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Definicie sepsy,
R. Bone 1991, Th. Calandra 2001, ANGUS d. 2013, M. Singer 2016

Sepsa predstavuje klinicky syndrom systémovej zdpalovej odpovede na infekciu
R. Bone, et al. 1991

Sepsa znamena klinickid manifestaciu akutneho zlyhania vrodenej imunitnej
reakcie na infekciu, ktora vedie k nadmernej a neprimeranej odpovedi
organovych systémov hostitela Thierry Calandra 2001.

Sepsa znamena systémovu aktivaciu imunitného, retikulo- endotelového a
hemokoagulacného systému, ktoré indukuju neurovegetativnu, endokrinnu,
metabolicki a organovu odpoved. Angus D., T. Poll, NEJM 2013.

Sepsa je definovana ako Zivot- ohrozujuci stav organovej dysfunkcie zapricineny
dysregulovanou odpovedou organizmu na infekciu

Sepsis-3 definiton. M.Singer et al. /2016. ..



Roger Bone: Pathogenesis of Sepsis, 1989
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Bone R.C, Fisher M... Balk R: SEPSIS SYNDROME : A
VALID CLINICAL ENTITY . Crit Care Med 1989, 17:389 -

Definovanie problému sepsy a septického syndromu
vytvorenie novej klinickej entity SIRS
Implementacia SIRS kritérii pre rychly skrining
septickych stavov .

Koncepcia neinfekéného SIRS (neinfekcna
etiopatogenéza, a infekéného SIRS (sepsa —
etiopatogenéza sepsy spustena infekciou,

Vyznam imunitného systému v patogenéze sepsy a
SIRS



critical care

Gram-Negative Sepsis*

Background, Clinical Features, and Intervention

Roger C. Bome, M.D., FC.C.F

Table 2— Criteria for Sepeis Syndrome®

Clinical evidence of imfection
Rectal temperahare > 38.3°C or <15.5°C
Tachycardia { =10 beats'min}
Tachypnea (=30 breaths'min while spontanesushy breathing)
Al beast one of the Tellowing manifestations of insdequate argan
humctionperfision:
Aliration s mental skabis
Hyposemia (Fald, <72 mm Hg bresthing rom air) {wver
pulmonary dissase not direcd cause of hyposemial
Elevatis plasma lactate bevel

Oiigueria {urime owtput <30 md or 0.5 mlAc fur at beast | k)
*Reprinted with permission.
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SIRS a SEPSA imunopatogenéza
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SIRS vyvolany traumou, nekrézou, chirurgickym vykonom
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SIRS vyvolany ischémiou, resp. ischemicko-reperfuznym
poskodenim .makrofagy, IL-1, -18, TNF, a CD39, CD73.
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Klinicky syndrom SIRS ako nozologicka entita -
heterogénna skupina p. etiopatogenézy a patofyziologie

* Negovsky V.A: The second step in resuscitation--the treatment of the
'post-resuscitation disease'. Resuscitation 1972 ,1 (1): 1-7

* ,, SIRS po resuscitacii,, , ischemicko reperfuzny a metabolicky syndrom

Kirklin J.K : Complement and the damaging effects after cardio-
pulmonary bypass . J Thor Cardiovasc Surgery 1983. ... The whole body
inflammation .. SIRS po mimotelovom obehu krvi. S
Svadione pid O Pump Caiding: s
:"I;tl:l'i:\'.'r:r' .
Ml harld P Valky l.llul..'\.' ' -. na 5§ i -

* SIRS po traume je spojeny So signif. Lymfocytopéniou < 1000 /ul

yTraumaticky” SIRS po traume.

»,Post-Sokovy ,, SIRS, po cirkulachom Soku hemoragickom, kardiogénnom.

,Cancer SIRS“, resp. ,,SIRS z malignity” — syndrom systémovej zapalovej
odpovede vyvolany pokrocCilou rakovinou s nekrézami a metastazami .
(Zahorec 2018)

Failure to normalize Iyvmphopenia following
trauma is associated with increased mortality,
independent of the leukocytosis pattern



Dynamické vztahy infekcie, syndromu sepsy a SIRS u
kritickych stavov

R. Zahorec, 2018




Early procalcitonin kinetics and appropriateness of empirical
antimicrobial therapy in critically ill patients
A prospective observational study

Domonkos Trasy, MD **, Krisztidn Tinczos, MD*, Mirton Németh, MD *, Pérer Hankovszky, MD *,
Andras Lovas, MD *, Andris Mikor, MD *, lldiké Liszld, MD °, Edit Hajda, MD ", Angelika Osztroluczki .
Jinos Fazakas, MD =, Zsolt Molnar, MD * The EProK study group

* Uiréversity of Saepnll Foarudiy of Midicine. Deparmmess of Avsesthesaokogy and fd e Thesogy, Shpnd. Humpany
¥ Linkareoily of Sovprd, Foculty off SMedicios, Déiviision of infeciioas Désravn, Jint Deparfmend of indeenal BMedicine, Sevped, Fungory
* S ferdis Linkerrml), Fososding of Micdioiar, Depairmaie ol off Tromplanlaieng asd Suspiry, Sudepeil, Runhan
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Fig. 2. PCT absalate values in the entire cohort and in the medical and surgical cahort, Data are presented as median and interquartile range, AB indicates antimicrobial therapy. # 05
withan groups; * P 05 between groups,



Dynamika sepsy a SIRS




critical care

Sepsis: A New Hypothesis for
Pathogenesis of the Disease Process™
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With courtesy to
A Nierhaus and Zs Molnar



