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Diagnostika sepsy a septického soku

Kazdy pripad sepsy /septického Soku je unikatny, jedinecny
Priznaky su vysoko variabilné, vyznamné intra- a interindividualne rozdiely,
az 1/3 priznakov je netypicka ,vagna“neistd, Filbit et al.2018, Seymour et al.2010

Trajektdria pacientov s klinickym syndromom sepsy je réznoroda, zavisla od
miesta infekcie, od pévodcu a virulencie mko, zdravotného stavu a veku pacienta.

Diagnostika septického stavu v zavislosti od miesta, Casového priebehu infekcie,
od moznosti vySetreni: prednemocnicné, odd. urgentnej mediciny, [6zkové
oddelenia nemocnic, JIS, KAIM.

Dg. musi byt komplexna, interdisciplinarna, zalozena na stibore anamnézy,
klinickych, laboratornych, mikrobiologickych vysetreni a zobrazovacich metéd



Sepsis network pathophysiology, tool for biomarkers
Arora et al.,, Am J. Physiol 2023
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SEPSA - OTRAVA KRVI. Patofyziologické deje pocCas sepsy : Infekcia, systémova zapalova
reakcia, Aktivacia a dysfunkcia koagulacie, Aktivacia endotelu, endotelopatia,
Vasodilatacia, Endokrinny a metabolicky stres, organova dysfunkcia, smrt buniek & smrt

Pathophysiological mechanisms of sepsis

Inflammation

——e e e
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Biomarkers by function: diagnostic vs prognostic

Diagnostic biomarkers Overlapping biomarkers

Commonly used biomarkers:
CRP PTX-3, ADM, ESM-1, 5100, PAI-1, NT-
PCT proBNF, Non-coding
STREM-1 Novel biomarkers:

‘ RNAS, Prokineticin 2, Protein C
N z

Commonly used biomarkers:

IL-6, HMGB1, PSP, Presepsin, CD64
Novel biomarkers:

HOTTIP, miRNA-486-5p
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Harnessing artificial intelligence
in sepsis care: advances in early
detection, personalized
treatment, and real-time
monitoring

Fang Li*, Shengguo Wang?, Zhi Gao?, Maofeng Qing?,
Shan Pan?, Yingying Liu? and Chengchen Hu?**
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Rizikove faktory a rizikovi pacienti pre vznik sepsy

*Vek (250r, >260r., >75r. alebo novorodenci a deti < 3 roky)
* Chronické choroby pecene a oblicCiek

* Chronické hematologické ochorenia

* Rakovina

* Podvyziva alebo morbidna obezita BMI > 40

e Casus socialis, abusery (drogy)

* Nedavne uzivanie ATB

* Imunosupresia po liekova (kortikoidy, CHT)

* Spdsob Zivotného $tylu, psychosocidlne faktory /osamoteni ,,single”



Algoritmus diagnostiky sepsy a SIRS

Klinika- 4 SIRS Mikrobiologické

+2/4 kritéria MODS vysetrenie

Laboratorna Zobrazovacie

diagnostika metody

Intenzivni a resuscitacni péci nelze provadét bez znalosti zakladnich
biochemickych parametru. A. Kazda, 1986



Diagnosis of sepsis: which clinical and

' ?
solish Arch Int Med 2024 12DoOratory biomarkers are useful:

Miroslav Prucha', Roman Zahorec??

* gs0FA * CBC, PLT, NLR
* 5IRS criteria 4 + 4 * |IL-6, PCT, CRP
« NEWS * Lactate
= MEWS * NT-proBNP
T PRESEP Clinical G * MR-proADM )
signs and hiomarkers
symptoms for sepsis
- Imaging Microbiology \
= USG methods standard
* ¥-ray and PCR » Fast PCR test
= CT scan » Hemocultures
* MRI

ey

FIGURE 1 Algorithm for diagnosing sepsis

Abbreviations: CBC, complete blood count; CT, computed tomography; MEWS, modified
early waming score; MRI, magnetic resonance imaging; NEWS, national early warning
score; PCR, polymerase chain reaction; PRESEP prehospital sepsis score; SIRS, critena
according to R. Bone'*; gSOFA, quick sequential organ failure assessmeant score;



Aké su symptomy sepsy ?

