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Inicialni resuscitace sepse

Individualni pfistup
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Osnova

Hour-1 Bundle Surviving Sepsis .

N Campaign'e’

Time Zera/Time Presentation

 Surviving sepsis campaign Vs. Individualizovana terapie
* Proc je potreba individualizovat
* One size fits all?

Initial Resuscitation for Sepsis and Septic Shock (begin immediately):

—O 5
Apply vasopressors if
hypotensive during or
after fluid resuscitation te

Administer broad-
spectrum antibiotics.

maintain a mean arterial
pressure = 65 mm Hg.

)\

“Time =" o “time of presentation” is
defined as the time of wiage in the Emergency
Department ar, if presemting from: another Begin rapid
care venue, from the earliest chart annotation administration of
m-'s;l:nu'lhalehlmdm 30 ml/kg crystalloid
(formerly severe sepsis) or septic sheck for hypotension or

Fenotypy sepse e Lerrme e bl oottt
—O0—

Measure lactate level.

Remezsure lactate & initial lactate
elevated (> 2mmel/L).

— 00— —
Lze inicidlné rozpoznat pacienta, ktery potrfebuje ,jinou” terapii ? oo

antibictics.

Nejohrozenéjsi skupina pacient(

Moznosti jak individualizovat terapii

* No conflict of interest to declare!
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Jak se vyviji mortalita sepse?

3.
a
&
s .
vy 2
o 0
%g &2 053
£ D s Observed
3 = g 0.50 — 2009 - 2011 APC =-10.24"
% g 0 — 2011-2017 APC =0.59
=B T 047
2 O
s = 0.44
= c
2 g 041 |
& 04 T T T T T T T T T T 1 g_ 0.38 l\\
1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 c .
2 035 [N . .
A0 ﬁ ! _!__rl——d—.—
+ 032 -
ki : o
a ]
§ _5 0.29
0.30-
o - 0 026
g g 5
“ = L 023
3 o
5 020- 2 020
5 i >
B 9 017
E T o 2009 2010 2011 2012 2013 2014 2015 2016 2017
'§ Year
‘2" * Indicates that the Annual Percent Change (APC) is significantly different
8. fromzero at the alpha = 0.05 level.

w ] | ] L]
1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001

Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of sepsis in the United States from 1979 through 2000. N Engl J Med. 2003
Bauer, M., Gerlach, H., Vogelmann, T. et al. Mortality in sepsis and septic shock in Europe, North America and Australia between 2009 and 2019— results from a systematic review and meta-analysis. Crit Care 24, 239 (2020).



A I Adjusted Survival Curves
1.0 Fluid Balance Quartiles 12 hours
-
— 1 guania o
2nd quartie
0.9 - Ird quartile °
- 41h quartie
[ ]
[
2 0.8
s -h‘-n_
= = °
wy 07
[ ]
0.6
05 ¢ T T T T T
0 5 10 15 20 25
Days 100+
B Adjusted Survival Curves
Fluid Balance Quartiles Day 4
80+
1 U 15t gquartiie e\e
2nd gquarile 3:
3rd quartibe =
— 4 {h quariie g 604
0.8 g
© 2
= e g W
2 g
= 3
(W p] i o 204
0.6 0
0.5

Tekutiny + Vasopresory

urceni hypovolemie

urceni fluid responsivness

sledovani vyvoje laktatu, capillary refill
time, hypoperfuze

vasoplegie

kardidlni funkce, pravostranna
dysfunkce

Hazard ratio, 0.75 (95% Cl, 0.55-1.02); P=.06

_— Lactate

Peripheral perfusion

2 4 6 8 10 12 14 16 18 20 22 24 26 28

Time, d

[ Fluid infusion +Vasopressor (NE) J

[ /" /" Mean systemic pressure

T /" SUR
/" lenous Return and CO
in preload responsive Patients /" MAP

-

1) Increases the mean systemic pressure more than fluid alone (better CO)
2) Corrects hypotension better than fluid alone
3) Limits fluid overload

4) Produces less hemodilution than fluid alone (— increased DO,)

QM ay improve outcome

Potential advantages of Fluid + NE combination

\

W

Boyd JH, Forbes J, Nakada TA, Walley KR, Russell JA. Fluid resuscitation in septic shock: a positive fluid balance and elevated central venous pressure are associated with increased mortality. Crit Care Med. 2011

Hamzaoui, Olfa. (2021). Combining fluids and vasopressors: A magic potion?. Journal of Intensive Medicine. 2. 10.1016/j.jointm.2021.09.004.



