Avva-Mapla Stovakn Atbaktopikn AtatptBn

NANENIZTHMIO KPHTHZ
2XOAH ENIZTHMQN YTEIAZ
TMHMA IATPIKHZ

AIAAKTOPIKH AIATPIBH

“AIAXPONIKEZ METABOAEZ BIOENEPTEIAZ, METABOAIZMOY KAI
ANOZOAOrlIKHZ ANMOKPIZHZ ZTHN O=EIA ®AZH THZ XOBAPHZ
IHWHY”

ANNA-MAPIA ZNANAKH MNAPMMNOYNAKH
Nouwdiatpog - NeoyvoAoyog - EvtatikoAdyog Naidwv
MD, Msc

HPAKAEIO 2018



Avwa-Maplo Zravakn Atbaktopikn AtatptBn

TPIMEAHZ 2YMBOYAEYTIKH ENITPOMNH

rewpylog MnptacoUAng, Kabnyntrg, Evtatikng Ospansciog Naidwv (empAEnwv)
EAévn Anuntpiovu, Av KaBnyntpia Nowdiatpikng (1e épndaon otnv Epyactnplakn Epsuva)
Evpopdia KovéUuAn, Av. KaBnyntpla Evtatikng Ospansiog

ENTAMEAHZ EZETAZTIKH ENITPOMNH

Frewpytog¢ MnpracouAng, KadOnyntng, Evtatikng Oepansciag MNaidwv (empBAEnwv)
EAévn Anuntpiou, Av KaBnyntpia Nauwdiatpikn (ne éudaon otnv Epyaoctnplakr Epguva)
Eupopdia KovsuAn, Av. KaBnyntpia Evtatikng Ospaneiog
EppavounA FaAavakng, Kadnyntni¢ MNawdiatpikng
Anpnteng Fewpyomnoulog, Kabnyntig Evtatikng Ospansiog
AxWAA€ag Mkikag, KaOnyntig NaboAoyiag
Mapia Bevuxakn, Enikovpn KaBnyntpia KAwikng Xnueiog



Avva-Mapla Stovakn Atbaktopikn AtatptBn

. OQIEPDVETOL TTO TALOLE, LUOD ...

KOl OTO, TOLOIG TOD KOGLOD OAOD.....



Avwa-Maplo Zravakn Atbaktopikn AtatptBn

Mitochondria

“4 human being is a whole world to a mitochondrion, just the
way our planet is to us. But we’re much more dependent on
our mitochondria than the earth is on us. The earth could get
along perfectly well without people, but if anything happened
to our mitochondria, we’d die.” —A Wind in the Door by
Madeleine L’Engle (1973)
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...OVTI TPOLOYOU ....

....... glvat aAndsia ottt kade @opd, mou oOtn pHovado - EUTUXWG OTTAVIO -
‘kataAnyel’ éva noudi amoé coBapn vooo, ard onyn n éattiac evoc coBapou
TOQUUATIOUOU - UL COUYKAOVIOTIK) OTlyun yiwee to ibto to maidi, yia tnv
OLKOYEVELA TOU aAAd Kot yla 0Aou¢ 0oou¢ SOUAEUOULE OTO YWPOo ULaG povadac
- AVOPWTIOUAOTE TL SEV MNYE KaAd, evw epapuooaue ta (dla, onwe o’ oAa ta
nadld, TpwtokoAAa ......

Me toutn bdw tnv epyacia anwtepn ermduvuia 0Ang¢ tng ouadoc eival va
npoodeoouue OtL Sedoueva MPoKUYOUV, TIPOKEWEVOU va ouuBaAdouv otnv
Katavonon tn¢ nadopuaoloAoyiag, otnv mPwWIUN aVIXVEUCN KAKNG TTPOYVWaonG
TIEPUTTWOEWV TIEPLOTATIKWY, TNV TAXUTEPN, KAAUTEPN N (ow¢ Slapoporotnuevn
Q7O TOUG UMOAOUTOUG dIOUEVEIC QVTIUETWITLON, UE QATTWTEPO OKOMO va xadouv
000 10 SuVATOV ALYyOTEPOL OUEVEIC ..... EVAALKEC N tatdLd.

H mapovoa peAetn eival n mpwtn-amod ot yvwpilouvue amno tn BiBAloypapia-
TTOU UEAETA TIC dAAQYEC TTOU ETLPEPEL pUla 00Bapr) vOOOC SLOXPOVIKA KATA TN
OLAPKELX TWV TTPWTWV TTEVTE NUEPWV EUPAVLIONG TNG , idava Kot KaGOoPLOTIKEG
yla tnv eEEALEN TN, Ko udAtota napdaAAnAa o€ eviAikec kot modia .....

H epeuvntikn avtn epyaocia dev Ga unopouoe va ExeL oAokAnpwukei ...

..XWPIC TNV EUTTVEUON, TNV 0PYAVWON, TNV ETTLLUOVI), TNV EPYATIKOTNTA KAl TNV
anoteAeouatikotnta tou dtevBuvtn uou, Kadnyntn k. Nwpyou MrpiocoUAn,

.. Xwpic ™ uedodikotnta, ™ OYOAQAOTIKOTNTA KAL TNV AOKVN UtooTtnptén tNne
urteuBuvnc AvarAnpwtpiac Kadnyntpiac k EAévne Anuntpiou ota Epyaotipla
Yyeiac tou Maidiou,

.. Xwpic v napdiAnAn epyacia ¢ eéalpetiknc @IiAng kat ouvadéApou
nadlatpou-evratikoAoyov otn Movada [Maibwv Epnc TaBAabdakn, mou
tapaAAnAa SouAsvaue Too0 Kalpo TI¢ SLaTpLBEC Lac,
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....xwpic ™ Bonvewa kat vrootnptén amo tnv k Mapio Bevuyakn Ermikoupn
KaOnyntpia, urtevduvn tou epyaotnpiov KAwviknc Xnueiac tnc latptkng 2xoAng
Maverniotnuiov Kpntng omou ekmovinke pyaotnpLoko UEPOC TNE StatplBng....

. xwpic v éeywploty ouvunapactacn ¢ AvamAnpwiptag¢ Kadnyntpiog
Evtatiknc k Evuopioc KovouAn,

..... xwpic tou¢ aéiotiuoug kadnynteéc k E. NaAavakn, A. lcwpyomovAo kat A.
[kika, moU SEXTNKAV VO UOU KAVOUV TNV TUUN VO CUUUETEXOUV OTNV EMTUUEAN
HOU ETTLTPOTTN. ........

... U€Aw va euyaplotiow 000UC QITO TO TPOCWITLKO KAl Twv U0 Hovadwv
naidwv kat evnlikwy, ue Bondnoav ueoa oto @opto Soulelac, otn ouAdoyn
Selyuatwy aiuato¢ tne UEAETNC Kot kupiwe to ouvadedpo lMaitdoyxsipoupyo
BayyeAn MrAgvpakn, mou ue peyain mpoduuio Bondnoe va dnutoupyndei n
ouada-control, ue t™n ANYn aipato¢c amod @uoloAoylka TmodlA TTOU
npoaepyovrav otnv Matdoxelpoupytkn KAvikn yla mpo-eyxelpntiko EAeyxo,
Atevduvrpla ¢ Awwodbdoaoiac tou Noookoueiou puac k @ouvtouvAn kot 0Aoug
ooouc edwoayv aiua yla tn UEAETN o eGEAOVTIKA.....

..10laitepa euxaptotw t™ XovAleta Mepel- Xalpetn, peéikavikn - mAnBwpikn
mapouoia otn ypauuateia tne povadac uoc, yla tnv navra npoduun Bonvdeia
Kot urtootipién...

...EUXOPLOTW TOUC yoVeic Twv natdiwv mou edwoav 1 cuykatadeorn touc yla
va xpnotuormotnUei delyua aipato¢ amo ta dika touc matdla, yla 1o KaAo Twv
atdLwyv OAwwv.....

MéEpo¢ Twv amoTeAecuATWY TNG TOPOUOAC UEAETNG EXEL OVOKOWWUE(L O€
Stedvn ouvédbpla n/kat Exel dSnuooteutei oe Sledvn kat EAANVIKA TTEPLOSIKAL.

Makadpt Toutn n npoonadsia va mPooBETEL E0TW KL EVA TTOAUTIUO KOUUOTAKL
oto nalA tn¢ Katavonong, dAAa kupiwc tnN¢ avTIUETWITLONG THE coBapr¢ vooou,
yLo vae owBouv 000l TTEPLOTOTEPO YIVETAL...

Aev Ua urmopouoa TEAELWVOVTAC VA NV EUXAPLOTOUCA TA UEAN TNC OLKOYEVELAC
OU TTOU QVEXOVTAL TIC TOOEC WPEC AITOUTiac LoU.....
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NEPINHWH

Etocaywyn: To KuTtoplkd otpeg amd ocoPapry ondn (severe sepsis, SS) n ouvépopo
ocuotnUatikng dpAeypovwdoug anavinong (Systemic inflammatory response syndrome, SIRS)
ekbnAwvetal pe ofeie¢ PAeYUOVWOELG, OPUOVIKEG, QAVOCOAOYIKEG Kol METOPOAKES
Slatapayxéc. H ouoyxétion toug pe mubavr) Suchettoupyia pitoxovdpiwv Sev €xel EMAPKWG
HeAetnBel.

ZKOTOG: IKOTIOG TNG LEAETNG ATAV N eKTiUNON Twv Slaxpovikwyv LeTaBoAwv pAeypovwdouc-
OpUOVIKNG avTtidbpaong, evdoyevoug-avooiag, Bloevépyelag Kal petafoAlopol o aoBevelg,
eVAALKeG Kal madila, pe ocoBapn onyn (SS) kot n olykplon LE avtioTolxeg opadeg acBevwv
ue SIRS kat uywwv (H), evnAikwy kot moatdlwy.

YAkd/M£BoSoL: MehetiOnkav 68 mawdid (SS/18, SIRS/23, H/27) kat 79 evihikeg (SS/23,
SIRS/23, H/33) Staxpovikd, tnv 1, 3n kat 5n nuépa voonAeiag. Ymoloyiotnkav o Segiktng
pnalag owpatog (Body mass index (BMI) z-scores) kat ta scores Baputntag vooou (PelLOD,
APACHE, TISS, SOFA). Metpnnkav n kapdiakni cuotaAtikotnta (EF, SF), n tpomovivn (Tn),
TOo YaAakTikd o€V, n katavalwon evépyelag (Energy expenditure, EE) pe Gas Module E-
COVX, to ATP ota Aeuka alpoodaipla pe Sokipaoia Aovaoipepaonc (luciferase luminescent
assay), ta emineda yAoutapivng kot NO,/NOs; pe vypn xpwpatoypadio vpnAic mieong
(HPLC), ta mpoiovta unepofeibwong Autdiwv (TBARS) pe XpWHATOUETPLKN Sdoklpaoia, n
PelLOTIVN, N QVILUTOVEKTIVN 0poU Kal ot eEwkuttapleg Heat Shock Proteins (HSP) pe tnv
TOOOTIKN avoooevlupikn LEBodo ELISA (sandwich enzyme-linked immunosorbent assay),
Kal oL evdokuttaple¢ HSP72, HSP90a pe kuttapopetpia pong (flow cytometry).
AnoteAéopata: Alaxpovikd toco oe evnAilkeg (ICU) 6co kat oe maidid (PICU) ol TuEg
pellotivng, avtutovektivng, e€wkuttaplag HPS72 kat 90a mapouaoidalav otabepd mMPOTUTO
Sléyepong og O6An tnv ofela paon Twv 5 NUEPWV. TN XPOVLIKA aUTH TEPLodo, oL MapAUETPOL
petapoAlopol VO,, VCO,, EE mapouciacav otaBepd umopetaBoAiko mpodid, idlo oe
eviAlkeg kot matdld. H avénuévn ékppaon twv NO3 NOz, TBARS Kol QVvTLTOVEKTIVNG OTN
onyn mapouciacav pla o aotadn swova 6cov adopd t Slaxpovik Toug Ekbpaon ava
NALKLAKA opada.

H Bloevépyela TwV PLToXovopiwv NTav SLaXpoVIKA LELWHEVN O€ EVAAIKEG KOl TtalSLd ou Sev
emPBiwoav oe oxéon He ekeivoug mou emiBiwoav, kKol cuvodevovtav amd CNUOVTIKA
HELWMIEVO HETOBOALOUO Kat uTtopeTaBolikd ipoturta tnv 3" kai 5" nuépa (p<0.05).

OL aoBeveic mou eniBiwoav nmapouvcialav onuavtiky dtadopomoinon Twv APXKWVY TLLWV
BVR, yaAaktikoU, EE, VO,, VCO, kal petaBoAikol mpodA os ouykplon He acBeveic mou
néBavav, ot omoiot €del€av aduvapio ovakapPng Tou UTOUETABOALOHOU 1 TNG
aVTLOEE LB WTIKAC Katdotaong tnv 5" nuépa.

Tupnépacpa: H SS xapaktnpiletal Staxpovikd, amd Loxupotepn €VOOKUTTAPLO KATAOTOAR
HETABOALOMOU, Helwon katavalwong evépyelag, Mpelwon twv ATP, HPS72, HSP90aq,
aABoupivng, yAoutapivng kat eEwkuttapla avénon pAeypovwdwv oppovwy, pellotivng Kat
OVTUTOVEKTIVNG Kol Tpwteivwv E€udutng avooiag (HSP72). M mpwipn KOtAotaon
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UTTIOMETABOALOMOU, LE KOTOOTOAN PBloevépyelag kol svdoyevolC avoolag, n ormoia Kot
Tapapével Slaxpovika Hall pe ouveXllOpevn Kataotoon ¢AEyHovAg, ME  Slaxpovikd
aUENUEVEG LETABOALKEC OpUOVEG Kal Tipwteiveg eHSP72/HSP90a, daivetal va Eexwpilet Tn
onyn amnd to SIRS, kat cuvdéetal pe avénuévo kivbuvo Bavartou.

Né€elg kKAswdLa: onn, SIRS, Bloevépyela, HSP, pitoxovdpla, petafoAiopds, Beputdopetplia,
apwotga, ogeidlo tou alwtou, ATP, pelloTivn, avtutovekTtivn, Tpalua
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ABSTRACT

Background: Cell stress induced by severe sepsis (SS) or systemic inflammatory response
syndrome (SIRS) presents with acute inflammatory, hormonal, immune and metabolic
derangements. Their relation with mitochondrial dysfunction has not been adequately
studied.

Objectives: The purpose of the study was to evaluate the longitudinal changes of
inflammatory-hormonal response, innate-immunity, bioenergetics and metabolism in
critically ill patients, adults and children with severe sepsis and to compare them with
patients groups with SIRS and healthy groups (H), adults and children.

Materials / Methods: We studied 68 children (SS/ 18, SIRS / 23, H / 27) and 79 adults (SS /
23, SIRS / 23, H/ 33) on 1, 3 and 5 day of hospitalization. Body Mass Index (BMI) z-scores
and disease severity scores (PeLOD, APACHE, TISS, SOFA) were calculated. Cardiac
contractility (EF, SF), troponin (Tn) and lactate were measured, as well as energy
consumption (EE) with Gas Module E-COVX, ATP in white blood cells with luciferase
luminescent assay, glutamine and NO2 / NO3 levels with high-pressure liquid
chromatography (HPLC), lipid peroxidation products (TBARS) by colorimetric assay, resistin,
serum antiponectin and extracellular Heat Shock Proteins (HSP) HSP90a, serum HSP72,
adiponectin and resistin by ELISA.Intracellular Heat Shock Proteins (HSP72, HSP90aq)
expressions by flow cytometry.

Results: Longitudinal both in adults (ICU) and children (PICU), resistin, dexponcepin,
extracellular HPS72 and 90a values showed a sustained pattern of stimulation throughout
the acute 5-day phase. In this period, VO2, VCO2, EE showed a hypometabolic pattern
similar in children and adults.The increased expression of NO3, NO2, TBARS and adiponectin
in sepsis showed a diffuse pattern relating to their age-related expression per age group.
Mitochondrial bioenergy was longitudinal reduced in adults and children who did not
survive compared to survivors, and was accompanied by significantly reduced metabolism
and hypometabolic patterns on days 3 and 5 (p <0.05). Surviving patients had a significant
variation in baseline BVR, lactate, EU, VO2, VCO2 and metabolic profile compared to
patients who died, who showed inability to recover hypometabolism or antioxidant status
on day 5.

Conclusion: SS is characterized from longitudinally stronger intracellular repression of ATP,
HPS72, HSP90a, metabolism (EE, albumin, glutamine) and extracellular induction of
inflammatory hormones (resistin) and innate immunity proteins signaling acute stress
danger (HSP72) compared to SIRS. A pattern of early longitudinal induction of metabolic-
hormones and eHSP72/HSP90a, repression of bioenergetics and innate immunity, hypo-
metabolism, and amino-acid kinetics changes discriminate sepsis from SIRS; malnutrition,

12
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hypometabolism, and persistently increased resistin and adiponectin are associated with
poor outcome.

KEY WORDS: sepsis, SIRS, bioenergy, HSP, resistin, metabolism, calorimetry; amino acids;
nitric oxide; heat shock proteins; ATP; resistin; adiponectin; sepsis; trauma
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FENIKO MEPO2
EIZATQIrH

2HWH
ETYMOAOTIA
@ : nwon EVIKOC nAnBuvtikog
Etupodoyia [ # ]
ofPn < apyaio eEAMnviki onWig ovouaotikn onyn INPeLg
1. n opyavikn amocUvBeon VKD Ul'l‘lJlr]C SHbEwy
2. (uetapopika) n SodhBopd avBpwnwv Kat n & onewg

katappeuon afuwv awmiatiky  onyn INPeLg

KAnTikn ondn INPeLg

H A&§n ‘onin’ mpoépyxetat anod tn Aé§n “onpig,” n omoia otnv EAANVIKA yAwooa onpaivel
‘amocuvBeon’. Avadépetal dn amno ta £nn tou Ounpou, oxedov 2700 xpodvia mpwv (1).

H ZAyn i n ewBoli maboyovwy HIKPOOPYAVIOUWY OTOV OPYQAVIOUO, TIPOKAAEL L
ocuotnuatikn dAeypovwdn amavrnon (2). Avicopporia otn pAeypovwdn avtr Sdadikaoia,
uropetl va odnynoet oe BAARN Twv LWOoTWY, avendpkela opydavwy, ondn (sepsis, S), onmrikn
katamAnéia kat teAlkd Bdvato. Movo oxetikd mpoodata, UEAETEG €xouv 0OnNYNOEL OTNV
OVAAUON TWV KAWIKWV EUPNUATWYV OTOUG ONMTLKOUG aobevelc, otnv Katavonon Tng
umokeipevng maboguatoloyiag kot otn Siadoponoinon oplopwy, XwPLE Ouwg n OAn
Sladkaoia va €xel MARPWG SLEUKPLVLOTEL.

EMAHMIOAOTIA

H onyn amoteAel maykoopiwg peilov atpko mpoPAnua, mpooBailovrag ekaTOUUUPLO
avBpwnwv kabe xpovo(3). Mapd tnv onuavtiki €EEALEN OTNV EVTATIKY OVTLUETWITLON KO
Bepameia tng ta teAevtaia xpovia, n onmukn katamAnéia s€akolouBel va oxetiletal pe
unAn Bvntotnta (4) yL autd kal TapapEVEL KOUTO Bfépa €psuvag, avalntnong Kal
Katavononcg twv akplpwv punxaviopwv naboduoioloyiag tne. Kabe xpovo, po Hépa tou
YentepBplov gival aplepwpévn o’ autod to cuvSpopo.
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World Sepsis Day: September 13 2018

Erudnuiodoyikég pehéteg avadépouv mepimou 30-50 Bavatoug Adyw onygng ava 100.000
Aatopo to XPOvo, yeyovog mou tomobetel tn onyn ota 10 cuxvotepa aitia Bavdrtou,
avefaptnta anod tnv nAwia tou acBevouc, To XpOVOo VOoNAELag KOL TIG LATPLKEG ELOLKOTATEG
Tiou eumAékovtal (6). O cUVOALKOG aplBUOg acBevwy TIou XAVeL T {wh TOU MAYKOOUIWG oo
onyn &emepva KATA TMOAU €KELVO OO AYYELAKO €YKEPOALKO €MELOOSLO KAl 0&U Eudpayua

Tou puokapdiov cUpdwva pe PeAETn, Am J Respir Crit Care Med 2012, ToU ¢aLVETAL
TIOPOKATW.

. Severs
Sepsis

Severe
Sepsis

Acute
myocardial
infarction

Adjusted rate per 100 EMS

Stroke

Stroke

1 1 K
2001 2003 2005 2007 2009

Am J Respir Crit Care Med 2012, 186(12):1264-1271

H peAétn ICON (International Intensive Care Over) €6woe TAyKOOULO ETLONULOAOYIKA
bebopéva amno 10.069 aocbeveic oe povada evratikng Bepameiag (ICU) kat emiBefaiwoe otL
2.973 (29.5%) Twv acBevwv eixav ondn Kota TV €l0od0 1) KaTd T SLAPKELD TNE TTAPAUOVAG
Toucg otn MEG. H Bvntotnta amnod onyn otn MEG Atav 25,8% Kol N VOOOKOUELOKH BvntotnTa
Atav 35,3%, mMooooTo onuavtika upnAdtepa anod eKeivn Tou yevikou mAnBuopol tg MEO
(Bvnowotnta otn MEG 16,2%, voookopelakn Bvnowudtnta 24,2%) (6).
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Atbaktopikn AtatptBn

H onyn anoteAel emiong tnv kUpLa attio madIK¢ voonpotnTog Kat BvntotnTac maykooLo

ocUudwva Pe PeYalo aplOUo epyacilwy, LEPOG TWV OMOLWV avaypAdETAL OTOV TIiVaKa TIoU

akoAouBel (7).

Table 1

Epidemiology of pediatric sepsis in multicenter studies in developed countries since 2003

Authors, year Country Design Settings Age Incidence/prevalence Mortality
Data source
‘Watson et al. 2003 [1] UsA Retrospective ICD-9? coding & modified Angus criteria <19 years Incidence 0.56 per 1000 population (1995) Hospital 10.3%
7 states Hospital discharge database 1995
Hartman et al. 2013 [14] UsA Retrospective 1cD-9? coding & modified Angus criteria <19 years Incidence 0.89 per 1000 population (2005) Hospital 8.9% (2005)
7 states Hospital discharge database 1995, 2000, 2005
Ruth et al. 2014 [17] USA Retrospective 1CD-9? coding & modified Angus criteria <18 years Prevalence Hospital 14.4%;
43 PICUs PHIS? database 2004-2012 6.2% (2004) to 7.7% (2012) 18.9% (2004) to 12.0% (2012)
‘Wolfler et at. 2008 [23] Italia Prospective Proulx’s criteria® <16 years Incidence IcU
15 PICUs 2004-2005 Severe sepsis 1.6% Severe sepsis 17.7%
Septic shock 2.1% Septic shockd 50.8%
Shime et al. 2011 [22] Japan Prospective Severe sepsis <15 years Prevalence 1.4% 28-day 18.9%
9 PICUs
Schiapbach et al. 2015 [18] Zealand ive Invasive infection, sepsis, septic shock <16 years Prevalence Icu
9 PICUs & 22 mixed ICUs dANZPIC registry 2002-2013 Invasive infection 6.9% Invasive infection 3.9%
Sepsis 2.9% Sepsis 5.6%
Septic shock 2.1% Septic shock 17.0%
Weiss et al 2015 (SPROUT) [19] 26 countries worldwide ~ Point prevalence Severe sepsis <18 years Prevalence 82% fICU23%
128 PICUs 5 days, 2013-2014 CHospital 24%

? |CD-9 International Classification of Diseases, 9th Revision ® pHIS Pediatric Health Information Systems

“Proulx’s definition of septic shock was different from Goldstein’s definition, now common in the world. Briefly, Proulx’s

septic shock necessitated hypotension despite 20 mls/kg of fluid administration, while Goldstein’s septic shock is defined

as inadequate perfusion, regardless of blood pressure, after 40 mls/kg of fluid resuscitation
4 ANZPIC Australian and New Zealand Paediatric Intensive Care
“These mortality rates were only for the sites in the developed world

J Intensive Care. 2017; 5: 47 (7)

JUudwva PE OTaTLOTIKA Tou 2009 amo tov Maykoouo Opyaviopd Yyeiog (WHO), tpelg amo

TIC TEOOEPELC KUPLEC KATAOTAOELG TIOU OKOTWVOUV TaldLA HLKPOTEPO TWV 5 €Twv, €lval

Aouwbelg mapayovteg, mveupovia, Stappola kal eAovoaoia.

Malaria 8%
Measles 4%

Diarthoea 17%

HIV/AIDS 3%

Neonatal 37%

Pneumonia 19%

Causes of

Injuries 3% Sepsis or
pneumonia 26%
Other 10%
— Asphyxia 23%
I— Congenital 8%
|— Preterm 28%

neonatal deaths

Other7%
Tetanus 7%
Diarthoea 3%

2000-03)

Figure 2: Major causes of death in children younger than age 5 years and in neonates (yearly average for

Lancet 2005; 365: 1147-52 (9)
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H ev6ovoookopelakn Bvntotnta os madla pe ongn vmoloyiletal >10% (3). Movo otig HIMA
72 .000 moudid voonAevovtatl pe onPn €tnoiwg, pe avapepopevn Bvntotnta 25% kot
OLKOVOULKO KOOTOG Ttou umtohoyiletat oto $4.8 Al (8).

Eykailpn avayvwplon kat dtayvwon tng ondng kat mpwipn evidence-based Bepameia
amatteltal, Mpokelwévoy va amodpeuxBel n onmtiky katamAnéio, n omoia cuvdéstal pe
Too0ooTo Bvntotntag 40% 1) KoL TEPLOCOTEPO, OTO YEVIKO TANBUOUO. AUTOG elval Kol o
otoX0C¢ TN Surviving Sepsis Campaign (SSC) tnv teleutaia Sekaetia, MEoa amo TV
katavonon tng naboducloloyiag tng vooou.

OPIZMOI

Malioi optouol

MaAalotepa eMKPATOVOAV OL TTAPAKATW OPLOUOL, TTou cuvdéovtav LETAL Toug pe BAaon to
TIAPOKATW OXHO TTOU AKOAOUBEL:

./f mlm'_'r:?/f—]:&_ﬂ ) -:mu: ?fgc:pm A [riga by
GECGCCES.

— — —— —

BACTEREMI
OTHER
FINFECTION
i f /SEPSI TRAUMA
BURNS
PANCREATITIS
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Noipwén eivar n maboloyikn Stadikacio mou mpokaAeital anod tv el6foAn naboyovwy n

duvntikd maBoyovwy HUIKPOOPYOVIOUWY O QUOLOAOYLKA OTELPOUC LOTOUG, uypd N

KOWAOTNTEG TOU CWOTOG.

JUvSpono cuotnuatikic dAsyuovwdoucg avtidpaong (SIRS — Systemic Inflammatory

Response Syndrome) givat 10 cUVOAO TWV QPUVTIKWY SLEPYOCLWV TOU OPYAVIOUOU €vavtl

BAAMTIKWY TAPAYOVIWV Aoluwdwyv Kot un (tpadua, €ykaupa, maykpeatitda K.d.), mou

ONUALVEL KAWVIKA :

yla TOUG EVAALKEG Ttapouaia Suo N TEPLOCOTEPWY QO TA MAPAKATW KpLtipla (5):

Box 1. SIRS (Systemic Inflammatory Response Syndrome)
Two or more of:
Temperature >38°C or <36°C
Heart rate >90/min

Respiratory rate >20/min or PaCO; <32 mm Hg (4.3 kPa) White blood cell
count >12 000/mm?> or <4000/mm?3 or >10% immature bands

From Bone et al.®

Critical Care Medicine 2003

€V yla ta tatdld, mapouaoia touAdaxlotov Suo anod ta akoAouBa kpLtrpLa:

- Kevipwr Beppokpaoia >38,5°Cr <36°C

tayukapdia (kapdlakd pubuod >2SD amd ta ducloloykd Opla yla tnv nAikia,
amnouoia efwteplkol attiou: xpovia bappakeUTIK aywyn i enwduvo epéblopa, N
aveényntn avénon tou yia >30 Aemtd £wg 4 wpeg N yla ta madld <létoug —
Bpadukapdia : kapdiakdc puBuoc<10" EO yia tnv nAwkia, amoucia €EwTEPLKWV
TIAPOYOVIWV: PB-OMOKAELOTEG 1) OUYYEVNC KapSLlaKkr vOoog N aveEnyntn eUpEvouoa
pelwon kapdlakol pubuoU yla MAvw amnod ULorn wpa

ToxUmvola | UNXOVIKOG OEPLOMOG ylo 0fU TPOPAnua mou Oev cuvdéetal We
VEUPOUULKN TtaBoAoyia 1 xopriynon YEVIKNC VAPKWONG

QUENUEVOC N UELWUEVOC OPLOUOC AEUKOKUTTAPWY Yyl TNV nAkia (OXL HETA TNV
XnHUeloBeparmeia) N >10% PAACTEC

€va amno Ta omnola mpEmnel va gival n maboloyikr) Beppokpacia i 0 aplOpOg ASUKOKUTTAPWV.

ZNPn eivat 1o KAWIKO cUVEPOUO TIOU XAPAKTNPLWETOL OO TNV Tapoucia Aolpwéng Katl

ocuotnuatikng pAeypovwdoug avtidpaonc (SIRS) (6)
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MNa ta nadld, Stayvwotika kptnpla ondne sivatl mapouvoia Aolpwéng pall pe onueia Kat

CUMMTWHOTA GAEYUOVAG :

unep n untoBepuia (Beppokpaacia opbou > 38.5 or <35 _C)

Taxukapdia (Urmopel va amouolalel o umtoBep KOV aoBEeVELG) Kol TOUAAXLOTOV pia
aro TG aKOAOUBEG

evdellelc emnpeaocuévng Aettoupylag opyavwy: emnpeacpévo eninedo ouveidnong,
uro&atpia, augnuévo yalaktikd opol | auénueévog kapdlakog pubuog (7) (12)

ZoBapn onwn: anodedelyuévn i UTomTn Aoluwén ou mpokaAel cuotnuatiki pAsypovwdn
amavtnon (SIRS) pall pe SuoAeltoupyio TOUu KapdlayyeELdKOU CUOTAUATOC 1 oUVEpPOUO

ofelag avamnvevotikng duoxépetag (ARDS) 11 22 dAAeg opyavikéC SuoAeltoupyieg pe Baon

OUYKEKPLUEVA KPLTHPLO QVETIAPKELOG OPYAVWV:

la touc evhAikeg (6) (12):

Dellinger et al

TABLE 2. Severe Sepsis

Severe sepsis definition = sepsis-induced tissue hypoperfusion or organ dysfunction (any of the

following thought to be due to the infection)

Sepsis-induced hypotension

Lactate above upper limits laboratory normal

Urine output < 0.5 mL/kg/hr for more than 2 hrs despite adequate fluid resuscitation
Acute lung injury with Pao,/Fio, <250 in the absence of pneumonia as infection source
Acute lung injury with Pao,/Fio, <200 in the presence of pneumonia as infection source
Creatinine > 2.0mg/dL (176.8 pmol/L)

Bilirubin > 2mg/dL (34.2 pmol/L)

Platelet count < 100,000 uL

Coagulopathy (international normalized ratio > 1.5)

Adapted from Levy MM, Fink MP, Marshall JC, et al: 2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions Conference. Crit Care Med 2003; 31:
1250-1256.

Mo ta modid:
Kapdlo-ayyelakr ducAettoupyia

- avegaptnta anod xoprniynon vypwv >40ml/kg og 1h
n

- Helwon NG aptnplakng mieong < 5 E.O. yla tnv nAwkia i ocuotoAkn <2SD yla tnv nAtkia

n
- avaykn yla wvotporma yla va StatnpnBei n Al og dUCLOAOYIKEC TIUEG N
- duo amo ta akéAouvba:

ave€nyntn petafolikn oé€waon

av&non Tou aptnPLAKOU YAAQKTIKOU 0EE0C
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oAlyoupia
TIAPATETOUEVOC XPOVOG TPLXOELSLKAG EMAVATIANPWONG

Sladopa keviplkng-mepldepIkng Oepuokpacia >3O C
Avarmnvevotikny SucAettoupyia:
- Pa02/Fi02<300 amoucia KUaVWTIKAG KApSLaKNG 1 TPolMapXoucaG MVEUOVLKIG VOGOU
- PaC02>65 mmHg
- anodedelypévn avaykn Fi02 >50% yia Siatripnon SAT>92%
- QVAYKN YLOL LNXOVIKO QLEPLOUO
Neupoloyikny SucAettoupyia:
- Glasgow Coma Scale< 11
- o&eleg aAAayEg pe pelwon tg GCS
NedpoAoyikr) SucAettoupyia:
- KPEATLVIVN 0poU ToUAAxLoToV 2 GOpPEC LEYAAUTEPN Ao TN GUGCLOAOYLKA yLa TNV NAKIia
TN
Hratikr) SuoAettoupyia :
- oAk} xoAepuBpivn = 4mg/dl ( 0xL ota veoyévvnta)
- SutAdola T apwvotpachepdong
AlpatoAoyikn SuoAsttoupyia :
- PLT<100.000/mm3 1| peiwon 50% twv PLT amo péylotn TN TPLWYV TEAEUTALIWY NUEPWV
- INP (international normalized ratio) >2

Innukn katanmAnéia : n mapoucia ePpévoucOC UTIOTACNG OE ONMTUKO acBevrh, mapd Tnv

ETAPKN XOPNYNON UYpWV Kal armoucio GAAWV altiwv umotaong.

E&EEAIEN oploucdv-NEéot opLouol

H Surviving Sepsis Campaign (SSC) Guidelines Committee, otoxeUovtag o€ pLo opOoAoyLIkoTEPN
Pooéyylon, mpoomabel ouvexwg va PeEATIWVEL TOUC OPLOMOUC, VO TOUC OUCXETI(EL HE TNV
naBoduaolodoyia kal kupiwg pe TNV edappoyn KatevBuvtripwwv odnywwv - guidelines (The
Surviving Sepsis Campaign Guidelines) kot cuotdoswv (evidence-based recommendations), kot
va KOTeUBUVEL TNV TTPAKTIKA avalwoyovnong Kal EMElYOUCACG AVTLUETWTILONG TNG, ME OMWTIEPO
otoX0 TN pelwon g Bvntotntag (8).

To 1991, oto cuunoclo cupdwviwy (consensus conference) mou mpaypatonol}Onke anod To
Apepikaviko KoAéylo Mveupovoloywv American College of Chest Physicians (ACCP) kal tng
Etaipeiag Evratikng Bepamneiag Society of Critical Care Medicine (SCCM), ywa va kaBoplotouv
maykooulol oplopol ywa tn ongn (5), xpnowwomnownke o O0po¢ CUVOPOUO CUOTNUATIKAG
dAeypovwdoug amavinong “systemic inflammatory response syndrome” (SIRS), mou opioBnke
oov ocuvOUAOUOC KAWVIKWY ONUELlWVY, Xwplc 0w tnv mapoucia umokeipevne Aotpwéng (2)(7).
Oeswpwvtag otL SIRS pmopel va tpokAnBel amod pia otk ia pn AoLUWdwV mapayoviwy, OMwc To
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TPAUUO, TO EYKOUUA, N alpoppayia Kot n UTIOOYKOLULKA KatamAnéia, n maykpeatitida Kot AAAES
voool.

To 2001 mpaypatonolOnke dlebvég oupumooto (International Sepsis Definition Conference) yia
™ onyn, ywa va aflohoynoet Toug ponyoUEVOUC opLlopoug yia to SIRS, tn onyn, tn cofapn
onyn kat t onmtikn katanAnéia (7), LETA amo to onoio dnuloupynbnke pla peyain Alota pe
KALVIKA KOl BLOXNILKA SLOyVWOTIKA KPLTrpLa yla tn onyn, mou Bewpouvtav OTL aviavakAoloav
KAAUTEPA QUTAV TNV TOAUTIAOKN VOOO.

To 2002 pa 81ebvng opada eldlkwv (experts) oto xwpo €6KA t™¢ onPng ota madla,
ouvavtiBnkav yla va Swoouv concensus opLopouc Kal KateuBuvtrpleg odnyleg Kat ylo Ta
naldld, wote va BondnBouv n KAWVLKNA KoL EPYAOTNPLOKN EPEUVA.

H opada oploe ) ondPn ota maldld cav Ulo CUCTNHOTIKY avilipAsypovwdou amavinon otn
Aolpwén, mou ev duvapel e€elicostal o ooBapn ondn n akOUn Kal o€ onmrTikh KatamAnéia, pe
Baon e6ka ava nAkio wtika onpeia kat epyaoctnplaka dedopéva (15).

To 2004 n 6teBvNg opada twv e8IKWV yla Tn onPn SnUocleucs MPAKTIKEG KATEUOUVTNPLEG
odnyleg yla TNV avtlpeTwrion tng coBapng ondPng kot tng onmrikng katamAnéiag (16). Autég ot
kateuBuvtnpleg odnyiec dLaddbnkav oav LEPog TG “Surviving Sepsis Campaign”, avavewOnkav
pe tnv teAeutaia €kdoon to 2013 (6) KAl EMKPATOUV yLa Ta TTalSLA PEXPL ONUEPQL.

Mo Toug €VAALKEG, VEOL OpPLOMOL €MIKPATOUV TAEOV onpepa yla TN ondn Kol Tn onmtikn
katamAnéia, otoug omoioug katéAnée to Third International Consensus Definitions for Sepsis
and Septic Shock yvwotd cav [Sepsis-3] (13), oL omoiol xpnowomnolouvTal He KUPLO OKOTO TNV
TIPWLUOTEPN avayvwpeLon, TNV TaxUTEPN AVILLETWTILON KAl KAAUTEPN £KBacon tn¢ vooou. Eva véo
epyaAeio, to quick Sequential Organ Failure Assessment (qSOFA) €xeL mpotabei, yla tnv
npoPAePn ¢ mBavotntag kakng €kBaong oe acBeveic pe kKAwikn vmoyia onyPng, ywa tov
TIPWLLLO EVIOTILOUO TOUG, KUPLwG €€w amod tn povada eviatikng Bepaneiag (ICU).

Inuepa ongPn Beswpeital to cUVOPOUO TIOU TPOKAAEITOL AMO TNV AMAVINON TOU £evioTn
evavtiov eloBoléwv naboyovwy, Toflvwyv toug [ AAAwV otolxeilwv (particles) Toug kat eival pla
Kataotoon ME TOAAMAG KAWIKA Kol gpyaoctnplakd supnuata(6). Exel ouxvr katdAnén to
Bavato pEow avemapkelag MOAAwY opyavwy (Z0vépouo MoAuopyavikng AVEMAPKELAG) KAl Un
avaoTPEPLUNG TTWONG TNS ApTNPLAKAG Ttieong (Znmtikr KatamAnéia).

SEPSIS-3

2to oxAua la, daivetal o apxlkdg oplopog Tng onYng, mou Atav cuotnuatiky dAsypovwdn
armtavtnon (systemic inflammatory response syndrome, SIRS) kat umoyia Aolpwéng, t™ng
ocoBapng ondng, onPn kat opyaviky SucAettoupyila Kal TG onmukng katamAnéiag, ongn kat
katamAnéia, mou eMIPEVEL TTAPA TN XopHyNnon vypwv. MeTA Toug 0pLOUOUG TN Sepsis-3 amo TN
Society of Critical Care Medicine (SCCM) kat tnv European Society of Intensive Care Medicine
(ESICM)(17), o oplopdg tou cuvdpopou SIRS amopakpuvOnke amod tn cuoxETion Aolpwéng Kot
dAeyuovng kal eykataAndOnkav ta kpLtipld tou (8) (17) (9).
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Infection/Trauma SIRS  Sepsis

SIRS with a

» A clinical response
arising from a
nonspecific insult,
including 2 of the
following:

» Temperature 238°Cor
s36°C

» HR 290 beats/min

» Respirations 220/min

» WBC count

212,000/mm3 or

5£4,000/mm3 or >10%
immature neutrophils

confirmed
infectious
process

Infection/Trauma x Sepsis

'

« life-threatening organ dysfunction
caused by a dysregulated host
response to infection

+ Suspected or documented
infection and an

+ Acuteincrease of 22 SOFA points
(proxy for organ dysfunction)

* Hospital mortality > 10%

Sepsis: Defining a Disease Continuum

presumed or

Sepsis: Defining a Disease Continuum

Severe Septic
Sepsis Shock

A

Sepsis-induced hypotension
despite adequate fluid
resuscitation, with perfusion
abnormalities

Sepsis with 21 sign of

organ failure

- Cardiovascular
(refractory hypotension)
- Renal
- Respiratory
- Hepatic
- Hematologic

- CNS
- Unexplained metabolic
acldosis

Septic
Shock

1)

hypotension:

* requiring vasopressors to
maintain MAP 2 65 mm Hg

» and having a serum lactate
level >2 mmol/L (18mg/dL)
despite adequate fluid
resuscitation.

» Hospital mortality > 40%

Surg Infect (Larchmt) 2018 Feb/Mar;19(2):117-125

IxAua 1 Sepsis 2018: Definitions and Guideline Changes. Napolitano LM

Ot 6pot SIRS kat coBapn onPn dev xpnoLLomoLloUVTaL CAUEPO Yla VO OPLlooUV OmoLodnmoTe

otadlo tng onPng oe evnAikeg. MA€ov pla coBapn €€EAEN TNG Aolpwéng xapaktnpiletal wg

onyn upe Paon kpunpla (SOFA) mou meplypadovtol OPECWE TAPOKATW, KOl ONITKNA

KatamAnéio, n KOTAOTOON OTNV ONMOolol QVEMAPKOUV O KUTTAPLKOC METAPOALOHOG KOl TO

KUKAOGOPLKO oUOTNUO, KAl OTnV Omola, E€KTOC TNG XOopnynong uypwv xpelalovtal

OYYELOSPAOTIKA GAPUAKO TIPOKELUEVOU Va SlaTnpeltal n HEON apTNPLAKN Tiieon = 65 mmHg kat

10 yaAaktikd > 2 mmol / L (18 mg / dL) (8) (2xAua 1b). To mocooto Bvntotntag 10% tng ondng

aveépxetal oto 40% otn onmTkn KatamAnéia.
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SOFA ko qSOFA £vavtt SIRS otn onn

Mua avadpoutkny avaiuon (10) otnv AuotpaAia kot T Néa ZnAavdia, amod tnv Australian and
New Zealand Intensive Care Society (ANZICS) database (2000-2013), mou neptAapBoave 109.663
oobevelc pe Aolpwén kal avemdpkela opyavwy, £6el€e OTL n €wg tOTE Xprion &uo N
TepLooOTEPWY Kputnpiwv SIRS dev elxe uvPnAn esvaiwobnoia kat edikotnta otn Stdyvwon
ooPapn¢ onyPng oe acBeveic MEG. ZuykpiBnkav ta kAwika kpttipla SIRS, to Logistic Organ
Dysfunction System (LODS) score, pe duo véa kputrpla to SOFA score (baseline Sequential
[Sepsis-related] Organ Failure Assessment (SOFA) score kat to quick SOFA (qSOFA) score,
TIPOKELUEVOU va XpnolpomolnBolv oToug VEOUC OpLopouc Sepsis-3. Bp€Bnke otL to gSOFA
pumopoloe KaAUtepa amod ta kpLtipla SIRS va mpoPAEPel Tnv evdovoookopelakr Bvntotnta
(11).

Me okomo emopEVWE TN Heiwon Twv vPnAwv Mocootwv BvnToTNTAG TPOTABNKE, APXLKA OTOUG
€VAALKEG, 0 umoAoylopog twv SOFA (oxnua 2) kat qSOFA (oxnua 3) wg moAU guaicbntwyv
delktwv evtomong aocBevwv  pe  auvénuévn  mBavotnta  Kakng  €kBaong,  Kupilwg
evbovoookopelakd otn MEO alld kat ektog MEO (17).

Sequential [Sepsis-Related] Organ Failure Assessment Score?
Score
System 0 1 2 3 4
Respiration
PaO)FIO), mmHg =400 (53.3) <400 (53.3) <300 (40) <200 (26.7) with <100 (13.3) with
(kPa) respiratory support respiratory support
Coagulation
Platelets, XI03,"|1L =150 <150 <100 <50 <20
Liver
Bilirubin, mg/dL <1.2(20) 12-19(20-32) 2.0-5.9(33-101) 6.0-11.9 (102-204) >12.0 (204)
(umol'L)
Cardiovascular MAP >70 mm Hg MAP <70 mm Hg Dopamine <5 or Dopamine 5.1-15 Dopamine >15 or
dobutamine (any dose)? o epinephrine <01 epinephrine >0.1
or norepinephrine 50.1‘—) or norepinephrine 50.12
Central nervous system
Glasgow Coma Scale 15 13-14 10-12 69 <6
scoreS
Renal
Creatinine, mg/dL <1.2(110) 12-1.9(110-170) 2.0-3.4 (171-299) 3.5-4.9 (300-440) >5.0 (440)
(umol'L)
Urine output, mL/d <500 <200

Abbreviations: FIO,, fraction of inspired oxygen; MAP, mean arterial pressure; PaO,, partial pressure
of oxygen.

2Adapted from Vincent et al.

®Catecholamine doses are given as pg/kg/min for at least 1 hour.

‘Glasgow Coma Scale scores range from 3—15; higher score indicates better neurological function.
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The Sequential Organ Failure Assessment (SOFA) Scorel>

A clinical evaluation of the patient that includes laboratory values (bilirubin, creatining, coagulation studies,
and arterial blood gases) is needed to calculate a SOFA score. The SOFA score is most commonly used in the
ICU practice setting.
The following are the abnormal physiclogic SOFA parameters, each of which receives a score of 2 or
higher:
* PaOgFiO;, < 300 mmHg
* platelets, < 100 = 10%/mm?
® hilirubin, = 2 mg/dL
* hypotension requiring vasopressor support
* Glasgow Coma Scale score, = 12
® creatining, = 2 mg/dL, or urine output < 500 mL/day
Physiologic parameters are scored from 0 {nermal function) to 4 (organ failure). Each parameter is scored
individually, after which a total score is derived to suggest severity of iliness. The higher the cumulative score,
the greater the patient's risk. A score of 2 or higher in any system indicates an elevatad risk of organ dysfunc
tion, poor outcome, or death.
An online SOFA calculator can be found at www.mnidcalc.com/sequential-organ-failure-assessment-sofa-

SC0re,

Fiy =fractional inspired oxygen; Pal; = partial pressure of arterial oxygen.
The SOFA score

The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3)

Ixnua 2 : SOFA score (8)

The Quick Sequential Organ Failure Assessment (qSOFA) Score!

The following are the abnormal physiologic qSOFA parameters:
& systolic blood pressure, = 100 mmHg
® respiratory rats, = 22 breaths per minute
* any change in mental status
Patients are assigned one point for each abnormal parameter. Non-ICU patients with a total score of 2 or
3 are considered at elevated risk for an extended ICU stay or death and should be assessed for evidence of
organ dysfunction using the SOFA. An online qSOFA calculator can be found at www.mdcalc com/gsofa-

cjuick-sofa-score-sepsis.

