EISSN 2822-3284

Turkish
Journal of

RESUSCITATION
Cilt Volume 5
Say1 Issue 1 2 O 2 6
Mart March
TURK
RESUSITASYON
DERGISI

www.turkjresuscitation.org

Official Journal of
the Turkish

- = Resuscitation Council
Wwww.resusitasyon.org


https://www.turkjresuscitation.org/
https://www.resusitasyon.org

Turkish
Journal of

RESUSCITATION EDIiTORLER KURULU EDITORIAL BOARD

Kurucu Founder
Resiisitasyon Dernegi
Turkish Resuscitation Council
www.resusitasyon.org | www.turkjresuscitation.org

Resiisitasyon Dernegi Adina Sahibi ve Sorumlu Yaz Isleri Miidiirii
On behalf of the Resuscitation Council, Owner and Editorial Director
Sule AKIN
Medikalpark Adana Hastanesi, Anesteziyoloji ve Reanimasyon
Medicalpark Adana Hospital, Anesthesiology and Reanimation, Adana, Tirkiye

Bas Editor Chief Editor
Handan BIRBICER
Mersin Universitesi Tip Fakiiltesi Anesteziyoloji ve Reanimasyon Anabilim Dali
Department of Anaesthesiology and Reanimation, Mersin University School of Medicine, Mersin, Tiirkiye

Editor Yardimeilan Associate Editors
Nurcan DORUK
Mersin Universitesi Tip Fakiiltesi Anesteziyoloji ve Reanimasyon Anabilim Dali
Department of Anaesthesiology and Reanimation, Mersin University School of Medicine, Mersin, Tiirkiye

Goniil TEZCAN KELES
Celal Bayar Universitesi Tip Fakiiltesi Anesteziyoloji ve Reanimasyon Anabilim Dali
Department of Anaesthesiology and Reanimation, Celal Bayar University School of Medicine, Manisa, Tiirkiye

Sule OZBILGIN
Dokuz Eyliil Universitesi Tip Fakiiltesi Anesteziyoloji ve Reanimasyon Anabilim Dali
Dokuz Eylul University Medicine Faculty , Department of Anaesthesiology and Intensive Care, 1zmir, Tiirkiye

Istatistik Damismam Consultant in Biostatistics
Bahar TASDELEN
Mersin Universitesi Tip Fakiiltesi, Biyoistatistik Anabilim Dali
Department of Biostatistic and Medical Informatics, Mersin University School of Medicine, Mersin, Tiirkiye

Dil Damismani Language Consultant
Tuba BADA

Tasarim Editorii Design Editor
Ekrem Firat ARSLAN

Yayinci Publisher
Resiisitasyon Dernegi tarafindan yayinlanmaktadir. Published by Turkish Resuscitation Council.
EISSN 2822-3284 ESTABLISHED IN 2022
info@resusitasyon.org

Tiirk RESUSITASYON Dergisi
Turkish Journal of RESUSCITATION


https://www.resusitasyon.org
https://www.turkjresuscitation.org
https://orcid.org/0000-0001-6423-1076
https://orcid.org/0000-0003-3510-9279
https://orcid.org/0000-0003-0141-1111
https://orcid.org/0000-0002-6879-5124
https://orcid.org/0000-0002-2940-8988
https://orcid.org/0000-0001-8146-4912
https://orcid.org/0009-0009-5827-9167
mailto:info@resusitasyon.org 

Turkish
Journal of
RESUSCITATION

Tiirk Resiisitasyon Dergisi (TJR), Tiirk Restisitasyon Dernegi’nin
acik erisimli, yalnizca ¢evrimigi ve bilimsel yayin organidir. Dergi,
bagimsiz, tarafsiz ve ¢ift-kor hakemlik ilkelerine uygun olarak
yayimlanmaktadir.

Dergi Mart ve Eyliil aylarinda yayimlanir. Derginin dilleri Latin
harfleriyle Tiirkce ve Ingilizcedir. Yazim ve dil bilgisi hatalar:
icerikte herhangi bir degisiklik yapilmadan yayin kurulu tarafin-
dan diizeltilecektir. Yazarlar makalelerini hazirlarken bastan sona
Tiirk¢e/Ingiliz yazim kurallarini kullanmalidir. Tiirk Resiisitasyon
Dergisi hem Tiirkce hem de Ingilizce yazilar1 degerlendirmeye
kabul etmektedir; ancak Tiirk¢e yazilan makalelerin yazarlarinin,
kabul edilen makalelerinin Ingilizce versiyonunu yayinlanmadan
once dergiye vermeleri gerekmektedir.

Derginin amaci, resiisitasyon alanlarinda etik kurallara uygun olarak
hazirlanmis klinik ve deneysel arastirma makaleleri, olgu sunum-
lar1, editére mektuplar, ¢aligma protokolleri ve bilimsel konferans
bildirileri yayinlayarak literatiire ve resiisitasyon alanina katkida
bulunmaktir.

Yayinlanan makaleler, kardiyak arrestin etiyolojisi, patofizyolojisi
ve dnlenmesi, resiisitasyon egitimi, klinik resiisitasyon ve deneysel
resiisitasyon arastirmalari ile ilgilidir, ancak istisna olarak, deneysel
hayvan caligmalart ile ilgili makaleler yalnizca ilgi ¢ekiciyse ve dog-
rudan klinik kardiyopulmoner restisitasyonla ilgiliyse yayimlanacaktir.

Dergi icerigi yogun bakim, acil tip, anestezi, kardiyoloji, pediatri
ve neonatoloji alanlarinda ¢alisan saglik profesyonellerinin ilgisini
¢ekecektir.
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Derginin editoryal ve yaymn siiregleri, International Committee
of Medical Journal Editors (Uluslararast Tip Dergisi Editorleri
Komitesi) yonergelerine gore sekillendirilir. Dergi, Bilimsel
Yayincilikta Seffaflik ve Iyi Uygulama llkeleri ile uyumludur.

Dergide yazi siirecleri ve yayinlama {icretsizdir.

Degerlendirme ve yayin siirecinin hi¢bir agamasinda yazarlardan
ticret talep edilmez. Tiim yazilar, turkjresuscitation.org adresinde
bulunan g¢evrimigi bagvuru sistemi araciligiyla gonderilmelidir.
Dergi yonergeleri, teknik bilgiler ve gerekli formlar derginin web
sayfasinda yer almaktadir.

Derginin tiim masraflar1 Resiisitasyon Dernegi tarafindan karsi-
lanmaktadir. Potansiyel reklam verenler, Yazi Isleri Miidiirliigii
ile iletisime ge¢cmelidir. Reklam gorselleri sadece Genel Yayin
Yonetmeninin onayi ile yayinlanir.

Dergide yaymlanan yazilarda ifade edilen ifadeler veya goriisler,
Resiisitasyon Dernegi, editorler, yaymn kurulu ve/veya yayimcinin
goriislerini degil, yazar(lar)in goriislerini yansitir; editorler, yayin
kurulu ve yayinci bu tiir materyaller i¢in herhangi bir sorumluluk
veya ylkiimliiliik kabul etmemektedir.

Yaymnlanan tiim igerige ¢evrimigi ve iicretsiz olarak
www.turkjresuscitation.org adresinden ulasilabilir.

Dergide yayinlanan tiim igerigin uluslararasi telif haklari
Resiisitasyon Dernegi’ne aittir.


https://www.turkjresuscitation.org/
https://www.turkjresuscitation.org/
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Tiirk Restisitasyon Dergisi, disiplinler arasi bir tip dergisidir ve
Resiisitasyon Dernegi’nin resmi dergisidir. Ozgiinliik, yiiksek
bilimsel kalite ve atif potansiyeli makalenin yaymlanmasi igin
en Onemli kriterlerdir. Degerlendirme i¢in gonderilen yazilarin
daha 6nce sunulmamis veya elektronik veya basili bir ortamda
yaymlanmamis olmasi gerekir. Tiim makaleler yalnizca gevrimigi
olarak yaymlanir ve kardiyak arrestin etiyolojisi, patofizyolojisi ve
onlenmesi, resiisitasyon egitimi, klinik resiisitasyon ve hizli yanit
sistemleri ile ilgilidirler.

Deneysel resiisitasyon arastirma makaleleri (hayvan ¢alismalart da-
hil) daha az yaymlanmakta olup ancak bunlar yalnizca ilgi ¢ekiciyse
ve dogrudan kardiyopulmoner resiisitasyonla ilgiliyse yayinlanirlar.
Resiisitasyonla ilgili olgu sunumlar1 kabul edilmektedir. Travmayla
ilgili makaleler ara sira yayinlanmaktadir, ancak bunlarin ¢ogu
travmatik kardiyak arrest ile ilgili olmalidir. Deneysel, klinik ve
ila¢ caligmalar1 ve bazi vaka raporlari i¢in arastirma protokolleri-
nin uluslar uluslararasi anlagsmalara (World Medical Association
Association of Helsinki “Ethical Principles for Medical Research
Involving Human Subjects” Ekim 2013, www.wma.net) uygun olarak
Etik Kurul tarafindan onaylanmasi gerekmektedir. Yazarlardan etik
kurul resmi belgeleri istenecektir.

Tiim makaleler intihal yazilimi ile kontrol edilir.

Dergi kapsamina girmeyen veya Tiirk Restisitasyon Dergisi yaymlan-
ma standardinin ¢ok altinda olan makaleler, hakem degerlendirmesi
yapilmadan editorler tarafindan reddedilecektir.

Kapsam dahilinde ve yeterli standartta bulunan yazilar bir editore
atanir ve hakem degerlendirmesine gonderilir; makaleler daha
sonra, kabul edilir, revizyondan sonra tekrar degerlendirilerek veya
red olarak yazarlara geri gonderilir. Yazar olarak listelenen herkes,
International Committee of Medical Journal Editors (ICMJE - www.
icmje.org) tarafindan onerilen yazarlk kriterlerini karsilamalidir.

Tiirk Resiisitasyon Dergisi, yazarlik haklarina uygun hareket et-
mek ve hayalet ya da onurlandirilmis yazarligi dnlemek i¢in so-
rumlu yazarlarin ilk gonderim siirecinde yazarlik katki formunun
(www.turkjresuscitation.org adresinden indirilebilir) imzal1 ve
taranmig bir versiyonunu gondermeleri istemektedir.

Derginin Yaym Kurulu, tiim itiraz ve sikayet davalarimi COPE
ilkeleri kapsaminda ele alir. Bu gibi durumlarda yazarlar, itirazlar
ve sikayetleri ile ilgili olarak yayin ofisi ile dogrudan iletisime gec-
melidir. Gerektiginde, dahili olarak ¢6ziilemeyen davalar1 ¢6zmek
icin bir arabulucu gorevlendirilebilir.

Bas Editor, tiim itiraz ve sikayetler igin karar verme siirecinde
nihai yetkilidir.

Tiirk Restisitasyon Dergisi’ne makale gonderirken yazarlar, maka-
lelerinin telif hakkini Tiirk Resiisitasyon Dernegi’ne devretmeyi
kabul ederler. Eger reddedilirse, makalenin telif hakki yazarlarina
geri verilir. Tlirk Resiisitasyon Dergisi, her bagvurunun bir Telif
Hakki Devir ve Yazarlik Tesekkiir Formu ile birlikte gonderilmesini
sart kosar. (www.turkjresuscitation.org adresinden indirilebilir).
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Daha 6nce yaymlanmis igerigi kullanirken sekiller, tablolar veya
hem basili hem de elektronik formattaki diger materyaller dahil
olmak iizere, yazarlar telif hakki i¢in sahibinden izin almalidir. Bu
konudaki hukuki, mali ve cezai sorumluluk yazara aittir.

Tiirk Restisitasyon Dergisi’nde yayimlanan yazilardaki ifadeler veya
goriisler, editorlerin, yayin kurulunun veya yaymeinin goriislerini
degil, yazarin goriislerini yansitmaktadir; editorler, yayin kurulu
ve yayinct bu tiir materyaller i¢in herhangi bir sorumluluk veya
ylkiimliiliik kabul etmemektedir. Yayimlanan icerikle ilgili nihai
sorumluluk yazarlara aittir.

MAKALE HAZIRLIGI

Makaleler, ICMJE’ye (Tip Dergilerinde Bilimsel Calismalarin
Yiriitiilmesi, Raporlanmasi, Diizenlenmesi ve Yaymlanmasi i¢in
Oneriler) uygun olarak hazirlanmalidir.

Yazarlarin, randomize arastirma c¢alismalar1 igin CONSORT
kilavuzlarina, gézlemsel orijinal arastirma ¢alismalari i¢in STROBE
kilavuzlarina, tanisal dogrulukla ilgili caligmalar i¢in STARD kila-
vuzlarina, sistematik derlemeler ve meta-analiz icin PRISMA kila-
vuzlarina, deneysel hayvan ¢alismalari icin ARRIVE kilavuzlarina
ve randomize olmayan genel davranis icin TREND kilavuzlarina
uygun makaleler hazirlamalar1 gerekmektedir.

Makaleler yalnizca derginin www.turkjresuscitation.org adresinde
bulunan g¢evrimi¢i makale géonderme ve degerlendirme sistemi
iizerinden gonderilebilir. Bagka bir ortamdan gonderilen yazilar
degerlendirmeye alinmayacaktir.

Dergiye gonderilen yazilar, dnce editor ofis personelinin ma-
kalenin derginin ydnergelerine uygun olarak hazirlanip teslim
edildiginden emin olacag1 bir teknik degerlendirme siirecin-
den gececektir. Dergi yonergelerine uygun olmayan gonderi-
ler, teknik diizeltme talepleri ile birlikte, gonderen yazara geri
gonderilecektir. Yazarlarin yazilari ile beraber asagida istenenleri
de gondermeleri gerekmektedir.

[k gonderim sirasinda Telif Hakki Devri ve Yazarlik Bildirimi
Formu ve ICMIJE Potansiyel Cikar Catigsmasi Bildirim Formu
(katkida bulunan tiim yazarlar tarafindan doldurulmalidir).
Bu formlar www.turkjresuscitation.org adresinden indirilebilir.

MAKALENIN HAZIRLANMASI

Bashk sayfasi:

Tiim bagvurularla birlikte ayr1 bir baslik sayfast sunulmali ve bu

sayfa sunlart icermelidir:
* Makalenin tam baslig1 ve 50 karakterden fazla olmayan kisa
bir baslik (baslik),
* Yazar(lar)in ad(lar)i, kurumlari ve en yiiksek akademik de-
rece(ler)i,
* Hibe bilgisi ve diger destek kaynaklar1 hakkinda detayl bilgi,
» Sorumlu yazarin adi, adresi, telefonu (cep telefonu numarasi
dahil), e-posta adresi ve faks numaralari,
* Makalenin hazirlanmasina katkida bulunan ancak yazarlik
kriterlerini kargilamayan kisilere tesekkiir bolimii.


https://www.wma.net/
https://www.icmje.org/
https://www.icmje.org/
http://www.turkjresuscitation.org
https://www.turkjresuscitation.org/
https://www.turkjresuscitation.org
https://www.turkjresuscitation.org/
https://www.turkjresuscitation.org/
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Ozet: Editore Mektuplar disindaki tiim gonderilerle birlikte bir
Ozet gonderilmelidir. Orijinal Makalelerin 6zeti alt bagliklar (Amag,
Yontemler, Sonuglar ve Sonug) ile yapilandirtimalidir.

Anahtar Sézciikler: Ozetin sonunda konu indekslemesi igin her
gonderiye en az ii¢ ila en fazla alt1 anahtar kelime eslik etmelidir.
Anahtar kelimeler kisaltmalar olmadan tam olarak listelenme-
lidir. Anahtar kelimeler National Library of Medicine, Medical
Subject Headings veri tabanindan (https://meshb.nlm.nih.gov/
search) secilmelidir.

MAKALE TURLERI

Orijinal Makaleler: Orijinal makalelerin ana metni; Giris,
Yontemler, Sonuglar, Tartisma ve Sonug alt bagliklar1 ile ya-
pilandirilmalidir. Orijinal Makaleler sinirlamalari igin liitfen
Tablo 1’1 kontrol ediniz.

Tablo 1: Makale tiirleri i¢in kisaltmalar

Kelime Simir1 Tablo/ Referans
Makale tiirii (Ozet ve Resim Savist
ref. harig) Sayis1 Y

Orjinal yayin 3000 6 80
Kisa yayimn 1500 4 40
Derleme 4000 10 100
Aciklama ve 2000 4 40
Kavramlar

Editoryal 1200 1 30
Editore Mektup 500 1 10

Sonuclar1 desteklemek icin istatistiksel analiz genellikle gereklidir.
Istatistiksel analizler, uluslararasi istatistiksel raporlama standartla-
rina gore yapilmalidir (Altman DG, Gore SM, Gardner MJ, Pocock
SJ. Tip dergilerine katkida bulunanlar icin istatistiksel kilavuzlar.
Br Med J 1983: 7; 1489-93). Istatistiksel analizlere iligkin bilgiler
Gereg ve Yontemler boliimiinde ayri bir alt baslikla verilmeli ve islem
sirasinda kullanilan istatistik yazilim programlari belirtilmelidir.

Birimler, uluslararast birim sistemi olan International System of
Units (SI)’a uygun olarak hazirlanmalidir. Birimleri yazarken (.), (/),
veya () yazimindan kagmilmalidir (6rn. mg kg-1, pg kg-1, mL, mL
kg-1, mL kg-1 sa-1, mL kg-1 dk-1, L dk-1 m-2, mmHg vb.yaziniz).

Editoryal Yorumlar: Editoryal yorumlar, dergide yayinlanan
arastirma makalesi konusunda uzmanligi veya bu konuda bilimsel
gecmisi olan hakemler tarafindan kisa bir elestirel yorum saglamay1
amaglar. Yazarlar, bu tiir yorumlari saglamak tizere dergi tarafindan
secilir ve davet edilir. Ozet, anahtar kelimeler ve tablolar, sekiller,
goriintiiler ve diger medya araglari dahil degildir.

Derleme: Belirli bir alanda genis bilgi birikimine sahip, bilimsel gec-
misi olan ve yiiksek sayida atif potansiyeli olan yazarlar tarafindan
hazirlanan derlemeler kabul edilir. Hatta bu yazarlar dergi tarafindan
davet edilebilir. Derlemeler, klinik uygulamada bir konuyla ilgili
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mevcut bilgi diizeyini tanimlamali, tartigmali ve degerlendirmeli ve
gelecekteki caligmalara rehberlik etmelidir. Ana metin giris, klinik
ve arastirma sonuglari ve sonug boliimlerini igermelidir.

Olgu Sunumu: Derginin olgu sunumlar1 kabulii sinirlidir ve tant
ve tedavide zorluk olusturan, yeni tedaviler sunan veya literatiirde
yer almayan bilgileri agiga ¢ikaran nadir vaka veya durumlara
iligkin raporlar, ilging ve egitici vaka raporlart i¢in kabul edilir.
Olgu sunumu, Metin Giris, Olgu Sunumu, Tartisma ve Sonug alt
bagliklarini igermelidir.

Editére Mektup: Bu tiir makaleler, daha 6nce yayinlanmis bir
makalenin dnemli kisimlarini, gézden kagan yonlerini veya eksik
kisimlarim tartigir. Dergi kapsamindaki konularda 6zellikle egitici
vakalar olmak iizere okuyucularin ilgisini ¢ekebilecek makaleler
“Editore Mektup” seklinde de gonderilebilir. Okuyucular, yayinla-
nan yazilar hakkindaki yorumlarini “Editére Mektup” seklinde de
sunabilirler. Ozet, anahtar sozciikler ve tablolar, sekiller, gérseller ve
diger medya araglar1 dahil edilmemelidir. Metin yapilandirilmamis
olmalidir. Uzerinde yorum yapilan yaziya bu yazi i¢inde uygun
sekilde atifta bulunulmalidir.

TABLOLAR

Tablolar, kaynak listesinden sonra sunulan ana metinde yer almal
ve ana metin i¢inde atifta bulunuldugu siraya gore ardisik olarak
numaralandirilmalidir. Tablolarin iizerine aciklayici bir baglik
yerlestirilmelidir. Tablolarda kullanilan kisaltmalar, tablolarin
altinda (ana metin icinde tanimlanmis olsalar dahi) dipnotlarla
tanimlanmalidir. Tablolar program yazilimimin “insert table/tablo
ekle” komutu kullanilarak olugturulmali ve kolay okunabilmesi i¢in
anlasilir bir sekilde diizenlenmelidir. Tablolarda sunulan veriler, ana
metinde sunulan verilerin tekrar1 olmamali, ana metni destekleyici
nitelikte olmalidur.

SEKILLER VE SEKIL ACIKLAMALARI

Sekil, grafik ve fotograflar ayr1 dosyalar olarak (TIFF veya JPEG
formatinda) gonderim sistemi iizerinden gonderilmelidir. Dosyalar
bir Word belgesine veya ana metin igerisine yerlestirilmemelidir.
Sekil alt birimleri oldugunda, alt birimler tek bir gériintii olusturacak
sekilde birlestirilmemelidir. Her alt birim, bagvuru sistemi araciligiyla
ayri1 ayr1 sunulmalidir. Resimler, sekil alt birimlerini belirtmek igin
etiketlenmemelidir (a, b, c, vb.). Sekillerde altyazilart desteklemek
icin kalin ve ince oklar, ok baslari, yildizlar, asteriksler ve benzer
isaretler kullanilabilir. Gorsellerin minimum ¢oziiniirliigii 300 DPI
(en az) olmalidir. Degerlendirme siirecindeki aksakliklari dnlemek
icin gdnderilen biitliin gorsellerin ¢oziiniirligii net ve boyutu biiyiik
(minimum boyutlar 100x100 mm) olmalidir. Sekil/Resim altyazilar
ana metnin sonunda yer almalidir.

Makalede kullanilan tiim kisaltmalar, hem 6zette hem de ana metinde
ilk kullanimda tanimlanmalidir. Kisaltma, tanimdan sonra parantez
i¢inde verilmelidir.

Ana metinde bir ilag, iiriin, donanim veya yazilim programindan
bahsedildiginde, lirliniin ads, iiriiniin iireticisi ve sirketin bulundugu
sehir ve tilke (ABD’de ise eyalet dahil) dahil olmak iizere iiriin


https://meshb.nlm.nih.gov/search
https://meshb.nlm.nih.gov/search
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bilgileri, parantez i¢inde su bigimde saglanmalidir: “Discovery St
PET/CT tarayici (General Electric, Milwaukee, WI, ABD)”.

Tim kaynaklara, tablolara ve sekillere ana metin icinde atifta
bulunulmali ve ana metin i¢inde atif yapilan siraya gore ardisik
olarak numaralandirilmalidir. Orijinal makalelerin sinirlamalari,
sakincalar1 ve eksiklikleri, sonu¢ paragrafindan dnce Tartigma
boliimiinde belirtilmelidir.

KAYNAKLAR

Hem metin i¢i alintilar hem de referanslar AMA Manual of Style
11th Edition’a gére hazirlanmalidir. Yayinlara atif yapilirken en son,
en giincel yaylar tercih edilmelidir. Kaynaklarin dogrulugundan
yazarlar sorumludur. Baski dncesi bir yayina atifta bulunuluyorsa,
DOI numarasi verilmelidir.

Dergi adlar1 Index Medicus/ MEDLINE/PubMed’deki dergi
kisaltmalarina uygun olarak kisaltilmalidir. Alt1 veya daha az ya-
zar oldugunda, tiim yazarlar listelenmelidir. Yedi veya daha fazla
yazar varsa, ilk ii¢ yazardan sonra “et al” yazilmalidir. Makalenin
ana metninde, kaynaklar noktalama isaretlerinden sonra iist simge
olarak gosterilmelidir. Farkli yayin tiirleri i¢in referans stilleri
asagidaki orneklerde sunulmaktadir.

Dergi Makalesi: Blasco V, Colavolpe JC, Antonini F, Zieleskiewicz
L, Nafati C, Albanése J, et al. Hidroksietil nisasta 130/0.4 ve
hidroksietil nisasta 200/0.6 ile tedavi edilen donérlerden bobrek
alicilarinda uzun vadeli sonug. Br J Anaesth. 2015;115(5):797-8.

Kitap Boliimii: Fikremariam D, Serafini M. Agr1 yonetimine
multidisipliner yaklasim. i¢inde: Vadivelu N, Urman RD, Hines
RL, ed. Agr1 Yonetiminin Esaslart. New York, NY: Springer New
York; 2011:17-28.

Tek Yazarh Kitaplar: Patterson JW. Weedon’un Cilt Patolojisi. 4.
baski1. Churchill Livingstone; 2016.

Editor(ler) Yazar olarak: Etzel RA, Balk SJ, ed. Pediatrik Cevre
Sagligi. Amerikan Pediatri Akademisi; 2011.