Importance of dissiolic arteriol pressure in sepiic shock: PRO

Patient of 70 years old and history of CAD
with tachycardia (heart rate: 100 beats/min)

and clinical signs of septic shock in spite of initial fluid resuscitation

Situation A Situation B

MAP: 67 mmHg

Blood pressure: 92/55 mmHg
MAP: 67 mmHg

Blood pressure: 111/45 mmHg

Morepinephrine is

Norepinephrine is not

a logical treatment a logical treatment

1.0 5

0.8 -

0.6 -

Sensitivity

04

0.2

diastolic BP

- diastolic BP, 0.78
-LODS, 077

- norepinephrine, 0.71
- SAPSII, 0.67

SAPSII

Area under the receiver-operating-characteristic curve:

02 04 06 08

1-Specificity

1

1.0

Fig. 3. Multivariate factors of survival. SAPS Il was measured at
the time norepinephrine was introduced; NE, norepinephrine; SAP,
systolic arterial blood pressure; DAP, diastolic arterial blood pres-
sure; OR, odds ratios; 95% CI, 95% confidence interval.

Hamzaoui O, Teboul JL. Importance of diastolic arterial pressure in septic shock: PRO. J Crit Care. 2019
Benchekroune, Karpati, Berton, Nathan, Mateo, Chaara, Riché, Laisné, Payen, Mebazaa. Diastolic Arterial Blood Pressure: A Reliable Early Predictor of Survival in Human Septic Shock. The Journal of Trauma: Injury, Infection,

and Critical Care. 2008

Diastolic pressure

Sepsis
Hyperlactatemia Abnormal Periodic
Pravious fluid loading ' CRT e manitaring
MNE far BAP >65 mmHg*
Yes
Adjust ME far
PP <40 DBP <50 e DEE ot

Fiid ._/< Abnarmal
s T CRT

//__ responsivensss

Mo M

Fluid challenges Abnormal Periadic
{max 1,000 mi) CRT —— Mo —pe manitoring

eg

Kattan E, Bakker J, Estenssoro E, Ospina-Tascon GA, Cavalcanti AB, Backer D, Vieillard-Baron A, Teboul JL, Castro R, Herndndez G. Hemodynamic phenotype-based, capillary refill time-targeted resuscitation in early septic
shock: The ANDROMEDA-SHOCK-2 Randomized Clinical Trial study protocol. Rev Bras Ter Intensiva. 2022



Casné zemfeli pacienti

Fig. 2
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Distribution of deaths according to time from ICU admission. Numbers of deaths are represented per day during the first 2 weeks and
per week thereafter. Early (<3 days) and late (>3 days) deaths occurred in 78 (32 94) and 166 (68 %) patients, respectively

- Vysoky vstupni laktat, nizké vstupni pH, vysoké vstupni SOFA
skore — nezavislé prediktory ¢asného umrti

- pretrvavajici hodnota laktatu >5

- Inicialné pozitivni bakteremie

Daviaud F, Grimaldi D, Dechartres A, Charpentier J, Geri G, Marin N, Chiche JD, Cariou A, Mira JP, Péne F. Timing and causes of death in
septic shock. Ann Intensive Care. 2015

Javed A, Guirgis FW, Sterling SA, Puskarich MA, Bowman J, Robinson T, Jones AE. Clinical predictors of early death from sepsis. J Crit
Care. 2017

>

Causes of deaths (%)

Early deaths

1. EARLY
DEATH

MOF

Anti-inflammatory # Pro-inflammatory

THREE CLINICAL TRAJECTORIES

3. CHRONIC CRITICAL ILLNESS (CCI): tOIder Adults

Organ Dysfunction * Persistent Kidney Injury

* Neurocognitive Decline

» Sepsis-Induced Myopathy
(Satellite Cell Dysfunction)

Persistent « T Cytokines (ex. IL-6 & IL-8)
Inflammation & DAMPs

* MDSC persistence
Immunosuppression * Lymphopenia & [sPDL-1
* Nosocomial Infections
«tMDSCs/Myeloid Dysfunction

Younger
1

Adults Catabolism * Sepsis-Induced Myopathy

& Cachexia

Discharge to LTAC
PICS Profound Disabilities
40% Indolent Death

Immune
Homeostasis
Discharge Home

2 days

t
14 days Time 1 year
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Casné zemreli pacienti

