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SEPSIS

* Konagin enfeksiyona verdigi uygunsuz yanit

sonucu gelisen organ disfonksiyonu






SEPSIS

1. Enfeksiyon

2. Uygunsuz/kontrol edilemeyen konakgl yaniti

3. Organ Disfonksiyonu




Sepsiste Proinflamasyon — Antiinflamasyon arasindaki

Inflammatory response

Ee

denge bozulur

Innate immune system Adaptive immune system
Early response Cellular immune response Humoral immune response
= Release of IL-1, IL-6, IL-8, « Activation of B cells, neutrophils, * Production of Immunoglobulins

IL-12, IL-18, TNF-a, IFN-y myeloid-derived supressor cells (i.e. 1gM, 1g2G)

* Activation of complement,
coagulation, phagocytes o~

Decrease of HLA-DR expression

TLR T- cell exhaustion

Apoptosis of immune cells
(i.e. lymphocytes, monocytes and antigen-
presenting cells)

Recovery
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Anti-inflammatory events

Immunoparalysis =~

Nosocomial infections 0
Viral reactivation -
Endotoxin tolerance A




ENFEKSIYON

TETIKLEYICILER (Enfeksiyon ajani, konak)

ALGILAYICI / ETKIN HUCRELER

MEDIATORLER
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ETKIN ENFEKSIYON KONTROLSUZ KONAK

KONTROLU CEVABI, MODS, OLUM




1. Bakterinin konak ile tanismasi

Konak Hicresi Bakteri

PAMP

Pathogen associated molecular patterns
(LPS, Lipoprotein, bakteri DNA's!...)

TLR (Toll like receptor)

CLR (C-Type lectin receptor)

RLR (Retinoic acid inducuble .
gene 1-like receptors) . Konak

DAMP
Damage associated molecular patterns

NOR (Nucleotide-binding
(Endojen proteinler, DNA, RNA, Urik asit...)

oligomerization domain-like
receptors)
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2. Immun sistem ve efektdr hiicrelerin aktivasyonu

Lokosit aktivasyonu

Granulosit, Makrofaj, Lenfositler...
Kompleman aktivasyonu
Koagulasyon aktivasyonu
Epitelyal ve Endotelyal hiicrelerin

aktivasyonu
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3. Sitokin ve mediatorlerin salinimi

Adaptive Immunity

Sitokinler/kemokinler

0

]
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Kompleman proteinleri Cytokines "

‘ High-affinity
antibodies

Koagulasyon arunleri "

B lymphocyte

Hlcre duvari belirleyicileri

Endotelyal mediatorler

Helper T

lymphocyte Cytotoxic T

Ivmphocvte



TREM-1

..°  DAMPs TLR+ receptor
(U (Alarmins) Endothellal Platele%

Vaskuler dizey

Caplllary
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Increased Severe
expression endothellal

, ‘ of TREM-1 " V
Increased expression of TREM-1 and . Cap|||ary

functionalization of TREM-1 secondary
to TLR activation

DAMPs
(Alarmins) -

PAMPs
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SEPSIS
2

Leukocyte
tissue
infiltration

TREM-1 activation promotes:
- endothelial cell inflammation p i
(adhesion molecules) / :
« leukocyte recruitment
« activation of coagulation

Capillary

Leukocyte
tissue
infiltration

SEPTIC
SHOCK .

TREM-1 activation promotes:
« dysfunction of endothelial barrier:
- capillary leakage
- hypotension
- interstitial edema
« tissue hypoxia and organ failure