Dynamika sepsy /SIRS

SIRS

* Dynamika SIRS po velkom op. Vykone

MEeCOvary

* Dynamika SIRS po reverzibilnom Soku,

po nekomplikovanej traume

YSTEMIC RESPONSE

* Dynamika SIRS/sepsy po zmieSanej
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Dynamika sepsy —

vCasna faza, intermediarna, neskora
dynamicky klinicky syndrom — 1-3. den, 4.-7. den, po 7.-10. dni
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EPIDEMIOLOGIA SEPSY




3-mesacna prospektivna epidemiologicka studia z troch velkych
nemocnic v USA. Rangel-Frausto et al. 1995, 273:117-

Rangel-Frausto MS: The natural history of the systemic

inflammatoryresponse syndrome (SIRS). A prospective
JAMA 1995,6273 117 -123

‘rausto ct al. CID 199827 (July)

e

Seee) [ baptc )

shock

NN

Rangel-FraustoMS et al . Dynamics of Disease Progression in Sepsis:
Markov Modeling. Clin. Infec. Dis. 1998 27: ... In general the clinical tnals have been
conducted without clear understanding of the natural history of sepsis.
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Incidence :
11,8 %
Hospital
Mortality:
37,5%

3547 pts:
No SIRS 8,6%
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Sev. SIRS 26%
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Adult-population incidence of severe sepsis
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Infection Clinlcal and Epldemiclogical Study

Epidemiology of Severe Sepsis in Intensive
Care Units in the Slovak Republic

-

K. Zabhorec, I Flirment, I Strakowva, b Mikola, P &alik Plowdk, | Feman, P Chilebo
* 6-mesacna longitudinalna prospektivha epidemiologicka studia na 14
OAIM/KAIM v SR v roku 2003.

* Incidencia tazkej sepsy (s MODS) a septického Soku 8 % zo vSetkych
kriticky chorych pacientov, extrapoldciou 3600 — 4000 pripadov/roc¢ne

* Mortalita 51,2 %, vyskyt tazkej sepsy/sept. Soku 90 pripadov /100
tis.ob.
* 85 % septickych pacientov bolo starsich ako 45 rokov !!

Y 4 (] V4 I
[ om om Sw Snm Sun 8owm LA ou - ason oo

* Incidencia tai.sepsy iletalita na t-* ~~=-r ~* ~-~=i~ o
* Vsetci sept. pacienti pri prijme mali ] = =

SOFA skére > 4 body 5 w0 | =
Vstupna hodnota SOFA skére > 10 bo -

diskriminovala letalitu !



Vplyv veku naincidenciu sepsy v UK,
po 45. roku Zivota !!!

in ICUs in England, Wales and North. Ireland.
Crit Care Med 2003, 31: 2332-2338.
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incidence (per 1000 pop)

Angus D. et al: Epidemiology of severe sepsis in the USA: analysis of incidence, outcome, and
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Immuno senescency , over 45 yrs. old

1l funcuoon of macrophages

1 expression of TLRs

nnate l funcoon of mmogen-activated protem kinases

Immunity 1 producuon of TNF-alpha and IL-6

T producuon of 1L-10

1 bactericidal acnuvity

]l nawe cells

T memory cells CD45SRo—+

T-cells 1 funcuon of mitogen-actuvated protein kinases

{ wpe 1 cviokine response (IL-2, TN F-alpha)

T tvpe 2 cviokine response (IL-4, IL-10)

1l number of B-cells and plasma cells

T polyspecific immmunoglobulins with low affinity produced
bv Bl—cells

B-cells

1l response t© neoantugens







Hlavné priznaky predchadzajice sepse alebo vedtce k sepse.

V prednemocnic¢nych podmienkach
Wallgren U.M et al. Scand J Trauma, Resuscitation, Emergency Medicine, 2017,25:23-

Nahla horucka, triaSka alebo rigor

Nahle dyspnoe. fd > 24/min

Ndhla akdtna silnd bolest ?epsis ha_s many faﬂes
Nahla zmena mentélneho stavu iz |
Nahla svalova slabost

Strata svalovej sily, malatnost
Nahla nausea, alebo hnacka

Zudden change of mental stalus

Sudden r||;| orsiever

L'ii' i'-'

Fignre 7. Systemic symplams seen in paticnis with scpsis, These symptams vary botween



Varovné vitalne znaky na skoru identifikaciu pacientov so
syndrdmom sepsy na oddeleniach urgentnej mediciny.

SIRS kritéria 2/4 , variabilita vyskytu jednotlivych kritérii od 42-78% , zmena
teploty 51-65%, najpriekaznejsi znak dyspnoe /tachypnoe > 24 d/min. a
tachykardia > 90/min. (67-78 %)

NEWS (Vedomie APUV, sTK, HR, Sp02,), resp. MEWS

PRESEP skodre, t>38 C 4 body, srdc. Frekvencia > 90/min 2 body, hypotenzia sTK
< 90 mmHg 2 body, tachypnoe >22/min. 1 bod, hypoxémia Sp0O2 <90 % 2 body.
PRESEP >4 body bola senzitivita 0,85 a Specificita 0,86 .

BAS 90-30-90, sAP <90 mmHg, tachypnoe >30/min, Sp02 <90 %. ldentifikacia
62-71% septickych pacientov.

qSOFA , sAP < 100 mmHg, alteracia vedomia , tachypnoe fd > 22 d/min. alebo
Sp02 <92% - vytaznost od 29 % po 42% (Williams ,2017), resp. 55% pre dg.
tazkej sepsy.