Ciu‘-u-
p=0,019
= * p<0,001 10- -
5 AUCO0,894 ]
"E 100
FEE L] . .
E — 8'
- | E . L] .
c g 2 ¢ Survival
* 3 . & r—‘| £ 61 B3 survived
g * a _§’ T —_— B died
- b g .
Clasaical Intermediate Mon-classical .
1T
C 15- 3-days
K
(=] |
T o104 1901
+
o0
8 . 0.75
3
$0.50 AUC =0.801
o B
0.25 fr—
0.00

1.00 0.75 0.50 0.25 0.00
Specificity

L Tomdskova V, Mytnikova A, Hortova Kohoutkova M, Mrkva O, Skotakova M, Sitina M, Helanova K, Fric J, Parenica J, Sramek V and Helan M (2022) Prognostic value of soluble endoglin in patients with septic shock and

severe COVID-19. Front. Med.
LI Hortovd-Kohoutkovd M, Ldznickovd P, Bendickovd K, De Zuani M, Andrejéinovd |, Tomdskovd V, Suk P, Srémek V, Heldn M, Fri¢ J. Differences in monocyte subsets are associated with short-term survival in patients with

septic shock. J Cell Mol Med. 2020.
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Precision medicine

Prognostic/predictive enrichment

Heterogeneous cohort Patients with low

of patients with sepsis mortality risk

[ J [ ] ) [ J [

w w w w w , Standard

[ ) @ care

Specific treatment for
/ biological mechanism 1

\ [ @ ® /
w w w Predictive
w w w 'i| - w w W w w
Patients with high Specific treatment for
mortality risk biological mechanism 2

Prognostic

® enrichment

Wi
$14
g

L Stanski NL, Wong HR. Prognostic and predictive enrichment in sepsis. Nat Rev Nephrol. 2019



Artificial inteligence

by Physician

Including various
underlying conditions

Patients diaghosed with Sepsis ' .

‘Infection + Critical organ dysfunction’ " A PY

| | Subgrouping \’m ﬂ w/

| -
A B A
w ‘Within few hours’ - -

failed clinical trial

® = . ' o ° Uniform pathophysiology
® Limited available n
parameters ) L e
-age Ps
= - w A A may follow the robust
@ AN indicate pathophysiol ’ — ' i
AW indicate pathophysiolosy ) ood examination evidence from animal
etc. P experiments
n

LI NakamoriY et al.: Immune Deregulation in Sepsis and Septic Shock: Reversing Immune Paralysis by Targeting PD-1/PD-L1 Pathway. 2021



Endotypes Methodology Studied group Implications References
Subclass A; repression of adaptive Genome-wide expression profiling, Children with septic Identification of high-risk Wong et al
immunity and zinc-related biology unsupervised hierarchical clustering shock (n = 98) subpopulation by subclass An (2009)
Subclass B of genes which expression was = 2- assessment identification of novel
Subclass C fold changed (comparing to controls) therapeutic targets
in 25-50% of patients
Subclass A Multiplex mRNA quantification Children with septic Development of a method for Wong et al
Subclass B platform to analyze the expression of  shock [n = 168) endaotyping pediatric septic shock (2015)
the 100 subclass-defining genes Identification of endotype (4)
associated with the harmful effects
of glucocorticosteraids
Marsl: immunosuppression, increase  Genome-wide expression Sepsis (n = 306), Marsl type response is related to Sclicluna
in heme biosynthesis pathway validation cohort poor early- and long-term outcome et al
Components (n = 2186), second (2017)
Mars2: increased expression of genes validation cohort
related to pattern recognition, (CAP sepsis n = 265)
cytokines, cell growth
Mars3: adaptive immunity; IL-1, NK-
cell signaling
Mars4: interferon signaling, pattemn
recognition, TREM1 signaling
SRS51 (Sepsis Response Signature 1) Genome-wide microchip array, Sepsis due to CAP SRS1is a predictor of high early Davenport
immunosuppression, variation in global gene expression (n = 265 and maortality et al
T-cell exhaustion, endotoxin by unsupervised hierarchical validation cohort (2016)
tolerance clustering n = 106)
SRS2: proliferation, immune
response, cell adhesion
SRS1: cell death, apoptosis, Genome-wide Microarray, variation Fecal peritonitis SRS1 is a denominator of high early Burnham
endotoxin tolerance in global gene expression sepsis(n = 117) (also mortality, but the shift to SRS2 et al
5R52: cell adhesion, differentiation, comparison with pattern is a marker of favorable (2017)
proliferation, immune response CAPR; n = 126) prognosis
Endotype A Retrospective analysis of Sepsis (n = 549) Highest mortality in patients Waong et al
Endotype B transcriptomic data using pattern of < 40 y.o. co-allocated into endotype (2017a)
100 genes expression AJSRS1. Suggestion of relationship
between immunosuppressive
response and mortality
Endotype A Retrospective classification and Septic children Development of four-gene based Waong et al
Endotype B regression tree analysis of (n = 300); validation protocal for endotyping of septic (201.7b)
retrospective data to find the group (n = 43) children.
smallest discriminatory set of genes Potential to identify glucocorticoid
TESPONSES
SRS1 Genome-wide microarray, allocation Sepsis (n = 177) Hydrocortisone treatment increases Antcliffe
SRS2 based on the generalized linear martality in SRS2 et al
maodel based on 7 genes (from (2019)
Davenport et al, 2016)
Inflammopathic: pro-inflammatory, Genome-wide expression Retrospective Identification of major deregulated Sweeney
complement pathways analysis of septic pathways in endotypes that can et al
Adaptive: adaptive immunity and patients (n = 700) direct selective treatment (2018a)