10



Hicresel
dizey

MONOCYTE/ o | o8
MACROPHAGE PAMPsDAMPs ¢/ !
° ; °
° o
Release of TtR JLR
cytokines and
chemokines TREM;
A° receptor receptor

o

P

MAPKs

COX2

)
NUCLEUS &
S

N .
Transcription
factors

e
O 7 iNOS ¢

lo®

ENDOTHELIAL

PAMPS/DAMPs CELL

ik ?b Adhesion
TREM-1 5’ \; molecules -

/7 o
o I
» Release of

4
“cytokines

MAPKSs

 Release of
\_/Y NO™

Re.leavs'e of
MPO and
cytokines r
Release of @
ROS

NEUTROPHIL

NUCLEUS

/

Thrombin
Collagen
ADP

TREM-1
receptor

« Platelet
activation

P» « Aggregation

TREM-1

PLATELETs




Kompleman aktivasyonu, mikrovaskuler koagulasyon ve

trombus olusumu
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4. Organ Hasarl

1. Artmis koagulasyon/azalmis antikoagulasyon

2. Mikrodolasim bozukluklari
1. Endotel hasari ve disfonksiyonu
2. Vazodilatasyon, permabilite degisiklikleri

3. Doku 6demi
3. Hipotansiyon
4. Mitokondriyal disfonksiyon

5. Doku hipoperfizyonu ve hipoksisi



Insult

Uncontrolled infection/major trauma/circulatory shock/tissue necrosis/apoptosis/anaphylaxia

|

Trigger

LPS, LTA, lipoproteins, peptidoglycans, bacterial DNA, etc.

PAMPs

DAMPs
HMGB-1, heat-shock protein, DNA, uric acid, etc.

Y

Complex protein systems

|
l 00
004 ©

Vascular and tissue cells

Blood and lymphatic cells

Sensors and 000 '.‘
o
effector cells o9 “
oV %o '
Complement Coagulation ||Endothelial Epithelial Adipose Granulocytes Macrophages/  Lymphocytes
system system cells cells tissue monocytes  (T-cells, B-cells)
R i W
’l \‘ =
C5a, aPPT, Endothelial Acute phase Cytokines/ chemokines Cell surface
Mediat d C3a, PT stress response: || reactants: Soluble receptors: markers:
biomarkers AT ELAM-1, CRPLBP, IL-6,1L-8, IL-4, IL-10 mHLA DR,
rOInATRars C5b-9, ProteinC || ICAM-1, PCT, etc. MIF,HMGB1, sTNF, CD64,CD48,
etc. etc. Selectins, suPAR, sTREM-1, etc. C5aR, etc.
4 J
Y
Cardiovascular  Kidney Liver Micro-
system circulation
Impact on
organ function
Confusion Respiratory Oliguria/ Excretory Loss of barrier ~ Capillary leak
distress Anuria failure function,ileus  edema, DIC

)

Effective source control
Normalization of biomarker abnormalities
Resolution of organ dysfunction; recovery

Ineffective source control
Persistence of biomarker abnormalities
Multiple organ failure; death
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Sitokin firtinasi

Hypercoagulation

Cytokines Storm

Activated
Platelets

IL-1B IL-10
cXxcLio
woor] [

MCP-1

Fibrinogen D Dimer
l IgG ACA 1gG-M anti-B2-GPI
VWF, Factor VIIl, Protein C

| l Antithrombin, Protein S antigen l

i
SEPSIS \
SHOCK
HYPOXIA THROMBOXANE
1L (TxB2)

\V

macrophages V

neutrophil monocyte

h; . - Y S
platelets @ @ neutrophil monocyte macrophage H}‘pm;_m-tlnd;mble ’ PI;{\\?ERI:B}EIE?\ ‘
- actor
e pla a VEGF
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‘ ENDOTHELIAL DYSFUCTION ‘

Immiin hiicrelerde asiri aktivasyon, inflamatuar sitokin ve kimyasal mediatér
Uretiminde bozukluk durumu olup hayati tehdit eden bir durumdur (hiperinflamasyon)

Ciddi enfeksiyondan ARDS ve MODS’a kadar giden tablo
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COVID-19 sepsisi