The Quick Sequential Organ Failure Assesment (qSOFA) Score

Box 4. qSOFA (Quick SOFA) Criteria
Respiratory rate =22/min
Altered mentation

Systolic blood pressure =100 mm Hg

Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3)
JAMA. 2016 February 23; 315(17)

Ixnua 3 : quick SOFA (QSOFA) score (8)
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JTn oUVEXELO TtEpLypadEeTaL 0 alyoplBpog afloAdynong acBevwv-evnAikwy pe umtoPio Aolpwéng
LE OKOTIO TNV avixveuon acBevwv pe onyn n onmuikny katamAnéia (oxnua 4).

H Baowkn TR otnv ektipnon koatd SOFA (baseline Sequential [Sepsis-related] Organ Failure
Assessment (SOFA) score) (8) Bewpeitat undév, ektdg av ival amod mpwv yvwoto OtL 0 acBevi¢
elxe kamola oela n xpovia opyavikn ducAettoupyia (8) (17).

Patient with suspected infection

\ 4

QSOFA 22? B Monitor clinical condition;
(see(n) No > ;e'?s:c:;gl? No » reevaluate for possible sepsis
N P : if clinically indicated
Yes Yes

Y

Assess for evidence
of organ dysfunction =
(A) qSOFA Variables

Respiratory rate

Y

Monitor clinical condition;
SOFA 22? g
(see(B) No reevaluate for possible sepsis Mental status
N~ if clinically indicated Systolic blood pressure
Yes
, 4
e (B) SOFA Variables
Y Pa0,/Fio, ratio
Despite adequate fluid resuscitation, Glasgow Coma Scale score
:/{A\‘/Siogsrﬁsn?r;;eqmred tomaintain No Mean arterial pressure
AND - Administration of vasopressors
2. serum lactate level >2 mmol/L? with type and dose rate of infusion
Serum creatinine or urine output
'Yes Bilirubin
Septic shock Platelet count
gSOFA indicates quick SOFA; MAP, mean arterial pressure JAMA. 2016 Feb 23; 315(8): 801-810

IxAna 4: AAyoplBuog avelpeong acBevwy pe ondn kat onmtiky kotanAnéia pe Baon KAWIKA KpLtipLa
(Operationalization of Clinical Criteria Identifying Patients With Sepsis and Septic Shock)

2AYPn opiletal mAgov pLa amelAnTikn yla tn {wr SucAeltoupyia opydavwy, amOTEAECUA ULOG N
KaAQ puBuLopévNG amokplong Tou Eevioth o€ Aolpwéen. Mia Aolpwén emopévwg, otav MPokKaAel
SuoAeltoupyla €VOG 1 TIEPLOCOTEPWY OPYAVWY, N OTola ekTHAToL HE avénon tou Sequential
Organ Failure Assessment (SOFA) score katd 2 fj teploocotépoug Babuoulg, opiletal - pe Baon ta
VEa KpLtipla yvwotad ocav “Sepsis-3”- cav onPn(17)(12)(21). Zto oxAua 5, oxnuatomnoleital n
Sladpopormoinon tou oplopol NG ondng amd T Bewpia TOU CUVEPOUOU CUCTNUATLKAG
dAeypovwdouc anokplong SIRS (Sepsis-1) o ekelvn ou meplypadel Tn SuCAeLTOUpPYLO OPYAVWV
(Sepsis-3) (13). Eival ¢avepo (aoteplokog), OTL Kamolol acBeveic pe Aolpwén avamtvoocouv
SuoAeltoupylo opyavwyv Xwpei¢ va mAnpolv Ta Kpltipla SIRS-aVETIAPKELA TIPONYOUHEVOU
opLlopou.
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__Infection — Inflammation  Sepsis definition
| Local invasion |:
E /‘// N
v i ,/ \\
! | \
Bacteremia | | f \ P séeti
->|1 SIRS II T (Sepsis-1)
v i \ O ootepiokog dnNAWvel OTL Eva ULKPO
S" 4 \_ / Original sepsis T0000TO TWV ooU¥evwv aofevwyv UE
N —. N4 Aoiluwén, avamtvooouv SucAettoupyia
‘;\ / opyavwy xwpic va mAnpoulv ta KpLtipLa
2 New sepsis SIRS : systemic inflammatory response
(SRS — oy | | synorome

Inflamm Regen. 2016 Nov 15;36:24
Ixnua 5. H SuoAsttoupyla opydvwy VEO KpLTrplo oplopol otn onyin

JoBapEG AVILPPNOELG TTAPAUEVOUV YLOL TN XPrON TWV OPLOUWYV TNG Sepsis-3 definitions. AeBveig
opyaviopol onwg n American College of Chest Physicians (8), n Infectious Disease Society of
America, n Latin American Sepsis Institute kat n American College of Emergency Physicians
audlofntovv otoxela TOug KAl ocuothvouv TNV avalntnon PeATIWUEVOU GCUOTAUOATOG
BaBuovounong (scoring system), e HeyaAltepn evalobnoia otnv avixveuon oauénuévou
KwwdUvou aocBevwv pe onn (14)(15). MBava emopévwg va xpelootel mepattépw afloAdynaon
TWV VEWV 0pLoPWV (8) (11).

SOFA SCORE yia maidia

Ta kputipla SuoAettoupyiag opyavwy dev eixav ouvdebel pe tnv KAWLIKN €kBaon ota madla
(16)(27). MeAéteg €6eL€av pikpr POVo cupdwvia LETOED KALVIKWVY KPLTNPLWVY KoLl EKElVWV armo Tto
avtiotolyo consensus, otn Sldyvwon tng coBapng onng (27). To dtdypaupa Venn (oxnua 6)
Selyvel Tnv aAnAsmikaAuvPn twv acBsvwv pe Stayvwon ondng pe BAaon tnv KAWLIKA LOTPLKA
EKTLUNON KaL eKelvwv pe Baon ta SleBvn kpitrpla cuvaiveong (“consensus criteria” 2005). Ano
Ta 6.925 mabld-acBeveic mou e€etdotnkav o€ povada evtatikng, ta 706 eviomiotnkav e
oofapn onyn, and ta omoia poévo 301 (43%) tavtomouBnkav tautoxpova HeE Slayvwon
ylatpoU Kol JE TO CUVALVETIKA KpLTApla consensus criteria (28). Ta kpitrpla emopévwe ondng
Baowopeva otn Bewpia tou SIRS (consensus criteria) kal ota modd Sev pmopolv va
avayvwpiloouv ta 1o cofapad maoyovta.

.;"-Physician % Consensus
; Diagnosis Criteria

137 268

Not severe sepsis, n = 6219

IXAMQ 6. Crit Care. 2015; 19(1): 325 (28)
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AkohoUBnoav mpoonabelec mpooapuoyng tne Babuoloyiag tou SOFA SCORE (17) ota madla
ue avtiotolo consensus definition yla moudld (27) kal PE MPOCAPUOYN TWV KpLtnpiwv
SuoAettoupyiog opyavwy ota nawdia (pediatric SIRS and organ dysfunction criteria), avtiotoa
HE Twv evnAikwv (16) (17) (7).

To SOFA SCORE nmpooappootnke, aflohoynbnke kot emikupwdnke oe cofapd dppwaota madld
HE METABANTEG MPOCOAPUOCHEVEG OTNV NALKia Toug (25) kat mpoékue to pediatric SOFA score
(pSOFA)(oxua 7). To pSOFA ypnowiomow|nke yla va ektipnBouv oL oplopol tng Sepsis-3 o€
nadld pe emuPeBatwpévn np vmomntn Aolpwen Ke TTOAAA UTTOCYOUEVO OTTOTEAECUATA, UE LUEYAAN
gevaloOnotla evrtomiopou vPnANg evbovoookopelakng Bvntotntag oe MEO naidwv.

Pediatric SOFA Score Validation and Sepsis-3 Assessment in Critically [ Children Original lnvestigation Ressarch

Table 1. Pedlatric Sequential Organ Fallure Assessment Score

Scare®
Variables 0 1 2 3 4
Respiratory
Pao:Fio,® 2400 300-399 200-299 100-159 With <100 With Abbreviations: Fio,, fraction of
or - - respiratary support respiratery support inspired oxygen; MAP, mean arteria
SeoaFba 2202 264291 221264 148-220 With <148 With pressure, pSOFA, pediatric Sequential
respiratory support respiratory support Organ Failure Assessment;
Coagulation S5p0;, peripheral axygen saturation.
Platelet count, 2150 100-149  50-99 2049 <20 S canversion Bctorse 3 convert
=10/l bikrubin to micramoales per liter,
Hepatic multiply by 17304; creatinine to
~ micromoles per liter, multiply by
Bilirubin, mg/dL <12 12-19 2.0-59 6.0-11.9 >120 88.4; and platelet count 10 <109/,
Cardiovascular multiply by 1.
MAP by age gfoup ~ *The pSOFA score was cakulated for
or vasoactive every 24-hour period. The worst
infusion, mm Hg value for every variable in sach
or pg/kg/min? ) ) ) ) ) ) ) 24-hour period was used to
<1 ma 246 <6 Dopamine Dopamine Dopamine cakulste the subscore for exch of
e IiOrh e 55 hydrochloride >5 or hydrochloride >15 or the 6 organ systems. If & varisble
Illmo 255 <55 ordobutamine epinephrine <0.1 or epinephrine >0.1 or mm,f:,,,w-,, agiven 24-hour
< > hydrochloride norepinephrine norepinephrine eSS e I
12-23mo 260 <60 (ary) bitartrats <0.1 bitartrate >0.1 period, it was ssumed to norma
24-59mo 262 <62 and a score of O was used. Daily
PSOFA score was the sum of the

60-143 mo z65 <65 6 subscores (range, 0-24 points;

144-216 mo 267 <67 highes scores indicate a worse
>216 mo® 270 <70 bm!mme)-
_Nennboi ) _ s B _ :,?,;: measured in milimeters of
(s;:sr:'aw Coma 15 13-4 10-12 69 <f < Oy Spo, measurements of S7% or

lower were used in the caloulstion.

Reral
— SMAP (measured in millimeters of
c:""""’ ;{'9‘ mercury) was usad for scoves 0 and
roue, mg 1; vasoactive infusion (measured in
<1mo «©8 0809  10-11 12-15 216 icrograms per kiigram pes
1-11mo «©3 0304 0507 08-11 212 minute), for scores 2t0 4, Maximum
12-23mo 04 0405 0610 11-14 215 b '.“:: ed“”“,w n“ ;“::‘,‘:‘;‘"‘
24-59 mo 06 0608 0915 1622 223 s Cuil o pationts okar i
£0-143 mo «©7 0710  11-17 1825 226 1B years (216 months) were identical
144-216 mo <0 10-16 17-28 2941 242 tothe original SOFA score.
! Glasgow Coma Scale was calculated
>, > v 2-1. .0-3. . 5
216 mo! <2 1219 2034 3549 25 i b e

JAMA Pediatr 2017;171 (16)
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TABLE 1. Proposed Pediatric Sequential Organ Failure Assessment Score
Organ Variable 0 1 2 3 4
Respiratory Pao,/Fio, >400 <400 0,therapy <300 Noninvasive <200 Ventilatory < 100 Ventilatory
ventilatory support support support
Hematologic Platelet count > 150 <1560 <100 <50 <20
(x 10¥/
mm3)
Liver Bilirubin <12 1.2-19 2.0-569 6.0-11.9 >120
(mg/dL)
Cardiovascular ~ Cardiovascular Systolic arterial  Dopamine <5 Dopamine > b Dopamine > 15
support blood ng/kg/min ng/kg/min or ng/kg/min or
pressure < or dobutamine at adrenaline/ adrenaline/
age-based any dose noradrenaline noradrenaline
cutoff, mm <01 >0.1
Hg ng/kg/min ng/kg/min
CNS Glasgow Coma 15 13-14 10-12 6-9 <6
Scale
Renal Creatinine <1xage- 1-16xage- 1.7-2.8 x age-based  2.9-4.1 x age- > 4.2 x age-based
(mg/dL) based based cutoff cutoff based cutoff cutoff
cutoff

Pediatric Critical Care Medicine, Jan 2017 (30)
Ixnua 7. Nawdlatpiko SOFA score (pSOFA)

Avaykaio eival AoV n SOKLUAOTIK €DOPUOYH OE EPEUVNTIKA TIPWTOKOAAQ KOl TIEPALTEPW

a&loAoynon tou Sepsis-3 ota tawdia (30)(31).

Altia Znyng

Notlpwén

Nolpwén pe Gram-apvntika i Gram-Betika Paktripla, pUknteg (W6ilwg Candida) 1 kot o0g
uropetl va odnynoet oe ondn. MikpoBlakég tofiveg - kKuplwg n Gram-apvnTik PaktneLokn
evbotoivn (Autooakyapidaon, LPS) - aAAd kat evboyevelg Kutokiveg €xouv evoxomolnBel ocav
enmaywyeic tng (18).

Tpalpua

H BAABN amo TpauHATIONO TIPOKAAEL pla cUVOETN avtidpacon amo tov EevioTh, Tou SLaTapAcOoEL
TNV OUOLOOTAON TOU OVOCOTIOLNTIKOU CUOTHUATOG, MPOSLABETEL TOUG 0lODEVEIG OE EUKOLPLAKEG
Aopwéelg kal TpokaAel pAeypuovwEELG ETILITAOKEG.

KaBoplotég anavinong opyaviopol o Aoipwén r tpavpa

H puolohoyikn avtidpaon otn Aoipwén nepAapBAavel avooOAOYIKEC AVTIOPACELG TIOU ATTAVTOUV
Aaueoca kat Suvaulka otn Uikpoflakn €0foAr. H amdvtnon autr Tou opyaviopoU TOKIAAEL
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ONUAVTLKA ovAaAoyo E TOV TUTO Tou maboyovou, To $opTio Tou OTOV OPYaVIOUO, TO CnuElo
nPooBoAng, Tn Xpovikn kabuotépnaon mbava Tng avayvwpeLong tg. Avtiotola otnv mepimtwon
KATIOLOU TPAUMATOG, N andvinon eéaptdtot and Tov TUTo Kal Tn cofapotntd tou. Kat otig duo
OUWG TIEPUTTWOELG N ATIAVINGCN €XEL VA KAVEL LE TNV ETEPOYEVELO TOU acBevr), TNV nAwia, to
dUAO TO YEVETIKO TIPOdIA, TIG CUVVOONPOTNTEG KOL TNV cuvxopnyoULUevn Beparmeia kat aAa. H
OUVOALKN €kBaon TG VOOOU KAl N avIamnokplon Tou acBevolg aohadwg ennpealovral Kot and
N SLPOPETIKOTNTA TWV TPWTOKOAWY TNG Xopnyouuevnsg Bepameiag, Ta SladopeTikd
ovotnuata uyesiog (1) kat Toug mpolmoAoylopoug mou ekeiva dtabétouv (oxnua 8) (33). H
andvinon tou &evioth efaptdatal emutAéov amd TNV TPOcOetn tpoyevr PAAPN amd Tnv
unootnplEn oe povada evtatikig Bepamneiag (MEG), n omola umopel va diatnpet tov acBevn
otn {wn, TPOTOTOLEL OUWE TNV AMOKPLoN Tou £evioTr], PoKaAel mBava emumAéov BAAPN Kot
odnyel og Ao kKAwikd cuvépopo.

The Host
Response
Yynqpo 8 : H andvtnon evog opyaviopou

otn ondn avtavakAd TN SUVOULKN
oAnAemibpaocn  Tplwv  peTABANTWV
The Consequences , , , ,
of ICU Support mapayoviwy: to aitwo, tn Aoipwén, A to
TpaUUQ, TNV  QmAvInon ono  Tov
0PYaVIOUO KOl TIG Latpoyevelc BAaBeg.

Fevetikn mpodiaBeon otn onyYn kat Ty onmTiky KatanAnéia

levetikol mapdyovieg €xouv Heillova poAo otnv €€EAEN ulag dAeypovng (oxnua 9).
MoAupopdlopog €xel mapatnpnbel tooo ota yovidia mou eAéyxouv tnv avtibpacn otn
dAeyuovr), 600 Kol ota yovidla Tou EMAYOUV TNV apAywyn Kol TNV aneAeubépwon Twv
KUTOKIVwV, Ta omola kaBopilouv kal tnv mapaywyrn GAeypovwdwyv Kot avil-pAeypovwdwy
KUTOKLVWV Kol av Oa cupPel umtepPoALkni 1 LELWUEVN YEVIKEUEVN avTidpaon.
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Infection

NUCLEUS

O K

Transcription ‘

RNA Splicing ‘

EEEIEN]
Export

CYTOPLASM

Protein

Bench-to-bedside review: future novel diagnostics for sepsis - a systems biology approach
Skibsted S. Crit Care. 2013 Oct 4; 17 (5):231

Ixnua 9. Evepyormoinon yovidiou kal mapaywyr MPwTeivwv-UeTaBoAlTeg, cav anavinon os
gL Aotpwén

Zupudwva pe Tn poplakn BloAoyia, petd ) yovidlakn evepyomoinon, to DNA petaypddetal
Kol petadpaletol o TMPWTEiveC ol omoieg ameAeuBepwvovtal otnv KukAodopia Ttou
alpotog, oUpdwWVA UE TIG YEVETIKEC 00NYieg TTou eival anobnkeupéves oto DNA tou atopou
(19)(20)(1). H amavtnon cuvenwc e€atopikeVeTal. Ta onueia mTou UTIAPYXoUV oL aplBuol oto
mapanmavw oxApo umodnAwvouv Kot SladopeTikolg oTtoxoug HeAAovTIKwY R Tbava
SLoyvVWOoTIKWVY Mpooeyyioewyv: 1: emyeveTikn epigenomics (LeTaPfAntég BEoelg pebBuliwong)
Kall yoviSlwpatikn genomics (SNPs) 2 : petaypadikn transcriptomics (mRNA kot miRNA). 3,
Mpwteivwpa proteomics kot 4 : metabolomics petafoAkn.
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MAGO®YZIOAOTIA

Oewpia tou 2015 (A 2015 concept of sepsis pathophysiology)

‘H6n amod dekaetiag, amd to Merinoff cupmoocio (21), n onyn €xeL oplotel cav ‘pa
QEANTIKN yia T {wn KATAoTOon, TTIOU TIPOKUTITEL OTAV N ATIAVINGCN TOU OPYOVIOUOU OE pLa
Aoilpwén-n Ao aitio- otpédetal evavtiov TwV LKWV TOU LOTWV KaL Opyavwy’.

Itnv mepimtwon t¢ Aolpwéng, n Swadkaoia tng onPng Eekva amod TN OTLYUN TIOU O
0pYyaVIoHOG avayvwpilel popla mou oxetilovtal pe to maboyovo (pathogen- associated
molecular patterns, PAMPs) 1} mpoioviwv amnodounong nmaboyovou (damage-associated
molecular patterns, DAMPs), alarmins, autoavtiyova Kal KUTOKIVeG (38), omoTe Kal Eekva
QUECO N EVEPYOTIOLNON TOU KATAPPAKTN TNG PAEyUovrC. H amavinon amd tov opyaviopo
umopel va gival amd pia omAn pn enuTAeypeévn Aolpwén HEXPL MO KATAoTtaon ooBapng
OVETIAPKELAG KOl EKMTWONG opyavwy n Bavato (21) (oxnua 10).

Bacteria BLOOD

/

INTRAVASCULAR

Endothe!lal

\ 1st STAGE.\

Fibrin e

HOST RESPONSES
Cytokines,Chemokines,
NO/ROS,
Coagulationn
Complement, Caspases,
MMP, Growth factors

w
o
<
=
w
o

S
™~

Cell Dysfunction/Death Fibroblast proliferation > Matrix
Aberrant tissue remodelling
. B

ORGAN DYSF.UNCTION / INJURY

DEATH

J Cell Mol Med. 2008 Aug; 12(4): 1072-1073

Ixqua 10. Aldypappa twv otadiwyv Kot yeyovotwy mou kabopilouv tnv €€€AEN TNG oNdng

H onyn apa sival omotéAeCUO EKTETAUEVNG EVEPYOTIOINONG QUUVTIKWY MNXOVIOUWY TOU
OWHATOG TIPOC TOUG €LOPBOAELC HLKPOOPYAVIOMOUC, gram-0etikolg, HUKNTEC Kol gram-
opVNTIKOUC HIKPOOPYOVIOMOUG N TIG evdotofive¢ toug. Autol oL apuvtikol pnxaviopotl
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nepllapBavouv TNV ameAeuBépwaon  KUTOKWVWV, TNV evepyomoinon oudetepodiiwy,
HOVOKUTTAPWV Kal EVO0ONALOKWY KUTTAPWV.

‘Evag HeyAAoG aplBpog umodoxEwv KUTTAPLKAG eMLAVELAG Kol eVOOKUTTAPLWY daivetal va
avayvwpilouv ta popla autd, PAMPs kat DAMPs (tuipota pikpofiou, YAUKOTPWTEIVEG,
Autompwteiveg, VOUKAgika of€a kTA). Exouv avayvwplotel touldylotov 10 Stadopetikol
urnodoxeig Tol I-like receptors (TLRs), -C-type lectin domain family 7 member A (dectin 1), C-
type lectin domain family 6 member A (dectin 2) oL omololL evepyomololv, HECw TOU
napayovta interferon regulatory factor (IRF) povomatia mou odnyolUv otnv mapaywyn
wtepdepovng (IFN) r) nuclear factor-kB (NF-kB) kat activator protein 1 (AP-1), mapdyovteg ot
omolol guBuvovtal yla TNV TMPWLUN €&vepyomoinon yovidiwv ¢Aeyuovrng, OMwe eKelva
twv TNF, IL1, koBwg kot GAAwv, TOU KWSLKOTOOUV HoOpla KUTTAPLKNG EMLPAVELOG
evboBnAiou (endothelial cell-surface molecules) (22) (20) (1) (23) (oxua 11).
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CARD9, caspase recruitment domain-containing protein 9; dsDNA, double-stranded DNA; dsRNA, double-stranded
RNA,; FcRy, Fcy receptor; HMGB1, high-mobility group protein B1; iE-DAP, d-glutamyl-meso-diaminopimelic acid;
LGP2, laboratory of genetics and physiology 2 (also known as DHX58); LPL, lipoprotein lipase; LPS, lipopolysaccharide;
LY96, lymphocyte antigen 96; MAPK, mitogen- activated protein kinase; MCG, mannose-containing glycoprotein;
MDAS5, melanoma differentiation-associated protein 5 (also known as IFIH1); MDP, muramyl dipeptide; MCL,
mannose-cappedipoarabinomannan; Mincle, also known as CLEC4E; MYD88, myeloid differentiation primary
response protein 88; NIK, NF-kB-inducing kinase (also known as MAP3K14); NOD, nucleotide-binding oligomerization
domain; RAF1, RAF proto-oncogene serine/threonine-protein kinase; RAGE, advanced glycosylation end product-
specific receptor; RIG-I, retinoic acid-inducible gene 1 protein (also known as DDX58); ssRNA, single-stranded RNA;
STING, stimulator of interferon genes protein; SYK, spleen tyrosine kinase; TDM, trehalose-6,6'-dimycolate; TICAM1,

TIR domain-containing adaptor molecule 1.

Nat Rev Dis Primers. 2016 Jun 30; 2: 16045.

IxAua 11. Yrnoboxelg otnv emidpAveLla KOl OTO ECWTEPLKO TWV KUTTAPWY avayvwpilouv ta
npoiovta Twv UikpoPilwv kat ta evboyevn) onuata kivduvou danger signals (alarmins)
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H aA\nAenidpaon autr tou maboyovou pe Sladopoug UTMOSOXEIC TwWV AVOCOKUTTAPWVY
EVEPYOTIOLOUV Lot OElpA KAWIKWY ¢Aeypovwdwy oupuPAaviwy, TOU OTOXEUOUV OTNV
amopdkpuvon Tou Toboydévou Kol OTNV  QImoKOTACTACN TNG KAVOVLKOTNTOG, TNG
opoléotaong (Zxnua 12).

i S
A Infection [PAMPs)
Danger signals | rissue injury [DAMPS)

- = 2 Pattern recognition receptors
(e.g. Toll-like receptors)

,_ > Detection and transduction of danger J

~ Local or systemic A
g Host res ponse -| response effective z \ resolution
-> danger cleared V /\

response ineffective
=> danger persists with |
2° impact upon tissues ( z )
Cell- and organ level

Local or systemic |

abnormalities
M

|
A 4

death

Intensive Care Med (2015) 41:909-911 (38)
Ixnua 12. NMaboduacioloyia tng coPfapng vooou

EGv n amavtnon tou £eviotr) amotUXel va Teplopiost tn Aolpwén, ol dAeypovwdelg Kal
avtipAeypovwdelg avidpdoelg kopudwvovtal, EMIKPATEL QVICOPPOTILA TOU CUOTAUATOC
avtipAeypovwdoug amavtnong SIRS, pe to ocuvdpopo avtlotddulong tg Kataotaong, To
«oUVOpOHO  avToTaBuLoTIkAG  aviipAeypovwdoug amokplong /compensatory anti-
inflammatory response syndrome (CARS)», pe cuvémela avemavopBwrteg BAABeg oTwy,
TIOAUOPYQVLKA avemapkela, xaoc CHAOS (XAOZ) kat 8avarto (23)(35) (oxAua 13,14).
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y
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Inflamm. Res. (2016) 65:853-868

Ixnua 13. O pOAoG TwV KUTTAPLKWY YEYOVOTWV otnv naboducioloyia Tng ondPng

R. D. Ramnath e al.
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Crit Care Med 2007 Vol 35, No.10

Ixnua 14. O KoTopPAKTNG UE TNV TOTIKN dAeypovwdn Kat aviipAeypovwdn anavinon HEow

peoohapntwv otn onyn, mou odnyouv oto CHAOS (XAO3)
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AuTO pmopel va mpokAnBel amod pia Aoipwén n ano cofapn tpavuatiky BAABN (oxnua 15),
OTAV QUTH TIPOKAAECEL TPOTIONOLNGON OTN AELTOUPYLA TOU AVOCGOTIOLNTIKOU GUGTHUOTOG TOU
aoBevoug, BAaBn otn pikpokukhodopia, apeon Lotk PAABN, N Adyw TBavA alloppayLKig
katamAnélag, Seutepomadn BAABN Adyw oxalpiag/smavalpdtwong, SucAettoupyla i
avenapkela oAAanmAwyv opyavwv (Multiple Organ Dysfunction Syndrome/ Multiple Organ
Failure-MODS/MOF)(24), ew06dou TmBaVA MUIKPOOPYAVIOUWY QO TO €EVIEPO KOl
VOOOKOMELOKA Aolpwén.

Journal of Biomedicine and Biotechnology

Hemorrhagic shock

/ Bacterial infection
=Y ¥

~
DAMP

MyD88-dependent

MyD88-independent
pathway

pathway

Ficure 3: TLR4 signaling - a converged immune response pathway for hemorrhagic shock and septic shock. TLR4 not only serves as a key
sensor of pathogen-associated molecular patterns (PAMPs) but also is proposed recently to act as a receptor for some endogenous molecules
called “alarmins”. HDACIs block TLR4 signaling at multiple steps; therefore, they can inhibit immune response for both hemorrhagic shack
and septic shock.

Crit Care Med 2007 Vol 35, No 10

IxAna 15. Avocoarmnavinon otn onyn kot oto SIRS
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Kuplot pnxaviopot BAaBng opyavwv otn onyn
Yrooykatpia  unepoykatpio otn onyn
H avemapkig xoprniynon uypwv otn onyn umopel va odnynoel o€ coPapég €MUTAOKEG,

Kuplwg e€altiag HELWPEVNC ALUATWONG LOTWY, EVW N UTIEPBOALKA XOPyNon UYpwV Umopel
eniong va mpokaA€oel Lotk BAAPN, kuplwg e€attiag oldnuartog otwv (oxnua 16)(25).

Hypovolaemia Hypervolaemia
- ® Reduced tissue perfusion ® Oedema
5 * Anastomosis leakage * Intra-abdominal hypertension
‘é ¢ Confusion and risk of CVA * Respiratory failure
s | ®Splanchnic ischaemia * Impaired healing
E| *Renalfailure * Renal failure
© * Multiple organ failure * Multiple organ failure

Volume status

Nat Rev Nephrol. 2018 Apr 24

IxAua 16. EmutAokég Adyw uto- 1} umtep-oykatpiag otn onn. Mnxaviopoli kat Beparneia
QVETIAPKELAC OpYAvwY otn oAdn

MWKPOOYYELAKEG KOl KUTTAPLKEG AAAOLWOELG - TpoTtononévog YAUKoKkaAukag- O poAog
TWV EVE0ONALOKWVY KUTTAPWYV TWV TPLYOELS WV

H BAdBn tou evéoBnAiou otn onyn eival anotéAeopa mapaywyn BAATTIKWY Tapayoviwy
TipogpXOUeVwWY amd tov feviotr n/kat ta maboyova aitia, eAelBepwv pllwv ofuyovou,
(reactive oxygen species, ROS), petafoAitwv apaxtdovikol of€og, mpoloviwy avaepoBlou
HETAPBOALOHOU, EVEPYOTOINONG TOU OCUUMANPWHOTOC, OUCCWHATWONG OLUOTETAAIWY,
evepyormnoinong oudetepodpAwy Kat apaywyng Kutokwwy. Ta idla ta evboBnAkd kuttapa
napayouv pecoAaBntég dAeyuovng. Ot aAAOyEG OUTEG, YVWOTEC WG «EVEPYOTIONON TWV
evboOnAlakwy KuTtdpwv», mepAapBavouv tn HeTatpomny Tou &vboBnAiou amd ula
OVTUTNKTIKN €TdAVELA O €MIPAVELQ TIOU TIPOAYEL TOV TINKTLKO UNXOVLIOMO, TV Tapaywyn
OYYELOSPACTIKWY O0UCLWY, Hoplwv TPookOAANonG Kal pecoAafntwv ¢Aeypovng, Tou
TipokaAel avénon dlamepatoOTNTOG TWV AYYELWY, TOTUKO oidnua aAAd Kal umotacn efaltiog
NG LOIKNG ATWAELOG UYPWY OTOV LECOKUTTAPLO XWPO.
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H uwkpoayyelakr SucAewtoupyila otn onyn mpokoAeitalr amo tn SuocAsltoupyia Tou
gevboBnAiou tnv omnoia mpokaAoUv ot KUKAODOPOUVTEG LEGOAABNTEG KAL O TPOTIOTIOLNEVOG
vAukokaAukag(25). O  yAukokdAukoag  (glycocalyx) eivat éva Aemtd  oTpwpa

yAukoZauLlvoyAuKavwy mou KaAUTITEL TNV emidavela tou evbobnAiou, SteukoAuvel T pon
Twv epubpwv awpoodalpiwv kot TEeplopilel TNV MPOoPuUON  AEUKOKUTTAPWY Kol
alponetaliwv o autd. Itn onPn o YAUKOKAAUKOG auTOG HeTofAAAetal, OmMwG Kol oL
OAANAETUOPACELG PETALL TOU ayyeLaKOU ev&0BNALoU Kol TwV KUKAOPOPOUVIWY KUTTAPWY,
AEUKOKUTTAPWY KoL olpomeTaAiwv. Ta AsukokUttapo TpookoAAwvtal oto evéobnAlo,
gvepyomolwvtag tn mnRén kat tn dnuloupyla HkpoBpoppwy, UeE CUVEMELD aAAQYEG OTN
HULKpOKUKAOdOpia, OTO oxAua Twv €puBpPOKUTTAPWY KAl OTNV TPOOKOAANGH TOUG OTO
ev600nALo (oxnpa 17). OAeg auTEG oL aAayEC TPOKAAOUV ETEPOYEVELD OTN PON ALUOTOG OTN
HKpokukAodopia, Helwon PatdtNTAG OyYElwWV KAl HNn  ALUOTOUMEVA TPLXOELSN, Kol
Statapayn Tng xprniong ofuyovou kat tou mapadayovta von Willebrand (25).

Microvascular obstruction
* Microthrombi

Endothelial cell dysfunction
—e Activated leukocytes

. e o/l’ Mediators § 4
q g 3
'..x".’: & // o p “l.

(R —é-s_-—"_ Regions with impaired
" ) blood supply
i (heterogeneity of
|" o‘ perfusion)
o F 3
I
Blood fromarterial 4 Cell deformability Xenous blood
compartment
Altered glycocalyx

Healthy

Glycocalyx' Subendothelial space Perturbed glycocalyx

Endothelium

Nat Rev Nephrol. 2018 Apr 24

IxAua 17. MIKpOOyYELOKEG KoL KUTTAPLKEG alhayEg otn ondn. Mnxaviopol kal Bsparmneia

BAABNG opydvwyv otn oAYn.
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POAoL KuTttApwv

Kuttapikég petafolég katd tn SiapkeLa tng ondng:

H eloobdog kat n avayvwplon twv PAMPs amd ta KUTTapo TOU OVOTIOLNTLKOU CUGCTHUATOG
TIPOKAAOUV €vav KaTappAaKtn ¢AeYHovwOWY OmoKPIoEWY, CUMTEPNaUBAVOUEVNG TNG
au&nUEVNC pLBULONG TWV HOPLWV TIPOCKOAANCNG, TWV KUTOKWVWYV Kol TG mapaywyng ROS.
Autl N amAvinon, otnV TEPUTTWON TOU ETUTUYXAVEL TNV  €kkaBdplon twv maboyovwy,
eudavilel pa avénuévn aviipAeypovwdn amavinon Kal TEALKA QMOKOTAOTOON TNG
opolootaciag otou (oxAua 18-avw pEPoC). Av OUWC oL EVOOYEVEIC KOl TIPOCAPUOOTIKEG
amnokpioelg dev katadépouv va meplopioouv TNV cuvexl{opevn Aolpwén Tomika, n Aolpwén
€EQMAWVETOL CUOTNUATIKA TIPOKAAWVTAC HLa UTEP-dAeypovh. ZuvéXlon TN Aolpwéng Kat
NG SUOAELTOUPYLKAG KOl TPOTIOTIOLNIEVNG KUTTOPLKNG QIAVTNONG, CUMIEPNAUBAVOUEVWY
™G aAlayng €kppacng emidpavelokwy UTTOSOXEWY, aKATAAANANG €kKpLonG pAeypovwdwy
HECOAABNTWV KAl MPOWPNG AMOMTWONG OPLOUEVWY AVOCOKUTTAPWY, 08nyel otnv avamrtuén
onyatuiag (oxua 18-pecaio pépog) peoaia opaday).

Innate Immune Cells Adaptive Inmune Cells
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p:ags recognize + PRRs recognize PAMPs « MHC 4 « Antibody 4 + Antigen recognition e o
X « TNF-q, IL-6, IFNy, RNS, +CD80,cDsé +  -aApcc ¢ « Th1 cytokines 1 o 2
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| Immunosuppression
« TGF-B, IL-10 4 « IL-10% +1L-10 4 « Apoptosis » T2 cytokine ¢ =
« ET involving IRAK M *TLR alteration by « Apoptosis via TLR2, « PDL-1 t fIL7R 0 -~
- Wntsa (M2) + PPAR- y4 TLR4 &other? ¢, Caspase 3 + *PD-14 ‘f, -
« P50 homodimer -Bcl-2 ¢ « Antibody + » Exhaustion 4 oA
repress NFkB (M1-> »Treg ¢ S o
M2) - T-bet, GATA-3, RORy3,, | g3
Overview of cellular changes occurring during sepsis:
PE proteolytic enzymes, ADCC antibody-dependent cell-mediated cytotoxicity, iDCs immature
dendritic cells

Inflamm Res. 2016 Nov;65(11):853-868

Ixnua 18. Kuttapikeg petafoAéc otn ondn
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Ma va pubulotel n umteppAeypovi amod T AVOCOKUTTAPO, EVEPYOTIOLEITOL OE PEYAAUTEPO
TIOCOOTO N OVOCOPUBULOTIKN) QmAVINGCN TOU CWHATOG 08Nywvtag TEAKA O QMWAELQ
Loopporiag ¢Aeypovwdoug Kal avtldAEyHovwdoug amavinong Kol OoVOCOKATAOTOAR.
Addopeg petaBoléc oupPaivouv ota KUTTOPA TOU AVOCOTIOLNTIKOU CUCTHMATOC KaBwg
npoxwpa n onyn, and tnv umep-GAEYUOVH OTNV AVOOOKOTAOTOA.

O &eviotng dnAadn €xeL oxedlaotel va mpooTaTEVETOL OMO TO TABOYOVO, TIPOKAAWVTOG
{NULA OTOUG LOTOUC KOL 08NYyWVTAG O TIOAUOPYAVLKN) aVeMApKeELa Kot Bavato (oxnuo 18-
KATw HEPOC) (23).

Ta pakpoddya eival Ta mpwta GayokUTTapa mou £pxovial oe enadn He ta maboyova
HKPOBLa Kot mailouv onUavTiko poAo otn pubuilon tg dAeypovwdoug amavinong mou
akoAouBel (27). Aleyeipovtal KL ameAeuBePWVOUV KUTOKIVEG KoL 0 ouUVOUAOUO e GAN
KUTTOpA OMWG eKelva Tou evdoBnAlou Twv TpLXoedwV Kal ta AeukokuTtTapa, odnyouv o€
€vav katappaytn aneAevBépwong pecoAafntwv pAeypovig (TNF-a, IL-1 ko IL-6) (26).

Oudetepodpila

It ondn, n dAeypovwdng amavinon tou opyoviopou odnyel otnv evepyomoinon twv
KUKAOPOPOUVTWY OUSETEPOPIAWY TA OMOLN CUYKEVTPWVOVTAL OTOV QUAO Twv TPLXOoEdwy,
ToV ano¢ppAccouv Kal TPOKaAoUV Loxotpia. Elval peEV avamoteAeoHATIKA OTNV Apuva
€vVaVTioV TWV ULKPOOPYAVIOUWY, TIAPAAANAQ OUWG, TIPOKAAOUV N EAEYXOUEVN CUOTNUATIKA
dAeyuovn ekkpivovtag GAEYUOVWEELG KUTTOPOKIVEG Kl AUTLKOUG TtapAyoVTeC, PAAMTOVTOG
TLAPOKELUEVOUC LOTOUG, TTPOKAAWVTAG £TOL SUCAELTOUPYLO OPYAVWV.

H mapoucia twv oudetepodilwv oto onueio ¢ PAeypovig, eival amapaitntn otnv
QVTIHETWTILION TTaBoyovwy Kat TtV amoduyrn cuoTnUATIKAG dtaomopdg tg dAsyuovng. Ta
oubetepodplla Tmapdyouv peydAo aplOud mapayoviwv (MPWIEACEG, KUTOKIVEG Kol
eAelBepeg pilec ofuyovou) amapaitnTtwv ywa tnv Kataotpodn Twv Paktnpidiwv, mou
wotooo TpokaAoUV PBAABec kol oe KUTTOPO TOU OPyaviopoU. Ta gvepyomolnpéva
oubetepodpla, adol mpookoAAnBolv oto evboBAALO, oXNUATI(OUV CUCCWHATWHUATA,
anodpdcouv ta PeTATPLXOELSIKA PAEBISLA KAl UMOPOUV va TIPOKAAECOUV LOTIKI LoYaLUiaL.
MNpwtedoeg KoL eAeVBepeC pileg ofuydvou amod ta kUTTapa autd, PAdmtouv to evdoBnlo,
nipokaAoLV tn Snuoupyla kevwy, auEavovtag £€tol Tn SlamepatotnTa Tou ayysiov (45)

T-kuTTOpQL

Ta T-AepdokOttapa (oxAuo 19) eivat Suvapikd KOTTOpa TOU TPOCOPHOCTIKOU
0VOOOTIOLNTIKOU cuoTthuatog (adaptive immune system), Ta omola améKTnoav onpooia ot
onyn, e€atiag¢ NG AMOMTWONG TOUC KATA TA TIPWLIHO oTAdla TNG KoL TNG TPOKANONG
0VOOOTAPAAUONG/OVOOOKATOOTONAC Of HETEMELTA OTASIA. [ELPOAMUATIKEG KOl KALVIKEG
HeEAETEG €xouv emPeBalwoel plo afloonuelwtn allay otnv avooo-HeETABOALK TOUG
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KOTAOTOON KoL TN AEltoupyla Toug Kata tn dtapketa tng onPng. Ta avénuéva enineda ROS
TIOU UTIAPXOUV OTO TIEPLEPLKO aipa pwipa otn ongn (Oliveira et al., 2017) erudpouv ota
CD4+, CD8+, and CD4+CD8+ T kuTtapa.
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Eur J Cell Biol. 2018 May 5

Ixqna 19. MetaBoAlopodg pubulotikwv  T-kuttatwv, Regulatory T-cell (Tregs) oe
dUOLOAOYIKEG KaL cuVONKeG GAEYUOVNG

Ta T-AepdokiTTapa £XOUV HEYAAN CNUOOLA YLa TV TIPOCAPUOCTLKA avoaoia Tou acbevn Kal
ennpealovtal HECO OTIG TPELC TPWTEC wpeg otn ongn. Ta Tregs elval ekeiva mou
guBlvovtal yla TNV avoooKataoToAn ota oo otadla tng ondPnc. EmepPfaivovrag mavw
0TO PETAPBOALOUO TwV T-AgpudokuTTApWY €lvat MBAVO Vol TPOTIOTIOW)COULE TNV TopEia TG
onyng (28). Idlaitepa, Ta Tregs eMPLWVOUV TTEPLOCOTEPO KAL TIPOKAAOUV UL LEYAAUTEPNG
SLAPKELOG OVOOOKATAOTOAN, OnMwg ota oYlua otadia tng onyng. Exouv AGA\wote
TIEPLOCOTEPQ HiToXOVEpLa Og oxéon e aAAa T-kUTTOpQ.

MNpdodata popla mou cuvdéovtal pe popla ROS— €xouv xpnowuomownBel cav Blopopla
kaBoplopou Bvntotntag n mpoyvwong onmukwv oocbevwv (Bime et al., 2016). H
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ptoxovdplakn SucAeltoupyla Kal TOo OEELOWTIKO OTPEG EXOUV ETTAPKWC CUCYXETLOTEL UE TNV
moAuopyavik avemnapkela otn onyn (Galley, 2011; Rocha et al., 2012). Avtlo€elOWTLKEG
Oepameie¢ €T0L TMOU €XOUV Yyl OTOXO TA HLITOXOVOpLA UTItOpoUV va XpnolpornolnBouv
OTOXEVUOVTOG O€ OUYKEKPLUUEVEG UTIOOUASEC T KUTTApWY o€ SladopeTika otadla tng onPng
OE MlO TILO OTOXEUMEVN OEPQTEUTIK) TPOCEYYLON OE ETMIMESO KUTTAPOU. ZTOXEUMEVN
TPOTOMOLNGN TOU AVOCOUETABOALOHOU TwV T KUTTAPWV OTNV MPWLKN [ 0TV oYLun ¢aon
™G oNYng lowg emudpépet peyaho Bepameutikd anotéAeopa. Npoodpatn PeAETN MPOTELVE TOV
EMAVATIPOYPAUUATIONO TwV B oe T kuTtapa péow €vog mapayovta transcription factor
called Hoxb5 (Zhang et al., 2018). H £épguva n OTOXEUPEVN OTOV OAVOCOUETABOALOUO Twv T
KUTTOPWV KOL OTNV OVOOOKATAOTOAN Tou oxetiletal pe tn onPn daivetal va eival moAd
UTtooXOpEVO edio Kal oe AANEG OXETI{OUEVEC e oNPN KATAOTACELG, OTIWG O KAPKIVOG.

cell damage

"
,"\1 resognams ) Groee
<

Prtrogen-
@ assccaced
3 (v} e
Endothelial cells ¥ Immuse ety patzern (PAMP)
)
Leukocyte activation and recruitment Onmge-
Cell and organ damage L sy
|Activation of coagulation Endochetal cel pattern (DAMA)
| Apoptosis, necrosis
Pathogen
¥ Y recogrion Q@ Cptoion
recestor (PRR)
Muldvisceral organ failure,
Death

Semin Immunopathol. 2017;39(5):517-28

IxAua 20. O Kuttapokiveg otn onyn

H BUeAAa TwV KUTOKLWVWV TIoU TtpoKaAE(Tal o pia Aotpwén (oxApa 20) eival to amotéAecua
€VOG PaLVOUEVOU TIOU OKOTIO EXEL TNV KATAOTPOdI ToU L6BOAEA KAL TNV QMOKATACTAGCH TNG
opolootacnc. H katavonon Tng KUTTAPLKAG QUTAC amoKpLong UE TG KUToKiveg otn ondin
Bpiloketal oe ouvexl{OUeVN €peuva Xwpig va €Xel yivel akoun mAnpwg katavontn. Exouv
QVaYVWPLOTEL KATola POpPLa-KAELSLA, OTWE O TOAPAYOVTOG VEKPWONG OYKWV, OUWG KABE
npoondBela  pelwong Tou i6lou f AAANG Kutokivng Oev METUXE KAmolo erBupnto
OTOTEAECUO O KALWVLKEG OOKLUEG. X€ ETOPEVEG UEAETEG QAVOUEVETOL VO EVIOMLOTOUV OL
okplBeic evepyomowntég - to evdoBNAlo daivetal va elval €vac €ykupog Kol TIOAAQ
UTTOOYOHEVOC OTOXOC — va UTIAPEEL TOavaA Lot akpLBECTEPN ELKOVOG EVTOC TWV KUTTAPWV Kall
EVTOC TwV opyavwv otn Aoilpwén, wote va OleupuvBolv oL YVWOELS HAC, KoL v
EMAVeEETAOOUUE TOUG BEPATTEUTIKOUG HOG OTOXOUG, WOTE VO YIVOUV TILO OMOTEAECUATLKOL
(29).
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OL KUTTOPOKIVEC amoTEAOUV oTolXela-KAELSLA otn PpAsypovwdn avtidpaon mou xapaktnpilet
™ onyn. Elvat avoocopubuiotika memntidia pe duvatrdtnta dAeypovwdoug dpacng, mou
pecohafoulv otnv avooo-UeTABOALK) amdvinon oto €p£6lopa Kal ouvteAoUV OTO va
06NnNyNOoEL AUTH OTNV aVeMApKeLa TTOAAWY opyavwy. OL KUTTAPOKIVESG LaLlpoUVTalL 08 EKELVEC
Tiou Tpodyouv TN dAeypovwdn avtibpaon (6nwg ot TNF, IL-1kat IL-8) kal og ekelveg pe
avtipAeypovwdn dpaocn (6nwg ot IL- 3, IL-4 kat IL-10). OL KUTTOPOKIVEG TTOU TIPOAYOoUV TN
dAeypovwdn avtibpaon, He T HecoOAAPnon twv oudetepodlwv N Kal amneubelag,
npokaAoUV otk BAABn pe T ouvBeon evlUpwv, Sleyeipouv TNV PAeypovy HE TNV
TIAPOyWYr OUCLWYV, OTIWCE OL TTPOOTAYAAVSIVEC KO OL AEUKOTPLEVEC, KAl SPOUV XNUELOTOKTIKA
npog ta oudetepodda. OL avtidAEYUOVWOELG KUTTAPOKIVEC SpoUV KUPLWE avaoTEAAoVTOG
and Ta MoKpodAyd Kal TO HOVOKUTIapa TNV omeAeuBépwon TwV KUTTAPOKLVWVY TOU
T(POAYOUV TNV PAeyUOVA.

Heat Shock Proteins, HSPs

Metafl twv mpwrteivwv tou otpeg (Heat Shock Proteins, HSPs), n toamepdovn HSP72 £xel
Se1xBel va aokel mpootateuTikn avtipAsypovwdn Spdon petd anod £kBeon oe evdotolivn,
uneprupelia kal onPn oe KUTTAPLKOUC TMANBuououg kKot {wika povtéda onyng (30). H
evboyevng HSP72 tpornomnolel Tnv ékdpacn Twv eAeyxouevwy yovidiwv tou NF-KB katd tn
Sapkela tg onPng, evw n €€wyevng HSP70 umopel va evioxloel tnv ¢pAeypovwédn
avtanokplon.