WHAT ARE TH

SYMPTOMS SYMPTOMS
IN CHILDREN IN ADULTS

A child may have sepsis if he or she: An adult may have sepsis if they
* Is breathing very fast show any of these signs:
+ Has a ‘fit’ or convulsion Slurred speech or confusion
* Looks mottled, bluish, or pale Extreme shivering or muscle pain
« Has a rash that does not fade Passing no urine (in a day)
when you press it Severe breathlessness

* Is very lethargic or difficult to wake It feels like you're going to die
* Feels abnormally cold to touch Skin mottled or discoloured

Image source: https://sepsistrust.org/about/about-sepsis/



Hlavné priznaky predchadzajuce sepse alebo veduce k sepse.

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

* N3
* N3
* N3
* Na
stavu

* Nahla svalova slabost s Bt ¢
* Strata svalovej sily, malatnos | e i
 Nahla nausea, alebo hnacka N degn &9
* Bolesti hlavy 4 | @c{? @*‘i A

a horucka, triaska alebo rigor
e dyspnoe. fd > 24/min
a akutna silna bolest
a zmena mentalneho

N
N
N
N

Sepsis has many faces
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Sudden nausea
and/or diarrhoea

Figure 7. Systemic symptoms seen in patients with sepsis. These symptoms vary between



SEPSIS SCORE - to measure severity of sepsis
Elebute , Stoner, BMJ 1983.

XXVI. Kongres CSARIM Brno 2.10.2019

Clinical severity of sepsis,
Infection origin G+ 2 points, G- 4 points,
polymicrobial sepsis 5-6 points

Temperature - pyrexia 1 -3 points

Organ dysfunction (MODS) 1 -3 points (tachykardia, hypotenzia, tachypnoe,
hypoxémia), BAS 90-30-90 (HR>90/min sAP < 90 mmHg, RR > 30/min, Sp02 < 90%)

Laboratory parameters : leukocytosis 1 -3 points, (> 12 tis, > 20 tis, > 27 tis)
hemoglobin (anemia‘’ 1 -3 points,

hypoalbuminemia 1 — 3 points (<36 g/l, <30g/l, <25g/l), and
trombocytopenial -3 (< 150 tis, <100 tis/ul, < 50 tis/pl)

Sepsis score < 16 points good outcome
Sepsis score > 16 points , bad outcome



Varovné vitalne znaky na skoru identifikaciu pacientov so syndrobmom sepsy na
oddeleniach urgentnej mediciny. Skére na Skrining sepsy
Ljiungstrom , Community onset sepsis in Sweden. PhD Thesis, Univ Gothenburg 2017

* SIRS kritéria 2/4 , variabilita vyskytu jednotlivych kritérii od 42-78% , zmena teploty
51-65%, najpriekaznejsi znak dyspnoe /tachypnoe > 24 d/min. az > 30 d./min
tachykardia > 90/min. (67-78 %) a hypotenzia sAP < 90 mmHg

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

* PRESEP skoére, 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, SpO2 < 90 %. |dentifikacia 62-
71% septickych pacientov.

* MEDS skdre —vek > 65 r, hypoxémia, zmena vedomia, tachykardia, tachypnoe

* SOFA, sAP < 100 mmHg, alteracia vedomia , tachypnoe fd > 22 d/min. alebo SpO2
<92% - vytaznost od 29 % po 42% (Williams , 2017), resp. 55% dg. tazkej sepsy.

e SPEED skore — Bewersdorf 2015,2017

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



De Novo FDA Authorization (April 2024) FDA-Authorized AI/ML TOOl fOl’ SepSiS

Sepsis . L ey e
. Prediction: Development and Validation
IR NIsll | he Sepsis ImmunoScore” P
Authors: Akhil Bhargava, M.S. ©@ | Carlos Lépez-Espina, M.S. @ | Lee Schmalz, B.S. © , Shah Khan, Ph.D.
SCO re L. Watson, Ph.D. , Dennys Urdiales, B.S. , Lincoln Updike, B.S. , +44 ,and Nathan I. Shapiro, M.L

