektirmektedir. Bu amagla acil sartlarda doppler ultra-
sonografi yapilmis, ardindan anjiografi planlanmistir. An-
cak anjiyografide patoloji saptanmamistir.

Webb ve arkadaslarinin yayinladigi bir vakada, postnatal
12. saatte solunum sikintisi gelisen, takibinde yiksek de-
bili kalp yetmezlidi saptanan erkek bebek hastaya anji-
ografiyapildigi, hastada sol dirsek ve 6n kolda genis AVM
saptandigi ve embolizasyon yapildigi ancak izlemde
hastanin sol 6n kolda nekroz gelistigi ve ampiitasyon ya-
pildigi bildirilmistir. Ancak yapilan islem ile hastanin kalp
yetmezligi tamamen gerilemistir (10). Aihole ve arkadas-
lari ise 5 yas kiz hastada dogumdan beri sol isaret par-
magi avug hizasinda 7x5cm, ciltten kabarik mavi renkli
lezyon tanimlanmis, hastada cerrahi eksizyon ile tam iyi-
lesme oldugunu, el fonksiyonlarinin tamamen normale
dondugini bildirmislerdir (11).

Tedavide yaklasim multidisiplinerdir. Kalp damar cerra-
hisi, plastik cerrahi, dermatoloji ve girisimsel cerrahi ta-
rafindan yapilmaktadir. 2022 yilinda yapilan bir meta-a-
nalizde yedi farkh calisma degerlendirilmis olup ortak
sonuc olarak hafif-orta derecedeki vakalarda izlem, sinir
ve damarlari tutan distal tutulumlarda el cerrahlari tara-
findan eksizyon onerilmektedir. Embolizasyon sadece
ciddi semptomlari olan, yliksek debili AVM'ler icin 6ne-
rilmistir (12).

Bu vaka sunumundaki en buyuk kisithlik acil sartlarda
yapilan Doppler US'nin hastane bilgi sistemine yiklene-
memis olmasidir. Bu nedenle US gorunitisi paylasila-
mamistir.

SONUC

Tum hastalarin sistem muayeneleri tam olarak yapilmali,
patolojik bulgular arastiriimalidir. Her ne kadar bizim va-
kamizda anjiografi normal olsa da tipki bu vakadaki gibi
cesitli durumlarda gelisen gecici bulgular hastaliklarin
erken tani icin 6nemlidir ve arastiriimalidir. Siklikla cesitli
nedenlerde yapilan gorintilemelerle saptanan bu mal-
formasyonlarin iyi bir fizik muayene ile tani alabilecegi
unutulmamalidir. Kalp yetmezligi, organ kaybi gibi agir
komplikasyonlar gelisebilmekle beraber izlem, embo-
lizasyon ve cerrahi uygulama karari hastalarin klinigine
gore verilmelidir.

ETIK BEYANLAR

Aydinlatilmig Onam: Bu calismaya katilan hasta(lar)dan
yazilionam alinmistir.

Hakem Degerlendirme Siireci: Harici ¢ift kor hakem de-
gerlendirmesi.

Cikar Catismasi Durumu: Yazarlar bu calismada herhan-
gi bir cikara dayali iliski olmadigini beyan etmislerdir.
Finansal Destek: Yazarlar bu calismada finansal destek
almadiklarini beyan etmislerdir.

Yazar Katkilari: Yazarlarin timi; makalenin tasarimina,
yurltilmesine, analizine katildigini ve son striminu
onayladiklarini beyan etmislerdir.
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| ABSTRACT |

Oz

We believe that this case report will help in the early diagnosis
of possible seat belt injuries. We present a case of delayed
ileal perforations in a pediatric patient with clinical signs and
symptoms. A 10-year-old male patient was admitted to the
intensive care unit for follow-up due to a grade 1 laceration of the
liverinavehicular trafficaccident. Hemodynamics were stable and
there was no perforation on CT scan. On the 2" day of follow-up
laparotomy due to abdominal distension and tenderness, primary
repair of bird's eye perforation was performed at two points in
the ileal intestine. Although negative abdominal CT scans are
available in patients with seat belt-related abdominal ecchymosis
in the acute phase, we believe that possible intra-abdominal
organ damage should be kept in mind in vehicle accidents in
high-energy collisions and keeping seat belt syndrome in mind
in the presence of persistent pain and tenderness will lead the
physician to early diagnosis and treatment.

Seat belt, child, intestinal

Keywords: accident vehicle,

perforation

Bu olgu sunumunun, emniyet kemeri olasi yaralanmalarinin,
erken teshisine yardimci olacagina inaniyoruz. Emniyet kemerine
bagli cocuk hastada gecikmis ileal perforasyonlari olan hastanin
klinik bulgu ve semptomlari esliginde sunduk. 10 yas erkek hasta
arag ici trafik kazasinda karaciger grade 1 laserasyonu nedeniyle
yogun bakima takip igin yatirildi. Hemodinami stabildi, cekilen
tomografide perforasyon yokken, takibin 2. Ginu abdominal
distansiyon ve hassasiyet nedeniyle yapilan laparotomide ileal
barsakda iki noktada kus gozi perfosyan primer tamir edildi.
Emniyet kemerine bagl abdominal ekimozu olan hastalarda
sonu¢ olarak, akut dénemde negatif abdominal BT taramalari
mevcut olsa da, ytksek enerjili carpismalardaki ara¢ kazalarinda,
olasi intraabdominal organ hasari akilda tutulmali ve inatci agri ve
hassasiyet varliginda, emniyet kemeri sendromunu akilda tutmak,
hekimi erken tani ve tedaviye gotlrecegdine inaniyoruz.

Anahtar Kelimeler: Emniyet kemeri, cocuk, arag kazasi, bagirsak
perforasyonu

INTRODUCTION

The invention and spread of the three-point seat belt
usage in the 1970's led to the decrease of traffic accident
associated mortality up to 60% (1,2). Throughout the
subsequent years, a clearly defined injury pattern
associated with the wear of seat belts during traffic
accidents has become the golden standard of
presentation in cases involved, especially, in high energy
accidents (3,4).