H HSP90a, n adBovotepn evOoKUTTAPLOG TPWTEIVN, AoKEL Ll TapopoLla Spacn ToamepoOvng
eaodalilovrag Tn cwotr) Sourn TwWV MPWTEIVWV Kal TN HETAPopd EVOOKUTTAPLWY ONUATWY
(31). H HSP90 oxetiletal pe tnv Kwaon IkB (IKK). AvaotoAeic tng HSP90 mpokaAoUv Tn
Slaomaon Twv TMoPATAvVWw OCUMUMAOKwY, eumodilovtag tnv NF-kB kal tn ¢Aeypovwdn
Stadikaoia katd tn Stapkela BakTnpLAKwWY AOLUWEEWV.

OL HSP72, HSP90a efépxovtal amd Ta KUTTAPO OE KOTOOTACELS OTPEC OTOV €EWKUTTAPLO
Xwpo Oleyeipouv TNV mpo kal avtl-pAeypovwdn Swadikaocia (32) kat oxetilovral pe TN
Baputnta tng vOooU, TNV OpYAVLKA AVETTAPKELA Kot Bvntotnta (33).

AvTunokiveg

MNapdAAnAa pe tnv evdoyevry avooia mMOU Xapaktnplotikd ekdpdletal pe Twg HSPs, to
evOoKpLVIKO cuotnua Stadpapatilel onpavtikdé polo otnv amdvinon oto otpeC. EvtouTolg,
Ol OpUOVEC TIOU TIPOEPYOVTAL Ao TO AUtwdn LoTO, oL avTLUTokiveg, Le e€aipeon tn Aemtivn
(34) 6ev £€xouv pehetndel otn onyPn. OL avrutokiveg puBuilouv tov peTtaBoAlopd KL £xouv
TOAATAEG AAANAETILOPAOEL LLE TO OVOCOTIOWNTIKO KOl TO €VOOKPWIKO clotnua (72).
JUYKEKPLUEVEG OVTUTOKIVEG MAALOTA OmMwG n pellotivn (resistin) mpoépyovral amo
0VOoOKUTTAPO Kal LETOPOAEC Twy emuméSwV Tou TBavwe oxetilovtal pe T PpAeypovwdn
antavtnon (35). Exel eniong nmeplypadel 6tL n avrutovektivn (adiponectin) oxetiletal pe tn
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cofBapotnta TNG vooou Kal to Babud dpAeypovwdoug amavinong, OUwWE yla Kapio amno autég
8evV UTIAPYOUV UEAETEG e SLAXPOVIKEG LETPNOELG 0T coBapn vooo (74).

MeooAapntég pAeypovig
ApaoTikéG EVWOELG 0§uyOvou (reactive oxygen species-ROS)

H opdda auth mapdywywv ouclwv Tou ofuyovou meplhapfavel Tnv aviovikn pila tou
untepoéeldiou, to umepoleidblo Tou udpoyovou, tn pila Tou vdpofuliou kal To unepoleidlo
Tou alwtou. Ol EVWOELC QUTEC OTa BNAQOTIKA TApAyovIalL OO Ta AEUKOKUTTAPA oAV
OLUVTLKOG UNXOWVLOMOG EVAVTLA O€ AOLUOYOVOUG LKPOOPYQVLOUOUG KOL TIPOKAAOUV VEKPWON
BAATTOVTAG TNV KUTTAPLKI TOUG LEUPBpavn(48). H 6pdon Twv eVWOEWV QUTWV CUOXETIleTaL
he tn ondn, To cUVEPOUO LOXALUIAG KAl EMAVOLUATWONG KOL TO OUVOPOUO TTOAUOPYOAVLKAG
OVETIAPKELAC. XTNV eTipovn dAeypovwdn onmruikn dtadikaoia, n avénon nmapaywyng ROS
ano to evboBnAlo odnyel o pikpoayyelakny evéobnAtakn ducAettoupyia. H dtatapaxn tng
oAnAenidpaong evdoONAIOU-AEUKOKUTTAPOU ETUTEIVEL TN HIKPOAYYELOKN OSUOAELToupyia
Kal tnv mapaywyn ROS, embewvwvel tn onPn kot odnyel oe Avion yla TG OVAYKEC TOU
KaTavour ofuyovou OTO ONMTIKO HUOKAPSLO, €MIOEVWON TNG CUCTOATLKOTNTOG TOU KOl
kapSiakn duoAettoupyia (oxnua 21)(36).

Sepsis (Infection + SIRS)

Intial Preserved Blood Flow
(Tachycardia, Autoregulation)

—_— . Leuk: -Endothelium Interacti
= Microvascular. Dysfunction eu s nRoose S SBC00

(capillary, arteriolar, venular

< (Dysfunctional Endothelium,
dysfunction)

Activated Leukocytes)

Impaired Oxygen Delivery and Myocardial Oxygen Consumption

T ROS from EC in Endocardium
(Myocardial Contractile
Dysfunction)

Sepsis-induced Cardiac Dysfunction
Left Ventricular Dilatation, Depressed Ejection Fraction,
Recovery after 7-9 days (Biomarker Release:sFLT-1, PAI-1,
sE-selection, sICAM-1, sVCAM-1)
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Effect of Sepsis on Endocardium

Preserved Increased
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Abnormal O,
Delivery and f HRY O, Species Endothelium Interaction :

Consumption consumption + 0 '#O0NOO ¥ Inflammation
2

Enhanced Leukocyte- >
Micro-vascular

Dysfunction

J Intensive Crit Care. 2016;2(1)
Ixnna 21. Kapdlakn duoAettoupyia otn onPn oav anotéleopa SuoAsttoupylag evéobnAiou

H SiwaAutn kwaon tupooivng soluble fms-like tyrosine kinase/sVEGFR1 (sFlt-1), avaotoAéag
gvepyormolntr mMAacplvoyovou-1 plasminogen activator inhibitor-1 (PAI-1), sE- oelektivn,
SLOAUTO poplo evdokuTtaplkng mpookoAAnong (sICAM-1) (sVCAM-1) Ba upmopouocav va
xpnowuomnownBouv cav unoPrdlot Blodeikteg kapdiakrng SuocAettoupyiag (36).

Movoéeidio tou alwtou (NO) kat Mitoxovépia

Auénuévn mapaywyn NO gumAéketal otnv naboyévela tng onPng. To NO amoteAel éva amnod
TO. CNUAVTIKOTEPA HOPLA TIOU TIPOKOAEL KOTAOTOAN TOU HUOKAPSiou Kol ayyeLoSLO0TOAN
avOekTIk ota ayysloouonaotikd (37). H ékBacn otn cofapr vooo Onwg otn onyn, oto
OLUOPPAYIKO OCOK N OTo Tpavua ouvdéstal pe pitoxovdplakrny OSuoAettoupyia. H
ptoxovdplakn SuoAsttoupyia mpokaAsital amd T Spacn tou viTpkou ofeldiou (NO)
(oxAua 22) kat povoéetdiov tou avBpaka (CO), mou oxnuatilovral ota KUTTOPA MECW TNG
NO ouvBdong (NOS) kat tng ofupepdong tng aipung (HO), avtiotolxa. MeydAog aplOuog
Tapayoviwv oxetilovtal pe tnv maboloyia otn Asttoupyia twv ptoxovdpiwv. Téooeplg
onuavtikol mapdyovieg emnpedlouv dpeoa tig emdpaocels twv NO katl CO ota pLtoxovopla:
(i) n Tomkn ouykévtpwon NO kat/fy CO, (i) n o€uyovwon tou totou, (iii) N ofeldoavaywytkn
KOTAOTOON TWV KUTTApwv O0cov adopd tn SleukdAuvon f TNV aVOOTOAN OXNUATLOMOU
avtidpaotikwyv eldwv ofuyovou kat (iv) o Babuodg o&éwong tou otou. O cuvduaoUOg AUTWV
TWV TEOOAPWV Tapayoviwv kabopilel eav ol embdpdocelg tou NO kat tou CO, oe
OUYKEKPLUEVEG TTAOOAOYIKEG KATAOTAOELG, Elval EVEPYETIKEG 1 emPBAafeig (38).

To oxnua amewkovilel tig mBaveég aAAnAsmdpaoceilc NO kot CO pe ta putoxovépla oe
ouvbuaopO HE TOPAYOVIEC TIou OXeTilovtal He TN ocoPfapr voco. H evdokuttapla
ouykévipwon NO kat CO kaBopiletal amod tn Spactikotnta aviiotolywv eviUpwv NOS kat
HO kat amd tn &ldxuon toug amo 1 mpog e€wkuttapleg amobnkeg. Ta NO kat CO
eunmAékovtal oe Sladopa povomdtia (1 kot 2) Onwg n gvepyomoinon TG YOUOVUALKAG
KUKAQoNGC, ot SiatuAoL LOVTWV Kal n eVvepyomoinon ouyKeKPLUEVWY yovidiwv KA. Kal ta duo
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QUTA HOPLOL UITOPOoUV Vol avaoTeiAAouv TN pLtoxovdplakn avarmnvor (3), avtaywvi{opeva Tn
ouvéeon tou O otnv oeldacn tou Kutoxpwuatog ¢ (COX).

Extracellular stores

A A A
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i ! HNO, Wl
signalling signalling
(8)
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Condition Intracellular signalling | Mitochondrial | Oxidative Stressor/
via respiration 3 oxidative damage
NO {1 co ONOO'Y | Fenton reaction®

Basic NOS/HO activity T i (V) +/- +/-
in 40, (1) (1) i +/- +/-
combination | TROS"! () 1 (4)? T 7
with LpHE NT) 1) { +/- 3
High NOS/HO activity ™ T i +/- +/-
in 1 0,® TTT) T1 Wl +/- +/-
combination | TROS"! ) T +/- +/- 1
with JpH®! T (1) Wl T T

Front Med (Lausanne). 2017; 4: 223

IxAna 22. Naboloyiwkr emibpacn NO kat CO ota ptoxovépla oe acBéveleg pe ocofapn
vooo. Evdokuttapla Sdpdaon NO kat CO otnv avamvor] Twv pttoxovépiwv. Anuoupyia
0elOWTIKOU OTPEC Kal TIC eMIOPACELC OEElOWTIKWY TaPAyOVTWY OTPeC. AuoAsltoupyia
0pYyAvwV Tou oXeTiletal pe SuoAsttoupyia ptoxovdpiwv oe pAeypovi n tpavpa

To NO oeg ouvbuaopd pe ta avildpaotika popla ofuyovou (ROS) péow dnuloupylog
unepofuvitpitn, kataotpedel Stadopa Blopodpla (4). To eAelBepo OV oldrpou emMAyeL TNV
unepoteibwon Auudiwv (LPO) péow tng avtidbpaong Fenton (5) mapoucia ROS. Me tov
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oxnUatlopd vitpoluAikwy €dwv, to NO pmopet va amotpeéPel ofelbwtik PAABN mou
nipokaAeital and tov 6iénpo. H EANAewdn O, mou MPOoKUTTEL amo tnv uToéia Twv otwv ({4 0,)
emBpaduvel OAeg TG e€apTwpeveG amd ofuyovo avidpaoels (6) koL odnyel o pelwWUEVO
oxnuatopd ATP. Ztnv unoéia emniong pewwvetat n evdéokuttapikn mapaywyrn NO kat CO kat
ta evdokuttapika emninmeda NO kat CO pewwvovtal niong, n uPnAn Katavalwon ofuyovou
HETATOTIEL TNV LOOPPOTILA TIPOG TNV AVAOTOAN TNG pLtoxoveplakng avamnvong péow NO Kkat
CO. Evéokuttapia mopaywyry ROS umopel va Tpo€pxetal amd uitoxovépla Tou
SuoAettoupyouy, eldika mapouoia auvénuévwy emumédwv NO [ amd pn HLTOXOVOPLAKEG
TINYEC, LE TIPO-0EEOWTIKEC PAAMTIKEC eTIOPAOELC (7). AUTEC Umopel va teplopilovtat amnod ta
npotovta HO avrtidpaong CO «kat biliverdin / xoAepuBpivng. H oféwon (4 pH) (8),
Sdeuteponabwg TG umoflag TWV LOTWV, EVVOEL TOV OXNUATIOUO VITPLKOU 0EE0C Ao mpoiovta
ofetdbwaong NO, omw¢ vitpwdn 1 VITPIKA aAata, emitpénoviag tn Slaxuon oe HepBpavec. To
XapunAo pH ennpealel tov Babuo cuyyévelag CO oto popLo TG apng. Melwpévn ouyyEvela
UE TNV alpoodatpivn (amoBnkn tou CO) obnyel o avénuéva enineda evéokuttaplou CO Kal
auénuévn mBavOTNTA AVACTOANG TNG AVATIVONG TWV HLIToxovdpilwv. Itov mivaka yivetal
TPOOTABEL VA TTOCOTLKOTIOINBOUV TA ANMOTEAECHUATA TWV TTAPAYOVIWV IOV oxetilovtal pe
™ oofapr vooo, 6mwe n umogia kat n of€waon Twv WoTwy, N avénuévn napaywyn ROS (T
ROS) kat ot aAAnAemidpaocelg petafl twv agpiwv NO kat CO pe ta ptoxovdpla (37).

NO ko ayyslonapdaivon

OL KUploL pnxaviopol mou eUmAEKoOvVTAL OTn PUBULON TOU TOVOU TWV ayyeiwv Kotd Tn
SlapKela TNG ayyelomapAAuonG Kol OepATEUTIKEG EMIAOYEG OE KEVIPLKO, KUTTAPLKO Kal
evOOKUTTOPLKO eMinedo ¢paivovtal 0To MAPAKATW oxXAUa 23.

Kevtpko eminedo. OAeypovwdelg Sleyépteg OMwG 0 apayoviag Vekpwong oykwv o (TNF),

wvtepAeukivn  (IL)-1 kot IL-6 evepyomoloUV TO VEUPO-OVOCOTIOLNTIKO olotnua. H
gvepyomoinon autrl odnyel otnv mapaywyr vopemivedpivng, emwvedpivng, koptlloAng,
Balompeooivng Kal EUPEca ayyeloTevoivng ou aAAnAemibpouv yla Tn ayyelomapaAuon.
YTepevePYOTIOLNGN AUTOU TOU CUOCTAKOTOC UMOPEL VO OVTIUETWITLOTEL E 02 AYWVLOTEG KoL
ETUAEKTIKOUG B1 avaoToAelc.

Kuttapikd emnimedo. Ot mpwteivikol umodoxeic G eumAékovTol KUPlwG OTn CUCTOAR Twv

Aslwv pUIKWV  KUTTApwV: Twv ayyelwv: a; adpevoimodoxeic (a;AR), umodoxeig
ayyelomieotivng 1 (V1R) kat urtodoxeig ayyelotevoivng tumou 1 (AT-R1). Ot umtodoxeig autol
gvepyorolovuv tn pwodoAutdon C (PLC) pe dnuoupyia wvoottoAng 1,4,5 tpidwodoplkig
(IP3) kot StakuAoyAukepoAng (DAG) amo Sipwodopiko dwaodatidulo wvooltoAn 4,5 H DAG
Sleyeipel tnv mpwrteiviky kwvaon C (PKC), n omola pe tn ospd tng evepyormolel StalAoug
aoBeotiou, evw To IP3 gvepyomolel ta kavaAlo acBeotiov Tou capkomAaopikol diktuou. To
alARs aufdavel To evdokuTtaplko aoféotio péow umodoxéwv- (ROCC). Ou SlaBéaoiueg
Bepamneie¢ oe autd to eminedo eival n emwvedpivn, n vopemwvedpivn, n viomapivn, n
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dawuiedpivn,

N OegAEKTpivN,

N ayyelomeotivn

(V1) kat n ayyewoteveivn Il. H

adpevopuedouivn dpa kupiwg ota evboBnAlaka KuTTapa.
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Ixnna 23. NO kal ayyslomapaiuon

Evéokuttaplo emninedo. H petatdnion tou mapayovta-kB (NF-kB) otov mupriva emayetL thv

mapoywyn mpo-bAeypuovwdwy KUTOKIWVWV. AUTEG OL KUTOKIVEG €vioxUoUV TNV €kdpaon

ouvBetaonc tou vitpkoU ofeldiou (iNOS) kat tnv umepmapaywy NO. Autd to HOpLO

EVEPYOTOLEL TNV TAPAywYr KUKAIKAG HovodwodoplkAG youavooivng wg pecoAafntni

ayyelodlaotoAng. AwaBéoun Bepamneia edw eival ta yAukokoptikoeldn, B; blockade, and

methylene blue. Vascular sensitive calcium channel (VSCC) (39)

47



Avwa-Maplo Zravakn Atbaktopikn AtatptBn

Auudikoi pAeypovw el pecoAapnteg)

It cofapr vOoo £XOUUE PELWHEVN amoppodnon Atmoug Kal n AutdAucn Auwdoug Lotou
obnyel og avénon emumedwv tpLyAukeptdiwy. Xtn ondn n Autonpwteivn uPnArg MUKVOTNTOC
(High-density lipoprotein) kat n Autonpwteivn xapnAng mukvotntag low-density lipoprotein
HELwvVoVTaL AOYyw TG e€acBéviong tng akuAotpavodepdong tng AekiBivng-xoAnotepoAng. To
Autdatuikd mpodid otoug onmrtikoug acBeveig, unopel va nmpoPAEPel v emBiwon. Mn
emuBlwoavteg eixav xapnAotepa emninmeda HDL kat LDL. Ot pun ermupAapBeic ovaoieg €xouv
XouUNAoTepa emineda AUTOMPWTEIvNG UPNANG TIUKVOTNTOG KOl AUTOMPWTEIVNG XOUNANG
TIUKVOTNTAC. 2€ LEAETEG LETABOALOOU, OL IEPLOCOTEPEC ATO TIG AAANAYEC QTO TNV €vapén o€
onmrtikoU¢ aoBeveig oxetilovtav pe to peTABOALOUO Twv Autdiwv. To Autdatpikd mpodiA
mapopeAeiTal mapa oAU cuxvd otnv KAWVIKN TpAén, mapd tnv avfavopevn yvwon mavw
OTLG TPOTIOTIOLNOELG TIOU OXETI{OVTaL E TNV ONTTTIKN KOTAOTACN KAl Th onuacia autwy otnv
npoyvwon twv acBevwv. H xoprniynon Almoug (evteplkd f mapevteplkd) Oa mpemel va
kaBodnyeital amd kaAUTePN yvwaon tou petaBoAlopol twy Autidiwv amno tov acbevn (40).
Alya glval yvwotd oXetikd Pe to Podid twv Autdiwv oe cofapd dppwota maldld He
ouvOpopOo cuoTNUATIKACG GAEyHOVAC. ZUUPwva Pe TN BLBAoypadia ota madld umapyeL pLa
0pVNTIK OUOXETION MeTOEL TNG ooPapdtnTtag tng GAEYMOVG KOL TNG OGUVOALKAG
xoAnotepoAng, tng high-density lipoprotein, kat tn¢ apolipoprotein A-1 EtoL autég ol
Autonpwteiveg Ba pmopovoav va xpnotpomnotnfouv duvntikd cav Blodeikteg yla tn onn
(41). 2e maudla mou elodyovtal og povada evtatikig Beparmeiag pe oofapn ondn r onmriki
katamAnéia, ot cuykevipwaoelg TC, HDL-C kat LDL-C Atav xapunAOTePeG 0 OXEON HE Opada
eAéyxou (control). AuTEG Ol LELWOELG TwV AUToTpwtelvwy cuvodelovtav amo UELWOELG KoL
TwWV emutedwyv amoAutonpwteivng. Ol alAayeg autég umoxwpouoav KaBwg HELWVOTAV N
avtipAeypovwdng amavinon otou¢ ooBevelc. ZUVEMWG QUTEG oL Autompwteiveg Ba
urmopouoayv va xpnotgornotnBouv duvntika cav Blodeikteg otn ondn (41).

OpPHOVIKEG Kot LETOBOALKEG AAAQYEG GOV AIAVTNON OTO OTPEG

210 otpeg oupPaivel pla evepyomoinon Opuovwv amd TOV OPYOQVIOUO, UE OKOTO MLa
antavtnon “flight or fight”, va ‘doyel’ dnAadn o opyaviopog 1 va maAéPel, pall pe OAeg TIg
KATABOALKEG OPUOVEG TN YAUKAyOvn, TN KOPTWOAN Kal TIG KOTEXOAAUIVESG, emvedpivn Kal
vopenwvedppivn. H evepyomoinon TOUC EMITPEMEL OTOV OPYQAVIOHO VA XPNOLUOTIOLOEL
amOBNKEVUEVO OUOTATIKA TIPOKELUEVOU va KAAUYEL TIG UPNAEG EVEPYELAKEG TOU OVAYKEC. H
yYAukayovn auv€davel tnv mapaywyn yAukolng, Sleyeipovtag tnv nmatikr yAukoyovoAuon. H
KOPTWOAN aufdvel tn YAUKOVEOYEVECN Kal TNV Klvntomoinon twv eAelBepwv Autapwv
0€EWV, UELWVEL TNV TPWTIEIVIK ouvBeon AOyw auénuévou KATABOALOUOU TWV OKEAETIKWY
Huwv. Ot katexoAapiveg av€avouyv to petaBoAko pubuo, dieyeipouv tn YAUKOYovOAUGH OTO
ATOP KoL OTOUC MUEC, KOBwG Kol Tn YAUKOVEOYEVEDH, Kol ameAeuBepwvouv Amapd ofea
oo tov Amwdn oTo. Aleyeipouv g TNV EKKPLON TN YAUKAYOVNG OO TO TIAYKPEQG.
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H veupoevdOKPWIK amAvVINON OTO OTPEC XOPAKTNEIlETOl amoO YAUKOVEOYEVVEGH Kal
YAukoyovoAucon, oénywvtag o€ UmepyAUKaldlo TOpEXOVTOG £TOL  EVEPYELA  OTO
QVOOOTIOLNTIKO CUOTNHA KOL OTOV eYKEDAAO (oxrpa 24).

L6 ——p Cortisol

ACTH Cortisol j

Cortisol
S reeai Cortax o 5«::"

Endotoxin

4L Cortisol  Epinephrine
9 A Norepineprine
W Clutoneopenesis
Fat Glycogenolyss

GLUCOSE

ACTH, adrenocorticotrophic hormone; CRH, corticotrophin releasing hormone; LC/NE, locus ceruleus
norepinephrine system; PVN, paraventricular nucleus

Crit Care. 2013; 17(2): 305
Ixnua 24. OpUOVIKEG AANQYEG OTO OTPEG

YriepyAukaiuia tou otpeg epdaviletal cuxva otoug Bapéwg macyxovie¢ aocbeveig, oav
ouvOUOOTIKO ATOTEAECUA TWV TTOPATIAVW OPUOVWY, TTOU AUEAVOUV TNV NITATLKA TTopaywyn
YAUKOING HEow YAUKOyovOoAuong Kot YAukoveoyEveon . MNMapayovtag mou eniong cupBAaAAeL
otnv ekdnAwon tN¢ UMEPYAUKALULOC lval n avtiotaon otnv Wooulivn, n omoia cuvBwg
eudaviletal oe aoBeveig ue ooPapn voco. H unepyAukatpio and otpeg odpeiletal Kuplwg
o€ ab&non ¢ NMATIKAG Ttapaywyng YAUKOING Kal OxL o€ Pelwpévn TipooAndn yAukolng amo
TOUG LOTOUC. 2€ BapEwC MAOYOVTEG OLODEVELG, NTILA EWG UETPLA UTIEPYAUKOALULO TOU OTPEG Kall
avtiotaon otnv WvoouAivn ¢aivetal va mailouv MPOCTATEUTIKO POAO otnV e€aodAAlon TG
emBiwong (42) (43).

MetafoAkég StatapaxEg otn cofapr voco

Jupdwva pe TN ducololoyia kal TN veupoevdokplvoloyia, TO OTpeC SLaTAPACOEL TNV
LooppoTia o€ €vav OpyaviopO, OMENWVTAC TNV OUOLOOTACK TOU. ZE€ KATAOTACEL OTPEG
(Aolpwén, tpavpa, Xelpoupyelo, €ykaupa) Olvetal MPOTEPALOTNTA OE EKEWVEG TIG
HeTAPBOAKEC Slepyacieg mou €xouv Apecn onuacia yw T Swatripnon t™¢ Iwng tou
a0Bevoug, kaBuotepwvtag AANEG OTIWC N avamTuén, N avamapaywyr Kol n HoKpoxpovia
avooia (35). To petafoAikd mpodid emnpealetal onuaviikd otn ocofapr Aolpwén. H
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yprnyopn SLaomaon TwV EVEPYELOKWY ATOBEUATWY TOU oWHATOC (MpwTeiveg, udatavOpakec,
Alnog), n umepyAukalpia e tn ocuvoSO avTLoTaon OTNV WOOUALvVN, TO apvnNTIKO LooluyLo
alwTtou Kal n otpodr otnv mopaywyn SOUKWY TPWIEIVWY, AMOTEAOUV TO XOPAKTNPLOTIKA
Tou petafoAlopol otn onPn. Ol pHeTaBOAIKEC AUTEC aAANQYEG TTIOU TTOPOTNPOUVTOL OTOUG
ONMTKOUC 0.0OEVELG EMKPATOUV LE TOV OPO KONTTIKOG AUTOKAVVIBOALOMOG». MeooAafnTéG
OTLG SlatapayxEG auTéG eival ol dAeypovwdelg kutokiveg (TNFa, IL-1, IL-6), evw n emaywyn
KatexoAapulvwy, KopTWOANG Kol yAukoyovou amod TIG KuTapokiveg armotelel efioou
ONUAVTIKO HUNXAVIOMO. TO QmMOTEAECHA OQUTWV TwWV HeTAPOAlkwy Slatapaxwv eivatl n
eudavion ooPapng Statapaxng tng BpéPng mou Unmopel va amoteAel onUOVTIKO mapdyovta
Bvntotntac. H umoBpedia emnpedlel TNV avooOAOYLIKN) KATAOTAON TOU acBevr) KoL TV
(KAVOTNTA TOU Vva ovamtuooel emapkn  ¢Asypovwdn aviibpaon évavil  Twv
HULKPOOPYAVIOUWY. TPOTIOMOLAOEL TOU  METABOALOMOU OTOUG ONMTKOUG aoBeveic
gumobilouv TNV QMOTEAECUATIKA XPNON TNG €EWYEVWG XOPNYOUUEVNC YAUKOING Kal TwvV
TMPWTEIVWV ETUTPEMOVTAC £TOL TOV KataBoAlopo. H coBoapr vOoOC HETA OO HLa apXLKN
neplodo umopetafoAllopol otn ofeio ¢paon Tou otpeg (44) , akoAouBeital otn ¢aon
avappwong amd Ml UTEPUETAPOALK KATAOTOON TIOU OXETL(ETAL HE TNV €vepyormoinon
Slapopwv KataBoAlkwv oppovwy. AUTO €xel oav  AMOTEAECUA TNV avfnon g
KatavaAwong evépyelag (energy expenditure, EE) pe kivbuvo umoBpediag (25). H
umoBpeia €xel amodelxbel OtTL ouvdéetal pe auénuévn TMAPAUOVH) OTO VOOOKOUE(O,
aUENUEVN oUXVOTNTA ETITAOKWY OTIWC AOLUWEELC KOl OVETIAPKELN OPYAVWY KoL auEnUEVN
Bvntotnta (45) (46). H urtepPolikr) xopnynon €xeL emiong oxetiotel e SLadopeg eMUTAOKEG,
OMw¢ n umepyAukalpia, n uneptplyAukeptdailuia, n nmatiki otedtwon, n alwbepia, n
umepKamvia kat o av€nuévn Bvntotnta (47) (48).

Apwoééa

O petaPoAlopog Twv apwvofeéwv oe Poapéwg maoyxovieg aobevelc amoteAel Béua
EKTETAUEVNG €PELVAG OTOUG eVAALKEG tnv teAeutaia dekaetia (49) (50), evw dev €xouv
amocadnviotel ol akplBeic analtioslg apwvoééwv otic Stadopeg GACELS TOU OTPEG OTN
onyn ota madia (79). MelpapaTikeG LEAETEC £xOUV Selfel OTL N YAOUTOLLIVN OE KOTOOTAOELC
OTPEG AMEAEUOEPWVETAL OO TOUG HUC OE UEYAAEG TTOOOTNTEG WOTE VO TIAPAOXEL {WTLKN
EVEPYELOKI TINYN O€ TAXEWG TTOAAATAQCLA{OUEVA AVOCOKUTTOPA KOl KUTTOPA TOU EVIEPLKOU
BAevvoydvou kat va armoteAEGEL TNV KUpLa Ttnyr cUVBeong voukAelkol 0§€og, vitplkol of€og
(nitric oxide, NO), kat tou avtoeldbwTtikol yAoutaBeldovn (51). OL €UEPYETIKEG OVOCO-
EVIOXUTIKEC eTdpAOoEeLG TG YAoutapivng mou €xouv SelxBel kal oe {wika povtéda onng,
ookouvTal PEow TNC SLEyeponc Twv HSPs (52), dev £xouv OpwC pEXPL onpepa emiBePfatwBOet
o€ KAWIKEG peAéTeg o maudid kat Bpédn pe onn (53). Npocdatn maldlatpikr) LEAETN TNG
eMidpaong Tng yAoutapivng oto ofeldwTikd oTpeC Kat TN dAeypovwdn andvtnon o€ cofapa
appwota maldld, €6sile OtL n mpoodnkn tng Sleyeipel ta emineda HSP72, ywpic va
ennpealel TI¢ LvtepAeUKiveg 6 kot 10 (54) (10).
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TPAYMA

NAOO®YZIOAOTIA SIRS META ANO TPAYMA

To coBapd tpavpa cuvodeVETAL QMO EKOECNUACUEVN EVEPYOTIOLNON TOU QVOOCOAOYLIKOU
ouotnuatog. Ot MOAUTPAUMOTIEG avanmTtuooouVv oUVOPOUO CUCTNUATIKAG dAeypovwdoug
aravtnong (systemic inflammatory response syndrome, SIRS) pe av€nuévn voonpotnta Kat
BvnNToTNTA. I€ KUTTAPLKO EMIMESO N AMWAELA TNG OKEPALOTNTAC TNG KUTTAPLIKAG LEUPBPAVNG
KOl N VEKPWON TWV KUTTApwVv odnyel otnv aneleuvBépwon evdoyevwyv “damage-associated
molecular patterns” (DAMPs), popila kivduvou mou oxetilovral pe tn BAABnN, Ta omola kat
Sleyeipouv ta KUTTOPA TOU AVOOOTOLNTIKOU cuoThuatog. H ¢pAeypovr mou cupPaivel oto
TpaUpo ovopadletal aonmtn  ¢Aeypovh, Hla Kat oupPaivel amoucia  SlElCSUTIKWV
naBoyovwv (oxnua 25) (59).
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DAMP damage-associated molecular pattern, IL-1f3 interleukin 1B, TNF-a tumor necrosis factor a, /L-
6interleukin 6, PRR pattern recognition receptor, TGF-f transforming growth factor £, /L-10 interleukin
10, IGF-1 insulin-like growth factor 1, VEGF vascular endothelial growth factor, PDGF platelet-derived growth
factor, FGF fibroblast growth factor

Eur J Trauma Emerg Surg. 2018 Apr 17

Ixnua 25 . Naboducloloyia oto Tpavpa
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Movonadrtia Tou 08nyouv o€ Kataotpodr LOTWV KoL OPYAVWV HETA Ao Tpavpa

H BAGBN Twv OTWV KAl n olgoppoyla oto TPpAUUA, N HELWHEVN ALLATWON LoTwY, N
gvepyormoinon t¢ mnéng kot dtadopwv veupoevSokpvikwy 0dwv 0dnyouv o aMwWAELA TNG
OKEPOLOTNTOG KOl €vepyomoinon Twv Kuttdpwv Ttou evdobnAlou, emutpémovtag o€
KUTTOPLKOUC Kol AAAOUC TAPAYOVTEG VO KATAOTPEYOUV LOTOUG KOO KOL HAKPLA OO TO
ONUELO TOU apPXLKOU TPAUUATIONOU, 08nywvTtag o€ GUVEPOLO CUCTNUATIKNAG GAEYLOVWEOUG
anokplong (SIRS) kal oe MOAUOPYQVIKI QVETAPKELX HECW SLadopwv odwv (55)(56) (oxnua
26).

(ssue Injury & haemoer
| ] l

. euroendocrlne
Coagulation pathway " response Tissue hypoperfusmn

Reperfusion
LCytokines

l
@elial ceIIact@

Inflammatory cell recruitment & adhesion, increased
vascular permeability, tissue oedema

—_— e s )

Cellularinjury (apoptosis/lysis), organ dysfunction

DAM Ps Resuscitation
Complement

DAMPs: damage-associated molecular patterns; PICS: Persistent Inflammation/Immunosuppression and
Catabolism Syndrome

Lancet. 2014 Oct 18;384(9952):1455-65
Ixnua 26. O6oi mou 06nyolv os Kataotpodn LOTWV KoL OPYAVWVY LETA oo Tpavua (56)

AOyw NG SL0POPETIKOTNTAC TOU WULIKPOTEPLBAAAOVTOC TWV OPYyAVWVY Kal TNG Tapouciag
Sladopetikwy pakpodaywv o SladopeTikolE LOToUG, N avitbAeyuovwdng amavtnon Kot n
Sladkaoila (aong Kol amoKataoTacnc oto tpavpa SladEépel avaloya HE TNV OVATOMLKNA
B£on tou tpavpatiopol (55).
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Scand J Trauma Resusc Emerg Med. 2010; 18: 34

Ixnua 27. Naboduoioloyia oto Tpavpa

Ta (Danger-associated molecular patterns, DAMPs) (oxiua 26,27,28,29) 6nwg otn Aolpwén
ta (Pathogen Associated Molecular Patterns, PAMPs), &leyeipouv ta KUTTAPA TOU
evboyevouG avVOOoOTOLNTIKOU CUCTAMOTOCG KOl TO CUMTANPWUA, Kal odnyolv duvntikd o€
evboOnAlakn BAABn, BAGBN opydvwy Kal avooomnapdAucn. Avayvwpilovtal Ta popLo autd
HEOW UToboXéwv amd Ta Hakpodpdya Twv OTwv, Ta omola amneleuBepwvouv
npodpAeypovwdelg kutokive¢ omwe TNF-a, IL-1B and INFy, pe ouvémela va mpokoAsital
dAeyuovwdng andvinon amnouvcia Aoipwéng, n ovopaldpevn aonmen dpAeyuovn (55)(57). Ta
oubetepodlla eival ta MPWTA KUTTAPO TIOU HETAvVACTELOUV OTn B€on Tou TPAUMATOC.
MNpodbAeypovwdn HOVOKUTTOPA HETAVOOTEVOUV ATO TO MUEAO TWV OCTWV Kal yivovtal
HOKPOAya TO Omola UTOKELVTOL 0 GALVOTUTIKEG KOl AELTOUPYIKEC aANAYEC Kal EEKlvouv
™V enavopBwon tou otou ekkpivovtag growth factors kot avtipAeypovwOeLG KUTOKLVEG
onwg n IL-10, TGF-B kot o IGF-1. Ztn ouvéxela evepyormolouvtal WoPBAdoteg, emBnAlakd
KOTTOPA KOl TPOYOVIKA KuTtapa yla va BonBricouv otnv avadlapopdwon tou otou. Ta
dinOntikd pakpoddya TOU TpoEpxovtal amd povokuttapa eudavilouv  IBLOTNTEC
HOKpOdAywV oTwv. Ta pakpodaya eival pla €TePOyeVAG OopAda GoyoKUTTAPWY TOU
OVOOOTIOWNTIKOU CUOTNHATOG, KL €lvol €Keiva TIOU aviXVeEUOUV TNV OMWAELD TNG
OKEPOLOTNTOC TOU loToU, Kal ME pla oafloonuelwtn TAOOTIKOTNTA KOl UTIOKELWVTAL OF
dALVOTUTUKEG OAANAYEG TIPOKELUEVOU VA ATOVIAOOUV KOl Vol armokataotroouv tn BAGBN.
Makpodaya Twv LoTwv Bpiokovtal oe Sladopa dpyava e ONUAVTIKO POAO OTNV AVATTUEN
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TwV WOTWV Kot otn diatipnon tng opoldotacng. DAeYUOVWOEL KATOOTACELS, OMWG TO
cofBapo Tpavua, odnyouv oe eMMAEOV AMEAEVOEPWON LOVOKUTTAPWY OO TO QPO OTOUG
LoToUG, Ta omoia wplualouv o pakpodaya Kabwg Kot amd TG KOWOTNTEG YUPW amod To
npooBeBAnUEVo Opyavo, HE AMOTEAECUA TNV aUENON TWV HaKpodaywv Twv Lotwv. H BAGBN
TwV opyavwv odnyel oe mepaltépw ameleubépwon popiwv DAMPs pe amotéleopa tn
Snuoupyla evog pavAou KUKAOU, e cuveX{Opevn GAEyHOVH KOl 0vOoOAOYIKI SLEyepon.

Trauma

- — Compression
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g ——
Loss of barrier Loss of cell Impaired tissue A = A
. . : : Tissue hypoxia

function integrity perfusion
Internalisation | Release of Vasotropic
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Inflammatory [ Mitochondrial
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[ Inflammation ‘/./
Cellular Cell death via necrosis
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v ¥
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Scand J Trauma Resusc Emerg Med. 2010 Jun 17;18:34
IxAua 28. AVETIAPKELO OPYAVWYV OTO Tpal a

OpASEG AVOCOKUTTAPWY MOV OLIAVTOUV OTO TPAUMA Kal EAEYXOUV TNV OMAVTNOoN 0To
TPAUHA.

Ta ‘wopla Kwvduvou’ alarmins kal ta avtoavtiyova amnd tn PAAPBN Twv LOTWV 0TO Tpavua

ouvdéovtal Kal evepyomolouv ta pakpodaya (Mac®) kal ta T Aspdokittapa Tregs. Ta
HOKPOpAya UTIOKELVTOL O OAANAYEC GALVOTUTIKEG KOl AELTOUPYLKEG Kal av&énon tng
napouciag pakpodpdywv GR-1°/CD11b*. Ta Tregs otn GCUVEXEWQ €VEPYOTIOLOUVTAL KOL

Bewpouvtal oL puBULOTEG “master regulators” tng amavtnong oto Tpala, KATAOTEAAOVTAG
v (58).
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Ixnua 29

Ot tpaupatikeg BAAPEG SlaTtapAooouV TNV LOOPPOTILA TNG OUOLOOTACNC TOU AVOGOAOYLKOU
ouotnuatog. Onwc dalvetal oTo MOPAKATW OXHMO TO TPAUUA TIPOKAAEL pLa TIPOOSEUTIKA
avéavopevn ¢dAeypovwdn kot avtipAeypovwdn amavinon. H éAeypovwdng amavinon
puBuiletal anod kuttapa kal pecoAaPntéG Tou evOOYEVOUG OVOCOTIOLNTIKOU GUOTAMATOC
evw N avitbAeypovwdng amod To MPOCAPUOOTIKO AVOCOMOLNTIKO cuotnua. OL avtiBeteg
OUTEG QTAVTNOELG SLOTOPACOOUV TNV OLOLOCTACH TOU OVOCOTIOLNTIKOU OUCTHUATOC Kol
obnyouv otnv avamntuén SIRS kat CARS oe aoBevei¢ pe Tpavpa, OMws otn Aolpwén (oxnua
30) (22).

Edv mpokUPouV EUKALPLOKEG AOLUWEELG OE XPOVIKEC OTLYLEG TIOU UTIAPXEL MEYAAN €AAewdn
LOOPPOTIAC OTNV OHOLOOTACH TOU QVOCOTOLNTIKOU, O TPAUUATIOMEVOC aoBevig Ba
gudpavioel emTAOKEC Tou oxetilovtol Pe TpaU U OTIWE VOOOKOMELAKN AOLUWEN, ONMTIKO 00K
i oAvopyavikn avemnapkela (Multiple Organ Failure, MOF) (22)(38)(58). ©a emiBiwaoouv ot
aoBeveic ekeivol mou Ba katadépouv va eAéyéouv TNV amavinon oto Tpavpa Kol va
QITOKATAOTAOOUV TNV OLOLOCTACN TOU AVOCOTIOLNTIKOU CUOTHUATOG.
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protein 1; TGF-B, Transforming growth factor-beta; IFN, interferon; IL, interleukin.

Inflamm Res. 2016 Nov 1;65(11):853-68

Ixnpa 30. TpaUpo, KUTOKIVEG KOl QVETIAPKELX OPYAVWVY

Awddopol mapayovteg kaBopilouv TNV oAAnAemidpacn TPAUUATOG KAl OVOOOAOYLKOU
OUOTNUATOG Kal TN AELToupyila avoooKUTTApwY Kal odwv, wWoTe va pubuLoTeL n amavtnon
Qo TOV 0pYOVLOUO Kal va amokataotabel n opoldotaor) tou (oxnua 31) (60).

Mn puBuilopevn aonmen dAeypovn Kol pn KoAn anokatdotacn 6a odnynoouv og xpovia
vooo. OL coBapd tpauvpatiopévol aoBevelg umopel va emumtAakoUV e TIOLKIAEG SlatapaxEg
Ol OTIOLEG UIMOPEL VO LELWOOUV onpavTLka tnv emtBiwon (59) (59).
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Ixnua 31. MaboduacloloyLky CUCKETLON METAEU TPAUUATOC KOl KAWVIKAG EkBaong (59)
MetaBoALopog oTo Tpavpa

O David Cuthbertson mepléypae yia mpwtn ¢opd tig PeTAPOAEC O0TO PETAPBOALOUO, TTOU
eudavilovral oe aoBeveig HeTd anod coPapod Tpaupatiopo (60). Napatnpnos pLlo Spapatikn
HElwon €VOOKUTTAPLWY CUCTOTIKWY, OMw¢ tou alwtou (w¢ oupia), Tou KaAiou, TOU
dwaodopou, Tou Belou Kal TNG KPeATVNG AOYW TOU TPAUMOTIKO OTPEC. TUVESECE QUTH TNV
OTMWAELQ LE TN KATAOTPOGN TwV LOTWV, N omola emiBefalwdBnKe Kal oe PETEMELTA PEAETEG, OL
omoleg €6sl€av Tautoxpovn avénon tng KatavaAwong ofuyovou He To pEyloto-peak tng
KATaoTPodNG TWV LoTwV (61). ZUpPwWva PE e TIG Tapatnpnioelg tou Cuthbertson unapyxouv
6v0o dAoeLg PETABOAKWY AANAYWY, PO APECWE PETA TOV TPAUUATIONO TIOU XapaKtnpiletatl
and peilwon tou petaBoAlkol pubupol, pelwon TNG KAtavaAwong ofuyovou Kol TNg
Bepuokpaciag Tou cwuatog, pall pe HeElwPEVN evivpatiky dpaotnplotnta. H emopevn
daon xopaktnpiletal and auvénuévo kataBoAlopo, vPnAn katavailwon ofuyovou Kot
auénuévn evepyelakn katavailwon, uPpnAo pubuod kataBoAlopol Tou 0dnyel og apPVNTIKO
tooluylo alwtou, avénon mpwtedAuong, ofeidbwong apwvoféwv kat yAukoveoyéveons. H
daon avt Stapkel meploodtepo (52) kal €xel oav eMUTAOKEG UTtEPYAUKOLULA KO avtiotaon
oTtnNV WoouAivn (62) (74) (55).
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KATANAAQ2H ENEPTEIAZ 2TH 20BAPH NOzO
(ENERGY EXPENDITURE, EE)

OL petaPoAikég aAAayEg mou ocupfaivouv otnv amavinon oto otpe¢ aAAdalouv Kal TIG
OVAYKEC TwV coBapd maoyxoviwv e€attiag g anpofAenta petafarlopevng REE og oxéon
HE Ta vy} atopa (35). O akplBng mMPoodlopLoUOG TWV EVEPYELAKWY QTIALTHOEWYV TWV
aoBevwv elval IwTIKAG onuaoiag, kat n umootApLEn tng BpePng He tnv WOAVLKN eVEPYELOKN
kKaAupn elvat to KAWL yw tnv kaAn kKAwwkn éxkBaon (35). Me tn BonbBewa 1Nng
Bepudopetpiag (indirect calorimetry, IC) eivat duvaty oniuepa n PBeAtiotomoinon tng
Bepudikng kaAuPng Twv coPapd macxoviwyv acbevwv (48).

EKTiNON EVEPYELOKWY avVayKwV ot oo apn vooo- E§lowaeig mpoPAedng REE o€ cofapd
TLAOXOVTEG LOOEVELS

Addopeg e€lowaelg €xouv xpnotpomnotnBetl yia tnv mpoPAedn REE oe aobeveic pe coBapn
vooo, el6ka e€attiog Tou OTL n pétpnon He IC Sev eival mavta mPaktikd ePiktr). Mepikég
ano tig e€lowoelg REE mou xpnowuomnolouvtal ouvnBwe oe cofapd TACXOVTIEG aoBeVE(S
napouaotalovtol oto oxAua 32 Kal €XouvV EMIKUPWOEL yla xprion oe cofapd APPWOTOUG
ooBeveig . H éuueon Bepuidopetpia gival katl mapapével To gold standard yia T pétpnon
NG KATAVAAWONG EVEPYELAC O0TOUC ooPapd macyovteg aoBeveig (63) (64). Adyw SuokoAiog
epapuoyng tng uebodou, mBava efattiag ocuvBnkwv aocbevoug, udnlou kbéotoug N
ENEWPNG eumeLplaG UItopoUv va xpnotLpornolnBouv e§LOWOELS yLa TNV EKTIMNGN TNG BAGCLKAG
katavalwong evépyelag (REE). OL tumol autol €xouv mpokulel and dedouéva o€ vyl
atopa Kal oe coPapr vooo. MepIkEC amo TG eELOWOELG TTOU Xpnolpomnolouvtal cuvnBwg ot
aoBeveic pe ooPBapry voco eival eflowoelg Schofield, Harris-Benedict (HB), Mifflin,
Swinamer, Ireton-Jones kat Penn State, KaBw¢ KoL EKEVEC Ao T CUOTAOELG TOU American
College of Chest Physicians (ACCP).

Table 1. Equations for predicting REE (kcal/day)

Reference » Calculation of REE ‘
Harris-Benedict (1919) [46] Male: 66.4730 + (13.7516 x W) + (5.0033 x H) - (6.7550 x A)

Female: 655.0955 + (9.5634 x W) + (1.8496 x H) — (4.6756 x A)
ACCP recommendation [47] 25 x weight

- If BMI 16-25 kg /m? use usual body W
- If BMI > 25 kg/m? use ideal body W
- If BMI <16 kg/m® use existing body weight for the first 7-10 days, then use IBW

Mifflin [38] Male: (9.99 x W) + (6.25 x H) — (4.92 x A) + 5

Female: (9.99 x W) + (6.25 x H) — (4.92 x A) - 161
Swinamer [39] (945 x BSA) — (6.4 x A) + (108 x T) + (24.2 x RR) + (817 x V;) — 4,349
Ireton-Jones (1992) [48] 1,925 - (10 x A) + (5 x W) + (281if male) + (292 if trauma present) + (851 if burns present)
Ireton-Jones (1997) [49] (5 x W) — (11 x A) + (244 if male) + (239 if trauma present) + (840 if burns present) + 1,784
Penn State (1998) [49] (1.1 x value of HBE) + (140 x T,,,,) + (32 x V¢) - 5,340
Penn State (2003) [50] (0.85 x value of HBE) + (175 x Tmu) + (33 x Ve) — 6,433

REE, resting energy expenditure; W, weight (kg); H, height (cm); A, age (years); ACCP, American College of Chest Physicians; BMI, body mass index (kg/m?); IBW,
ideal body weight (kg); BSA, body surface area (m?); T, body temperature ("C); RR, respiratory rate (breaths/min); V;, tidal volume (L); HBE, Harris-Benedict
equation; Tp., Maximum body temperature in the past 24 hour (°C); Ve, minute volume (L/min).