Lars Ljungstrom, Community onset sepsis in Sweden. Univ Gothenburg 2017.



Biomarkery a dynamika sepsy /SIRS — 4 stadia sepsy:

skora —hyperakutna, intermediarna, neskora, chronicka - PICS.

* Kazda faza sepsy /SIRS vyzaduje naleZitu skupinu biomarkerov,
resp. Spravny - nalezity sp6sob ich interpretacie, vychadzajuci z
funkcie a vlastnosti sledovanej latky alebo parametra.

* Vcasna hyperakutna faza sepsy -prvych 24-72-96 hodin : IL-1,
kyselina myristova, IL-6, IL-8, PCT, CRP, sCD14, nCD64, CD163
NLR, eosinofily, fbg. PocCet trombocytov, laktat, koagul. Faktory: D-
dimer, INR, aPTT. Liu etal., 2016, Ljungstrom 2017

* Chronicka faza sepsy po 10.- 14 dnoch resp. PICS vyzaduje : IL-6.
CRP, PCT, IL-10. G-CSF, pocCet Lymfocytov, Treg lymfocytov.
Expresia HLA-DR na monocytoch. Monneret 2013



7 Mechanizmov hyperlaktatémie v sepse a septickom Soku
Vlessis 1995, Revelly 2005, Levraut 2003, Mizock 2001, 2005, Levy 2005,

Gluiige Fatty Acids

. il [ |‘b|.L|| o il
| | d u I
A .
Perilrie Pros s uitic P e
lactaie
rﬁ< [ ogen

igure 1.4 - Representation of classic pathways of cellular metabolism. Substrates (glucose and FAs) are transported across the cell
embrane into the cytosol where they are octivated to pyruvate and acetyl-CoA. These two metabolic intermediates are transported
1side the mitochondrion by specific transport systems. Once inside, the substrotes enter the Krebs Cycle and their reducing equivalents
re used by the efectron transport chain to generate o proton gradient which is used for ATP production. From Doenst et all18].

Br. J Surg, 1995, 82: 870-876.



Hematologické, imunologické a koagulacné parametre na
diagnostiku septického syndromu (Sepsa a SIRS)

Differentialny pocet Leu : neutrophilia : lymphocytopenia = NLR | Monocytopénia, and eospinopénia

Leukocytarna aktivacia (IG- tycinky, zvySeny objem monocytov a neutrofilov pri ich aktivacii v sepse)

Trombocyty pocet a velkost, aktivita, Anémia, erytrocyty - Cell-free hemoglobin),

Proteiny akutnejfazy (PCT, CRP, SAA, orosomukoid, albumin : PINI,)

Aktivacia komplementu C3a, C5a, immunoglobuliny , Proteazy,elastaza, gelatinaza, azurocidin -HBP, PLA2,
Cell-free DNA, miRNA —Exosomes v Sepse, oligonucleotidy , mDNA, cDNA .

Cytokiny, IL-1, IL-6, IL-8, IL-10 , IL-17A, Th17 pathway

Neutrofilné granulocyty (CD64, CD62) Lymphocyty: lymphocytopénia - loss , Treg CD25+ , CD39+,
CD73+, PD-1/PDL-1 pathway, BTLA , CTLA-4, Neu : sCD14, nCD64, TREM-1, CD on Mo ,HLA-DR,
Monocytes, CD14, sCD163 .

Koagulacné faktory : INR, D-dimer, ATIIl , suPAR, fibrinogen...
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Hatio of neutrophil to Ivyvimphocyte counts — rapid
and simple parameter of systemic inflammation and stress
in critically ill

EnEores= H

FPomer neutraofilov a lymfocytov — rvychly a jednoduchy ukazsovatel
systdmovéaho mdApalu & stresu v kritickyceh stavoch
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Ratio of neutrophil to lvmphocyte counts — rapid
and simple parameter of systemic inflammation and stress
in critically ill

Zoalworec R

Fomer neutrofilov a lymfocytov — rychly a jednoduchy ukazovatel
systédmoveého zdpalu a stresu v kritickych stavoch

Tab. o, Infammatory/immune respanse of circulating white blood cells expressed as a Neutrophil-lymphocyte siress facior (NLSF), which fs
neufrophil-lymphocyte ratlo.

Tab, 6. Niveh miery intenzity zipalu 8 stresu na relativay polet neutroflov a lymfoeytov, NLSF — neutrofiilymfocstovs stresovy faktor Je
pomer neutrofflov k Iymfocytom vyjadrenyeh v % 2 poltu leakocytoy.

Differential white blood cell count (% relation ul‘nmtrﬁphilflmphmm count), measued onblood el counter SYSMEX SF 3000

e Physilogi Stes Supraphysioog Sies

Parameter -mmild J-moderate J-severe d-ctitical

Neutrophil % 78-84.9% §5-89.9% 00-04,9% 95 and higher %
Lymphoc, % 10,1-15% 5,1=10,0% 2,6-5,0% 2,5 and less %

NLSF . 5584 85179 |8-36 36 and higher

Vysvetlenie v fexte | 2

s dmica Pl s L BLimie 4



between the neutrophil-to-lymphocyte ratio and mortality in critical

NLR

association
T illness: an observational cohort study
Critical Care Z&15
doi; 10, 1186/513054-014-0731-6
justin D Salcicciol (justinsalcicciolil2@imperial. ac.uk)
Sryrg WiAremivic. marshall ZEkmoertal. ac.uk)
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Mew article :

Reversal of neutrophil-to-lymphocyte count ratio in early

versus late death from septic shock
Flarence Riché et al. 2015

« Florence Riché Affiliated withDépartement d’ Anesthésie - Réanimation - SMLUR,
Hapitaux Universitaires Saint Louis — LariboisierelJFR de Médecine, Université Paris

......  Ce

Key messages

« In patients admitted to the ICU for septic shock, a low NLCR at admission is

associated with a risk of early death.
« In the same population, an increase in the NLCR during the first 5 days is associated

with a risk of late death.
« Early and late death should be distinguished because they may involve different

underlying mechanisms.