SARS-CoV-2
i
Activation of complement system and S protein-ACE2 receplor interaction
|
Terminal MAC (C5b-9) production
|
Endothelial injury if unprotected due to underexpressed CD59 (7)
!
Endotheliopathy/dysfunction
|
' '
Inflammatory Pathway Activation Microthrombotic Pathway Activation
! !
Release of cytokines and Endothelial exocytosis of ULVWE/FVIN & platelet activation
(e.g., IL-1, IL-8, TNF) I

[

Fever; inflammation

'
Cytokine storm

Vascular Health and Risk Management 2021:17

ADAMTS13 insufficiency due to excessive exocytosis of ULVIWF
with/without ineficiency due to [mutated ADAMTS13 gene]

|

Excess ULVWE multimers become anchored to ECs of
lungsi/organs and recruit platelets to assemble
platelet-ULVWE complexes to form microthrombi strings

b

EA-VMTD—TCIF, MAHA—TTP like syndrome
'
MODS
(e.g., ARDS)

16



COVID-19 sepsisi

As an immune response to viral infection, proinflammatory COVID-19, may involve multiple SARS-CoV-2 uses human

cytokines and chemokines such as IL-6 , IL-1, I L-1 8 tumor necrosis organ systems. In addition to the el angiotensin-converting enzyme 2
factor (TNF), granulocyte-colony stimulating factor (GCS-F) lungs, the virus has been isolated (hACE2) receptors to enter the body,
have been detected at high levels in COVID-19 patients from blood, urine, facces, liver and and the tissues that express hACE2
gallbladder receptors are the potential target organs
for the virus,

Natural Killer
Cels @

o
o“

Cytokines

B Cells ®

The viral entry is triggered by the
binding of receptor-binding domain
of the virusspike protein, which is
responsible for the attachment to host
cells, to the hACE2 receptors, and

@

‘ ‘ Although COVID-19 presents with mild or moderate illness in the activated by human proteases including
majority of infected patients, it may also progress to severe cell surface protease TMPRSS2 and
respiratory infection and ARDS in 15-20% of cases. An increasing lysosomal proteases cathepsins.

M acrophage number of clinical studies indicate that a cytokine storm plays an The respiratory system is the main
important role in the progression of the COVID - 19 to severe organ of involvement, but other hACE2
infection resulting in ARDS and multiorgan failure. Cytokine storm expressing tissues like the heart, kidney,
is defined as a life-threatening overactivation of immune cells and testes, and other tissues are also
dysregulated inflammatory cytokine/chemical production attacked by the virus

KOCAK TUFAN et al. / Turk ] Med Sci
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COVID-19 sepsisi

KOCAK TUFAN et al. / Turk ] Med Sci

18



Cytokine elevation in severe and critical COVID-19: a rapid @+§ ()

CrassMark
- - - - -
systematic review, meta-analysis, and comparison with .
Lancet Respir Med 2020;
other inflammatory syndromes 8123344
I COVID-19 ARDS
Acute-phase Hyper- Hypo-
Cellular Dend D-dimer Hit reactants  inflammatory inflammatory
S sy TRP T D-dimer 44 3
Comp Ferritin ++ CRP 34 T
Mauophage LDH ke Ferritin s 4
S [
» Leucocytes Leucocytes
Interstitial Lymphocytes 14 Lymphocytes
compartment & Neutrophils 1 Neutrophils --
Effector T cells Effector function® 11 Effector function® ? ?
Cytokines Cytokines
Blood IL-6 + IL-6 P ++
£ TNFa TNFa +i44 ++
compartment Chemokines 4+ Chemokines 44 ++
IFNs { 48 IFNs ? ?
Sepsis CART cell-induced CRS
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Figure 4: Mechanistic comparison of inflammatory processes in patients with COVID-19 versus ARDS, sepsis, and CART cell-induced CRS
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Yaygin Hucre Hasar!i I

Yaygin immun Cevap I
Doku iskemisi I

Yaygin Organ Hasarl I Sitopatik hasar I

Apoptosisde
bozulma

¥
TR
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Doku iskemisi

 Metabolik otoregulasyonda bozulma (O, ihtiyaci ve sunumu)