Konferans Bildirileri: Morales M, Zhou X. Gé¢men kadinlarin
saglik uygulamalari: kentsel bir ortamda yerli bilgi. Sunulan bil-
diri: 78th Association for Information Science and Technology
Yillik Toplantist; 6-10 Kasim; 2015; Louis, MO. Erisim tarihi: 15
Mart 2016. https://www.asist.org/files/meetings/am15/proceedings/
openpagel5.html

Tez: Maiti N. Amerika Birlesik Devletleri’ndeki Ergenlerde
Davranslar, Saglik Ozellikleri ve Yaralanmalar Arasindaki liski.
Tez. Palo Alto Universitesi; 2010.

Cevrimici Dergi Makaleleri: Tamburini S, Shen N, Chih Wu H,
Clemente KC. Erken yagsamda mikrobiyom: saglik sonuglari i¢in
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¢ Orijinal resminizin tek tip yazi ve boyutlarini kullandiginizdan
emin olunuz.

» Uygulama bu segenegi sagliyorsa, kullanilan yazi tiplerini
saklayiniz.

* Cizimlerinizde su yaz tiplerini kullanmay1 hedefleyiniz:
Arial, Courier, Times New Roman, Symbol veya benzer yazi
tiplerini kullaniniz.

 Cizimleri metindeki siralarina gére numaralandiriniz.
» Resim dosyalariniz igin adlandirma yapiniz.
» Resimlere ayri ayri altyazi saglaymiz.

 Cizimleri, yayimnlanan versiyonun istenen boyutlarina yakin
boyutlandiriniz.

* Her bir ¢izimi ayr1 bir dosya olarak gonderiniz.

Yapilmamasi ve Dikkat Edilmesi Gerekenler:
¢ Ekran kullanimi i¢in optimize edilmis dosyalar1 (6rnegin, GIF,
BMP, PICT, WPG) kullanmayiniz; bunlar tipik olarak diistik
sayida piksele ve smirli renk grubuna sahiptir;

* Cozinirligi ¢ok diisiik olan dosyalar1 kullanmayiniz
+ Igerige gore orantisiz biiyiikliikte grafikler gondermeyiniz

Online yayinlanan tiim makaleler, herkesin okumasi ve indirmesi
igin iicretsiz olacaktir. izin verilen yeniden kullanim, asagidaki
“Creative Commons” kullanict lisanslarindan birini sectiginize
gore tanimlanir.

Creative Commons Attribution-NonCommercial-NoDerivs (CC-
BY-NC-ND): Ticari olmayan amaglar i¢in, baskalarinin makaleyi
dagitmasina ve kopyalamasina ve kaynak gosterdikleri siirece ortak
bir ¢alismaya (bir antoloji gibi) dahil etmesine izin verir. Yazar(lar)
ve makaleyi degistirmemeleri sartiyla.

Revizyonlar: Yazarlar makalelerinin revizyon dosyalarini gonde-
rirken, hakemler tarafindan giindeme getirilen her konunun nasil
ele alindigini ve nerede bulunabilecegini (her bir hakemin yorumu,
ardindan yazarin cevabi ve degisikliklerin yapildig: satir numaralart)
ve ayrica ana belgenin agiklamali bir kopyasini gondermelidirler.
Revize edilmis yazilar, karar mektubu tarihinden itibaren 30 giin
icinde gonderilmelidir. Yazinin revize edilmis halinin belirtilen siire
icinde gonderilmemesi durumunda revizyon secenegi iptal edilebilir.

Kabul edilen yazilar, profesyonel dil editorleri tarafindan dilbilgi-
si, noktalama isaretleri ve bigim olarak diizenlenir. Kabul edilen
makalenin PDF hali sorumlu yazara gonderilir ve kendilerine
ulasmasindan itibaren 2 giin iginde yayin onay1 istenir.

izinler ve Yeniden Baskilar: ilgili yazara iicretsiz olarak maka-
lenin bir PDF dosyas1 e-posta yoluyla gonderilecektir Yayimlanan
igerigin ¢ogaltilmasi ve yeniden basim siparisleri i¢in izin talepleri
Yazi Isleri Miidiirliigii’ne yonlendirilmelidir.
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The Turkish Journal of Resuscitation (TJR) is the open ac-
cess, online-only scientific publication organ of the Turkish
Resuscitation Council. The journal is published in accordance with
independent, unbiased, and double—blinde peer review principles.

The journal is published in March and September. The languages
of the journal are Turkish and English with Latin letters. Spelling
mistakes and grammar errors would be corrected by the editorial
board without making any change in content. When preparing their
manuscript, authors should use Turkish/British spellings throughout.
The journal welcomes manuscripts both in Turkish and English
for evaluation; however, authors of articles written in Turkish are
required to provide the journal with the English version of their
accepted article prior to publication.

The aim of the journal is to contribute to the literature and field
of resuscitation by publishing clinical and experimental research
articles, case reports, letters to the editor, study protocols, and
scientific conference proceedings that are prepared in accordance
with the ethical guidelines in the fields of resuscitation.

The papers published deal with the aetiology, pathophysiology
and prevention of cardiac arrest, resuscitation training, clinical
resuscitation, and experimental resuscitation research, although
papers relating to animal studies will be published only if they are
of exceptional interest and related directly to clinical cardiopul-
monary resuscitation.

The journal content will be of interest to healthcare professionals
working in critical care, emergency medicine, anaesthesia, cardio-
logy, paediatrics, and neonatology.
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AIMS AND SCOPE

The editorial and publication processes of the journal are shaped
in accordance with the guidelines of the International Committee
of Medical Journal Editors. The journal is in conformity with the
Principles of Transparency and Best Practice in Scholarly Publishing.

Processing and publication are free of charge with the journal. No
fees are requested from the authors at any point throughout the
evaluation and publication process. All manuscripts must be sub-
mitted via the online submission system, which is available at www.
turkjresuscitation.org The journal guidelines, technical information,
and the required forms are available on the journal’s web page.

All expenses of the journal are covered by the Turkish Resuscitation
Council. Potential advertisers should contact the Editorial Office.
Advertisement images are published only upon the Editor-in-Chief’s
approval.

Statements or opinions expressed in the manuscripts published in
the journal reflect the views of the author(s) and not the opinions of
the Turkish Society of Resuscitation, editors, editorial board, and/
or publisher; the editors, editorial board, and publisher disclaim
any responsibility or liability for such materials.

All published content is available online, free of charge at
www.turkjresuscitation.org

The Turkish Resuscitation Council holds the international copyright
of all the content published in the journal.
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Turkish Journal of Resuscitation is an interdisciplinary medical
journal and is the official journal of the Turkish Resuscitation
Council. Originality, high scientific quality, and citation potential
are the most important criteria for a manuscript to be accepted for
publication. Manuscripts submitted for evaluation should not have
been previously presented or already published in an electronic or
printed medium.

All papers are published online-only and deal with the aetiology,
pathophysiology and prevention of cardiac arrest, resuscitation trai-
ning, clinical resuscitation, and rapid response systems. Experimental
resuscitation research papers (including animal studies) are pub-
lished occasionally, but only if they are of exceptional interest and
related directly to cardiopulmonary resuscitation. Case reports on
resuscitation are accepted for publication. Papers relating to tra-
uma are published occasionally but the majority of these concern
traumatic cardiac arrest.

An approval of research protocols by the Ethics Committee in ac-
cordance with international agreements (World Medical Association
Declaration of Helsinki “Ethical Principles for Medical Research
Involving Human Subjects,” amended in October 2013, www.
wma.net) is required for experimental, clinical, and drug studies
and for some case reports. If required, ethics committee reports or
an equivalent official document will be requested from the authors.

All papers are checked with plagiarism software.

Papers that are not within the scope of the journal or are far below
the standard for publication in the Turkish Journal of Resuscitation
will be rejected by the Editors without obtaining peer review.

Papers deemed to be within scope and of a sufficient standard are
assigned to an editor and sent for peer review; papers may then be
returned to authors as accepted, for reconsideration after revision,
or rejection.

Each individual listed as an author should fulfill the authorship
criteria recommended by the International Committee of Medical
Journal Editors (ICMJE - www.icmje.org).

The Turkish Journal of Resuscitation requires corresponding
authors to submit a signed and scanned version of the aut-
horship contribution form (available for download through
www.turkjresuscitation.org) during the initial submission process
in order to act appropriately on authorship rights and to prevent
ghost or honorary authorship.

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

When submitting a manuscript to the Turkish Journal of Resuscitation
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authors accept to assign the copyright of their manuscript to the
Turkish Society of Resuscitation. If rejected for publication, the
copyright of the manuscript will be assigned back to the authors.
The Turkish Journal of Resuscitation requires each submission to
be accompanied by a Copyright Transfer and Acknowledgement of
Authorship Form (available for download at www.turkjresuscitation.
org). When using previously published content, including figures,
tables, or any other material in both print and electronic formats,
authors must obtain permission from the copyright holder. Legal,
financial and criminal liabilities in this regard belong to the author.

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

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with ICMJE-
Recommendations for the Conduct, Reporting, Editing, and
Publication of Scholarly Work in Medical Journals.

Authors are required to prepare manuscripts in accordance with the
CONSORT guidelines for randomized research studies, STROBE
guidelines for observational original research studies, STARD
guidelines for studies on diagnostic accuracy, PRISMA guidelines
for systematic reviews and meta-analysis, ARRIVE guidelines for
experimental animal studies, and TREND guidelines for non-rando-
mized public behavior.Manuscripts can only be submitted through
the journal’s online manuscript submission and evaluation system,
available at www.turkjresucitation.org. Manuscripts submitted via
any other medium will not be evaluated.

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

Authors are required to submit the following:

Copyright Transfer and Acknowledgement of Authorship Form
and ICMJE Potential Conflict of Interest Disclosure Form
(should be filled in by all contributing authors) during the
initial submission. These forms are available for download at
www.turkjresuscitation.org.

Preparation of the Manuscript
Title page: A separate title page should be submitted with all su-
bmissions and this page should include:

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

» Name(s), affiliations, and highest academic degree(s) of the
author(s),
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e Grant information and detailed information on the other
sources of support,

» Name, address, telephone (including the mobile phone number)
and fax numbers, and email address of the corresponding author,

* Acknowledgment of the individuals who contributed to the
preparation of the manuscript but who do not fulfill the aut-
horship criteria.

Abstract: An abstract should be submitted with all submissions
except for Letters to the Editor. The abstract of Original Articles
should be structured with subheadings (Objective, Methods, Results,
and Conclusion).

Keywords: Each submission must be accompanied by a minimum
of three to a maximum of six keywords for subject indexing at the
end of the abstract. The keywords should be listed in full without
abbreviations. The keywords should be selected from the National
Library of Medicine, Medical Subject Headings database (https://
meshb.nlm.nih.gov/search).

Manuscript Types

Original Articles: The main text of original articles should be
structured with Introduction, Methods, Results, Discussion, and
Conclusion subheadings. Please check Table 1 for the limitations
for Original Articles.

Table 1: Limitations for each manuscript type

Type O.f (exgg;:l; ai:sltirtact Ill’ll;:tl:‘tatsi/on Ref?re.n ce
manuscript and references) Limit Limit
Original Paper 3000 6 80
Short Paper 1500 4 40
Review 4000 10 100
amd Concepts 2000 4 4
Editorial 1200 1 30
Letter to Editor 500 1 10

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

Units should be prepared in accordance with the International
System of Units (SI); also, (.), (/), or (-) should be avoided when
writing out units (e.g., write mg kg-1, pg kg-1, mL, mL kg-1, mL
kg-1 sa-1, mL kg-1 dk-1, L dk-1 m-2, mmHg, etc.)
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Editorial Comments: Editorial comments aim to provide a brief
critical commentary by reviewers with expertise or with high repu-
tation in the topic of the research article published in the journal.
Authors are selected and invited by the journal to provide such
comments. Abstract, Keywords, and Tables, Figures, Images, and
other media are not included.

Review Articles: Reviews prepared by authors who have extensive
knowledge on a particular field and whose scientific background
has been translated into a high volume of publications with a high
citation potential are welcomed. These authors may even be invited
by the journal. Reviews should describe, discuss, and evaluate the
current level of knowledge of a topic in clinical practice and should
guide future studies. The main text should contain Introduction,
Clinical and Research Consequences, and Conclusion sections.

Case Reports: There is limited space for case reports in the journal
and reports on rare cases or conditions that constitute challenges
in diagnosis and treatment, those offering new therapies or re-
vealing knowledge not included in the literature, and interesting
and educative case reports are accepted for publication. The text
should include Introduction, Case Presentation, Discussion, and
Conclusion subheadings.

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

TABLES

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

FIGURES AND FIGURE LEGENDS

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

All acronyms and abbreviations used in the manuscript should
be defined at first use, both in the abstract and in the main text.
The abbreviation should be provided in parentheses following the
definition.

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

All references, tables, and figures should be referred to within the
main text, and they should be numbered consecutively in the order
they are referred to within the main text. Limitations, drawbacks,
and the shortcomings of original articles should be mentioned in
the Discussion section before the conclusion paragraph.

REFERENCES

Both in-text citations and the references must be prepared according
to the AMA Manual of Style 11th Edition. While citing publications,
preference should be given to the latest, most up-to-date publica-
tions. Authors are responsible for the accuracy of references If
an ahead-of-print publication is cited, the DOI number should be
provided. Journal titles should be abbreviated in accordance with
the journal abbreviations in Index Medicus/MEDLINE/PubMed.
When there are six or fewer authors, all authors should be listed.
If there are seven or more authors, the first three authors should
be listed followed by “et al.” In the main text of the manuscript,
references should be cited in superscript after punctuation. The
reference styles for different types of publications are presented in
the following examples.

Journal Article: Blasco V, Colavolpe JC, Antonini F, Zieleskiewicz
L, Nafati C, Albanése J, et al. Long-term outcome in kidney reci-
pients from donors treated with hydroxyethylstarch 130/0.4 and
hydroxyethylstarch 200/0.6. Br J Anaesth. 2015;115(5):797-8.

Book Section: Fikremariam D, Serafini M. Multidisciplinary
approach to pain management. In: Vadivelu N, Urman RD, Hines
RL, eds. Essentials of Pain Management. New York, NY: Springer
New York; 2011:17-28.

Books with a Single Author: Patterson JW. Weedon’s Skin
Pathology. 4th ed. Churchill Livingstone; 2016.

Editor(s) as Author: Etzel RA, Balk SJ, eds. Pediatric Environmental
Health. American Academy of Pediatrics; 2011.
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Conference Proceedings: Morales M, Zhou X. Health practices of
immigrant women: indigenous knowledge in an urban environment.
Paper presented at: 78th Association for Information Science and
Technology Annual Meeting; November 6-10; 2015; St Louis, MO.
Accessed March 15, 2016. https://www.asist.org/files/meetings/
aml5/proceedings/openpage15.html

Thesis: Maiti N. Association Between Behaviors, Health
Characteristics and Injuries Among Adolescents in the United
States. Dissertation. Palo Alto University; 2010.

Online Journal Articles: Tamburini S, Shen N, Chih Wu H,
Clemente KC. The microbiome in early life: implications for health
outcompetes. Nat Med. Published online July 7, 2016. doi:10.1038/
nm4142

Websites: International Society for Infectious Diseases. ProMed-
mail. Accessed February 10, 2016. http://www.promedmail.org

Epub Ahead of Print Articles: Cai L, Yeh BM, Westphalen AC,
Roberts JP, Wang ZJ. Adult living donor liver imaging. Diagn
Interv Radiol. 2016 Feb 24. doi: 10.5152/dir.2016.15323. [Epub
ahead of print].

General points
* Make sure you use uniform lettering and sizing of your ori-
ginal artwork.

* Embed the used fonts if the application provides that option.
Aim to use the following fonts in your illustrations: Arial, Courier,
Times New Roman, Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.
 Use a logical naming convention for your artwork files.
 Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the
published version. Submit each illustration as a separate file.

Please do not:
» Supply files that are optimized for screen use (e.g., GIF, BMP,
PICT, WPGQG); these typically have a low number of pixels and
limited set of colours;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the
content.

All articles published Open Access will be immediately and perma-
nently free for everyone to read and download. Permitted reuse is
defined by your choice of one of the following Creative Commons
user licenses.

Creative Commons Attribution-NonCommercial-NoDerivs (CC-
BY-NC-ND): for non-commercial purposes, lets others distribute
and copy the article, and to include in a collective work (such as an
anthology), as long as they credit the author(s) and provided they
do not alter or modify the article.
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Revisions: When submitting a revised version of a paper, the author
must submit a detailed “Response to the reviewers” that states point
by point how each issue raised by the reviewers has been covered
and where it can be found (each reviewer’s comment, followed by
the author’s reply and line numbers where the changes have been
made) as well as an annotated copy of the main document. Revised
manuscripts must be submitted within 30 days from the date of the
decision letter. If the revised version of the manuscript is not submit-
ted within the allocated time, the revision option may be canceled.

Accepted manuscripts are copy-edited for grammar, punctuation,
and format by professional language editors. A PDF proof of the
accepted manuscript is sent to the corresponding author and their
publication approval is requested within 2 days of their receipt of
the proof.
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will be provided with a PDF file of the article via email. Permission
requests for the reproduction of published content and reprint orders
should be directed to the Editorial Office.
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OTOMATIK EKSTERNAL DEFiBRILATORLERIN YAYGINLASTIRILMASI VE TOPLUMSAL FARKINDALIK

Gozde Giirsoy CIRKINOGLU

Izmir Sehir Hastanesi, Anesteziyoloji ve Reanimasyon Klinigi, Izmir City Hospital, Department of Anesthesiology and

Reanimation, 1zmir, Tiirkiye

Sayin Editor,

Ani kardiyak arrest olgularinda erken defibrilasyonun sagkalim
tizerindeki belirleyici etkisi iyi bilinmektedir. Otomatik eksternal
defibrilatorler (OED), bu erken miidahalenin saglik sistemi disin-
daki bireyler tarafindan da gergeklestirilebilmesine olanak taniyan,
yasam kurtarici cihazlardir.

2025 Avrupa Resiisitasyon Konseyi (ERC) kilavuzunda, OED’lerin
egitimli olmayan kisiler tarafindan dahi giivenle kullanilabilecegi
agikca belirtilmistir V. Ayrica, acil durum ¢agri merkezleri (6rnegin
112) araciligryla telefonla yonlendirme saglandiginda, OED kulla-
niminin arttigini ve daha etkili hale geldigini gosteren ¢aligmalar
mevcuttur @. Bu veriler, OED’lerin yalnizca erisilebilir olmasinin
degil, toplumun bu cihazlar1 kullanma konusunda cesaretlendiril-
mesinin de kritik oldugunu ortaya koymaktadir.

Bu baglamda, Izmir’de 2026 yil1 itibartyla metro istasyonlar1 basta
olmak lizere 17 yeni lokasyona OED yerlestirilmis olmasi son derece
degerli ve umut verici bir gelismedir. insan yogunlugunun yiiksek
oldugu bu alanlarda OED bulundurulmasi, erken defibrilasyon
zincirinin gliglendirilmesi a¢isindan énemli bir adimdir.

Diinya genelinde, hastane dis1 kalp durmalarinda (OHCA) sag-
kalim1 artirmak amaciyla OED’lerin yayginlastirilmasi ve halk
tarafindan etkin kullanimi i¢in ¢esitli stratejiler uygulanmaktadir.
Italya’da Piacenza kentinde 1999 yilinda baslatilan “Progetto
Vita”, Avrupa’nin ilk topluluk temelli OED projelerinden biridir
®. Program kapsaminda sehir genelinde OED yogunlugu yaklasik
her 170 kisiye bir cihaz olacak sekilde artirilmig; OED sayist 1999
yilinda 21 iken 2023 yilinda 1161’e ulagsmistir. Bu siiregte sagkalim
oranlarinin 2003-2012 doneminde %22 iken, 2013-2022 done-
minde %73’e ylikseldigi bildirilmistir. Programin temel yaklagimu,
ayrintilt KPR uygulamalarindan ziyade OED nin hizli kullanimina
odaklanan basitlestirilmis bir egitim modelidir. Piacenza’daki 23
yillik veriye gore goniilliilerin olay yerine ulagma siiresi ortalama
5,7 dakika iken, bu siire standart acil yardim sistemlerinde 10,2
dakikadir. Goniillii vatandaslar tarafindan yonetilen vakalarda
olumlu nérolojik sonuglarla sagkalim orant %46,2 iken, standart
EMS miidahalelerinde bu oran yalnizca %2,9’dur. Acil ¢agridan
sonraki ilk iki dakika icinde OED ile sok uygulandiginda sagkalim
oraninin %75’e ulastig bildirilmistir.

Danimarka, OED bilgilerini tiim acil tibbi komuta merkezlerine
entegre eden Danimarka OED Agi’ni1 kurmustur . Bu sistem,
akilli telefon uygulamalari araciligryla goniillii “vatandas miidahale
ekiplerini” en yakin OED’ye yonlendirerek toplumda defibrilasyon
uygulama oranini ii¢ katina ¢ikarmistir. Aragtirmalar, OED’ye
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200 metre mesafe i¢inde olmanin sagkalimi dogrudan etkiledigini
gostermektedir.

Amerika Birlesik Devletleri’nde Minnesota eyaletinde uygulanan
ilk miidahaleci OED programinda, kolluk kuvvetlerinin OED ci-
hazlariyla donatilmasi hedeflenmistir®. Ozellikle kirsal bolgelerde
acil miidahale sistemlerinin hastaya ulagsma siiresinin uzun olmast
nedeniyle, “ilk soka kadar gegen siirenin” kisaltilmasi amaglanmustir.
Program kapsaminda 2023 yilina kadar 237 sahada toplam 4769
OED dagitilmustir.

“San Diego Project Heart Beat” (SDPHB), San Diego sehri ve ¢ev-
resinde ani kalp durmalarina bagli mortaliteyi azaltmak amacryla
2001 yilinda baslatilan, ulusal ve uluslararasi diizeyde taninan bir
toplumsal erisimli defibrilasyon programidir ©. Programin temel
vizyonu, OED’leri toplum i¢inde “yangin sondiirme tiipleri kadar
erisilebilir” hale getirmektir. SDPHB, halkin kalp durmasini tanima-
sini, hizli yanit vermesini ve her lise 6grencisinin mezun olmadan
once KPR (kalp masaj1) ve OED kullanim1 konusunda deneyim
sahibi olmasini hedeflemektedir. Baglangi¢ hedefi olarak 2003’te
gerceklestirilen “Super Bowl” turnuvalarina kadar sehir genelinde
250 OED yerlestirmek iken bu hedef asilarak 500 OED sayisina
ulasilmistir. Bugiine kadar bolge genelinde 11.000°den fazla OED
yerlestirilmis; San Diego Uluslararast Havalimani’nda sagkalim
oranlarmin belirgin bigimde arttig1 gosterilmistir.

Almanya’nin bagkenti Berlin’de uygulamaya konulan KATRETTER
sistemi, hastane dis1 kalp durmalarina miidahaleyi hizlandirmak
amaciyla gelistirilen akilli telefon tabanli bir goniillii ilk yardimer
agidir . Sisteme kayit i¢in tibbi yeterlilik belgesi zorunlulugu
bulunmamakla birlikte, katilimcilarin %98’inin 6nceden sertifikali
oldugu bildirilmistir. iki y1llik dsnemde 10.102 géniillii sisteme kay-
dedilmis; vakalarm %12,7’sinde profesyonel ekipler gelmeden dnce
OED kullanimi saglanmistir. Bu projeye gore, Kalp durmasi siiphesi
olustugunda sistem, sehir merkezinde 500 metre, banliy6lerde ise
1000 metre yarigapindaki en fazla ii¢ goniilliiyii eszamanlt olarak
uyarir. Goniilliiler, uygulama {izerinden navigasyon destegi ve acil
durumun konumuna dair detayli bilgi alirlar. Bu proje takiplerinde,
iki y1illik donemde 16.505 kez aktivasyon gerceklestirilmistir. Kabul
edilen vakalarin %38,4’linde goniilliller hasta ile temas kurmus
ve bu temaslarin %34,6’sinda profesyonel ekipler gelmeden 6nce
kalp masaji (KPR) uygulanmistir. Goniilliilerin miidahale ettigi
resiisitasyon vakalarinin %12,7’sinde profesyonel ekipler gelmeden
once OED cihaz1 kullanilmistir.