Published online 2010 Ot 20, der 10,1 186/cc0 308

Lymphocytopenia and neutrophil-lymphocyte count ratio predict bacteremia better
than conventional infection markers in an emergency care unit

Comelis PC de Jager™ Paul T ? Reiiv B Mathoera
C Wever® S . - ! Jacqueline de Jongh-Leuvenink,? Tom van der Pgll* and Peler
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Neutrophil-to-lymphocyte ratio as a prognostic marker in
critically-ill septic patients =

= Sung Yeon Hwangs®,
- Tae Gumn Sk,
- Ik Joon Jos,
- Kyeongman Jeom=,
2 =
_I_‘ml—:_d—ﬂ'ﬁ_—'?—iwd—:-:z-f_—: T
-l e— eSS ST
- S
i"ﬂ' ! ey 0
== |
= .
= e 1 R Chuwsds T
= e =, il = k
= —_—— = el 5
; :;' 1I-I =I1 -I:!
Tomma (sl
Plunmibear 88 risk
Crudmlile 4 =re Zar =T =16 13X
e lile 2 STo =61 257 2a4r e
STl 3 =T 202 = 252 e
O lile 4 o 285 257 250 AT
Cruriahe 5 =re 254 = T 241 =34
& -1 "=
— L T
13 i N T
i‘q ]
=
g i s rdon G
ke -~  PereitenSy kv MLSL geTean
= — — = PersdnenSy Fgh ML geeap
L3 L




ReviEw ARTICLE
= ————

Persistent inflammation and immunosuppression: A common
syndrome and new horizon for surgical intensive care

Lori F. Gentlle, MD, Alex G. Cuenca, MD, PhD, Fhilip A. Efron. MD, Darwin Ang, MIN, Phi), MPE,

Arrn Rihorac, MDD, Broce A, Bl il

Fhiy, Lyle L. Moldawer, Phiy,

arnd Froderick A, Moore, MIY, CGalneovifle, Florida

Centile ol af,
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Proposed PICS Model
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Figure 5. Persistent inflammaton-immunosuppression
catabolism syndrome (PICS) and the cellular constituents that
contribute 1o its development. After the initial. simultaneosus
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Immunoscore for early phase of sepsis
(suggestion, Zahorec 2018)

* PCT, CRP, IL-6, PreSepsin (CD14), Lymphocytes, (NLR), Eosinophils,

Parameter

1 point

2 points

PCT 04-1,0 1,0-1,9 2,0-4,9 >5,0

CRP < 10mg/l  10-50 51- 150 > 150 mg/I

IL-6 < 30 31-200 201 —-399 > 400
pg/ml

PreSepsin <350 351- 600 601 — 800 > 801

sCD14

Lymphocyte > 1500 1000-1400 600-1000 < 600 /ul

(NLR) > <3,0 (3,0-5,0) (5,0-7,0) (>7,1)

Eosinophils 200-1450 /ul 100 - 200 /ul 100-50 <50 /ul
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‘ Non-septic Septic

Figure | = A, B, Cell population distribution analysis, Representative histograms of WBC populations derived from the Beckman Coulter DxH

800 analyzer. (A) Example of a nonseptic donor. (B) Two-dimensional histogram corresponds to an example of a patient with septic shack. (A)
The rotated one-dimensional histogram represents the distribution of the monocyte papulation volumes, The dotted blue line on top of the distribution
represenis the mean monocyte volume. The dotted red line represenits 1 5D from the mean of the distribution (ie, monocyte distribution width).
which is shown to be increased in the patient with sepsis.



Populacie leukocytov, ktoré sa zucastnuju v imunopatogenéze
protrahovanej chronickej sepsy

: Qe - - 7
o iwr"

a8 Effects of protracted sepsis on the innate immune system

x ¥
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Immunoparalyza — parametre vhodné na dg. a
monitoring

Presmerovanie imunitnej drahy z Thl na Th2

Vysoka koncentracias IL-10, TGF-beta uvolnované z apoptotickych bb...
Zmena fenotypu makrofagov z M®1 na M®2

Lymfocytopenia < 1,000-1200 /ul

T-cell Unava, vylerpanie, strata adekvatnej T- bunkovej odpovede
ZvysSeny pocet a zastupenie Treg lymfocytov (CD4+ CD25+ CD39+)
ZvySena sekrécia molekul PD-1 prot, PDL-1. monocytmi a dendrit.-bb DCs,
Zvysena sekrécia mediatorov BTLA, CTLA-4

Nizka produkcia OFR, nizka syntéza a sekrécia TNF-alfa

HLA-DR < 30% na monocytoch, Makrofagoch

Nizka sekrécia a syntéza INF-gamma

Apoptoza lymfocytov — relativnaiabsolutna strata funkénych cirkulujucich lymfocytov i
lymforetikularnych bb. v kostnej dreni - loss of ly%, abs.