 Mikrodolasim bozukluklari

— Koagulasyon/antikoagulasyon dengesizligi

— Eritrosit deformibilitesinde azalma

— Endotel disfonksiyonu

Aktive PMINLlerin adhezyonu

Oksijen radikaller, litik enzimler, NO, PDGF, PAF Endotelin salinimi
Vaskuler adhezyon proteinlerinin ekspresyonunda artis

Vaskuler glikokaliksiyel yapinin yikilmasi, integritenin bozulmasi

Permiabilite artisi, vazodilatasyon, 6dem, basi etkisi



Tissue hypoperfusion

Neutrophil
& ‘) :

o
,,:.:‘
2 /4
=
[
Release of
mitochondrial
contents

— Thrombosis

@

[ Tissue hypoperfusion ]

LOSS ‘oi-|n;:||”'_'

Increased coagulation Decreased anticoagulation
U Tissue - Endothelial cell T
factor pathway - .& S1P3 S1P1
inhibitor 1™ 1 Endothelial — PARIL oy
protein C receptor T e
4 S1P1
1 Antithrombin 1 Protein C
l g 1 Activated protein C 1 Angiopoietin 2
4 Activated Vvasodilatation and 1 thrombin
protein C 1 Blood pressure
° ®e
* PA1 &> | Fibrinoly 1 Red-cell
b ¢ 5 ibrinolysis .
®o et deformability _ Ceg shlr'u&l;a -
| ) 1 VE cadherin and and ce at

1 Tight junctions

Capillary leak
and interstitial
edema

functior

— | e

Loss of
barrier function

=

T N

)

\"

Mitochondrial
dysfunction

[ 1 Tissue oxygenation ]

|

Organ failure

N ENGL) MED 369;9 NEJM.ORG AUGUST 29, 2013
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Sitopatik Hasar

 Mitokondriyal hasar
— Proinflamatuar sitokinlerin etkisi sonucu

— Respiratuar enzimlerin inhibisyonu, oksidatif stres,

mitokondriyal DNA yikimi

— Mitokondriyal elektron transportu, ener;ji

metabolizmasinda bozulma

— Mitokondriyal diizeyde oksijen kullaniminda bozulma



Apoptozisde Bozulma

* Aktive makrofaj ve notrofillerde apoptozisde gecikme

— Uzamis inflamatuar streg ve sitokin salinimi

* Lenfosit ve dentritik hicrelerde apoptozis

— Azalmis immun cevap

* Parankimal, endotelyal ve epitelyal hucrelerde apoptozis

— Organ yetmezligi



Sepsis: Evidence-based pathogenesis and treatment

e Sepsis sadece bir immun yanit degil ayni zamanda hipermetabolik
bir durumdur. infeksiydz ve non-infeksiydz (yanik, travma, vb)
etkenlerle gelisebilen bu tabloda ortak ne var?

 Mitokondriyal dlizeyde elektron transport zincirinde ve Krebs
dongusiindeki enzimlerde inhibiyon var. Oksijenasyonda bozulma
yanisira laktik asit artisi..

 H202: Mitokondriyal diizeyde ortaya cikar ve hizla elimine edilmesi
gerekir. Yoksa hticre hasarina yol acar.

Kritik hastalik

Enfeksiyon
Yanik
Ciddi travma

Sepsis
H202 toksisitesi aracili
organ yetmezligi

\ Hipermetabolizm /

Artmig H202

World ] Crit Care Med 2021 July 9; 10(4): 66-80



Sepsis: Evidence-based pathogenesis and treatment

e Sepsiste kan H202 dlizeyleri cok yUksek

— Hiicre hasarl, lenfositlerde apopitoz, hipotansiyon, koagulopati,
ensefalopati, mikroanjiyopati, kardiyak disfonksiyon, mitokondriyal
hasar, glutatyon deplasyonu

* Yuksek H202 bir hipermetabolik durumdur ve sepsisle

iliskilidir. Uygun antibiyotik tedavisine ragmen hastalarin
neden 6lduguni aciklayabilir.