The wear of seat belt use has become a standard
procedure over the last two decades. It has led to a

decrease in traffic accidents deaths. A well-designed and
properly fitted seat belt will hinder the passengers of a
car from being thrown to the opposite side. Whether it
is the steering wheel, dashboard, or windscreen, the
emerging force during a crash and the injury caused
by the belt restraint increase the likelihood of intra-
abdominal injuries (5).

The present article is considered to facilitate early
diagnosis of pediatric seatbelt injuries. It is about intra-
abdominal injury with delayed intestinal perforations to
pediatric case attached to the seat belt.
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Pediatric Seat Belt Syndrome

CASE

A 10-year-old male patient with grade 1 liver laceration
and left foot fracture due to a vehicular traffic accident
was admitted to the pediatric surgery intensive care
unit for trauma follow-up. Hemodynamics were stable.
No perforation was detected on abdominal contrast-
enhanced tomography. On the first day of follow-up, the
patient did not show any symptoms. On the second day,
emergency laparotomy was decided due to cessation of
oral intake, vomiting with bile, abdominal distension and
tenderness, and peritonitis findings.

The patient was taken to surgery. The abdomen was
entered through a midline incision below and above
the umbilicus. On exploration, there was free stool in
the abdomen and fibrin on the small intestine. There
were 2 bird's beak shaped intestinal perforations 30
cm above the terminal ileum, 20 cm apart from each
other (Figure 1,2). Primary repair was performed. The
patient had subcutaneous fatty tissue necrosis under
the umbilicus due to seat belt compression and the
perforation was thought to be due to seat belt high-
energy compression.

The patient who underwent primary repair was followed
up in the pediatric surgery intensive care unit for eight
days postoperatively. The patient who underwent
primary repair had a penrous drain, nasogastric catheter
and urinary catheter in bilateral lower quadrants and his
vital signs were stable postoperatively. On the 9th day
following surgery, he was transferred to the orthopedic
service for the treatment of left foot fracture.

DISCUSSION

Early diagnosis provides better results for seat-belt sign
patients. But these patients continue to pose challenges
for trauma surgeons, for timely diagnosis. Because
in polytraumatized patients with seatbelt injuries,
abdominal pain can become masked by pain caused by
belt syndrome and non-abdominal injuries. Moreover,
delayed diagnosis may result from the attribution of
the physician of the current condition to the injury or
abdominal wall muscle injury, rather than considering
abdominal pain and tenderness. CT scans alone may be
insufficient to estimate the need for surgical intervention
at early stages (6).

Inline with the present case, Michael and Rehan reported
in a case without clinical and radiological findings of
intraabdominal injury on the first day, acute abdominal
findings and an emergency laparotomy and mesenteric
vascular injury and ischemic segment of the jejunum
were reported three days after the injury (7).

Gastrointestinal perforation and peritonitis are among
the serious conditions that require timely intervention
and have diagnostic difficulties, especially in pediatric

Figure 1: Seat belt sign, due to belt-style compression, marked with
an arrow

Figure 2: Peroperative ileal perforation images, asterisked

patients. In post-traumatic perforation cases, delay
in diagnosis can negatively affect clinical course and
increase mortality rates. The fact that the imaging
techniques used are not always sufficient shows the
importance of physical examination (8,9).

As in our case, the absence of free air in tomography
in these and similar cases clearly reveals the difficulties
encountered in the diagnosis of perforation (10). In their
study, Jones et al. found that symptoms became clinically
evident within 9 hours after blunt abdominal trauma in
all intraabdominal injuries (11). In our case, signs of acute
abdomen and peritonitis were evident on the 2nd day
after trauma.
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Although imaging methods such as tomography have
an important place in the diagnosis of perforation or
peritonitis, they may not catch all the symptoms. During
the follow-up on our patient, bile vomiting, sensitivity of
the west and the development of peritonitis prevented
the delay of diagnosis and treatment. This shows
once again the critical role of post-traumatic regular
physical examination and close follow-up on treatment
management. When evaluated from this point of
view, the decision to quickly determine the source of
peritonitis in patients who developed peritonitis was
effective in reducing mortality rates (8,9).

In a study by Chandler et al, abdominal wall ecchymosis
was related to abdominal injury in up to 65% of cases,
compared to 8% in the absence of ecchymosis (12).
Common signs of peritonitis may not be present at
the beginning. Recurrent abdominal examinations
are necessary because peritoneal symptoms may be
concealed, especially in children (13). In cases under
scrutiny, CT scan repetitions are recommended at an 8
hour interval. This procedure may facilitate the diagnose
early intestinal injuries (14).

CONCLUSION

In patients with seat belt-related abdominal ecchymosis,
although negative abdominal CT scans may be present
in the acute phase, high intra-abdominal organ damage
should be kept in mind in high-energy collision-related
vehicle accidents, and seat belt syndrome should be kept
in mind in the presence of Persistent pain and tenderness.
We also believe that using appropriate boosters in young
children may reduce the potential risk of trauma.
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' ABSTRACT |

Akim sitometrik analiz basta hematolojik malignansiler ve immiin
sistem hastaliklari olmak tizere siklikla basvurulan bir laboratuvar
tani yontemidir. Gelisen teknolojiye bagli olarak klinik tani ve
bilimsel arastirmalarda uygulama alani hizla genislemekte. Akim
sitometrinin baglica 6zelligi binlerce hiicrenin es zamanli, ¢ok
parametreli 6l¢lim ve karakterizasyonunun hizlive dogru bir sekilde
yapilabilmesidir. Akim sitometri ile basta kan ve kemik iligi olmak
Uizere bUtun vicut sivilari, kiltar sivilari, hatta doku 6rneklerinden
elde edilen sivilarda bulunan hicrelerin analizi, hiicresel yapilarin
canllik degderlendirmesi ve gelisimsel asamalar gosterilmesi
mimkindir. Ayrica, cesitli mitojenlerle uyarim sonrasinda hiicre
ici ve ylizeyindeki reseptor ekspresyonlari ve fonksiyonlardaki
degisimin belirlenebilir. Akim sitometri ile periferik kan analizinde
ilk asamada floresan yogunluguna bagh olarak slspansiyon
halindeki hicrelerin buytikliglne ve granilaritesine gore (FSC,
SSQC) ve ortak l6kosit (CD45) kanalinda farkli hiicre gruplarinin
dagilim incelenir. Hasta ve saglikh kisilerden elde edilen kan
/ kemik iligi vb. orneklerinin akim sitometride incelenmesi
patolojik durumlarin ayirt edilmesine katki sunan bir géstergedir.
Teknolojik gelismelere bagh olarak akim sitometri yonteminin
klinik laboratuvar tani, takip ve bilimsel arastirma uygulamalarinda
kullaniminda dénemsel giincellenmeye ihtiya¢ duyulmaktadir.