Japonya, kisi bagina diisen OED sayisinin en yiiksek oldugu tilkeler-
den biridir ve bu cihazlarin etkin kullanimi i¢in hem fiziksel altyapiya
hem de dijital ¢dziimlere yatirrm yapmaktadir &, Ozellikle tren ve
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metro istasyonlari, kamuya agik defibrilasyon programlarinin en
basarili oldugu alanlarin basinda gelir. Bu basarinin nedenleri ara-
sinda, kalabalik yolcu mevcudiyeti nedeni ile tanikli arrest oraninin
daha yiiksek olmasi, egitimli istasyon personelinin varligi, yiiksek
aktivasyon orani (Japonya’da metro istasyonlarinda OED’ler yilda
12,3 oraninda aktive edilmektedir. Japonya genelinde ise bu oran
yilda 390 cihazda bir seklindedir.), hizli miidahale siiresi (ortalama
53 saniye), cihazlarin siirekli aktif olmasi ve pil durumu ile hazir
olma durumunun ¢evrimigi sistemlerle siirekli kontrol edilmesi
sayilabilir.

Tokyo Universitesi tarafindan gelistirilen AEDHunter, halkin OED
konumlarina dair farkindaligini artirmak i¢in tasarlanmis oyunlas-
tirilmig bir konum tabanli uygulamadir 9, Uygulama kullanicilara
OED bulma siirecini bir macera oyunu gibi sunarak giinliik hayat-
taki farkindaligi artirmay1 ve mekansal hafizay1 gii¢clendirmeyi
amaclamaktadir. Uygulamada kullanicilara acil durum senaryolart
sunularak gegen siire, hayatta kalma olasilig1 gibi bilgiler verilip hizlt
miidahalenin 6nemi 6gretilmeye ¢alisiimaktadir. Tiim bu 6rnekler,
OED yayginlagtirilmasinin ancak farkindalik, egitim, teknoloji
entegrasyonu ve goniillii katilimi ile birlikte ele alindiginda gercek
yasamda karsilik buldugunu gostermektedir. Ulkemizde de benzer
¢ok paydasli ve stirdiiriilebilir projelerin gelistirilmesi ve yayginlag-
tirllmasi gerektigi kanaatindeyim. Bu siiregte, resiisitasyon alaninda
calisan biz goniilliilere 6nemli sorumluluklar diistiigii agiktir.
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WIDESPREAD USE OF AUTOMATED EXTERNAL DEFIBRILLATORS AND COMMUNITY AWARENESS

Gozde Giirsoy CIRKINOGLU

[zmir Sehir Hastanesi, Anesteziyoloji ve Reanimasyon Klinigi, Izmir City Hospital, Department of Anesthesiology and

Reanimation, 1zmir, Tiirkiye

Dear Editor,

The decisive impact of early defibrillation on survival in cases
of sudden cardiac arrest is well established. Automated external
defibrillators (AEDs) are life-saving devices that enable this early
intervention to be performed even by individuals outside the he-
althcare system.

The 2025 European Resuscitation Council (ERC) guidelines clearly
state that AEDs can be safely used even by untrained bystanders .
Furthermore, studies have shown that when dispatcher guidance
is provided through emergency call centers (e.g., 112), AED use
increases and becomes more effective ®. These findings demonstrate
that not only the accessibility of AEDs but also encouraging the
public to use these devices is critically important.

In this context, the placement of AEDs at 17 new locations in
Izmir as of 2026, particularly in metro stations, represents a highly
valuable and promising development. The availability of AEDs in
areas with high human traffic constitutes an important step toward
strengthening the chain of early defibrillation.

Globally, various strategies have been implemented to increase
survival in out-of-hospital cardiac arrest (OHCA) by expanding
AED availability and promoting their effective use by the public. In
Italy, the “Progetto Vita” initiative launched in the city of Piacenza
in 1999 is one of the first community-based AED programs in
Europe (3). Within this program, the density of AEDs across the
city was increased to approximately one device per 170 people; the
number of AEDs rose from 21 in 1999 to 1,161 in 2023. During this
period, survival rates reportedly increased from 22% in 20032012
to 73% in 2013-2022. The program’s core approach focuses on a
simplified training model emphasizing rapid AED use rather than
extensive CPR training. According to 23 years of data from Piacenza,
the average time for volunteers to reach the scene is 5.7 minutes,
compared with 10.2 minutes in standard emergency medical ser-
vices. Survival with favorable neurological outcomes was 46.2%
in cases managed by citizen volunteers, compared with only 2.9%
in cases managed by standard EMS responses. When defibrillation
was delivered with an AED within the first two minutes following
the emergency call, the survival rate reached 75%.

Denmark established the Danish AED Network, integrating AED
location data into all emergency medical dispatch centers®. By using
smartphone applications to guide volunteer “citizen responder teams”
to the nearest AED, this system has tripled the rate of defibrillation
in the community. Studies have demonstrated that being within 200
meters of an AED directly influences survival outcomes.
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In the United States, the Minnesota First-Responder AED Program
aimed to equip law enforcement personnel with AED devices ©.
Particularly in rural areas where emergency medical services may
require longer response times, the program sought to reduce the
“time to first shock.” By 2023, a total of 4,769 AEDs had been
distributed across 237 program sites.

The San Diego Project Heart Beat (SDPHB) is a nationally and
internationally recognized public-access defibrillation program
initiated in 2001 to reduce mortality from sudden cardiac arrest in
the San Diego region ©. The program’s central vision is to make
AEDs “as accessible as fire extinguishers” within the community.
SDPHB aims to ensure that the public can recognize cardiac arrest
and respond rapidly, and that every high school student gains han-
ds-on experience with CPR and AED use before graduation. The
initial goal was to install 250 AEDs across the city before the 2003
Super Bowl, but this target was surpassed with the deployment of
500 devices. To date, more than 11,000 AEDs have been installed
across the region, and survival rates at San Diego International
Airport have significantly improved.

The KATRETTER system, implemented in Berlin, Germany, is a
smartphone-based volunteer first-responder network designed to
accelerate responses to out-of-hospital cardiac arrests . Although
medical certification is not mandatory for registration, 98% of
participants were previously certified. Over two years, 10,102
volunteers registered in the system, and AED use occurred before
the arrival of professional teams in 12.7% of cases. When a sus-
pected cardiac arrest is reported, the system simultaneously alerts
up to three volunteers within a 500-meter radius in the city center
and 1,000 meters in suburban areas. Volunteers receive navigation
support and detailed information about the emergency location th-
rough the application. During the two-year observation period, the
system was activated 16,505 times. Volunteers made contact with
the patient in 38.4% of accepted cases, and CPR was performed
before professional team arrival in 34.6% of these encounters. In
12.7% of resuscitation attempts managed by volunteers, an AED
was used before the arrival of professional responders.

Japan is among the countries with the highest number of AEDs
per capita, investing both in physical infrastructure and digital
solutions to ensure their effective use ® 9. In particular, train and
metro stations are among the most successful environments for
public-access defibrillation programs. Contributing factors include
higher rates of witnessed arrests due to large passenger volumes, the
presence of trained station personnel, high activation rates (AEDs
in Japanese metro stations are activated 12.3 times per year, com-
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pared with approximately one activation per 390 devices annually
nationwide), rapid response times (average 53 seconds), continuous
device readiness, and online monitoring systems that track battery
status and operational availability.

AEDHunter, developed by the University of Tokyo, is a gamified
location-based mobile application designed to increase public awa-
reness of AED locations 9. The application presents the process of
locating AEDs as an adventure-like experience, aiming to enhance
everyday awareness and strengthen spatial memory. Users are pre-
sented with emergency scenarios where information such as elapsed
time and survival probability is displayed, thereby emphasizing the
importance of rapid intervention.

All these examples demonstrate that expanding AED availability
becomes truly effective in real-world settings only when combined
with public awareness, education, technological integration, and
volunteer participation. In our country, similar multi-stakeholder
and sustainable initiatives should be developed and widely imple-
mented. In this process, it is evident that those of us working in the
resuscitation field also bear significant responsibility.

Sincerely
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OZET

Amag

Bu calisma, Avrupa Resiisitasyon Dernegi (ERC) Yetiskin Ileri
Yasam Destegi (IYD) kurslarinda “Kan Gazi Analizi” dersinde
kullanilan 6gretim yonteminin katilimcr memnuniyetine etkisini
degerlendirmeyi amaglamigtir.

Yontem

2023 yili ERC kurs uygulamalarmin giincellenmesi dncesinde teorik
ders olarak biiyiik grup formatinda verilen egitim, giincelleme son-
rasinda kiigiik grup tartismasi seklinde yeniden yapilandirilmistir.
Kesitsel tasarimda ytiriitiilen arastirmaya Tiirkiye genelinde diizenle-
nen alt1 ERC Yetiskin IYD kursundan toplam 188 hekim katilmistir.
Kurs sonunda katilimeilara demografik bilgileri ve memnuniyet
diizeylerini igeren anket uygulanmistir. Memnuniyet 1 (tatmin edici
degil) ile 5 (tamamen tatmin edici) arasinda derecelendirilmistir.

Bulgular

Kurslarn iiglinde ders konferans diizeninde (Grup 1), iiclinde ise
kiiglik grup tartigmasi seklinde (Grup 2) uygulanmistir. Katilimeilarm
tamaminin kan gazi degerlendirmesine iliskin 6n bilgisi mevcut-
tu. Bulgular, kii¢iik grup tartismast yontemi uygulanan grupta
memnuniyet oraninin (%75,5) konferans yontemine gore (%57,4)
daha yiiksek oldugunu gostermistir.

Sonuc¢

Ogretim yontemindeki degisikligin katilimc1 memnuniyetini olumlu
yonde etkiledigi ve aktif grenme yaklasimlarinin I'YD kurslarinda
yayginlastirilmasinin egitim etkinligini artirabilecegi belirlenmistir.

Anahtar Kelimeler: egitim, kurs, kan gazi, ileri yasam destegi

ABSTRACT

Objective

This study aimed to evaluate the impact of teaching methodology
on participant satisfaction in the “Blood Gas Analysis” session of
the European Resuscitation Council (ERC) Adult Advanced Life
Support (ALS) courses.

Method
Prior to the 2023 ERC Course update, the session was delivered
as a large-group theoretical lecture; following the update, it was
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restructured into small-group discussions. This cross-sectional study
included six ERC Adult ALS courses conducted across Tiirkiye,
involving a total of 188 physicians. At the end of the course, parti-
cipants completed a questionnaire including demographic data and
satisfaction ratings. Satisfaction was graded on a 5-point Likert scale
(1 = not satisfactory, 5 = completely satisfactory).

Results

In three courses, the session was delivered in a lecture format (Group
1), while in the remaining three, it was conducted as small-group
discussions (Group 2). All participants had prior knowledge of blood
gas evaluation. Findings demonstrated a higher rate of maximum
satisfaction in the small-group discussion format (75.5%) compared
to the lecture format (57.4%).

Conclusion

The results indicate that modifying the teaching strategy positively
influences participant satisfaction and support the broader imple-
mentation of active learning approaches in ALS education.

Keywords: education, course, blood gas, advance life support
GIRIS

Son yillarda egitim yontemlerinde yasanan degisimler, hem bilgi
hem de beceri alanlarinda yeni yaklasimlarin ortaya ¢ikmasina neden
olmustur. Ozellikle saglik alaninda, yetiskin egitiminin etkinligini
artirmaya yonelik yenilikg¢i stratejiler gelistirilmekte ve uygula-
maya konulmaktadir. Tiirkiye’de Resiisitasyon Dernegi ve Avrupa
Restisitasyon Dernegi (European Resuscitation Council; ERC) is
birligi ile diizenlenen “ileri Yasam Destegi (I'YD)” kurslarinda sag-
lik calisanlarina acil durumlarda yiiksek standartta miidahale etme

yetenegi tim grup dersleri, kii¢iik grup ¢aligmalart ve uygulama
egitimleri ile kazandirilmaya ¢aligilmaktadir.

Kurs kapsaminda yer alan “kan gazi dersi” kritik hastada hayati
6neme sahip bir konu olup kurslarda saglik profesyonellerinin bu
konudaki bilgi ve becerilerinin artirtlmasint hedeflemektedir. 2023
yilt ERC kurs giincellemesine kadar tiim gruplarin ayni anda birlikte
oldugu toplant1 salonunda “Teorik Ders” uygulamalari arasinda yer
alan ‘Kan Gazi Analizi’ konu basligi bu tarihten sonra kii¢iik grup
tartigmalar1 olarak yapilandirilmigtir 2.
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Egitim siireglerinde katilimcr memnuniyeti, 6grenme ¢iktilarinin
ve egitim etkinliginin en 6nemli belirleyicilerinden biri olarak 6ne
¢tkmaktadir ¢,

Bu arastirmada yetiskin IYD kurslarindaki katilimc1 memnuniyetinin
belirlenmesi ile; egitim yontemlerindeki degisimlerin, katilimci-
larin 6grenme siireglerine ve genel memnuniyet diizeylerine olan
etkilerinin degerlendirilmesi hedeflenmistir.

YONTEM

Kesitsel bir arastirma tasarimi kullanilarak gergeklestirilen bu
¢alismaya Tiirkiye genelindeki ¢esitli hastanelerde ve egitim mer-
kezlerinde diizenlenen ‘ERC Yetiskin IYD Kurslari’ndan altis
dahil edilmistir. Caligmaya dahil edilen 6 kurstan iiglinde “Kan
Gazi Analizi” dersi teorik ders kapsaminda konferans diizeninde,
ticiinde ise kiiglik grup tartismasi olarak gerceklestirilmistir.

Caligmaya katilanlar Grup 1°de teorik ders konferans diizeni, Grup
2’de kiigiik grup tartismasi olarak ikiye ayrilmistir. Her iki grup icin,
kurs sonunda yanitlanmak iizere, demografik bilgiler ve katilime1
memnuniyetlerinin degerlendirildigi sorularin yer aldig1 bir anket
diizenlenmistir.

Ankette ders sonu memnuniyetin degerlendirildigi sorularda memnu-
niyet 1’den 5’e kadar derecelendirilmistir. Bu derecelerden 1 “tatmin
edici degil” ve 5 “tamamen tatmin edici” anlamina gelmektedir.

Veri Analizi: Toplanan verilerin analizi i¢in SPSS (Statistical
Package for the Social Sciences) yazilim1 kullanilmistir. Deskriptif
istatistikler (ortalama, standart sapma) ile katilimcilarin demografik
ozellikleri tanimlanmuis, egitim yontemleri ile memnuniyet diizeyleri
arasindaki iliski, bagimsiz 6rneklem t-testi ile degerlendirilmistir.
Sonuglarin istatistiksel anlamlilig1, p < 0,05 olarak kabul edilmistir.

Etik Onay: Arastirma baglamadan once, etik kurul onay1 alinmis
(XX Klinik Arastirmalar Etik Kurulu 78017789/050.01.04/3293071)
ve katilimcilardan bilgilendirilmis onam formu toplanmstir.
Katilimcilarin gizliligi korunmus ve toplanan veriler yalnizca
aragtirma amaglari i¢in kullanilmigtir.

BULGULAR

Calismaya katilan 188 kursiyerin %55°i kadin (n=103), %45°1
erkek (n=85) idi. Calismaya dahil edilenlerin tamami1 (n=188)
hekimdi. Caligmaya katilanlarin kan gazi degerlendirmesi ile ilgili
on bilgileri mevcuttu .

Geri bildirim formlarindan elde edilen sonug¢lardan yola ¢ikilarak,
‘Kan Gazi Analizi’ dersine iligkin dgretim yontemlerinden iki grubun
memnuniyet diizeyleri Tablo 1°de goriilmektedir.
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Tablo 1. Katilimcilarin memnuniyet diizeyleri

Memnuniyet Grup 1 Grup 2
derecesi (n=94) (n=94)
1 0 0
2 2 (%2.1) 3 (%3.1)
3 10 (%10.6) 5(%5.3)
4 28 (%29.7) 15 (%15.9)
5 54 (%57.4) T1(%75.5)
TARTISMA

Bu calismada, ERC-IYD kurslarinda ‘Kan Gazi Analizi’ dersinde
kullanilan 6gretim yonteminin degistirilmesinin Tiirkiye’de diizen-
lenen kurslara katilan katilimcilarin memnuniyeti tizerindeki etkisi
incelenmistir. Elde edilen sonuglar, yeni 6gretim yonteminin kati-
lime1r memnuniyetini anlamli diizeyde artirdigini ortaya koymustur.

Ogrencilere bilginin aktarildig1 geleneksel biiyiik simif dersleri,
yiizyillardir kampiis i¢i egitimin temelini olusturmustur. Bu yontem,
biiyiik gruplara biiyiik miktarda karmasik i¢erik sunmak, yeni ve zor
konular1 tanitmak ve genis genel bakislar ve 6zetler saglamak igin
tartismaya agik ve en etkili yontem olmasina ragmen, klasik ders
formati, 6grencileri igerigi anlayacak sekilde aktif olarak etkilesime
girmeye tegvik etmemektedir -7

Klasik ders anlatimina bir alternatif, 6grencilerin 6grenme etkin-
ligine katildigi, boylece odak noktasinin 6gretmenden grenciye
kaydirildig1 6grenci merkezli yaklasimdir ve 6grencilerin anlamli
etkinlikler gergeklestirerek ve yaptiklar: hakkinda diisiinerek aktif
olarak bilgi edinmelerine olanak taniyan aktif 6gretimdir.

Onceki dgretim sistemi, olgular ile kan gazinin biitiin katilimcilarin
birlikte oldugu konferans diizeninde gergeklestirilmekte, egitimci
interaktif ders anlatma yontemini kullanarak adaylar ile olgular1
tartisarak ana basliklar1 anlatmakta idi. Yeni yontemde ise ayni
olgular kiigiik grup ¢alismasi ile interaktif olarak katilimcilar ile
paylasilmaktadir. Her iki yontemin de ayr1 ayri avantajlari olmasi-
na ragmen, katilimcilarin memnuniyeti kii¢iik grup ¢alismasinda
daha yiiksek bulunmustur. Ozellikle sosyo-kiiltiirel yapi, erigkin
egitiminde toplu uygulamalarda eriskinlerin ¢ekincelerinin olmasi,
kiiciik gruplar halinde daha kolay soru sorabilmeleri bu sonucun
sebeplerinden biri olabilir -,

Kiiltiirel 6zelliklerin aktif 6grenmeye etkisi olduk¢a dnemlidir. Bu
nedenle Tiirkiye’de yaptigimiz bu ¢aligmanin hem farkli 6gretim
yontemlerinin memnuniyet oranlarina olan etkilerini hem de fark-
liliklarin nedenlerini degerlendirmek agisindan énemli oldugunu
distinmekteyiz.
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Onceki 6gretim yonteminde de ayni olgu sunumlari kullanilmakta
ve ders interaktif olarak gergeklestirilmekteydi. Ancak ders ortami
konferans ortaminda olup, biitiin kursiyerler birlikte dersi gercek-
lestiriyordu. iki yontem arasindaki farklilig1 ders ortami olusturmus
olabilir. Kiigiik grup 6greniminin 6grenciler i¢in sosyal agidan daha
rahat bir ortam olusturdugu literatiir ile desteklenmistir. Caligmalar
kiiciik grup ¢alismalarinda sosyo-duygusal rahatligin 6nemli ol-
dugunu goéstermektedir. Calismamiz bu sonucu desteklemektedir.

Ozellikle daha geleneksel, didaktik ve tek yonlii bilgi aktarimima
dayali oldugu egitimler géz dniinde bulunduruldugunda, degisiklikle
birlikte uygulanan interaktif, vaka temelli ve katilime1 odakl yakla-
simin, 6grenmeyi kolaylastirdigi ve memnuniyeti artirdig1 sonucuna
ulasilabilir. Bu bulgu, tip egitiminde aktif 6grenme yontemlerinin
etkili oldugunu gésteren literatiirle de uyumludur ©.

Egitimde egitmen ve egitilenin kullandig1 beceriler, kullanilan
yontemlerden daha 6nemlidir. Temel beceriler sorgulama, dinleme,
yanitlama ve aciklamadir. Kiigiik grup ¢aligmalarinda diisiinme
zamani ve karsilikli sohbet gibi kolaylastirict yontemler, 6grenci-
leri konusmaya tesvik edebilir ve kii¢iik grup 6greniminin temel
yontemlerini gelistirebilir 1.

Kiigiik grup 6grenme oturumlari, bagart ve 6grenci memnuniyeti
gibi iiriinleri inceleyerek veya gruptaki etkilesim siireglerini analiz
ederek ve bunlar iizerinde diigiinerek degerlendirilebilir.

Bununla birlikte, calismanin bazi sinirliliklart meveuttur. Oncelikle,
veriler yalnizca katilimer memnuniyetine dayanmaktadir ve 6grenme
diizeylerindeki somut degisiklikler objektif testlerle dlglilmemistir.
Ayrica, orneklem sadece Tiirkiye’deki belirli ERC kurs merkezle-
rinden alinmistir; bu nedenle sonuglarin genellenebilirligi sinirli
olabilir. Gelecekteki ¢alismalarda, bilgi diizeyindeki degisimlerin
degerlendirilmesi, uzun vadeli 6grenme ve uygulama becerilerinin
oOlgililmesi ile 6gretim yontemlerinin etkinligi daha kapsamli sekilde
analiz edilebilir.

Katilimeilar, yeni yontemin 6zellikle karmasik bir konu olan kan gazi
analizini daha anlasilir hale getirdigini belirtmislerdir. Bu durum,
klinik karar verme siireglerinde 6nemli bir yer tutan bu becerinin,
sadece teorik degil, ayn1 zamanda klinik baglamda uygulanabilir
sekilde dgretilmesinin 6nemini vurgulamaktadir.

Sonug olarak, bu ¢alisma kan gazi analizi egitiminde kullanilan
Ogretim yonteminin degistirilmesinin katilimer memnuniyetini
olumlu yonde etkiledigini gostermistir. Elde edilen bulgular, ERC
IYD kurslarinin daha etkili hale getirilmesi igin egitim ydntemlerinin
gdzden gecirilmesi ve aktif 6grenme yaklasimlarinin yayginlasti-
rilmasinin yararh oldugunu gostermektedir.
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ABSTRACT

Objective

This study aimed to evaluate the impact of teaching methodology
on participant satisfaction in the “Blood Gas Analysis” session of
the European Resuscitation Council (ERC) Adult Advanced Life
Support (ALS) courses.

Method

Prior to the 2023 ERC Course update, the session was delivered
as a large-group theoretical lecture; following the update, it was
restructured into small-group discussions. This cross-sectional study
included six ERC Adult ALS courses conducted across Tiirkiye,
involving a total of 188 physicians. At the end of the course, parti-
cipants completed a questionnaire including demographic data and
satisfaction ratings. Satisfaction was graded on a 5-point Likert scale
(1 = not satisfactory, 5 = completely satisfactory).

Results

In three courses, the session was delivered in a lecture format (Group
1), while in the remaining three, it was conducted as small-group
discussions (Group 2). All participants had prior knowledge of blood
gas evaluation. Findings demonstrated a higher rate of maximum
satisfaction in the small-group discussion format (75.5%) compared
to the lecture format (57.4%).

Conclusion

The results indicate that modifying the teaching strategy positively
influences participant satisfaction and support the broader imple-
mentation of active learning approaches in ALS education.

INTRODUCTION

In recent years, changes in educational methods have led to the
emergence of new approaches in both knowledge acquisition and
skills development. Particularly in healthcare, innovative strategies
to enhance the effectiveness of adult education are being deve-
loped and implemented. In the “Advanced Life Support (ALS)”
courses organized in Tiirkiye in collaboration between the Turkish
Resuscitation Council and the European Resuscitation Council
(ERC), healthcare professionals are trained to deliver high-standard
interventions in emergencies through plenary lectures, small-group
sessions, and practical training.
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Within the course framework, the “Blood Gas Analysis” session is a
critically important topic in the management of severely ill patients.
It aims to improve healthcare professionals’ knowledge and skills
in this area. Until the 2023 ERC course update, the “Blood Gas
Analysis” topic was delivered as a theoretical lecture in a plenary
format, with all participants attending together in the main meeting
room. Following this update, it was restructured into a small group
discussion format (-,

Participant satisfaction in educational processes is recognized as
one of the most important determinants of learning outcomes and
overall educational effectiveness “.

This study aimed to determine participants’ satisfaction with adult
ALS courses and to evaluate the impact of changes in teaching
methods on participants’ learning processes and overall satisfaction.

METHOD

This cross-sectional study included six “ERC Adult Advanced Life
Support (ALS) Courses” conducted at various hospitals and training
centers across Tiirkiye. In three of the six courses, the “Blood Gas
Analysis” session was delivered as a theoretical lecture in a plenary
conference format, while in the remaining three, it was conducted
as a small-group discussion.

Participants were divided into two groups based on the teaching
method used: Group 1 (theoretical lecture in a conference format) and
Group 2 (small-group discussion). For both groups, a questionnaire
was administered at the end of the course, including questions on
demographic characteristics and participant satisfaction.

In the questionnaire, satisfaction with the session was rated on a
5-point Likert scale ranging from 1 to 5, where 1 indicated “not
satisfactory,” and 5 indicated “completely satisfactory.”