Clin Nutr Res. 2018 Apr;7 (2):81-90.
Ixnua 32. E€lowoelg umoAoylopol REE
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‘Eppeon Oepuidopetpia (indirect calorimetry, 1C)

H péBobog £€xeL xpnowuomolnBel tooo ywa tnv avamtuén Slodpopwv efloWOEwWV TOU
Xpnotuomnolouvtat yia tnv npoPAedn tng REE os aoBeveic pe ocoPfapr vooo (65) (66) 600 Kat
yla tnv enkpwon eélowoewv (67). H apxn tng IC Baoiletal otn LETPNON TOU OYKOU TOU
glomveopevou oguyovou (VO,) kal Tou OyKou Tou ekmvedpevou Slofelbiou tou avBpaka
(VCO,). Ot TLHEG XpnoLomoLouvTaL yla Tov utTtoAoyLlopo tng REE pe Baon tnv e€lowon Weir
(68). H ouvtoun ekdoxn tn¢ e€lowaong mou xpnoluomnoleital cuviBwe £xel wg e€n¢ (69):

REE (kcal/day) = (3.941 x VO, [L/min] + 1.106 x VCO, [L/min]) x 1,440

Y€ TMOAAEG TIEPUTTWOELG, N XPron tng €ppeonc Bepuidopetpiog pmopel va neplopiletal ano
TO UPNAOG KOOTOC TWV UNXAVNHATWY, 1 TNV EAAELPN €LBIKEVPEVOU TIPOOWTIKOU. € aoBevelg
hue ocofapry vooo, GAAOL TAPAYOVIEG TIOU WUTOPOUV Vol TEPLOpioOuUV TN XPNnon Tng,
neplAapfdavouv TNV Tapoucia Slappong aépa f TNV mapoucia BwPAKOCWANVWY N
OUCKEUWV XOPNYNONG OCUMMANPWHATIKOU o&uyovou (T.X. pWIKR KAvouAa, sdaypuoyn
BeTIkNG Tiieong agpaywywv), pubuicewv avanvevotnpa (0fuyovo, BeTIKA TEAOEKTTVEUOTIKN
Tiieon), ouvexng Bepamneia vedpikng umokataotaong (continuous renal replacement therapy
(CRRT)), avaiwoBnoia, ¢uoioBepancia 1 umepPoAikn Kvntikn Bepameia kot umepBoAkn
Kivnon. Amo tnv American Society for Parenteral and Enteral Nutrition mpoteivetal n
oKpBNg METpNOon Katovalwong evépyelog (Energy Expenditure, EE) pe €ppeon
Bepulbopetpla oe kdBe OSlaocwAnvwpévo ocofapd macxovta aocBevy yla  eKtipnon
evdexopevng Statapaxng petafoAiopou, uniepBpePia ) umoBpedia (70).

ANENAPKEIA OPTANQN 2TH 20BAPH NOzO

Kupilwg £€L opyavika cuothipata SuoAeltoupyouv otn onn Kol EKElV £XOUV TTIEPLOCOTEPO
HeAeTnOel, To KAPSLAYYELAKO, OVATIVEUOTLKO, OUPOTIOLNTLKO, VEUPOAOYIKO, OLLATOAOYLKO Kall
To Amap (ZxAua 33,34) (71). O petafolég oe kKABE cuOTNUA OPYAVWYV KU HaivovTal and R
SuoAeltoupyia LEXPL TNV TARPN QVETIAPKELD OPYAVWY, XWPLG va onuaivel OTL N aveEMAPKELL
autn eival pn avaotpéPiun. H SuoAsttoupyia evog povo opydvou eival omavia, s€attiog
™¢ umopéng "Sltaotaupolpevng SuoAsltoupylag opydvwyv" KL €Tol n SuoAeltoupyia N
OVETIAPKELA €VOC opydvou, odnyel og SuoAeltoupyla i avemapkelo aAAou opydvou. la tov
(6o Aoyo n Asttoupyia MTOAAWY OPYAVIKWY CUCTNUATWY SLaKOMTETAL oLUVHRBWG TauTdXpPOoVa
(72).
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Figure 1. Systemic pathways contributing to organ dysfunction in sepsis. NF-xB, nuclear factor-«B.

Critical Care Medicine.35(10):2408-2416, OCT 2007

Ixnua 33. Odol mou cupBAAAOULV OTNV QVETIAPKELX OpyAvwy otn onyn (71)

Table 1
Organ dysfunction in sepsis
Target organ Pathophysiology Clinical features SOFA score indices (other Available treatments
beneficial indices)
Lung (ARDS)  Vascular hyper-permeability, neutrophil Impaired oxygenation Pa0)FI107 <400 (bilateral ~ Mechanical ventilation with low
accumulation infiltration on CXR) tidal volume and PEEP
Liver Disturbed intracellular and extracellular bile salt Jaundice, cholestasis Serum bilirubin >1.2 mg/dl  Not established
transport
Kidney (AKI)  Tubular epithelial cell injury, dysfunction or Reduced GFR, reduced Serum creatinine 1.2 Urine Hemodialysis
adaptive response of tubular epithelial cells urine volume output <500 ml/day
Cardiovascular Myocardial depression, impaired intracellular Ventricular dilatation, Mean arterial pressure Inotropic agents, beta-blocker
system calcium homeostasis, disrupted high energy reduced ejection fraction, <70 mmHg
phosphate production. reduced contractility
Gastrointestinal Epithelial hyper-permeability, altered microbiome  Mucosal bleeding, paralytic  Not included Proton pump inhibitor, early
tract ileus enteral nutrition, probiotics,
SDD
Central Direct cellular damage, mitochondrial and Altered mental status GCS <15 Light sedation, early
nervous system endothelial dysfunction, neurotransmission rehabilitation
(SAE) disturbances, calcium dyshomeostasis
Blood Intravascular coagulation, microvascular damage, Bleeding diathesis, Platelets <150 x 103.-'}11 Antithrombin_ recombinant
coagulation systemic thrombin generation, endothelial injury microthrombi and tissue (prolonged prothrombin thrombomodulin, concentrated
system (DIC) ischemia time, increased FDP) platelet preparation

SOFA sequential organ failure assessment, ARDS acute respiratory distress syndrome, CXR chest X-ray, PEEP positive end-expiratory pressure, 4AK7 acute kidney injury,
GFR glomerular filtration ratio, SDD selective digestive decontamination, SAE sepsis-associated encephalopathy, GCS Glasgow coma scale, DIC disseminated
intravascular coagulation, FDP fibrin degradation product

Ixnna 34. Opyavikn SucAettoupyia otn onPn- ektipnon pe SOFA
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Ma tnv moootTikn Kataypadr SuoAsitoupyiag Twv opyavwv Kal yla Babupovounon tng
BapuTNTAg TNG, OAAG KOL Yl €PEUVNTIKOUG OKOTIOUC, XPNOLUOTIOLELTOL OMWE £XeL NéNn
emwBel to Sequential Sequential Organ Failure Assessment (SOFA) score (oxnua 34) (73)
kal Le To quick Sequential Sequential Organ Failure Assessment (qSOFA) yla 1o ypriyopn
avayvwplon (oxnua 35).

Pl ‘Quick
How can you measure qSOFA?

THREE CRITERIA
Glasgow ComaScale s13 Resp Rate 2 > 22/min SBP s < 100 mm Hg

O O

ALTERED MENTAL FAST RESPIRATORY LOW BLOOD
STATUS RATE PRESSURE

Predictive validity (AUROC = 0.81; 95% ClI, 0.80-0.82) similar to full SOFA score

2 0F IMOTE ...

ter risk of a poor out CO"

FIG. 2. Quick Sequential Organ Failure Assessment (QSOFA) score for sepsis.

Sepsis 2018: Definitions and Guideline Changes. Napolitano LM
Zxnua 35. quick SOFA (gSOFA)
Ol EpyaoTNPLOKEG TILEG TIOU ATALTOUVTAL YL TOV UTTOAOYLOMO Tou SOFA pmopouv eUKoAa va

AndBouv autopata and opntég cuokevEG (oxnua 36) (22). Eival onuavtiko, OtL yla tov
umtoAoyLopd tou SOFA Sev eival amapaitntn n KAWLKN ekTipnon twv acbevwv (73).

(-] SOFA Scores E=Es =

00000

Ixnua 36. Mapadslypa avtopatou umoloylwopou SOFA score
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H oxéon Twv opydvwv TOU OVETIAPKOUV UMOPEL va EMNPEACEL TO OMOTEAECUO, EVW OCO
HeyaAUTEPOC €lval 0 aplBpog Twv opyavwy Tou ennpedalovtal, t6co vPnAdtepn ival n
Bvntotnta (oxnua 37)(73).
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In-hospital mortality, %

0 | 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 =17
SOFA score: ® on admission ® max

Crit Care. 2012; 16(6): R222
Ixnua 37. Noookopelokry Bvntotnta oe oxéon pe to SOFA score otnv sloaywyn (ykpt

OTNAAEG) Kal P To péyLloto SOFA score (Laupeg oTAAEC)

H ducAettoupyia Tou puokapdiou Katda TNV onmrikiy KatanAnéio

Itn onyn Kat tn onmuikn katanAnéio mapatnpeital cuxva ducAettoupyia Tou puokapdiou.
ZToV AvOPWIO N ONMTIK KOTOOTOAN TOU HuoKapdiou Xopaktnpilletal amd avooTtpEPLun
Slataon Twv KoWWwY, auEnUEVo TEAOSLOOTOAIKO OYKO, EAATTWHEVO KAAopa EwBnong Kot
EA\ATTWHEVN QVTATIOKPLON OTN XOPNynon uypwv Kal tn SLlEyepon He KatexoAapives. MNa tnv
KOTOOTOAN QUTA TNG AELTOUPYIKOTNTAG TOU Huokapdiou eival umevBuvol MapAyovTeG TNG
KukAodoplag kat oxt n umodpdevon tou puokapdiou. I’ autolg mepllaufdavovtal ot
Kutokivec TNFa ko IL-1.

NEUPO-EVSOKPLVLKA OVTOVOKAQLOTLKAL

H veupo-evdokpvik Kol HETaBOALKN) amavinon otn AutomoAucakyopidn (LPS) emayetoat
oo KUTokiveg omwg n IL-1 kot o TNFa. H avtidpaon ofeiag ¢ddaong mou TMPOKUMIEL
Xopaktnpiletal amd TUPETO, evepyomoinon tou afova umoBoaAdpou — umoduong -
emvedpldiwy, Sléyepon TOU WUEAOU TWV OOTWV KOL TWV AEUKOKUTTAPWYV, av&non Tng
mapoywyng mMpwielvwv ofelag ¢daong oto nAmap, KatafoAopd kat Sidomacn UUIKwV
npwteivwyv. OL opudveg mou Oleyeipouv v €8Ik avooia, OMwE n TMPOAAKTiv KoL n
QUENTLKA OPUOVN, Elval KATAOTAAUEVEG 1) 0€ XapnAd enimeda, eVvw n LVOOUALvVN TTOU O€ aUTH
™V daon evioxLeL TNV SLEYEPON TWV AEUKOKUTTAPWV £ival au€npévn.
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MOPEIA TH2 20OBAPHZ NOzOY

AUTO mou emkpatel onuepa otnv maboduaoioloyia tng onPng (74), eivat o polog mou
Stadpapatilel n avoooAoylkn amavtnon tou £evioTr) otov l0BOAEQ KAl OTL( CUVETIELEC TIOU
€Kelvn UE TN OELPA TNG TPOKAAEL oTOV opyaviopo. APn epdaviletal 0tav n andkplon Tou
geviotn oe pa Aolpwén €xel oav amotéAeopa ameAnTKEG yia tn {wn PAAPEG LoTWV Kot
SuoAeltoupyla opyavwy, omou Baciletal kot o mpoodata oplopds tng ondng (Sepsis-3)
(16). Napouocia emopévwe ave€nyntng SucAeltoupyiag opyavwyv o acBevr) pe ofeia vooo,
TPEMEL va eyeipel umoPieg yia mbavr ondn, pag kataotaong pe Bvnrotnta 15-20% kat
onUavtikni BpaxumpdBeoun Kal HOKpoxXpOvLa voonpotnta. 2tnv apxn otn ondn emikpatel
Ha  mapodikn  ofela  dAeypovwdng  amavinon.  AVOOOKOTAOTOATIKA — avwpLud
noAupopoornupnva (PMNs) kat KataoTaAtika puelokuttapa (MDSCs) Kivntomolouvtal ano
TOV HUEAO TWV 00TWV Kal LovokKuTtapa dtadopormololvtal pog pakpodaya M2, mou €xouv
okomo va eléyéouv TN dAeypovr) Kol CUPBAAAOUV OTNV ATOKOTAOTAON TWV WTwv (35)
(oxAua 38). H amdavtnon auti eivat puctodoyiki. Av Opwe n mnyn tng Aolpwéng bev
eleyxbel, n ouvexllopevn amavtnon yivetal ypriyopa moaboAoywkr) kol odnyel oe pla
KATAOTOON AVOOOKOTAOTOANG.

Myeloid cells

Neutrophil
B ) < MG

Monocyte Dendritic cell

Ti-10
Altered neutrophil T Immature || T MDSCs 1 T T PGE2
function neutrophils PGS 0 T TGFB
4 Chemotaxis i Chemotaxis ; PGEE
1 Myeloperoxidase HLA-DR TGF|
CD155

 Lactoferrin 1 Antigen )
presentation TPD1
1 CD80 and CD86 T PDL1

112

{ HLA-DR

d Antigen presentation

{ CD80 and CD86

1 Cell number (apoptosis)

}

l Altered inflammatory response l Incomplete activation of T cells |

Inhibition of
T cell proliferation

Altered first line
of defence

Nat Rev Nephrol. 2018 Feb;14(2):121-137
Ixnua 38. Avooonavtnon otn onyn

Ta avwpipa PMN, ta MDSCs kat ta M2 pokpoddyo mapdyouv OvVTLPAEYLOVWOELG
KUTOKlveg, Omwc IL-10 kat Ttov auéntikd mapayovra-B (growth factor-B,TGFB). Ta
OVTLYOVOTIOPOUCLAOTIKA KUTTAPQ, T SEVOPLTIKA Kal Ta pakpodaya, PELWVOUV TNV EKdppach
TwV popilwv totooupPBatotntag (MHC), mou oxetilovtal pe to avtiyévo D (HLA-DR) tou
avBpwrmivou Asukokuttdpou. Ta T-kUttapa kat ta OSevdpltikd ekdppdalouv uodpLa
npoypappotiopévou Bavatou (PD1) kat (PDL1) amomimtouv Kal n avOCOQTAVINON
Katapyeital (oxnua 39) (8).
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Surg Infect (Larchmt) 2018 Feb/Mar;19 (2):117-125
Ixnua 39. Avoooarnavinon otn ondn

H onyn peta amod pia npoowplvr) ofela pAsypovwdn amdavinon, odnyetl o€ pla Kataotaon
0VOoOKATAOTOANG. H oUvBeTn avoooarmokplon mou nupodoteital apylkd, Stadopomoleitat
otnV TAapodo Tou XpOvou, ME TNV TAUTOXpovn €€EALEN Tpo-pAEyHoOVWOWVY  Kal
avtidAeypovwdwy pnxaviopwy. Ou pnxaviopol mou puBuilouv TNV opoldotacn Tou
OVOOOTIOLNTIKOU KaTA TN SlapKela tg onPng, ivat n pubulon amod To KEVIPLKO VEUPLKO
oUOTNUA, OTTOTITWTLKI), ETLYEVETIKA Kol / f petaypadikn pubuion pall pe tnv tpomonoinon
HETABOALOHOU Kol avooiag Kot Tnv mpoomnabela avoxng tng evéotofivne. NapalinAa aAlot
TapApETpoL €181Kol yla kaBe mepimtwon onPng, mou oxetilovral pe tov acbevr Kal Ta
OUYKEKPLUEVA TTaBoyova, TNV £€KTacn t¢ KUTTapkng BAABNG Kat to €idog Bepameiag mou
xopnyeital, emnpedlel tn puUBULON TNG OHOLOOTOONG TOU OVOCOTOLNTIKOU otn onyn.
AladopeTikn puBULON avooOAOYLKAG amdvinong oe acBeveic pe oAPn pnopel va odnynoet
oe umepPoAlkn TPo-GAEYUOVWEN aTOKPLON, OF QVOOCOKOTOOTOAN R/KOlL HOKPOXPOVLIEC
0VOOOAOYIKEC SlatapaxéC. Mia pn KaAd puBULOPEVN OLOLOCTOON OVOOOTIOLNTLKOU €XEL
emPAaBeic KAWVIKEG OUVEMELEC, OMWCE QVEMAPKELD Opyavwv, auénuévn evalocbnoia oe
VOOOKOUELOKEG Kal/fj deutepomabeic Aowwéelg, avalwmipwon wv Kal/fn avénuévn
Bvntotnta. Mwa umtepBoAikn i KAKWG puBbuLlOpEeVn andvinon unopel va mpokaAéoel BAAPN
otov feviotn Aoyw aveEAeykTnc aneAeuBépwaonc evboyevwv pAeypovwdwyv ouoLwv.

H onawia €xel molkideg emdpAoel o OAQ TA KUTTOPLKA OTOLXElO KATAOTEAAOVTAC TO
evboyeVEG avooomolnTiko cuotnua. H onyn odnyet ypriyopa o€ eKTETAUEVN AMONMTWON TA
Sevdpltikd KUTTAPA, HovoKUTTAPA KOl avwpLua pakpodaya, kottapa duoikou dovéa (NK)
Kol KUTTOpa KATAOTOARG Tou Tpoépyovtal and puehoeldn (oxnua 40) (MDSCs). AvtiBeta
kaBuotepel TNV amontwon oudetepodplwy, e€attiag mBava TNG evepyomoinong Ttwv
oubetepodilwv. MeTd TNV apXLKA KLVNTOTOLNON Kal €vepyomoinon Twv oudetepodpilwy,
eTuMA€ov oubeTepOodAa ameleuBepwvovTal amod TOV HUEAO TwV 00TWV OAAA UE HLKPOTEPN
BAKTNPLOKTOVO KOWVOTNTO KOL HELWMEVN Tapaywyr Kutokivng MNpocdata Sedopéva
Oelyvouv OTL pa opdada oudetepodidwv ameAeuBepwvel UEYAAEC TOCOTNTEG TNG
O0VOOOKATAOTAATLKAG KUTOKIVNG TNG LVTEPAEUKIVNG-10 (IL-10). XapaKTNPLOTIKO YVWPLOUA TNG
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onPng eivat n pewwpévn €Ekdppacn HLA-DR o€ avilyovomapouolaoTKA  KUTTOPQ,
pHovokuttapa,/ pakpodaya kat Sevépltikd kKUTTapa, peiwon n omoia ¢aivetal va ennpedalel
TNV mapouciaon Twv HKkpoBLakwv avtlyovwy ota T KUTTapa.

Ot unxaviopol avooomnapaluong otn onyn (35) paivovtal otnv mapakatw KOVa.

a Effects of protracted sepsis on the innate immune system

¢’ Gon
4 o
o
Follicular Dendritic cell Macrophage NK cell Neutrophil MDSC
__dendritic cell
| * Apoptosis T Apoptosi |1 Anti-infl y 1 Apoptosi 1 Rel of immature | |1 Apoptosis
|+ Antigen 1 Antigen cytokine secretion 1 Cytotoxic neutrophils {4 Cytotoxic function
presentation | presentation| | HLA-DR expression function TIL-10 secretion 4 Cytokine secretion
| toBcells | to T cells |4 Pro-inflammatory 1 Cytokine + Apoptosis ve— .
1 Cytokine cytokine secretion secretion & Reactive oxygen
secretion |+ Pathogenkilling | species release
+ Nitric oxide release
L Expression of
adhesion markers

b Effects of protracted sepsis on the adaptive immune system

© @

CD4' Teell CD8' Tcell Tg.qcell B cell
+ Cell exhaustion *Cell exh ion *Resi e to apoptosis| | T Apoptosis
T Apoptosis T Apoptosis T Suppressive activities { Antigen-specific
T T,2 cell polarization | |! Cytotoxic function | - antibody production

4 Adhesion molecule 4 Cytokine secretion
expression 1 TCR diversity

4 CD28 expression

4 TCR diversity |

Hotchkiss RS, Monneret G, Payen D Nat Rev Immunol 13:862-874 (2013)
Ixnua 40. Enidpaon tng onPng otnv evBoyevn Kol TPOCAPUOCTLKN avoaoia

H ofyn mpokalet palikn anwAeta CD4* and CD8' T Aepudokuttdpwy 6Twe Kat B KUTTdpwv.
Ta T puBulotika kuttapa (Treg) elval MO OVOEKTIKA OTNV QMONMTWON KL £€T0L UEYAAOG
oplOpog kuttdpwv Treg umdpxouv otnv KukAodopla, oe oxéon He OGANEG OMASEG
Aepdokuttapwy (oxnuo 40). AutO OUVTEAEL OKOUO TIEPLOCOTEPO OE £Va AVOOODALVOTUTIO
avoookataoTtoAfg. Ta CD4™ kat CD8' T kuttapa mou emPBuwvouv oAAlouvv $avotuno amnod
npopAeypovwdn pe Thl cell eite oe aviipAeypovwdn pe Th2 cell erte avamtuoocouv
dawotuno efavtAnuévo (“exhaustive” phenotype) o omoiog xoapaktnpiletal amno
TUPOYPOAUUATIOUEVO KUTTOPLKO BAVATO KAl MEWHEVN EKKPLON KUTOKWVWY. Ta CD4" T kittapa
€XOUV PELWHEVN €kdpaon CD28 kal petwpévoug umtodoxeis (T cell receptor (TCR) diversity),
To omolo Kal CUMPAAAOUV O€ HELWHEVN OQVTLUIKPOPLOKN amavinon ota SleloduTika
naBoyova (75).

AvtiOeTikéG Oewpleg TNG AVOOOAOYLKNAG alOKpLOoNG Tou Eevioth otn onyn (oxnua 41,42)

Oswpia 1" : Npododateg peléteg Seiyvouv OTL N evepyomoinon TG00 TwWV NPo- OGO KAl TWV
avtl-dAeypovwdwv avoooarmokpioewv cupPaivel apéows Hetd tnv évapén tng onPng. Ta
KUTTOPA TOU €vVOOYEVOUC QVOCOTIOLNTLKOU CUCTHMOTOC - LovoKUTTapa Kal oubetepodlla-
arneAevBepwvouv PEYAAEG TOOOTNTEC TPO-PAEYUOVWOWY KUTOKIVWV TIOU TIPOKAAOUV
dAeypovn (UmAe ypapun - nuépsg 1-3). H évtaon tng apxXlkng GAeypovwdoug amokpLong
TowkiAeL and aobevn oe acbevr) kot e€aptatal amod mMoANoUG MAPAYOVTEG, OTWE To dopTio
Tou TaBoyovou Kal Tn SLELCOUTIKOTNTA, TIG CUV-VOONPOTNTAG KAl TN YEVETIKA TIPodlabeon
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Tou atopou(34). Ou mpwipotl Bavatol otn onPn (kopudaia KOKKLVN YpAUUn - NUEPA 3)
oupBaivouv efattiag plag umep-pAEYUOVAG Kal pag ‘Katalyidag KUTOKWVWV HE TIUPETO,
OVOEKTIKO 00K, 0&Ewon Kal umepkataBoAlopo. Eva mopddelypo o° autod To oevaplo €ivat
veapOd dAtopo mou mebaivel amd ouvdpopo ToflkoU O©OK 1 pnViyyokokkaiuia. Ot
TEPLOOOTEPOL 00BEVEIG OUWG ATOKABLOTOUV TNV EVOOYEVH KaL TNV TMPOCAPOCTLKN avooia
Kal emBLwvouv amo pia Aolpwén (avaktnon — nuépa 6). Eav Opwg n onn EMUEVEL, KaL N
€vBOYEVNG KAl TPOCOPUOOCTIKN avooia Tou acBevr) dev anokataotabel o acBevig Unalvel
oe pla Bopld avoookatatooAn (UTAE Kol KOKKLVEG YPOUUEG - HETA TNV 6n nuépa). OL
Bavatol tote odpeilovtal oe Seutepoyeveic Aolpweelg (oxnua 42) (75).

a Theory 1 Early deaths due
to overwhelming
inflammation
Hyper-
inflammatory innate
response
Homeostasis L T e lBecoveny e =TT
2 4 U\ 8 10 12
Time (days)
Adaptive
|mmU{\0- Late deaths due to
suppression persistent
immunosuppression
and recurrent
infections
b Theory 2 : Early deaths due
to overwhelming
inflammation
Hyper- Late deaths due
inflammatory Innate to intractableu
response inflammation-
induced organ injury
Homeostasis T e RecovenyT—2— T ¥+,
Time (days)
Adaptive /  _iee-ememeeees e
Immuno-| [ NN A L.t
suppression| | T -otTT

Oewpia 1: (blue line — days 1-3) (recovery — day 6). (blue and red lines —after day 6). 6dvatot
odeilovrtal o dsutepoyeveic AoLUWEELS

Bewpia 2: Bavarol otn onYPn odeihovral oe emipovn evepyonoinon tng evéoyevoug avoaoiag mou
oényel oe avetédeyktn pAeypovn kat BAABN opydavwv

Inflamm Res. 2016 Nov 1;65(11):853—68

IxAua 42. Oavatol and onygn
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Qswpia 2n: M aAn Bswpia tng maboduaciohoyiag TG oRYPng umootnpilel OTL UTIAPYEL
TPWLUN €EVEpPYyoToinon TNG €vOOYyeVOUC avoolag Kal KATAOTOAN TNG TMPOCAPUOOTIKNG
avooiag. Aut n Bewpla unmootnpilel 6tL ot Bavatol otn onPn odeilovrtal oe emipovn
gvepyonoinon tn¢g evdoyevol¢ avooiag mou odnyel oe ave€édeyktn dpAeypovn kot BAABNn
opyavwv (75).

Increased pro-inflammatory ' l Trauma
cytokines, endothelial injury and
extravasation, hypercoagulability,
thrombocytopaenia and A
myelopoiesis (decreased ) — Early immune response
lymphopoiesis) and recovery

= PICS

— Multiple organ failure
and fulminant death

Hyperinflammation,

Increased chronic low-grade
inflammation, DAMP release from
organ injury and muscle wasting

Increased viral reactivation,
nosocomial infections and failure
to thrive

Homeostasis

Increased T cell apoptosis, T,,2 cell polarization, T, _ cell
expansion, M2 phenotype, DC apoptosis, immature myeloid
populations, MDSC numbers and suppressor function,

NO and ROS production, nitrosylation, lymphopaenia and DAMP, damage-associated molecular pattern; DC,
neutrophillia:decreasedAeﬁ‘ector response, antigen dendritic cell; MDSC, myeloid-derived suppressor
presentation and cytokine production cell; NO, nitric oxide; ROS, reactive oxygen species;
: > T2, T helper 2.

Immune suppression

T
Early response 7-14 days Chronic critical illness
Time

Nat Rev Dis Primers, PMIC 2017 Aug 1
Ixnna 43. Opolootacn otn onn

Itn coPapn ondn (severe sepsis/septic shock, SS) aAAd kal oto ZUVEPOUO ZUCTNUOTIKAG
QOAeypovwbdoug Amadvinong (Systemic Inflammatory Response Syndrome, SIRS) mou
oXeTileTal pe To Tpavpa, n Bvntotnta oxetiletal pe TNV KutTaplki BAABN Kal Tnv avamtuén
TIOAUOPYAVLIKAG avenapkelag (Multiple Organ System Failure, MOSF) (oxnua 44)(76)(64).
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Sepsis-Septic Shock 7o

DEFINITIONS

— T
< Infection I%

—_—

Mitochondrial

Dysfunction
Organ

Dysfunction Microvascular

l Coagulation/
Thrombosis

Multiple Organ
Failure

!

Death

vol/picuhim

IxAna 44. Oavatog Aoyw pitoxovdplakng SucAettoupylag otn ongn

TNV QVATTTUEN QVETTAPKELOG OPYAVWY EUMAEKOVTOL OAO KAl TIEPLOCOTEPO N EMNPEACUEVN
KUTTapPLK Aettoupyla, n OSuocAewtoupyion twv pitoxovépiwv (19) kabwg Kkat ot
TPOTIOTOLNUEVOL PNXOVIOUOL KUTTaplkou Bavatou (m.X. anoéntwon, apoptosis, NETosis kot
mupoAuaon-pyroptosis) (12) (20). H naBoducioloyia tng SucAettoupylag ival mapopoLla ya
OAa Ta Opyova Kal TEPAOUBAVEL OUVOETOUC QLUOSUVAULKOUG KOl  KUTTOPLKOUG
Unxoviwopougs. 2tn onln eival omavia n duocAeltoupyla evog povo opyavou. Zuvhibwg
ennpeadovral Stadopa dpyava, Kal n Bvntotnta cuoxeTileTal e ToV aplBud Twv opyavwv
TIOU €XOUV ETINPENOTEL.

MéxpL onuepa, o ouvduaoTIKOG POAOC TNG GAEYUOVWSOOUG OPUOVIKAG KAl OVOCLAKAG
QTOKPLONG, UE TIG LETAPBOAKEC SLATAPAXEG OE UITOXOVOPLAKO €TIMedo KoL TIG SLAXPOVIKEG
HeTaBoAéc NG PBloevépyelag kal ot duo opadeg uPnAol kivduvou acBevwv bev €xel
EMAPKWC PeEAETNOEL (77) (78).

H SduoAettoupyla Twv MeEPLOCOTEPWY OpyAvwy otn onn umopel va eival avaotpéPun. O
TPWTOC OTOX0G otV MPOAnYn TG SUCAELTOUPYLAC OPYAVWY ELVOL N OTTOKATACTACN KAl N
Slatripnon enapkoug petadopdg oEuyovou ota KUTTAPQ, 0 YPryopog EAeyxog tng Aolpwéng,
n awoduvaulkn octabepomnoinon kot n otAPLEN opyavwy €wg TNV OVAKTNON TG AeLToupylag
Toucg (25). To onuepwo poviédo NG mopeiag tng onPng, eumAékel 6oov adopd Tnv
npoyvwon, pall tic PAEYHOVWOELG KAl TIC 0lVOOOKATAOTAATIKEG QTTAVINOELG TOU EevioTh).
Ayotepol aocBeveic paivetal va mebaivouv otnv mpwiun mePLodo av TUXOUV TIPWLHOTEPNC
ovayvwplong kKot KaAutepnG epapuoyng BEATIOTWVY KAWIKWVY TPAKTIKWY. H Tmpwiun kot
OTTOTEAECUOTIKA QVTLUETWTIION €lval ekeivn mou obnyel otnv €€odo amd tn povada
EVTOTIKNG Bepamneiag. AoBeveic mou eudavilouv mpwipa €vtovn pAsypovwdn avtidpaon,
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daivetal OtL 0dnyolvTal O AVEMAPKELD OPyAvVwY Kol oto Bavato. Kamolol amd 6ooug
KatadpEpvouv Kal eMBLwWVOUV oo pla mpwipn dAeypovwdn amavtnon, eivatl mbavo va
TAPOEIVOUV O Hla XpOVIa KPLOLUN KOTAOTOON ToU Yapoaktnpiletol omod emipovn
dAeyuovr), avoooOKATAOTOA} KoL ouvdpopo auénuévou kataPfoAwopovu (PICS) pue
avalwnupwon AavBavouowv OyevwY AOLUWEEWY, Kal €ivol eKeivol Tou €kSnAwvouv
VOOOKOUELOKEG AOLUWEELG KAl LOKPOXPOVLEG AELTOUPYLKEG KOl YVWOTLKEG EKTTWOELS (16) (29).

EKBAZH 20BAPHz NOzOY

Avvntika n aviipAeypovwdng amavinon otn ondn (77) ennppealetal and Siddopoug
TIAPAYOVTEG HETAEY TwV omoiwv gival n SletodutikdtnTta Tou maboyodvou, to PEyeBoG TG
€l06dou, ToU evodpBaAULOHOU, TIC cuVOoOoNPOTNTEG 1 GANoug Suopeveic mapadayovte. (A)
MapoAo mou n mpodAeypovwdng Kal avitbAeypovwdng amavinon EeKWVAEL AUECO UE TNV
€vapén tnc onPng, N apxLkr AmOKpLon OE TIPONYOUUEVWG LYLELG aoBeveic pe coBapn ondn
xopaktnpiletal and unepdAeypovwdn amavinon Ue MUPETO, unepSuvaulkn KukAodopia
Kal katamAnéia. OL Bavatol oe auth TNV MPwWLUn ddaon tng onPng yevika odpeilovtal oe
kapdlayyelakn KotamAnéia, HeTaBOAKEC Slatapaxeg kol SuoAettoupyio TOAAQMAWV
opyavwv.

Av kot Bpaxeilag Spdong aviipAeypovwdn Evavil TwV KUTOKWVWV APnNoav CNUAVTLKEG
UTIOOXEOELG O TELPAPATIKO eminedo, Sev deixOnkav teAka va BeAtiwvouy tnv emiBiwon oe
ueAéteg daoncg 3. (B) MoAAol aoBeveig mou avamntuooouv ofdn eivat NAKLWUEVOL e TIOANEG
oUVVOONPOTNTEG TTOU €MNPEAIOUV TNV AVOOOAOYLKN QIOKPLon. 2 avtiBeon pe maidld f uyn
VEQPA ATOWO, OTAV QUTA TA ATOHA avamtuooouv onatuia, ekGNAWVOUV HLa LELWHEVN N
armovoa unepdAeypovwdn ddon He ouvETELD oL 00Bevelc ypriyopa va ovamtuooouv
£€KMTWON OTNV avoola Ttoug Kot Mo avitpAeypovwdn koatdaotoaon. H avoooevioyuTiki
Bepameia xpelaletal o auth tn paon. (I M tpitn BewpnTIKA AVOCOAOYLKH OTIOKPLON OTh
onPn xapaktnpiletat amd evaAlayn unep-dAsypovwdwv Kol  umodbAeypovwdwv
KATaoTAoswv. Z0Udpwva pe auth tn Bewpla, ol acBeveic mou avamtucoouv ondn €xouv
apXIKA pLa uttepdAeypovwdn amokplon mou akoAouBeital and pia urtodpAeypovwsdn. Otav
oupBel pa véa Seutepoyevig Aoipwén, ot acBeveic eudavilouv emavalappavopevn
unepdpAeypovwdn amavrinon omoe TNV omnola &ite Katad€pvouv vo OvVapPPWOOUV N
enaveloépyovral oe umopAeypovwdn amavinon. Ot acBeveic pumopouv va kataAnfouv
omoladnmote otiyur). Aev untdpyxouv amnodeifels yL auth ) Bewpla kal 6co o oAU Slapkel
n onyn, téoco mo mbavo eival évag acBevig va avamtuéel cofapr aAvoooKATAOTOAR
(oxua 45). Ot unxaviopol avooornapaiuonc otn onyn (35) paivovrot mapakATw.
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Nat Rev Nephrol. 2018 Feb;14(2):121-37 (35)

IxAua 45 . Mnxaviopol avoocokataoTtoAng otn onyn-Katavoun Bavatwy and onyn
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Inflamm Res. 3016 Nov 1;65(11):853-68

Ixnua 46. lotopikn katavopur Bavatwv otn onyn (75) (23)
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O Bavartol anod ofPn akoAouBouv pla Sipaoikr katavour (oxnua 49)

A B Long-term deaths

Advanced age
Comorbidity burden
Immune dysfunction

Persistent infammation

Early deaths Late deaths Chronic catabolism
5 Discharge
Inadequate Persistent organ disposition
resuscitation injury or failure
Cardiac and Immune dysfunction
z pulmonary failure z Early deaths Late deaths
@ 5 Inadequate Persistent organ injury
2 2 resuscitation Nosocomial/secondary
Cardiac and infection immune
pulmonary failure dysfunction
o] 10 20 30 0 30 60 20 1 2 3
Days Days Years

Nat Rev Immunol. 2013 Dec;13(12):862-74
IxfAuna 47. OL Bdvartol otn onPn katavépovtal os pa Sipaaotkr katavoun (23)

(A) mpwiwa otnv apxn AOyw avemopkoug avavnpng, HETA amo KopSLOOVATIVEUOTLKNA
ovakorr), Kol pta oPLun, apketeg efOouadeg peTd, €€alTIOC OVETIAPKELAG KOL EKMTWONG
opyavwv. (B) Napapévouv ot dU0 MPwWTeG KOPUDEC TNG BVNTOTNTAC HE TIOAU HILKPOTEPO
uéyebog. H tpitn kopudn epdaviletal mepimou 60 £€wg 90 nuUEPeg HeTad TN onyn Kal
ouvexilel va aufavetal oto xpovo. Auti n kabuotepnuévn avénon otn Bvnidtnta amnd
ondn elvat n ouvénela tng e€eAloodpuevng dpovtidbag tng MEO mou Swatnpeil otn {wn
NALKLWHEVOUG KOl UTEPAALKEC HE UTIOKE(PEVO voonuata Tapd TG OUVEXWIOUEVEG
0VOOOAOYIKEC, PUCLOAOYLKEG Kal BloxnUkEG Slatapaxég (23).

Néeg péBoSoL pe pE€tpnon PBlodeiktwv ywo TNV Toootikomoinon tou Pabuol NG
0VOOOKATAOTOANG O oONmMTlkoU¢ aoBevelc xpnoldomolouvtal onuepa. Mo mapdadeyua,
TIOOOTIKN METPNoNn €kdpaong HLA-DR HOVOKUTTAPWY QLPOTOC PE KUTTAPOUETPLO pOAG EXEL
XpnotomnotnBel yla TV Tautonoinon Twv acbevwy mou Ba avrtamokpivoviav og xoprnynon
mapayovia SLEYEPONG KOKKLOKUTTAPWV Hokpodaywv (GM-CSF). Ito péMNov, aliol
Blodeikteg, OMwC ekelvol TOU XPnOLUOTOLOUVTAL ONUEPA OTNV 0voooBeparmeia Tou
kapkivou, mBava Ba xpnoiuonolnBouv. H ékdpacn Tou MPOYPAUUATIOUEVOU CUVOECUOU
kuttapou-6avdtou-1 (PD-L1) twv povokuttapwy Ba pmopoloe va xpnolpomnolnBel ywa va
kaBodnynoet miBavry Bepaneia pe avtiowpa anti-PD-1. AcBeveic pe emipova xopnAo
aplOuo Aepdokuttapwyv Ba pmopovoav va gival umoPndilol yia Bepaneia pe vrtepAgukivn-
7. Ot aobBeveic pe Aowpwéelg and acbevy maboyova onwcg n Candida spp lowg eivat
uroynodLlol yia avocoBeparneia. H Beparmneia Ba pnopovoe va meplhapfavel mapeUPAacelg
avooolléyepong, yloL Toug Tio oofapd avoookaTooToAUEVOuG aocBevelg, ToOUL
avayvwpilovtal Katd Tnv mapakoAouBnaon Tng avoooAoyLKAG ToUuG kataotaong (oxnua 48)
(77).
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Lancet Infect Dis. PMC 2013 Nov 1
IxAUa 48. Avooobieyeptikn) Beparmeia otn onPn: pa véa mpooéyylon

H efakpiBwon twv oakplpwv pnxoviopwv Tou  Stémouv  Ttov  dAeypovwén
ETAVOTTPOYPOHUATIONO KOl TNV avoocomapaAucn otn onn, Ba unopoloes mMPayUaTIKa va
odnynoeL og avelpeon TPOMOU pUBULONG TNG auTodayiag autoregulation wote va BeAtiwOel
n ¢Asypovwdng amavinon, n AEtoupyiot Twv OVOOOKUTTAPWV Kal n emPiwon (42).
KataoteApévn 1 avemapkng auvtodpayio odnyel oe SuoAeltoupyla Kal OVETTAPKELQ
O0VOOOKUTTAPWY PE cuvodOo Slatapaypeévn avooia Kal auEnuevn BvntotNTa 0€ KATAOTAOCELS
onyng (78)(79).

H autodayia, emopévwe n omoia pAALoTa eUTTAEKETOL O€ TIOAAEG TTOOOAOYIKEG KATAOTACELG
omwg otov cakxopwdn daprtn, otnv oykoloyia Kal veUpPOeKDUALOTIKEG VOOOUG (oxNua
49)(80), Ba urmopoloe va amoTeAECEL Eva LEAAOVTIKO BepameUTIKO 0TOXO KoL otn onyn.

SEPSIS CANCER

Rom J Morphol Embryol 2017, 58(1):27-31

Ixnua 49. Autodayia kat vooog
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Zuvontiki yvwon ano tn BBAoypadia

210 SIRS mou oyetiletal pe tpavpa aAAd kat otn ofn, n BvntotnTa £XEL CUCXETIOTEL UE TNV
KuTTapkn BAABN kat tnv avamtuén moAvopyavikng avemapkelag (Multiple Organ System
Failure, MOSF) (76)(64). Mapd ta 6ca A€oV yvwpillou e yla tnv avooomnaboloyia tng, dev
SlaBETouE YL OUTAV AKOUA ATTOTEAECUATIKY Bepaneia.

Inuepa mMA€ov umootnpiletal n damoyn oOtL otn Papld vOoo, TO OLELOWTIKO OTPEC UEOW
KUTOKLVWV 008nyel 0€ KATAOTOAR TNG MULITOXOVOPLOKNG Aeltoupyiag, o TOAUEMineSdN
Slatapayxy Ttou peTafoAlOHOU KoL KatavaAwong evépyelag (81)(82), evepyelokn
SuoAeLTOUPYLO KUTTAPWY KAl OpYyAVWY, BLOEVEPYELOKI OVETIAPKELA KOl TEALKA EVEPYELAKN
EKTITWON, ATOMTWON KUTTAPWYV, AVOCOKATOOTOAN TIOU 08NnYEl 0€ TOAUOPYAVLKN AVETIAPKELQ
kat Bavato (79)(78). H Swatapaxn oto PeTaBoAlopd emnpedlel KUplwg To AvooOoKUTTOPQ,
yla QUTO KoL OVOUAIETAL OVOOOUETOBOALOUOC. MeydAn onuocia yla TNV TPOCOPUOOTIKN
avooia tou aoBevr €xouv ta T-AepdokUTTapa Ta omoia Kot emnpeAlovial LECA OTLG TPELG
TIPWTEG WPEG TNS oNPng, evw ta pubulotika kuttapa (Tregs) eival ekeiva mou uBuvovtal
yla TNV avoookataotoAp ota oo otadia tng onyng EmepPaivovtag oto
OVOOOUETABOALOUO auTwy Twv T AepudokuTttapwy, Ba punopovoape oto PEANOV va elpacTte
oe Oéon va MOPEUBOUME KOL va TPOTOMOLOOUME TNV Topeia tng onyng (28). H
TPOMOMOINCON TOU QOVOCOUETABOALOMOU OTOUGC BapEéwC TAOXOVIEC, €VAALKEG Kot Ttaldid
oupBaivel otnv ofeia dpaon evw dev umdpyouv Sedopéva yla TNV MOPELX AUTAG TNG
Sladlkaciog oTIg EMOUEVEG NUEPEC EEEALENG TNG VOTOU.

Agv €xouv eniong peAetnBel oL Slaxpovikeg peTaBoAEég TNG Bloevépyelag, TnG evboyevoug
avooiag, peéow Twv HSPs, Tou petafoAlopol kat tng PpAeypovwdoug opUoVvIKAG avtibpaong,
HECW OUYKEVIPWOEWV OPUOVWY TOU UETOBOALOUOL, OMwE N pelloTivn Kal OVTUTOVEKTIVN,
OAAG OUTE Kall Ol ETIMTWOELG AUTWV TwV PeTABoAwvV otn SuoAeLToUpyia opyavwy otnv ofsia
daon coPapng vooou ) TPAUMATOC O eVAALKEC N TtaLdLa.

ME£pPOG TWV W AVW EPWTNUATWY ETXELPEL VO TPOOEYYIOEL yla mpwtn ¢opd otn Sledvn
BBAloypadia n mapol oo EPELVNTIKI TPOCTIAOELQ.
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EIAIKO MEPO2

YNOOEZH-EPQTHMATA

To KUTTtapkO otpeg AOyw ocofapng ondng (severe sepsis, SS) n efattiag ouvdpouou
ocuotnuatikng pAeypovwdoug amavinong (Systemic inflammatory response syndrome, SIRS)
ekdnAwvetal pe ofeieg PpAeypuovwdelg, LETAPBOAIKEG, OPUOVIKEG, AVOOOAOYLKEG SLATAPAXEC
Kall LETABOAEC BloevEPYELAG, ATTOTEAECHA SLATOPAXWY OE KUTTAPLKO eMinedo mou €xouv va
KAVOUV Kuplwg e TN Aeltoupyla Twv pitoxovépiwv Toug. Ot datapayxég autég ekdpalovral
HE UETOPOAEC OTIC OUYKEVTIPWOELG EVOOKUTTAPLWY Kal €EWKUTTAPLWY TPwTeivwy (HSPs),
OULWVOEEWY, OopHovVWV 1 GAAwvV Tpoildvtwy PeTaPBoAlopoU, OAANAYEC OTNV KATOVAAWON
ofuyovou (VO,), tnv mapaywyn CO, (VCO;) kat tnv katavalwon evépyelag (EE), otnv
napaywyn ofewdiov tou alwtou (NO) kat tnv mapaywyn ATP. AcBeveic pe coBapn ondn n
SIRS gudavilouv avtnv tn cuvexllopevn ¢Asypovwsdn ‘anavinon’ Kuplwg KAt TLG MPWTES
NUEPEC VOOOU, OTWG KaBopiletal amd To YEVETIKO Toug mpodiA kal mbavotata eival ekeivn
Tou oXeTiletal Kal Kabopilel kal tnv €kBoon TNG KATAOTAONG TOUC. Ta EPWTIAMOTO TIOU
TiBevtal kal Ta omola Sev £Xouv £wC OrUEPA EKTEVWCE LEAETNOEL lvat:

- Moteg eival ot SlaxpovikéC PeTaPoAEC (LeTaPOAIKES, 0vOOOAOYIKEG, Blosvépyelag)
otn ooBapn vooo;

- Eival S1a¢opeTikéG ol PeTaBOAEC aUTEG av To aito eival Aowuwdeg (SS) N un (m.x.
SIRS amnod tpavua);

- Elval ol petaforég autég ibleg og madLa Kat eVAALKEG;

- MNwg elvatl n StakLHAVON TWV TTOPOATAVW TOPAUETPWY O aoBevelc, eVAALKEG Kal
madia, pe SS kat SIRS tnv mpwtn NUEPA VoonAelog TOUG, Kal IoLa Eival n ox€cn Toug
HE avTioTOLXEG NALKLAKEG OUASEC LYLWV 0oBEVWY;

- MNwg e€elicoovtal aUTEG ol HeTaBOAEC oTnV Topeia TNG vooou, Slaxpovikd, amo tn
npwtn NUéEpa dnAadn voonAeiag, otnv tpltn NUEPA KAl £WG KOL TNV TIEUTITN NUEPA
vOOOU;

- Elvaun tdla autn n mopeia twv petafolwv os eviAikeg kot matdid, pe SS r SIRS?