interferon signaling
Coagulopathic: platelet
degranulation, coagulation cascade

from 14 trials

CAP, community acquired pneumonia; SRS, sepsis response signature,

L Cavaillon JM, Singer M, Skirecki T. Sepsis therapies: learning from 30 years of failure of translational research to propose new leads. EMBO Mol Med. 2020

Fenotypy sepse
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Terapie cilené na podskupiny pacientu

Table 2. Examples of clinical trials that showed benefits in subgroups of septic

patients

Drug/intervention

Afelimomab (anti-tumor
necrosis factor Flab')2
monoclonal antibody
fragment)

GM-C5F

Anakinra (IL-1 receptor
antagonist)

Trimodulin [polyclonal
immunoglobulin
preparation)

Subgroups

IL-6 = 1,000 pg/mi

Monocytic HLA-DR < 8,000
antibodies per cell

Features of
hemophagocytic
lymphohistiocytosis
[disseminated
intravascular coagulation
[DIC), thrombocytopenia
and hepatobiliary
dysfunction)

CRP=T70mag/land IgM
=08a/l

Benefit

28-day
mortality
£3.6% vs. £7.6%
placebo

Time of
mechanical
ventilation
148 =103 vs.
207 =58 h
(placebo),
FP=004

28-day
mortality
34,.6% vs. B4.7%
placebo

28-day
mortality 1.8%
vE. 36.6%
placebo

(P =0.0086)

Mode of
analysis

Prospective

Prospective

Re-analysis of de-
identified data
from the phase Il
randomized
interleukin-1
receptor
antagonist trial in
SEVEaEre sepsis

Exploratory post
hoc

References

Panacek et a/
(2004)

Meisel et af
(2003)

Shakoory et af
(2016)

Welte er &/
(2018)

L Cavaillon JM, Singer M, Skirecki T. Sepsis therapies: learning from 30 years of failure of translational research to propose new leads. EMBO Mol Med. 2020
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* beta (B): older age, more chronic illness, and kidney dysfunction

* gamma (y): elevated inflammation and primary pulmonary dysfunction

* delta (6): least common and most deadly phenotype; characterized by liver dysfunction
and shock and the highest in-hospital mortality (32%)

£ Seymour CW, Kennedy JN, Wang S, et al. Derivation, Validation, and Potential Treatment Implications

of Novel Clinical Phenotypes for Sepsis. JAMA. 2019
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Individualizovana resuscitace sepse

Ma et al. Crit Care (2021) 25:243

https://dol.org/10.1186/513054-021-03682-7 Cr|t| Cal Ca re
. . e ®
Individualized resuscitation strategy

for septic shock formalized by finite mixture
modeling and dynamic treatment regimen

Penglin Ma'?, Jingtao Liu?f, Feng Shen?, Xuelian Liao*, Ming Xiu®, Heling Zhao®, Mingyan Zhao’, Jing Xie®,
Peng Wang®, Man Huang'®, Tong Li'", Meili Duan'?, Kejian Qian'?, Yue Peng ¥, Feihu Zhou'®, Xin Xin'®,
Xianyao Wan'’, ZongYu Wang'®, Shusheng Li', Jianwei Han?®, Zhenliang Li®!, Guolei Ding?, Qun Deng®®,
Jicheng Zhang®, Yue Zhu?®, Wenjing Ma?®, Jingwen Wang?”, Yan Kang”® and Zhongheng Zhang”®"

- Identifikovdno 5 fenotypu:

baseline class - majority of patients

critical class - had the highest severity of illness

renal dysfunction class - was characterized by renal dysfunction

respiratory failure class - was characterized by respiratory failure
mild class - was characterized by the lowest mortality rate (21%)

LN =

While class 1 transitioned to de-resuscitation phase on day 3, class 3 transitioned on day 1.
- Classes 1 and 3 might benefit from early use of norepinephrine,
- Class 2 can benefit from delayed use of norepinephrine while waiting for adequate fluid infusion.