First-ever FDA authorized Al sepsis diagnostic tool with powerful diagnostic

= e i
2 Systolic Blood Pressure Triage Vitals Blood Pressure Monitor bt : el )
3 Diastolic Blood Pressure Triage Vitals Blood Pressure Monitor S : | | N
% B Temperature Triage Vitals Oral or Rectal T 9: K7y )
Thermometer : i
5 Respiratory Rate Triage Vitals Manual Measurement No 1 et g
6 Heart Rate Triage Vitals Pulse Monitor No e ,
| 7 Blood Oxygen Saturation Triage Vitals Pulse Oximeter No ] o ' &
=% White Blood Cell Count CBC Panel Sysmex XN-9100 No | ‘ | Y "
' Y Lymphocyte Count CBC Panel Sysmex XN-9100 Yes i (x ' "1
| 10 Neutrophil Count CBC Panel Sysmex XN-9100 Yes J -é ' L8 b2
; 11 Platelet Count CBC Panel Sysmex XN-9100 No T ; el . e :.:
[~ =12 Blood Urea Nitrogen BMP or CMP Panel Siemens Atellica CH 930 No | 0 ie{ | -
I~ 13 Creatinine BMP or CMP Panel | Siemens Atellica CH 930 No | o], - L
| 14 Potassium BMP or CMP Panel | Siemens Atellica CH 930 Yes | Dcp{ | o
; 15 Chloride BMP or CMP Panel Siemens Atellica CH 930 Yes ] s :
16 Total Carbon Dioxide BMP or CMP Panel Siemens Atellica CH 930 Yes el . il :
17 Sodium BMP or CMP Panel | Siemens Atellica CH 930 Yes | st o
1 18 Albumin CMP Panel Siemens Atellica CH 930 Yes J o ...:
‘ 19 Bilirubin CMP Panel Siemens Atellica CH 930 Yes i 3t o
: 20 Procalcitonin Stand-alone Test Roche Cobas ¢411 No i g ‘w " h
21 C-Reactive Protein Stand-alone Test Roche Cobas e411 No - v e -
22 Lactate Stand-alone Test Siemens Atellica CH 930 Yes Ficiets Comiion Costnt

Table 1. List of algorithm inputs



De Novo FDA Authorization (April 2024) FDA-AUthorized AI/ML TOOl fOl’ SepSiS
Prediction: Development and Validation

Authors: Akhil Bhargava, M.S. @ | Carlos Lépez-Espina, M.S. & | Lee Schmalz, B.S. @ , Shah Khan, Ph.D.
(ST SV S 2 VAN 101 d g Te] d¥L=To WAV R=T=T oIl Ife [E-Te | glel (ol (ool AWV d o WeTelWW=Ta {¥] N [ETe [lolsdled L. Watson, Ph.D. = | Dennys Urdiales, B.S. = | Lincoln Updike, B.S. | w4 , and Nathan I. Shapiro, M.[

PRAHA 2025 The Sepsis ImmunoScore*
31.kongres CSARIM

First all features were ranked by summing the absolute SHAP value across all subjects
for each input parameter in the validation dataset:

o
>epsis T . T Y 7 7 T .
immunoscore Procalcitonin (PCT) 26.833 ! 92 YUY IS Cugery ) e
1 Respiratory Rate 26.129 2
Platelets 24632 3 ey e PSRk nd et Muk ot
Systolic BP 22.147 4 T e
Blood Urea Nitrogen 20.051 5
Bilirubin Total 17.856 6 _——-
Diastolic BP 15.85 7 = s k.
Albumin 11.983 ] Parmmoters ervesing ok of Sapue 2y - PN
Age 11.564 9 rmm— o Vi R D
Creatinine i 10.683 10 _— ;l.mv | ‘ " H ‘
Sp02 10.193 11 —— "
Potassium 7.994 12 can Ternpecal \
Total Carbon Dioxide 6.651 13 - re ! 4
C-Reactive Protein (CRP) 6.394 14 - o "
Temperature 6.342 15 i e o pyr-es =y
-— Paions 2100 N0 1148
Lactate 5.047 16 = R RSO
Sodium 494 17 ' Age “wy T 72 47
Lymphocyte 4.836 18 ' Whe 02 1148
Chloride 3.603 19
Heart Rate 3.364 20
Neutrophil 2.817 21
White Blood Cell 2.628 22
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Desat klucovych
markerov sepsy

Presepsin
sCD14
ICIS




Diagnosis of sepsis: which clinical and

laboratory biomarkers are useful?
Polish Arch Int Med. 2024
Miroslav Prucha', Roman Zahorec??

1 Department of Clinical Biochemestry, Hematalogy and Immunalogy, Ma Homalce Hospital, Prague, Czech Repubhc

TAELE 2 Cutoff values of most often used biomarkers for sepsis

2 Department of Anesthasiology and Intensive Medicing, Univarsity Hospital Bratislaa, Bratislava, Slovak Bapublic

TABLE 1 Classification of biomarkers for sepsis according to their physiclogical function

Physiology

Humeoral immune system
and complement system

Basic panel of bismarkers for
SEpSIS
IL-6

Extended panel of biomarkers for
SRpSIS
IL-1B, IL-, IL-17, IL-17A, C3a, C5a

Cellutar immune system,  Newtrophil, lymphocyte, Maonocyte count, MOW, 1G%,
WEC differential count eosinophil, and basophil counts  bands plasmablasts
Basic biomarkars gn.r:;rulr::u. !v.'!lFl}ds i-;'ﬂ'-:t'.-l'l'llL- infection, ;::::l;;::u ve infaction,  Heferences Compets blood caunt Hemoglobin, platelt count ROWS, nomnablasts [P%, MRV
anga ] Bptic SNoCK 1G%,
healthy adults Elood coagulation Fibrinogen, D-dimer aPTT, INR, ATII, suPAR, PAI-
PCT, pgA 0.05-0.1 0.5-1 22-3, 25-10° L13,15-1318,22- Positive and negative APPs  CRP PCT, albumin Farritin, heparin-binding protein,
a0 transferrin, HOL-C
CRP mg/l -5 L0-150 =150-200 1,01, 07 21,24.38 Hormones MT-proBNP MR-proA0M, binadrenomedullin
IL-6, ng! 1-10 100-300 ~E00. 1000 e —_— Metabolism Lactate Cholesterol, HOL-C, myristic acid
r-.ILF; T T - 2'1 1= - Cell-surface racaptors~ SCO14 (presapsin), nCDB4, STREM-1, sCO163
R Transciiptomics, - ncRNA, miRNA, myristic acid
Presepsin (sCD14), ng'l 100-200 =600 =1000 50-54 metabolomics
Ratios and indices based ~ MLR FMI, PLR, SII, SIRI, MPV/PLT
NT-proBNP ng 50-290 300-1000 =1000, =3000° 15502 o blood el
Arterial lactate, mmal/ 0.6-1.5 =2.2-25 23.5-4 I2.ZLIAN Ratios and indices based  CAR PCT/ALB, ICIS, AFR, CLR, CALLY
Platelets, count = 1081 150-300 =300, <150 =400, <100 3037414391 0N protains NAR, Ph
MR-proADM, nmol 0.7 19.73 277 B e Peptidas Troponin T, | PSP OPP3, NGAL
Alburnim, g/l 4045 £5=34 =25 1.15,28.90.94 il LDH- - — "
! Electrolytes Calcium, iCa* Serum Ma, K, Mg, osmaolality
Cholesterol, mmol 3.8-54 2.2-3.3 <21 a8,33 Acid base halance pH, BE
HOL-C, mmol 0.9-1.2 0.6=0.8 =[G

Values typical of septic shock and hyperinflanmmatory response

Abbraviations: AFR, albumin-to-fibrinagen ratio; APF. acute phase protein: aPTT, activated partial throm



Diagnosis of sepsis: which clinical and

laboratory biomarkers are useful?
Polish Arch Int Med. 2024

TABLE 4 How to use biomarkers for sepsis diagnosis: tips and tricks

Understand the biology, half-life, and limitations of each biomarker.