Data Analysis

Statistical analyses were performed using SPSS (Statistical Package
for the Social Sciences). Descriptive statistics (mean, standard
deviation) were used to summarize participants’ demographic
characteristics. The relationship between teaching methods and
satisfaction levels were analyzed using the independent samples
t-test. A p-value of < 0.05 was considered statistically significant.
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Ethical Approval: Ethical approval was obtained from the Mersin
University Clinical Research Ethics Committee (Approval No:
78017789/050.01.04/3293071) prior to the initiation of the study.
Written informed consent was obtained from all participants.
Participant confidentiality was maintained, and the collected data
were used solely for research purposes.

RESULTS

A total of 188 participants were included in the study, of whom 55%
were female (n=103) and 45% were male (n=85). All participants
(n=188) were physicians. All participants reported having prior
knowledge of blood gas analysis.

Based on feedback from the forms, the satisfaction levels of the two
groups regarding the “Blood Gas Analysis” session, by teaching
method, are presented in Table 1.

Table 1. Comparison of Participant Satisfaction Levels According
to Teaching Method
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Satisfaction Group 1 Group 2
Score (n=94) (n=94)
1 0 0
2 2 (%2.1) 3 (%3.1)
3 10 (%10.6) 5(%5.3)
4 28 (%29.7) 15 (%15.9)
5 54 (%57.4) 71(%75.5)
DISCUSSION

In this study, we investigated the effect of changing the teaching
method used in the “Blood Gas Analysis” session of ERC-ALS
courses on participant satisfaction in courses conducted in Tiirkiye.
The findings demonstrated that the new teaching method signifi-
cantly increased participant satisfaction.

Traditional large-group lectures, in which knowledge is transmitted to
learners, have formed the foundation of campus-based education for
centuries. Although this method remains an efficient way to deliver
large amounts of complex content, introduce new and challenging
topics, and provide comprehensive overviews, the classical lecture
format does not necessarily encourage active engagement with the
material in a way that promotes deeper understanding 7.

As an alternative to conventional lectures, student-centered appro-
aches shift the focus from the instructor to the learner, encouraging
active participation in the learning process. Active teaching methods
enable students to acquire knowledge by engaging in activities and
reflecting on their actions.

In the previous instructional format, blood gas analysis cases were
presented in a plenary conference setting, with all participants
attending together. The instructor delivered the session interac-
tively, discussing cases with the participants while covering the
main concepts. In the new format, the same cases were discussed
interactively in small-group sessions. Although both methods have
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distinct advantages, participant satisfaction was higher in the small-
group format. One possible explanation may relate to socio-cultural
factors; in adult education settings, participants may feel more
hesitant to speak or ask questions in large groups, whereas small
group environments may facilitate more comfortable interaction
and participation ¢,

Cultural characteristics play a significant role in active learning
processes. Therefore, we believe that this study, conducted in
Tiirkiye, is important both for evaluating the impact of different
teaching methods on satisfaction levels and for exploring the po-
tential reasons underlying these differences.

Although the same case presentations and interactive approach were
used in the previous teaching method, the sessions were conducted
in a large conference setting with all participants together. Thus,
the primary difference between the two methods may have been
the learning environment itself. The literature supports the idea
that small-group learning provides a more socially comfortable
setting for students. Studies indicate that socio-emotional comfort
is an important factor in small group settings, and our findings are
consistent with this evidence.

Given that traditional educational approaches are often didactic
and rely on one-way information transfer, implementing a more
interactive, case-based, and participant-centered approach facilitates
learning and increases satisfaction. This finding is consistent with
the literature demonstrating the effectiveness of active learning
methods in medical education®.

In education, the skills employed by both instructors and learners
may be more important than the teaching method itself. Core skills
include questioning, listening, responding, and explaining. In small-
group settings, facilitative strategies such as allowing thinking time
and promoting dialogue may encourage learners to speak more
freely and enhance the effectiveness of small-group learning 19,

Small-group learning sessions can be evaluated by examining out-
comes such as achievement and student satisfaction, as well as by
analyzing and reflecting on the interaction processes within the group.

However, this study has certain limitations. First, the data are
based solely on participant satisfaction, and objective measures of
learning outcomes were not assessed through standardized testing.
Secondly, the sample was limited to selected ERC course centers
in Tiirkiye, which may restrict the generalizability of the findings.
Future studies should include objective assessments of knowledge
acquisition, as well as evaluations of long-term learning retention
and clinical performance, to more comprehensively analyze the
effectiveness of different teaching methods.

Participants reported that the new method made the complex topic
‘blood gas analysis’ more understandable. This finding undersco-
res the importance of teaching clinically essential skills not only
at a theoretical level but also in ways that facilitate their practical
application in clinical decision-making.
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In conclusion, this study demonstrates that modifying the teaching
method used in blood gas analysis training positively influences
participant satisfaction. The findings suggest that reviewing inst-
ructional strategies and promoting active learning approaches may
enhance the effectiveness of ERC ALS courses.
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KLINIiGIMiZDE KARSILASILAN PERIOPERATIF KARDiYAK ARREST OLGULARININ RETROSPEKTIF
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OZET

Amag

Perioperatif donemde goriilen kardiyak arrest (KA) vakalart nadirdir,
ancak daha oliimciil olabilir (1). Birincil amacimiz, bu vakalarin
hangi cerrahi branslara ait oldugunu ve nedenlerini belirlemektir.
Ikinci amacimuz ise, arrest gelisme olasihig1 yiiksek vakalari erken
tespit etmek ve arresti dnlemektir.

Yontem

01.01.2022-31.12.2024 tarihleri arasinda perioperatif donemde KA
gelisen vakalar retrospektif olarak incelendi. Demografik veriler
ve KA’ya neden olabilecek durumlar dosyalardan ve elektronik
kayitlardan incelenerek kaydedildi.

Bulgular

2022-2024 yillar1 arasinda hastanemizin ameliyathanelerinde toplam
54.000 hasta ameliyat edildi. Bu vakalarin sadece 12’sinde perio-
peratif KA tespit edildi. Vakalarin dokuzu erkek, ii¢ii kadindi. ASA
3-5 olan vakalarin sekizi kardiyovaskiiler cerrahi, ikisi ortopedi
ve ikisi genel cerrahi vakalariydi. Vakalarin tamami acil cerrahi
temelinde opere edildi. KA’nin nedenleri 7 damar yaralanmast,
2 hipovolemi, 1 kardiyak ve 2 septik soktu. Vakalardan sadece 1’i
hayatta kald1 (%8,3).

Sonug¢

Perioperatif KA, hastaya, cerraha ve anesteziye bagl olarak bir-
¢ok farkli nedenden dolay1 ortaya ¢ikabilir. KA’nin birgok farkl
nedeni olmasina ragmen, KA ameliyathane ortaminda erken teshis
edilir ve miidahale erken baslar. Ameliyathane personelinin arrest
nedenlerini, tan1 ve resiisitasyon algoritmalarini bilmesi mortalite
oranlarini azaltacaktir.

Anahtar Kelimeler: Perioperatif, Kardiyak Arrest, Mortalite Orani

ABSTRACT

Objective

Cardiac arrest (CA) cases seen in the perioperative period are rare
but may be more mortal (1). Our primary goal is to determine the
surgical specialties and causes of these cases. Our secondary goal
is to identify cases with a high probability of developing cardiac
arrest early and prevent it.

Method

Cases that developed CA in the perioperative period between
01.01.2022 and 31.12.2024 were investigated retrospectively.
Demographic data and conditions that could cause CA were inves-
tigated and noted from files and electronic records.
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Results

A total of 54,000 patients were operated on in our hospital’s opera-
ting rooms between 2022 and 2024. Perioperative CA was detected
in only 12 of these cases. Nine of the cases were male, and three
were female. Of the cases with ASA 3-5, eight were cardiovascular
surgery, two were orthopedics, and two were general surgery. All
the cases were operated on an emergency basis. The causes of CA
were 7 vascular injury, 2 hypovolemia, 1 cardiac, and 2 septic shock.
Only 1 of the cases survived (8.3%).

Conclusions

Perioperative CA may occur for many reasons involving the patient,
the surgeon, and anesthesia. Although there are many causes of
CA, it is diagnosed early in the operating room environment, and
intervention begins promptly. Knowledge of arrest causes, diagno-
sis, and resuscitation algorithms among operating room staff will
reduce mortality rates.

Keywords: Perioperative, Cardiac Arrest, Mortality Rate

GiRiS

Perioperatif donem, anestezi ve cerrahiye bagh fizyolojik stre-
sin en yogun oldugu zaman araligini temsil eder. Bu donemde
meydana gelen kardiyak arrestler nadir olmakla birlikte yiiksek
mortalite ve morbidite ile iligkilidir . Tip ve cerrahi uygulamalar-
daki teknolojik gelismelere ragmen, anestezi ve cerrahi iglemlere
bagli komplikasyonlar halen énemli bir morbidite ve mortalite
nedenidir ®¥. Perioperatif kardiyak arrest (POKA); cerrahi islem
ile iliskili olarak preoperatif hazirlik doneminden anestezinin in-
diiksiyonuna, cerrahi siirece, anesteziden derlenme ve postoperatif
24 saatlik doneme kadar uzanan zaman dilimi i¢inde spontan do-
lasimin ani ve beklenmedik sekilde durmasi olarak tanimlanmustir.
POKA; hastanin genel saglik durumu, cerrahi girisimin aciliyeti ve
tiirti, kullanilan anestezi teknigi, perioperatif takip ve uygulanan
tedavi stratejileri gibi pek ¢ok faktorden etkilenmektedir 4,

Bu caligma ile, klinigimizde 01.01.2022-31.12.2024 yillar1 arasinda
goriilen POKA olgularini retrospektif olarak inceleyerek; arrest
siklilig1, nedenleri, uygulanan resiisitasyon girisimleri ve sonuglarini
analiz ederek POKA gelisme olasiligint dnlemeye yonelik dneriler
sunulmasi planlanmigtir.

YONTEM

Mersin Universitesi Klinik Arastirmalar Etik Kurul Onay1 15.10.2025
tarih ve 2025/1122 say1 ile alindiktan sonra 01.01.2022 ile 31.12.2024
tarihleri arasinda Mersin Universitesi Tip Fakiiltesi Hastanesi
Anesteziyoloji ve Reanimasyon Kliniginde operasyona alinan has-
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talarin retrospektif olarak incelenmesi ve POKA gelisen olgularin ~ Tablo 1. POKA Olgularinin Demografik, Cerrahi ve Klinik

tespit edilmesi planlandi. Ozellikleri
Veriler Mersin Universitesi Tip Fakiiltesi Hastanesi veri tabaninda Hasta sayisi ve orani | Mortalite
Helsinki bildirgesine uygun olarak toplandi. Verilerine ulasilamayan n (%) n (%)
hastalar ¢alisma diginda birakildi. Klinigimizde 2022-2024 yillar
) N . 3 1(8,3) | 1(100)
arasinda cerrahi operasyona alinan hastalara ait veriler hastane veri
tabani iizerinden “kardiyak arrest” tan1 koduna gore tarandi. Bu tan ASA 4 7(583) | 7(100)
koduna sahip hastalarin epikriz/hasta dosyalar1 incelenerek POKA 5 4(33,3) 3(75)
gelisenlerin; yas, cinsiyet, viicut agirligi, Amerikan Anestezistler o Erkek 9 (75) 8 (88.8)
Dernegi FiziksellD.ururn Slnlﬂandllrmam (ASA skoru), cer.rahi Cinsiyet Kadm 325 3(100)
brans, operasyon tipi, operasyonun acil veya elektif olusu, kardiyak
T e ) . 12-39 1(83) | 1(100)
arrestin gelistigi asama (preoperatif, intraoperatif, postoperatif),
arrest siiresi, yandas hastaliklar (6r. diyabetes mellitus, miyokard Yas 40-59 3(25) 3 (100)
enfarktiisii, enfektif endokardit gibi) ve kullanilan antikoagiilan 60-79 8(66,7) | 7(87.5)
veya kardiyak ilaglar (6r. klopidogrel, enoksaparin, asetilsalisilik <18,5 1(8,3) 1(100)
asit) kaydedildi ve POKA insidansi tespit edildi. VK 18.5-25 1(8,3) 0
Bu ¢alisma tanimlayici 6zellikte oldugundan istatistiksel analizler 25-30 7(58.3) | 7(100)
yalnizca frekans temelli olarak gerceklestirildi. Demografik 6zellik- >30 3(25) 3 (100)
ler, cerrahi tiirleri, ASA siniflamasi ve perioperatif kardiyak arrest Acil Acil 12 (100) | 11 (91,6)
ile illijkili @Eiﬁ;egler i(;iln say1 ﬁ?ki/ﬁ?de dagﬂlmllarl raporlandi. Kardiyak 8(66,7) | 7(87.5)
N o y . o N .
Siirekli degiskenlerin dag} im 6zelliklerine gore ortalama standart | Cerrahi Gonol Corrahi 267 | 2(100)
sapma veya medyan degerleri verildi. POKA insidansi, ¢alijma | Brang - -
dénemindeki toplam anestezi sayis1 temel alinarak 10.000 anestezi Ortopedik cerrahi 2(16,7) | 2(100)
basina arrest sayisi olarak hesaplandi. Karsilastirma veya regresyon Aort kapak replasmant 1(83) 1 (100)
analizleri yapilmadi. Aort Diseksiyonu Bypass 1(8,3) 1 (100)
BULGULAR Pelvik Fraktiir 1(8,3) 1 (100)
Hastane verileri retrospektif olarak incelendiginde 01.01.2022 ile Revizyon Bypass 2(16,7) | 2(100)
31.12.2024 tarihleri arasinda toplam 42.058 hasta genel anestezi Kolon Perforasyonu 1(83) 1 (100)
ve 11.942 hasta ise lokal anestezi olmak iizere toplamda 54000 AVR+Koroner 1(8,3) 1 (100)
hastanin cerrahi operasyona alindig1 ve bu hastalardan sadece Operasyon Bypass+Asendan Aort Greft
12 sinde (9%0,02) KA gelistigi tespit edilmistir. Interpozisyon
L . . Abdominal Aort Anevrizma 2 (16,7) 2 (100)
Demografik veriler incelendiginde hastalarin %75°1 erkek (n=9), Riiptiirii
0 s — - 19 . . .
%25 1}<§d1nd1 (n=3). Hast'illann cogunlugu ileri yas grubu{lda olup, Mezenter Iskemi 1(83) 1(100)
%66,7’s1 60—79 yas araligindaydi. ASA siniflamasina gore olgu- - —
larim %8,3°ii ASATIL, % 33,3°ii ASA V ve %58,3°ii ASA TV idi. Sag Ventrikiil Perforasyonu | 1(8.3) 0
Hastalarin viicut kitle indeksi dagilimina bakildiginda% 58,3 {iniin Metatars Fraktiirii 1(8,3) 1 (100)
VKI 25-30, %25’inin >30, %8,3’{iniin <18,5 oldugu goriildii. Yandas Total 12 (100) | 11 (91,7)
hastaliklar arasinda diyabet (%25) en sik saptanan durumdu; bunu Diyabet 3(25) 3 (100)
aort stenozu. (%16,7) izlemekt[eyd"i. Enfektif efldok.ardit, kardiyak Hipertansiyon 1(83) 1(100)
tamponad, hipertansiyon, kronik bobrek hastaligi, miyokard enfark- - -
. T . Endometrium malign 1(8,3) 1 (100)
tiisii ve malignite gibi ek tanilar hastalarin bir kismida mevcuttu. neoplazm
POKA gelisen hastalarin hepsi acil olarak operasyon planlanan Yandas P - -
hastalar idi. Cerrahi branslara gore dagilim incelendiginde, has- Hastahk Enfektif endokardit 133) 1(100)
talarm %66,7’sinin kardiyak cerrahi, %16,7’sinin genel cerrahi, MI 1(8,3) 1 (100)
%16,7’sinin ortopedik cerrahi gec¢irdigi saptandi. Operasyon tiirii KBH 1(8,3) 1 (100)
agisindan aort cerrahileri ve bilyiik damar cerrahi girisimlerinin Kardiyak tamponad 1(8,3) 1 (100)
daha 6ne ¢iktig1 izlendi (Tablo 1). Aort stenozu 2(16,7) | 2(100)
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Arrest zamani, ritmi ve nedenleri incelendiginde arrestlerin %58,3’1
intraoperatif, %25°1 preoperatif, %16,7’sinin ise postoperatif do-
nemde meydana geldigi saptandi. Intraoperatif gelisen tiim ar-
restler mortal seyirliydi. En sik arrest ritmi asistol olup hastalarin
%83,3’linde goriildi. Nabizsiz VT yalnizca bir hastada (%8,3)
gOriilmiis ve mortal seyretmemistir. Arrest nedenlerinin dagilimi
incelendiginde kardiyovaskiiler nedenler %58,3 ile en sik idi. Bunu
%16,7ile hipovolemi ve %16,7 ile septik sokun izledigi goriildi.
Arrest siiresi >5 dakika olan hastalar tim olgularin %66,7’sini
olusturmakta idi. Arrest siiresi <15 dakika olan dort hastanin tama-
min eksitus oldugu saptandi (Tablo 2).

Tablo 2. POKA gelisen hastalarda arrest zamani, ritmi ve neden-
lerinin dagilim1

Mortalite | Mortalite
(1}
" W | e
Preoperatif 25,0 2 66,6
Arrest Intraoperatif 583 100,0
Zamam
Postoperatif 16,7 100,0
Asistoli 10 | 83,3 10 100,0
Arrest
Ritmi VF 1 8.3 1 100,0
Nabizsiz VT 1 8,3 0 -
Kardiyovaskiiler 7 58,3 6 85,7
nedenler
Arrest Hipovolemi 2 | 16,7 2 100,0
Nedeni -
Septik Sok 2 16,7 2 100,0
Kardiyak 1 8,3 1 100,0
Arrest <15dk 4 333 4 100,0
Siiresi >15 8 | 66,7 7 87,5
(Dk)
TARTISMA

2022-2024 yillar1 arasinda Mersin Universitesi Tip Fakiiltesi
Hastanesi Anesteziyoloji ve Reanimasyon Anabilim Dali’nde
gerceklesen POKA vakalari klinik 6zellikleri, cerrahi dagilimlari,
etiyolojileri ve mortalite oranlari acisindan degerlendirildi. 54.000
cerrahi girigim igerisinde 12 POKA vakasi saptandi. Bu, merke-
zimizde POKA insidansinin ¢ok diisiik oldugunu gdstermektedir.
Bu oran, gelismis tlilkelerde bildirilen POCA insidansi ile yakindir.
Literatiirde, gelismis iilkelerde POKA insidansinin 10.000 vakada
yaklasik 4-6 arasinda bildirildigi rapor edilmistir®. Buna karsilik,
gelismekte olan iilkelerde 6zellikle Brezilya’dan bildirilen genis
serilerde POKA insidansinin 10.000 vakada 1339 arasinda degistigi
gosterilmigtir ©. Sonuglara bu agidan bakacak olursak merkezi-
mizdeki POKA oraninin diisiik olmasi, kurumun teknik altyapisi,
multidisipliner yaklagim ve ameliyathane organizasyonunun etkili
olabilecegini gdstermektedir.

POKA gelisen hastalarin klinik 6zellikleri incelendiginde ileri yas,
erkek cinsiyet, yliksek ASA skoru ve acil cerrahi gereksinimi 6ne
¢ikmaktadir. Bu sonug, mevcut literatiirle tamamen uyumludur.
Literatiirde perioperatif kardiyak arrest i¢in en gii¢lii risk faktorleri
arasinda yiiksek ASA skoru, acil cerrahi, ileri yag ve ciddi komor-
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biditelerin yer aldig1 bildirilmektedir @ 7. Yiiksek ASA skoruna
sahip hastalarda 30 giinliik mortalitenin %70’e kadar ulasabildigi
rapor edilmigtir 7%,

Cerrahi dallara gore dagilim incelendiginde kardiyovaskiiler cer-
rahi POKA agisindan en yiiksek riskli cerrahi gruplardan biridir.
Kardiyovaskiiler cerrahi boliimt, olgularimizin yaklagik tigte ikisini
igermekte ve POKA agisindan en riskli dallardan biri olarak 6ne
¢ikmaktadir. Biiytik kohort ¢caligmalarinda kardiyovaskiiler cerrahi
vakalarinda POKA insidansinin diger cerrahi dallara kiyasla daha
yiiksek oldugu gosterilmistir ©. Calismamiza gore, yiiksek riskli
operasyonlar sirasinda, 6zellikle riiptiire abdominal aort anevriz-
mast, aort disseksiyonu ve revizyon bypass sirasinda yiiksek POKA
oranlart gdzlemlenmistir. Bu bulgu, acil ve ciddi hemodinamik
bozukluklarin eslik ettigi cerrahi miidahalelerin arrestle sonu¢lanma
riskinin fazla oldugunu gostermektedir.

Arrest nedenleri degerlendirildiginde kardiyovaskiiler nedenler ilk
sirada yer almakta olup bunu hipovolemi ve septik sok izlemektedir.
PERIOPCA Konsorsiyumu, hipovolemi, kardiyak disfonksiyon,
aritmiler, hipoksi, anafilaksi ve embolik olaylar1 perioperatif kardi-
yak arrestin baslica nedenleri arasinda tanimlamaktadir ”-%). Ayrica,
hipovolemiye bagl arrestler, 6zellikle travma, gastrointestinal per-
forasyonlar ve ciddi kanamali olgularda yaygin olabilir. Bu hasta
grubunun yiiksek risk tasidigini gésteren mevcut ¢aligmamizda,
her iki hipovolemiye neden olan durumda da arrest sonucu mortal
seyretmistir.

Vakalarin ¢ogunlugu intraoperatif donemde gerceklesmistir.
Literatiirde intraoperatif donemde monitorize hastalarda geli-
sen arrestlerin daha erken tanindigi bildirilmektedir ¢ ?. Asistol,
POKA’da en sik gdzlenen ritim olup en yiiksek mortalite ile iliskili
ritim olarak tanimlanmustir 9. Caligmamizda, tiim asistol vakalari-
nin 6liimcil nitelikte oldugu goriilmiis olup bu durum bu bulguyu
desteklemektedir.

Mortalite oranlart incelendiginde, yiiksek ASA skoru, acil cerrahi,
hemodinamik instabilite ve kardiyovaskiiler cerrahi varligi mortalite
ile giiclii sekilde iliskilidir. Literatiirde bu hasta gruplarinda mortali-
tenin %70-90 araliginda olabildigi bildirilmistir ”-®. Calismamizda
mortalite oran1 %91,7 olup POKA olgularmin yiiksek mortalite
orani, vakalarin tamaminin acil cerrahi olmasi, yiiksek ASA skorlari
(cogunlukla ASA IV-V), kardiyovaskiiler cerrahi oraninin yiiksek
olmast, diseksiyon ve riiptiire aort anevrizmasi gibi mortalitesi yiiksek
vakalarin varlig1 ve ¢ogu hastada anemi, anormal elektrolit dengesi
ve yiikselmis karaciger enzimleri gibi metabolik risk faktérlerinin
varligina atfedilmektedir.

Giiclii Yonler ve Simirlamalar

Mevcut calismanin 6nemli bir 6zelligi, klinik verilerin analizi teme-
linde tiim hastane dl¢eginde POKA’y1 ayrintili olarak kapsamasidir.
Ancak, smirlamalar1 da vardir. Bu sinirlamalar, tek merkezli ve
kiigiik 6rneklem dlgegi, POKA’nin diisiik prevalansi nedeniyle az
sayida vaka, retrospektif tasarim nedeniyle veri kayb1 ve secilme
yanlilig1 riskinin bulunmasidir.
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SONUCLAR VE KLIiNiK ETKIiLER

Caligmamiz, POKA gelisen ¢cogu hastanin ciddi bir klinik profile
sahip oldugunu, acil ve yiiksek riskli operasyonlarin belirgin bir
risk olusturdugunu ve mortalitenin bu grupta ¢ok yiiksek seyret-
tigini gostermektedir. Kurumumuzda perioperatif kardiyak arrest
insidansi son derece diisiik olmasina ragmen, acil cerrahi gegiren
hastalarda hizli preoperatif optimizasyon, hipovolemi ve meta-
bolik bozukluklarin erken diizeltilmesi, yiiksek riskli kardiyak
cerrahi vakalarinda yogun multidisipliner egitim, ameliyathane
kriz yonetimi ve PERIOPCA kilavuzlarinin uygulanmasi, POKA
insidansini ve mortalitesini azaltmada kritik 6neme sahip olacak-
tir. Sonuglar, yiiksek riskli hastalarin perioperatif déonemin erken
asamasinda tanimlanmasi gerektigini ve hemodinamik stabilite ve
metabolizmay1 korumak, acil cerrahi prosediirleri optimize etmek
ve hastane/operatif kriz yonetimi protokollerini hazirlamak i¢in
onlemler alinmasi gerektigini 6nermektedir.