Anahtar Kelimeler: Kemik ligi, klonal antikor, hiicre sayimi,
akim sitometri

Flow cytometric analysis is a laboratory diagnostic method
frequently used in immune system diseases, especially
hematological malignancies. Its application area in clinical
diagnosis and research is rapidly expanding due to developing
technology. The main feature of flow cytometry is that it can
rapidly perform simultaneous, multi-parameter measurement
and characterization of thousands of cells. With flow cytometry, it
is possible to analyze cells in all body fluids, especially blood and
bone marrow, culture fluids, and even fluids obtained from tissue
samples. It is possible to monitor the vitality and developmental
stages of cellular structures with flow cytometry. In addition, it
is also possible to monitor the changes in receptor expressions
and functions on cell surfaces after cellular stimulation with
various mitogens. In flow cytometric analysis, the distribution of
different cell groups in the FS, SS and CD45 gates is examined
in the first stage. In addition to patient samples, examination of
blood and bone marrow samples from healthy individuals by flow
cytometry is an important indicator in distinguishing pathological
conditions. Depending on technological developments, the use
of flow cytometry method in clinical laboratory and research
applications requires frequent updates.

Keywords: Bone marrow, monoclonal antibody, cell enumeration,
flow cytometry

GIRIS

Akim sitometri uygulamalari, kok hicre sayimi, lenfosit
alt grup tayini, bazi immin sistem hastaliklarinin tanisi
ve Ozellikle hematolojik malignansilerin tani ve takibinde
siklikla basvurulan tani yéntemleridir. Bu derlemede, kan
ve kemik iligi 6rneklerinde hiicresel yapilarinin tanimlan-
masi ve hastaliklarin tani ve takibinde akim sitometrinin
nasil uygulanacadi, normal ile patolojik yapilarin ayri-
minin ne sekilde yapilacadi gibi bazi temel konulardaki
glincellemeler akim sitometri kullanicilari ve klinisyenle-
re sunulacaktir.

Akim sitometri ile hiicresel tanimlama (immiino-fenotip-
leme) veya hiicre alt tiplerin belirlenmesine yonelik uy-
gulamalar giin gectikge cesitlenmekte ve yayginlasmak-
tadir (1). Akim sitometrinin en giincel klinik uygulamasi,
kemik iligi ve periferik kan 6rneklerinden hematolojik
malignansilerin tanimlanmasi ve CD34+ kok hiicre sayi-
mi islemidir. Ozellikle akut I6semiler, kronik lenfoprolife-
ratif hastaliklar ve bazi immiin yetmezliklerin tanisinda
akim sitometrik analizlere ihtiya¢ duyulur. Tanimlanmasi
hedeflenen protein yapliya (reseptor veya enzim) 6zgln
floresan isaretli monoklonal kullanilir. Ayrica floresan isa-
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retleme olmadan da FS/SS ayarinda hiicre blyukligi ve
granul yogunluguna gore ayrim saglanabilir (2).

Akim sitometri cihazi ile okuma ve analiz isleminde kul-
lanici agisindan en 6nemli beceri, normal 6rneklerin ka-
pilama goriinimiine asina olmak, sekil hafizasina sahip
olmak ve bdylece anormal yapilari ekranda gorsel olarak
taniyabilmektir. Patolojik yapilarin dogru bir sekilde ayri-
mina yardimci olmak ve normal yapilarin nasil ayirt edile-
cegi ve tanimlanacagi hususunda kullanici ve uygulayici-
lara Tirkge bir bilgilendirme yapmayi hedefledik.

1-Akim Sitometri Laboratuvar Uygulama Stratejileri;

Akim sitometride hiicre poptlasyonunun o6zellikleri hem
gorlinir 1sik sacilimi ile hem de coklu (6rnek 10 renk) flore-
san isaretli spesifik antikorlar esliginde analiz edilebilir. G6-
riindr stk sagilmasi iki farkh yonde ol¢ilir, ileri yon saciim
(Forward Side Scatter: FSC) ile hiicrenin goreceli boyutunu
ve lazer 1sininin yaklasik olarak 90° aci ile yansimasi veya
yan sacilim (side scatter; SCS) ile hiicrenin i¢ yapisi yani gra-
nilaritesi degerlendirilir (Sekil 1A-B) (2,3). Baz1 kaynaklar-
da bu iki parametre “FSC, SSC” nin kisaltmasi FS, SS olarak
kullanilabilmektedir (4). Ozellikle heterojen bir hiicre po-
pllasyonda hiicre tiplerini ayirt etmek icin FC ve SS iliskili
Olctimler yardimci olabilir. Lokositlerin ayrilmasi hiicre bi-
yikligi ve granil yapisina gore yapilmaktadir (Sekil 1C).