Always evaluate sepsis biomarkers with regard to the chnical status and clinical

Use valid reliable laborafory parameters that are screened 24/7.

Collect serial measurements of biomarkers every day in the acute phase to monitor
kinetic peak and nadir values.

UUse a panel of different markers of sepsis {IL-6, NLR, PCT, CRP) and shock (lactate,
NT-proBMP) to measure intensity of immune-inflammatory and stress response.

XXX|,Kongres
CSARIM Praha
9.10. 2025 Miroslav Prucha', Roman Zahorec’?
Lactate,
NT-proBNP,
MR-proADM
context.
Immune
Coagulation : parameters:
parameters 'Sepss 1L-6, NLR,
PLT, INR bioma sCD14,
Fbg nCDB4
phase
proteins:
PCT, CRP,
ALB

FIGURE 2 Most commonly used biomarkers for sepsis diagnosis in clinical practice

Abbreviations: ALB, albumin; sCD14, soluble sign CD14 (presepsin); nCD64, sign CD6

on neutrophils; Fba, fibrinogen; others, see 1ABLE 1

Use ratios of markers (NLR, CAR), indexes (S1l, SIR1), and combined scores (ICIS,
SOFA+ 0.15 = NLR).

Integrate clinical signs (SOFA, MEWS) with evaluation of biomarkers in the decision
making (FIGURE 1).

Follow dynamic changes of marker levels during the course of sepsis (A, clearance)
ondays 1, 3,5, 7, and 10 to evaluate patient outcomes and prognosis.
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| Effects of C-reactive protein
trajectories of critically ill patients

with sepsis on in-hospital mortality
rate

31.kongres CSARIM, PRAHA 2025

Weighted marginal predictions
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Figure 2. CRP-based trajectories of patients with sepsis. The shaded area indicates the 95% confidence interval
for each mean trajectory. The percentages in the parentheses indicate the percentages of patients each class
mmmiinte for CRP C-reactive protein: ICU. Intensive Care Unit.
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K-means Clustering Results
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Figure | Clustering Analysis of Sepsis Immunotypes.
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Immune Subtypes in Sepsis: A Retrospective
Cohort Study Utilizing Clustering Methodology

Jian Zhao®'"*, Rushun Dai®*#*, Yi Zhao (®'#, Jiaping Tan**, Di Hao', Jie Ren', Xianwen Wang',

Yanqing Chen', Hu F'eng'. Yugang Ehuang"s, Shuqgin Zhnu', Yuanzhuo Chen'
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Predicting sepsis from 5 minutes Time series. Data :
MAP, Pulse Arriv Time, HRV, HR

Predicting Sepsis from Time Series Data

Predicting Sepsis from Time Series Data

MAP
Pulse arrival time
Heart rate variability
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Soliman et al. Biomed Sign Proc ('""(l“)z:lﬁﬁ‘n.‘ 204 Soliman ¢t al, Biomed Sign Proc Conty 92:105974. 2024




Parsimonious Waveform-derived Features : MAP, Pulse Arrival Time and Heart Rate

Variability Predicts the Onset of Septic Shock
Moamen M. Solimana, Curtis Marshall, Ph.D.b, Jacob P. Kimball, Ph.D.c, Tilendra Choudhary, Ph.D.b, Gilles, M. R. Pinsky, 2024
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Mikrobiologicka diagnostika sepsy , identifikacia etiologického agens,
identifikacia infekcie miesta a zdroja (zobrazovacie metody) a povodcu
(mikrobiologicka diagnostika PCR, kultivacne, Vitek, MALDI-TOF)

e Spravny odber biologického materialu a hemokultur
e Satelitné hemokultivacné pristroje v nemocniciach, transport
» Aktivha komunikacia a interdisciplinarna spolupraca v rezime 24/7