Operasyon Oncesi Tam1 ve Optimizasyon énemlidir. Bu amagla
operasyon oncesi, yiiksek ASA skorlarina ve ciddi komorbiditelere
sahip hastalarin hizli ve titizlikle degerlendirmesi yapilmalidir.
Anemi, elektrolit anormallikleri ve metabolik bozukluklar ameliyat
oncesinde miimkiin oldugunca erken ve hizlt diizeltilmelidir.

Acil cerrahi hastalarinda risk azaltmak amaciyla; acil prosediirler
degerlendirilmelidir ve gerektiginde multidisipliner erken uyari ve
hazirlik sistemleri kurulmalidir.

Intraoperatif izleme ve Hazirlik: Kardiyak cerrahi gibi yiiksek
riskli alanlarda intraoperatif TEE gibi ileri izleme yontemleri daha
stk kullanilmalidir. PERIOPCA algoritmalar1 tim ameliyathane
personeline agiklanmalidir.

Kurumsal Ogrenme ile Kok Neden Analizi: Ortaya ¢ikan her
POCA vakasinda “kok neden analizi” yapilmali ve analiz sonuglari
i¢ kalite iyilestirme siireclerinde siklikla kullanilmalidir.

Multidisipliner Siirecin Gelistirilmesi: Anesteziyoloji, cerrahi,
yogun bakim ve acil servisler POCA yonetim komitelerinde is
birligi yapabilir.
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A RETROSPECTIVE ANALYSIS OF PERIOPERATIVE CARDIAC ARREST CASES ENCOUNTERED IN OUR

CLINIC
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Mersin Universitesi Tip Fakiiltesi, Anesteziyoloji ve Reanimasyon AD., Mersin University Faculty of Medicine, Department of

Anesthesiology and Resuscitation, Mersin, Tlrkiye

ABSTRACT

Objective

Cardiac arrest (CA) cases seen in the perioperative period are rare
but may be more mortal (1). Our primary goal is to determine the
surgical specialties and causes of these cases. Our secondary goal
is to identify cases with a high probability of developing cardiac
arrest early and prevent it.

Method

Cases that developed CA in the perioperative period between
01.01.2022 and 31.12.2024 were investigated retrospectively.
Demographic data and conditions that could cause CA were inves-
tigated and noted from files and electronic records.

Results

A total of 54,000 patients were operated on in our hospital’s opera-
ting rooms between 2022 and 2024. Perioperative CA was detected
in only 12 of these cases. Nine of the cases were male, and three
were female. Of the cases with ASA 3-5, eight were cardiovascular
surgery, two were orthopedics, and two were general surgery. All
the cases were operated on an emergency basis. The causes of CA
were 7 vascular injury, 2 hypovolemia, 1 cardiac, and 2 septic shock.
Only 1 of the cases survived (8.3%).

Conclusions

Perioperative CA may occur for many reasons involving the patient,
the surgeon, and anesthesia. Although there are many causes of
CA, it is diagnosed ecarly in the operating room environment, and
intervention begins promptly. Knowledge of arrest causes, diagno-
sis, and resuscitation algorithms among operating room staff will
reduce mortality rates.

Keywords: Perioperative, Cardiac Arrest, Mortality Rate

INTRODUCTION

The perioperative period is the time interval during which physi-
ological stress from anesthesia and surgery is at its peak. Cardiac
arrests occurring during this period are rare but are associated with
high mortality and morbidity V. Despite technological advances in
medical and surgical practices, complications related to anesthesia
and surgical procedures are still a significant cause of morbidity and
mortality . Perioperative cardiac arrest (POCA) is defined as the
sudden and unexpected cessation of spontaneous circulation during
the time frame from preoperative preparation through the surgical
process, recovery from anesthesia, and the 24-hour postoperative
period. POKA is influenced by many factors, including the patient’s
general health status, the urgency and type of surgical intervention,
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the anesthesia technique used, perioperative follow-up, and the
treatment strategies employed ¢,

This study aimed to retrospectively examine POCA cases observed
in our clinic between 01.01.2022 and 31.12.2024; analyze arrest
frequency, causes, applied resuscitation interventions, and outcomes;
and thereby present recommendations to reduce the likelihood of
POCA development.

METHOD

After obtaining approval from the Mersin University Clinical
Research Ethics Committee on October 15, 2025, with number
2025/1122, it was planned to retrospectively examine patients who
underwent surgery at the Anesthesiology and Reanimation Clinic of
Mersin University Faculty of Medicine Hospital between January 1,
2022, and December 31, 2024, and to identify cases that developed
POKA (Postoperative Cognitive Acute Respiratory Syndrome).

The data were collected in the Mersin University Faculty of Medicine
Hospital database in accordance with the Declaration of Helsinki.
Patients whose data could not be accessed were excluded from the
study. Data on patients who underwent surgical operations at our
clinic between 2022 and 2024 were retrieved from the hospital
database using the “cardiac arrest” diagnosis code. The epicrisis/
patient files of the patients with this diagnosis code were examined.
For those who developed POCA, the following data were recorded:
age, gender, body weight, American Society of Anesthesiologists
Physical Status Classification (ASA score), surgical specialty, type
of surgery, emergency or elective nature of the operation, the phase
in which the cardiac arrest occurred (preoperative, intraoperative,
postoperative), duration of arrest, comorbidities (e.g., diabetes
mellitus, myocardial infarction, infective endocarditis), and used
anticoagulant or cardiac medications (e.g., clopidogrel, enoxaparin,
acetylsalicylic acid). The incidence of POCA was determined.

Given that this study was of a descriptive nature, statistical analy-
ses were performed solely on a frequency basis. For demographic
characteristics, surgical types, ASA classification, and variables
associated with perioperative cardiac arrest, numerical values and
percentage distributions were reported. Depending on the distribution
of the continuous variables, either the mean + standard deviation or
the median was provided. The incidence of POCA was calculated
as the number of arrests per 10,000 anesthetics, based on the total
number of anesthetics administered during the study period. No
comparative or regression analyses were conducted.
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RESULTS

A retrospective analysis of hospital data revealed that between
January 1, 2022, and December 31, 2024, 54,000 patients underwent
surgery, of whom 42,058 received general anesthesia, and 11,942
received local anesthesia. Cardiac arrest developed in only 12
(0.02%) of these patients.

Demographic data showed that 75% of patients were male (n=9)
and 25% were female (n=3). The majority of patients were elderly,
with 66.7% aged 60-79 years. According to the ASA classification,
8.3% of the cases were ASAIII, 33.3% were ASA 'V, and 58.3% were
ASA V. Regarding the body mass index distribution of the patients,
58.3% had a BMI of 25-30, 25% had a BMI >30, and 8.3% had a
BMI <18.5. Among the comorbidities, diabetes mellitus (25%) was
the most frequently identified condition, followed by aortic stenosis
(16.7%). Additional diagnoses such as infective endocarditis, car-
diac tamponade, hypertension, chronic kidney disease, myocardial
infarction, and malignancy were present in some of the patients. All
patients who developed POCA were those for whom emergency
surgery was planned. When the distribution by surgical specialty
was examined, 66.7% of patients had undergone cardiac surgery,
16.7% general surgery, and 16.7% orthopedic surgery. Regarding
the type of surgery, aortic surgeries and major vascular surgical
interventions were more prominent (Table 1).

Tiirk RESUSITASYON Dergisi
Turkish Journal of RESUSCITATION

ORIGINAL ARTICLE
TJR 2026;5(1):11-18

Table 1. Demographic, Surgical, and Clinical Characteristics of
POCA Cases

Number of patients and percentage | Mortality
n (%) n (%)
3 1(8,3) 1 (100)
ASA 4 7 (58,3) 7 (100)
5 4(33,3) 3(75)
Gender Male 9 (75) 8 (88.8)
Female 3(25) 3 (100)
12-39 1(8,3) 1 (100)
Age 40-59 3(25) 3 (100)
60-79 8(66,7) | 7(87,5)
<18,5 1(8,3) 1(100)
18,5-25 1(8,3) 0
BMI
25-30 7 (58,3) 7 (100)
>30 3(25) 3 (100)
Emergency | Yes 12 (100) | 11 (91,6)
. Cardiac 8 (66,7) 7 (87,5)
g;:f::;‘tly General Surgery 2(16,7) | 2(100)
Orthopedic Surgery 2 (16,7) 2 (100)
Aortic Valve Replacement 1(8,3) 1 (100)
Aortic Dissection Bypass 1(8,3) 1 (100)
Pelvic Fracture 1(8,3) 1 (100)
Revision Bypass 2 (16,7) 2 (100)
Colon Perforation 1(8,3) 1 (100)
AVR + Coronary Bypass 1(8,3) 1 (100)
Operation + Ascending Aortic Graft
Interposition
Abdominal Aortic Aneurysm | 2 (16,7) 2 (100)
Rupture
Mesenteric Ischemia 1(8,3) 1 (100)
Right Ventricular Perforation 1(8,3) 0
Metatarsal Fracture 1(8,3) 1 (100)
Total 12 (100) | 11 (91,7)
Diabetes 3(25) 3 (100)
Hypertension 1(8,3) 1 (100)
Endometrial Malignant 1(8,3) 1 (100)
Neoplasm
Infective Endocarditis 1(8,3) 1 (100)
Comorbidity
MI 1(8,3) 1 (100)
CKD 1(8,3) 1 (100)
(Chronic Kidney Disease)
Cardiac Tamponade 1(8,3) 1 (100)
Aortic Stenosis 2 (16,7) 2 (100)
Corresponding Author

Nurcan DORUK | nurcan66@hotmail.com



Turkish
Journal of
RESUSCITATION

When the timing, rhythm, and causes of arrests were examined, it
was determined that 58.3% of arrests occurred intraoperatively, 25%
preoperatively, and 16.7% postoperatively. All arrests that develo-
ped intraoperatively had a fatal outcome. The most frequent arrest
rhythm was asystole, observed in 83.3% of the patients. Pulseless
VT was only seen in one patient (8.3%) and did not result in mor-
tality. An analysis of the distribution of arrest etiologies revealed
that cardiovascular causes were the most common at 58.3%. This
was followed by hypovolemia at 16.7% and septic shock at 16.7%.
Patients with arrest durations exceeding 15 minutes accounted for
66.7% of all cases. It was determined that all four patients with an
arrest duration of <15 minutes died (Table 2).

Table 2. Distribution of Arrest Time, Rhythm, and Etiologies in
Patients Developing POCA

Mortality | Mortality
(1}
RO )
Preoperative 25,0 66,6
Time of B
Arrest Intraoperative 58,3 100,0
Postoperative 16,7 100,0
Asystole 10 | 83,3 10 100,0
Arrest
Rhythm VF 1 8,3 1 100,0
Pulseless VT 1 8,3 0 -
Cardiovascular 7 58,3 6 85,7
Causes
Causeof | yoovolemia | 2 | 16,7 2 100,0
Arrest
Septic Shock 2 16,7 2 100,0
Cardiac 1 8,3 1 100,0
Duration of | < 15 min 4 33,3 4 100,0
Arrest (Min) | > 15 8 66,7 7 87,5
DISCUSSION

Between 2022 and 2024, POKA cases occurring in the Department
of Anesthesiology and Reanimation at Mersin University Faculty of
Medicine Hospital were evaluated with respect to clinical charac-
teristics, surgical distribution, etiology, and mortality rates. Within
54,000 surgical procedures, 12 POCA cases were identified. This
indicates a very low incidence of POCA in our center. This rate is
similar to the POCA incidence reported in developed countries. The
literature reports that the incidence of POCA in developed countries
is approximately 4 to 6 per 10,000 cases®. In contrast, large series
from developing countries, particularly Brazil, have shown that
POCA incidence ranges from 13 to 39 per 10,000 cases ©. From
this perspective, the low POCA rate in our center suggests that the
institution’s technical infrastructure, multidisciplinary approach, and
effective operating room organization may be influential factors.

When the clinical characteristics of patients who developed POCA
are examined, advanced age, male sex, high ASA score, and the
need for emergency surgery stand out. This finding is entirely
consistent with the existing literature. The literature reports that
among the strongest risk factors for perioperative cardiac arrest are
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a high ASA score, emergency surgery, advanced age, and severe
comorbidities " 7. It has been reported that 30-day mortality in
patients with a high ASA score can reach up to 70% -9,

When the distribution by surgical specialty is examined, cardio-
vascular surgery is among the highest-risk specialties for POCA.
The cardiovascular surgery department comprised approximately
two-thirds of our cases and stood out as one of the specialties at
highest risk for POCA. Large cohort studies have shown that the
incidence of POCA in cardiovascular surgery cases is higher com-
pared to other surgical specialties “©. According to our study, high
POCA rates were observed during high-risk operations, particularly
during ruptured abdominal aortic aneurysms, aortic dissections,
and revision bypass procedures. This finding indicates that surgical
interventions accompanied by emergency conditions and severe he-
modynamic disturbances carry a higher risk of culminating in arrest.

When the causes of arrest were evaluated, cardiovascular causes
ranked first, followed by hypovolemia and septic shock. The
PERIOPCA Consortium identifies hypovolemia, cardiac dysfunc-
tion, arrhythmias, hypoxia, anaphylaxis, and embolic events among
the primary causes of perioperative cardiac arrest”?. Furthermore,
arrests due to hypovolemia can be common, particularly in cases
of trauma, gastrointestinal perforations, and severe hemorrhage.
In our present study, which demonstrates that this patient group
carries a high risk, the outcome was fatal in both conditions that
caused hypovolemia.

The majority of cases occurred during the intraoperative period.
The literature reports that arrests developing in monitored patients
during the intraoperative period are recognized earlier 9. Asystole
has been identified as the most frequently observed rhythm in
POCA and as the rhythm associated with the highest mortality @),
In our study, all asystole cases were fatal, a finding that supports
this observation.

When mortality rates are examined, a high ASA score, emergency
surgery, hemodynamic instability, and the presence of cardiovas-
cular surgery are strongly associated with mortality. The literature
reports that mortality in these patient groups can range from 70% to
90% 7-®_ In our study, the mortality rate was 91.7%. The high mor-
tality rate in the POCA cases is attributed to the fact that all cases
were emergency surgeries, they had high ASA scores (predominantly
ASA 1V-V), the proportion of cardiovascular surgery was high,
there were cases with inherently high mortality such as dissection
and ruptured aortic aneurysm, and the presence of metabolic risk
factors such as anemia, abnormal electrolyte balance, and elevated
liver enzymes in most patients.

STRENGTHS AND LIMITATIONS

A significant feature of the present study is its detailed, hospital-wide
coverage of POCA based on the analysis of clinical data. However,
it also has limitations. These limitations include its single-center
design and small sample size, the limited number of cases due to
the low prevalence of POCA, and the risk of data loss and selection
bias inherent to the retrospective design.
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CONCLUSIONS AND CLINICAL IMPLICATIONS

Our study demonstrates that most patients who develop POCA have
a severe clinical profile, that emergency and high-risk surgeries
pose a significant risk, and that mortality is very high in this group.
Although the incidence of perioperative cardiac arrest is extremely
low in our institution, rapid preoperative optimization in patients
undergoing emergency surgery, early correction of hypovolemia and
metabolic disorders, intensive multidisciplinary training in high-risk
cardiac surgery cases, operating room crisis management, and the
application of PERIOPCA guidelines will be critical in reducing the
incidence and mortality of POCA. The results suggest that high-risk
patients should be identified early in the perioperative period and
that measures should be taken to maintain hemodynamic stability
and metabolic homeostasis, optimize emergency surgical procedures,
and develop hospital- and operative-crisis management protocols.

Preoperative diagnosis and optimization are crucial. For this purpose,
patients with high ASA scores and severe comorbidities must be
rapidly and meticulously assessed preoperatively. Anemia, elect-
rolyte abnormalities, and metabolic disorders should be corrected
as early and rapidly as possible before surgery.

To reduce risk in emergency surgery patients, emergency procedures
should be evaluated and, when necessary, multidisciplinary early
warning and preparation systems established.

Intraoperative Monitoring and Preparedness: In high-risk areas
such as cardiac surgery, advanced monitoring methods, such as
intraoperative TEE, should be used more frequently. PERIOPCA
algorithms should be made explicit to all operating room personnel.

Institutional Learning and Root Cause Analysis: A “root cause
analysis” should be conducted for every POCA case that occurs,
and the results of these analyses should be frequently utilized in
internal quality improvement processes.

Enhancement of the Multidisciplinary Process: Anesthesiology,
surgery, intensive care, and emergency departments can collaborate
in POCA management committees.
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OZET

Amag

Kardiyopulmoner resiisitasyon (KPR) sonrasi spontan dolagimi
geri donen hastalarda hedefe yonelik sicaklik yonetiminin (TTM)
Piroptoz tizerindeki etkisini aragtirmak.

Yontem

2021 ve 2022 yillar1 arasinda Harran Universitesi Tip Fakiiltesi
Hastanesi’'nde, Kardiyak arrest (KA) sonrast ilk 15 dakika i¢inde
baslatilan ve toplamda 60 dakikadan fazla siirmeyen KPR uygulanan
30 KA hastast ile yas ve cinsiyet agisindan eslestirilmis 30 saglikli
goniillii calismaya dahil edildi. Calisma grubu 48 saat boyunca
TTM tedavisi aldi. 18 yasindan kiiciik hastalar, gebelik, koagiilopati,
trombositopeni, kontrolsiiz aritmi, son donem hastaliklar, bilissel
bozukluk 6ykiisii olan 6nceki ndrolojik hastalik, persistan kardiyo-
jenik sok, siipheli veya dogrulanmis akut intraserebral kanama/akut
inme ve malignite olan hastalar ¢alismadan hari¢ tutuldu. Calisma
grubundan {i¢ kez kan 6rnegi alindi: TTM’nin baslangicinda,
TTM’nin 24. saatinde ve TTM’nin 48. saatinde. NLRP3, kaspaz-1,
gasdermin-D ve IL-1B proteinleri 6l¢iildii.

Bulgular

NLRP3, kaspaz-1, gasdermin D ve IL-1B diizeylerinin tiim zaman
noktalarinda kontrol grubuna gore denek grubunda anlamli olarak
daha yiiksek oldugu saptandi. Ote yandan, istatistiksel olarak anlamli
olmasa da, NLRP3, kaspaz-1 ve gasdermin-D diizeyleri, 48 saatlik
takip siiresi boyunca TTM tedavisi sonrast test grubunda baslangi¢
degerlerine kiyasla azaldi.

Sonu¢

Kalp durmasi sonrasinda piroptozis belirtegleri, saglikli kontrollere
kiyasla anlamli derecede artmistir. TTM sonrasinda gozlemlenen
azalmalar istatistiksel olarak anlamli olmasa da, tedavi sirasinda
piroptozis belirteglerinde asag1 yonlii bir egilim kaydedilmistir

Anahtar kelimeler: Kardiyak Arrest, Hedefe yonelik sicaklik
yonetimi, Piroptoz, Akut miyokard enfarktiisii
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ABSTRACT

Objective

To investigate the effect of targeted temperature management (TTM)
on pyroptosis in patients who achieved return of spontaneous cir-
culation (ROSC) following cardiopulmonary resuscitation (CPR)
after cardiac arrest (CA).

Methods

This study included 30 patients with CA in whom CPR was initiated
within the first 15 minutes after arrest and lasted no longer than 60
minutes, as well as 30 age- and sex-matched healthy volunteers.
The study was conducted at Harran University Medical Faculty
Hospital between 2021 and 2022. The patient group received TTM
therapy for 48 hours. Exclusion criteria were age <18 years, preg-
nancy, coagulopathy, thrombocytopenia, uncontrolled arrhythmia,
end-stage disease, pre-existing neurological disease with cognitive
impairment, persistent cardiogenic shock, suspected or confirmed
acute intracerebral hemorrhage/acute stroke, and malignancy. Blood
samples were collected from patients at three time points: at initia-
tion of TTM (baseline), at 24 hours, and at 48 hours. Serum levels
of NLRP3, caspase-1, gasdermin-D, and IL-1p were measured.

Results

Serum NLRP3, caspase-1, gasdermin-D, and IL-1 levels were
significantly higher in the patient group compared with the control
group at all time points. Although not reaching statistical signifi-
cance, NLRP3, caspase-1, and gasdermin-D levels showed a dec-
reasing trend during the 48-hour follow-up after TTM compared
with baseline values.

Conclusion

Pyroptosis markers were significantly elevated following cardiac
arrest compared with healthy controls. Although the reductions ob-
served after TTM did not reach statistical significance, a downward
trend in pyroptosis markers was noted during treatment.

Keywords: Cardiac arrest, Targeted temperature management,
Pyroptosis, Acute myocardial infarction
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GiRIS

Hiicre 6liimii, doku homeostazinin siirdiiriilmesinde ve temel biyo-
lojik fonksiyonlarda kritik bir rol oynar; bu siirecteki degisiklikler
hastalik patofizyolojisi agisindan dnemli sonuglar dogurur. Hiicre
olimi farkli mekanizmalarla gergeklesir . Piroptozis, proinfla-
matuvar sitokinlerin salinimi, hiicre membraninda por olusumu
ve hiicre lizisi ile karakterize programlanmis bir hiicre 6limi
bi¢imidir@. Bu siireg, niikleotid baglayici bolge ve 16sin agisindan
zengin tekrar dizileri igeren aile, pirin bdlgesi iceren 3 (NLRP3)
inflamazomu tarafindan baslatilir ve apoptozla iliskili, kaspaz top-
layic1 bolge iceren benek benzeri protein (ASC) ile pro-kaspaz-1’in
toplanmasiyla devam eder. Bu kaskad kaspaz-1 aktivasyonunu ve
IL-1p ile IL-18 gibi proinflamatuvar sitokinlerin olgunlagmasini ve
salinmasini tetikler. Inflamatuvar kaspazlar tarafindan parcalanma
ile olusan gasdermin-D, hiicre membraninda por olusumunu saglar;
inflamatuvar mediyatorlerin salinimini, hiicre sigsmesini ve piropto-
zisi destekler. Bu sitokinlerin salinimi nihayetinde piroptotik hiicre
6limii ile sonuglanir @,

Piroptozis; kardiyovaskiiler hastaliklar, ateroskleroz ve akut mi-
yokard enfarktiisii (AME) ile iligkilendirilmistir ®. Reperflizyon
AME tedavisinin temel tas1 olmakla birlikte, miyokard iskemisi/
reperfiizyon hasar1 (MIRI) olarak bilinen siireg araciligtyla para-
doksal olarak doku hasarini artirabilir. Son ¢alismalar, piroptozis
ile MIRI’nin altinda yatan patolojik mekanizmalar arasinda giiglii
bir iligki oldugunu gostermistir & 9. Ayrica kardiyak arrest (KA)
sonrasi nekroz, apoptoz ve otofajiye iliskin histopatolojik kanitlar
bildirilmistir .

KA sirasinda, kan akiminin durmasi nedeniyle tiim viicutta
yaygin iskemi meydana gelir. Kardiyopulmoner resiisitasyon
(KPR), doku perflizyonunun yeniden saglanmasi icin en kritik
girisimdir ®. Spontan dolagim geri donse bile bu hastalarda mortalite
oranlari yiliksek seyretmektedir. KPR sirasinda ve sonrasinda serebral
hasarin azaltilmasi, nérolojik fonksiyonlarin korunmasi agisindan
esastir. Hedefe yonelik sicaklik yonetimi (TTM), KA sonrasi hi-
poksik-iskemik ensefalopatiyi dnlemeye yonelik 6nemli bir tedavi
stratejisidir. Giincel kilavuzlar, KA sonrasi spontan dolagimin geri
doniisti saglanan hastalarda fonksiyonel norolojik sonuglari iyiles-
tirmek amaciyla TTM uygulanmasini 6nermektedir ©.

Giiniimiize kadar TTM uygulanan hastalarda piroptozis biyobelirtec-
lerindeki degisiklikleri degerlendiren bir ¢aligma bulunmamaktadir.
Bu nedenle bu c¢alisma, KA sonrasi spontan dolagim1 geri donen
hastalarda TTM tedavisi sonrasi piroptoziste meydana gelen degi-
siklikleri arastirmay1 amaglamistir.

YONTEM

2021-2022 yillar1 arasinda Harran Universitesi Tip Fakiiltesi
Hastanesi’'ne AME ile iliskili KA nedeniyle bagvuran ve reper-
flizyon sonrasi anestezi ve koroner yogun bakim iinitelerinde TTM
uygulanan hastalar bu prospektif ¢alismaya dahil edildi.