- MNwg oxetilovral auTEG ol alAayEG Ye TNV €KBaon TnG kaBe vooou;

- Mrnopel n mpwiun mapakoAovBnon twv Hetafolwv autwv /Kol TnG TAoNG Twv
HeTaBoAwWV autwyv va BonBrioeL otov eVvtomiopo acBevwy pe avénuévn mbavotnta
KAKAG €kBaong, wote va ival duvath, pe KataAAnAn tpomomnoinon tng Beparmneiag n
emnitevén BeAtiwong tng mpoyvwong tng vooou?
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2KOMNOZ THZ MEAETH2Z

IKOTOG TNG TIPOOTTIKAG QUTNAG MEAETNG NTAV va MEAETNOOUV oL SLaXPOVIKEG UETABOAEC
dAeyHovWOOUC KOl OPMOVIKAG amavinong, evboyevoug avooiog, PBlosvépyelag Kot
HeTaBoALlopoU, og evAAkeG Kal matdld otnv ofeia pdaon coPapng onPng (SS) kat SIRS, mou
voonAelTNKAV O LovAda EVIATIKNG BEpaMELNG O UNXAVIKO OEPLOMO, KAL VA YIVEL OUYKPLON
HE avtioTolyn NAKLOKA OUASa LYLWV ATOUWV.

Itnv mapouvoa MEAETN, yla mpwtn ¢dopd, ar’ Ot yvwpiloupe amd tn BpAoypadia,
HeAeTROnKe n Stapopormoincn Tou cuvSUACHOU TWV 0EEWV AUTWYV PETABOAWV oTn onyn Kat
TO TPAU A SLAXPOVLIKA, ATO TNV MPWTN, OTNV TPLTN KAL TNV TEEUNTN NUEPA VOCOU.

AVOAUTIKG OTOV OXESLAOUO TNG EPEUVAC, OTOXOL NTAV:

e va PeETPNBoULV SLaXPOVIKA TLG 5 MPWTEG NUEPES VOOOU:

- oL petaPolég evdoyevouc avooiag, LeToBoALOUOU Kot PAEYLOVWSEOUG OPOVIKNG
ovtiépaong HEOW TWV OUYKEVIPWOEWV HSPs, opwoféwv, Kol OPUOVIKWV
HETAPBOAWV TNC AVTILTOVEKTIVNG KaL TNG PECLOTIVNG

- n Swaxpovikn katavaiwon ofuyovou (VO,), mapaywyn CO, (VCO,), evepyelakn
katavaAwon (EE)

- oL SLaxpoViIKEG peTaBoAEG Bloevépyelag

e va ouykpLBOUV SLaxpoVIKA oL LETOPBOAEG QUTEC PE QVTIOTOLXEC OMAdAC LYWV TtaldLwy
Kall evnAlKwy

e va efetaotolv Slaxpovikad ol dladopég petalv acBevwv pe ondn kal acBevwv pe
tpavpa (SIRS), T6c0 ota madld 600 Kol O EVAALKEC

® VO OUOXETLOTOUV oL Seikteg dAeyuovng, Bloevépyelag r peTaBoAkol mpodil pe Toug
Seiktec KAwvikAc Baputntag oe eviAikeg kat moudid pe oibn f SIRS tnv 17, 3" kae 5"
NUEPA TNG VOOOU.

® VO OUOXETLOTEL n Omola Suopevncg ékBaon pe TPpwLPa KAWVIKA Sedopéva, PE TIPWLIES
TIHEG dAeyHovwWOWVY Blodelktwy (yalaktiko, C-avidpwoa mpwrteivn (CRP)), pe tnv
O0VOOOAOVYLKI QmAvVTNon Kal TNV KatavaAwon evépyelag, aAAd Kupiwg Le TNV opeia Twv
Staxpovikwv peTafoAwv Tou  HeToPoAlkol kol Bloevepyntikou Tmpodid  Tou
napouaotdalouv acBeveic, eVAALKEC Kal aLdLd, oTnVv Mopeia TG vOGOU TOUG.
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YAIKO KAl MEOOAOI

H mpdSdpoun autr) KAWLKA €PEUVNTIKA HUEAETN Tpaypotomolfnke ot Suo Movadeg
Evtatikng Oepamneiag, EvnAikwv kat MNaidwv oto Mavemotnuiokd levikol Noookopeio
HpakAeiou KpAtng oe xpovikd Siaotnua dVo €twv, amd to AsképPBplo tou 2012 €wg to
emtéuBplo tou 2015, petd amo €ykplon tn¢ Emitpomnig Bionbikng tou Mavemiotnuiakou
Noookopeiou pag (Eykpion IRB October 26, 2011, No 14494/2011) kot €yypacdn cuvaiveon
TWV ouvodwv 1 TwV KNdeUOVWY Twv acBevwy. OAa ta dedopéva RTAV AVWVUHA.

21N MEAETN pag oupmepleAndOnoav ekatd capdvta enta (147) aobeveig, 79 eviAikeg Kot 68
nadla (nAwkio <18 etwv), evw voonAsvovtav SLACWANVWHEVOL O HOVASA EVTOTIKNAG
voonAelog Kkal TAnpoucav TA KPRpla TNG Sepsis-3  yla  evAAlkeG 1 oofapng
onync/onmrtikol ook yla matdid, f SIRS peTd amod tpavpa yla eviAikeg kat moudid (17).
AcBeveic mou apvibnkav va Swoouv cuykatAaBeon, amokAeloTNKAV OO TN UEAETH.

Zav opada eléyxou (control), xpnolpomolndnke yia Toug Hev eVAALKEG, opdada e 33 uyleig
evNALKeG eBeNoVTEC, yla Ta & maldid, opdda amnd 27 vy- nepinmou 6Lag katavoung ¢puiou
Kal nAkiag madld - mou MpoonABaV Yyl TIPOEYXELPNTIKO EAEYXO YLl TIPOYPOUATIOUEVO
XElpoupyeio. MNépav Twv uvywwy, ota 68 madla (£ 18 etwv) mou cuumepleAndOnoav otn
HEAETN, 23 NTav pe SIRS Aoyw coPapng kpavioeykepaAkng kakwaong, 18 pue ongyn/ocofapn
onyn. Anod toucg 79 evnAikeg, 23 aoBevel¢ ATavV 0 KABEULA Ao TIG TTAPOATIAVW OMASEC
avtiotolya, evw 33 Tav UYLELG.

AVOAUTIKA Ta Snpoypadkd XOpaKTNPLOTIKA Ttatdlwy Kal evnAikwyv ¢aivovtat otov Mivaka 1

Kpttipla elcaywyng otn KEAETN NTAV: a) TApoucia TTPWLHIOU oNTTLkoU 0ok (< 48 wpeg amo
™V eloaywyn otn MEO) kat B) acBeveic pe tpavpa mou mAnpoloav TOUAAXLOTOV 2 KpLThpLa
SIRS (< 48 wpeg PeTA TO TPpALUA). Xpnolpomnodnkav oL oplopot tng onYPng, Tng coBapng
ondng/onmrtikng katamAnéiag kat Tou SIRS, cUpPwWvaA He Ta LOXUOVTA KPLTAPLOL ATIO TLG VEEG
kateuBuvtipleg odnyleg mou meplypddnoav oTo YEVIKO UEPOG.

Amo tn peAétn amokAeioBnkav acBeveig pe oPwun ondn i SIRS (>48-hours), avtodvoco
voonua, KakonBela, avoooavemapkeLla, LETABOALKO f XpOVIo voonua f evOokplvomaBeLeq
(Zakyapwdng dtaprtng, YrnepxoAnotepoAatpia, KAT).

Kavévag amod toug aoBeveig dev eAappave mapevteptkn dtatpodn Kal n eviepkn datpodn
n omola €eklvoUoE HETA Ao TNV mpwtn atpoAnia, pe pubuod 5-10ml/kg/day oe ouvexn
Xopnynon amd PLVoyaoTPlKO CWANVA, HE AMWTEPO OTOXO VA XOPNYELTAL, TO NUIOU TWV
EVEPYELOKWV OVAYKWV TOU KABe a0Bevoucg £wg Kat T deUTtepn UEpa voonAeiog kot TARpN
KAAUUN TwV avayKwV €wE Kal TNV nUéEpa 4-5, av auth NTavV OVEKTH.

Mé£Bodot
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Kataypadn, Asikteg KAwvikig Baputntog

Ma tnv ekTipnon tg KAWLKAG Bapltntag Twv aoBevwv xpnoldomolénkav yla Toug
nadlatplkol¢ aoBeveig oL Seikteg Baputntag vooou Pediatric Logistic Organ Dysfunction
(PELOD), Acute Physiology and Pediatric risk of mortality (PRISMIIl) and Therapeutic
Intervention Scoring System (TISS) oL omoiot kat umoAoyiotnkav yla kaBs aobevr) avaioya
HE TNV nNAwWia Tou. N toug evnALKeEG Xpnoldomowidnkav ot deikteg Baputntag vooou
APACHE Il (Acute Physiologic and Chronic Health Evaluation) (12) (83), (88), (84), SOFA kot
SAPS Il (Simplified Acute Physiology Score IlI) (85) (avaAutikd ol mivakeg BaBuovopnong oto
MAPAPTHMA).

Agiktng Malag Zwpatog (Body mass index, BMI)

O Asiktng Malag Zwpatog (Body mass index, BMI) kat Ta avtiototya modlatplkd z-scores
umoAoyiotnkav pe Baon tig diebveic mpotewvopeves avadopéc ano tov WHO (86) kat ot
nipoBAenopevol pubpuol Bacikol petaBoAicpov PBMR (Predicted Basic Metabolic Rate) pe
™ xpnon twv e€lowoewv Harris Benedict kat Schofield (87).

Kataypadnkav ta kAwikd dedopéva KabBwe kot n KopSLakr) CUCTAATIKOTNTA OMWG EKELVN
EKTLUNONKE pe umepnxoypadlkd €Aeyxo, HUETPwWVTOG TOo KAdopa e€wbnong puokapdiou
(myocardial ejection fraction, EF) kat to kAaopa Bpaxuvong (shortening fraction, SF), kata
TNV voonAsia oTnV eVIaTIKN.

AlpoAnyia

AnYn elkool tecodpwv ml ailpatog ywvotav and KeVIpLKO apTnplako KaBetnpa, eviog Twv
MPWTWV 24 WPWV o TNV eloaywyn Twv acbevwv otn Movada Evtatikng Oepameiag kat
TPV TNV €vapén EVIEPIKNG 1 TIAPEVIEPLKAG Oltlong, KABwC Kal ot NUEPEC 3 KoL 5 tng
voonAeiag touc. MMpaypatomolouvtav oL KATAAANAEG TposTolpacieg kat ta Seslyparta
duldooovtav  oto  mpoPAentdpevo  mepBAMov  (katdpuén  -80°C), uéxpLt TG
TiPOYPAUUOTIOOEloEg epyaoTnplakeéG avalloelg. Tautoxpova ywotav kataypadn Ttwv
ouvnBwv Bloxnuikwv mopdapetpwyv (aABoupivn, yAukoln, yohaktikd, CRP, kot Selktwv
AelToupylog opyavwv).

Mna tn pétpnon NOx, emumédwv ATP (Bloevépyela), deiktwv ofsldwtikoU otpeg (oxidative
stress marker) (TBARS) kaut Biliverdin reductase (BVR) activity, delypata mAAopaTog, aipatog
KOL AEUKOKUTTAPWV amd NMAPWIOMEVO OAIKO aipa, petadépovtav oto umelBuvo
€pyactnplo o€ £Npo mayo Kal amobnkevovtav otou¢ - 80 ° C puéxpL TNV avaiuon.

H amopovwon AEUKOKKUTTAPWYV yLVOTaV UETA amd emefepyooia e puBuLloTikd SldAuvpa
UTIOTOVLKOU YAwploUXou appwviou, kat ¢puyokevtpnon.

Ma tov mPoodLloplopnd Twv apwvoeéwy, ta deiypata aipatog Aapupfdvoviav oe nmapLVIoUEVA
owAnvapla ta omoia dlatnpouvtav ce mAyo PEXPL va duyokevipnBouv péca oe 30min
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(2000g for 10 min at 4 °C). ¥tn cuvEXeLla To TTAACHO armoBnkeuotav otoug — 80 °C péxpl va
yiveL n avaAuon toug pe TN xpnon xpwuatoypadiag¢ HPLC. H avaluon ywotav e
outopatomnolnuévn xpwpoatoypadia HPLC, petd and enefepyacia pe tpiyAwpmoleiko ofu
(TCA) 30%. H petadopd twv Selypdtwv ywotav oe Enpd mayo. Mo tnv avaluon Twv
Sdewypatwy, 300ul mAdopatog avautyvoovtav e 30ul otaBepomointikol 3-amino-9-
ethylcarbazole (AEC) oe 35% SSA o€ owAnvdapla Eppendorf. Ta apwvo&éa daxwpilovtav oe
avaAutr Hitachi Aminoacid analyzer (L 8900, JP) pe otaBepry pory oe €lblkO KUAWSPO
otaBepng por¢ (constant flow on a high-resolution cation-exchange column) (NEOLAB S.A,
Athens, Greece).

EPFAZTHPIAKEZ MEOOAOI

MNpocdloplopdg s§wkuttapuwv Hsp-72 kat Hsp 90a
Avoooev{upikr péBodog ELISA

Ta enineda npwrteivng HSP72 kat HSP90a oto mAdopa/opd mpocdloploBnkav e TOCOTIKN
avoooevluplkn pEBodo sandwich enzyme-linked immunosorbent assay (ELISA) pe kits tou
gumopiov kat oUpdwva He TIG 0dnyieg tou kataokevootn [Enzo Life Sciences-Lausen,
Switzerland]. El81kOTEPQ, TA YVWOTWV CUYKEVIPWOEWV (standards) tng mpo¢ mpoodloplopo
ToanepovnG Kal opog tou kabe Seilypatog mpootéBnkav oe mpoaplBunuéva PBobpia. Ta
BoBpia ATav MPO-EMIKOAUMUEVA UE UOVOKAWVLKO avTiowpo €8ko yia HSP72 rp HSP90a
avtiotolya. Ta delyparta sixav apawwbet 1:25 yia tnv HSP90a kat 1:1 yia tnv HSP72. Meta
NV EKIMAUGCN yla TNV OTMOUAKPUVON TWV KN oUVOESEUEVWV OUCLWV TIOAUKAWVIKO avTiowa
€161kO yLia HSP90a kat cuvdebepévo pe padavidikr unepoteldaon npootednke ota Bobpia.
MNna tnv HSP72 n ¢don autn mpayupatonowibnke o dVo otddla (mpwta MPooTEBNKE TO
€LOIKO TIOAUKAWVLKO QVTIoWUa KoL LETA amd enmwacn Kal MAUGH, MPooTtéBnke To SLAAupa
padpavidikng unepofeldbaong). AkoAouBnoe mAAL TAUON yla TNV QTOPAKPUVON
omoloudnmote pn e6ika ocuvdedepévou avtidpaotnpiou Kal MPooTteBnKe to SLAAupa Tou
UTTIOOTPWHATOC UE ATIOTEAECUA TNV AVATTUEN OVAAOYOU XPWHATOC, N €VTOON TOU Omoilou
elval avaloyn mpog tnv ouykévipwon tng HSP72 kat HSP90a oe kdBe delypa. Me tnv
oAokAnpwaon tn¢ aviidpaong n omtikn ukvotnta kabs BoBpiou mpoodlopiotnke ota 450
nm o€ PWTOUETPO €L8LKO yLla pikpomAdka. OAeg oL petpnoels Ste€nxbnoav e1g duthovv. H
gvalodnoia Twv petpioswy Atav 50 pg/mL ywa tnv Hsp90a kat 90 pg/mL yia tnv Hsp72.

Npocdloplopdg evéokuttaplwv Hsp-72 kot Hsp 90a

Ma tov mMpoodloplopd twv evéokuTtdplwy Mpwteivwv Bepuikov HSP72 kat HSP90a ota
povomupnva Kal ToAupopdomupnva KUTTOPA TOU TEPLHEPLKOU QLUATOC XPNOoLUoToLlOnKe n
KUTTOPOUETPla por¢. OAKO aipd EMWAOTNKE HE MOVOKAWVIKA avtiowpata CD33-PeCy5
(phycoerythrin-Cy5) kat CD45-PeCy7 (phycoerythrin-Cy7) kot otn OUVEXEld EYLVE
evloKUTTAPLA XpWON HUE TA AVILOTOLXA avTlowUata. APXKA, amopovwonkav ta KUTtopa
ocUudwva pe TV Ekbpacn CDA5 kat mpocdlopiotnke 0 aplBUOS TWV {WVTAVWY KUTTAPWY UE
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Baon tnv ékdpacn tou CDA5 kal tnv mAAyla okEédaorn. AkoAouBnoe SLaXWPLOUOC TwV
TANBUOUWVY TWV LOVOKUTTAPWYV Kol oUSETEPOGINWY UE BAcn Tn OAHAVON UE TO AvTioToLXo
HOVOKAWVLIKO avtiowpa. Kataypadnke n upéon évtaon ¢Boplopol (Mean Fluorescence
Intensity-MFI) tn¢ HSP72 & HSP90a ota povomiUpnva kol oudetepddplla kUTtapa
neplpepkol ailpatog. MNa va SlaopaAloTel N CUYKPLOWWOTNTA TWV TIHWV TG MFI, unpxe
uépwuva yla Slatripnon otabepwv Twv pUBUICEWV TOU KUTTAPOMETPNTH PONG Kal
OlEVEPYOUOAE TAKTIKO TIOLOTIKO EAEYXO TOU OpyAVOU HE odalpidla CUYKEKPLUEVNG EVTAONG
dBoplopou.

Kuttapopetpia porg

H kuttapopetpia pong sival péBodog avaluong KUTTAPKWY TMANBUCUWY TIPOEPXOUEVWY
and oxeboOv omolodNMoTe TUTIO VWIOU, KN HOVLUOTIONUEVOU LOTOU 1) CWHATIKOU uypou,
oEONUOOUEVOU e lOIKA PpBOopLOXPWLATA, TOL OTOLO UTIOKELVTAL OE OVAAUCT o Eva ELOIKO
UNXAVNUA, TOV KUTTOPOMETPNT pong (oxnua 50) (88). Itnv KuttapopeTpiat pPong
anapaitntn mpolnobeon elval ta KUTTOPA va Bpiokovtal umo tn popdn EVALWPNUOATOC
WOTE £va-€va va £oTlAleTal 0To onpeio avaAuong Omou yivetal n PETpnon Twv dtadopwy
TIAPAUETPWY TOU.

Ixnua 50. Kuttapopetpia porg
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O KUTTAPOUETPNTAC PONC ELVaL HLA OXETIKA TTOAUTIAOKN GUOKEUH, N omola amoteAsital ano
Tpla Baoika otolyeia:

A) To cuotnua pong umelBuvo yla tnv odnynon tou UTO £€€tacn UALKOU OTO OnuEio
ovAaAuonc. AuTO EMITUYXAVETAL PE TNV £yYXuon Tou UALkoU o€ éva aAlo adpaveég uypo. To
umo e€étaon UAIKO kaBwg Bploketal otov muprva tou uypou odnyeital mpog to onueio
avaAluong. Me €lOIkéC LUOPOSUVAULKEG puUBUIOEL EMITUYXAVETAL N YPAUULIKY pon Twv
KUTTOPWV OTO KEVTPO TNG ponG. H SLapeTpog tou aulol pelwvetal otadlakad, mAnolalovtog
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TPOG TO onpeio avaluong, omou £va KUTTapo o uSPodUVOLLKN eoTiacn £pXETal O emadn
HE LA OKTLVOL TIOU EKTIEUTIETAL ATIO LA I} TIEPLOCOTEPEG MNYEC PwTOC (ouVNBWS Aélep)

B) to omtiko cvotnua neptAapBavel TV mnyn ¢wtoc, n onoia XpnoeVeL otn SLEyePOn TwV
dOoploxpwpATwWY TOU €ival culeUyPEVA UE TA AVIIOWHATA, TO CUOTNUO KATOMTPWVY TO
OTolo OUYKAIVEL TNV OKTiva OTOUC €LOLKOUG QVLXVEUTEG KOl TOUG (8Loug Toug €L8IKOUC
avixveuTtég (BoAtaikol &iodol) mou peTATpEMOuUV Ta eKAUOVIA PWTOVIA OE NAEKTPLKA
KOMOTA, avaAoya e TNV Eviacn tng aktivag ¢wtoc.

To UNKOG KUMOTOG TNG SEOUNG TIOU EKTTEUTIEL N TINYH Ttallel onuUavTiko poAo ylati kabopilel
noleg ¢Bopilovoeg ouaoieg pmopel va xpnoldomolnbolv cav avixveutég, £hOCOV QUTECG
Sleyeipovtal o€ £V CUYKEKPLUEVO UAKOG KUUATOG. 2TO onUeio TG udpoduvapikng eotiaong
N aKTiva GwTOC «XTUTIA» TA LELOVWHUEVA KUTTAPA E ATOTEAECHA TN OKESAON TNG AKTLVAC.
O oOpog okEdaon avadépetal otn Slaxuon TG TPOOTINMTOUCAS AKTWVOPROALOG, HETA TN
OUYKPOUOT TNG UE TO KUTTAPO, TTPOG OAEC TIG KATEUOBUVOELS 0TO XWPO. To «okeSaloOUEVO»
dwg aviyvevetal and dLadopeTIKEG Ywvieg avaloya Ue tn dlataln twv edikwv BoAtaikwy
8106wV, oL omoieg PeTpoOUV TNV €vtach Tou. Av n dwtodiodog BplokeTal unmpootd amo to
KUTTapo HeTpatal to opllovtio okedalopevo ¢wg (forward light scatter — FS). Av n
dwtobiodog eival KABETN w¢ MPOC TN MPOOTMTOUCA AKTWVOBOAL aviyveUeTal N KABETn
okédaon tou ¢dwtocg (side scatter — SS). To opulovrio okedalopevo Gwe pag Sivel
TIANpodopieg yla To PEyeBOg eVOG KUTTAPOU, eVw To UTO 0opbn ywvia okedalopevo ¢wg
npoodépel MAnpodopleq OXETIKA ME TNV KUTTAPLKY KokKiwon. Ta ¢wrewvd onuata
oUM\éyovtal amo TG BoAtaikég dwtodldédoug, Snuloupywvtag va peUUA TAAUOU, TOU
omoiou to UYPog, N SLAPKELD, TO OXAMO KAl N HoONUATIK Tou oAoKARpwaon pag divouv Tig
mAnpodopieg yla To KUTTAPOo. Ao TNV Taflvounon Twv XIAASWY auTwV CNUATWY OE HEPLKA
SeutepOAenta SnuLOUPYOUVTAL Ol KATAVOUEC CUXVOTNTAC TwV TapaUETpwy. Etol €xoupe
KOATAVOUEG OUXVOTNTOG MLOG TIAPAUETPOU OTAV TO AVAAOYLKO CHUa TTOU HETPLETAL ekdpAleEL
€va OVO XOpaKTNPLOTIKO Tou KuTtdpou. Otav e€stdlovial §U0 XapaKTNPLOTIKA EXOUUE TLG
SUTAPOETPIKEG KATAVOUEC, EVW OTAV £EETALOVTAL TIEPLOCOTEPO XOPAKTNPLOTIKA EXOULUE TLG
TIOAUTIOPOLLETPIKEG KATAVOUEC. H ToAumapapetpikr) avaluvon PBaciletal otnv edapuoyn
SLadoxkwy SLaxwpLoUwWY o SUTOPAUETPLKEG KATAVOUEG £TOL WOTE VO OIMOUOVWVETAL VOGS
KaBapo¢ unmonAnbuoudg evw ta uTtdAouna Kuttapa urtofalAovial oe véa oUoXETLon. Me
TOV TPOTIO QUTO MTOpPOUV va efeTaotolV OekAdeC TAPAUETPOL OTNV E€MLPAVELD TWV
KUTTAPWV Kal va e§axBouv MOAUTLUA CUUTEPACHOTAL.

I TOo NAEKTPOVIKO Kal TO UTIOAOYLOTIKO cUOTNUA TO omoio mepA\apPAveL TNV KEVTPLKA
UTTIOAOYLOTIKI] HovVAda Kol TO KATAAANAO AOYLOUIKO Yl TNV aQVAAUCH KOl €PUNVELD TwV
HUETPAOEWV VW TIAPAAANAQ ETUTPETEL KOL TNV AUECN «TIAPOAUETPOTOLNCN» TNG UETPNONG
KaBwg KoL Tov EAeyX0o TwV puBUICEWVY TOU KUTTAPOUETPNTH.

MNpocdLoplopdg ApvoéEwv
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lNa Ttov TPoodloplopd TwV apwvolewv xpnotporowdnke ewdikog avalutig (Hitachi
AminoacidanalyzerL 8900) o6mou to O&eiypa e€etaotnke umd Ouvexr pon Ot OTNAN
avtaAAayng katovtwy vPnAng avaluong He tn xpnon pubulotikol SLaAUpATOC Kal o€
ouvOnkeg dtafabuiong Beppokpaciag. Ito EKmAupa TG TPooTtednkKe vivudpivn kot Ste€nxOn
avtidpaon otoug 135°C. H amoppddpnon Twv mPoildvIiwv tTng avtidpacn LETpROnke ota
570 kat 440 nm kol UTtoAoylotnke o Aoyo¢ Twv Twv (570/440). Ta apwvoéa
TaUTOMOLNONKAV HETA O CUYKPLON TWV TLUWV TOU XPOVOU KATAKPATNONG KAl TOu AOyou
TWV TWWV amoppodnong kabe Selylatog Pe T avTioTol(a TPOTUNWY OUCLWV avodopdac.
To delypa mpoetolpdotnke pe 300 pl mAaopartog kat 30 pl tou ecwteptkol mpotumou AEC
oe 35% SSA avapeixtnkav oe cwAnvaplo tunou Eppendorf. AkoAoUBnoe Loxupn avadsuon,
enwaon ywa 30 min oe YPuyeio kal petd ¢uyokévtpnon (11.000x g eni 10 Aemta ) o€
Juxouevn ¢uyokevipo. To umepkeipevo 6inBnRBnke oe Ppidtpo 0.2 um. e 140 pl tou
SinBrpatog mpootédnkav 140 pl pubuioTtikol SLaAUpATOoC KitplkoU ABiou 1 (P-21) kat €yive
gévtovn avadevon (Vortex). To Oeiypa TtomoBetnibnke o€ YPuxduevo auUTOUATO
SelypatoAnmTn, Omou mapEPELVE oTaOePO 3 NUEPEG.

Métpnon KatavaAwong Evépyeiag (EE/Energy Expenditure)

H uétpnon karavalwong evépyetac (Energy Expenditure, EE) uTIOAOYLOTNKE HE EUUEDN
BepulbopeTpla, e HOVITOP EKTIMNONG HeTaBoALkou Tpodih E-COVX (GE Healthcare/Datex-
Ohmeda 2000), mou HETATPENEL TNV KatavaAwon ofuyovou (VO,) kal tnv mapoywyn
So&eldiov tou avBpaka (VCO,) oe katavalwon evépyelag (energy expenditure [kcal/d])
(78), (91), (89). ZtNn HeAETN pag xpnotuomnodnke to ¢popnto povitop petafoAiopol E-COVX
(GEHealthcare/Datex-Ohmeda) mou ¢aivetal oto mapakdtw oxnua 51 (77).

IxAua 51.

E-COVX - Modulo de gases (CO2, 02,

Espirometria e Calorimetria)

Moadulo de gases (CO2, 02, Espirometria e Calorimetria)

H éupeon Bepuibopetpia ivat n mAéov amodektr pEBodog weg nEBodog avadopdg yla tnv
UETPNON TNG EVEPYELAG TTIOU KATAVOAWVEL 0 acBevi¢. Ztnpiletal otnv apxn oUWV UE TNV
omola n TOPAYOUEVN EVEPYELA OTOV OPYOQVIOUO eival euBEwg avaloyn tNC KATAVAAWGONG
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ofuyovou, n HETPNON TNG Omolog YIveTal He Tn XPnon €evog eL8IKOU OVATIVEUGTLKOU
Beputbopetpntr. Z0PdwWvVA HE TOUG VOHOUG TG Oeppoduvaplkng, Otav £€va  UAKO
HETAOXNUATI(ETAL UE XNUIKEC 1} DUOLKEG QVTIOPAOCEL TOTE TOPAYETAL EVEPYELD UE HOPPN
Bepuotntag n €pyou. H pétpnon t¢ Beppotntag autng Aéyetal Oepuidopetpia.

H éupeon Bepuidopetpia HeTpd TN BepUOTNTA TTOU TAPAYETAL OO TO UETOBOALOUO TWV
{wkwv opyaviopwy, uttoAoyilovtag to ofuydvo mou katavaiwvouv (VO2) yia tnv kavon
TWV BPENMTIKWY UTIOOTPWHATWY TIOU Toug apéxovrtal (ottion) (vdatavBpakeg, MPWTEIVEG,
Alntn), to Mapayouevo and tnv kavon avty CO2 (VCO2) kat tnv anwAela alwtou (Ue TN
nopdn ouplag), e€acdaliloviag £toL €va LETPO TOU METABOAIKOU TOUG pubpol. Meydlog
oplOpog epyactwv £xel Oeifel otL n péBodog auth elval okpBng otnv ekTipnon tou
HETAPBOALKOU puBUOU KoL UIopel va TPOPAEPEL TIC EVEPYELOKEC OVAYKEC TwWV Bapéwg
aoXoviwv acBevwy tTng MEO (unxavika agpllOpevwy Kal pn), divovtag £toL tn duvatdtnta
va oxeblaotel pla e§looppomnnuévn datpodikr) umootnpLEn Toug.

JUuPwva UE TOV Katookeuaoth, To E-COVX Baociletal otn UETPNON TOU ELOTIVEOUEVOU
OYKOU Ylal TOV UTIOAOYLOMO TG Katavailwaong Ofuyovou (VO,) o dtacwAnvwpévo aobevn
onw¢ ¢aivetal oto oxAua 52:

D-Lite/P- | % UUU e Principles of
Lite flow f L measurement
sensor

o Sampling line {2m, 200 ml/min)
iy

Dlite

Ixnua 52. Ospuidopetpia os SLOOWANVWHEVO 000V

H OuoKeun ETUTPEMEL OUVEXOUEVN, OVOIVON TIPOC Qvamvor], ToapakoAouBnon Ttou
katavaAlokopevou Ofuyovou kal tou mapayopevou Awoeldiov tou AvBpaka (VCO,). To
AoylopikoU tou E-COVX xpnotuomnolel tov Tumo Weir, wote va UTIoAoyieL amod TG LETPNOELS
VO, kat VCO, tnv KatavdAwon Evépyelag oe katdotaon npepiag, kabwg kal To
oavamnveuoTiko inAiko (respiratory quotient, RQ), pe Baon tov TUMO :
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ANATNNEYZTIKO NHAIKO (respiratory quotient, RQ) = VCO2 / VO2

To avamveuoTlikd TNAIKO OvVTOVAKAQX TO XPNOLIOTIOLOUMEVO Ylot KOUOELS OPETTIKO
UTTOOTPWQ, TIOU EXEL XOPAKTNPLOTIKN TLUN (mpwteiveg 0,8 - Aimn 0,7 — udatavOpakeg 1,0).
MNa pa kAaootkn dtatpodr dutikou tumou to RQ eivat 0,65-1,25, avaloya pe tn cuvBeon
Twv Bpentikwv umootpwudtwy (90)(78). Zto eumodplo kKukAodopouv Sladopa Opyava
Bepuidopetpiog pe dvo amd autd, to Deltatrac Il kat to M-COVX va avadépovtal oe
ETUOTNUOVIKEG €py0oieg Pe ouykplowwa amoteAéopata (91), o€ pnYavikd oepllOUEVOUS
ooBevelg.

OL onuavtikotepeg mpolnobEoelg eival:

O aoBevng va eival Apepog oe UTTla B€on ywa Touldylwotov 30 Aemtd, amodelyovtag
omotadnmnote SpaoctnplotnTa  kormwdn dpdon mou Ba pMopoUoE va EMNPEACEL TLG
EVEPYELAKECG AVAYKEG Npepiag (kivnon, ductlobepaneia, avappodnon K.a.)

AocBeveic mou €xouv Slalelmovta yeUpato HeEAETWVTOL 4 WPEG UETA, EVW AUTOL O ouvexn
oTAaydnV oltion MPEMEL va £XouV oTtaBepd puBUO £yxuong yla TouAdxLoTov 12 wpeg.

Sto mepPBEMov va eivar Beppo-oudétepo (20-25°C) kat fouxo. EMutpOoBETEC TNVEC
XOPNYyNOoNG CUMMANPWHUATIKOU 0fUYOVOU (UAOKEC, pIKOL KABeTApeg) SlakomTovTal Omou
elvat duvatov.

To FiO2 mpémel va eival otaBepd Katd T METPNON, VW HETABOAEC OTIC PUBULOELG TOU
OVOTIVEUOTI PO ATALTOUV KaBuoTtépnon T LETpnong yia 90 Aemta.

No punv umapyouv SLOPPOEG OTOV AVOTIVEUOTAPA KAl OTO CUOCTNHO UETPNONG KoL OAa Ta
6ebopéva va culAéyovtal os otaBepéc ouvOnkeg (steady state, otav n avtaAlayn Twv
OEPLWV O€ KUTTAPLKO eMinmedo €ival lon HE auTh TIou PETpEeital oTig agpodopouc 06oUG Kat
npoUmoBétel otabepd aeplopd Kal aAlUATwon Katd Tn HETpnon) oludwva MPE TLG
kateuBuvtipleg odnyieg:

- Amoduyn xopnynong YeVIKNG avalobnaoiag yio TouldxLotov 6-8 wpeg mpLv
- Xopnynon avaAynoiag ) kataotoAng touAdxiotov 30 Aemtd npv 3-4 WPEG UETA amod
awokabapon kat 1 wpa PeTd ano enwduvn Stadikacia

Metd tn ouvdeon pe To BepulbOUETPO, ammattouvtal 5 Aemtd ya ) ARYPN Twv TPWITWV
6ebopévwy, peTa amod éleyxo yia Aabn kat evoeilelc un otabepng katdaotaong (calibration)
2Tn ouveéxela yia 15 Aemttd cuAAéyovtal deSopéva Kal TEpUATI(ETAL N LETPNON.

IpaApota pETpnong umopouv va ipokUouy amno:

- Aoduyeg aeplwv amod to kKUKAwpa acBevi-avanvevotipa (AAoTixa cuVOETIKA, YUPW
oo TovV 0gPOBAANAUO TwV TPAXELOOWANVWY, OSLOHECOU CWANVWY BWPAKIKWV
TIOPOXETEVOEWV 1 BPOYXOTIVEUOVIKWY cupLlyyiwv) mou mapepmnodilouv tn cuAloyn
Twv agpilwv
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- Kata tnv neptrovaikn kabapon rn tnv awpokabopon Adyw amopdkpuvong tou CO2
amno tn uepPpavn tou didtpou

- Kaxn BaBuovéunon (calibration) tou pnyaviuatog

- Mapouocia vdpatuwy, avalodntikwyv aspiwv rp AAAwv ektog amnod to 02 r; to CO2

-  EowTtepkég SLappoE Tou BepULEOUETPOU

- Muwkpn Slapkela LETPNONG

H mpoPAemOUeVn €VEPYELOKN KATOVAAWGON KoL TO METOBOAKA TPOTUTAL UTIOAOYLOTNKAV
XPNOLLOTIOLWVTOC TOUG TUTIOUG TToU cuvioTwvtal (95).

Yrnoloyiotnke 1o kKAdopa of EE/PBMR yla va kaBoplotel n katnyopia tou kaBs acBevoug
ue Baon 1o EE onwg €xeL kaBoplotel anod tn BiBAoypadia (92). YnepkataBoAikol ntav ot
aoBeveic pe EE/PBMR ratios >1.1, voppokatafoAikotl pe 0.9-1.1 kot uropetafoAkol pe
<0.9.

To VCO, XpnOLUOTIOLEITAL VIO TOV UTIOAOYLOMO TOU KUWPEALSIKOU VEKPOU XWPOU KOl OTN
Slepelivnon TwV ALTLWV AUENUEVWY ATIALTHOEWVY KOTA AEMTO asplopo (93).

To RQ kaBopilel TO piypa Twv BPeMTIKWY CUOTATIKWY TTou KaAumtouv to REE, kal to omolo
UMopel va TOKIAEL avaloya pe tov acBevr), TNV AMAVINON OTO OTPEC, TNV UTIOKELUEVN
TIVEUMOVLKA VOO0, TIG Slatapaxes tng ofeoBacikng Looppomiag Kot tn xprnon ¢apuakwv
omnw¢ n portodpoAn (94). O unoottiopog eAattwvel To RQ.

To €0POG TILWV TWV LETPOUUEVWYV TTAPAUETPWY £ival (94):

VO2 : 250 ml/min (3 - 4 ml/min/kg Wbavikol Bapouc cwpatoc, ldeal Body Weight - IBW) *
5% oo tn HEON TLUR)

VCO2 : 220ml/min (2 - 3 ml/min/kg IBW) * 5% amd tn HEON TN KOl KOTA AEMTO
avarmveOpeVog 0ykog = 10% armod tn peon Tun)

To REE avtumpoowrnevel tov apBud twv kcal mou kaiel o aocBevrg kol TpeEmel va
avamAnpwBouv: REE=3,91V02+1,1VCO2-3,34UN

Ztnv nepintwon vnoAoywopevng REE (Harris Benedict)

MNa avrpeg: Resting energy expenditure (REE) = 66.5 + 13.75 x (BX kilograms) + 5 x (YWOZX
centimeters) — 6.76 x (HAIKIA og xpovia)

MNa yuvaikeg: REE = 655 + 9.56 x (BX o¢ kilograms) + 1.86 x (YWOZ ot centimeters) - 4.68 x
(HAIKIA og xpovia)

Ta 6ebopéva mou OUAAEyovTAl XPNOLUOTIOLOUVTOL Yla TOV OXeESLAOUO TNG OPETTIKAG

umootnpLEng tou acBevouc. Etol n Beputdikn mpdoAnPn otn MEO mpémel va KAAUTITEL 1)
oxedov va kaAvumtel tnv REE, xwplic emumpooBeteg keal yia to otpeg Kal tn Spaoctnplotnta,
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ed’ 600V UTIAPXEL EMaPKNC TpwTeivikn kaAuvyn (1,5-2 gr/kgr/d) pe e€lcoppomnnuéva piypata
Bpentikwv ouowwv (31). Ma TNV anoduyn apvNTIKWY CUVETIELWY Ao UTtep-Bpedia kal pe
oTOxX0 TN dlatripnon tng MULKAG palag, Sev ouvioTaTal n Xoprynon meplocotepwy Bepuidwy
(kcal) arto ) petpnOeioa REE. Av n REE petpeital oe aoBeveig pue StaAeinovta yeupata tote
npootifetal 1o 5% twv Bepuidwv yla tn Bepuikny dpdon tng MEYNG, mMpdypo mou dev
anatteital otig MEO, omou n oltion eival kateoxnv ouvexng. NMoAu cuxva mapatnpeitot
unepBoAtkn xopnynon uvdatavBpdakwv oe acBevelg mou Pplokovtal O UNXOVIKO OEPLOUO,
KATL ou odnyel o auvénuévn Autoyévveon, auvénuévn mapaywyn Stofeldiov tou avBpaka
Kal auvénuévn kKatavailwon ofuyovou, Kal EMOUEVWE OE TOPAOVH Kol e€dptnon amnd tov
ovamnveuotnpa. Amapaitntn ouvenwg eival n pétpnon t™¢ REE kot RQ mpokelpévou va
urntoBonBnBel n eflooppodmnon Twv SLOAUMATWY BPEMTIKWY CUCTATLKWY TIOU XOpnyouvtal
otov aoBevr) SleukoAUvovtag TNV ypriyopn amodEcpeucr) Tou and Tov avamnvevotnpa (59)
(95).

Npoodloplopog npoidviwv ofeidbwong (NO /NitricOxide /O&eldiov Tou Alwtov)

Ta Selypata mAdopatog petadEpovtav o YUaAwvo doxeio péow Sladpdayuatog (septum
into the glass vessel), 6mou 1o VITpLKO 1) To VITpWEEG (nitrite or nitrate) petatpénovrayv Ue Tn
S6paon e18kol avtidpaotnpiov oe povoéeidlo tou alwtou, NO To omoio aviyvevotav otn
OUVEXEL HE avTidpaon xnuelopwtavyetag chemiluminescence with ozone.

Ma tov mpoodloplopo Twv napaywywv povoéeldiov tou alwtou (NOx) otov opod (VITPIKA,
vitpwdn, S- Nitpodobelodeg (RSNOs)) xpnowuomownbnke o avalutrg Sievers Nitric Oxide
Analyzer (NOA 280i). H pétpnon twv Ofeldiwv tou Alwtou NOx {Nitpikd, Nitpwdeg Kot
Oclovitpwdeg}, mapaywywv ofeibwong tou NO 1 diadopetikda NOx mpaypatonolndnke
xpnotporowwvtag  XAwplovxo Bavadio (lll) oe YépoxAwpilkd ofL otoug 90 °C (37). To
Nitpikd mpoaodlopiotnke xpnotpomolwvtog lwdlovxo kot OEeikd OfL oe Bepuokpaocia
Sdwpatiou (96) evw TO dBpolopa vitpwdoug  Kal Belovitpwdoug mpoodlopiotnke
xpnotpomnolwvtog lwdlouxo/lwdio kat OLelkd oku (97).

NMpoodiopilopog Tpipwopwpikig Adsvoaoivng (ATP/Adenosine Triphosphate)

MNa tov mpoodloplopd tne TpLdwodoptkng adevooivng (ATP) ta KUTTOpA TOU aipaToq
avaptyvuovtav pe avtidpaotriplo 100ul ATP assay (PromegaCellTiter-Glo Luminescent Cell
Viability Assay, Austria). Mpayuatonolifnke AUon KUTTAPWY QLUOTOG UE XPrON UTEPAXWV.
To MePLEXOUEVO TWV KUTTAPWY aUTWV TomoBetnOnke oe Stadavr) MAAKA Kal avapuixdnke e
100uL avtdpaotnpiov yia Sokiwpacioa ATP (Promega Cell Titer - GloLuminescent Cell
Viability Assay, Austria) yia 2 Aemtd. To mapamavw UAIKO TopEPEVE yla enwoaon 10 Aemta
OKOUQ, KOl OTn OUVEXElD ota Sslypata PeTpnONnKke n pwrtavyela pe tn Bornbesia edikou
dwtopétpou (SPECTRAstarOmega, Germany). OL OUYKEVIPWOELS TWV SEYHATWV
ouykpiBnkav teAka pe dtapfaduiopévo ATP (1nM-1000nM) mou Sievepyouvtayv tapaAAnAa.

85



Avwa-Maplo Zravakn Atbaktopikn AtatptBn

MNpocdloplopdg evdokuttapuwv mpoloviwv ofeidwong Auudiwv (Lipid peroxidation
products) Thiobarbituric acid reactive substances (TBARS)

Ta Thiobarbituric acid reactive substances (TBARS) mpoaoSlopiotnkav cUpdwva HE TO
TIPWTOKOAAO Ttou Teplypadetal anod toug Kozlov et al (103). Asiypa aipatog (0.25 ml)
avaptyvuotav pe 3 ml and 1.5% (v/v) dwodopkd oy kat 1.0 ml 0.5% (v/v) TBA. Ta
Selypata enwdlovtav otoug 100°C yia 45 min, otn ouvéxela Puxovtav Kot To PoidV TG
avtidpaong Aappavotav os n-butanol. Kataypadotav otn cuvéxela n anoppodnaon otnv
nieploxn Twv 500 to 600nm pe pacpatopwtopetpo UV-1800 Shimadzu.

Apaotikotnta Pedouktaong tng MmuABepdivng (Biliverdin reductase activity)

H Spaotikdétnta tng Pedouktdaong tg MmAiBepdivng (BVR activity) kaBopiotnke oe
opoyevoTolnNpUéva odalpidla AEUKOKUTTAPWY PETA amd mpooOnkn (44) Tris-Buffer (20mM
TRIS, 300mM sucrose, and 2mM EDTA; pH of 7.4). H ouykévipwon Ttng TMPWTEivng
kaBopllotav HeTd amo mpoobnkn avtdpactnpiov Bradford. Ta opoyevomoujpata
enwadlovtav pe putiABepdivn (biliverdin) (50nmol; Sigma) kat NADPH (250nmole; Sigma) oe
puBULOTIKO SLaAvpa pe dwodoplkd KA Kal pwodopkd vatplo (100 mM) kot 1 mM
EDTA, pH:7.4 otoug 37°C ywa 30 min. To oxnuatiopevo mpoiov (BR) petadepdtav oe
Beviévio kaL N Ouykévipwon Tou  kaBopwlotav  pE  PAoHATOPWTOUETPLA
(photospectroscopy). H dpaotikdtnTta Tou eviUpou ekdpalotav pe tov aplBuod twv nmol
Tou mpoidvtog (BR) mou mapayotav ava mg npwteivng ota 30’ (nmol BR/mg prot/30min).

Métpnon avtunovektivng Kot peiotivng (Adiponectin and resistin evaluation) (ELISA)

Ta enineda opou avtutovektivng (Invitrogen, Carlsbad, CA, USA) kot pelotivn (R&D
Systems, Abingdon UK) mpoodilopiotnkav pe avaiuon ELISA assay cupdwva pe tig odnyleg
Tou Kotoaokeuaotr. OAeg ol PeTproelg eywvav duo ¢opéc. H evalobnoia twv PETpAOEWY
Atav 100 pg/mL ywa tnv avtutovektivn kat 0.026 ng/mL yia tn peototivn.

Ztatiotiki Avaiuon :

OAeg oL avaAuoelg €ywvav xpnolpomnolwvtag to Statistical Package for the Social Sciences
(SPSS) Version 22.0 (IBMCorp., Chicago, lllinois, USA).

XpnowomowiBnke 1O Levene’s test ylwa TNV OMOYEVOTOINON TWV OHASWYV TWV TLUWV
(homogeneity of group variances), ylia va kaBoplotel n kotovourn twv SeSopéVwV TwV
HETPAOLUWY HeTaBAntwy. Ta amoteAéopata ekdppdalovtal wg péon TWWAESEM (standard
error of mean) i &iwdueon T (IQR, interquartile range) yla TOAPAUETPIKEG R UN
TIOPOLLLETPIKEC TLUEG avTioTola. H ouykplon petall Twv opadwv £ywve pe avaluon ANOVA
pe tn 610pbwon Welch kat Games-Howell kat Bonferroni post hoc tests 1} pe to Kruskal
Wallis pe to Mann Whitney U-test yla avefdptnta Ssiypota. Ol KOTNYOPLKEG UETOPANTEC
eAéyOnNKav pe TN Sokiooia X* eV yl TN OUCKETION METAPRANTWV XPNOLHOTOBNKE O
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ouvteleotrig Spearman rank correlation. Twu p pHikpdtepn tou 0,05 ota GUYKPLVOUEVA
anoteAéopata OewpnBONKE OTATLOTIKA GNUAVTLKY.
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AMNOTEAEZMATA

AoOeveic

Ta Snuoypadikd Kot KALVIKA XOPAKTNPLOTIKA Twv aoBevwy Tmapouaotdalovtal yla Ta maldla
otov Mivaka 1 kat yLa toug evAikeg otov Nivaka 2.