* Rychla molekulova diaghostika na baze PCR metdd : ePLEX Cobas
Roche, Sepsfast (100 mikroorganizmov),

* Presna mkb diagnostika kmena, sérotyp, citlivost na ATB, rezistencia

* Dokladné poznanie biologickych vlastnosti mko ( sérotypy, antigénne,
toxiny, enzymy.. Mechanizmy invazie)



Pathogenesis, epidemiology
and control of Group A

Streptococcus infection Nature Review Microbiology, 2023 July

Stephan Brouwer ® *?, Tania Rivera-Hernandez*, Bodie F. Curren ®"?, Michaela Harbison-Price ®**?
David M. P. De Oliveira ®"*%, Magnus G. Jespersen®, Mark R. Davies ®* & Mark J. Walker® =3

Molecular mimicry
« Histones

L
« Fibrinogen
» Factor H

« Cab-binding protein

Plasmin activty

4 Fibrin

+ Histones

1+ Contact system




Zavery , Desatoro zasad v diagnostike sepsy ,,

* Pochopenie patofyziologickych mechanizmov sepsy u hostitela
» Dokladné poznanie biologickych vlastnosti mko (antigén, toxiny, enzymy..)

* Nastroje na rychle rozpoznanie sepsy klinické, vitalne funkcie, laboratdrna
diagnostika (PCT,CRP, NLR, laktat), skriningové skore : MEWS, NEWS, SIRS
4+4 , BAS, PRESEP

* Analyza pricin heterogenity klinického syndromu sepsy : PIRO, SPEED,
endotypy sepsy (SENECA , MARS, imunofenotypy)

* Rychla mikrobiologicka diagnostika , molekulova PCR dg. Panely vys.
 Teamova interdisciplinarna spolupraca a komunikacia

 Stupajuci vyznam Al v diagnostike s vyuzitim monitorovania VF, v
klasifikacii sepsy na endotypy podla imunitnej odpovede hostitela.






M.M. Soliman
Biomed Sign Proc
2024, 92:

Predicting Sepsis from Time Series Data
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Sepsis endotypes identified by host gene
expression across global cohorts

2022
E Check for updates
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Fig. 6 | Sepsis endotype model. TDA network related to outcomes including 28-day
mortality and clinical and molecular features observed in different stratified patient
groups. Red horizontal arrow indicates 28-day mortality across the TDA network.
Small vertical arrows indicate direction of change of specific analyte. Red color



Proof of principle: the predisposition, infection, response, organ failure sepsis staging
system PIRO.

Michael D Howell 1, Daniel Talmor, Philipp Schuetz, Sabina Hunziker, Alan E Jones, Nathan | Shapiro
Crit Care Med. 2011

* PIRO koncept skriningu sepsy na odd. urgentnej mediciny

Table 1 Scores attributed to the selected variables included in each of the four components of PIRO [6]

P score Points | score Points R score Points 0 score Points
Age, yedrs Type of infection Altered lernperature Hypatension 3
< 6 0 CAl 0 MNa ] SOFA =0 I
61-E0 1 HCAI 1 Fever -1

>80 3 HAI 2 Hypathermia 1

Male 1 Hyperglycemia 1

Prewviows AlB 1 lachyprea 1

Chranic hepatic disease = Severity of infection

Chranic hematologic disaase 3 Infection or sepsis 0

Lancer 3 Severe sepsis 1

Athierasclerasis 1 Septic shock 4

Karnonsky index - 70 2

lotal possible points
F1 (0-2 point) 1T 0-1 point) H1 [<1-3 points) 01 {0 points)

P2 [3-4 paints) 12 (2 paints) H2 (= 4 paints) 02 (= 1points)
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Desatoro zasad v diagnostike sepsy
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