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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
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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
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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.

Mortalite (+) Mortalite (-) Mortalite (+) Mortalite (-)
000
191 GASDERMIN-D CASPASE-1
s00
s00]
400
600
3000
400
000
p=0.%0 p=0368
200
10001
p0a3s p=o180
o o0
leen- [R—— istem 24500t 48.saat Ilem 245t 48.saat Idem  24.su 4.saat
.......................
ite () te () .
Mortalite (+) Mortalite () Mortalite (4) Mortalite (3

500,00

118
3007 NiRe3
400000 30000
p=0738
pz0078

00050 p=0.005 25000
20000

2000,00-

15000

100000

p=0651

p=0.651

10000

lslm 24.saat 48, saat Islem  24.saat  48.saat

nnnnnnnnnnn k'm 2.5t 48 saat

nnnnn

mm 2d.saat 48.saat
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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
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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

Corresponding Author
Mahmut Alp KARAHAN | mahmutalp k@yahoo.com


https://orcid.org/0000-0002-7210-9481
https://orcid.org/0000-0002-1053-1417
https://orcid.org/0000-0002-9469-4757
https://orcid.org/0000-0002-6396-0426
https://orcid.org/0000-0002-8053-017X
https://orcid.org/0000-0001-5999-0510

Turkish
Journal of
RESUSCITATION

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.
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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

Corresponding Author
Mahmut Alp KARAHAN | mahmutalp k@yahoo.com



Turkish
Journal of
RESUSCITATION

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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