Yan Sagilim
*Granularite
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-1 /nh- ath
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c | Hucre BulyUklugu ve Graniilarite |
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Side Scatter (granularite)
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Forward Scatter (size; blyuklik)

Sekil 1. Akim Sitometri Isleyisi ve Iki Parametre ile Hiicrelerin
Gruplandiriimasi. A. Akim sitometri sematik isleyisi; B. Lazer isininin ile
farkli acilarla yansimasi- ileri ve yan saciim okunmasi C. Lokositlerin
hiicre blyukligu ve granularitesine gore ayrilmasi. Resimler kendi
cizimlerimizdir. (Paint, Procreate programi kullanildi). Dot-blot data:
(Bekman Coulter, Navios, Kaluza Software).

a) Ortak Lokosit Antijeni, CD45 Goriintiisii: Akim sitomet-
ride kan o6rnegindeki normal hiicresel elemanlari ortak bir
antikor kapisindaizlemek, patolojik olusumlarin gorsel olarak
ayirt edilmesinde buytk kolaylik saglar. Bu amacla, ortak 16-
kositlerin antijeni CD45 spesifik floresan isaretli monoklonal
antikor (MoA) kullanilarak CD45 ekspresyonuna gore hiicre
dagihmi gosterilir (Sekil 1). Lokosit ortak antijeni (CD45), ol-
gun eritroid hicreler disinda hematopoietik soydaki tim
cekirdekli hiicrelerde ifade edilir. Kemik iligi ve kan hiicreleri
izerinde calisan klinik laboratuvarlarda akim sitometri oku-
ma panellerinde CD45 MoA isaretlemesi ile standart hiicre
popllasyonu tespiti yapilir. Hiicrelerin CD45 ekspresyonu
[negatif, zayif (dim), orta (moderate), pozitif (bright) veya de-
gisken (variable)] sekilde siniflandirilabilir (4,6).

b) Antikor Cesitleri ve Akim Sitometride Kullanimi:
Tanisal antikorlarin yiiksek 6zgullik ve segici baglanma
ozellikleri nedeniyle klinik ve laboratuvar testlerinde
kullanim alani surekli glincellenmektedir ve her bir an-
tikor basina CD (Cluster of differentiation, farklilasma
kiimesi) konularak numara ile ifade edilmektedir. Tanisal
antikorlar, B hiicrelerin antikor sentezleyen plazma hiic-
resine donlismesi sonrasinda 0zel laboratuvar teknikleri
ile surekli antikor sentezleyebilen “hibridoma”larin elde
edilmesi ile yayginlasmis ve laboratuvar testlerinde kul-
lanilan MoAb eldesi kolaylasmistir. Antikorlar safliklarina
gore monoklonal ya da poliklonal 6zellikte olabilirler.
Akim sitometri uygulamalarinda genellikle florokrom
isaretli ve monoklonal karakterli antikorlar tercih edi-
lir ve sise Uzerinde ilgili elde edildigi klon ve Uretim lot
numarasi belirtilir (7). indirekt isaretleme islemlerinde
florokrom etiketi olmayan “primer” antikor kullanilir. Bu
durumda gorintilenmesini saglamak icin ayni tirden
etiketli sekonder antikor kullanilir. Ornek: GAM-FITC.

Monoklonal antikorlar (MoAb) dogasi geredi monospesi-
fiktir ve bir antijenin tek bir bolge (epitopuna) karsi ylksek
afiniteye ve 6zgilllige sahiptir. MoAb'ler plazma hiicrele-
ri tarafindan bir antijen veya immiinojenin zerinde bu-
lunan herhangi bir epitopa karsi tretilebilir (8). Poliklonal
antikorlar (pAb), farkh B hiicre soylari tarafindan dretilen
ve belirli bir antijenin birden fazla epitopuna karsi tepki
veren imminoglobulin yapida antikor havuzudur. Polik-
lonal Antikorlar (pAb), belirli antijene karsi yiiksek titre-
lerde antikor Gretmek icin bir primer-boost bagisiklama
stratejisi kullanilarak bir imminojenin deney hayvanina
enjekte edilmesiyle Uretilir. Bagisiklamadan sonra, pAb
dogrudan veya saflastirilmis formda kullanilabilir ve ¢ok-
lu epitop baglama ozellikleri gosterir. Monoklonalitede
ayni antijen ve epitopa karsi yliksek afinite saglanirken,
poliklonalitede, ayni antijenin farkh epitoplara karsi da
afinite saglanir (9). MoAb akim sitometride, pAb ise eliza
testleri ve western blot uygulamalarinda tercih edilir.

Monoklonal antikorlar genellikle hibridoma kaynakhdir.
Hibridoma iki somatik hiicrenin sitoplazma ve ¢ekirdeginin
0zel kosullarda kaynasmasi ile elde edilir. Her bir hibridoma
hucresi bir antijene 6zgiin MoAb Uretme kaynadi olarak
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patentlenebilir. Hibridoma teknolojisi, in vivo uygulamalari
icin MoAb eldesi icin en ¢ok tercih edilen teknolojidir (10).

izotipik kontrol (Isotype control): izotip ve test antikoru-
nun ayni konak tirlinden ve ayni siniftan (yani fare IgG2b
gibi) olmasi gerekir; bu da Fc reseptorleri veya diger hiic-
re bilesenleriyle nasil etkilesime girdigini etkiler. izotip,
test antikoruyla ayni florokrom konjugata da sahip ol-
malidir. izotip ve test antikoru arasindaki tek fark antijen
0zgulligi olmalidir (4).

Ayrica Fc bolgesi ve non-spesifik baglanmalarin énlen-
mesi icin Fc-bloking islemi yapilhr.

c) Akim Sitometri ve Floresan Etiketler (Florokrom-
lar): Akim sitometri cihazlar Uretici firmalarin tasarimla-
rina gore farkli 6zellikler icerebilir. Cihazin icerdigi lazer
sayisina gore okuma yapabilecedi floresan renk sayisi ve
floresan araligi degisebilir. Antikorlari etiketlemek icin flo-
rokrom adi verilen onlarca farkli floresan prob kullanilabi-
lir. En yaygin kullanilan florokromlar FITC, fikoeritrin (PE)
ve alofikosiyanin (APC) dir. iki florokrom iceren tandem
boyalarin gelistirilmesi ile kullanilacak etiketli protein sa-
yisini artirmistir. Ornekler arasinda PE ve APC'nin cesitli
siyanin boyalariyla konjugatlari kullanilabilir (11). Antikor
etiketi florokromlar lazerle etkilesime girerek farkl dalga
boylarinda isima yaparlar. Bu isima akim sitometri detek-
tora tarafindan olctlerek dataya dondstirilir. Sik kul-
lanilan lazer tipleri ve fluoresan kanal yerlesimleri; mavi
lazer (FS, SS, FL1-FL5; B525-FITC, AF488, B575-PE / RDT,
B620-ECD, B675-PC5, B700-PC5.5, B770-PC7), kirmizi la-
zer (FL6-8; R660-APC, R763-APC-750), viole lazer (FL9-10;
V450-PB, V525-KrO) seklindedir.