NINAKAZ 1. Anpoypadika Kot KALVIKA XapaKTNPLOTIKA acfsvwv-natduwy (<18 etwv) tng
MEAETNG

METABAHTEZX YI'IEIX (opdda gréyyov) SIRS YXOBAPH XH¥YH | P miypq
N=27 N=23 N=18
Hhikio (1), median (IQR) 11 (8-13) 10 (6-14.5) 6.3 (1.8-12.5) 0.06
Appevo/Oniea, n (%) 21/6 (78/22%) 21/2 (91/9%) 7/11 (39/61%) ° b 0.001
BMI, mean+SE 18.8+1 16.2+1.2 0.06
PRISM 111, median (IQR) 11 (9-15) 20 (15-29) b 0.000
PRISM IlI probability of death, (%), median (IQR) 13 (10-21) 36 (21-67) b 0.000
PELOD, median (IQR) 2 (2-15) 18 (2-52)° 0.011
Evdovocokopetokn Bvnrotmra, n (%) 1 (4%) 4 (22%) b 0.016
Mépeg voonteiag LOS, median (IQR) 6 (4-13) 18 (6.5-66) 0.06
Xe0&eic, bpm, meantSE 92+4.3 114455 b 0.003
MAP, mmHg, mean+SE 80.8+2.6 67.9+32° 0.003
EF, %, mean+SE 67.8+2.1 56.543.4°7 0.006
SF, %, mean+SE 34+1.3 282+1.8° 0.02
Oeppiokpacio Sampling time, °C, mean=SE 36.8+0.16 377402 ° 0.005
"Yyog z-scores, median (IQR) 0.67 (-0.48-1.7) 0.54 (-0.63-1.4) 0.75
Bépog z-scores, median (IQR) 0.23(-0.13-1.76) | -0.45 (-3.32-1.1) b 0.04
BMI z-scores, median (IQR) 0.22 (-1.7-1.65) | -0.83 (-3.26-0.73) b1 0.048

Ta dedopéva ekppdlovtar og aplBud n (%) acbevav yio katyopnuotikég mapapétpovg P <0,05; * onuaivet
yeviké. ANOVA or Kruskal-Wallis H test p-values; ® ° aiuaiver ANOVA Bonferroni post hoc tests or Kruskal-
Wallis post hoc Dunn’s pairwise tests ue Bonferroni diop8cosig, kard nepirrwon: @ Sepsis vs. Healthy-Controls,
> Sepsis vs. SIRS.

PICU, Pediatric Intensive Care Unit; SIRS, systemic inflammatory response syndrome; BMI, body mass index;
PRISM, Pediatric Risk of Mortality; PELOD, Pediatric Logistic Organ Dysfunction; TISS, the Therapeutic
Intervention Scoring System; LOS, Length Of Stay; MAP, Mean Arterial Pressure; EF, Ejection Fraction; SF,
Shortening Fraction; BMI, body mass index. * Zvvoonpotniec moudiazpikdyv acbeviv mov katéinéav oo
voookoueio uetd. v €006 tovg amd ™ MEGII: 1) Ppepixi eyxepalondbela, 2) tpiowuio-12 — ovyyeviig
kapolorabeia, 3) Ppepixii votioio poiki otpogia, ko 4) Aevkodvetpogia.
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NINAKAZ 2. Anpoypadikd Kot KAWVIKA XOPOKTNPLOTIKA aoc0evwv-evnAikwy (>18 eTwv) g

MeEAETNG

METABAHTEZX YT'IEIX (opdda eréyyov) | SIRS XOBAPH XHYH Py
Aobeveig (n) 33 23 23

Hhxia (6tn) 33(27.5-37) 41 (20-50) 68 (58-75) *° <0.001
dovlro appev, n (%) 18 (54.5%) 18 (78.3%) 14 (60.9%) 0.19
BMI (kg/m ?) 27+7 29+11 05
MUST RISK 2 score 7 (30.4%) 2 (8.7%) 0.5
Obese, overweight, underweight, n (%) 4/4/0 (17.4/17.4/0%) | 7/7/2 (30.4/30.4/8.7%) | 0.09
Pediatric height z scores

Pediatric weight z scores

Pediatric BMI z scores

Energy Intake (kCal/kg/d) 16+10 11.6+7 0.4
APACHE Il or PRISM I11 score 14+£5 23.8+7° <0.001
APACHE Il or PRISM 111 predicted mortality % 12.9 (7.6-23.5) 47.8 (29-68) ° <0.001
SOFA score** 8.7+2.5 9.8+3.3 0.2
SAPS 3 or PELOD score 45+11 75+13° <0.001
SAPS 3 predicted mortality % 14.7+16 61.7+21° <0.001
TISS28 score 48+7 46+7.7 0.7
GCS score 6.3+3.8 7.7+4 0.3
Temp Max 24hr (°C) 35.1+7.6 37.8+1.2 0.14
HR (bits/min) 74.8+16 91.3+22° 0.007
MAP (mmHg) 83+11 82+13 0.8

EF (%) 59+11 43+5° 0.002
SF (%) 3319 27+7.5 0.2
Noradrenaline, n (%) [patients received] 19 (82.6%) 20 (87%) 0.5
Hydrocortisone, n (%) 3 (13%) 12 (52.2%)" 0.005
Midazolam, n (%) 10 (43.5%) 3 (13%)° 0.024
Propofol, n (%) 21 (91.3%) 8 (34.8%)° <0.001
Fentanyl, n (%)

Remifentanyl, n (%) 20 (87%) 12 (52.2%)° 0.012
Antibiotics n (%) more>2 18 (78.3%) 14 (60.9%) ° <0.01
B-blockers, n (%) 0 (0%) 5 (21.7%)° <0.02
ICU/PICU LOS (days) 14 (8-20) 12 (6-27) 0.6
Mortality ICU/PICU, n (%) 3 (13%) 7 (30.4%) 0.15
Mortality Hospital, n (%) 3 (13%) 9 (39%) 0.055

* vrodeikvoel g yevikés tiuss p ANOVA 1 Kruskal-Wallis H, a-b vrodeucviovy tic doxiués post hoc ANOVA
Bonferroni 1 tg doxyés Cevyopauotos tov Kruskal-Valais post hoc Dunn ue diopOwaoeic Bonferroni, koto.
mepimrwon:® Sepsis vs. Healthy-Controls, ® Sepsis vs. SIRS.

PICU, Pediatric Intensive Care Unit; SIRS, systemic inflammatory response syndrome; BMI, body mass index;
PRISM, Pediatric Risk of Mortality; PELOD, Pediatric Logistic Organ Dysfunction; TISS, the Therapeutic
Intervention Scoring System; LOS, Length Of Stay; MAP, Mean Arterial Pressure; EF, Ejection Fraction; SF,
Shortening Fraction; BMI, body mass index MUST RISK 2 = Malnutrition Universal Screening Tool, APACHE
I1=Acute Physiology and Chronic Evaluation, PRISM IlI= Acute Physiology and Pediatric risk of mortality,
SOFA=Sequential Organ Failure Assessment, SAPS 3=Simplified Acute Physiology Score-11l, PELOD=
Pediatric Logistic Organ Dysfunction, TISS=Therapeutic Intervention Scoring System, GCS = Glasgow Coma
Scale, HR = Heart Rate, ICU LOS =lIntensive Care Unit Length Of Stay

“Non-validated for use in children
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Alaxpovika yla T NUEPEG 1, 3 Kal 5, oL HETPROELG EVOELKTIKEG TNG AELTOUpylag opyavwy:
OPUOVIKEC, METAPBOALKEG KaL PETPNOELS BpEPng Kal Bloevépyelag daivovtal otov Mivaka 3
yla ta matdid kot otov Mivaka 4 yla Toug eVAALKEG.

NINAKAZ 3. ZUYKPLTIKEG LETPNOELS AELTOUPYLOG OPYAVWV: OPHOVLKEG, HETAPBOALKEG Kol
petpnoelg OpePng ko Broevépyetag o MAIAIA tnG peAéTng, otig NUéEPeS 1, 3, 5.

MEPA 1 MEPA 3 MEPA 5
Metapintéic YI'IEIZ | SIRS TOBAP | P SIRS TOBAPH | P SIRS TOBAPH | P
n=27 n=23 n=18 n=23 n=18 n=23 n=18

Evtepik oition 610+86.9 | 643+122 0.82 | 950+170 628+128 0.15
Evépyea, kCal/kg/d, 9.8(0-21) | 20(2-67) | 0.21 | 18.75 23 (7.5- 0.25
VO, ml/min, 183+14 | 137+14° | 0.03 | 184+13,13 | 15242422 | 0.22 | 192+14.3 | 139+24.4° | 0.04
VCO,, ml/min, 154+12. | 117+11° | 0.04 | 154+11.9 | 133+20.78 | 0.35 | 169+13.1 | 129+22.9 | 0.1
RQ, mean+SE 0.85+0. | 0.86+0.0 | 0.65 | 0.83+0.02 | 0.89+0.02 | 0.12 | 0.86+0.01 | 0.92+0.01 | 0.01
Energy Expenditure, 81+6 56.5+5° | 0.00 | 82.18+4.8 | 66.07+11. | 0.15 | 17.3+4.2 34.9+10.3 | 0.90
Metabolic pattern, 104+7. 83.6+6.3 | 0.05 | 112+10.4 85+10 0.44 | 113+8.8 91£11.1 0.13
Lactate, mg/dL, 11.943. | 36+9° 0.02 | 7.11+0.82 | 33.249.35 | 0.00 | 6.6+1.2 34.7+9.9° | 0.00
SID, mean+SE 33.4+9 | 32+1 04 | 33.3+0.8 33.2+0.83 | 094 | 33.3+.0.7 | 32.3+327 | 0.73
Anion Gap, 12.540. | 13.8+0.9 | 0.06 | 12.5+0.89 | 12.9+1.17 | 0.76 | 13.3+0.84 | 17.12+3.5 | 0.23
BUN, mg/dL, 24 (18- | 22 04 | 19(158- | 165 0.63 | 23(18-27) | 16(9-39) | 0.64
Creatinine, mg/dL, 0.61+0. | 0.54+0.1 | 0.5 | 0.62+0.4 0.45+£0.06 | 0.03 | 0.58+0.05 | 0.44+0.06 | 0.11
Glucose, mg/dL, 112+10 113+54 | 0.9 113+5.11 99+4.3 0.06 | 107+3.8 100+4.34 0.28
Albumin, g/dL, 3.5+0.6 | 3+0.2° 0.02 | 3.12+0.09 | 2.72+0.07 | 0.00 | 3+0.08 2.9+0.12 0.32
LDH, U/L, median 313 357 02 | 277 (229- | 311 0.72 | 316 (261- | 4445 0.62
Troponin, ng/mL, 0.01 0.025 0.3 | 0.007 0.016 0.24 | 0.006 0.019 0.31
CRP, mg/dL, 49+13 | 13.7+2.1 | 0.00 | 6.9+1.32 11.46+2.3 | 0.08 | 5.9+1.34 6.6+1.9 0.78
Resistin, ng/ml, 94(74- | 165 385 0.00 | 20.8 48.7 (18- | 0.03 | 20.74 33.45 (14- | 0.64
Adiponectin, pg/ml, 17.9+1.6 | 13.7+2. | 13.5+23 | 0.2 12+1.2 17.243.5 0.13 | 11.4+1.46 | 15.06+2.5 | 0.20
mHSP72, MFI, 17.9(9.2- | 175 12.3 0.02 | 186(12- | 10.5(7- 0.02 | 259 32.7 0.14
mHSP900, MFI, 253+4.6 | 29.6+4. | 30.5%5 0.7 | 31.7+6.4 25.9+5.78 | 052 | 26+6.3 22.6+5.9 0.70
nHSP72, MFI, 31.7+5 39.4+5. | 23.1+3.8 | 0.15 | 27.5+3.8 26.5+4.2 0.86 | 27.7£2.6 21.9+5.3 0.28
nHSP90a. MFI, 89(5.1- | 88(58- | 11.1 0.03 | 11.4+2.1 17.4+4 .4 019 | 11.442.6 12.242.3 0.84
eHSP72, ng/ml, 0.29 0.34 0.54 0.00 | 0.19 0.45 0.04 | 0.26 0.57 0.36
eHSP90a, ng/ml, 118 (80- | 144 546 0.00 | 193+30 405+59° 0.00 | 234 (88- 693 (490- | 0.00
ATP nM/1000WBC, | 36.8+21 | 16.9+3. | 7.1£2.1% | 0.05 | 41+22.5 542.27° 0.03 | 43+24.4 25+23.4 0.64
NO2, nM, mean+SE | 148+22 174+28 | 161+17 | 0.7 159+21.36 | 175+34 0.69 | 162+22.5 | 144+286 | 0.62
NO3, nM, mean+SE | 22811 13669 32419 0.01 | 19736+30 | 39414+72 | 0.01 | 26505+60 | 31140+64 | 0.60
TBARS, nM, 18+1 10.9+1. | 13.3+1% | 0.00 | 14.3+1.8 11.2+1.3 0.22 | 132422 11.7+0.88 | 0.62
BVR, 27403 | 28402 | 244028 | 06 | 2.37+0.42 | 4.6+1.21 0.08 | 2.39+0.38 | 2.1+0.48 0.65

* prodnidver ANOVA or Kruskal-Wallis H test p-values; @ ° syicver ANOVA Bonferroni post hoc tests or
Kruskal-Wallis post hoc Dunn’s pairwise tests with Bonferroni corrections, xard mepimrwon: ® Sepsis vs.
Healthy-Controls, ® Sepsis vs. SIRS, °SIRS vs. Healthy-Controls.

SIRS, systemic inflammatory response syndrome; BMI, body mass index; RQ, Respiratory Quotient; SID, Strong
Anion Difference; BUN, Blood Urea Nitrogen; LDH, Lactate Dehydrogenase; CRP, C-Reacting Protein; VO,,
Oxygen Consumption; VCO,, Carbon Dioxide Production; RQ, Respiratory Quotient; EE, Energy Expenditure;
HSP, Heat shock protein; MFI, Mean Fluorescence Intensity; n, Neutrophis; m, Monocytes; ATP, Adenosine
Triphosphate; TBARS, Thiobarbituric Acid Relative Substances; NO, Nitric Oxide; BVR, biliverdin reductase
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NINAKAZ 4: ZUYKPLTIKEG HETPNOELS AELTOUPYLOG OPYAVWV: OPHOVLKEG, HMETAPBOALKEG Kol
petpnoelg OpéPng ko Broevépyetag oe ENHAIKEE tng peAétng, otig nuépeg 1, 3, 5.
MEPA 1 MEPA 3 MEPA 5
Metafinric YTIEIZ | SIRS SEPSIS P SIRS SEPSIS | P SIRS SEPSIS | P
n=27 n=23 n=18 n=23 n=18 n=23 n=18

Energy Intake, 2.840,83 | 4.5£1.5 0.33 | 9.8(0-21) | 20(2-67) | 0.942 | 18.75 23(7.5- 0.22
VO, ml/min, 254+8.82 | 175+6.5° 0.00 | 22446 213457 | 0.179 | 236.5848 | 206.74x1 | 0.03
VCO,, ml/min, 226+9.58 | 150+7.9" 0.00 | 202+6.8 190+6.67 | 0.200 | 212.86+6 | 182.64+8 | 0.00
RQ, mean+SE 0.88£0.01 | 0.86£0.022 | 0.41 | 0.90+0.01 | 0.90+0.0 | 0.902 | 0.90+ 0.89:0.0 | 0.64
EE, 26.17 19.15+2.84 | 0.04 | 21.11+2.0 | 21.92+2. | 0.785 | 22.33+1. | 21.96+2. | 0.08
Metabolic pattern, 117.32+7 | 85.0345.92° | 0.00 | 94.30+8.5 | 104.46=5 | 0.332 | 101.49 101.52+8 | 0.99
Lactate, mg/dL, 17.8£2.8 | 32.2+4.2° 0.00 | 7.11+0.82 | 33.2£9.3 | 0.007 | 6.6+1.2 34.7+9.9 | 0.01
SID, mean+SE 32.7240.6 | 30+0.83 0.06 | 33.3:0.8 | 33.2+0.8 | 0.044 | 33.79+0. | 30.84+ | 0.03
Anion Gap, 12.0240.5 | 14+0.73" 0.04 | 10.4+0.59 | 12.8+0.6 | 0.011 | 12.68 13.27+ 0.66
Na, mEg/L, 143 (141- | 138 (137- 0.00 | 148.35+1. | 142.42+1 | 0.002 | 145+1.77 | 143.17x1 | 0.46
Cl, mEg/L, median 113 (111- [ 107.5 (105- [ 0.00 | 117.551. [ 110.80=1 | 0,003 | 113.06+2 | 111.35+1 | 0.54
BUN, mg/dL, 21 (17- 68 (37-101)° | 0.00 | 33.45+ 7317+ | 0.002 | 36.43+6. | 71+6.62 | 0.00
Creatinine, mg/dL, 0.8(0.75- | 115(0.7- 000 [ 0.62+0.4 | 04500 | 0,002 | 0.58+0.0 | 0.44+0.0 | 0.05
Glucose, mg/dL, 150+8.76 | 128+6.24 " 0.04 | 1274547 | 123+ 0.602 | 107+3.8 100+4.34 | 0.27
Albumin, g/dL, 3.31+0.16 | 2.5+0.08"° 0.00 [ 3.12+0.09 | 2.72+0.0 | 0.001 | 2,84+ 225+ 0.00
LDH, IU/L, 37177+ | 45345+ 0.30 | 288+ 367 = 0.145 | 323+ 348 + 0.68
Troponin, ng/mL, 0.26 = 0.31+0.109 | 0.72 | 0.09 + 0.30 + 0.191 | 0.006 0.019 0.01
CRP, mg/dL, 9.3+1.7 20.8+1.98° | 0.00 | 11.86 14.99+ 0.286 | 10.91+ 13.98+ 0.33
Resistin, ng/ml, 9.38 28.34 57.38 0.00 | 24(17-28) | 55.8(37- | 0.001 | 29.08+ | 46.85+ | 0.00
Adiponectin, 10.69 10.08 1202 (7.73- | 014 | 74(65- | 122(10- | 0002 | 9.7£089 | 16925 | 0.01
mHSP72, MFI, 14.69+1. | 2533+2.8 | 13.6x1.79°" | 0.00 | 11.6(7.5- | 17.4 0.462 | 20.26 + 2273+ | 0.69
mHSP90a, MFI, 26.14+3 | 29.16+4.6 | 30.521.06+5 | 0.39 | 19.92+ 18.95+ 0.853 | 2633+ | 25.13 0.87
nHSP72, MFI, 29.04 41.1126.0 | 22.89+49° | 0.02 | 27.52+ 26.67+ 0.901 | 33.69+ | 35.10+ 0.91
nHSP900. MFI, 8.81£0.8 | 9.94 11.742.217 | 037 | 11.30£2.6 | 10.50+ 0771 | 1299+ 1497+ | 0.62
eHSP72, ng/ml, 0.14 0.18 0.38(0.07- | 0.32 [ 0.13 0.36 0.004 | 0.095 0.26 0.00
eHSP900, ng/ml, | 92.86 151.94 348 (222.48- | 0.00 | 100.4 266.8 0001 | 17772+ [ 29356+ | 0.04
ATP 3.06 12 (5.2- 83 (2237) | 031 | 92(6.8- | 3.7(L8 | 0041 | 10.7(8- | 21(0.9- | 0.27
NO2, nM, I81-16. | 126.5414. | 193£23.65" | 0.02 | 180.41430 | 226+26.1 | 0.257 | 144 (110- | 246 (177- | 0.00
NO3, nM, median | 24406 17169 33496 0.02 | 90879455 | 94909+3 | 0.946 | 63591.3 | 64651.6+ | 0.98
TBARS, nM, 15.12 12.28 17.35 018 [ 9.94x1.35 | 16.96+2. [ 0014 | 12.59+ 1485+ | 0.32
BVR, 1.39 132 2.49(1.9-3)* | 002 | 2.01£0.21 | 1.94% 0.805 | 1.69 1.68 + 0.96
Xvvropoypagicg: VO,=Oxygen Consumption, VCO,=Carbon Dioxide Production, RQ=Respiratory Quotient, EE=Energy

Expenditure, PEE=Predicted Energy Expenditure, PBMP=Predicted Basal Metabolic Rate, SID=Strong lon Difference,
SiDa=Apparent SID, LDH=Lactate Dehydrogenase, Tn=Troponin, CRP=C-reactive protein, WBC=White Blood Cells,
PLT=Platelets, INR=International Normalized Ratio, BUN=Blood Urea Nitrogen, Cr=Creatinine, HSP=Heat shock protein,

MFI=Mean Fluorescence Intensity, n=Neutrophis, m=Monocytes

Ta dedopéva didoviar cav uéon s, mean+Std. Deviation, medians (25"- 75" percentiles) # api6ué acBevérv n (%). One-
way ANOVA or Kruskal-Wallis H test ypnowomoujOkav yia vo yiver cbykpion oucdwv pe Tyués mopopeTtpikes Kol ui, Kota

TepimTwon. Zvykpioeic petald ouddwy mpayuozomouiOnkay ue ™ dokiuasio x* test yia katnyopikéc mapayétpovg: p<0.05; *
vmodnicver yevid. ANOVA or Kruskal-Wallis H test p-values; * © dniodver ANOVA Bonferroni post hoc tests or Kruskal-
Wallis post hoc Dunn’s pairwise tests ue Bonferroni corrections, katd mepimrwon: 2 Sepsis vs. Healthy-Controls, ® Sepsis vs.
SIRS, °SIRS vs. Healthy-Controls
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Ot KUpLOL HLKPOOPYQVIOUOL TIOU amopovwOnkav otoug acBeveic pe onyn mapouaialovrat

otov Mivaka 5. Kupla attia onPng ota matdd ntav n nveupovia (55.6%) kat akoAouBovaoav
N unviyyitda (16.7%), n neptrovitida (11.1%), oL XelpoupykéG Aouwéelg (5.6 %), kot GAAa
attia (5.5%). Evw otoug eVAALIKEG ETLKPOATOUCAV N TIVEUHOVIO KOl N TepLtovitida n kabeud

UE TI0o00TO 34.8%, Kal akoAouBouoav GAAa aitia.

Nivakag 5: KAWIKEG OSlayvwoelg Kol KUPLOL HLKPOOPYAVIOUOL TIou amopovwonkav o€

oNMTKoU¢ aoBeveic

KAwikn Atdyvwon EVAAKES Nauda
Mveupovia 34.8% 55.6%
Meprovitida 34.8% 11.1%
MikpoBLatpio oxetilopevn ue kabetpa | 8.9% 4.3%
Mnviyyitida 4.3% 16.7%
Nolpwén oupomolnTikou 4.3% 1.1%
XeLPOUPYLKEC AOLUWEELS 8.6% 5.6%
AMN\eg 4.3% 5.6%
Mnyn anopovwong

Atlpa 26.1% 16.7%
BpoyxokuPeAldIko kAL 17.4% 11.1%
ENY 4.3% 6%
KYPIOI MIKPOOPTANIZMOI

Pseudomonas aeruginosa 4.3% 16.7%
Klebsiella pneumonia 8.7% 5.6%
Enterococcus fecalis 8.7% 5.6%
Staphylococcus aureus 8.7% 11.1%
Acinetobacter Baumannii 8.7% 5.6%
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Ot técg apvoééwv opol vywwv (1" nuépac) Kat Stopovikd Twv acBevwyv oTic NUépeS 1, 3

Kalt5 ¢aivovtat otoug Nivakeg 6 yia ta mawdld kat otov Mivaka 7 yla Toug EVAALKEC.

MINAKAZ 6:
JUYKEVTPWOELG AULVOEEWY 0poU UYLwV Taldlwy Kal matdlwv-acOevwv pe pn Aotuwdeg SIRS

kat coBapn onyn (SS) tnv npwtn pépa elcaywyng otn MEGMAIAQN kal TG uEpeg voonAeiag

3 ko 5.

Day 1 Day 3 Day 5
AMINO HEALTHY SEVERE p SEVERE p SEVERE p
ACIDS CONTROLS SIRS (n=23) SEPSIS (n=18) value SIRS (n=23) SEPSIS value SIRS (n=23)1 SEPSIS value
(pmol/L) (n=27) (n=18) (n=18)
Lysine 159.38+56.53 136.89+49.59 168.14+72.13 0.292 166.76+11.97 173.75+12.84 0.707 183.5+11.7 157.5+14.69 0.190
Threonine 139.11£65.09 138.84+48.65 120.76+55.69 0.672 120.15+11.46 154.87+16.33 0.090 164.58+11.09 136.85+18.61 0.189
Serine 125.61+31.38 118.73+34.89 113.60+41.25 0.503 106.07+7.40 135.545.31° 0.011 116.25+6.67 132.57+13.28 0.237
Taurine 48.34+24.42 73.52420.68* 62.88+33.69 0.006 72.07+£7.93 56.87+11.27 0.272 61.25+£6.29 52+7.99 0.380
Aspartic acid 11.00£10.66 7.78+5.96 10+3.34 0.289 9.23+2.51 6.62+1.91 0.473 9.5+1.21 10.14+3.43 0.835
Asparagine 45.57+20.11 50.31+16.87 54.00+£24.74 0.486 57.76+7 51.12+5.58 0.514 66+4.75 54.42+7.61 0.191
Proline 152.42+59.98 131.47+47.30 112.80+40.29 0.115 111.69+11.84 137.37+19.97 0.251 150+21.32 140.42+20.41 0.769
Cysteine 35.53£16.67 37.23+14.30 32.78+14.76 0.775 34.27+4.58 38.12+4.32 0.563 44.5+3.94 39+3.57 0.342
Ornithine 62.50+31.83 54.94+22.17 54.93+14.45 0.572 58+5.27 51+5.57 0.390 65.41+7.60 66.14+8.95 0.953
Histidine 65.69+12.45 68.68+17.63 76.65+23.04 0.215 68.3+4.44 68+4.42 0.964 70.91+4.51 74.57+7.65 0.664
Glycine 189.95+95.67 96.73+78.73 % 157.774£99.50 0.005 138.92+39.7 194.62+36.85 0.353 130.49+29.9 195.93+47.64 0.236
Arginine 38.62+18.28 32.62+14.46 33.64+16.52 0.459 37.53+4.91 26.69+4.96 0.159 34.86+4.76 39.12+6.21 0.593
Citrulline 22.149.42 18.04+9 16.6+5.68 0.152 37.43+4.68 37.94+6.28 0.949 37.50+5.77 38.5+8.06 0.912
Alanine 244.95+112.48 3132'07i84.72 169.08+101.39 0.002 172.58+40.43 217.29+£38.10 0.464 170.38+36.97 189.57+43.31 0.748
Valine 90.07+21.00 86.17+41.37 83.29+26.14 0.813 101.14+13.97 72.08+6.72 0.137 98.73+13.72 75.86+15.86 0.307
Glutamic acid 34.32+7.40 33.58+16.38 32.59+9.77 0.921 36.76+4.83 32+3.44 0.490 39.43+7.29 29.95+2.47 0.349
Leucine 125.77+£50.95 154.40+£52.55 144.25+86.87 0.274 144.49+17.09 132.83+32.66 0.731 148.51£16.07 158.41£35.56 0.775
Isoleucine 70.43+£22.66 48.54+11.37° 54.26+23.61 0.018 60.52+6.94 40.2245.4 0.156 46.15+5.74 34.4345.82 0.299
Methionine 15.03+4.44 9.24+3.65° 11.48+4.00 0.000 12.69+1.81 14.41+£1.75 0.532 11.9+1.81 12.3£2.12 0.889
Phenylalanine 36.69+11.35 30.87£10.70 42.02+9.25° 0.031 37.7545.19 38.49+4.9 0.925 34.29+3.83 42.50+6.46 0.258
Tyrosine 49.73+24.74 34.18+16.90 42.69+22.37 0.072 42.62+8.33 38.3+7.08 0.724 34.19+4.64 35.82+8.27 0.854
Glutamine 473.46+110.7 528.36+86.92 455.46+74.14 0.093 726.8+97.95 §10'52i45' 14 0.026 691.62+69.09 326'85i42'05 0.014

Data given are mean = SEM. ANOVA p values. Bonferroni post hoc tests, p<0.05: *SIRS vs.
H, ®SS vs. SIRS
PICU, Pediatric Intensive Care Unit; SIRS, systemic inflammatory response syndrome
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MINAKAZ 7

JUYKEVTPWOEL AULVOEEWV 0poU UYLWV EVNALKWY Kol evnAlKwv-aoBevwy pe pn AoLUwSEeg
SIRS, kat coBapn onyn (SS) tnv mpwtn pépa elcaywyng otn MEO kat tig uépeg voonAeiag 3

Kat 5.
Day 1 Day 3 Day 5
HEALTHY SEVERE SEVERE SEVERE
AMINO ACIDS SIRS P SIRS P SIRS P
(umol/L) CONTROLS (n=23) SEPSIS value (n=23) SEPSIS value (n=23)1 SEPSIS value
a (n=27) (n=18) (n=18) (n=18)
Lysine 171.35+8.79 224.14+48.8 147.76£8.002  0.072 165.76+10.99  155.10+12.61 0528  144.73+9.19 149.62+11.16 0.738
Threonine 156.21+12.63 161.19+21.66  139.14+9.42 0.449 147.82+14.01  130.05+11.90  0.340  121.26+11.99  134.12+11.29 0.442
Serine 119.92+5.93 137.95+16.27  118.71+7.45 0.557 123.49+9.46 116.89+6.57°  0.570 105.53+6.97 125.1247.19 0.060
Taurine 61.66+5.46 65.18+6.22° 67.766.36 0.766  67.77+6.62 57.36£6.25 0.261  55.20+7.20 55.87+6.41 0.784
Aspartic acid 6.89::0.66 9.53+1.23 7.8+0.98 0.182  8.47+1.93 7.78+1.61 0.786  6.86+1.14 8.50+1,97 0.481
Asparagine 56.29+4.14 55.78+7.40 50.28+5.05 0.645  50.04+4.39 47+4.55 0.634  46.20+4.45 43.25+3.621 0.612
Proline 130.25:8.83 173.04+24.23  165.14+47.78  0.232 3227:)'5' 99 (74-113) 0.048  122.06+9.18 119.37:10.56 0.849
Cysteine 41.22+2.58 35.12+2.12 34.62+2.81 0.148  36.60+3.41 40.41+3.32 0.431  33.33+2.23 35.14+2.88 0.624
Ornithine 64.50+4.93 79.73+20.78 56.80+4.20 0.335  57.92+4.36 52.21+7.28 0506  51.66+5.36 55.68+4.62 0.574
Histidine 69.47+3.49 79.51+10.80 71.57+4.60 0.669 68.86+3.17 68.10+4.20 0.887 68.73+3.18 62.43+3.74 0.210
. 140.79+23.08
Glycine 176.46+21.02 a 136.63+24.27  0.385 132.15£20.84  148.16:24.27  0.620 156.92428.79  149.75+27.04 0.857
- 42.95 (34.11- 32.94(23.55- 31.78(16.99-
Arginine 59.20) 51.73) 54.27) 0.029  50.34+7.90 47.79+8.63 0.828  53.10:5.85 48.64+6.47 0.613
. . 58.80 (40.38- 27.52 (19.69-  38.36 (12.74- 40.8(34.16- 26.38(17.39-
Citrulline 69.89) 28.36) 513) 0.000 39.57+3.81 40.16+6.44 0.938 50.85) a7.27) 0.692
. 198.25+23.35
Alanine 250.08+20.19 a 202.99421.09  0.171 173.87425.02  190.99£17.30 0577  225.07+43.31  202.85+25.61 0.663
. 95.28 (83.69- 66.06(48.88- 68.65(47.04-
Valine 113.48) 79.50) 141.74) 0.021  82.78+5.78 83.95:+7.47 0.902  104.25+11.09  112.92+10.14 0.568
. . 38.34(31.71- 35.65(24.93- 39.10(17.81-
Glutamic acid 60.06) 28.91) 55.64) 0.014 35.3242.67 40+4.53 0.381 44.3045.19 40.93+4.82 0.638
Leucine 154.51+11.52 115.30£13.40  129.44+13.28  0.089 128.07+18.24  151.53+18.09  0.367 121.40£16.01  133.90+19.81 0.628
Isoleucine 63.93+4.52 49.09+5.332 53.55+6.92 0.115 50.83+3.18 56.81+3.46 0217  63.61+4.28 74.63+14.73 0.488
Methionine 17.67+1.72 11.51+£1.262 15.23+2.02 0.020 14.41+1.22 14.011.17 0.813 19.69+2.92 15.22+1.69 0.199
Phenylalanine  41.56+2.58 34.64+2.42 48.92:4.20° 0.014 36.04+1.97 43.98+3.08 0.038 44.68+4.27 53.565.31 0.204
. 28.04(19.11- 23.71(16.77- 23.61(14.55-
Tyrosine 34.65) 26.55) 14.24) 0.109  41.96+4.24 38.38+4.78 0579  62.29+19.30 40.80+4.01 0.293
Glutamine 595.28+50.55 504.74+51.25  594.77+53.34  0.372  592(373-765) ;12(7](;1)38.5- 0.472  619.18+73.51  727.72+137.28  0.493

Data given are mean = SEM. ANOVA p values. Bonferroni post hoc tests, p<0.05: 2 SIRS vs.
H, ®SS vs. SIRS
ICU, Intensive Care Unit; SIRS, systemic inflammatory response syndrome
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AloXpoVLIKK amoKpLon EVLOTH) 0TO OTPEG (METAPBOALKEG, OPLLOVIKEG AAAQYEG)

OAIAIA

DAeypovr KoL OPHOVEG METAPBOALGHOU. ALOXPOVIKA N PECLOTIVN KAl TO YAAQKTIKO —
oAAd oxL n CRP - Ntav otaBepd vPnAdtepa otn onaluia oe ovykplon pe to SIRS
(oxAua 53a). Zuykpltika pe TNV opdada eAéyyxou ta mawdia pe SIRS, emiong eixav
vnAa enineda peolotivng. H avtutovektivn dev Slédepe petall twv opadwv
Slaxpovika.

Mopla-onpata kwwvduvou (The danger signals). Ou ewkuttdple¢ eHSP72 kot 90a Atav

avénuéveg otn ondn oe olykplon pe to SIRS TNV nuépa 1 kot mapéuewvav UPNAEG OTLG

NUEPEC 3-5. Av Kal n HSP72 eixe O HELWWTIKA TAON TNV nuépa 5, dev onuewwdnkav

Staxpovika Sladopég petaty Twv opddwy (oxnua 53b).

MetaBoAopog. Tnv nuépa-1 ta VO,, VCO,, EE kal to petafoAikd mpdtumo nAtav
kataotoAuéva otn onPn oe ovykplon He to SIRS (oxnua 3c). Mapatnpnbnke pia
TPOoOdEUTIKN avakapdn TNG EVEPYELAKNG EKMTwOoNG otn onyn, aAAd Slaxpovikd ot
SLapopEG 0TNV KATAVAAWGON EVEPYELAG KOl OTO UETAPBOAIKO TTPOTUTIO OTLG NUEPEG 3
Kal 5 8ev NTav onuavtlkeég, evw n VO, mapéueve otabepd xaunAn tv nuépa 5
(oxnua 53c). Tnv nuépa 5, ta madia pe ondPn eixav vPpnAotepo RQ oe oxéon He
ekeiva pe SIRS (Nivakag 2).

Evéoyeving Avooia 2tn onyn n ékdpacn tng mHSP72 tav xaunAotepn oe oxéon Ue
v oudda SIRS kat control, ot nuépeg 1-3. H nHSP72 euddvioe OUOLEG HNn
ONUAVTLKEG TAoELS, N NHPS90 ntav udnAdtepn o cuykplon Ue To SIRS tnv nuépa 1
KOl TIAPEUELVE ETOL SLAXPOVLIKA, AAAQ N OTATLOTLKA CNUOVTIKA (oxriua 53d).

Blogvépyela Kol avtloeEdwTikn Kataotaon Ta onmtika maldld siyav xapnAotepa
enimeda ATP kat TBARS cuyKpLTIKA LE TOUG UYLELG TNV NUépa 1 kal xapunAotepo ATP
o€ olykplon Ue to SIRS Vv nuépa 3. Ta mawdid pe SIRS eixav xapnAétepo TBARS o€
oUYKPLON KE TouG vyl (oxnua 53e). Alaxpovikad otn ondn, UTHPXE HLOL AVAKTNON Kal
napodikn avénon ¢ dpaotnplotntag BVR tnv nuépa 3, kL emutAéov pla otabepn
avénon emunedwv NO3 mAdopatog anod tnv nuépa 1 otnv 3, os oxéon Ue 1o SIRS.

Apwoééa. Ztnv opdda SIRS, Bpébnkav XopNAOTEPEG OCUYKEVIPWOELG YAUKivNg,
aAavivng, looAeukivng, pebetovivng aAlla uPnAoTePEC Taupivng, o CUYKPLON LLE TNV
opada eléyxou — control. Ta enineda ¢pawvuAalavivng Atav vPnAotepa otn ondn
aro otL otnv opada pe SIRS. Ataxpovika Ta madla e ondn epdavicav xapunAotepeg
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OUYKEVIPWOELC YAouTapivng oe olykplon He ekeiva pe SIRS otig nuépeg 3-5 kat

vnAotepa enineda oepivng tnv nuépa 3 (oxnua 53f).
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Ixnna 53. AoBeveic-Naudid Cross-sectional Stadopec (nuépa 1) (day-1) kat Staxpovikd (nuépeg 1-3-
5) petagu ondatuiag, SIRS kat opadag eAéyxou

*|ndicates p<0.05 between SIRS and H; **indicates p<0.05 between severe sepsis and H; * indicates p<0.05
between SIRS and severe sepsis (ANOVA with Welch correction, Games-Howell post hoc tests); SIRS, Systemic
Inflammatory Response Syndrome CRP, C-Reacting Protein; VO,, Oxygen Consumption; VCO,, Carbon
Dioxide Production; EE, Energy Expenditure; HSP, Heat shock protein; MFI, Mean Fluorescence Intensity; e,
Extracellular; m, Monocytes; n, Neutrophils; ATP, Adenosine Triphosphate; TBARS, Thiobarbituric Acid
Relative Substances; NOs, Nitric Oxide Total; BVR act, Biliverdin reductase activity

Zuoyxetioslg petagL Stadpopwv HETPHOEWV O OPASEC aSLwV (oxua 54)

- MetaPoAkéG OpuoOveG: H peoloTivn CUCXETIOTNKE HE yoAakTiko (r=0.52, p<0.01),
eHSP90 (r=0.48, p<0.002) (oxAna 54a), pe tnv otdivn (r=0.37, p<0.03) kaL tnVv
oaomnoapaywaon (r=0.44, p<0.01), kot n avtutovektivn pe tnv EE (r = -0.59, p <0.002)
Kall TV tawpivn (r = -0.35, p <0.04).

- MetaBoAiopog: H VO, cuoyetiotnke pe to SF (r=0.53, p<0.003) (oxAnpa 54b), tn MAP

(r=0.36, p<0.03), ™ Avcivn (r=-0.45, p<0.02), kot to yAoutopko ofu (r=0.45,
p<0.02), n VCO, ue to SF (r=0.45, p<0.02), tTn MAP (r=0.34, p<0.04), tTn Aucivn (r=-
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0.47, p<0.01), kat To yAoutauko ofu (r=0.40, p<0.03) kat n EE with tv taupivn
(r=0.56, p<0.04), Tnv kuoteivn (r=0.59, p<0.001) (oxApna 54c), tn yAukivn (r=-0.55,
p<0.003), tnv aAavivn (r=-0.55, p<0.002) kat tnVv Tupooivn (r=-0.45, p<0.02).

- Evéoyevi¢ avooia: H mpwrteivn m-HSP72 cuoxetiotnke Betika pe tnv EE (r=0.64,
p<0.001), to petafoAiko mpotuno (r=0.70, p<0.001) (oxApa 54d), to BMI kat to
Bapog cwpatog (weight z-scores) (r=0.64, p<0.07), kat avtiotpoda pe TNV adavivn
(r=-0.41, p<0.004), tn yAukivn (r=-0.44, p<0.01), t™ Auvoivn (r=-0.33, p<0.02), tn
pueBelovivn (r=-0.43, p<0.002) kat tnv Tupooivn (r=-0.33, p<0.03) H m-HSPI0 £6¢eLée
opola avtiotpodeg cUOKETIOELS e Ta (SLa apvoEa.

- Bloevépyela Kat avtlofeldbwtiky Kataotaon: To ATP cuoxetiotnke pe tnv VO,
(r=0.69, p<0.001) kat tn VCO, (r=0.67, p<0.001) (oxAua 54e-f) To NO3; pe tn
peolotivn (r=0.49, p<0.001) (oxnma 54g), tnv EE (r=0.36, p<0.05), ™ YAUKivn
(r=0.35, p<0.02) kat tnv otdivn (r=0.43, p<0.002) ta TBARS ocuoxetiotnkav
avtiotpoda pe tnv dpactikdétnta BVR (r=-0.40, p<0.03) (oxaua 54h), tnv mHSP72
(r=-0.36, p<0.04), tnv taupivn (r=-0.37, p<0.02), tn oepivn (r=-0.89, p<0.008) kat
Betikd pe T YyAukivn (r=0.42, p<0.01), tnv alavivn (r=0.48, p<0.002) kot TN
pueBelovivn (r=0.36, p<0.03) kat n Spaotikotnta BVR pe tn pawvulaAavivn (r=0.31,
p<0.05) kat tnv opviBivn (r=0.37, p<0.02).
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IXAHA 54. XapaKTNPLOTIKEG CUCKETIOELG TAUTOXPOVWY UETPHOEWVY BLoeVEPyELag, UETABOALOUOU Kal
Biouopiwv 0€0¢ OTPEC, UETABOALKWY OPUOVWY, CUYKEVIPWOEWV OULVOEEWVY Kal KALVIKWYV OEIKTWV
Baputntag, o unyavika aspil{oueva coBapa maocyovra moaldia tnv nuépa 1:a. H peoiotivn
OUOXEeTIOTNKE UE TO yaAakTiko (r=0.52, p<0.01); b. n VO, ue to SF (r=0.53, p<0.003); c. n EE ue tnv
kuoteivn (r=0.59, p<0.001); d. n mHSP72 e to uetaBoAiko npopil (r=0.70, p<0.001) e. to ATP ue thv
VO, (r=0.69, p<0.001); f. to ATP ue tnv VCO, (r=0.67, p<0.001); g. to NO; ue t™n peototivn (r=0.49,
p<0.001); h. ta TBARS e tn épaoctikotnta BVR act (r=-0.40, p<0.03);

VO,, Oxygen Consumption; VCO,, Carbon Dioxide Production; EE, Energy Expenditure; HSP, Heat shock protein;

MFI, Mean Fluorescence Intensity; m, Monocytes; ATP, Adenosine Triphosphate; TBARS, Thiobarbituric Acid
Relative Substances; NO;, Nitric Oxide Total; BVR act, Biliverdin reductase activity; SF, Shortening Fraction
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NoAuntapayovTIKEG AVOAUOELG OE TTALSLA

Y€ MOAUTIOPAYOVTLKO HoVTEAO avaluong (multivariable logistic regression Model), n mHSP72
(OR =0.89, 95%CI = 0.8—0.98), n eHSP90a(OR = 1.07, 95%CI = 1.01-1.2) kat n peoiotivn (OR
= 1.1, 95%Cl = 1.03-1.2) cuoxetilovtav avetaptnta pe tn onPn. e avaluon MOAAAMAWY
HeTABANTWY ypOpULKAG TtaAlvdépounong (multivariable linear regression analysis), ta TBARS
(B = 0.31, p = 0.019) and VO, (B = —-0.58, p<0.001) cuoxetiotnkav avefdptnta HUE TNV
avemapkela opyavwyv (PELOD).

Avadopég petagl evnAikwv Ko modtwv

AcBeveic pe ooBapn ondn, sixav vPnAotepn BvntdtnTa Kol cofapdtnTa tng vVOoOU Kol
HEWWHEVO KAAopa e€wBnong tou puokapdiou (EF) (Mivakeg 1,2). OL evAAlkeg onmrkol
00Bevelg NTav oL TEPLOCOTEPOL TTAXUOAPKOL, EVW TO TIEPLOCOTEPA Ao ta matdld e onyn,
ATOV UTOCLTIOUEVA,/UTIODPEMTIKA CUYKPLTLKA UE eKelva pe SIRS (oxnua 55)
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IxAna 55: Yog, Bapog kot BMI z-scores os natdld-acBeveic pe trauma-related SIRS kal severe

sepsis/septic shock katd tnv elcaywyn
# indicates p<0.05 between SIRS and Severe Sepsis (ANOVA with Welch correction, Games-Howell post hoc
tests); SIRS, Systemic Inflammatory Response Syndrome; BMI, Body Mass Index.

Ol BaBuoloyieg Baputntag vooou, n peEylotn Bepuokpacia, o kapdlakog pubuog (HR), n
npwteivn CRP, To yaAaktiko, n peliotivn kat n e€wkuttdapta HSP (eHSP) 90 Atav uPnAotepa
otn ondn o oxéon pe 1o SIRS (p < 0.05), evw n HSP72 twv povokuttdpwv (mHSP72), n VO,,
n VCO,, n EE, 1o petaBoAikd mpodil kot n aABoupivn Atav avtiotoa xapunAotepa (p <
0.05) kat otig Suo nAKLakEC opadec (eviAkec kat maidia) (Mivakec 1,2).

Ataypovika eviAlkeg pe SIRS aAAd kal maldid Kot eVAALIKEG pe Tpavpa Adupavav Alyotepn
EVEPYELQ, TTOPOAO TOU Kal ot duo opadec cuvtayoypadotav iSla moooTNTA EVIEPLKAG
oltiong (Mivakeg 2 kat 3).
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To vITpLkO Kal To VITpwdeg augavotav Slaxpovikd o coBapd MACKOVIEG EVAALKEC aoBeVEiGg
(oxnua 55) (p< 0.05)
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IxApa 55. Nitpiko kat vitpwdec o cofapd MAoXOVTeG EVAAIKEC aoBeveig

ATO TO QMOTEAECUATA LOG EMOUEVWE €lval ¢avepd OTL OL TAPAUETPOL TTOU HEAETAONKAV
akohouBouv Siaxpovikd amd tv 1" otnv 3" kat 5" nuépa vooou, SLadopeTikéC HETOPOAEC
otn onyn ano to SIRS, aAAG TAPOUOLEC KAl OTLG SUO OHASEG eVNAIKWY Kot TtodLwv. OL TIHEG
TWV MAPAUETPpWY autwv VO,, VCO, (mL/min), EE, peliotivng, avtutovektivng, NO; NO,, kat
efwkuttdplag HPS72 kat 90a, kat TBARS mapouotdlovial oto oxnua 56 cuyKpLTKA TG 3
NUEPEG LEAETNG TTAPAAANAQ O€ TTALOLA KAl EVAALKEG.