Monneret G. 2003, 2012, 2013



Immunoscore for late chronic sepsis

(Monneret 2013, van Ton 2018)

* |L-6,IL-10, G-CSF, Lympocyte count, HLA-DR %,
* Treg /count /CD39+, CD73+. Ratio : CRP/alb, PCT/alb... PINI.

Parameter | Q i 1 1 2 i 3
IL-6 <20 21-50 51-99 >100

IL-10 <20 21-40 41 - 99 > 100

G-CSF <30 30-50 51-99 > 100

Lymph >1500 /ul 1400-1000 600-1000 <600 /ul

NLR <28 2,81-5,0 5.0- 7,0 >7,0

HLA-DR ? < 90% <50% < 30%

% expres

Treg ?

CD25+

CD39+



Vyuzitie - omics pri vyskume patofyziologie sepsy a ich aplikacie do klinickej
praxe.

Fiehn O. Metabolomics—the link between genotypes and phenotypes. Plant Mol Biol.
2002;48:155-71

GENOMICS
study o the whole genome sequence (Le. structure
function and expression) of an organism and of all the

information contained.

RNA TRANSCRIPFTOMICS
W study of RNA transcripts thus indicating which are the
; ! ﬂIFT""TT""l ik Pl active components withina cell, giving the external and
T

environmental coanditions.

PROTEINS PROTEOMICS

large-scale study and quantification of proteins encoded
by the genome inorder to understand their structure
and function.

METABOLITES METABOLOMICS

1 large-scale study and quantification of global metabolite
profiles in a system (cell, tissue or organism)under a

given set of conditions.

Figure 1.6 - Alow af biological information réepresented also o omics dalo



Exosomes in Critical lllness

Nora Terrasini, MDD Vincenzo Lionetti, MD, PhD, FAHA'2

Sepsis suppressor of cytokine Conditioned medium of  Inhibition of signal Bourdonnay et al (14)
signaling | alveolar macrophages  fransducer and activator of
transcription-1 activation in
alveolar epithelial cells
Micofinamide adanine Blood samples of 16 Induced apoplofic death of Janiszewski et al (15)
dinucleclide phosphate  patients with early endothelial and smooth
hydrogen oxidase (< 241vr) diagnosis of ~ muscle cells in culture
seplic shock
- Blood samples of Decreased myocardial Azevedo el al (16)
55 patients with contractility in isolated
diagnosis of septic heart and papillary muscle
shock preparations
miR-223 Conditioned medium of ~ Attenuated cardiac dysfunction ~ Wang etal (17)
MSCs and improve: animal survival in

polymicrobial sepsis in vivo

Milk fat globule epidermal ~ Conditioned medium Attenuation of the systemic Miksa et al (18)
growth factor=factor VIl of bone marrow inflammatory response and
dendritic cell overall beneficial effect in sepsis




Metabolites in Blood for Prediction of Bacteremic Sepsis in the

Emergency Room. o
Kauppi AM:, Edin A?, Ziegler I2, Molling P3, Sjostedt A?, Gylfe Az, Stralin K4, Johansson

PLOS ONE 2016.

Metabolite P value
b Myristic acid 1.2E-05

 ——— Pyruvic acid 0.0013

[ —— Lactose 0.0245

[ ——t—i Maltose 0.0245

:E—l Inositol 0.0163

 —— Lamimarabinose (0.0299

|y Nigerose 0.0313

— Spermidine 0.0392
[/—— Pseudouridine 0.0337

] Lysine 0.0234
I—E Isoleucine 0.0392
— ] Morleucine 0.0234
—F— Glyeeric acid 3-phosphate | 0.04458
—= Cilutamine 0.0103
. — Serine 0.0208
s e—T Glyeeric acid 0.0234
—_— Pyroglutamic acid 0.0208
p————————1 | Phosphocholine like 0.0220
—= Allothreoning 00066

5 = Threonine 00066
p—f——t | Nonaoic acid 0.0208
—_— | S-hydroxy tryptophan 0.0066
—_— | Proline O.0066
I—g Citric acid 0.0117

.1;_ | .0 L'II. | 0.2

Regression Coefficients



Peak area

Peak area

Metabolites in Blood for Prediction of Bacteremic Sepsis in the Emergency Room.
Kauppi AM1, Edin At, Ziegler 12, Molling P3, Sjostedt At, Gylfe A1, Strlin K4, Johansson
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Kinetika organickej kyseliny myristovej v sepse
CH3-(CH2)12-COOH , najrychlejsi vzostup koncentracie v plazme

* Myristic acid, selected organic acids ratio and their significance in sepsis diagnosis
Moravec M, Zazula R, Prlicha M a kol. , SepsEast Budapest 2018.

A new lead in the sepsis diagnosis — Myristic acid levels following
parenteral self-administration of Hylak forte.
Nejtek T, Pricha M., ... Zazula R., SepsEast Budapest 2018

Zavery:
Kyselina myristova slubny biomarker systémovej bakteridlnej infekcie (BSI) a sepsy v prvych hodinach
bakteridlnej sepsy spolu s kopeptinom



Characterization of metabolomic signatures in septic shock patients .
Alica Cambiaghi, 2017, Milan,
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Metabolite Profiles in Sepsis: Developing
Prognostic Tools Based on the Type of Infection™

Sophic Neugebauer, MSc'; Evangelas | Giamarellos- Bourboulis, MY Aimilia Pelekanow, MDY
Androniki Mariali, MDY Fotini Baxiaka, MDY Iraklis Tsangaris, MDY Michael Bauer, NMEPS;
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SPAT K TERAPII SEPSY



Resuscitacia sepsy /septického sSoku, 7 krokov,
personalizovany pristup vs. protokolizovana med. (EBM)

Resuscitacia obehu — obnovenie funkénej hemodynamiky
Resuscitacia respiracie - ventilacie a oxygenacie, SpO2 >93%
Kauzdlna antimikrobialna lieCba — odstranenie loziska infekcie,
elimindcia mikrobidlneho p6évodu, ATB /antivirotikd

Resuscitacia renalnych funkcii - udrzanie diurézy, ,renal rescue
protokol” , hodinova diuréza vyse 1,0-1,5 ml/kg/hod.

