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Cytokine Storm

e Cytokine storm is an umbrella term encompassing
several disorders of immune dysregulation
characterized by constitutional symptoms,
systemic inflammation, and multiorgan dysfunction
that can lead to multiorgan failure if inadequately
treated.

Fajgenbaum DC, N Engl J Med 2020; 383: 2255-2273
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Cytokine Storm Syndromes

An Umbrella Term
Cytokine Storm Syndromes

Figure 1. The family of conditions characterized by cytokine storm.
Malig. = malignancy; Assoc. = associations; SJIA = systemic juvenile
idiopathic arthritis; MAS = macrophage activation syndrome; CRS =
cytokine release syndrome; ARDS = acute respiratory distress
syndrome; EBV = Epstein-Barr virus; HLH = hemophagocytic

lymphohistiocytosis. Henderson LA, Arthritis Rheumatol. 2020; 72: 1059-1063



Clinical Presentation of Cytokine Storm

Lungs Nervous system
« Pneumonitis « Confusion
« Pulmonary edema « Delirium
« Dyspnea, hypoxemia « Aphasia
« ARDS « Seizures
>
LD Constitutional symptoms
« Hepatomegaly + Fever
« Elevated liver enzymes < AROFaki
« Increased hepcidin  Fatigue
« Hypoalbuminemia J

« Liver injury

g

« Cholestasis

Heart

« Liver failure « Hypotension

« Tachycardia

Kidneys « Cardiomyopathy

« Acute renal dysfunction or injury

« Renal failure

Rheumatologic system

« Vasculitis

Vascular and lymphatic systems « Arthritis, arthralgia

« Cytopenia, anemia, leukocytosis
« Coagulopathy

. Hyperferritinemia, increase in other
acute-phase reactants (e.g., CRP,
p-dimer)

Gastrointestinal system

» Nausea

« Vomiting

« Elevated cytokines (e.g., interleukin-1,
interleukin-6, interferon-y) and growth
factors (e.g., VEGF)

« Endothelial damage and vascular
permeability

« Diarrhea
« Ascites

Skin

« Rash
« Edema

- Capillary leak syndrome
« Vasodilatory shock

« Spontaneous hemorrhage

« Lymphadenopathy

Fajgenbaum DC, N Engl J Med 2020; 383: 2255-2273



Triggers of COVID-19 Cytokine Storm

TNF-a and IFN-g synergize to drive the cytokine storm and cell death associated with COVID-19 and sepsis.

SARS-CoV-2
Infection

H

1

Inflammatory Cell Death

fﬁ;&;gttg;i: Cytokine Storm
| : * Apoptosis o -===3 )
nnate ‘ . o R g
; Cytokines Necroptosts/, Sy @
Immunity gl

MECHANISM

# TNF-a
IFN-y
Neutralizing
antibody
Anti-TNF-a
Anti-IFN-y

CYTOKINE
LEVEL

Cytokine Shock Syndromes

« Viruses: SARS, MERS, Influenza

« Bacteria: Staphylococci, Streptococci
* HLH

« Other cytokine storm-mediated shocks

Cytokine Shock
Syndromes

!

Cytokine Shock Syndromes Markers

Ferritin 1 Becells | RBC 1 l l 1 1 l 1 1
LDH 1 Tcells | HCT 1 ) |
ALT 1 Platelets | Hb 1t » 4
AST 1 PCT ! X
BUN 1
(tscl:)asl) Multi-Organ Failure (Systemic)
GSDME -+ Pyroptosis
; - : RipKi FADD.
—> (STAT1)—>( IRF1 )= (iNOS )=—>( NO )— ‘CASPS8) CASP3/7 — Apoptosis
) ) D =i (RIPK3
T T MLKL = Necroptosis
ij
JAK1/2 inhibitor NO ;
REReeT e RIPK1 PANoptosis
STAT1 inhibitor inhibitor inhibitor inhibitor
SIGNALING EFFECTOR
LEVEL LEVEL

Potential Therapeutics

Karki R, Cell. 2020 Nov 19
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Sepsis vs COVID-19

i
Bt 4

ME RN A AA R — L

HRAZHREHNH
MDSC? 1J/8Ek| HLA-DR| sPD-L11

Inflarmmation

Immunosupp ression

P
»

« Rebust cytokine storm
» Persistent TIL-6 and IL-8
» MD5C expansion

Insidiows late death

N
\_K.mmm
Recovery » LHLA-DR
1} Secondary infections = TsPD-L1
r
Time (days)

BUIMIE LY IETINF A MAA A — L

coviD-19 -@:

IL-61%2-3:BTLER

EAAH

7N\

F

Inflammation

\SEEIE EERE
\BK| DAILRIBIE R

« TIL-6 at 2-3 weeks
= Hypoxia or MOF

Florid inpatient death

L

: ¢+ ¢
k=l
E l = Early, severe lymphopenia
= » Uncontrolled viraemia
"E" « Sacondary pneumonia
E
E
r
L] 1
Drisease 14 28
onset
Time {days)

Lancet Respir Med. 2020;8:946-949.



Surviving Sepsis Campaign (SSC)

History & Output

SSC Launched

(Barcelona Declaration)

Management Bundles

Hour-1

Management Bundles
6-hour, 24-hour

Management Bundles

3- hour 6-hour

COVID G

SSCG 2008

SSCG 2012

SSCG 2016 SSCG 2021

SSC Guideline
(SSCQG)
2002 2004

o

2008

2012

I
2013 L 2018 LZOZl

2016 2020 2022

J- SSCG

J- SSCG 2016 || J- SSCG 2020

Japanese rapid/living recommendations
on drug management for COVID-19

J-SSCG 2020 Bundles




Paradigm change in the management
of sepsis and septic shock

Traditional time-course of therapies

Escalation-deescalation strategy

Time

Marik PE, Crit Care Med. 2018; 46: 1690-1692.
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