Orneklem bilyiikliigii, her iki grupta aligmaya alnan ilk 15 hastanin
sonuglarina gore hesaplandi. Iki grup arasinda bazal degerlerde
anlamli fark saptandiktan sonra, iki yonlii a diizeyi 0,05, ¢calisma

Tiirk RESUSITASYON Dergisi
Turkish Journal of RESUSCITATION

ORIJINAL MAKALE
TJIR 2026;5(1):19-31

giicli %95 ve etki biyiikligi 0,5 kabul edilerek her grup i¢in en az
27 hastanin gerekli oldugu belirlendi. Bu nedenle her gruba en az
30 hasta dahil edildi.

Calisma baslamadan 6nce Harran Universitesi Tip Fakiiltesi Klinik
Arastirmalar Etik Kurulu’ndan onay alindi (No: 08/25). Calisma
Australian New Zealand Clinical Trials Registry’de kaydedildi
(ACTRN12621001570875).

Caligma grubu, KA sonrast ilk 15 dakika i¢inde KPR baglanan ve
KPR siiresi 60 dakikayir asmayan hastalardan olusturuldu. Genel
popiilasyonda piroptozis biyobelirteglerinin normal diizeyleri bi-
linmediginden, referans degerleri belirlemek amaciyla saglikli
goniilliiler ¢aligmaya dahil edildi. Saglikli kontrol grubuna yas ve
cinsiyet agisindan eslestirilmis 30 birey alindi. Tiim katilimcilardan
veya yasal temsilcilerinden yazili bilgilendirilmis onam alindi.
Kontrol grubundan vendz kan 6rnegi yalnizca bir kez alind1 ve ek
bir girisim yapilmadi.

Dislama kriterleri; 18 yas alt1, gebelik, koagiilopati, trombositopeni,
kontrolsiiz aritmi, son donem hastalik, KA sonrasi viicut 1sisinin
<30°C olmasi, dnceden var olan ndrolojik hastalik, persistan kar-
diyojenik sok, siipheli veya dogrulanmis akut intraserebral kanama,
malignite olarak belirlendi.

TTM tedavisi igin 6zofagusa sicaklik probu yerlestirildi ve dis
sogutma sistemine baglandi (Medivance, Louisville, CO, ABD).
Hedef sicaklik 34°C olarak belirlendi. Sogutma 48 saat siirdiiriil-
dii ve ardindan ayni dis sogutma sistemi kullanilarak saatte 0,4°C
hizinda aktif ve kontrollii yeniden 1sitma uygulandi. Normotermi
saglandiktan sonra, tedavinin baslangicindan 72 saat sonra sogutma
cihazi ve pedler ¢ikarildi.

Veno6z kan ornekleri ti¢ zaman noktasinda alindi: Sogutma baslangi-
cinda, 24. Saatte ve tedavinin sonunda (48. saat). Serum diizeyleri,
Insan NLRP3, Insan Gasdermin-D, Insan Interlokin-1p ve Insan
Kaspaz-1 i¢in ELISA kitleri kullanilarak 6l¢tildii.

ISTATISTIKSEL ANALIZ

Istatistiksel analiz SPSS 23.0 (SPSS Inc., IL, ABD) kullanilarak
yapildi. Normallik, Shapiro-Wilk testi ile ve ayrica carpiklik ve
basiklik degerleri degerlendirilerek analiz edildi. Normal dagilim
gostermeyen siirekli degiskenler medyan (minimum-maksimum)
olarak sunuldu ve Mann—Whitney U testi ile karsilastirildi. Normal
dagilim gosteren siirekli degiskenler ortalama + standart sapma
olarak ifade edildi ve Student t-testi ile karsilastirildi. Grup igi
karsilastirmalarda verilerin dagilimina gore tekrarlayan 6lgtimler-
de varyans analizi (ANOVA) veya Friedman testi kullanildi. Tkili
karsilastirmalarda Bonferroni diizeltmesi uygulandi. Kategorik
degiskenler say1 olarak ifade edildi ve ki-kare testi ile karsilastirildi.
P<0,05 degeri istatistiksel olarak anlamli kabul edildi.

BULGULAR

Bu calismaya TTM uygulanan toplam 30 hasta (Sekil 1) ve 30
saglikli kontrol denek dahil edildi. Hasta grubunun ortalama yas1 58
yil (aralik: 28-75) olup, %56,7’si erkekti. Ortalama hastanede yatis

Sorumlu Yazar
Mahmut Alp KARAHAN | mahmutalp k@yahoo.com



Turkish
Journal of
RESUSCITATION

stiresi 11,5 giin (3-91) ve bazal Glasgow Koma Skalasi (GKS) skoru
4 (3-8) idi. Hasta grubunun 0., 24. ve 48. saatlerdeki laboratuvar
verileri Tablo 1’de sunulmustur. Nétrofil ve lenfosit sayilari hasta
grubunda zaman iginde anlamli farklilik géstermistir (P = 0,001).

Sekil 1. Calismaya dahil edilen hastalarin CONSORT akig diyagramu.

KARDIYAK ARREST HASTALARI (n:124)

24 Saat iginde Olen Hastalar (n:43)

24 Saatten fazla Hayatta Kalan Hastalar (n:81)

Harig Tutulan Hasta Sayisi (n:51)
Glaskow Koma Skorlamasi>9 (n:16)
Ekipman ve Biyomedikal kit Problemi (n:4)
Hemodinamik instabilite (n:11)

Gebelik (n:1)
Son dénem Hastaliklar (n:13)

Kontrol Edilemeyen Aritmiler (n:6)

Calismaya Dahil Edilen Hasta Sayisi (n:30)

Tablo 1. Calisma grubunda LDH, 16kosit, nétrofil, lenfosit ve
trombosit degerlerinin zamana goére degerlendirilmesi.
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islem
Oncesi 24. Saat 48. Saat P
LDH 647 653.5 711 0.202°
(224-1628) | (338-1883) | (229-1678)
Lokosit 18.3 19.8 16.2 0.281°
(13.4-22.7) | (13.3-24.8) | (11.3-20.8)*
Notrofil 14.2 16.5 11.5 0.001°
(9.3-18.5) | (12.3-22.4) (8.3-15.7)*
Lenfosit 2.35 0.9 1.05 <0.001*
(0.5-7.5) (0.3-2.6)* (0.4-2.6)*
Trombosit 254.6 + 2555+ 231.1+£56.7 0.095°
61.1 68.2

“Friedman test, "Repeated measure test
* =P <0,05 (24. saat vs islem Oncesi)
#=P<0,05 (48. saat vs islem Oncesi)

¥ =P <0,05 (24. saat vs 48. saat)
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Tablo 2 ve Sekil 2’de hasta ve saglikli kontrol gruplari arasindaki
grup i¢i ve gruplar arasi karsilastirmalar goésterilmistir. Saglikli
kontrollere kiyasla, Gasdermin-D, Kaspaz-1, IL-1p ve NLRP3
diizeyleri hasta grubunda tiim zaman noktalarinda anlamli dere-
cede daha yiiksekti (tiim karsilagtirmalar igin P < 0,001). Grup igi
analizlerde, biyobelirteglerin higbiri 48 saatlik takip siiresince bazal
degerlere kiyasla istatistiksel olarak anlamli bir artig géstermedi.

Sekil 2. Calisma siiresince denek ve kontrol gruplarinda
Gasdermin-D, Kaspaz-1, IL-1B ve NLRP3 diizeylerindeki degi-
sim. Kirmiz1 ¢izgi denek grubunu, yesil ¢izgi kontrol grubunu
gostermektedir.

9,000 GASDERMIN-D 25,001 CASPASE-1

p=0.075

15,004 p=0.531

4,004 5,007 p=1.000
H‘ﬂ p=1.000

300 00+
islem dncesi 24. saat 48. saat Tslem dncesi 24.saat 48. saat
3000001 IL-1B 200,00 NLRP-3
2500,00 175,004
200,00 p=0.435 10,007 p=0.201

1500,00- 125,00

1000,00-

% =1.000
500,00 3

100

100,00
25004 p =1.000

T T T
islem éncesi 24. saat 48. saat

islem éncesi 24. saat 48. saat
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Ol¢timlerinin degerlendirilmesi.
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_ Saghkh kontrol
Hasta (n=30) grubu (n = 30)* P
GASDERMIN-D
Islem éncesi 7.97 3.7 <0.001¢
(0.97-8.8) (1.0-6.2)
24 .saat 7.8 3.7 <0.001¢
(0.97-9.15) (1.02-6.2)
48.saat 7.4 3.7 <0.001°¢
(0.9-9.05) (1.0-6.2)
P=0.075 P>0.99°
KASPAZ-1
Islem éncesi 17.36 3.62 <0.001¢
(1-66.6) (1.1-16.4)
24 .saat 16.24 3.62 <0.001¢
(1-54.9) (1.1-16.4)
48.saat 15.01 3.62 <0.001°¢
(1-76.7) (1.1-16.4)
P=0.531° P >0.992
NLRP3
Islem éncesi 1669.78 616.34 <0.001¢
(119.8-9805.1) (125-2582.9)
24 saat 1838.33 616.34 <0.001°¢
(121.9-10292.1) (125-2582.9)
48.saat 1885.7 616.34 <0.001°¢
(119.3-12105.4) (125-2582.9)
P=0.435 P>0.99
NLRP3
Islem dncesi 159.02 74.01 (35.8-176.3) | <0.001¢
(38.9-735.4)
24 .saat 153.69 74.01 (35.8-176.3) | <0.001¢
(37.9-425.9)
48.saat 146.35 74.01 (35.8-176.3) | <0.001¢
(36.4-480.7)
P=0.291° P >0.992

a: Friedman testi, c: Mann Whitney U testi

* Saglikli grupta her biyobelirteg bir kez 6l¢iilmiis olup, bu degerler tiim
zaman noktalari i¢in kullanilmugtir.
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Hastane i¢i mortalite 23 (%76,7) hastada gelisti. Cinsiyet
(P>0,99), komorbiditeler (P = 0,603), KPR siiresi (P = 0,443), has-
tanede yatis siiresi (P =0,737), ejeksiyon fraksiyonu (P = 0,590) ve
basvuru anindaki GKS (P = 0,564) mortalite gelisen ve gelismeyen
hastalar arasinda benzerdi. Ancak mortalite geligen hastalar anlaml
olarak daha yasliydi (62 [41-75] vs. 42 [28-60] yil, P =0,002) ve
TTM baslama siiresi daha uzundu (306,9 + 147,8 vs. 201,4 £ 59,8
dakika, P=0,011).

Tablo 3 ve Sekil 3, mortalite gelisen ve gelismeyen hastalar ara-
sindaki grup i¢i ve gruplar arasi karsilastirmalar1 gostermektedir.
Gasdermin-D, Kaspaz-1 veya NLRP3 diizeylerinde hi¢bir zaman
noktasinda iki grup arasinda anlamli fark saptanmadi. Ancak bazal
IL-1pB diizeyi mortalite gelisen hastalarda anlamli derecede daha
yiiksekti (P = 0,047). Ayrica IL-1p diizeyleri sag kalan hastalarda
zaman i¢inde anlamli degisiklik gosterirken, mortalite gelisen has-
talarda grup i¢i anlamli degisiklik izlenmedi (P = 0,005).

Sekil 3. Hasta grubunda mortalite gelisimine gore Gasdermin-D,
Kaspaz-1, IL-1B ve NLRP3 6l¢iimlerindeki degisim.
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ve NLRP3 6l¢iimlerinin degerlendirilmesi.
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Mortalite (-) Mortalite (+) P
m=7) (n=23)
GASDERMIN-D
Islem 6ncesi 7.97 7.98 0.701°
(3.90-8.36) (0.97-8.78)
24 .saat 7.85 7.71 0.811°
(4.27-8.44) (0.97-9.15)
48.saat 7.15 7.68 0.207¢
(0.90-8.07) (0.97-9.05)
P=0.368" P=0.190°
KASPAZ-1
Islem oncesi 14.15 19.13 0.311¢
(9.63-22.17) (1.03-66.57)
24 .saat 17.52 15.12 0.335¢
(10.94-54.85) (1.01-41.57)
48.saat 9.55 17.84 0.086°
(6.64-20.07) (1.03-76.70)
P=0.180° P=0.438"
IL-1B
Islem éncesi 1321.48 2114.26 0.047¢
(119.8-2379.1) (132.6-9805.1)
24 saat 1741.63 1882.87 0.677¢
(122.9-2798.2) * | (121.9-10292.1)
48.saat 1277.66 2455.5 0.162¢
(120.9-2593.8) ¥ (119.3-12105.4)
P=10.005" P=0.738"
NLRP3
Islem oncesi 133.03 181.74 0.174¢
(102.38-230.02) (38.86-735.41)
24 saat 139.31 157.03 0.924¢
(104.42-269.73) (37.90-425.89)
48.saat 142.83 154.16 0.564¢
(80.36-336.05) (36.38-480.72)
P=0.651° P=0.074

“Friedman test, “Mann-Whitney U test
* =P <0.05, 24.saat vs. islem Oncesi
#=P <0.05, 48.saat vs. islem Oncesi
¥=P<0.05, 24.saat vs. 48.saat

TARTISMA

Bu ¢alismanin temel bulgulari su sekildedir: KA geciren hastalarda
piroptoz belirtecleri saglikli kontrollere kiyasla anlamli derecede
daha yiiksekti ve azalmalar istatistiksel anlamliliga ulagmasa da,
TTM tedavisi sonrasinda piroptoz belirte¢ diizeylerinde azalma
egilimi gozlendi.

Piroptoz genellikle hiicre i¢i patojen enfeksiyonlari ile tetiklenir ve
konak savunma sisteminin temel bilesenlerinden birini olusturur.
Hiicre membran biitiinliigiiniin kaybi, kromatin yogunlagsmasi ve

Tiirk RESUSITASYON Dergisi
Turkish Journal of RESUSCITATION

DNA fragmentasyonu ile karakterizedir 1. Piroptoz; IL-1p, IL-18 ve
diger proinflamatuvar mediyatorlerin salinimi yoluyla inflamasyonu
diizenler ve bu mediyatorler dogal bagisiklikta 6nemli rol oynar.
NLRP1, NLRP3, NLRC4, pirin ve AIM2 (absent in melanoma 2)
gibi cesitli inflamazom kompleksleri ile lipopolisakkarit iliskili
yolaklar piroptozu baslatabilir; bunlar arasinda en fazla calisilan
NLRP3’tiir. Oksidatif stres sonucu olusan reaktif oksijen tiirleri
NLRP3’1i aktive eder ve bu durum kaspaz-1 aktivasyonunu te-
tikler. Aktive olan kaspaz-1, gasdermin-D’yi parcalayarak hiicre
membraninda por olusumuna yol agar. Kaspaz-1 ayrica pro-1L-1f
ve pro-IL-18’1 aktif formlarma doniistiiriir; bu sitokinler hiicre
disina salinarak inflamatuvar hiicrelerin toplanmasini saglar ve
inflamatuvar yanit1 giglendirir 'V,

Piroptozun kardiyovaskiiler sistemin endojen diizenleyicisi oldugu
one siirtilms olup, ¢esitli kardiyovaskiiler hastaliklarda 6nemli rol
oynadigi bildirilmektedir > 2. Okside LDL araciligtyla piroptoz
aktivasyonu aterosklerotik plak olusumuna katkida bulunur @.
Dolayisiyla plak komplikasyonlari ile tetiklenen AME piroptoz
sik olarak meydana gelebilir. AME tedavisinde reperfiizyon temel
yaklasim olsa da, reperfiizyonun kendisi MIRI olarak bilinen me-
kanizma ile doku hasarini artirabilir & 9. Bu siiregte NLRP3, IL-1§
ve kaspaz-1 ekspresyonunun arttig1 ve piroptotik hiicre 6limiiniin
giiclendigi gosterilmistir . Eger AME sirasinda KA gelisirse pi-
roptotik siire¢ daha da siddetlenebilir. KA, kan akiminin durmasi
nedeniyle global iskemiye yol agar; basarili KPR sonrasinda spontan
dolasimin geri donmesi ise patofizyolojik agidan MIRI gelisimine
neden olabilecek bir durum olusturur .

TTM, KA sonrasi hipoksik-iskemik ensefalopatinin 6nlenmesinde
kabul edilmis bir stratejidir ve glincel kilavuzlar KA sonrasi spontan
dolasimi1 geri donen hastalarda norolojik sonuglari iyilestirmek igin
kullanimini 6nermektedir 519, TTM, hiicresel metabolizmay1 ve
oksijen ihtiyacini azaltir; viicut 1sisindaki her 1°C diisiis, serebral
metabolik hiz1 yaklagik %6—10 oraninda azaltir ve bdylece beyni
iskemik hasardan korur. Hipoterminin ayrica serbest radikal tireti-
mini, inflamatuvar sinyallemeyi ve hiicre 6liimiinii azalttig1 goste-
rilmistir ”. Bu mekanizmalara dayanarak, TTM’nin inflamasyonu
ve piroptotik siireci azaltabilecegini diisiindiik. Calismamizda TTM
uygulanan hastalarda 16kosit ve notrofil diizeyleri 48. saatte azal-
mistir. Bu bulgular, TTM’nin KA sonrasi gelisen asir1 inflamatuvar
yanitin baskilanmasina katkida bulunabilecegini disiindiirmektedir.

Hipoterminin piroptoz belirtecleri izerindeki etkilerine iliskin ve-
riler sinirlhidir. Diao ve arkadaglar1 '®, hipoterminin NLRP3, ASC,
pargalanmis kaspaz-1 ve gasdermin-D ekspresyonunu azalttigini
ve bununla birlikte IL-15 ve IL-18 diizeylerinde de diisiis sagla-
digin1 gostermistir. Gao ve arkadaslar1 @, AME olan si¢anlarda
hipoterminin miyokard inflamasyonunu azalttigini ve NLRP3 inf-
lamazomu ile p53 sinyal yolaklarini baskilayarak apoptozu inhibe
ettigini bildirmistir. Sepsis modelinde Jiang ve arkadaglar1 %, hafif
hipoterminin TLR4/NF-kB/NLRP3 yolunu inhibe ederek pirop-
tozu azalttigini ve ¢oklu organ hasarmi hafiflettigini gostermistir.
Ayrica hipoterminin, travma sonrasi kortikal kaspaz-1, kaspaz-11
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ve purinerjik reseptor P2X7 ekspresyonundaki artigi engelledigi
de bildirilmistir @Y. Bununla birlikte, bildigimiz kadariyla AME
hastalarinda TTM uygulamasi sirasinda piroptoz belirte¢lerindeki
degisiklikleri degerlendiren klinik bir ¢alisma bulunmamaktadir. Bu
calismada NLRP3, gasdermin-D, kaspaz-1 ve IL-1p diizeylerinin
KA hastalarinda saglikli kontrollere kiyasla anlamli derecede yiiksek
olmasi, KA sonrasinda piroptotik siirecin aktive oldugu hipotezini
desteklemektedir.

KA sonrast TTM, hem inflamatuvar yanit1 hem de iskemik doku
hasarini azaltabilir. Buna bagli olarak TTM, piroptotik siireci ya-
vaglatabilir veya modiile edebilir. Calismamizda NLRP3, kaspaz-1,
gasdermin-D ve IL-1f diizeyleri 48 saatlik takip siiresi boyunca
baslangica kiyasla anlamli bir artis gdstermemistir. Bu durum,
TTM’nin piroptoz belirteclerinin daha fazla yiikselmesini engelle-
yerek seviyelerini stabilize edebilecegini diisiindliirmektedir. 24. ve
48. saatlerde anlamli bir artis goriillmemesi, TTM 'nin iskemik doku
hasarmin ilerlemesini siirlayabilecegi hipotezini giiglendirmektedir.

Ayrica, mortalite gelisen hastalarda yasin anlamli derecede daha
yiiksek oldugu ve TTM baslama siiresinin daha uzun oldugu sap-
tanmistir. Bu bulgular, giincel kilavuzlara uygun sekilde TTM nin
erken baslatilmasinin dnemini vurgulamaktadir. Sag kalanlar ile
kaybedilen hastalar arasinda gasdermin-D, kaspaz-1 ve NLRP3
diizeylerinde anlamli fark saptanmamis olsa da, baslangi¢ IL-13
diizeyi mortalite gelisen hastalarda anlamli derecede daha yiiksekti.
Bunun yaninda, sag kalanlarda IL-1f diizeylerinde azalma egilimi
gozlenmistir. Bu sonuglar, IL-1B’nin prognostik agidan potansiyel
bir belirteg olabilecegini diisiindiirmektedir; ancak kiigiik 6rneklem
biylkligi ek farkliliklar: saptama giiclimiizii sinirlamis olabilir.

Bu calismanin bazi kisithliklari vardir. i1k olarak érneklem biiyiik-
ligl nispeten kiigiiktiir ve ¢aligma tek merkezde yiirtitiilmiistiir.
Ikinci olarak saglikli kontrol grubunun kullanilmasi, TTM nin
spesifik etkisini izole etmeyi sinirlamaktadir. KPR uygulanip TTM
uygulanmayan hastalardan olusan bir karsilastirma grubu, TTM nin
piroptoz iizerindeki etkisini daha net gosterebilirdi. Ancak TTM
glincel kilavuzlarda onerildigi i¢in tedavinin verilmemesi etik
acidan sorun olusturabilir.

SONUC

KA sonrasi resiisitasyon uygulanan hastalarda piroptoz belirtegleri,
saglikli kontrollere kiyasla anlamli derecede yiiksek bulunmustur.
Azalma istatistiksel anlamliliga ulasmamis olsa da, TTM tedavisini
takiben piroptoz belirteglerinde diigiis egilimi gézlenmistir. Bu
¢alismada saglikli kontrol grubunun kullanilmis olmasi nedeniyle,
TTM nin piroptoz biyobelirtegleri iizerindeki etkisini daha net ortaya
koymak i¢in KPR uygulanip TTM uygulanmayan hastalarin dahil
edildigi ileri calismalara ihtiyag vardir. Bu bulgularin dogrulanmasi
ve post-kardiyak arrest sendromunda piroptozun roliiniin daha iyi
anlasilmasi i¢in daha genis 6rneklemli ve kontrollii ¢aligmalar
gereklidir.
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ABSTRACT

Objective

To investigate the effect of targeted temperature management (TTM)
on pyroptosis in patients who achieved return of spontaneous cir-
culation (ROSC) following cardiopulmonary resuscitation (CPR)
after cardiac arrest (CA).

Methods

This study included 30 patients with CA in whom CPR was initiated
within the first 15 minutes after arrest and lasted no longer than 60
minutes, as well as 30 age- and sex-matched healthy volunteers.
The study was conducted at Harran University Medical Faculty
Hospital between 2021 and 2022. The patient group received TTM
therapy for 48 hours. Exclusion criteria were age <18 years, preg-
nancy, coagulopathy, thrombocytopenia, uncontrolled arrhythmia,
end-stage disease, pre-existing neurological disease with cognitive
impairment, persistent cardiogenic shock, suspected or confirmed
acute intracerebral hemorrhage/acute stroke, and malignancy. Blood
samples were collected from patients at three time points: at initia-
tion of TTM (baseline), at 24 hours, and at 48 hours. Serum levels
of NLRP3, caspase-1, gasdermin-D, and IL-1 were measured.

Results

Serum NLRP3, caspase-1, gasdermin-D, and IL-1pB levels were
significantly higher in the patient group compared with the control
group at all time points. Although not reaching statistical signifi-
cance, NLRP3, caspase-1, and gasdermin-D levels showed a dec-
reasing trend during the 48-hour follow-up after TTM compared
with baseline values.

Conclusion

Pyroptosis markers were significantly elevated following cardiac
arrest compared with healthy controls. Although the reductions ob-
served after TTM did not reach statistical significance, a downward
trend in pyroptosis markers was noted during treatment.

Keywords: Cardiac arrest, Targeted temperature management,
Pyroptosis, Acute myocardial infarction
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INTRODUCTION

Cell death plays a critical role in maintaining tissue homeostasis
and fundamental biological functions, and alterations in this pro-
cess have important implications for disease pathophysiology. Cell
death occurs through various mechanisms (V. Pyroptosis is a form
of programmed cell death characterized by the release of proinflam-
matory cytokines, membrane pore formation, and cell lysis . This
process is initiated by the nucleotide-binding domain, leucine-rich
repeat—containing family, pyrin domain—containing 3 (NLRP3)
inflammasome and proceeds with the recruitment of apoptosis-as-
sociated speck-like protein containing a caspase recruitment domain
(ASC) and pro—caspase-1. This cascade triggers caspase-1 activation
and the maturation and secretion of proinflammatory cytokines
such as IL-1p and IL-18. Gasdermin-D, generated by inflammatory
caspase-mediated cleavage, subsequently mediates membrane pore
formation, promoting inflammatory mediator release, cell swelling,
and pyroptosis. The release of these cytokines ultimately results in
pyroptotic cell death @,

Pyroptosis has been associated with cardiovascular diseases, at-
herosclerosis, and acute myocardial infarction (AMI) . Although
reperfusion is the cornerstone of AMI treatment, it may paradoxically
exacerbate tissue injury through a process known as myocardial
ischemia/reperfusion injury (MIRI). Recent studies have demons-
trated a strong association between pyroptosis and the pathological
mechanisms underlying MIRI® 9. Furthermore, histopathological
evidence of necrosis, apoptosis, and autophagy has been reported
following cardiac arrest (CA) .