Awaypovikd 1600 0t evAAkeg (ICU) o6co kat oe madia (PICU) ou tuég peliotivng,
avtutovektivng, e§wkuttdplag HPS72 katl 90a nmapoucialav otabepo npdtumo SlEyepong o
OAn tnVv ofela dpaon twv 5 nuepwv. Tnv dla xpovikn nepiodo, oL mapApeTpoL PetafoAlopol
VO,, VCO,, EE mapouciacav £€va otaBepd umopeTtaBoAiko mpodi), i6lo oe evriAKeG Kal
noda. H avénuévn ékdpaon twv NO; NO,, TBARS kot avtutovektivng otn ondn
nmapouciacav pla 1o actadn ewkéova 6cov adopd tn Slaxpovikn Toug €kdpacn ava
NAKLakn opdda (oxnua 56)
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IxAna 56. MNapdapetpol LETABOALOHOU O EVAALKEG KO TLoLSLA

H uwkpn Stadopornoinon otn onPn kat oto SIRS, petaéd petprnoswv VO, kat VCO, (mL/min),
nmatdlwy Kot evnAikwy, anodidovrtal otig StapopEg HeyEOoUG CWHATOC HETAEY eVNAIKWV Kol

matdLwv.
‘EkBaon - Cross-sectional ko Staxpovikég Stadopeg
MNada

Napa Tt avéavopeveg tAoelg tng evboyevouc avooiag (MHSP72) kat tou ATP Kal Tig
HUELOUPEVEG TAOCELC TWV OpHOVWY Tou otpe¢ (eHSP90, 72), dev mapatnpndnkav AAAEC
onUavtikeg Sladopég petafl Twv opddwy oe ekelvoug mou erBiwoav pe onPn, EKTOC amo
Vv avénon twv RQ, HCO3 kat tn peiwon tou Cl kat tng CRP (oxApa 57a-f).
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Ye ooa mawdld Sev emBiwoav pe onPn, N APXIKA KOTOYEYPOUUEVN  KOATAOTOAN TOU
HETABOALOHOU KOBWC KAL N KATOOTOAN TWV OPUOVWYV HETABOALCHOU/UETABOAKWY OPLOVWV
Statnpnbnkav Siaxpovikd (oxnua 57a-f). Ekeivol mou emPBiwoavs57e SIRS mapouacialav
Staxpovikad peiwon t™¢ aABoupivng kat BeAtiwon tou SF (p<0.05). Asv kataypdadnkav
Slopopég evtog Twv opadwv oe maldla-acbevelc pe ondn mou dev emPBiwoav. Mn
emuBlwoavteg elyav a. xaunAotepn MAP tnv nuépa 1,unAotepo HR otig nuépeg 1 kat 5, kat
uPnAotepeg Bapoloyieg Baputntag voocou PRISM and PELOD Saxpovikd; b. unAdtepn
PECLOTIVN OTIG NUEPEG 3 KaL 5; c. UPNAOTEPO YAAAKTIKO TNV NUEPa 1 KAl QVTUTOVEKTIVN TNV
nuépa 5; d. uPnAotepn LDH tig nuépeg 1 kat 5; e. xapnAotepn mHSP72 tnv nuépa 1; f.
uPnAdtepn CRP Vv nuépa 1,to ATP eixe auéavopevn taon otoug emiBLwoavieg, aAAa dev
umopoloe va WPeTpnBel oe >1 un emPuwoavrta tnv nuépa 1 kat dev avaAudnke; g.
uPnAotepo RQ tnVv nuépa 3, xapunAotepn Tn tnv nuépa 5; h. xaunAotepa VO,, VCO,, EE, kat
HETAPBOALKO TIPOTUTIO SLaxpovika (NUEPES 1 Kat 5).
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*Indicates cross-sectional increase p<0.05 for that day; " “indicates p<0.05 longitudinal increase (day 5 vs day 1);(ANOVA with Welch
correction, Games-Howell post hoc tests). ATP, adenosine triphosphate; BVR act, biliverdin reductase activity; CRP, C-reacting protein; e,
extracellular; EE, energy expenditure; HR, heart rate; HSP, heat shock protein; LDH, lactate dehydrogenase; m, monocytes; MAP, mean
arterial pressure; MFI, mean fluorescence intensity; NO3, nitric oxide total; PELOD, pediatric logistic organ dysfunction; PRISM, pediatric
risk of mortality; RQ, respiratory quotient; SF, shortening fraction; TBARS, thiobarbituric acid relative substances; Tn, troponin; VO2,
oxygen consumption; VCO2, carbon dioxide production.

IXAna 57 : Cross-sectional kot Stoxpovikd Stadopéc atn coBapn onn
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EvAAWKEG

EvnAikeg aoBeveic mou emPBiwoav mapouacialav ocnuavtiky Stadopomoincn Twv apxXLKwV
TLwwv BVR, yalaktikou, EE, VO,, VCO, kat petafoAkol mpodh oe oUyKpLon UE aoBeVeig
nou méBavav kol €6el€av  aduvopia  avakapPng TOU  UTMOMETABOALOHOU 1 NG
avtlogeldWTIKAG Katdotaong tnv 5" nuépa (oxrua 58a-d).

Mn emBlwoavteg eixav: a-b. Ztabepd katanieopéveg TIHEG BVR kat aABoupivng ot nUEPEG
1 éwg 5; c-d. aufavopevo yalaktikd TNV nNuépa 5 Kkal OSlaxpovikd KATATILECUEVO
HETAPBOALOUO O GUYKPLON HUE TNV aVAKAUYN armod TOV UTIOUETABOALOUO OTOUC ETURLWOAVTEG
™V nuépa 5 (p<0.05).
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IxAua 58 : AwakUpavon HetofoAikol avtiofeldwtikol Tpodid oe eviAikeg acBeveic pe ongn
Slaxpovika (NUépeg 1-5) oxeTlopevn g e TV €KBaon.
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OvNToTNTA Kol SLAXPOVIKEG CUCXETLOELG

H Bloevépyela Twv pitoxovdplwyv NTav dLaxpovika HelwHEVN o EVAALIKEC Ko TtaldLd ou Sev

emBiwoav oe oxéon HeE eKelvoug mou emBiwoav, Kol ouvodeloTav Omod ONUOVTLKA

HELWHUEVO HETOPBOAOUO Kal uTtopeTaBolkd mpdtuna tnv 3" kat 5" nuépa o madd Kot

evnALKeg (p<0.05) (oxnua 59).
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IxAna 59. Blosvépyela Kat LeTaBOALOUOC pLtoXovdpiwy TIC NUEPEG 1-5 o8 MAOYOVTEG EVIALKEC Kall

Toud L

- H ouykévtpwon ATP twv AsUKwWV alpoodalpiwv Atav SLaXPOVIKA HELWUEVN OF

eviAikeg ka matdld mou dev emiBiwoav oe oxéon pe ekeivoug mou emPBiwoav, pe

OTATLOTIKA onpavtiki Stadopd tnv 3n pépa yia toug evAALKeS (p<0.05). OL StadopEg

autég emBefalwbnkav oe acBeveic pe ondn otig SUo NAKLAKEG opAdeg aAAd Kal

oXeTWlOpevo pe tpavpa SIRS (oxnua 60).

nM/1000WBC

SEPSIS /| TRAUMA PATIENTS
HOSPITAL SURVIVAL

Death

Survival

60
50
40
30
20
10

NIYATHD

60
501
40
30
20
10

unll

s1inay

Error bars: +/- 1 SE

T T T
1 3 5

Day of study

ATP )
concentration

104



Avva-Mapla Stovakn

Atbaktopikn AtatptBn

HOSPITAL SURVIVAL

Death

Surwival

NIYaTHD

nl=

sLnay

T
5

Day of sludya

S TT

YHNvaL

m TP

coancen tration

HOSPITAL SURVIVAL
Death Survival
ATP
o B oncentration
150
o
100 T
o] E
m
=
= T
= zoo-] T &
B 150
100-] =
o) i g
=
i i
o = ==
T T T T T T
1 3 5 1 3 5

Day of study

b

Ixnua 60. Eppévouoa Staxpovikr Stadopomoinon tng Bloevépyelag (ATP) pitoxovSpiwv petafl

EMPBLWOAVTWV Kal pn, otnv ofela ddon Tou oTpeg o€ eVAALKEG Kal ToLSLA.

AcBeveic (evhAikeg kat mawdld) mou emiBiwoav eixyav vPNAOTEPEC TIUEC €VOC
ouvduaoTikoU Tpotumou (pattern) Bloevépyelag kat petofoAlopol (ATP, NOs (p<
0.04), NO, (p< 0.04), VO, (p< 0.0001), VCO, (p< 0.0001), HSP72, EE) (p< 0.04) én

amno tnv nuépa 1 tou otpeg (oxAua 61)
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IxAua 61. MetaBoAkd poturna o acbeveic ou eruBiwoav os oxéon He ekeivoug mou katéAnéav

AcBeveic eviAikeg mou dev emiBiwoav eiyav xapnAotepo NO2 tnv nuépa 3 (p< 0.05) kot
upnAotepa emnineda yohaktikoU (p< 0.03). Asdopéva mou umodelkvlouv OTL N TPWLUN
EVEPYELAKI) OVETIAPKELA KL N HElwON Tng oUvBeong tou NO ota ASUKOKUTTAPA TOU QlLOTOG
eilvat mBavoi maboduaololoyikol pnxaviopol, mou eunmAEKovTOL Kal oXeTI{ovTal LE auEnuevn
Bvntotnta (oxnua 62).
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IXAMA 62. Mn eruBlwoavteg aobeveic pe onPn sixav xaunAotepo NO, tnv nuépa 3 Kot
vPnAotepa emineda yaAaktikoU T NUEPES 1 Kal 5.

Naidid mou dev emiBiwaoav eiyav xapnAotepo SID tnv nuépa 1 (2845 vs. 3414, p< 0.03) kat
MHSP72 Slaxpovika otig nuépeg 1 - 5 (16+13 vs. 23+15MFI, p< 0.05) (oxnua 63).
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Ixnua 63. Nawdid pe ofPn rou dev emiBiwoav elyav of€waon (xapunAdtepo SID) Tnv nuépa 1
ocuvbualovtag TNV He LELWUEVN Ekdpaon TnG MHSP72 Slaxpovikd otig nuépeg 1 — 5.

Apwoééa

Otav avaAlBnkav ol CUYKEVIPWOELG AULVOEEWVY OE OXEon UE TNV £KBacn, mapatnpndnkav

ONUAVTIKEG SLaoTaUpOUEVEG SLadopEG (Zxnua 64).
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Avva-Mapla Stovakn

Exkeilvol ou emiBiwoav pe SIRS avénoav tnv yAoutauivn tnv 3" nuépa kat tn Avoivn kot

Bpeovivn tnv 5" nuépa (ZxAua 67).
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ATIOTEAEGHATA —OUYKEVTIPWTLIKA /CUUMEPACHATIKA

Awadopég otnv anavinon {eviotr o€ aoBeveig ava nAkio

JTOUG ONMTIKOUC €VAAIKEG, TO Pdpo¢ owpato¢ &ev emnpéale tn Ovnrotnta. Ta
UTTOOLTIOMEVO/UTIOBPETTIKA. OPUWG ONMTIKA Ttadla eixav uPnAoOTeEPn €VOOVOOOKOUELOK
BvntotnTa, o€ cUYKPLON KE TO LYLA 1 Ta ayUoapka moadla-acBeveis (p<0,02).

Ztoug evhAkeg pe onPn n SIRS, ot e§wkuttapikég HPS72 kat 90a AtovV ONUOVTLKA
uPnAOTEPEC 0 N EMPLWOAVTEG, O CUYKPLON e Toug emllwvteg (p <0,05), evw eixav un
ONUOVTIKEG TAOELG ota maldld-acBeveic (ZxAuata 69a-b). Znuavtikd xapunAotepeg TIHEG EE,
V02 kat VCO2 kataypadnkav HeTafl ekelvwv mou Sev emiBiwoayv Kot otig SU0 OUAdEC.

KaBoprotég Ovntotntag- £kBacng

Ao TOug ouxva XpnolpomoloUpevous PBlodeikteg (toamepokiveg, aviutokiveg 1 AAAoug
uetapoAikoug deikteg) mou oxetilovralr pe T ongn, avalntibnkav ekeivol mou Ba
umopoloayV - PE TN XOUNAOTEPN TIUAR onuavtikotntag (p) - va mpofAEéPouv pla duouevi
€kPBaon, oe evAALKeg Kot madLd e coPapr vooo.

H xapnAn aABoupivn, ta petafoAwka mpotuma, ot TiweEG VO2 kat VCO2 kal ta auvénuéva
enineda yohaktikoU of€og daivetal va kabBopilouv kaAltepa TNV EVOOVOCOKOUELOKN
Bvntotnta (p <0,05), kat ota maldid kat otoug evAAkeg (Mivakag 4). IToug oNMTIKOUG
eviAkeg aoBeveig, oL eHSP90a, eHSP72 kat n resistin, Atav Loxupol mapayovteg mPoyvwaong
Bvntotntag péoa otn povada ) oto voookoueio pe (p <0,05) (Mivakag 4). To VO2, t0
HETAPBOALKO TPOTUTIO Kal oL TWEC z-BMI Atav oxupol TPOYVWOTIKOL TtapAyOVIES
evbovoookopelakng Bvntotntag ota taidid (p <0.05).
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2YZHTHzH

Itn ocoPapn onyn, n amopplBULON KAl N AVIOOPPOTILA TNG AVOOOAOYLKAG ATIAVTNONG TOU
geviotn obnyel oe ouvexwlopevn, un avoaotpeéPuun pitoxovdplakn BAABn, mpoodsutikn
EKMTWOoN PLOEVEPYELOCG, KUTTAPLK UToéla, Tpormomoinon KUuTtaplkol HEeTABOALOUOU,
anontworn, SucAettoupyia MoAAAMAWY opyavwy Kot Bdavarto.

H peAétn pag eival n mpwtn otn BBAloypadia mou peAeTd SlaxpoviKa To TL cUpBaivel otn
cofBapn vooo.

Itn napovoa cupmnepleAndOnoav ekatd capavta entd (147) acBeveig, 79 evihikeg (cuvolo
1760 aobBeveig/etiola voonieia MEO EvnAikwv: 520/£t0¢) kat 68 maidid (cvvolo 503
voonAevopeva maldld, etnola voonieia MEO Maidwv:125 /€tog) (nAkkia <18 etwv), evw
voonAevovtav SLacWANVWUEVOL O HOvASO EVIATIKAG VoonAelog kol TAnpoucav Ta
KpLtpLla tng Sepsis-3 yla evAAKeg  coBoapn¢ ondng/onmrikol ook yla radid, f SIRS petd
amo Tpavpa ylo evAAkeg kat mowdid (17). AcbBeveic mou apvnBnkav va Swoouv
ouykataBeon, amokAsiotnkav amno tn UeAETN.

MNa npwtn ¢popa otn dtebvn BLBALoypadia Ta amoteAéopata TN mapovoag Epeuvag 5elfav
OTL N peototivn kat n eHSP90a nAtav vPnAotepeg evw ot mHSP72, VO2, VCO2, EE, kal ta
HETABOALKA TPOTUTIAL ATAV XapNAOTEpa otn ondn oe cuykplon e ta SIRS, T000 o€ eVAALKEC
000 Kal oe moldlatplkoug acBeveic. OL Sladopég autég mapakoAouBoloav TAPOUOLES
Slapopeg petall Twv opddwv 6cov adopd ta okop Baputntag, tn Bepuokpacia, HR, CRP,
YaAakTiko, aABoupivn kat EF.

AvoAuTika n pelotivn, n e€wkuttapla HSP72-90 kat to NO3 mopapévouv Slaxpovikd
unAdtepa oe acBeveic pe onyPn, oe olykplon pe ekeivoug pe SIRS. OL evOOKUTTAPLEG
mHSP72 kat nHSP72, ta VO2, VCO2, EE kot TO HETABOAIKO TPOTUTO KATAOTEAAOVTAL OTN
onyn, oe ouykplon He to SIRS oe OAn tn SLdpkela tng ofelag paong, pe KAmola TAon
avakapng pe tnv mapodo Tou XpoOvou. Ze oUyKPLoNn WE vyl dtopa, acBeveic pe onyn
giyav xapunAotepa enineda ATP kat TBARS ota AeUKOKUTTOPA TOUC, Hall PE o Ttapodikni
avénon tng dpaoctnpotntag tng BVR tnv 3n nuépa. MNapd tnv TAON ylad QvAKTNONn Kol
napodikn avénon tng Sdpaoctnplotntag BVR tnv nuépa 3, Kapld OnUOVTIK SLaXpoviKh
Sladopad dev BpeBnke petall Twv opddwy. OL onmtikol aoBeveig, eviAikeg kot madid, eiyov
vdnAodtepa eninmeda pawvuAadavivng Tnv nuépa 1, aAAd xaunAotepa emnineda yAoutapivng
o€ oOUykpwon We ekeiva pe SIRS v nuépa 3. Meydlog aplOuog OuCXETIoEWY
mpaypatonolnonke petall opwoféwv, HetaBoAikwv Oelktwy, PBloevépyelag, HSPs kot
HETAPBOALKWY OpHOVWY, avalnTwvtas dAANAETILOPACELS TWV SLOPOPETIKWY 08WV TOU OTPEG
(oppoviky dAeypovwdn amavinon - evdoyevry avoooamnokplon - Siadopornoinon Tou
HeTaBoAlopou - Slatapaypévn Bloevépyela) mou cupBAaAAouv otnv KAWVLKA €kOAAwoN TNG
onyng.
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KataotoAn tou petafoAiopol kot tng mHSP72, emaywyr TG pelLOTIVNG KOL OVTUTOVEKTIVNG
pall pe avénuéva yahaktikd, LDH, kat tpomovivn kat padl pe umoBpedia, cUCKETIOTNKAV E
XOUNAN HEON aptnplakn Teon Kol coPapotepn OVETAPKELD OPYAVWVY OCE ONTITLKOUG
aoBeveig ou bev emuBiwoav.

Mn emPlwoavieg eixav otabepd KATAmEOUEVES TLMEG BVR kat aABoupivng otig nuépeg 1
€we 5, aufavopuevo yaAaKTIKO TNV NUEPA 5 Kol SLaYpOVIKA KATATILECUEVO PETAPBOALOUO o€
oUyKpLoN ME TNV avakappn amd Tov UTIOUETOBOALOMO OTOUG EMBLWOAVTEG TNV NUEpa 5
(p<0.05).

H kAwiwkn mopeia otn ondn oxetiletal, onwg ivatl yvwotod, Pe tn Aoloyodvo Spdon tou
naboyovou MOpPAyovVIa, TNV OVOOOAOYLKN) ETMAPKELD TOU 00Bgvolg Kol TNV LKAvotnta
T(POCOPUOYN TNG AsltoupyloG OAWV TWV OUCTNUATWY TOU, TIPOKELUEVOU Yyl TNV
OVTIUETWIILON TOU QLTIOU KOl TNG KOTAOTAONG amoppubuLong tng opoldotacng Kal Tng
Loopporiag Tou.

Qaivetal ano ta dedopéva TG UEAETNG HOG OTL €8IKA otn ondn KoL OTO ONMTKO OOK,
Eexwplotd amod to Tpavpa, enkpatel po mabofloloyia iowg povadikn, mou xpelaletal va
SlepeuvnBOel mepattépw, n mopeia tng omoiag kabopilel v €€€AEN NG vOoOU Kal TNV
€kBaon NG Kplong auTAG KaTAoTaon .

Mpoodata £xel SeiyOel, og onmTKoUS eVAALKEG, alENON TWV EEWKUTTAPLWY CUYKEVTIPWOEWY
eHSP90a katL eHSP72 kal KkataotoAnp tng evdokuttaplag £kdppacng tg HSP72 ota
HovoKUTTapO Ol omole¢ oxetilovtal pe avénuévn ékdppaon tng dAoloemvedpldlotponou
opuovNG, KOPTLWOANG, Kol TPOAOKTIVNG KoL aviloTtolxng £€KPPaconsg Twv TMPWTIEIVIKWY
umoboxéwv Twv YAukokoptikoeldbw (98). MoAaiwdotepa £xel Oelktel OtL n HSP7 €xel
TIPOOTATEUTIKEG EMIOPACELS OE TELPOAUATIKA HOVTEAA oNPnG, odAAG OXL O€ KALVLKEG UEAETEG
(99). H kataotaAuévn ékppacn MmHSP72 o€ onmuikolg €VAALKEG Kal maldld cupdwvel e
anoteAéopata mpoodatwv HeAETWV ot evAAkeG (100), mou €6el€av KOTOOTOAUEVN
ékdpaon twv CD14 /avtyovou-D oxetilopevo pe HLA kot evdokuttapleg HSP72 kat HSP90a
otn onyn (101). Mewpévn €kdppaon tng HSP, emiong €xel deyBel va emdevwvel TNV
nelpapatiky €€EAEN TG vooou (102). Ze in vitro peAéteg ddvnke otL n HSP72 ntav
udnAdtepn o ondn kat SIRS cuykpLvouevn He LyLlelg paptupeg (103), evw n HSP72 Rtav
auvénuévn kat n HSP90a otabepd auénuévn o€ onmuikd opod (104). ITtnv HEAETN MOG, N
eHSP90a ¢avnke, €KTOC amd TO YOAOKTIKO Kol Tn Pellotivn, va propel va Stakpivel
kKaAUtepa tn onPn kot to SIRS oe maidid kat eviAikeg. H eHSP72 ftav loxupog SLaKpLTIKOG
napayovtag onPng ota mawdia. Ot eHSP72 kat eHSP90a daivetal va ameleuBepwvovtal
oo KATECTPAUMUEVA KUTTAPO OTN cofapr) autr KOTAOTACN OTPEG, KAL QVTUTPOCWIEUOUV
«onpata KlvbUvou» TToU EVEPYOTIOLOUV TNV €YYV, EKTNTN avtibpaon tou Eeviotn (105).

Me tnv 81K pag epeuvnTik SOUAELE, avadeifape pia mapopoLa KLVNTKnA TG NUéEPES 1, 3 kal
5 oto petafoAko mpodid kat to mpodid Bloevépyelag otnv mpwiun $don tng ondng,
Slakptny avtiotoywv petaBolwv os aoBeveig pe pun dpAsypovwdeg SIRS, té00 ota maldia
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000 KOlL OTOUC eVAALKEG. AV Kal n mapouoa PeEAETN Sev e€€Taoe Ta mapAmAvVwW Brpoto amno
TN HATLA TG Hoplakng Bloloyiag, ta amoteAéopata pog eixvouv OTL oL mpwrteiveg HSP72,
HSP90a, kat n pewwpévn Ploevépyela, low¢ OAa pall va amoteAoUv KopuAtia Tou idlou
nalA ota povomatia tg ondng.

ISlaitepo elpnua TG MApoUoag UEAETNG, KOWO 0 eVAALKEG Kal TalSlatplkol¢ aoBevelg,
elval 6tL n pellotivn, pla oppdvn Tou MPOoEPXETAL amnod ta pakpodaya otov avBpwmno (106)
Kall Tov Awén LoTtd ota movtikia, augavetal vwplc otn ondn Kal TapopéVEL AUENUEVN KATA
™ Sldpkela tnG ofeia paong tng vooou, oxetiletal e pe kabBoplotikoug deikteg otn onyn
(sepsis discriminators) (107), to yaAaktiko, Tnv eHSP90a kabwc Kal pe tnv otidivn Kat tnv
oaomnoapayivn. Ze pla peAétn follow-up n avtutovektivn ¢pavnke va avéavetal KL n pellotivn
va HELWVETAL otn onyn, Kal povo n pellotivn cuoxeTiotnke Pe tn cofapotnta tng onPng
Kal To Babuo tng avtipAeypovwdoug anavtnong (108). Itn Sk pag LeEAETN Kot n pellotivn
KOl 1 QVTUTOVEKTIVN ATAV CNUOVTIKA QUENUEVEG OE €VAALIKEG KoL TALSLATPLKOUG aoBeVE(C
nou &ev emiBlwoav KL autd cupudwvel Pe TponyoUpevn UeAETN Tou €8elfe pelwon TG
OVTUTOVEKTIVNG o€ N emiBuwoavteg amo onPn (109). H peliotivn €xel Selytel va eUmAEKETOL
oe petafolrkeg Statapaxég (110) mou ouxva cucoyetilovtal pe aAAOYEG OTN KLITOXOVOPLOK
Aewtoupyia. Mo mpoodatn peAétn €6ei€e OTL n pelloTivn €UMAEKETAL OTN MElwON Tou
0plOpoU TwVv ULtoxovdplwv Kol oTnV eMnPeacUeVn UIToxoveplakn Asltoupyia o maldd
(111). Ta av€nuéva enineda pellotivng kat n avtiotpodn oxéon tng pe ta enineda ATP Twy
AEUKOKUTTAPWY TIOU Kataypadnkav otnv mapoloa HeAETN, Oa pmopoucav (owg va
€€nynoouv Kal TNV KATaoTaApEVN BLOEVEPYELO OTA ASUKOKUTTAPO OTOUG 0L0DEVELCG LaG.

‘Eval onUOvTIKO gVpnua tng mapouoas €peuvag NTav OtL Ta enineda Twv popiwv Kwvduvou
oo to oTpeg (stress alarmins), ot e€wkuttapleg eHSP90a kot eHSP72 ntav auénuéveg
SLoXPOVIKA TOGO OTOUC EVIALKEG 600 Kal 0TOUC matdlatplkouc acbeveic mou katéAnéav, evw
elyav pewTkn tAon oe ekeivoug mou emiBiwoav. Ol TACEL AUTEC OCUCXETIOTNKOV HE
KataotaAuévn evdoyevn avooia (mHSP72) kal pe pla MPWLUN BLOEVEPYELAKN QVETIAPKELQ
(early-onset bioenergetics failure). MoAU onuavtiko eivat OtL ol aAAAYEG AUTEG eMLPEPOUV
HLTOXOVSPLOKH EKTITWOT, N OMola AVOKAUTTEL OE EKELVOUC TTOU EMLBLWVOUV, 08dNywvTag o
auENUEVN KaTavaAwaon eVEPYELOG, aUénon-evepyomoinon HLETABOALCHOU Kal TwV ETMTESWV
kuttaplkol ATP. H umoBeon autn, “danger hypothesis” umootnpilel tnv aneleuvBépwon
HSPs péow e€w N evdo-AucoowHLlaKwY povomatiwy (exosome or endo-lysosomal pathway)
oo TOAAG KUTTOPA TIOU €XOUV UTIOOTEL OTPEG, LE OCUVETELX OL €EWKUTTAPLEG QUTEG
npwteiveg Tou otpeg (HSPs) va Asttoupyouv cav oniua kKwwduvou (alarmins) ota yeltovika
kOTTopa (112). MoAAEC peléteg o {wa €xouv deifel pa EekaBapn mpootateutiki Spdon TG
HSP72 oe melpapatiky onPn. Opwe UeAETeg in-vivo kal in-vitro yla tnv HSP72 otn onyn
elval adlevkpivioteg (113). Ermukivbuva vdnAa emnineda ewkuttdpliwv HSP72 kat HSP90a
€XOUV CUCXETLOTEL e TO OUVOPOO aVETIAPKELAC TTOAA WYV opydvwy (98) kal pe tn Bvntétnta
oe a0Beveic eviAikeg (52) kat madia (114).
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Aei€ape emiong yla mpwtn ¢popd pLa cuvexl{opevn Slaxpovika emaywyr twv eHSP72- 90, ue
TOUTOXPOVN KATAOTAAUEVN evdokuttapla HSP72 o mawdid kat eviAkeg e ongn, ME
TOUTOXPOVN OUCXETLON TOUCG HE TN Boputnta t¢ onPng Kol TNV emaywyn HETABOAKWY
oppovwyv. Ou udnAég ouykevipwoelg eHSP72-90 otov opd twv onmukwv (115) (52)
eudavilovtal otnv oucia cav «onuata Kwduvou», Tou aneleuBepwvovtal ota mAaiola
HLOG TIPWLUNG OTTOKPLONG TWV KUTTAPWVY, 0 oXeTWlopeva pe maboyova poplo Kvduvou
(PAMPS) (112).

Av Kal To Tpavpa emiong €xel avadepbel 0tL 06nyel oe aneAevBEpwon tnNg eEWKUTTAPLAG
eHSP72 kat dA\wv popiwv danger-associated molecular patterns (DAMPs) tou oxetileTal pe
Vv ofela aviipAeypovwdn amavinon Kot TV avoookataotoArn (116), otn peAétn pog dev
OVLXVEUTNKE Ml TETOLR Slaxpovikr avénon. Ze MEWPAUATIKY oAYPN, MO TTPOC T KATW
pLUBULON TwV gvdokuTtaplwV HSPs mou e¢aptwvtal anod to ATP, oxetiotnke pe embeivwon
™G oNPng Kot LElwPEVN amontwon (117), evw emaywyn tng HSP72 and adevold £6eite va
HELWVEL T ATOTITWTLKA LoVoTtaTia Kal va mpoduAacoel and tn BAGBn nvevpova (ALl, Acute
Lung Injury) Adyw ondng (118). Kat oe mponyoUHevn pag HeAETn Sei€ape OTL oL onmrkol
aoBeveig eival unmopetafoiwkol (119) (120). Ot cuoyetioslg petafl evdoyevoug avoaoiag
(evéokuTttapleg HSPs), petafoAiopov (EE, VO,, VCO,), kal xapunAwv emmédwyv KutTtapLlkou
ATP, untootnpilouv tov poAo tng evdoyevolg avooiag oTnV TPOTONOLNon Tou LeETaBoALoHOU
Kal TnG Bloevépyelag. Mia mpoodeuTikn Helwon Twv evdokuttaplwyv HSP72 kat HSP90a otn
onyn, pla ouctaotika e€avtAnon evdoyevoug avooiag Adyw tng ondng (sepsis-induced
innate immunity exhaustion) £€xeL mpéodata Seiytel va oxetiletal pe MPooSeUTIKY Helwaon
Twv HLA-DR ota CD14+ povokuttapa (Papadopoulos P, et al. Crit Care. 2015). M
avtiotpodn oxéon petafl evdokuttaplwv HSPs kol apwvotEéwy, ou £6€l€e n UEAETN MG
€pxetal va npootebel oto petafoAikd mpodtuTo, mou €xel &N avadepBel otn ondn kat To
omoio yapaktnpiletal amd éva ouvdbuaoud uPnAng yAukolng kat tplyAukepldiwv, He
XapnAn xoAnotepoAn, HDL kat LDL (121).

ATO TIC CUOXETIOELC TWV UETPAOEWV E TN BvntotnTa, PpAvnKe OTL Atopa ou dev emBlwoav
glyav xyapunAotepeg tTipéG EE, VO, kat VCO,; . AcBeveig pe ongn eixav avénuéva enimeda NO3
(av€nuévn mapaywyn - deiktng pAeypovig) Kat pelwpéva emineda ATP CUYKPLTIKA LE UYLELG
HApTUPEG N acBeveic pe SIRS, evAAlkeg Kal madilad. IStaitepa petwpéva nrav ta enineda ATP
oe aobeveic mou katéAn&av, umodnAwvovtag avaotoAn Kal peiwong ouvBeong ATP,
ouvdéovtag tnv Kokn €kPaon e Katdotaon umopetafoAilopol. Katd tn ¢pAeypovwdn
amavtnon, n 6paon tng cuvBetaong tou NO (NOS) auvéavetal-puBuiletal mpog Ta MAvVwW, UE
amotéAeopa tnv umepPoAikni mapaywyrn NO (122). To NO mou mopdyetal avacTEAAEL TNV
avamnvevuotiki aAucida oto cuumAoko IV, avaotéAAeL tn ocuvBeon ATP, pewwvovtag €ToL Ta
enineda ATP og onmrtikoUg acBeveic. Ze pia mpoodatn LeEAETN o€ aoBevelg Le oNTTIKO OOK,
BpéBnkav peyaAeg SLAKUPAVOELS OTn SpaoTnELOTNTA TwV HLToXovoplakwy eVIUUWV TWV
OVOOOKUTTAPWY, Xwpi¢ va dwadépouv ta emimeba ATP oe Oladopeg OEPEC TWV
0VOOOKUTTAPWYV, TIapOAo ou Sev cuoxetioTtnkayv e Ta emimeda Twv KUToKwwy (123). To
gvpnUO TNG UEAETNG MG yla To ATP, mou ouvOEeL Tov UTOPETABOALOUO e TN Bvntotnta,
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OUUPWVEL PE TIPONYOUUEVEC UEAETEC TTOU €6el€av HELWUEVN oUvBeon ATP petall aoBevwy
mou 8ev emiBuwvouv (124). Me Bdaon TIC OSLOXPOVIKEG QUTEG WETPNROEL dAvnKke OTL
emBuwvouv ekelvol ol aoBevei¢ mou katadEpouv va EEMEPACOUV TOV OPXIKO QUTO
umopeTaBoAlopo, va avakauouv kat va emilrioouv (Stadwkaoia fight or flight).

Oocov adopad TG petafoléc tng Ploevépyelag, Kataypadnke otn ondn pla mapodikn
avénon TNG KAVOTNTAC TwV AEUKOKUTTAPWV va HETATPENMOUV tn BV oe BR kal pla
avtiotpodn oxeéon He to TBARS, gvoc esvaioBntou Seiktn 0felOWTIKOU OTPEG, O OTMOLOG
gUmMAEKeTaL otnv maboyéveon NG SUOAELITOUPYIOG OPYAVWY. Z€ UL TIPONYOULEVN UEAETN
beixOnke otL n BR og ocuvduaopo pe to BVR SLaO€tel LloXUPEC aVTIOEELOWTLKEG LKAVOTNTEG
Kol OTL To BR 0TO MAAOUO IPOOTATEVEL ATIOTEAECUATIKA Ta evé0oBNnAlakad KUTTapa amnod T
BAABN mou mpokalel to umtepo&eidio Ttou uSpoyodvou- kal To urtepoeiblo Tou alwtou (125).
H avénuévn Spaotnplotnta tng BVR rou BpéBnke otoug aocBeveic pag pe onPn (eviiikeg 1"
nuépa, mtaudid 3" nuépa), propei va eppnveutel wg dpuva evavtia oto éviovo ofelSwTIKO
OTPEC.

Ta supnuatda pag, ylia vpnAotepa enimeda TBARS otoug eviAikeg aoBevelg pe onyn oe
oxéon He TIC opadeg controls kot SIRS (nuépa 3") eivat cOpdwva pe TPONYOUUEVEC
avadopég, mou Seixyvouv auvénuéva TBARS (126). H kataypadeioa MTWTKA TAONH OTOUC
madlatplkol¢ aoBeVeLG TNG UEAETNC HaC lval O oUYKPOUGN LLE TIPONYOULEVN €PEUVA TIOU
€6¢el€e Pl auénTikn taon oe veoyva. Auto Ba pmopoloe va g€nynBel amod to yeyovog otL
otnV MEAETN pag, Ta TBARS petpriBnkav oto oAlkd mAdopa mou meplhappavel SUo uUépn,
ekelva mou Bplokovtal otnv vdatvn daon KL ekeiva mou eival cuvdedepéva e aABoupivn,
EVW OTNV poavadepOUEVN LEAETN LETPNONKE povo n vdativn popdn (126).

MapdAAnAa, OMWE OMEIKOVIOTNKE OTA OULVOYPAUUATA TG Ttapoloag UEAETNG, otnv ofela
daon tng coBapng vooou, molkihia aAAaywv cupBaivel ota apvoééa Tou MAAGUATOG, TTOU
Xopaktnpiletal and UeOUUEVEC KoL AUEAVOUEVEG TAOELC I Kal KaBOAou aAAayEC, o€ OxEon
LE TLG TIUEG OV BpEOnKav ota Lyl ATopa, eVAALKEG Kal Ttaldld. AUTEG OL TIPWLUEG AAAQYEG
ota apwoéea cupdwvouv pe tn BLBAoypadia, n onoia urtootnpilel 0Tl KaBwG e€elicoeTal
N emdewvwvetal pa cofapry voocog, ta enineda SladopeTikwy auwvoféwv otadlakd
HElwvovTal, auvfdvovtal i aufopelwvovtal oto xpovo (127). Ot MoAANATAEG CUGCYETIOELG
HETAED apwvoléwv, HeTaBoAikwyv Selktwy, Ploevépyelag, HSPs, petafoAltwv Tou
gUMAEKOvVTAL OTNV O&elOWTIK TIPOKANON KOl HUETABOAIKWY OpHOVWV aVOSELKVUOUV L
akoAouBia yeyovotwv kot aAAnAemidpdcewyv mou 0dnyouv TAXLoTa oTNV KAWLIKA EKSAAwoN
™¢ ondng kat dtapkouv kab’ 6An tn Sldpkela tng ofelag dpaong Twv MpwTtwv nuepwv. OL
SLOXPOVIKEC AAAWOTE CUOXETIOELC TNG XAUNANC LEONC OPTNPLOKNC TILECNC E TNV KATAOTOAN
™G Ploevépyelag KoL TOU HETOPOALOMOU KOL TNV E€maywyn Tng pPellotivng Kol TNng
OVTUTOVEKTIVNG ME TNV auénuévn Baputnta vooou HeTafl ekeivwv mou Sev emiBiwoay,
umnootnpilouv Wolaitepa TNV KAWVIKN ONUOCLO TWV EUPNUATWY HOC.

Qaivetal 0tL n onYPn ekGNAWVETAL PE TTOPOLOLO TPOTIO O€ EVAALKEG KL TTALOLA, EUTTAEKOVTAG
TIPWIMEG UETOPOAEC OE OUYKEKPLUEVEG 000UC dAeyuovng, evdokplvoloyilag, €yyevoug
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ovooiag, HETABOAOHOU KOl CUOTOATIKOTNTOG HuoKapdiou. Eva pikpd "mapdbupo" tng
naboduaciohoyiag tg onPng daivetal va dtadépel and to SIRS oe evAkeg kat modid
MNeploootepeC PeAETEG XpeLalovTal WoTe va eTiBeBalwBouv MeEPALTEPW TA TOPATIAVW KOL VO
TIPOXWPHOOUUE OE Pl Hovadikn yla tn onPn mMPoogyylon o€ OAEG TIG NAKIEG oTO HEANOV.
Od&nyleg yla EOTIOOUEVN, OTOXEUUEVN AVTLUETWIILON OTLG KATEVOBUVTHPLEG 06NnYieg TG onYNg
Kall TNG onmTkAG katanmAnélag amo tn “Surviving Sepsis Campaign” pnopet oto péAlov va
katadEpouv tn BeAtiwon ¢ EkBaong tng onPng.

2YMMNEPAZMATA

MepANMTIKA aUT TN MEAETN yla mpwtn ¢opd HEAETA SLOUXPOVIKA TNV OPHOVIKN
dAeypovwbdn anavtnon HEow tn¢ Ekdpacn MpwTelvwyV OTPEG, Tpomonoinon PetafoAlopou,
OANQYEC OTNV KIVNTIKOTNTA OULVOEEWV KOl ETMNPEACHUEVNG BLOEVEPYELAG OAa elval HéEPN ML
ofelog mpwiung mpoomabelag mpooapuoyns otn onyn. Zuvdualovtag TIC UETAPBOAIKEC
oAayég otnv mpwikn ¢acn g onPng ot evAAKEG Kal Tadld, OoAAG KAl TLG
Sladopomnoinuéveg ekppaoelg NG GAeypovwdous anavinong oto oTpeg, Ba UmopoloOE
va Stayxwpilape toug coPapd macyovieg acBevei¢ oe ouadeg pe SadopeTikd Kivduvo
Bloevépyelag kal ptoxovoplakng duoAettoupyiac. Ta Slaltepa MPOTUTIA TWV SLAXPOVIKWY
autwv petaBoAwv otn ondn kat to tpavua, 6a pnopovoav mbava va kabodnyrioouv oe
Hla 1o €QTOUIKEVUEVN TTapEUPOOn OTnV €Melyouca MPOoEyylon TNG Omolag Baputntag
ondng aoBevol¢ omolacdnmote nAiag, HE QMWTIEPO OTOXO TNV avakapyn tng
HLToXoVSpLOKAG — HETABOALKN G Asttoupyiag kal BeAtiwon tng ékBaong. Kabwg amouoialouv
HUEAETEG TTPOG AUTH TNV KOTEVLOUVON, OTOXEUMEVEG EPEVVNTIKEG TTPOOTIABOELEG ot onn Ue
Sl0pOpETIKAG €vTAONG OTPEC, QAVOOOMOPAAUONG Kol Ofelag EKMTWONG EVEPYELOKWV
HovoTaTlwy, lowg amodelxbolv oto péAov uioTng avaykalotnTag, avalnTwvtag TPOTIOUG
EVEPYELOKNG UTIOOTNPLENG OE KUTTAPLKO eTtimedo.

NEPIOPIZMOI THZ MEAETH2

E€altiog Twv auotnpwv KPLTnpilwv amokAELopHoU WoTe vo e€E00PaALOTEL N OLOLOYEVELA OTOUG
MANBuoPOoUC pog Kol e€attiag TNg omavioTNTOG TWV AVOCOEMAPKWY acBevwyv pe cofapn
onyn, to péyebog tTwv Selypdtwy Hag Kot pe Sedopévo OTL mpogpyxovrtal amd £va povo
KEVTPO, €lval OXETIKA UKPO. O TePLoplopog BERaLa auTdG, LEPLIKWG EXEL EELCOPPOTINOEL e
TIC UETPAOELG OL OTIOLEC TV OUVEXLIOUEVEG KOl PETA TNV TPWTN MEPA Kal PEXPL KAl TNV
TLEUTTTN NUEPQ VOOOU.

MeyAahoG TEPLOPLOUOG TNG MEAETNG amoTeAel emiong o HIKPOG aplBuog acBbsvwy, Kupiwg
ooov adopad Ta madld Kabwe Kal 0 UIKPOC, EUTUXWG, aPLOUOC TwV BavOVTWY KUPLWE AUTAG
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™C NALKLAKAC opadag, mou Tmeplopilel TN OUCXETION TNG BvntotnTog pe Blodeikteg Kot
npodil. H Bvntotnta otn povada pag ivat eatpetikd xapunAn (4,3%).

Meploootepeg UEAETEG, HE HeyaAuTepo pEyeBog Selypatog kuplwg delypatog ondng kat
SlEUPUHEVA TIOAUTIAPAYOVTIKA LOVIEAQ CUCXETIONG KoL avaAUCELS glval amapaitnta, mpog
v emBupnt katevBuvon. lSlaitepa oL akpaileg nAKIAKEG ouadeg, ol omoieg bev
g€etaotnKOV OTNV Topouoa Slaxpovikr HeEAETN, kat n yovidlaky mpodldBson tou kAbe
a0Bgvolg, Ba MPEMEL VO CUOXETLOTOUV E TNV KALWVIKA Topeia Kot tnv €kBaocn. Katw amno to
nplopa autd, oto péEANOV (OWG va UTIAPXEL Hla EEOTOMLKEUMEVN QVTLUETWITLON TOU KAOe
aoBevolg, avaloya Ue Tov ¢awvotumno, aAld to Tibavotepo avaloya e thv podlabeon
TIoU PEPEL OTO YEVETLKO TOU UALKO, dopTo 1) SlteukdAuvon KL eAddpuvon.

AMNO THN NAPOY2zA MEAETH...2TO
MEAAON....

H mapouoa peAétn Seiyvel OTL oL SLOXPOVIKEG HETABOAEC EEWKUTTAPLWY KOl EVOOKUTTAPLWV
TMPWTEIVWYV TOU OTPEG, METABOAKWYV OpHOVWY, HeTaBoAlopoU, Ploevépyelag, Kal
OVOOOAOYIKNG amavtnong mou mpokaAel n ondn otnv ofeia ¢pdaon akoAouBolv Eva
XOPOAKTNPLOTIKO TIPOTUTIO, SLAKPLTO o To oXeTWlOUeVO e To Tpavpa SIRS, og evAALKEG Kal
nadla. M dadopetikny Slaxpovikr) mopeia Maboducloloylkwy UNXoVIoUwyY, £€nyel
TuOava KoL TN CUCYXETLON TWV SLAXPOVIKWY AUTWV HETABOAWY e TNV EKPaon.

Qaivetal 0T, ONMwG ot OAEG TIG KOTAOTAOELG OTPEG, TA KUTTAPA TOU OPYOVLOUOU
EVEPYOTOLOUV SLaSIKACLEC-UNXAVIOUOUC EVIOVNG OTOKPLONG OTO QiTLO, TIPOKELWEVOU vV
SloTNPRooUV TNV  OHOLOCTACLA TOUG, TWV KUTTApWY dnAadn Kol Twv opyavwyv Toug. Av n
gvepyomoinon oaut €lval umePPOAK 1 EMiMOVn, Qv AUTH 1N OVOCOOTOKPLON
armoppuBbuLoTel, avil va amokataotiosl tn Slatapayr, mpokaAsl emumAéov PAAPN yati
otpédetal evavtiov tou 8lou tou opyaviopou. Etol pla GucloAoyikr) avocoamokpLon
vivetalr kotoaotpodwkry. H amoppubuion oauti eivat mou odnyel o€ tpomomoinon
OVOOOAOYIKWV QTMAVINCEWV, HUN ovaoTpePiun upitoxovéplakn PBAABn, HLtoxovdplakn
EKMTWON, EVEPYELOKN amotuxia, Tpomomoinon KUuTTaplKoU METABOAIOMOU, KUTTOPLKN
umoé&la, KUTTapPLKA EKTTWON, OmOmtwon, €kmtwon Bloevépyelag, duoAeltoupyia opydvwy
Kal Bdvaro.