Korekcia - Homeostaza vnutorného prostredia — Na, K, Ca, Mg

Energeticka a endokrinna podpora metabolizmu —
Metabolicka resuscitacia + Vyziva — nutricnd podpora

Imunoterapia - imunomodulacia kortikoidy, IVIG, noradrenalin,
imunostimulacia — GM-CSF, IFN-gamma. Vitamin D/D3,


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kauppi%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kauppi%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=Edin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=Edin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ziegler%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ziegler%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%B6lling%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%B6lling%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sj%C3%B6stedt%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sj%C3%B6stedt%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gylfe%20%C3%85%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gylfe%20%C3%85%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=Str%C3%A5lin%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=Str%C3%A5lin%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johansson%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26800189
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johansson%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26800189

Zakladné postupy v terapii septického soku
12 hlavnych zasad - Nandhabalan et al. Crit Care 22:215, 2018

1. Infizna lieCba - inicidlne balancované krystaloidy alebo Hartman roztok, nizsi objem 20 ml
/kg t.hm./ 2 -3 hod inf. koloidov transf CMP a inf. 20% albuminu 100 ml, R:10-14 ml/hod.,
pozor na bilanciu tekutin : udrzat BT <2800 mi/24 hod.,

2. Zaistit Zilové vstupy 2-3, CVK 2-3 lumen, invazivne monitorovanie aTK (sAP, MAP, dAP), CVP,
perf. tlak= MAP-CVP

3. EKG, teplota, Sp0O2, hodinova diuréza, invaz. art femoralis. CVP,

4. ATB antimikrobialna liecba napr. Klindamicin /Klimicin 3x600 mg inf. a 8 hod. , rychla mkb
diagnostika PCR, SepsFast, Bactec, priama mikroskopia,

5. Hydrocortison —dennd davka 200 mg iv., 4 x 50 mg iv a 6 hod. alebo kontinudlna infuzia HCT 8
mg /hod.

6. Udrzat akceptovatelny dAP > 40 mmHg a MAP tlak > 55 mmHg, tak aby sa nemuseli zvySovat
davky vazopresorov, optimalne:

7. Noradrenalin v davke 0,07 — 0,15 ug/kg/min. V¢as spolu s inf. objemovou terapiou, pri
dosiahnuti davky 0,21-0,3 ug/kg/min zvazit kombinaciu s dobutaminom, alebo vazopresinom
8. Vazopresin (Empresin) alebo terlipresin 0,02 -0,03 ug/kg/min. riedenie Terlipresinu 1 mg/50
ml rozt. R: 6—4-3 ml/hod. Riedenie arg/vazopresinu 40 IU /50 ml rozt. R: 1,5-2,0 mi/h.

9. Substitucia /hradenie vitaminu B1 a C- vysoké davky thiaminu 3x200 mg iv., a Acidum
ascorbicum 3x1,0g a8 hodin alebo az 4x1,0giv.a6 h.
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Eposs databaze- vysledky-2015 kongres — P. Szturz a kol. 2015

Micek S.T: Addition of vasopressin to norepinephrine as independent .. 2007

Dlouhodobé prezivani dle max. davky noradrenalinu za 24 h

Cummulative promaition 5f pat ants

30 days | 90 days P [l rank
| best}
_____ | Horadrenalin T24 0.3 | 0.47 0,15
ug kg fmin (H=182) 0. 40; 0,5%) (0h, 28; 0.42)
| Mo radrenalin TZ24 =0.3 | 0.2 0,17

[ wg/kglmin (H=162) | D200 33) | (L1 0LL3)




Metabolic resuscitation in sepsis: a necessary step beyond the
hemodynamic?

. P P o T v 1 2
Heitor Pons Leite', Licio Flivio Peixoto de Lima’

'Jllﬁtip“nc of MNutrition and Metabolism, Department of Pediatrics, "Pediatric Intensive Care Unir, Department of Pediatrics, Federal University of
sdo Paulo, 5io Paulo, Brail
Correspondence fo: Heivor Pons Leite. Discipline of Mutrition and Metabolism, Department of Pediatrics, Federal University of 5io Paulo, Rua

Loefgreen 1647, S3o Pavlo, Brazil. Email: heitorpons@gmail.com.