During CA, extensive whole-body ischemia results from the ces-
sation of blood flow. Cardiopulmonary resuscitation (CPR) is the
most critical intervention for restoring tissue perfusion ®. Despite
achieving return of spontaneous circulation, these patients continue
to have high mortality rates. Reducing cerebral injury during and
after CPR is essential for preserving neurological function. Targeted
temperature management (TTM) is an important therapeutic stra-
tegy for preventing hypoxic—ischemic encephalopathy following
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CA. Current guidelines recommend TTM to improve functional
neurological outcomes in patients who achieve return of spontaneous
circulation (ROSC) after CA©.

To date, no studies have evaluated changes in pyroptosis biomar-
kers in patients undergoing TTM. Therefore, this study aimed to
investigate changes in pyroptosis following TTM in patients who
achieved return of spontaneous circulation after cardiac arrest.

METHODS

Patients who were admitted to Harran University Faculty of Medicine
Hospital due to AMI-CA between 2021 and 2022 and underwent
TTM after reperfusion in the anesthesia and coronary intensive care
units were included in this prospective study.

The sample size was calculated based on the results of the first
15 patients included in each group. After detecting a significant
difference between the two groups in baseline values, assuming a
two-tailed o level of 0.05, a study power of 95%, and an effect size
of 0.5, it was determined that at least 27 patients were required per
group. Therefore, at least 30 patients were enrolled in each group.

Prior to the initiation of the study, approval was obtained from the
Harran University Faculty of Medicine Clinical Research Ethics
Committee (No: 08/25). The study was registered in the Australian
New Zealand Clinical Trials Registry (ACTRN12621001570875).

The study group consisted of patients in whom CPR was initiated
within 15 minutes after CA and lasted no longer than 60 minutes.
Since the normal levels of pyroptosis biomarkers in the general po-
pulation are unknown, healthy volunteers were included to establish
reference values. Thirty age- and sex-matched individuals were
enrolled as the healthy control group. Written informed consent was
obtained from all participants or their legal representatives. Venous
blood samples were collected once from the control group, and no
additional interventions were performed.

The exclusion criteria were as follows: age <18 years, pregnancy,
coagulopathy, thrombocytopenia, uncontrolled arrhythmia, end-stage
disease, body temperature <30°C after CA, pre-existing neurological
disease, persistent cardiogenic shock, suspected or confirmed acute
intracerebral hemorrhage, and malignancy.

For TTM treatment, a temperature probe was placed in the esophagus
and connected to an external cooling system (Medivance, Louisville,
CO, USA). The target temperature was set at 34°C. Cooling was
maintained for 48 hours, followed by active, controlled rewarming
at a rate of 0.4°C per hour using the same external cooling system.
The cooling device and pads were removed after 72 hours from the
initiation of therapy, once normothermia was achieved.

Venous blood samples were collected at three time points: at the
initiation of cooling, at 24 hours, and at the end of treatment (48th
hour). Serum levels were measured using enzyme-linked immunosor-
bent assay (ELISA) kits for Human NLRP3, Human Gasdermin-D,
Human Interleukin-1, and Human Caspase-1.
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Statistical Analysis

Statistical analyses were performed using SPSS version 23.0 (SPSS
Inc., IL, USA). Normality was assessed using the Shapiro—Wilk test,
as well as skewness and kurtosis values. Non-normally distributed
continuous variables were presented as median (minimum-—maxi-
mum) and compared using the Mann—Whitney U test. Normally
distributed continuous variables were expressed as mean + standard
deviation and compared using the Student’s t-test.

For intragroup comparisons, repeated-measures analysis of variance
(ANOVA) or the Friedman test was used according to data distribu-
tion. Bonferroni correction was applied for pairwise comparisons.
Categorical variables were expressed as numbers and compared
using the chi-square test. A p-value <0.05 was considered statisti-
cally significant.

RESULTS

A total of 30 patients treated with TTM (Figure 1) and 30 healthy
control subjects were included in the present study. The median age
of the patient group was 58 years (range, 28—75), and 56.7% were
male. The median length of hospital stay was 11.5 (3-91) days, and
the baseline Glasgow Coma Scale (GCS) score was 4 ¢%),

Figure 1. Consort diagram of included patients

Cardiac Arrest Patients (n=124)

v

Death within 24 hours (n=43)

Patient surviving > 24 hours(n=81)

Excluded (n= 51)
= Glasgow coma score > 9 (n= 16 )
=  Equipment and biochemical kit
problem (n=4)
Hemodynamic Instability (n= 11)
Pregnancy (n=1)
End stage Disease (n=13)
Uncontrolled arrythmia (n=6)

h 4

Patients include in this study (n=30)

Laboratory data of the patient group at 0, 24, and 48 hours are
presented in Table 1. Neutrophil and lymphocyte counts differed
significantly over time in the patient group (P = 0.001).
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Table 1. Evaluation of LDH, Leucocyte, Neutrophil, Lymphocyte
and Platelet according to time in the subjects group
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Table 2. Evaluation of GASDERMIN-D, Caspase-1, IL-1B and

NLRP3 measurements according to the groups

Before 24t 48t P
Process hours hours
LDH 647 653.5 711 0.2020
(224-1628) | (338-1883) | (229-1678)
Leucocyte 18.3 19.8 16.2 0.2812
(13.4-22.7) | (13.3-24.8) | (11.3-20.8)*
Neutrophil 14.2 16.5 11.5 0.001*
(9.3-18.5) | (12.3-22.4) (8.3-15.7)*
Lymphocyte 2.35 0.9 1.05 <0.001*
(0.5-7.5) (0.3-2.6)* (0.4-2.6)"
Platelets 254.6 £ 2555+ 231.1+£56.7 0.095°
61.1 68.2

“Friedman test, "Repeated measure test

* =P <0.05, 24" hour vs. before process

#=P <0.05, 48" hour vs. before process

¥ =P <0.05, 24" hour vs. 48th hour comparison

Table 2 and Figure 2 present the intergroup and intragroup compa-
risons between the patient and healthy control groups. Compared
with the healthy controls, Gasdermin-D, Caspase-1, IL-1p, and
NLRP3 levels were significantly higher in the patient group at all
time points (P < 0.001 for all comparisons). In intragroup analyses,
none of the biomarkers showed a statistically significant increase
during the 48-hour follow-up compared with baseline values.

Figure 2. Change of GASDERMIN-D, Caspase-1, IL-1B, and
NLRP3 levels during the study period in the subjects and controls
group. The red line represents the subject group, and the green line
represents the controls group.

2004 GASDERMIN-D 1500-| CASPASE-1
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Subjects group Healthy control P
(n=30) group (n = 30)*
GASDERMIN-D
Before process 7.97 3.7 <0.001°¢
(0.97-8.8) (1.0-6.2)
24th Hour 7.8 3.7 <0.001°¢
(0.97-9.15) (1.02-6.2)
48th Hour 7.4 3.7 <0.001°¢
(0.9-9.05) (1.0-6.2)
P=0.075" P>0.99
CASPASE-1
Before process 17.36 3.62 <0.001°¢
(1-66.6) (1.1-16.4)
24th Hour 16.24 3.62 <0.001°¢
(1-54.9) (1.1-16.4)
48th Hour 15.01 3.62 <0.001°¢
(1-76.7) (1.1-16.4)
P=0.531" P>0.99*
IL-1B
Before process 1669.78 616.34 <0.001°¢
(119.8-9805.1) (125-2582.9)
24th Hour 1838.33 616.34 <0.001°¢
(121.9-10292.1) (125-2582.9)
48th Hour 1885.7 616.34 <0.001°¢
(119.3-12105.4) (125-2582.9)
P=0.435¢ P>0.99
NLRP3
Before process 159.02 74.01 (35.8-176.3) | <0.001°¢
(38.9-735.4)
24th Hour 153.69 74.01 (35.8-176.3) | <0.001¢
(37.9-425.9)
48th Hour 146.35 74.01 (35.8-176.3) | <0.001¢
(36.4-480.7)
P=0.291° P>0.99*

“Friedman test, ‘Mann Whitney U test
*In the healthy group, values were measured once for each biomarker, and
these values were used across all time periods.

In-hospital mortality occurred in 23 (76.7%) patients. Sex (P> 0.99),
comorbidities (P = 0.603), duration of CPR (P = 0.443), length of
hospital stay (P = 0.737), ejection fraction (P = 0.590), and GCS at
admission (P = 0.564) were similar between patients with and without
mortality. However, patients who died were significantly older (62
[41-75] vs. 42 [28-60] years, P = 0.002) and had a longer time to
TTM initiation (306.9 £ 147.8 vs. 201.4 + 59.8 minutes, P=0.011).

Table 3 and Figure 3 show the intergroup and intragroup compa-
risons between patients with and without mortality. There were
no significant differences in Gasdermin-D, Caspase-1, or NLRP3
levels between the two groups at any time point. However, the
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baseline IL-1p level was significantly higher in patients who died
(P=0.047). Additionally, IL-1B levels changed significantly over
time in survivors, whereas no significant within-group changes
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Table 3. Evaluation of GASDERMIN-D, Caspase-1, IL-1B and
NLRP3 measurements according to the mortality development

were observed in patients with mortality (P=0.005). Mortality (-) Mortality (+) P
=17 (n=23)
Figure 3. Change of GASDERMN—D, Caspase—l, IL-1B, agd GASDERMIN-D
NLRP3. measurements according to the mortality development in Before process 797 703 0701
the subjects and controls group. (3.90-8.36) (0.97-8.78)
e B 2 ) Mty 24th Hour 7.85 7.71 0.811°
cromm— I A (4.27-8.44) (0.97-9.15)
’ I o 48th Hour 7.15 7.68 0.207¢
- (0.90-8.07) (0.97-9.05)
: - - ™ I\}/I P=0.368 P=0.190°
i o | e CASPASE-1
o AR m St Before process 14.15 19.13 0.311°
(9.63-22.17) (1.03-66.57)
— - O e 24th Hour 17.52 15.12 0.335¢
- - e (10.94-54.85) (1.01-41.57)
o HE am 48th Hour 9.55 17.84 0.086¢
- - (6.64-20.07) (1.03-76.70)
- - P=0.180° P=0.438
‘N | | ) e T L-1B
o - e S Before process 1321.48 2114.26 0.047¢
(119.8-2379.1) (132.6-9805.1)
24th Hour 1741.63 1882.87 0.677¢
(122.9-2798.2) * | (121.9-10292.1)
48th Hour 1277.66 2455.5 0.162¢
(120.9-2593.8)¥ (119.3-12105.4)
P=0.005 P=0.738"
NLRP3
Before process 133.03 181.74 0.174¢
(102.38-230.02) (38.86-735.41)
24th Hour 139.31 157.03 0.924¢
(104.42-269.73) | (37.90-425.89)
48th Hour 142.83 154.16 0.564¢
(80.36-336.05) | (36.38-480.72)
P=0.651" P=10.074
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“Friedman test, ‘Mann-Whitney U test

* =P <0.05, 24th hour vs. before process
#=P <0.05, 48th hour vs. before process
¥ =P <0.05, 24th hour vs. 48th hour

DISCUSSION

The main findings of this study are as follows: pyroptosis markers
were significantly higher in patients with CA compared with he-
althy controls, and although the reductions did not reach statistical
significance, pyroptosis marker levels showed a decreasing trend
after TTM therapy.

Pyroptosis is typically induced by intracellular pathogen infection
and represents an essential component of the host defense system.
It is characterized by loss of cell membrane integrity, chromatin
condensation, and DNA fragmentation %, Pyroptosis regulates
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inflammation by releasing IL-1p, IL-18, and other proinflammatory
mediators that play key roles in innate immunity. Several inflam-
masome complexes, including NLRP1, NLRP3, NLRC4, pyrin,
and AIM2 (absent in melanoma 2), as well as lipopolysacchari-
de-related pathways, can initiate pyroptosis, with NLRP3 being
the most extensively studied. Reactive oxygen species generated
by oxidative stress activate NLRP3, which subsequently triggers
caspase-1 activation. Activated caspase-1 cleaves gasdermin-D,
leading to pore formation in the cell membrane. Caspase-1 also
processes pro-IL-1p and pro-IL-18 into their active forms, which
are released extracellularly, thereby promoting inflammatory cell
recruitment and amplifying the inflammatory response >V,

Pyroptosis has been proposed as an endogenous regulator of
the cardiovascular system and plays a significant role in various
cardiovascular diseases *'?. Oxidized LDL-mediated activation
of pyroptosis contributes to atherosclerotic plaque formation @.
Consequently, pyroptosis may frequently occur in AMI triggered
by plaque complications. Although reperfusion therapy is the
standard of care in AMI, reperfusion itself may exacerbate tissue
injury through MIRI 9, which is associated with increased NLRP3,
IL-1B, and caspase-1 expression, and enhanced pyroptotic cell
death 1, If CA develops during AMI, the pyroptotic process may
be further aggravated. CA leads to global ischemia due to cessation
of blood flow, and restoration of spontaneous circulation following
successful CPR represents a pathophysiological state that may also
result in MIRI .

TTM is an established strategy for preventing hypoxic—ischemic
encephalopathy after CA, and current guidelines recommend its
use to improve neurological outcomes in survivors of CA (516,
TTM reduces cellular metabolism and oxygen demand; each 1°C
decrease in body temperature reduces the cerebral metabolic rate
by approximately 6%—10%, thereby protecting the brain from
ischemic injury. Hypothermia has also been shown to reduce free
radical production, inflammatory signaling, and cell death '”. Based
on these mechanisms, we hypothesized that TTM might attenuate
inflammation and the pyroptotic process. In our study, leukocyte
and neutrophil levels decreased at 48 hours in patients treated with
TTM. These findings suggest that TTM may contribute to the supp-
ression of the heightened inflammatory response observed after CA.

Limited data are available regarding the effects of hypothermia on
pyroptosis markers. Diao et al. '® demonstrated that hypothermia
downregulated the expression of NLRP3, ASC, cleaved caspa-
se-1, and gasdermin-D, along with reductions in IL-1f and IL-18
levels. Gao et al. " reported that hypothermia reduced myocardial
inflammation and inhibited apoptosis by suppressing the NLRP3
inflammasome and p53 signaling pathways in patients with AMI.
In a sepsis model, Jiang et al. ?® showed that mild hypother-
mia alleviated pyroptosis by inhibiting the TLR4/NF-«B/NLRP3
pathway, thereby mitigating multi-organ damage. Furthermore,
hypothermia has been shown to prevent trauma-induced increases
in cortical caspase-1, caspase-11, and purinergic receptor P2X7
expression Y, However, to our knowledge, no clinical studies have
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evaluated changes in pyroptosis markers in AMI patients receiving
TTM. In the present study, NLRP3, gasdermin-D, caspase-1, and
IL-1B levels were significantly higher in CA patients than in he-
althy controls, supporting the hypothesis that a pyroptotic process
is activated following CA.

TTM after CA may attenuate both the inflammatory response and
ischemic tissue injury. Accordingly, TTM may slow or modulate the
pyroptotic process. In our study, NLRP3, caspase-1, gasdermin-D,
and IL-1p levels did not significantly increase during the 48-hour
follow-up compared with baseline values. This finding suggests that
TTM may prevent further elevation of pyroptosis markers, thereby
stabilizing their levels. The absence of significant increases at 24
and 48 hours strengthens the hypothesis that TTM may limit the
progression of ischemic tissue damage.

We also observed that age was significantly higher and time to
TTM initiation was significantly longer in patients who died. These
findings underscore the importance of early initiation of TTM in
accordance with current guidelines. Although no significant diffe-
rences were observed in gasdermin-D, caspase-1, or NLRP3 levels
between survivors and non-survivors, baseline IL-1p levels were
significantly higher in patients with mortality. Moreover, IL-13
levels showed a decreasing trend in survivors. These results suggest
that IL-1B may have potential prognostic relevance; however, the
small sample size may have limited our ability to detect additional
differences.

The present study has several limitations. First, the sample size was
relatively small, and the study was conducted at a single center.
Second, the use of healthy controls limits the ability to isolate the
specific effect of TTM. A comparison group consisting of patients
who underwent CPR but did not receive TTM might have provided
clearer insight into the effect of TTM on pyroptosis. However, as
TTM is recommended by current guidelines, withholding treatment
could raise ethical concerns.

CONCLUSION

Pyroptosis markers were significantly elevated in patients resuscita-
ted from CA compared with healthy controls. Although the reduction
did not reach statistical significance, pyroptosis markers showed a
decreasing trend following TTM therapy. Because healthy controls
were used in this study, further investigations including patients who
undergo CPR without receiving TTM are needed to better clarify the
effect of TTM on pyroptosis biomarkers. Larger, controlled studies
are warranted to confirm these findings and to further elucidate the
role of pyroptosis in post—cardiac arrest syndrome.
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MAKROHEMODINAMIK STABILITEYE RAGMEN PERSiSTAN HIPERLAKTATEMi GELiSEN NEAR-DROWNING
OLGUSUNDA iZOPRENALIN ILE METABOLIiK DUZELME

Ugurcan YIKILMAZ ®, Canan GURSOY

Mugla Sitk1 Kogman Universitesi, Tip Fakiiltesi, Mugla Sitki Kogman University, Faculty of Medicine, Mugla, Tiirkiye

OZET

Bogulma olgularinda geligen akut solunum yetmezligi; aspirasyon,
inflamasyon ve surfaktan inaktivasyonu sonucu hizla ilerleyebilir.
Bu siiregte makrohemodinamik parametreler stabil goriinse de,
mikrodolagim diizeyinde devam eden hipoperfiizyon doku hi-
poksisine ve persistan hiperlaktatemiye yol agabilir. Laktat artigi
yalnizca hipoperfiizyonun degil, ayn1 zamanda metabolik yeniden
yapilanmanin da bir gdstergesi olabilir.

Yetmis alt1 yasinda kadin hasta, bogulma sonrasi gelisen akut solu-
num yetmezligi nedeniyle entiibe edilerek yogun bakim iinitesine
kabul edildi. Mekanik ventilasyon ve dengeli s1vi resiisitasyonuna
ragmen hastada progresif hiperlaktatemi gelisti. Hemodinamik agidan
stabil seyreden ve inotrop ihtiyaci olmayan hastada, arteriyel basing
dalga formunu analiz eden PRAM tabanli MostCare sistemi ile ya-
pilan monitdrizasyonda kardiyak indeks, sistemik vaskiiler rezistans
indeksi, nabiz basinci varyasyonu ve atim hacmi varyasyonu normal
siirlarda saptandi. Buna karsin laktat diizeylerinin artmaya devam
etmesi mikrodolagim diizeyinde persistan hipoperfiizyon olasiligini
diistindiirdii. Yogun bakim yatisinin 16.saatinde baslanan izoprenalin
inflizyonu sonrasi laktat diizeylerinde hizli ve progresif bir diisiis
izlendi. Klinik ve metabolik iyilesme ile es zamanli olarak hasta
basarili sekilde ekstiibe edildi ve servise devredildi.

Bu olgu, bogulma sonrasi gelisen akut solunum yetmezliginde
makrohemodinamik stabilitenin mikrodolagim yeterliligini her
zaman yansitmadigini gostermektedir. Persistan hiperlaktatemi, mik-
rodolagim bozuklugunun énemli bir gostergesi olabilir. izoprenalin
tedavisi ile saglanan hizli laktat diisiisii, secilmis olgularda
B-adrenerjik ajanlarin mikrodolagimi ve oksijen sunumunu iyilestirici
potansiyelini diisiindiirmektedir. Kritik hastalarda laktatin tek bir
deger yerine trend olarak degerlendirilmesi ve tedavi stratejilerinin
dolasim fenotipine gore bireysellestirilmesi dnemlidir.

Anahtar Kelimeler: Bogulma, hiperlaktatemi, mikrodolagim,
izoprenalin, yogun bakim

ABSTRACT

Acute respiratory failure developing after “near-drowning” can
progress rapidly as a result of aspiration, inflammation, and surfac-
tant inactivation. During this process, macrodynamic hemodynamic
parameters may appear stable; however, ongoing microcirculatory
hypoperfusion can lead to tissue hypoxia and persistent hyperlac-
tatemia. Elevated lactate levels may reflect not only hypoperfusion
but also metabolic remodeling.

A 76-year-old female patient was admitted to the intensive care
unit after being intubated for acute respiratory failure following
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“near-drowning”. Despite mechanical ventilation and balanced
fluid resuscitation, progressive hyperlactatemia developed. Although
the patient remained hemodynamically stable and did not require
inotropic support, monitoring with the PRAM-based MostCare
system, which analyzes the arterial pressure waveform, revealed
that cardiac index, systemic vascular resistance index, pulse pres-
sure variation, and stroke volume variation were within normal
ranges. Nevertheless, the continued rise in lactate levels suggested
persistent microvascular hypoperfusion. An isoprenaline infusion
initiated at the 16th hour of ICU admission was followed by a rapid
and progressive decline in lactate levels. In parallel with clinical
and metabolic improvement, the patient was successfully extubated
and transferred to the ward.

This case demonstrates that macrodynamic hemodynamic stability
does not always reflect adequate microcirculatory perfusion in acute
respiratory failure following “near-drowning”. Persistent hyperla-
ctatemia may serve as an important indicator of microcirculatory
dysfunction. The rapid lactate clearance observed with isoprenaline
therapy suggests that f-adrenergic agents may have the potential to
improve microcirculation and oxygen delivery in selected patients.
In critically ill patients, evaluating lactate as a trend rather than a
single value and individualizing treatment strategies according to
circulatory phenotype are critical.

Keywords: Near-drowning, hyperlactatemia, microcirculation,
isoprenaline, intensive care

GIRiS

Bogulma olgularinda akut akciger hasari aspirasyon, enflamasyon
ve surfaktan inaktivasyonu tizerinden hizla akut solunum yetersiz-
ligine (SY) ilerleyebilir V. Akut akciger hasarinda doku hipoksisi
ve laktat tiretimi, hastanin prognozunu belirleyen énemli biyobe-
lirteglerdendir > . Laktat ayn1 zamanda enerji substrati olarak da
kullanildigindan, yiiksek laktat diizeylerinin patofizyolojisinde;
yalnizca hipoperfiizyon degil, ayn1 zamanda metabolik remodeling
de 6nemli yer tutmaktadir ®. Ote yandan mikrosirkiilasyonun gercek
zamanli izlenmesi, soka bagli doku hipoksisini ve tedavi yanitini
makrodinamik degerlerden daha erken yansitabilir ©. Bu vakada;
bogulma kaynakli akut SY’de makrodinamik olarak stabil seyreden
ancak persistan hiperlaktatemi gosteren bir hastada izoprenalinle
saglanan dramatik iyilesme 6zetlenmekte ve altta yatan olast me-
kanizmalar literatiir esliginde tartigilmaktadir.

OLGU
Denizden ¢ikarildiktan sonra senkop, solunum sikintisi, periferik
oksijen satiirasyonunda diisiikliik ve glasgow koma skala (GKS)
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skorunun 5 olmast iizerine entiibe edilen 76 yasindaki kadin hasta
bogulmaya bagli SY tanisiyla yogun bakim tinitemize kabul edildi.
Ozgegmisinde konjestif kalp yetmezligi, hipertansiyon, koroner
arter hastalig1 ve depresyon tanilart mevcuttu.

Yogun bakim kabuliinde hasta invaziv mekanik ventilasyon des-
teginde (PRVC modunda FiO2: %50, frekans: 12/dk, PEEP: 8
cmH:0, Tidal voliim 4-6ml/kg olacak sekilde diizenlendi) ve
midazolam (0,02 mg/kg/sa) ile sedatizeydi (GKS 3, RASS -1).
Hastanin kabuliindeki vital bulgulari: TA 113/75 mmHg, nabiz
94/dk, ates 36.7°C, SpO: %98 (mekanik ventilasyon ile), solunum
say1st 18/dk olup izleminde siniis tasikardisi gozlendi. Pupiller orta
hatta ve izokorikti. Akciger oskiiltasyonunda bilateral kaba raller
ve yer yer ronkiisler mevcuttu. Kalp sesleri S1+S2 ritmik, ek ses ve
iifiirim duyulmadi. Batinda distansiyon yoktu; defans, rebound ve
hassasiyet negatifti. Barsak sesleri normoaktifti. Dort ekstremitenin

Tablo 1. Hastanin Arteriyel Kan Gazlar1 ve Laktat Degerleri
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distalleri siyanotik goriiniimdeydi ancak oral mukozalarda siyanoz
saptanmadi. Periferik nabizlar agik, esit ve palpabl idi. Toraks
BT’de bilateral santral peribronkovaskiiler alanda aspirasyonla
uyumlu opasiteler ve bazal bolgelerde konsolide alanlar izlendi. Sivi
resusitasyonu, alinan-gikarilan sivi dengesi gozetilerek ve voliim
yiliklenmesinden kaginilacak sekilde diizenlendi.