MoAAEG peAETEG TOOO O OLODOPETIKOUG EPEVVNTEG OCO KAl oo Th OIKN KOG EPEUVNTIKN
opada (Briassoulis G, Briassouli E, Vardas et al) éxouv 6eifel avénon twv ewKUTTAPLWV
ouykevipwoewv eHSP90a kat eHSP72 kal KAataoTtoAr tng evlokuttdplag £Kpaong TG
HSP72 oto HovOKUTTOPA O ONMTLKOUCG EVAALKEC, CUCXETI{OVTOC MAALOTA TIC AAAAYEG QLUTEG
ue avénuévn ékppaon tng pAoloemivedpldLOTPOTIOU 0pUOVNG, KOPTILOANG, KAl TTPOAKTIVNG
KOl JLOG avTioTolxng Ekbpaong Twy MPWIEIVIKwY urtodoxéwv toug (98). AopaAwg n mopeia
aut Ba cuvexloBel pe peyalutepn €viaon oto PEAAOV, oTOXeUOVTIAG OTNV aAvAdELEn Twv
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SLoXPOVIKA KPIoWWV BnUATWY TwWV PLOEVEPYELOKWY — UETOBOAIKWY — QVOOOAOYLIKWV
pHovomotTwy tng ofelag ¢aong tou oTpeg, Tou Ba 0bnynoouv Oe EKEIVEG TIC
OTIOTEAECLOTIKEG TIAPEUPACELG TTOU Ba UIMoPoUV va EMNPEACOUV TNV KAWLKA Ttopeia Kat
gkBaon tng onyng.
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NAPAPTHMA

Pediatric logistic organ dysfunction score

Organ dysfunction and Scoring system
variable 0 I 10 20
Neurological®
Glasgow coma score 12-15 and 7-11 4-6or 3
Pupillary reactions Both reactive NA  Bothfixed NA

Cardiovascular”
Heart rate (beats/min)

<12 years </=195 NA >195 NA
12 years </=150 NA >150 NA
SBP (mm Hg)
< | month >65 NA 35-65 <35
| month-1 year* >75 NA 35-75 <35
1-12 years* >85 NA 45-85 <45
12 years >95 NA 55-95 <55
Renal
Creatinine (mol/L)
<7 days <140 NA 140 NA
7 days-| year- <55 NA 55 NA
1-12 years* <100 NA 100 NA
12 years <140 NA 140 NA
Respiratory?
PaO,(mmHg)/FiO, >70 NA </=70 NA
PaCO_ (mmHg) </=90 NA >90 NA
Mechanical ventilation® No ventilation Ventilation ~ NA NA

Hematological
White blood cell count (10%/L) 45 and 1.5440r <I5 NA
Platelets (10°/L) >or=35 <35 NA NA
Hepatic
Aspartate transaminase (IlU/L) <950 and 950 or NA NA
Prothrombin time® (or INR)  >60 (<140) 60 (140) NA NA

#Glasgow coma score: Use lowest value. If patient is sedated, record estimated Glasgow
coma score before sedation. Assess patient only with known or suspected acute central
nervous system disease. Pupillary reactions: Nonreactive pupils must be >3 mm. Do
not assess after iatrogenic pupillary dilatation; "Heart rate and SBP: Do not assess during
crying or iatrogenic agitation; *Strictly less than; *Pa0,: Use arterial measurement only.
“Percentage of activity: PaO/FiO, ratio, which cannot be assessed in patients with
intracardiac shunts, is considered as normal in children with cyanotic heart disease. PaCO,
may be measured from arterial, capillary, or venous samples. Mechanical ventilation: The
use of mask ventilation is not counted as mechanical ventilation. PaO,: Arterial oxygen
pressure; FiO,: Fraction of inspired oxygen; PaCO,: Arterial carbon dioxide pressure;
INR: International normalized ratio; NA: Not available; SBP: Systolic blood pressure
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Pediatric risk of mortality Ill score

Organ dysfunction and Scoring system
variable 0 I 10 20
Neurological®
Glasgow coma score 12-15 and 7-11 4-6or 3
Pupillary reactions Both reactive NA  Both fixed NA

Cardiovascular’
Heart rate (beats/min)

<12 years </=195 NA >195 NA
12 years </=150 NA >150 NA
SBP (mm Hg)
<1 month >65 NA 35-65 <35
| month-1 year* >75 NA 35-75 <35
1-12 years? >85 NA 45-85 <45
12 years >95 NA 55-95 <55
Renal
Creatinine (mol/L)
<7 days <140 NA 140 NA
7 days-| year- <55 NA 55 NA
1-12 years* <100 NA 100 NA
12 years <140 NA 140  NA
Respiratory’
PaO, (mmHg)/FiO, >70 NA </=70 NA
PaCO,(mmHg) </=90 NA >90 NA
Mechanical ventilation® No ventilation Ventilation NA NA

Hematological
White blood cell count (10%L) 4.5 and 15440r <I5 NA
Platelets (10%/L) >or=35 <35 NA NA
Hepatic
Aspartate transaminase (IlU/L) <950 and 950 or NA NA
Prothrombin time® (or INR)  >60 (<140) 60 (140) NA NA

#Glasgow coma score: Use lowest value. If patient is sedated, record estimated Glasgow
coma score before sedation. Assess patient only with known or suspected acute central
nervous system disease. Pupillary reactions: Nonreactive pupils must be >3 mm. Do
not assess after iatrogenic pupillary dilatation; "Heart rate and SBP: Do not assess during
crying or iatrogenic agitation; “Strictly less than; *Pa0,: Use arterial measurement only.
*Percentage of activity: PaO /FiO, ratio, which cannot be assessed in patients with
intracardiac shunts, is considered as normal in children with cyanotic heart disease. PaCO,

may be measured from arterial, capillary, or venous samples. Mechanical ventilation: The
use of mask ventilation is not counted as mechanical ventilation. PaO,: Arterial oxygen
pressure; FiO,: Fraction of inspired oxygen; PaCO,: Arterial carbon dloxxde pressure;

INR: International normalized ratio; NA: Not available; SBP: Systolic blood pressure
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Physiologic Variable High Abnormal Range Low Abnormal Range

4 43 2 1 0 +1 2 +3 +4
Rectal Temp (°C) 1 39409 385389  36-384 34359 32339 20-31.9 <299
Mean Arterial Pressure (mmHg) 2160  130-158  110-129 70109 50-69 =49
Heart Rate 2100 140-179 110139 70109 50-69 40-54 <39
Respiratory Rate %0 3549 2534 12-24 10-11 69 <5
Oxygenatation <200
8)FI0,20.5 record A-aDO, 2500 350-499 200-349
b)FI0,<0 5 record P20, PO=70 PO, 61-70 PO, 5560 PO,<55
Arterial pH 277 76769 7.5759 733749 725732 715724 <715
HCO, (mEqg/) %2 a1-519 32409 22318 18-219 15-17.9 <15
K (mEqg/) 27 669 5559 3554 334 2529 <25
Na (mEqA) 2100 160-179 155158  150-154  130-149 120-129 111-119 <110
S. Creat (mgm/dl) 235 234 1519 0614 <06
Hematocrit (%) %0 50-599  4649.9 30459 20299 <20
TLC (10%cc) 20 20-399 1519.9 3149 1-29 <1

GCs

<440 150 14—1 132
45-54 —2 2-3 -4 10—5
8.7 78
5410 4— 11

JAMA 1993:270(24):2957-2963

fppl.com

The APACHE Il Severity of Disease Classification System
P{?::.':gi“ 4 | 5| =2 +1 0 +1 +2 + +
Temperature - N S ok n . g arn
rectal ¢C) 241 3840.0 38.5-38.0 | 36384 | 34350 | 32330 | 30819 | <
Mean Arterial . N
Pressure (mm Fs) 2160 | 130-150 | 110-120 70-109 5060 249
Heart Rate 2180 | 140178 | 110132 0-109 3560 40-54 430
Respiratory Rate
(nomvamtilatad of =50 3549 2534 12-24 1011 60 <3
vantilated)
Oxrg“;)ﬁ‘m a| 2500 | 350408 | 200340 <200
2 Fidy> 05 we A-D0y
b =70 61-70 5560 <55
b FiQs < 0,5 use Paly
Arterial pH 277 7.6-7.60 7.5-7.59 | 7.33-7.40 7.25-7.32 | T.15-T.24 | <718
Serum Sodium - .
1 2180 | 160179 | 155159 | 150-154 | 130-149 120-120 | 111112 | <110
Serum P"I:)a ssium 27 58 5550 | 3554 334 2529 <23
Serum Creatinine
ﬁﬁm m 235 234 | Ls1s D614 <06
el
Hematocrit (%) 260 sp-308 | asane | 30ase 20-20.0 <20
White Blood . .
Count ¢a 1000mm?) =40 20328 | 15128 | 3140 12.8 <1
Glasgow-Coma- )
Scale (G5 Scorz = 15 minus actus]l GC5
Serum HCOy
(vanous, mmoll, wsaifno | 252 41-51.8 32409 | 22319 18219 | 15179 <15
ABGs)
A = Total Acute
Physiclogy Score | Sumof the 12 individusl varisbla points
APS
B =Age Points | C = Chronic Health Points
=z -
4 e o If the patient has a history of severs organ system insufficiency or is
45-54 vears 2 pointz
s L mmunocompromised assign points as follows:
Taar 3 pointz
6574 peums 5 poi a For parativa of CF postoparativa patients — § points
275 e £ v b For slactive postoparative patisnts — 2 points
APACHE II Score = Sum of A (APS points) + B (Age points) + C (Chronic Health points)
From: Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of disease
p g Y
classification system. Crit Care Med 1985:13(10):818-29)
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Abstract

Background: Experimental data indicate that sepsis influences the mitochondrial function and metabolism. We aim to investigate
longitudinal bioenergetic, metabolic, hormonal, amino-acid, and innate immunity changes in children with sepsis. Methods. Sixty-
eight children (sepsis, 18; systemic inflammatory response syndrome [SIRS], 23; healthy controls, 27) were enrolled. Plasma amino
acids were determined by high-performance liquid chromatography (HPLC); flow-cytometry expressed as mean fluorescence
intensity (MFT) of heat shock protein (HSP) levels from monocytes (m) and neutrophils (n); resistin, adiponectin, and extracellular
(e) HSPs evaluated by ELISA; ATP levels in white blood cells by luciferase luminescent assay; lipid peroxidation products (TBARS)
by colorimetric test; nitrite and nitrate levels by chemiluminescent assay; biliverdin reductase (BVR) activity by enzymatic assay;
and energy-expenditure (EE) by E-COVX. Results: Resistin, eHSP72, eHSP90«, and nitrate were longitudinally higher in sepsis
compared with SIRS (p<0.05); mHSP72, nHSP72, VO,, VCO,, EE, and metabolic pattern were repressed in sepsis compared
with SIRS (p<0.05). Septic patients had lower ATP and TBARS compared with controls on day 1, lower ATP compared with
SIRS on day 3 (p<0.05), but higher levels of BVR activity. Sepsis exhibited higher phenylalanine levels on day 1, serine on day 3;
lower glutamine concentrations on days 3 and 5 (p<0.05). Resistin, inversely related to ATP, was independently associated with
sepsis, along with mHSP72 and eHSP90« (p<0.05); TBARS and VO, were independently associated with organ failure (p<0.05)).
Septic nonsurvivors had malnutrition, persistently repressed metabolism, mHSP72, and induced resistin and adiponectin (p<0.05).
Conclusions: A pattern of early longitudinal induction of metabolic-hormones and eHSP72/HSP90«, repression of bioenergetics
and innate immunity, hypo-metabolism, and amino-acid kinetics changes discriminate sepsis from SIRS; malnutrition, hypo-
metabolism, and persistently increased resistin and adiponectin are associated with poor outcome. (JPEN J Parenter Enteral Nutr.
2018;00:1-14)

Keywords
pediatrics; calorimetry; amino acids; nitric oxide; heat shock proteins; ATP; resistin; adiponectin; sepsis; trauma

Clinical Relevancy Statement and heat shock proteins along with longitudinal (days 1-
5) repression of bioenergetics, metabolism, and innate
immunity characterize severe sepsis in children. These
changes, along with early-onset alterations of amino-acid
kinetics, discriminate sepsis metabolomics from SIRS; their
persistence is associated with poor outcome. Our findings
have clinical implications for early nutrition strategies, since
monitoring of early longitudinal changes may identify
“key” biomolecules that might be able to independently
immune-modulate septic shock or severe trauma and
affect the outcome. Furthermore, appropriate adapting
energy and protein intakes to a persistent hypo-metabolism
and amino-acid kinetics changes might ameliorate organ
dysfunction in children with sepsis.

Experimental data indicate that sepsis influences the
mitochondrial function, bioenergetics, metabolism, and
innate immunity. There are few data on the correlation of
metabolic profiles with relevant parameters of bioenergetics,
metabolic hormones, stress proteins, amino acids, and the
severity of systemic inflammatory response syndrome
(SIRS) or severe sepsis. This study provides new data on
the compound bioenergetics-metabolic pathways in early-
onset sepsis or SIRS. Combined “bioenergetics-metabolic
models” are assumed, which might further clarify the acute-
stress mechanisms in these critical illnesses. It demonstrates
that combined early induction of metabolic hormones
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Common abbreviations (in alphabetical order)

ATP: adenosine triphosphate

BMI: body mass index

BUN: blood urea nitrogen

BVR: biliverdin reductase

CRP: C-reacting protein

EF: ejection fraction

HSP: heat shock protein

LDH: lactate dehydrogenase

LOS: length of stay

MAP: mean arterial pressure

MOSF: multiple organ system failure

PBMR: predicted basal metabolic rate
PELOD: pediatric logistic organ dysfunction
PRISM: pediatric risk of mortality

RQ: respiratory quotient

RSNOs: S-nitrosothiols

SF: shortening fraction

SID: strong anion difference

SIRS: systemic inflammatory response syndrome
TBARS: thiobarbituric acid reactive substances
TISS: the Therapeutic Intervention Scoring System

Introduction

An overshooting and unregulated systemic inflammatory
response syndrome (SIRS) in sepsis or trauma can cause
serious tissue injury and multiple organ system failure
(MOSF). Results of studies in children suggest that patients
at risk for increased protein breakdown or repressed energy
expenditure (EE) have a higher incidence of MOSF and
a higher probability of death,! whereas optimization of
protein and energy balance in critically ill patients may
improve nitrogen balance and outcome.”

Pilot studies indicate that different degrees of sepsis
severity and MOSF differently influence the mitochondrial
function,® intracellular,* and extracellular heat shock

protein (HSP) concentrations,’ resistin and adiponectin
hormone levels,’ and thiobarbituric acid-reactant
substances (TBARS), a product of lipid peroxidation, as an
index of oxidative stress. Also heme metabolism is affected
in sepsis and SIRS.” Biliverdin reductase (BVR) is part of
the heme degradation pathway and plays an important role
in the antioxidant cycle of biliverdin and bilirubin (BR).®
However, little is known about BVR activity in white blood
cells (WBC) in sepsis and SIRS patients.

Correlation of metabolic profiles with relevant parame-
ters of metabolic hormones, bioenergetics, innate immunity,
inflammation, and the severity of SIRS or severe sepsis,
as well as validation of these combined “models” in an
carly-onset critical illness patient population, might further
clarify acute-stress mechanisms in these critical illnesses.
Additionally, monitoring of early longitudinal changes of
these combined markers could identify “key” biomolecules
that might be able to independently immune-modulate
septic shock or severe trauma and affect outcome.’

Longitudinal profiles of metabolism and bioenergetics
and their association with acute phase changes of in-
nate immunity and hormonal inflammatory responses and
amino-acid kinetics in severe sepsis and trauma in children
have not been attempted so far. We hypothesized that
septic patients present early with significantly increased
inflammatory and hormonal response with simultaneous
repressed innate immunity, bioenergetics, and metabolism
compared with SIRS patients (cross-sectional data, day
1). Also, we hypothesized that these different pathways
persist during the acute phase of stress longitudinally and
that their trends differ between survivors and nonsurvivors.
Accordingly, in this study, we assessed early longitudinal
changes of EE, oxygen consumption (VO,), CO, pro-
duction (VCO,), HSP, resistin, adiponectin, bioenergetics,
products of nitric oxide metabolism, and plasma concentra-
tion of 22 amino acids, along with metabolic and inflamma-
tory biomarkers, in critically ill children with severe sepsis
compared with patients with SIRS (trauma) and healthy
controls. Correlations between blood levels of relevant
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biomolecules, clinical data, and outcome endpoints were
also attempted.

Patients and Methods
Setting and Research Ethics

This prospective clinical research study was conducted in
the Pediatric Intensive Care Unit (PICU) of the University
Hospital, Heraklion, Crete, between January 2013 and
December 2015. The Ethical Committee of the University
Hospital approved the study (approval 1D14494/2011/9-1-
2012). Written informed consent was obtained from pa-
tients’ guardians before inclusion in this study. All data were
deidentified.

Patients

Eighteen patients fulfilling the criteria of severe sepsis/septic
shock and 23 patients with SIRS due to trauma consec-
utively admitted to the PICU were enrolled in the study
within 48 hours of admission. Inclusion criteria for the
participating patients were: (a) age <18 years and (b)
presence of early severe sepsis/septic shock according to
the International Pediatric Sepsis Consensus Conference
definitions'? or presence of SIRS in patients with trauma
without infection who met at least 2 of the conventional
criteria of SIRS.!® Also, blood was sampled from 27 healthy
children undergoing screening tests for minor elective
surgery and comprised the control group. Patients with late
severe sepsis or SIRS (>48 hours in PICU), autoimmune
diseases, malignancies, immunodeficiencies, metabolic and
chronic diseases, or endocrinopathies were excluded.

Recordings, Calculations, Blood Sampling

Blood samples were taken from central arterial catheters
within 24 hours of admission and repeated on days 3 and
5 thereafter. Pediatric logistic organ dysfunction (PELOD)
and acute physiology and pediatric risk of mortality
(PRISM III) scores were calculated for each patient. Body
mass index (BMI) z-scores were calculated based on the
international reference population proposed by WHO and
PBMR using the Schofield equations. The compact mod-
ular metabolic monitor “E-COVX” (GE Healthcare) was
used for indirect calorimetric assessment.!! The ratio of
the measured EE divided by the predicted, for child’s age
and sex, basal metabolic rate (PBMR) was calculated to
determine the pattern of metabolism. EE/PBMR ratios of
>1.1, 0.9-1.1, and <0.9 were classified as hypermetabolic,
normometabolic, and hypometabolic patterns, respectively,
as previously defined.!> Mitochondrial function was in-
ferred by analyzing metabolic pattern, EE, VO,, and VCO,
and by determining ATP levels in circulating WBC. None
of the patients was receiving parenteral nutrition; enteral

nutrition (EN) was started after the first blood sampling
at 5-10 mL/kg/day through continuous nasogastric feeding
and was escalated to meet half of energy needs by day 2
while full EN was achieved by day 4-5, as tolerated.

Plasma Amino Acids Determination

Blood samples for plasma amino-acids determination were
obtained in heparinized tubes, kept on ice, and centrifuged
within 30 min (2000 g for 10 min at 4°C). The analyses
were performed by automated online high-performance
liquid chromatography (HPLC) after deproteinization with
trichloroacetic acid (TCA) 30%. The amino acids were
separated in an amino-acid analyzer (Hitachi Aminoacid
analyzer L 8900, JP) at a constant flow on a high-resolution
cation-exchange column (NEOLAB S.A, Athens, Greece).
The post-column derivatization reaction with the ninhydrin
reagent was carried out at 135°C and the absorbance of the
reaction products was read at both 570 and 440 nm.

Determination of NOx, ATP Levels
( Bioenergetics), and Oxidative Stress Marker
(TBARS) and BVR Activity

The plasma, blood, and WBC samples were generated
from heparinized whole blood. WBC were obtained after
hemolysis in hypotonic ammonium chloride buffer and
pelleted by centrifugation. All samples were shock frozen
in liquid nitrogen and stored at —80°C pending analysis.

Products of NO metabolism. The determination of nitric
oxide derivatives (NO;, NO3) in serum was performed using
the Sievers Nitric Oxide Analyzer (NOA 280i, GE Analyti-
cal Instruments, Boulder, CO, USA). Plasma samples were
injected through a septum into the glass vessel, where NO
species were converted by a specific redox active reagent
converting NO;, or NO; into NO, which was detected by
chemiluminescence upon reaction with ozone.

ATP levels in blood cells. For the determination of adeno-
sine triphosphate (ATP), the frozen WBC pellets were
sonicated; obtained lysate was mixed with 100 uL of ATP
assay reagent (PromegaCellTiter-Glo Luminescent Cell Vi-
ability Assay, Austria) and after incubation luminescence
was measured according to the manufacturer’s manual with
a photometer (SPECTR Astar Omega, Germany). Sample
concentrations were compared with an ATP standard cali-
bration (1 nM-1000 nM).

Lipid peroxidation products. Thiobarbituric acid reactive
substances were determined in accordance to Mihara after
Kozlov’s modifications.!*> Absorption spectra were recorded
in the region of 500-600 nm with a UV-1800 Shimadzu
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spectrophotometer. The magnitude of peak at 535 nm was
determined.

Biliverdin reductase activity. BVR activity was determined
in homogenated WBC pellets after sonication in Tris-Buffer
(20 mM TRIS, 300 mM sucrose, and 2mM EDTA; pH
of 7.4). Homogenates were incubated with biliverdin (50
nM; Sigma), and NADPH (250 nM; Sigma) in a potassium
phosphate buffer (100 mM and 1 mM EDTA; pH: 7.4) at
37°C for 30 min. The formed amount of BR was extracted
into benzene and the concentration of BR was determined
by photospectroscopy. Enzyme activity was expressed as
nmol BR/mg prot/30 min.

Flow Cytometry for Intracellular Heat Shock
Proteins

Whole blood was incubated in the dark with monoclonal
antibodies CD33-PeCy5 (Phycoerythrin-Cy5) and CD45-
PeCy7 (Phycoerythrin-Cy7), both from Biolegend, San
Diego, CA, USA. Cells were then fixed and intracellularly
stained with monoclonal antibodies HSP70/HSP72-FITC
(Fluorescein isothiocyanate) and HSP90«-PE (Phycoery-
thrin), both from Enzo-Life Sciences, NY, USA. Analysis
was performed on EPICS Coulter cytometer (CYTOMICS
FC500). Cells were initially gated according to their CD45
expression. The mean fluorescence intensity (MFI) of
HSP70 and HSP90« was calculated on monocytes (m) and
neutrophils (n) on a scattergram generated by combining
CD33 and the corresponding antigen. At least 40,000 events
were acquired for each analysis.

Extracellular Protein Levels of HSP90a and
HSP72 (ELISA)

Extracellular protein levels of HSP90« and HSP72 were
determined by ELISA commercial kits obtained from Enzo
Life Sciences (Lausanne, Switzerland) according to the
manufacturer’s instructions. All measurements were per-
formed in duplicate. The sensitivities of the assays were 50
pg/mL for HSP90« and 90 pg/mL for HSP72.

Adiponectin and Resistin Evaluation (ELISA)

Serum levels of adiponectin (Invitrogen, Carlsbad, CA,
USA) and resistin (R&D Systems, Abingdon, UK) were
analyzed by ELISA assay according to the manufacturer’s
instructions. All measurements were performed in dupli-
cate. The sensitivities of the assays were 100 pg/mL for
adiponectin and 0.026 ng/mL for resistin.

Ultrasonography-Laboratory Evaluations

Left ventricle ejection (EF) and shortening fractions (SF),
which have previously been shown to be associated with

repressed metabolism in sepsis,'* were measured each day
of the study. Longitudinally, WBC, Troponin (Tn), and C-
reactive protein (CRP) levels were also measured. Particu-
larly, CRP has been previously shown to relate significantly
with Interleukins (IL).!> Along with IL-6, CRP has been
previously shown to be correlated with increased glucocor-
ticoid receptor expression and cortisol concentrations in
sepsis.!® CRP assay was performed on the immunoneph-
elometer Dade Behring BN II (Dade Behring Diagnostics
Inc., Somerville, NJ). CRP concentrations >0.8mg/dL were
considered abnormal.

Statistical Analysis

Levene’s test of the homogeneity of group variances was
used to determine the data distribution from measured
variables. All continuous parameters are presented as mean
+ standard error of the mean (SEM) and median (in-
terquartile range), for normally distributed values and non-
Gaussian values, respectively. Categorical variables are ex-
pressed as frequencies. ANOVA with Welch correction and
Bonferroni or Games-Howell post hoc tests, or the Kruskal-
Wallis and Dunn-Bonferroni pairwise comparisons, were
used to perform comparisons between groups as continu-
ous parametric and nonparametric tests variables for nor-
mally and non-normally distributed variables, respectively.
Between-group comparisons were conducted using the x>
test for categorical parameters and Spearman rank cor-
relation coefficient for correlation between 2 continuous
variables. After having run univariate models, variables
that had shown a relaxed p-value <0.1 were included in
multivariable models. A multivariable logistic regression
(backward LR) was adopted to examine whether any of the
studied variables were independent discriminators of sepsis;
amultivariable linear regression analysis (stepwise) was used
to examine independent associations with organ failure.
Because of the small cohort of nonsurvivors, performing
regression analysis regarding outcome could not be justified.
A 2-sided significance level of 0.05 was used for statistical
inference, and all statistical tests were 2-tailed. All statistical
analyses were performed using the IBM SPSS Statistics
(version 22.0; Chicago, IL).

Results

Patients

Patients” demographic and clinical characteristics are pre-
sented in Table 1. The main sepsis diagnoses were meningitis
(16.7%), peritonitis (11.1%), pneumonia (55.6%), surgical
infections (11.1%), and other (5.5%). Patients with sepsis
had higher mortality and severity of illness but repressed
EF and were malnourished compared with SIRS patients
(Figure S1). Longitudinally, trauma patients received less

135



Avwa-Maplo Zravakn

Atbaktopikn AtatptBn

Spanaki et al 5
Table 1. Baseline Demographic and Patient Characteristics on Study Enrollment.
Variables Healthy Control SIRS Severe Sepsis/Septic Shock P Value
N=27 N=23 N=18
Age, years, median (IQR) 11 (8-13) 10 (6-14.5) 6.3 (1.8-12.5) 0.06
Males/females, n (%) 21/6 (78/22%) 21/2 (91/9%) 711 (39/61%) *° 0.001
BMI, mean+SE 18.8+1 16.2+1.2 0.06
PRISM II1, median (IQR) 11 (9-15) 20 (15-29)° 0.000
PRISM III probability of death, 13 (10-21) 36 (21-67)° 0.000
(%), median (IQR)
PELOD, median (IQR) 2(2-15) 18 (2-52)° 0.011
Hospital mortality, n (%) 1 (4%) 4 (22%)° 0.016
LOS, days, median (IQR) 6 (4-13) 18 (6.5-66) 0.06
Heart rate, bpm, mean+SE 92443 11445.5° 0.003
MAP, mmHg, mean+SE 80.84+2.6 67.94+3.2° 0.003
EF, %, mean+SE 67.8+2.1 56.54+3.4° 0.006
SF, %, mean+SE 34+1.3 28.2+1.8° 0.02
Temp. sampling time, °C, mean+SE 36.8+0.16 37.740.2° 0.005
Height z-scores, median (IQR) 0.67 (-0.48-1.7) 0.54 (-0.63-1.4) 0.75
Weight z-scores, median (IQR) 0.23 (-0.13-1.76) —0.45 (-3.32-1.1)° 0.04
BMI z-scores, median (IQR) 0.22 (-1.7-1.65) —0.83 (-3.26-0.73)® 0.048

Data are expressed as mean+SE (standard error of mean) or median (IQR, interquartile range) for normally distributed values and non-gaussian
values, respectively. Data are expressed as n (%) of patients for categorical parameters. One-way ANOVA or Kruskal-Wallis H test were used to
perform comparisons among continuous parametric or nonparametric groups, as appropriate. Between-group comparisons were conducted using

the 2 test for categorical parameters: p<0.05.

* indicates general ANOVA or Kruskal-Wallis H test p-values; #  indicate ANOVA Bonferroni post hoc tests or Kruskal-Wallis post hoc Dunn’s
pairwise tests with Bonferroni corrections, as appropriate: @ Sepsis vs healthy controls, ® Sepsis vs SIRS.

BMI, body mass index; EF, ejection fraction; LOS, length of stay; MAP, mean arterial pressure; PELOD, pediatric logistic organ dysfunction;
PICU, Pediatric Intensive Care Unit; PRISM, pediatric risk of mortality; SF, shortening fraction; SIRS, systemic inflammatory response

syndrome; TISS, the Therapeutic Intervention Scoring System.

energy, although both groups were prescribed almost the
same amount of EN (Table 2).

Group Differences and Longitudinal Profiles

Inflammation and metabolic hormones. Longitudinally, re-
sistin and lactate concentrations, but not CRP, were steadily
higher in septic patients compared with children with SIRS
(Figure 1a). Compared with healthy controls, patients with
SIRS also had higher resistin levels. Adiponectin did not
differ between groups and longitudinally.

The danger signal. Extracellular HSPs were increased in
sepsis compared with healthy and SIRS groups on day 1
and remained so on days 3 and 5. Although HSP72 showed
a declining trend on day 5, no significant longitudinal
differences were observed in each diagnostic group (Figure
1b).

Metabolism. Day-1VO,, VCO,, EE, and metabolic pattern
were repressed in sepsis compared with SIRS. A progressive
recovery of energy failure in sepsis made the longitudinal
EE and metabolic pattern differences nonsignificant on days
3 and 5, while VO, remained still lower on day 5 (Figure 1c).

On day 35, septic patients had higher RQ levels compared
with SIRS patients (Table 2).

Innate immunity. In sepsis, mHSP72 expression was lower
compared with SIRS and controls on days 1 and 3; nHSP72
showed similar nonsignificant trends (Figure 1d). Neu-
trophil HPS90 was higher compared with SIRS on day 1
and remained nonsignificantly so longitudinally.

Bioenergetics and oxidant phenotypelor antioxidant status.
Septic patients had lower ATP cell levels and TBARS
plasma levels compared with healthy controls on day 1,
and lower ATP compared with SIRS on day 3. Also,
patients with SIRS had lower TBARS compared with
controls (Figure le). Longitudinally, septic patients showed
a transient increase in their BVR activity levels on day 3
and retained higher NOj; plasma levels on days 1 and 3
compared with SIRS patients.

Amino-acid concentrations. Day-1 amino-acid concentra-
tions are presented in Table 3. Lower concentrations of
glycine, alanine, isoleucine, and methionine, but higher
taurine, were found in SIRS compared with control;
phenylalanine levels were higher in sepsis compared with
SIRS. Longitudinally, patients with sepsis exhibited lower
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Figure 1. Cross-sectional (day 1) and longitudinal (days 1, 3, and 5) differences between sepsis, SIRS, and control groups: a.
resistin and lactate were steadily higher in sepsis compared with SIRS; b. eHSP72 and 90 were increased in sepsis compared with
healthy and SIRS groups on day 1 and remained so on days 3 and 5; ¢. day-1 VO,, VCO,, EE, and metabolic pattern were
repressed in sepsis compared with SIRS; d. mHSP72 expression was lower compared with SIRS and controls on days 1 and 3;
nHSP72 showed similar nonsignificant trends; nHPS90 was higher compared with SIRS on day 1; e. septic patients had lower
ATP cell expression and TBARS compared with healthy controls on day 1, and lower ATP compared with SIRS on day 3;
patients with SIRS had lower TBARS compared with controls; f. in sepsis, glutamine was lower compared with SIRS on days 3

and S and serine higher on day 3; despite some trends for recovery and a transient increase in BVR activity on day 3, no
significant longitudinal differences were observed for any of the studied variables in each diagnostic group.

*Indicates p<0.05 between SIRS and H; **indicates p<0.05 between severe sepsis and H; #indicates p<0.05 between SIRS and
severe sepsis (ANOVA with Welch correction, Games-Howell post hoc tests).

ATP, adenosine triphosphate; BVR act, Biliverdin reductase activity; CRP, C-reacting protein; e, extracellular; EE, energy
expenditure; HSP, heat shock protein; m, monocytes; MFI, mean fluorescence intensity; n, neutrophils; NOs, nitric oxide total;
SIRS, systemic inflammatory response syndrome; TBARS, thiobarbituric acid relative substances; VCO,, carbon dioxide

production; VO,, oxygen consumption.

concentrations of glutamine compared with SIRS on days
3 and 5 and higher levels of serine on day 3 (Figure 1f).

Correlations

Metabolic hormones. Resistin was related with lactate (r =
0.52, p<0.01), eHSP90«x (r = 0.48, p<0.002) (Figure 2a),
histidine (r = 0.37, p<0.03), and asparagine (r = 0.44,
p<0.01); and adiponectin with EE (r = -0.59, p<0.002) and
taurine (r = —0.35, p<0.04).

Metabolism. VO, was related with SF (r = 0.53, p<0.003)
(Figure 2b), MAP (r = 0.36, p<0.03), lysine (r = —0.45,
p<0.02), and glutamic acid (r = 0.45, p<0.02); VCO, with
SF (r=0.45, p<0.02), MAP (r = 0.34, p<0.04), lysine (r = —
0.47, p<0.01), and glutamic acid (r = 0.40, p<0.03); and EE
with taurine (r = 0.56, p<0.04), cysteine (r = 0.59, p<0.001)
(Figure 2c¢), glycine (r =-0.55, p<0.003), alanine (r =—0.55,
2<0.002), and tyrosine (r = -0.45, p<0.02).

Innate immunity. Monocyte-HSP72 was positively related
with EE (r = 0.64, p<0.001), metabolic pattern (r = 0.70,
p<0.001) (Figure 2d), and BMI and weight z-scores (r
= 0.64, p<0.07), and inversely with alanine (r = —0.41,
p<0.004), glycine (r = -0.44, p<0.01), lysine (r = —0.33,
1<0.02), methionine (r = -0.43, p<0.002), and tyrosine (r =
—0.33, p<0.03); mHSP90« showed similar inverse relations
with the same amino acids.

Bioenergetics and oxidant phenotypelor antioxidant status.
ATP was related with VO, (r = 0.69, p<0.001), VCO, (r
= 0.67, p<0.001) (Figure 2e, f), resistin (r = -0.74, p =
0.037), (Figure 2g), EE (r = 0.36, p<0.05), glycine (r =
0.35, p<0.02), and histidine (r = 0.43, p<0.002); TBARS
correlated inversely with BVR activity (r = -0.40, p<0.03)
(Figure 2h), mHSP72 (r = —0.36, p<0.04), taurine (r =
—-0.37, p<0.02), serine (r = —0.89, p<0.008), and positively
with glycine (r = 0.42, p<0.01), alanine (r = 0.48, p<0.002),
and methionine (r = 0.36, p<0.03); and BVR activity
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Figure 2. Characteristic correlations of day-1 simultaneously measured bioenergetics, metabolic and acute-stress biomolecules,
metabolic hormones, amino-acid concentrations, and clinical severity indices in mechanically ventilated critically ill children: a.
resistin was related with lactate (r = 0.52, p<0.01); b. VO, with SF (r = 0.53, p<0.003); ¢. EE with cysteine (r = 0.59, p<0.001); d.
mHSP72 with metabolic pattern (r = 0.70, p<0.001); e. ATP with VO, (r = 0.69, p<0.001); f. ATP with VCO, (r = 0.67,
p<0.001); g. ATP with resistin (r = -0.74, p = 0.037); h. TBARS with BVR act (r = -0.40, p<0.03).

ATP, adenosine triphosphate; BVR act, biliverdin reductase activity; EE, energy expenditure; HSP, heat shock protein; m,
monocytes; MFI, mean fluorescence intensity; NOs, nitric oxide total; SF, shortening fraction; TBARS, thiobarbituric acid
relative substances; VCO,, carbon dioxide production; VO,, oxygen consumption.

correlated with phenylalanine (r = 0.31, p<0.05) and
ornithine (r = 0.37, p<0.02).

Multivariable analyses. In a multivariable logistic regression
model, mHSP72 (OR = 0.89, 95%CI = 0.8-0.98), eHSP90«
(OR = 1.07, 95%CI = 1.01-1.2), and resistin (OR = 1.1,
95%CI = 1.03-1.2) were independently associated with
sepsis. In a multivariable linear regression analysis, TBARS
(B =0.31, p =0.019) and VO, (B = -0.58, p<0.001) were
independently associated with organ failure (PELOD).

Outcome

Cross-sectional and longitudinal differences. In sepsis sur-
vivors, the innate immunity (mHSP72) and ATP exhib-
ited increasing, longitudinal trends, whereas the alarmins
eHSP90« and eHSP72 showed decreasing trends; RQ (p =
0.031) and HCO; (p = 0.025) were increasing and Cl (p =
0.024) and CRP (p = 0.017) decreased longitudinally among
septic survivors (Figure 3a—f). In sepsis nonsurvivors, the
initially recorded repression of metabolism and the induc-
tion of metabolic-hormones were sustained longitudinally
(Figure 3). SIRS survivors showed a longitudinal decline in
albumin (p = 0.017) and improvement of SF (p = 0.032).
No within-group differences in septic nonsurvivors were
recorded.

Amino acidograms. When analyzed according to outcome
status, significant cross-sectional differences were evident

(Figure 4a, b). Longitudinally, septic patients, either sur-
vivors or nonsurvivors, did not exhibit significant within-
group differences from day 1 to day 5 (Figure 4c, d). SIRS
survivors increased glutamine on day 3 and lysine and
threonine on day 5 (Figure 4¢). The SIRS nonsurvivor died
before day 3 (Figure 4f).

Discussion

In this study, we showed that children present with a distinct
metabolic-bioenergetics profile during the early phase of se-
vere sepsis. We showed that the metabolic hormone resistin,
extracellular HSP72-90, and NOj are longitudinally higher
in septic patients compared with patients with SIRS. We also
showed that the intracellular mHSP72 and nHSP72 expres-
sions, VO,, VCO,, EE, and the metabolic pattern are re-
pressed in sepsis compared with SIRS, showing some recov-
ery trends over time. Compared with healthy children, septic
patients have lower ATP levels and TBARS in WBC, which
is accompanied by a transient increase in their BVR activity
on day 3. Longitudinally, patients with sepsis exhibit higher
phenylalanine levels on day 1 and serine on day 3, but lower
concentrations of glutamine compared with SIRS on days
3 and S. The high number of correlations between amino
acids, metabolic indices, bioenergetics, HSPs, and metabolic
hormones suggest multiple convergent stress pathways (hor-
monal inflammatory response — innate immune response
— modulation of metabolism — impaired bioenergetics)
contributing to the clinical manifestation of sepsis. Low
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Figure 3. Cross-sectional and longitudinal differences in severe sepsis outcome groups. Nonsurvivors had a. lower MAP on day 1,
higher HR on days 1 and 5, and higher severity of illness PRISM and PELOD longitudinally; b. higher resistin on days 3 and 5; c.
higher lactate on day 1 and adiponectin on day 5; d. higher LDH on days 1 and 5; e. lower mHSP72 on day 1; f. higher CRP on
day 1, ATP showed an increasing trend in survivors, but could not be measured in > 1 nonsurvivor on day 1 and was not analyzed;
g. higher RQ on day 3, lower Tn on day 5; h. lower VO,, VCO,, EE, and metabolic pattern longitudinally (days 1 and 5).
*Indicates cross-sectional increase p<0.05 for that day; “indicates p<0.05 longitudinal increase (day 5 vs day 1); #indicates p<0.05
longitudinal decrease (day 5 vs day 1); (ANOVA with Welch correction, Games-Howell post hoc tests).

ATP, adenosine triphosphate; BVR act, biliverdin reductase activity; CRP, C-reacting protein; e, extracellular; EE, energy
expenditure; HR, heart rate; HSP, heat shock protein; LDH, lactate dehydrogenase; m, monocytes; MAP, mean arterial pressure;
MFI, mean fluorescence intensity; NOs, nitric oxide total; PELOD, pediatric logistic organ dysfunction; PRISM, pediatric risk of
mortality; RQ, respiratory quotient; SF, shortening fraction; TBARS, thiobarbituric acid relative substances; Tn, troponin; VO,,
oxygen consumption; VCO,, carbon dioxide production.
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Figure 4. Cross-sectional and longitudinal amino-acidograms between diagnostic and outcome groups: a-b. survivors had lower
concentrations of alanine and methionine in sepsis and SIRS compared with controls on day 1. Also, SIRS had lower levels of
glycine and isoleucine and higher of taurine compared with controls. Nonsurvivors had higher tyrosine and alanine
concentrations in sepsis compared with SIRS; c. sepsis survivors did not show any significant longitudinal differences; d. sepsis
nonsurvivors did not exhibit longitudinal within-group differences; e. SIRS survivors exhibited increasing levels of lysine,
threonine, and glutamine on days 3 and 5; f. day-1 SIRS nonsurvivor showed similar profile to one of day-1 survivors.

*indicates lower S or SIRS vs H, **higher S vs SIRS; *higher SIRS vs controls; *day 3 vs day 1; **day 5 vs day 1;+**day 5 vs day
3 (ANOVA with Welch correction, Games-Howell post hoc tests); SIRS, systemic inflammatory response syndrome
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MAP and severity or organ failure scores among sepsis
nonsurvivors are associated with repressed metabolism and
mHSP72 and induced resistin and adiponectin, along with
increased lactate, LDH, troponin, and malnutrition.

We found that resistin, which is a hormone derived from
macrophages in humans'” and adipose tissue in rodents,
increases early in sepsis and remains increased during the
acute phase of stress, related with the sepsis discriminators'$
lactate and eHSP90« and also histidine and asparagine.
In a follow-up study, adiponectin increased, and resistin
decreased during sepsis, but only the resistin related to
the severity of sepsis and the degree of inflammatory
response.!’ In our series, both resistin and adiponectin
levels were significantly increased among nonsurvivors. This
finding is in accordance with a previous study showing that
decreasing adiponectin levels are associated with survival
in sepsis.?’ Resistin was shown to be involved in metabolic
disorders,?! which are frequently associated with changes
in mitochondrial function. A recent study showed that
resistin mediated a decrease in mitochondrial content and
impaired mitochondrial function.?? The increased levels of
resistin and its inverse relation to ATP levels in WBC,
which we have detected, may thus explain the depressed
bioenergetic status in the WBC found in our patient
population.

In this study, the levels of stress alarmins, extracellular
eHSP90«, and eHSP72 showed longitudinally increasing
trends among nonsurvivors but were decreasing among
survivors. These trends were associated with repressed in-
tracellular innate immunity (mHSP72) and an early-onset
bioenergetics failure. Importantly, these changes infer mi-
tochondrial failure, which is recovered in survivors, leading
to increased EE, metabolism, and cellular ATP levels. The
“danger hypothesis” suggests the release of HSPs through
exosome or endo-lysosomal pathway from viable severely
stressed cells serves as a danger signal to neighboring
cells.?? Various animal studies have shown a clear protective
effect of HSP72 in experimental sepsis. However, human
in-vivo and in-vitro studies with HSP72 in sepsis have been
inconclusive.* Alarming extracellular HSP72 and HSP90«
levels have been previously correlated to MOSF'> and mor-
tality in critically ill adults®® and children.?® We showed for
the first time a sustained longitudinal induction of eHSP72-
90 with simultaneous repressed intracellular HSP72 in pe-
diatric sepsis, related to sepsis severity and metabolic hor-
mones induction. The higher eHSP72-90 concentrations in
septic supernatants*?® appear to represent “danger signals”
released from an early cell response to pathogen-associated
molecular patterns (PAMPS).?* Although trauma has also
been reported to result in a prompt release of eHSP72 and
other danger-associated molecular patterns (DAMPs) asso-
ciated with acute anti-inflammatory response and immune
suppression,?’ in our time series such an increase could not
be detected.

In experimental sepsis, downregulation of the ATP-
dependent intracellular HSPs was associated with ex-
acerbation of sepsis and impaired core autophagy,?®
whereas adenovirus-induced HSP72 impaired apoptotic cel-
lular pathways and protected against sepsis-induced lung
injury.?’ Verifying our previous work,*-3! septic patients
were hypometabolic. The correlations between the repressed
innate immunity (intracellular HSPs), metabolism (EE,
VO,, VCO,), and the low cellular ATP levels further sup-
port a chaperoning role of innate immunity in modulating
metabolism and bioenergetics. A progressively decreased
intracellular-HSP72-90 in sepsis (sepsis-induced innate im-
munity exhaustion) has been recently reported to be asso-
ciated with a progressive decline of HLA-DR on CD14+
monocytes.>? The inverse relations of intracellular HSPs to
amino-acid metabolic profiles shown in this study expand
the reported sepsis metabolic pattern characterized by a
combination of high glucose and triglycerides and low
cholesterol, HDL, and LDL.??

Upon inflammatory response, inducible NO synthase
(NOS) is up-regulated, resulting in excessive NO
production.** Induced NO reversibly inhibits the
respiratory chain at complex IV, inhibiting ATP synthesis
and decreasing ATP levels in septic patients. In a recent
study in patients with septic shock, large variations in
mitochondrial enzymatic activities of immune cells were
detected, although cellular ATP content did not differ
among different immune cell-lines and was not correlated
with the tested cytokine levels.’® Our finding of ATP
being linked with hypometabolism, which is associated
with mortality, however, is in agreement with the reported
reduced ATP synthesis among nonsurvivors.>

We found a transient increased capacity of septic WBC
to convert BV to BR and an inverse relation to TBARS,
a sensitive index of oxidative stress, which is implicated in
the pathogenesis of organ dysfunction. In a previous study,
it was shown that BR in conjunction with BVR possesses
potent antioxidative capacities and that BR in plasma effec-
tively protects endothelial cells against hydrogen peroxide—
and peroxynitrite-mediated death.’’” Thus, the increased
activity of BVR present in our sepsis patients may be
interpreted as a defense against the enhanced oxidative
stress.

Our finding of lower TBARS in septic patients compared
with controls contrasts with previous reports showing in-
creased TBARS in neonatal sepsis.>® This might be because
in this study we determined the total plasma pool of TBARS
comprising two pools, one occurring in plasma, one is in
the water phase, and another bounding to albumin, while
in the study mentioned above only the soluble pool was
determined.

We showed that the acute phase of a critical illness is
associated with variable patterns of plasma amino acid
changes, characterized by decreasing, increasing trends or
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no changes in plasma levels compared with the values
found in healthy children (supplementary content). These
early amino-acid alterations are in accordance with the
dramatic metabolic spectrum of amino-acid changes during
the acute phase of adult sepsis. As the disease progressed or
deteriorated, the levels of different amino acids gradually
decreased, increased, or fluctuated over time.>

Because of the strict exclusion criteria applied to as-
sure population homogeneity and the rarity of immune-
competed patients with severe sepsis, our single-center
sample sizes are relatively small. This limitation, however,
has been partially balanced by extending all the first-day
measurements in each patient longitudinally up to the
fifth day of hospitalization in PICU. Linking metabolic
derangements with early onset of stress or inflammatory
states might help to stratify distinct critically ill populations
at different bioenergetics risks and to develop specific re-
versal approach of mitochondrial dysfunction, which may
significantly improve clinical outcome. Trials in those areas,
where different stress states meet opposing metabolic de-
rangements, are still missing and thus are urgently awaited.

Conclusions

In summary, this study indicates for the first time that
longitudinal hormonal inflammatory responses, expression
of stress proteins, modulation of the metabolism, changes
in amino-acid kinetics, and impaired bioenergetics are all
part of an acute adaptation in early-onset sepsis. Although
this study did not examine pathways in a series of steps
the way molecular biology does, our results suggest that
HSP72, HSP90«, and impaired bioenergetics might all be
parts of critical pathophysiology pathways in sepsis. These
results demonstrated multiple correlations between amino
acids, metabolic indices, bioenergetics, HSPs, metabolites
involved in the oxidative challenge, and metabolic hor-
mones, suggesting possible roles of these biomolecules in
the pathological sequelae leading to the manifestation of
clinical sepsis. Finally, the associations of the lower MAP
with repressed bioenergetics and metabolism and of induced
resistin and adiponectin with increased severity of illness
among nonsurvivors further support the clinical importance
of our findings. Thereby, results of this study indicate
that severe sepsis or septic shock might mainly represent a
bioenergetics/energy pathway failure in the face of an acute
(days 1 and 5) infection-related organ failure (inflamma-
tory — hormonal — innate immunity deregulation). Further
studies should focus on examining ways of appropriately
supporting energy at the cell level.
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EMIXEIPHEIAKO NPOTPAMMA
Pl - EKMAIAEYEH KAI AIA BIOY MAGHEH =% EX[NA
* :r ! erévduon genv wotvwvia zre yvion: = —
= | npéypoppa ya o avinuuga |

YNOYPTEIO NAIAEIAT & BPHEKEYMATAN, NOAITIEMOY & ABAHTIEMOY
EvpwnaikgEvwon EIAIKH YMNHPEZIA AIAXEIPIZHE

E ixd K 6 Tapsi
vpumaio Romuvuea TaRES  me ™ ouy)pnparodsértnon tng EAAGSag kal tng Evpwiraikng Evwong

H mapouoa €pesuva €xel ouyxpnuatodotnBet amd tnv Eupwnaiky Evwon (Eupwmnaiko
Kowwvikd Toapeio — EKT) kat amd e6vikoug mopoug HEow TOu Emixepnolakou
Mpoypappatog «Ekmaibevon kat Ao Biou MdaBnon» tou EBvikol Ztpatnywkou MAaiciou
Avadopdg (EZNA) — EpeuvnTtiko Xpnuatodotoupevo Epyo: OAAHZ. Emévbuon otnv kowwvia
™G yvwong péow tou Eupwrnaikol Kowvwvikou Tapeiou.
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