d) Akim Sitometride Tek ve iki Parametreli Data Ana-
lizi: Tek parametre analizde, histogram gorintisi kul-
lanilir. Histogramda X ekseni fluoresan kanaldaki para-
metrenin sinyal yogunlugu degerini ve Y ekseninin kanal
numarasi basina hicre sayisini (Count) temsil ettigi tek
parametreli bir cizimdir (Sekil 2). Akim sitometri iki para-
metreli analiz, biri X ekseninde ve biri Y ekseninde olan
iki 6lcim parametresi vardir ve nokta grafigi (dot blot)
olarak goriintilenen grafiklerdir. Nokta grafigi, iki para-
metreli gorlintlisiini saglar ve her nokta bir veya daha
fazla hiicreyi temsil eder (Sekil 2) (12). Nadiren Z ekseni
de eklenerek 3 parametreli analize ihtiyac¢ duyulur.
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Sekil 2. Akim Sitometri Data Analiz ve Gosterim Cesitleri; (A )Akim
sitometri iki parametre FS/SS dot plot (B) Tek parametre histogramile
veri analiz gorlintist. Laboratuvarimizdan elde edilmistir (Bekman
Coulter, Navios, Kaluza software).

e) Akim Sitometri ile Hiicre Saflastirma (Sorting) i;-
lemi: Akim sitometride analiz edilen hiicrelerin fiziksel
olarak ayrilmasi ve hiicre saflastirma (siralama, sorting)
islemi icin kullanilmasidir. Hiicrelerin sorting ile ayrilmasi
optik saptirma ya da manyetik isaretleme antikorlari kul-
lanilarak yapilir (Sekil 3) (13). isaretli antikorlar eklenerek
istenilen isareti hiicre grubu ayristinlabilir.
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Sekil 3. Akim Sitometri ile Hiicre Saflastirma (Sorting) is Akisi. Resim
icin Paint, Procreate programi kullanildi.

2- Saghkh Hiicresel Elemanlarin Akim Sitometride
Analizi;

Akim sitometrik analizde hedeflenen hiicre gruplari-
nin secilerek gosterilmesi ve hticresel yapilara ait ve-
riler alinarak normal ve patolojik durumlarin ayrilmasi
hedeflenir. Bu nedenle ilk asamada kan veya kemik
iligi 6rnegindeki normal hticresel gruplarin FS, SS ve
CD45+ kapisinda dagihmi (nétrofil, monosit ve len-
fosit) gosterilerek hicresel dagihm ylizdesi olgilar.
Bu yuzdesel dagiliminin referans degerlerle uyumlu
olup olmadigi kontrol edilir, gerektiginde hemogram
verileri ile karsilastirma yapilir ve absolu hiicre sayilari
hesaplanir. Kan ve kemik iligini olusturan tim hicresel
yapilar hakkinda daha detayli ve birbiri ile baglantili
bilgiler elde etmek icin SSC/FSC, SSC/CD45 ya da FSC/
CD45 ile rutin analize ek olarak gerektiginde spesifik
antikor bazli 6zel degerlendirme kapilarinda analiz ya-
pilabilir (Sekil 1).

Hucresel tanimlamada patolojik/neoplastik olmayan de-
gisimlerin Akim Sitometri ile gosterilmesi;

Hematogon; kemik iliginde yer alan progenitor B lenfo-
sitlerin fizyolojik gelisiminin bir asamasinda olusan he-
nlz olgunlasmamis oncii B hiicrelerdir. Genellikle kemik
iliginde yer alirlar nadiren periferik dolasima cikarlar. Bu
hicreler akim sitometride heterojen bir poptilasyondan
olusur ve SSC/CD45+ kapisinda ayirt edici bir model
sergiler. CD45dim de yerlesik blast bdélgesinden olgun
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B lenfositlere kadar olup X eksenine yapisik yolarak go-
runurler (Sekil 1,4,5). Hematogon cocuklarda normal
kemik iligi huicrelerinin yaklasik %5'ini yetiskinlerde ise
yaklasik %1'ini olusturabilir. Bu oranlar bazi hastalik, en-
feksiyon ve kemoterapi gibi durumlarda degisiklik gos-
terebilir (14).

Hematogon'un Ui¢ fenotipik asamasi akim sitometride su
sekilde tanimlanir (14) (Sekil 5);

Evre 1 hematogon, TdT+ ve progenitor hiicre belirteci
CD34'U+ CD38+, CD19, parlak CD10 seviyeleri vardir ve
CD20' ekspresyonu yoktur, CD45 zayif (dim)tir.

Evre 2 hematogon, TdT kaybolur, artmis CD19+ ekspres-
yonu, devam eden CD38 ekspresyonu ve daginik CD20
ekspresyonu vardir. CD10 ekspresyonu kademeli olarak
azalr.

Evre 3 hematogon disiik CD10 ekspresyonu, degisken
CD38 ekspresyonu ve artmis CD20+ ve CD45+ ekspres-
yonu gl¢lenmistir. Zamanla, CD10 ekspresyonunda aza-
lis, CD38 kismen azalis, CD45 ve CD22 ekspresyonunda
bir artis gozlenir.
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Sekil 5. CD45+ Kanalda Hematogon Yerlesimi ve B Hiicre Olgunlasma
Sureci. Resim icin Paint, Procreate programi kullanild.