[lk arter kan gazinda pH: 7.319, pCO2: 42.9 mmHg, HCOs: 19.8
mmol/L, K*: 3.76 mmol/L, laktat: 3.04 mmol/L saptandi. Sivi
replasmanina devam edildi. Kontrol kan gazinda pH: 7.331, pCO.:
44.9 mmHg, HCOs: 21.2 mmol/L, laktat: 3.37 mmol/L idi. Laktat
diizeyindeki artis s1v1 destegine ragmen devam etti.

Hastanin arteryal kan gazi ve laktat degerleri Tablo 1° de laktat
trend grafigi de Sekil 1°de gosterilmistir.

0.h 2.h 6.h 8&h | 14h | 16h | 18h | 24h | 48h | 60.h | 72.h | 96.h
Ph 7,319 | 7,331 | 7,335 | 7,366 | 7350 | 7,370 | 7,360 | 7,401 | 7,390 | 7,380 | 7,400 | 7.410
PaCO, (mmHg) | 429 | 449 | 432 | 450 | 443 | 42,0 | 44,1 | 450 | 432 | 460 | 441 | 420
Pa0, (mmHg) 581 | 62,0 | 650 | 672 | 662 | 67,0 | 662 | 693 | 713 | 700 | 71,9 | 70,0
HCO, (mEq/L) 19.8 | 212 | 223 | 248 | 23,1 | 246 | 25 242 | 235 | 222 | 23,7 | 242
Lac (mmol/L) 3,04 | 337 | 442 | 6,02 | 805 | 10,06 | 824 | 701 | 502 | 224 | 101 | 0,78

PCO,: Parsiyel arteriyel karbondioksit basinci; PaO- : Parsiyel arteriyel oksijen basinci; HCOs™: Bikarbonat; Lac: Laktat

Sekil 1. Laktat Trend Grafigi

Laktat Trend Grafigi

Laktat (mmol/L)

—o— |aktat

X zoprenalin Baslama
X Ekstibasyon

Ekstlbasyon

140 16.h
Zaman (saat)

0.h 2.h  6.h 8.h
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Takip siirecinde hastada inotrop ihtiyact gelismedi; kardiyak marker
progresyonu ve dinamik EKG degisikligi izlenmedi. Saatlik idrar
¢ikist 1-2 ml/kg/sa araligindaydi. Alinan arteriyel kan gazlarinda
hipoksemi ve hiperkapni izlenmedi. YBU yatiginin 16.saatinde
laktat diizeyleri 10,06 mmol/L diizeylerine kadar ¢ikan hasta arte-
riyel basing dalga formunu PRAM (Pressure Recording Analytical
Method) temelinde analiz eden Mostcare sistemi (Vygon, Italya)
kullanilarak siirekli olarak izlendi. Monitorizasyon sonrasi ilk
elde edilen verilerde; kardiyak indeks, sistemik vaskiiler rezistans
indeksi, nabiz basinci varyasyonu (PPV), atim hacmi varyasyonu
(SVV) (Kardiyak index: 3.2 L/min/m?, Sistemik vaskiiler rezis-
tans indeksi (SVRI): 2200 dyn-s-cm™-m?, PPV: %12, SVV: %13)
normal sinirlar i¢indeydi. Es zamanli olarak makrohemodinamik
degisiklikleri normal olan hastada hipovolemi diisiniilmemesine
ragmen laktat seviyelerindeki progresif artig, mikrosirkiilasyon
diizeyinde persistan hipoperfiizyon olabilecegini diisiindiirdii. Bu
nedenle hastaya yogun bakima kabuliiniin 16.saatinde izoprenalin
infiizyonu 0.1 mcg/kg/dk dozunda baslandi.

Infiizyonun baslanmasindan 2 saat sonra alman arter kan gazin-
da laktat seviyesi 8.24 mmol/L’ye geriledi. Izoprenalin tedavisi
siirerken, 48.saatte laktat degerinde %50 diisiis izlendi. 60.saatte
ise 2.24 mmol/L olarak izlendi. Bu donemde hasta hemodinamik
olarak stabildi ve diiirez normoiirikti. 72.saatte laktat 1,01 mmol/L’e
kadar geriledi. Hasta 96.saatte basarili bir sekilde ekstiibe edildi.
Ekstiibasyon sonras1 hastanin arter kan gazinda pH: 7.41, pCO2: 42
mmHg ve laktat 0,78 mmol/L olarak saptandi. Izoprenalin infiiz-
yonu ekstiibasyonu takiben sonlandirildi. Ek inotrop ve mekanik
ventilasyon gereksinimi olmayan hasta, yogun bakim yatisinin 6.
glinlinde hemodinamik olarak stabil sekilde Gogiis Hastaliklar
Servisi’ne devredildi.

Hastanin arteriyel kan gazlari ve laktat degerleri tablo 1°de, laktat
trend grafigi Sekil 1’ de verilmistir.

TARTISMA VE SONUC

Bogulma sonrasi geligen solunum yetmezligi, aspirasyon, surfaktan
azalmasi, alveolokapiller bariyerin bozulmasi ve yaygin inflama-
tuvar yanit ile karakterizedir 9. Bu siire¢, hipoksemiye ek olarak
pulmoner vaskiiler rezistansta artisa, sag ventrikiil yiiklenmesine
ve sistemik dolagimda akim dagiliminin dengesizlesmesine yol
acabilir ©. Erken donemde hemodinamik olarak “stabil” gériinen
hastalarda bile doku diizeyinde hipoperfiizyon ve mikrodolasim
bozuklugu devam edebilir * ©. Bu baglamda olgumuzda oldugu
gibi makrodinamik parametrelerin normal olmasi, mikrosirkiilasyon
diizeyindeki yetersizlikleri dislamaz.

Hiperlaktatemi, kritik hastalarda prognostik agidan 6nemli bir
biyobelirtectir ancak patofizyolojisi ¢ok boyutludur. Tangpaisarn
ve arkadaslari acil serviste agir hiperlaktatemi (=10 mmol/L) ile
bagvuran hastalarda mortalitenin yiiksek oldugunu, ancak nedenle-
rin heterojenligini ve her olguda hiperlaktateminin hipoksiye bagl
olmadigimi vurgulamigtir . Solunum yetmezliginde laktat artisi;
dokularda oksijen sunumunun azalmasi, artmis anaerobik meta-
bolizma, inflamasyon aracili glikoliz artis1 ve B-adrenerjik uyari
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gibi mekanizmalarin kombinasyonu ile gelisebilir > **®. Laktatin
“hipoksi belirteci” olmasinin 6tesinde enerji metabolizmasinda di-
namik bir rol oynadigi gosterilmistir. Laktat bir yandan da oksidatif
dokular i¢in alternatif enerji substrati olup egzojen verildiginde
bile yag kas glukoz metabolizmasinda genis ¢apli degisiklikler
yaratabilir . Dolayisiyla mutlak degerlerden ziyade laktat trendi
ve klinik baglamin yorumlanmasi 6nerilmektedir >3 7.

Mikrodolasim disfonksiyonu, 6zellikle sok veya agir solunum
yetmezligi tablosunda makrohemodinamik parametrelerden ba-
gimsiz olarak devam edebilir & 9. Bruno ve arkadaslari, mikro-
sirkiilasyonun dogrudan degerlendirilmesinin, klinik iyilesme ile
makrohemodinami arasindaki uyumsuzlugu ortaya koyabildigini
gostermistir ©. De Backer ve Foulon ise vazopressor desteginde
optimal doku perfiizyonunu saglamak i¢in sadece kan basincina
degil, mikrosirkiilatuvar parametrelere de odaklanilmasi gerekti-
gini belirtmistir ©. Bu bakis agis1, olgumuzda laktat yiiksekliginin
altta yatan mikrodolasim bozuklugunu yansitabilecegi hipotezini
desteklemektedir.

[zoprenalin, giiclii B1- ve P2-agonist etkileri ile kardiyak debi-
yi artirirken, B2 reseptor araciligiyla periferik vazodilatasyon
ve kapiller wedge basincinda diigme saglayabilir ® . Ancak
B2-uyarisi, teorik olarak glikolizi artirarak laktat {iretimini de
yiikseltebilir ®. Buna karsin olgumuzda izoprenalin baglanmasini
takiben laktat diizeyinde hizli bir diisiis izlenmesi, baskin mekaniz-
manin akim/dagilim bozuklugu oldugunu diisiindiirmektedir. Borek
ve arkadaslari, akut solunum yetmezliklerinde pulmoner vaskiiler
tonusun ve endotel fonksiyonunun sistemik mikrosirkiilasyonu
etkileyebilecegini, bu nedenle f-agonistlerin bazi durumlarda ok-
sijen sunumunu iyilestirebilecegini vurgulamistir ©. Ayrica Hilty
ve arkadaslari, B-adrenerjik blokajin hipoksik pulmoner vazokons-
triksiyonu artirabilecegini gdstermis, bu da B-agonistlerin bazi
hipoksik durumlarda yararli olabilecegi yoniinde fizyolojik bir
zemin sunmaktadir !9,

Olgumuzda izoprenalin baglanmasindan sonra gozlenen laktat azali-
my, iki klinik agidan 6nemlidir: (i) Laktat yliksekliginin primer nedeni
stres hiperlaktatemisi veya [2-uyarili iretim artis1 olsaydi, izoprena-
lin sonrasi diizeyin diismesi beklenmezdi; (ii) Makrohemodinamik
stabiliteye ragmen mikrosirkiilatuvar oksijen sunumunun yetersiz
oldugu ve B-agonist ile iyilestigi olasilig1 gliclenmektedir. De Backer
ve Foulon’un da belirttigi gibi, vazopressor/inotrop se¢imi hastanin
dolasim fenotipine gore yapilmali, bu stirecte klinik gozlemler ve
metabolik yanit birlikte degerlendirilmelidir ©.

Bununla birlikte, izoprenalin kullaniminin tasiaritmi ve miyokardiyal
oksijen tiiketimini artirma potansiyeli nedeniyle secilmis olgularda,
dikkatli titrasyon ve yakin monitdrizasyon gerektirdigi unutulmama-
lidir 9. Ayrica, olgumuzda mikrodolagimin dogrudan dl¢iilmemis
olmasi, mekanizmanin yalnizca dolayli ¢ikarimlarla tartisilmasina
neden olmaktadir. Bu, vakanin baslica sinirliliklarindan biridir. Yine
de laktat trendi ile eszamanl klinik iyilesme gézlemi, izoprenalin
tedavisinin faydali olduguna dair gii¢lii bir isarettir.

Sonug olarak, bu vaka ile Akut Solunum Sikintis1 Sendromu

Sorumlu Yazar
Ugurcan YIKILMAZ | ugurcanyikilmaz92@gmail.com



Turkish
Journal of

RESUSCITATION

(ARDS) gibi ciddi solunum yetmezligi olgularinda makrohemodi-
namik parametreler normal olsa bile mikrodolagim yetersizliginin
devam ettigi ve secilmis hastalarda izoprenalinin, mikrodolagimi
iyilestirerek metabolik diizelme saglayabildigi vurgulanmistur.
Ayrica laktatin yorumlanmasinda tek degerden Gte trend takibinin
onemine dikkat ¢ekilmistir.

Hasta onami: Hastanin birincil yakinindan, bilgilerinin kullanilmasi
icin yazili ve s6zlii onam alinmustir. (27.06.2025)
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METABOLIC IMPROVEMENT WITH ISOPRENALINE IN A “DROWNING”’ CASE WITH PERSISTENT
HYPERLACTATEMIA DESPITE MACRODYNAMIC STABILITY

Ugurcan YIKILMAZ ®, Canan GURSOY

Mugla Sitk1 Kogman Universitesi, Tip Fakiiltesi, Mugla Sitki Kogman University, Faculty of Medicine, Mugla, Tiirkiye

ABSTRACT

Acute respiratory failure developing after “near-drowning” can
progress rapidly as a result of aspiration, inflammation, and surfac-
tant inactivation. During this process, macrodynamic hemodynamic
parameters may appear stable; however, ongoing microcirculatory
hypoperfusion can lead to tissue hypoxia and persistent hyperlac-
tatemia. Elevated lactate levels may reflect not only hypoperfusion
but also metabolic remodeling.

A 76-year-old female patient was admitted to the intensive care
unit after being intubated for acute respiratory failure following
“near-drowning”. Despite mechanical ventilation and balanced
fluid resuscitation, progressive hyperlactatemia developed. Although
the patient remained hemodynamically stable and did not require
inotropic support, monitoring with the PRAM-based MostCare
system, which analyzes the arterial pressure waveform, revealed
that cardiac index, systemic vascular resistance index, pulse pres-
sure variation, and stroke volume variation were within normal
ranges. Nevertheless, the continued rise in lactate levels suggested
persistent microvascular hypoperfusion. An isoprenaline infusion
initiated at the 16th hour of ICU admission was followed by a rapid
and progressive decline in lactate levels. In parallel with clinical
and metabolic improvement, the patient was successfully extubated
and transferred to the ward.

This case demonstrates that macrodynamic hemodynamic stability
does not always reflect adequate microcirculatory perfusion in acute
respiratory failure following “near-drowning”. Persistent hyperla-
ctatemia may serve as an important indicator of microcirculatory
dysfunction. The rapid lactate clearance observed with isoprenaline
therapy suggests that B-adrenergic agents may have the potential to
improve microcirculation and oxygen delivery in selected patients.
In critically ill patients, evaluating lactate as a trend rather than a
single value and individualizing treatment strategies according to
circulatory phenotype are critical.

Keywords: Near-drowning, hyperlactatemia, microcirculation,
isoprenaline, intensive care

INTRODUCTION

In “near-drowning” cases, acute lung injury can rapidly progress
to acute respiratory failure (ARF) through mechanisms involving
aspiration, inflammation, and surfactant inactivation . In acute
lung injury, tissue hypoxia and lactate production are among the key
biomarkers determining patient prognosis . Since lactate can also
be utilized as an energy substrate, the pathophysiology of elevated
lactate levels involves not only hypoperfusion but also metabolic
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remodeling . Moreover, real-time monitoring of the microcirculation
may reflect shock-related tissue hypoxia and therapeutic response
earlier than macrodynamic parameters .

In this case, we present a patient with acute respiratory failure
secondary to near-drowning who remained macrodynamically
stable yet exhibited persistent hyperlactatemia. We summarize the
dramatic improvement achieved with isoprenaline and discuss the
underlying mechanisms in light of the current literature.

CASE REPORT

A 76-year-old female patient was intubated after being rescued from
the sea due to syncope, respiratory distress, decreased peripheral
oxygen saturation, and a Glasgow Coma Scale (GCS) score of 5,
and was admitted to our intensive care unit (ICU) with a diagnosis
of acute respiratory failure secondary to near-drowning. Her medi-
cal history was notable for congestive heart failure, hypertension,
coronary artery disease, and depression.

Upon ICU admission, the patient was receiving invasive mechanical
ventilation (PRVC mode; FiO2 50%, respiratory rate 12/min, PEEP
8 cmH-O0, tidal volume adjusted to 4-6 mL/kg) and was sedated
with midazolam (0,02 mg/kg/h) (GCS 3, RASS —1). Vital signs
were as follows: TA 113/75 mmHg, pulse 94/min, temperature
36.7°C, SpO2 98% (with mechanical ventilation), respiratory rate
18/min; sinus tachycardia was observed during monitoring. Pupils
were midline and isocoric. Lung auscultation revealed bilateral
coarse crackles with occasional rhonchi. Cardiac examination
demonstrated rhythmic S1 and S2 without murmurs or additional
sounds. The abdomen was non-distended with no guarding, rebound
tenderness, or tenderness; bowel sounds were normoactive. Distal
parts of all four extremities appeared cyanotic, while no cyanosis
was observed in the oral mucosa. Peripheral pulses were palpable,
equal, and symmetric. Thoracic computed tomography revealed
bilateral central peribronchovascular opacities consistent with as-
piration and consolidations in the basal regions. Fluid resuscitation
was performed in a manner that considered the balance between
fluid intake and output, and avoided volume overload.

The initial arterial blood gas analysis showed pH 7.319, pCO- 42.9
mmHg, HCO;™ 19.8 mmol/L, K* 3.76 mmol/L, and lactate 3.04
mmol/L. Fluid replacement was continued. A follow-up arterial
blood gas analysis revealed pH 7.331, pCO: 44.9 mmHg, HCOs~
21.2 mmol/L, and lactate 3.37 mmol/L. Despite ongoing fluid
resuscitation, lactate levels continued to rise. The patient’s arterial
blood gas and lactate values are shown in Table 1, and the lactate
trend graph is shown in Figure 1.
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Table 1. Arterial Blood Gas Analyses and Lactate Levels of the Patient

0.h 2.h 6.h 8&h | 14h | 16h | 18h | 24h | 48h | 60.h | 72.h | 96.h
Ph 7,319 | 7,331 | 7,335 | 7,366 | 7,350 | 7,370 | 7,360 | 7,401 | 7,390 | 7,380 | 7,400 | 7,410
PaCO, (mmHg) | 429 | 449 | 432 | 450 | 443 | 42,0 | 44,1 | 450 | 432 | 460 | 441 | 420
PaO, (mmHg) 581 | 62,0 | 650 | 672 | 662 | 67,0 | 662 | 693 | 713 | 700 | 71,9 | 70,0
HCO, (mEq/L) 198 | 212 | 223 | 248 | 23,1 | 246 | 25 242 | 235 | 222 | 23,7 | 242
Lac (mmol/L) 3,04 | 337 | 442 | 6,02 | 805 | 10,06 | 824 | 701 | 502 | 224 | 1,01 | 0,78

PCO:: partial arterial carbon dioxide pressure; PaQa: partial arterial oxygen pressure; HCOs™: bicarbonate; Lac: lactate

Figure 1. Lactate Trend Graph
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During follow-up, the patient did not require inotropic support; no
progression in cardiac biomarkers or dynamic ECG changes was
observed. Hourly urine output ranged between 1 and 2 mL/kg/h.
Serial arterial blood gas analyses showed neither hypoxemia nor
hypercapnia. At the 16th hour of ICU admission, lactate levels
increased to 10.06 mmol/L, prompting continuous hemodynamic
monitoring with the MostCare system (Vygon, Italy), which anal-
yzes the arterial pressure waveform using the Pressure Recording
Analytical Method (PRAM). Initial measurements demonstrated
normal macrodynamic parameters: cardiac index 3.2 L/min/m?
systemic vascular resistance index (SVRI) 2200 dyn-s-cm>-m?
pulse pressure variation (PPV) 12%, and stroke volume variation
(SVV) 13%. Although hypovolemia was not suspected, given normal
macrodynamic findings, the progressive increase in lactate levels
suggested persistent microcirculatory hypoperfusion. Therefore,
an isoprenaline infusion was initiated at a dose of 0.1 pg/kg/min
at the 16th hour of ICU admission.
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Two hours after initiation of the infusion, arterial blood gas analysis
showed a decrease in lactate to 8.24 mmol/L. While isoprenaline
therapy was continued, a 50% reduction in lactate levels was obser-
ved at 48 hours, and lactate decreased to 2.24 mmol/L at 60 hours.
During this period, the patient remained hemodynamically stable
with normal urine output. At 72 hours, lactate further decreased to
1.01 mmol/L. The patient was successfully extubated at 96 hours.
Post-extubation arterial blood gas analysis revealed pH 7.41, pCO:
42 mmHg, and lactate 0.78 mmol/L. The isoprenaline infusion was
discontinued following extubation. With no further need for inotropic
support or mechanical ventilation, the patient was transferred in a
hemodynamically stable condition to the Pulmonology Ward on
the 6th day of ICU admission.

The patient’s arterial blood gas and lactate values are presented in
Table 1, and the lactate trend graph is shown in Figure 1.
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CONCLUSION

Respiratory failure following “near-drowning” is characterized by
aspiration, surfactant depletion, disruption of the alveolocapillary
barrier, and a widespread inflammatory response . In addition to
hypoxemia, this process may lead to increased pulmonary vascular
resistance, right ventricular strain, and an imbalance in systemic
blood flow distribution . Even in patients who appear hemody-
namically “stable” in the early phase, tissue-level hypoperfusion
and microcirculatory dysfunction may persist > ¢. In this context,
as demonstrated in our case, normal macrodynamic parameters do
not exclude microcirculatory inadequacy.

Hyperlactatemia is a prognostically important biomarker in criti-
cally ill patients; however, its pathophysiology is multifactorial.
Tangpaisarn et al. reported high mortality rates among patients
presenting to the emergency department with severe hyperlactate-
mia (>10 mmol/L), emphasizing the heterogeneity of underlying
causes and noting that hyperlactatemia is not invariably related to
hypoxia in all cases . In respiratory failure, lactate elevation may
result from a combination of reduced oxygen delivery to tissues,
increased anaerobic metabolism, inflammation-mediated upregu-
lation of glycolysis, and B-adrenergic stimulation ***®. Beyond
being merely a “marker of hypoxia,” lactate has been shown to play
a dynamic role in energy metabolism. It serves as an alternative
energy substrate for oxidative tissues and, even when administered
exogenously, can induce widespread alterations in skeletal muscle
glucose metabolism . Therefore, interpretation of lactate trends—
rather than reliance on absolute values—within the appropriate
clinical context is recommended 7.

Microcirculatory dysfunction may persist independently of macrod-
ynamic parameters, particularly in shock states or severe respiratory
failure *-9. Bruno et al. demonstrated that direct assessment of the
microcirculation can reveal a dissociation between clinical improve-
ment and macrodynamic hemodynamics ©. Similarly, De Backer and
Foulon emphasized that achieving optimal tissue perfusion during
vasopressor therapy requires attention not only to blood pressure
but also to microcirculatory parameters . This perspective supports
the hypothesis that the elevated lactate levels observed in our case
reflected an underlying microcirculatory disturbance.

Isoprenaline, through its potent - and P2-agonist effects, increases
cardiac output and can induce peripheral vasodilation and reduce
pulmonary capillary wedge pressure via f.-receptor activation ® 9.
However, B2 stimulation may theoretically increase lactate production
by enhancing glycolysis *®. In contrast, the rapid decline in lactate
levels observed after initiation of isoprenaline in our patient suggests
that the predominant mechanism was impaired flow distribution
rather than increased lactate production. Borek et al. highlighted
that pulmonary vascular tone and endothelial dysfunction in acute
respiratory failure can influence systemic microcirculation and
that B-agonists may, in selected cases, improve oxygen delivery ©.
Furthermore, Hilty et al. demonstrated that B-adrenergic blockade
can exacerbate hypoxic pulmonary vasoconstriction, providing a
physiological rationale for the potential benefit of B-agonists in
certain hypoxic conditions '?.
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The reduction in lactate levels observed after initiation of isoprenaline
in our case is clinically significant for two reasons: (i) if the primary
cause of hyperlactatemia had been stress-induced hyperlactatemia or
B2-mediated increased lactate production, a post-treatment decrease
would not have been expected; and (ii) despite macrodynamic sta-
bility, inadequate microcirculatory oxygen delivery likely persisted
and improved following B-agonist therapy. As emphasized by De
Backer and Foulon, the choice of vasopressor or inotropic agent
should be guided by the patient’s circulatory phenotype, with cli-
nical observations and metabolic responses evaluated in parallel ©.

Nevertheless, it should be noted that isoprenaline use carries the
potential risk of tachyarrhythmias and increased myocardial oxygen
consumption, necessitating careful titration and close monitoring in
selected patients ® 9. Additionally, the absence of direct microcircu-
latory measurements in our case limits mechanistic interpretation
to indirect inference, which is a significant limitation of this report.
Despite this, the observation of clinical improvement concurrent
with favorable lactate trends provides strong supportive evidence
for the beneficial effect of isoprenaline therapy.

In conclusion, this case highlights that microcirculatory insufficiency
may persist in severe respiratory failure, such as acute respiratory
distress syndrome (ARDS), even when macrodynamic parameters
are within normal ranges. In selected patients, isoprenaline may
improve microcirculatory perfusion and facilitate metabolic recovery.
Furthermore, this report underscores the importance of trend-based
lactate monitoring rather than reliance on single measurements in
the management of critically ill patients.

Patient consent: Written and verbal consent has been obtained
from the patient’s primary relative for the use of the patient’s in-
formation. (27.06.2025)
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