Vyvoj hyper-/hypotermie

Identifying Novel Sepsis Subphenotypes Using Temperature Trajectories

Sivasubramanium V. Bhavani 1, Kyle A. Carey 1, Emily R. Gilbert 2, Majid Afshar 2, “Philip A. Verhoef 13, and
Matthew M. Churpek 1
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FEATURE ARTICLES

Therapeutic Hyperthermia Is Associated With
Improved Survival in Afebrile Critically Il
Patients With Sepsis: A Pilot Randomized Trial

Drewry, Anne M. MD, M5CIT; Mohr, Nichalas M. MD, MS2%; Ablordeppey, Enyo A. MD, MPH13; Dalton,
Catherine M. BA"; Doctor, Rebecca ). BAY; Fuller, Brian M. MD, MSCI%; Kollef, Marin H. MD8; Hotchkiss,
Richard S. MD'

Author Information®
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- maximum temperature less than 38.3°C within the 24 hours prior to enrollment

- External warming using a forced-air warming blanket for 48 hours, with a goal
temperature 1.5°C above the lowest temperature documented in the previous 24
hours.

- We enrolled 56 participants

- Participants allocated to external warming had lower 28-day mortality (18% vs
43%.



Kortikoidy ?

e Stale kontroverzni

SSC — ,,For adults with septic shock and an ongoing requirement for vasopressor therapy we suggest using IV corticosteroids. Weak
recommendation; moderate quality of evidence”
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Figure: Balance of the benefits and potential harms associated with the use of glucocorticoids in patients
with sepsis and septic shock
The orange bubbles are those with lower certainty of evidence. The blue bubbles are those with higher certainty of
evidence.

LI Marik, Paul E (2018). The role of glucocorticoids as adjunctive treatment for sepsis in the modern era. The Lancet Respiratory Medicine.



Vanish study re-analysis

Antcliffe et al. , 2019 - Transcriptomic Signatures in Sepsis and a Differential Response to Steroids. From the
VANISH Randomized Trial

* Patients with the SRS2 phenotype had worse mortality when receiving corticoids as part of septic shock
treatment
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L
Macrophage activation-like syndrom - MALS

Sepsis (defined as total SOFA score >2 points for new admissions or as increase of total SOFA score >2 points for hospitalized patients)

= Secondary Hemophagocytic lymphohistocytosis

+ either positive HSscore or both HBD and DIC
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DIC, disseminated intravascular coagulation; HBD, hepatobiliary dysfunction; HIV, human immunodeficiency virus; HS, hemophagocytosis;, SOFA, sequential organ failure asses:
<, less than; >, more than; <, less than or equal to; >, more than or equal to.



Macrophage activation-like syndrom - MALS

* Ferritin levels above 4420 ng/ml

* The frequency of MALS was 3.7% and 4.3% Macrophlage alctuvanon—hke syng romﬁ. an .
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* A Trial of Validation and Restoration of Immune Dysfunction in Severe Infections and Sepsis (PROVIDE, NCT03332225) —
Athens, Greece — recruitment completed, not yet published.

* 3 arms (Anakinra, Recombinant human interferon-gamma, placebo)
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Study Re-analysis
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- B. Shakoory, M.D., J.A. Carcillo, M.D., [...], and S.M. Opal, M.D.

HBD/DIC+ riL-1Ra (n= 26); Mortality (%): 9 (35) Anakinra
------ HBD/DIC+ placebo (n=17); Mortality (%): 11 (65)

Non-HBD/DIC+ riL-1Ra (n=484); Mortality (%): 145 (29)

------ Non-HBD/DIC+ placebo (n=236); Mortality (%): 72 (30)

* HBD/DIC group (MAS): patients with severe sepsis who demonstrate BOTH
hepatobiliary dysfunction and DIC features
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Dékuji za pozornost
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