Yiizey immunoglobulin IgM olusumun tamamlandigi,
klonal kappa/lamda dagilimi olan ve CD10 ekspres-
yonun kayboldugu hiicreler olgun B lenfositler olarak
kabul edilir (15). Hematogon hipogranuler karakteri
nedeniyle genellikle X-ekseni alt diizleme yakin, yapi-
stk (SS degeri ¢ok diistik) olarak gozlenir. B-ALL minimal
rezidiel hastalik takibinde 16semik blast-hematogon
ayriminda CD44, CD58 ve CD81 gibi adezyon molekiil-
lerinin heterojen ekspresyonlarin varligi kontrol edile-
bilir (14).

Ayrica cocukluk erken déneminde B hiicrelerin ylizeyin-
de bir T hiicre antijeni olan CD5 ekspresyonu izlenebilir
ve ileriki yaslarda bu durum yasa bagl olarak kaybolur.
Benzer sekilde yeni dogan bebeklerde cok diisiik olan
CD27 pozitif hafiza lenfoid hiicreler yetiskinlerde normal
diizeye gelebilir (4,14) (Sekil 6).
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Sekil 6. B Lenfositlerin Yiizey Belirteclerinin Yasa Bagl Degisimi; CD5;
CD19; CD27 https://www.cytometry.org/web/education dan terciime
edildi (Bekman Coulter, Navios, Kaluza Software).

Eritroid Seri Elemanlan

Eritroid serisindeki hiicreler, eritroid progenitor hiicreler-
den koken alir ve olgun eritrosit hiicrelerine donusurler.
Eritrositlerin anormal morfolojisinin oldugu eritroid I16se-
mi (CD71, CD235, CD238) ve herediter sferositoz gibi bazi
hastaliklarin tanisinda akim sitometri kullanilmaktadir.
Herediter sferositoz tanisinda Ema (eosin-5 maleimide)
testi ve osmotik frajilite (osmatik catlatma) testi akim si-
tometri ile uygulanmaktadir (14).

Eozinofil

Side Scatter (GRANULER YAPI)

Plazma Monosit
Hcresi
RBC dncileri o
Ortak Lokosit Antijeni CD45

Sekil 7. SSC/CD45 Kanal Goruntust, Normal Hicrelerin ve Blastik
Hiicrelerin CD45+'ligi ve Graniiler Ozellige Gore Yerlesimi, (Resim icin
Paint, Procreate programi kullanild).

Olgunlasmamis eritroid hiicreler blast hiicrelerle ayni bi-
yuklikte (FSC) de yerlesebilir. Eritrosit dnctleri olgunlas-
tikca hacim olarak kiculir ve akim sitometri kadraninda
sola yerlesir. Eritrosit grubunun SSC de yerlesimi de diisiik
derecededir SSC degeri sifira yakindir (Sekil 7) (Tablo 1).

Lenfosit Tanimlanmasinda Akim Sitometri
Uygulamalari

Lenfoid hiicreler lenfoid progenitor kok hiicrelerden ko-
ken alir; mikroorganizmalara karsi bagisiklik yanitinin olu-
sumunda gorev alirlar. Ayrica, otoimmiinite ve kanser gibi
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bircok durumda rol alir. T ve B hiicrelerin kdken aldigi lenfo-
sit dncl hiicreleri (prolenfositler) olgun lenfositlerden daha
blyuk sitoplazma ve daha buyik bir ¢ekirdege sahiptir,
kaba bir kromatin yapisi ve genellikle belirgin bir niikleo-
lus icerirler (5). Olgunlagmasini tamamlayan lenfositler B, T
veya NK hicrelerine dontsir (15). Bu hucreler farklilagma
stirecine gore farkl ytizey markirlari sergilerler (Tablo 1).

Lenfositler icin CD45+ pozitifligi cok karakteristiktir ve
lenfositlerin kolayca tanimlanmasinda yardimcr olur.
Ozellikle diisiik SSC ve parlak CD45+ ekspresyon, akim
sitometri SSC/CD45 kadraninda sag alt kdseye yerlesen
lenfoid hiicre grubu kolaylikla ayirt edilebilir (Sekil 7).
Sitotoksik karakterli ve granilli olan CD8+ T hiicreler,
CD4+T hucrelere nispetenT lenfositlerin yerlesim yerinin
daha yukar sinirlarinda bulunmaktadir. Bunda aktivas-
yon fazi ve graniler yapilarin etkili oldugu distnilmek-
tedir. Dinlenme fazinda (resting) olan lenfositler FSC'de
daha kiictik boyutludur. Aktivasyon fazina girdigi zaman
hiicre boyutlari artabilir. Biytk granillii lenfositlerde SSC
yerlesimi yukari dogru kayabilmektedir (4) (Sekil 7).

Lenfosit dagilim; fizyolojik lenfoid/myeloid dagilimi yasa
gore degisebilir. Cocuklarda yasamin ilk yillarindaki len-
fosit hakimiyeti eriskin donemde nétrofil hakimiyetine
dogru kayar. Eriskinlerde dolasiminda bulunan beyaz kan
hiicrelerinin yaklasik %30'unu lenfositler olusturur. Pato-
lojik durumlarda ise lenfoid/myeloid oranlarinda yastan
bagimsiz degisimler gézlenebilir. Ornegin enfeksiyon du-
rumlarinda nétrofil hakimiyeti artarken bazi viral enfeksi-
yonlarda lenfositoz ya da lenfopeni goriilebilmektedir.

Lenfosit gelisimi; Lenfositler T, B ve NK olarak ayrilir (14);
B hiicreler kemik iliginde lenfoid 6nci hiicrelerden ko-
ken alir, self-nonself ayrim kabiliyetini (ontojenez) bura-
da kazanir ve olgunlasan B hicreleri CD19+IgM+ olarak
dolasima cikar. T lenfositlerin 6ncdleri (timositler) kemik
iliginde Uretilir, timusa go¢ ederek ontojenez slirecine
girer, timis korteks ve medullasinda self-nonself ayrim
kabiliyetini kazanarak olgunlasir veya CD3+CD4+ ya da
CD3+CD8+ lenfositler sekilde dolasima cikar (5).

Lenfosit alt gruplari; T, B ve NK hiicre oranlarinin akim si-
tometri ile 6lctilmesi sonucu elde edilir. immiin yetmez-
lik distinllen hastalarda, tani ve izlem amaciyla kullanilr.
Ozellikle enfeksiyon ve neoplastik olusumlarda da nor-
malden sapmalar gozlenir.