* Enfeksiyonlar H202yi artirir. Ancak enfeksiyon disi nedenlerle

ortaya cikan de enfeksiyon riskini artirir: lenfosit apopitozu ve
derin lenfopeni nedeniyle.

— Bastan negatif olan kan kuilturlerinin bir stire sonra pozitife donmesi

_rit Care Med 2021 July 9; 10(4): 66-80
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4. Antiinflamatuar yanit

Noroendokrin regulasyon; kortizol salinimi
Proinflamatuar sitokin saliniminda azalma
Immun hiicrelerde fonksiyon bozuklugu
Proinflamatuar gen ekspresyonunda azalma

Ikincil enfeksiyonlar



Proinflammatory response
oL

N¢

| Pathogen factors

Load
| Virulence
Pathogen-associated
molecular patterns

Host-pathogen interaction

Host cell

Cytokines
Proteases . ©
Reactive oxygen species

f 1

Excessive inflammation causing collateral damage (tissue injury)

Leukocyte activation
Neuroendocrine regulation
Brain
Vagus g
S Cella‘lc
ganglion
Liver,
intestine S

v

. Norepinephrine
Host factors Hypothalamic-
EriiRian pituitary—. — Acetylcholine
Ceneti adrenal axis
enetics
Age Inhibition of proinflammatory
Other illnesses oytokine production
Medications Y
4 ) Adrenal = Catecholamines
gland Cortisol

Antiinflammatory response

Complement products

Complement activation

Perpetuation of inflammation

?

® @

1

Impaired function
of immune cells

!

Apoptosis of T, B,
and dendritic cells

Ea
! v

Expansion of regulatory
T and myeloid

suppressor cells Q
[ .'il Q P

Impaired
phagocytosis

Immunosuppression with enhanced susceptibility to secondary infections

Coagulation proteases

Coagulation activation

Damage-associated
molecular patterns

S

1

Necrotic cell death

Inhibition of proinflammatory
gene transcription

|

Antiinflammatory cytokines
Soluble cytokine receptors
Negative regulators

of TLR signaling
Epigenetic regulation

N ENGL) MED 369;9 NEJM.ORG AUGUST 29, 2013
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Hiperinflamasyon = Antiinflamasyon







IP NEREDE KOPUYOR????
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GERCEK SU Ki.....

Mikroorganizma tarafindan baslatilan bir immun cevap var.
Mikroorganizma, inflamasyon, antiinflamasyon arasinda 3’li miicadale
— Mikroorganizma kazanirsa; OLUM

— Inflamasyon kazanirsa; organ yetmezligi ve OLUM

— Antiinflamatuar yanit kazanirsa; enfeksiyon ve OLUM

HEDEF; dengenin kurulmasi

DENGE ne zaman ve neden bozuluyor..???

DENGE nasil kurulabilir..???



Sepsisin etkilerinden timden kurtulmak mimkin ma?
Post-sepsis sendromu

Rehospitalizasyon

Uzamis immun
supresyon

Kognitif
bozukluklar

Noropsikiyatrik
bozukluklar

Kardiyak ve renal
sorunlar

Yasam kalitesinde
bozulma

>

4 Uncontrolled inflammation
- Organ failure
o Early death
g
= L Early inflammation
= Increased inflammatory cytokine (e.g. TNFa, IL-6) and DAMP release
= Oxidative stress
QE_ Vascular defects (e.g. hypotension) and organ failure
Recovery (immune homeostasis)
B .
Onset of sepsis Prolonged immunosuppression
> Impaired cytokine secretion
o Early immunosuppression Epigenetic modifications
g Lymphocyte apoptosis Dysfunctional CD4+ and CD8+ T cells
e <« Cellular reprogramming Cellular reprogramming
= Increased T,eq proportion Increased T, proportion
% Elevated MDSC populations Elevated MDSC populations
€
< / Recurrent sepsis
* Rehospitalization
\ Late death