* Thiamininj. 2 -3 x 200 mg /die , Donnino CCM 2016, Moskowitz
2017, Woolum CCM 2018,

* Acidum ascorbicum , L-ascorbat, 3-4x 1,0 gi.v. P. Marik Chest
2017,

* Vitamin D /D3 - 25-OH cholekalciferol, Holick NEJM 2013
* Selen, zinok , Manzanares 2016, Angstwurm 2007, Valenta 2011.
* Nutricia (diéta) bohata na cholesterol, thiol (S) — taurin., cystein,



Metabolic resuscitation in sepsis

Vitamins : B1, B6,
C vit, E vit,
sis0)l-bpel i Mitochondria

L

Krebs cycle,
HeFe)FRggrinne support:

Micronutrients :

Selenium, Zinc




Woolum J.A. et al. Crit Care Med. 2018, 46: : 1747 -

Effect of Thiamine Administration on Lactate

Clearance and Mortality in Patients With
Septic Shock™

oI

Cumudative Harard of Death
P
B
L

Days 4o Deails

[Thiamine Adminstergd ———0 === 1]

Figrmens 3. Cusradalion buutard of dis® owni lime. 0 = no Shiamine, 1 = thiaming

L] L 1
[} £ 1]
Days 1o Lactate Clearance

[Thiamine Adminslered =0 === 1|

Figure 2. Prebalbity of lacisio clemncn tve fima = no Shiamine, 1 = flamine.




Thiamine: An Essential Component of the
Metabolic Resuscitation Protocol”

* Thiamin deficiencia vs Wernicke encefalopatia, mozna asociacia
s deliriom a septickou encefalopatiou .

* Odpor. Davka 3 x 200 - 500 mg iv. a 8 hodin, Flannery CCM
2016, 44:1545-

Paul Marik , Crit Care Med 2018, 46: 1869-70.



MSCs,

- . IFN-gamma
Conditioned media

Challenges for immunotherapy -
A. Nierhaus 2003, Frazier 2012, Sundar K.M2013, Amrein 2014.

Nutrition,
Hyperoxia, HBOT PUFA, vit. C,
Thiamin,

Selenium,

vitamin D




Co ma naucila sepsa

Rychle rozpoznanie a
diagnostika sepsy na zaklade
patofyziologie a imunopatogenézy sepsy

Komplexna terapia a intenzivna starostlivost
v zavislosti od dynamiky sepsy

Pokora , ponimanie septického pacienta
v jeho celistvosti

Zaangazovanie pacienta a rodiny
v ozdravnych procesov a rehabilitacie

Spoznanie novych ludi, novych priatelov,
zdielanie novych Poznatkov a dobrej praxe
s kolegami. 21. Colours of Sepsis , Ostrava 2019

Biendle vystavy textilu,
10.10. 2018, Bratislava Cunovo






Humanizmus a vseobimajuca laska cloveka k ¢loveku —

eticky a duchovny zaklad mediciny

Srdce - svatynu kreativneho pokladu
a intuicie duse vedie laska - jedina
a skutocna sila, ktord moze utvorit
lepsi svet.

Vsetci ludia predstavuju prvky
bozskej a prirodne jedinecnej
struktury labyrintu, spojenej
tenkym vlaknom porozumenia.

Biendle vystavy textilu,
Danubiana 10.10. 2018, Bratislava Cunovo




Precision Immunotherapy for Sepsis

Anmomicke M. Polors van Ton®, Matthiis Kox”, Wilzon F Abdo ' and Pelor Pickkers ==
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Resuscitacia septického soku

II.LKAIM LFUK , Z&®orec Januar 2019

2019 Januar

Resuscitacia cirkulacie - obnovenie funkénej hemodvnamiky
(koncept prof. M. Pinsky 2002,2007)

Odstranenie loziska infekcie - chirurgicka liecba, radiodg,
intervencia, agresivna antimikrobialna terapia

Resuscitacia respiracného systému - udrzanie suffic ventilacie
a oxygenacie , SpO2 > 92-93%.

Resuscitacia renalnych funkcii - udrzanie diurézy, renal
rescue protocol, hodin diur > 1,5 ml/ ke / hod.

..... e

Resuscitacia metabolizmu - ,metabolicka resuscitacia”

Uprava a korekcia poruchy vnatorného prostredia



Sepsis-induced immune dysfunction: can
immune therapies reduce mortality®?

Matthew J. Delano, Peter A. Ward

Imimiine modulator (-C5F GM-(5F [Fh-y Pl and PD-L1 IL-3 L7 115

Proposed benefit ~ Improves neutrophil - Improves newtrophil  Improvesmonocyte  Blomarkersto  Promotesstem Incredses T eell Dicreases NK
admongyte  and monocyte HA-DR  identify andidates  coll ndprogenitr  proliferationand  cell Tcall, and
moductionand  productionand  expressionand  forimmune- development recitment WK call apoptosis

felease function function modulatory therapy
improves myelopoiesis  Enhances Reducasinfection~ RewerseT cell Ehances  Decreases hymphocyte  Increases N cal,
and grantiopoiesis  monooytic and and related Exhaustion [ymphopoiesis apoptosis T cell, and NKT el

fymphorytic omplications In combination proliferation and
(ytotoxicity with IL7 arthation
AugmentsTeol  Improves immunity - Promate ymphacyte Incraases T coll
FRSANSEs against fungal profiferation IF-y secretian
infections
Reduces nosocomial Augment neytraphili Improves T call
infection and managytic homing and
aIqURHtion Cytoticiy pathogen clearanie
Reduces ventilator Reduce opportunistic Increases T coll

days infections receptor diersity



Characterization of metabolomic signatures in septic shock patients .
Alica Cambiaghi, 2017, Milan,

7
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Figure 5.13— Schema of the glucose-alanine cycle.
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CLINICAL IMPLICATIONS OF BASIC RESEARCH

A e s, P b, P O ol

Parallels between Cancer and Infectious Disease
Richard 5. Hetchkizs_ M.0O., and Lyle L. Moldawer, Ph D




Zakladné postupy v terapii septického soku
12 hlavnych zasad - Nandhabalan P. et al. Crit Care 22:215, 2018

9. Levosimendan - inf. kontinualna levosimedanu , zvysit substiticiu kalcia (cave:
hypokalcémia ! a hypoalbuminémia!) a albuminu 20% R:10-12 ml/hod.