Neoplastik olusumlarin izlenmesi: Bu amacla lenfositlerde
yaygin olarak kullanilan akim sitometrik testler arasinda,
Akut lenfoblastik 16semi taramasi ve takibi yer alir. Ayrica,
kronik lenfoproliferatif hastalik ve lenfoma hastalarinin
tani ve takibini degerlendirmek icin kullaniimaktadir.

Olciilebilir kalinti hastalik (MRD ‘Minimal Residual Disease’);
tarama takibi, 6lculebilir kalinti hastalik her bir hasta icin
onceden hazirlanmis MRD panelleri ile degerlendirilir. Akim
sitometride on bin hiicrede bir blastik hiicrenin yakalanmasi
mumkindir. Daha ylksek hassasiyetli analizler icin QPCR ya
da NGS panellerinin arastirilmasi gerekmektedir (17).

Notrofiller

Nétrofiller granilositler veya polimorfonukleer notrofil-
ler (PMN), yaygin olarak dogustan gelen bagisiklik sistem
hiicreleri olup, cok loblu bir cekirdegin (polimorfoniikle-
er) varhgiyla tespit edilebilirler. Dolasimdaki hiicrelerin
yaklasik %50 ila %70'ini olusturabilir (5). Notrofil kaynakli
blastik hiicrelerinde (AML) orta diizeyde CD45+ pozi-
tifligi vardir. Blastlar genellikle ¢cok az graniler 6zelligi
oldugu icin SS ozelligi distktur (Sekil 7). Saghkh not-
rofilde gorilen temel belirtecler vardir (Tablo 1)(16,18).
Nétrofillerin olgun ve genc olarak ayristirlmasinda CD16
ve CD45 kanalinda kapilanmasi ve bu kapilardaki yerlesi-
minden yararlanilr.

DHR Testi, notrofillerin mikroorganizmalar 6ldirme ka-
biliyeti degerlendirilir. Bu testte uyarici olarak phorbol
miristate asestat (PMA) ve isaretleyici olarak Dihidroro-
damin boyasi (DHR) 123 ile inkiibe edilmis normal grani-
lositlerde floresan yogunluk olcilir. Notrofil aktivasyon
derecesini belirlemede kullanilan bir testtir. DHR 123, ak-
tive edilmis grantlositlerde oksijen reaktif tirlerinin (ROS)
saptanmasi icin en duyarli indikatordir. Akim sitometri ile
elde edilen histogramlar KGH hastalarini ve X'e bagli tasiyi-
cilarini tanimlamaya yardimci olur. DHR testinde stimdilas-
yon indeksi (SI) degeri; Normal saglikh bireylerde SI degeri
60-150, hastalarda 1-10 araliginda degisebilmektedir (19).

Eozinofiller

Eozinofiller, dolasimdaki [6kositlerin sirasiyla %1-3'ind
temsil eder. Bu hiicreler, farkli boyalarla tespit edilebilen
cok loblu cekirdeklerin ve sitoplazmik grandillerin in varli-
giyla karakterize edilir. CD45dim, CD16-, HLA-DR+ &zellikli
olup grandler yagisi nedeniyle SSC 6zelligi yiiksektir (5,21).

Bazofiller

Bazofil grantlositler karakteristik olarak, cekirdegin tize-
rini 6rten buylk, yuvarlak, bazofilik (mavi-siyah) sitoplaz-
mik grantller bulunur. Bazofiller en az ylizdedeki grani-
losit alt kimesidir ve CD45 ekspresyonlari lenfositlerden
distktlr, SSC degeri lenfosite yakindir ve NK hiicrelerine
yakin boélgede yerlesirler, bazen lenfoid hiicre grubun-
dan CD45dim, HLA-DR-, CD123 &zellikleri nedeniyle ay-
rilirlar (22). Bazofil Aktivasyon Testi (BAT) ile cesitli alerjik
durumlarin ayiricl tanisinda, bazofil ylizey belirtecleri
olan CD63 ve CD203 ekspresyonlari akim sitometri yon-
temi ile olcilebilir (23,24).

Monositler

Monositler myeloid seriden koken alir ve dolasimdaki hiic-
relerin yaklasik %5-15'ini olusturabilir. Akim sitometride
monositler SSC/FSC yerlesimi olarak lenfosit ve graniilosit
gruplarinin arasinda yerlesir (Sekil 7) (Tablo 1) (25). Mono-
sitler ve monosit onclileri bazi neoplastik kosullarda (akut
monositik ve monoblastik I6semiler AML M5 gibi) ve en-
feksiyon durumlarinda artabilir. Ayrica Kronik monositozla
karakterize olan kronik miyelomonositik 16semi (KMML)
teshisinde de KML tarama test paneli kullanilir.
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Plazma hiicreleri

B hiicre aktivasyon sonrasinda plazma huicrelerine veya
bellek B hiicrelerine farkhlasabilir. Plazma hiicresi morfo-
lojik olarak orta buytkliktedir ve birincil rolii antikor UGret-
mektir (25). Her bir plazma hiicresi sadece bir antijene 6z-
glin antikoru sadece bir agdir zincir alt tipi Ig (A,G,E ya da
M) seklinde Uretebilir (25). Fiziksel o6zellikleri lenfositlere
benzemekle beraber, olgun plazma hiicreleri genellikle
CD45dim karakterlidir (Tablo 1). Neoplastik durumlar-
da yani multiple myelom (MM) olgularinda monoklonal
plazma hiicresi beraberinde CD56+, CD38+,CD138+ ka-
rakterli hicreler izlenir (4).

Tablo 1. Dolasimda yer alan hiicresel elemanlar, yiizey

biyobelirtecleri ve ilgili testler (4,23,24,26).

H.usre Yiizey Balirteclari llgili Patolojik durum
Tipi Taramasi
Lenfosit subset analizi
Lenfosit CDA45+ parlak: CD45+ Cosigiel) et
P ’ Akut ve kronik [6semi
paneli
T CD3+
T helper CD3+ CD4+
T cytotoxic CD3+ CD8+
NK CD16+ CD56+
B CD19+ MRD testi
E'?Zma CD38+ ve CD138+, CD19 zayif MM paneli
Ucre
et DHR testi
Notrofil CD16,CD15,MPO AML paneli
Monosit CD14, CD33, CD64, CD11b Losemi paneli, KMML
Eozinofil CDA45 zayif, CD16-, HLA-DR+
Bazofil CD123, CD63, CD203c Bazofil aktivasyon test
Eritrosit CD71,CD235,CD238 Losemi paneli
Losemi paneli
Trombosit CD41,CD42a-b,CD61, Glazmann & Bernar

solier tarama

CD: Cluster of differentiation., DHR: dihidrorhodamin testi, MRD: minimal reziduel disease

Aberan ekspresyon: Belirli bir soy ile iliskili olmayan, bir
veya birden fazla belirtecin pozitif ifadesi veya normal-
de pozitif olan bir antijenin yoklugu, seklindeki anormal
antijen ifadesi olarak adlandirhir. Aberan bir belirteg var-
lig1 sadece neoplastik bir streci tanimlamaya yardimci
olmakla kalmaz, ayni zamanda MRD takip strecindeki
hicreleri tanimlamaya yardimci olur (4).

Akim Sitometri ile Kok Hicre (CD34) Sayimi, allojenik
(hastanin vericisinden) ve otolog (hastanin kendisinden)
kemik iligi nakli yapilmak Gzere toplanan/alinan kok hiic-
re sayisinin bilinmesi ve verilecek kdk hiicre miktarinin
hesaplanmasi amaciyla calisiilmaktadir. Bu 6l¢iim igin sa-
yisi bilinen parlak floresan veren boncuklar kullanilir ve
birim hacimdeki(mikrolL) hiicre sayisi hesaplanir. Bu yon-
tem ile kan digi Uriinlerde (kord kani, kemik iligi gibi) go-
rulebilen istenmeyen hiicre gruplari ekarte edilir. En sik
kullanilan “Single” platform ISHAGE metodu ile yapilan
Olctimlerdir (27).

Kok hiicre canlilik analizi, allojenik (hastanin vericisinden)
ve otolog (hastanin kendisinden) kemik iligi nakillerinde
toplanan ve ileride hastaya verilmek lzere dondurulan
orneklerdeki canli hiicre sayisinin bilinmesi ve kullanil-
masi gereken kok hiicre miktarinin hesaplanmasi ama-
cyla Aferez Uniteleri icin calisilmaktadir.

Akim Sitometri ile Lenfosit Cross-Match Testleri,
Cross-match testleri ile alicinin serumunda vericinin len-
fositlerine karsi HLA antikorlarinin varligr arastirnlmakta-
dir. Ozellikle bébrek nakli éncesi yapilan en hayati uyum-
luluk testlerinden birisidir. Antikor mevcut ise, bu durum
alicinin immdin sistemini verici antijenlerine karsi duyarli
oldugunu gosterir nakil yapilmaz. Doku tipleme ve or-
gan nakli laboratuvarlarinda, cross-match testleri olarak,
kompleman bagiml mikrolenfositotoksisite ve akim sito-
metrik cross-match testleri kullanilmaktadir (4).

SONUC

Bu derleme ile akim sitometrinin ¢alisma proseddirleri bile-
senleri ve saglikli drneklerden elde edilen laboratuvar ve-
rileri kullanilarak akim sitometrik analiz icin genel bir bakis
imkani sunulmustur. Literattirde Tlrkce kaynaklarin kisith
olmasi nedeniyle, bu eksikligin tamamlanmasi amaclan-
mistir. Verilerin Turkge olmasi kisith Tirkce kaynak ihtiyaci-
nin karsilanmasin da bir boslugu dolduracaktir.

Gelisen teknolojiye bagh olarak bilimsel arastirmalar
ve hastaliklarin tanisinda klinik tani ve arastirmada
uygulamalarinda akim sitometrinin kullanimi hizla
genislemektedir. Glinimiizde akim sitometrinin 6ne
¢tkan baslica o6zelligi; binlerce hiicrenin es zamanli,
¢cok parametreli 0lclimu, karakterizasyonu ve dakikalar
icerisinde hizli ve glvenilir sonug alinabilmesidir. Akim
sitometri ile basta kan ve kemik iligi olmak tzere bitin
vicut sivilari, kaltir sivilari, hatta doku 6rneklerinden
elde edilen sivilarda bulunan hiicrelerin analizi, hiicre-
sel yapilarin canlilik ve gelisim asamalarinin izlenmesi
mumkiindur. Ayrica, cesitli mitojenlerle hiicresel uya-
rim sonrasinda hicre yuzeyindeki ve icindeki reseptor
ekspresyonlari ve fonksiyon degisimi de izlenebilmek-
tedir. Son yillarda akim sitometrik analiz hem rutin hem
de bilimsel arastirma laboratuvarlarinin vazgecilmez
bir altyapisi olmustur. Akim sitometrinin gelecekte
daha kompakt cihazlarla onlarca antikoru dakikalar
icinde analiz ederek yapay zeka yardimi ile hicreler
hakkinda bilgi sahibi olmayi kolaylastiracagi ve kanser
taramalarinda daha yaygin olarak kullanilacagi 6ngo-
rilmektedir.

ETiK BEYANLAR
Hakem Degerlendirme Siireci: Harici ¢ift kor hakem de-
gerlendirmesi.

Cikar Catismasi Durumu: Yazarlar bu calismada herhan-
gi bir cikara dayali iliski olmadigini beyan etmislerdir.
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Akim Sitometride Temel Uygulamalar ve Tanisal Kullanimi

Finansal Destek: Calismamiz Erciyes Universitesi BAP
birimi TDK-2024-14151 ve TSAU-2023-12509 nolu proje
calismalari kapsaminda desteklenmistir.

Yazar Katkilari: Yazarlarin timui; makalenin tasarimina,
yuritilmesine, analizine katildigini ve son srimini
onayladiklarini beyan etmislerdir.
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