10. V refraktérnom Soku s poruchou mikrocirkulacie a mikrotrombdzy treba zvazit ,low-
dose” kontin. Infuziu prostacyklinu — epoprostenol pripadne nizke davky kontin. Infuzie
heparinu 300-500 j/hod. za kontroly aPTT, INR.

11. Minimalna Analgosedacia Sedacia — rezim zaloZzeny na opioidoch a low-dose propofolu
20- 30 mg/hod.

12. RRT —-vs. renal rescue protokol (M.Palazzo 1998), pri cytokinovej burke,
hyperinflamatdornej mediatorovej reakcii véasna hemodiafiltracia , vhodné kapsle — Cytosorb.

Specialne pripady refrakt. 3oku - ECMO, Extrakorpor. Podpora obehu



Incidence of severe sepsis /per 1000 adults
Shen : Chest 2010.

Table 2. Reported population incidence of severe
sepsis
Incidence (per

Country or region Year 1000 population)
Australia and New Zealand'* 1999 0.77
United States® 1995 3

United States® 2000 2.4
Morway?? 1999 1.49
France®? 2001 0.95

The Netherlands®? 2001 0.54
England, Wales, Northern Ireland'™ 2003 0.66

the number of gram-positive infections, with over 50% of
infections in 1995-2000 related to gram-positive organ-
isms, contrasting with over 50% caused by gram-negative
organisms in the period 1979-1984.



The cause of the innate immune response
DAMP and / or PAMP and / or MAMP

Innate immune response = ,DAMP —» SIRS” versus ,PAMP —» SIRS"
m“mm: cell
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Biomarkers of sepsis (RZ 2000) : Intensive Care Med (2000) 26: 1870

PCT and lymphocyte counts DOI 10.1007/s001340000738

........

R. Zahorec

..........

Definition for septic syndrome
should be re-evaluated

* PCT > 2,0 ng/mlin surgical pts

* Lymphocyte count ! Accepted: 22 September 2000
: Published online: 18 November 2000
* Lymph < 1,000 cells/ul in med © Springer-Verlag 2000



1

Dlouhodobé prezivani dle 24h tekutinova bilance

1

Curnrmulaty e proportion of patients

3 days a0 days pilog rank
Test)
Flud ballance TZ24up o 045 029
28 (H=2ad (038 053 0.23 0.35)
- — . 0.041
Fluid ballance T24 ovear 0.36 026

3.8 (re=2116) I R A D I 0 e |



Br. J. Surg. Vol. 70 (1983) 25-31

Printad in Graat Britain

The grading of sepsis

Table I: SCOORING OF LOCAL EFFECTS OF TISSUE
TNFECTHON

Arivibute

Table Il: SCORING OF PYREXIA (ORAL

Wopnd infeerioa with pumlent dischargef
enferofutancous fistula ;
Regairing only Gght dressing changed mod
maore tham amoe dagly
Requiring o be drecssed with a pack, dressng
img b be changed more than once daily,
requinng npplication of a bag andior sequinng
suctian
Peronaris .
Localized pomatosunis
Creneraliced peritonilis
Chest anfoctson ; )
Clenical or radicloegics] signs of chest inlection
wilhoul productive cosgh ) :
Clinizal or radiolegical signs of chest infection
with a cough prodecing pusulent spabum
Fulll clinical manifestations of kobar/
bropshpmeumonis
Deep-seaicd infoction (o g. subphirenic abscess,

pebvic abacess, empyema thoracis, acwte or chromic
ostenmylitis)

p——w

It is frequently said, and with some
truth, that You cannot begin to
investigate something until You can

measure it.
Elebute, Stoner 1983

Grading of Sepsis,

TEMPERATURE)

Argrilizire

Seore

Maximum daily temperature {* C)
36-37-4
37-5-38-4
38-5-39
=39
< 36

Minimum daily temperature >37-5"C

If 2 or more temperature peaks above 384°C in | day

If any rigours occur in a day

R o =

-
el =L
=5

Temperature should be recorded at least 4 times in 24 b, The record for the 24 b
period s assessed as above and ‘pyrexia score” compured.

Tahle II: SCOQRING OF SECONDARY EFFECTS OF
SEPSTS
Artribuie Acare

Obvious Tﬂu:'u:lil:h: {in the absence of cstablished

hepatohiliary disease) 2
Metabalic acidosis

pensaled |

Uncomponsated 2
Renal failure k|
Ciroas diziurbanee of mental acentationflevel of

comtcioEsness (e.p. delinom, coma) andfor et her

focal neurolopgecal manifestations of pyasmiaf

seplicacmia ving cxchaded other causes) 3
Bleeding diathesis (from disseminated intravascular

coagulationy 3




Biomarkers of seg
PCT and lymph

* Instead of WBC count we should
Use PCT § lymphoc. counts

* by means of Bayesian method
Procalcitonin !

* PCT>1,0 ng/mlin medical pts

* PCT> 2,0 ng/mlin surgical pts

* Lymphocyte count !
* Lymph < 1,000 cells/ul in med
* Lymph< 600 cells/ul in surg.

Intensive Care Med (2000) 26: 1870
DOI 10.1007/s001340000738

R. Zahorec

Definition for septic syndrome
should be re-evaluated

Accepted: 22 September 2000
Published online: 18 November 2000
© Springer-Verlag 2000
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