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loTopikn avadpopun / Oplopot (1)

KATATTANKTOG Tvevpovag (shock lung)
mvevpovag Da Nang (armd tov mOAepo Tou Bietvap)
OUVOPOUO AKAUTTITOL TveLpova (stiff-lung syndrome)

TIVEUPOVIKO 0idNua KUPEAMOOTPIXOEIOIKNC OlAPOONC
(leaky capillary pulmonary edema)

LN KAEOIOYEVEC TIVELUOVIKO oidnua
o&eia mveuvpovikn BAARBN (acute lung injury)

OUVOPOUO AVATTVEVOTIKNG OLOXEPEIOC EVNAIKWY
(adult respiratory distress syndrome)

OUVOPOPO OEEIAC AVATIVEVLOTIKNG OUOXEPEIAC
(acute respiratory distress syndrome, ARDS)



loTopikn avadpopun / Oplopol (2)

- 1967 (apxlkn meptypadn arno Ashbaugh) >0vdpouo mou xapaktnpiletal ano
o&eia evapén duornvolag, Bapla uro€aluia, dtaxuta dNBNUATA KAl HEIWHEVN
evOOTIKOTNTA (compliance) TOU avarnveuoTIKOU CUOTIMATOG.

12 aoBeveic petd Aolpwén N tTpavua. kaB' urmepoxnv peppBpdvecg vaiivne (hyaline membranes) oTic KuPpeAidec otoug 6 amd 7 BavovTeg, oL BewpoLvTav
eLPNUA EI0IKO TOL CLVOPOLOL AVATIVEVOTIKNC OOXEPEIAC VEOYVWV -> £TOL apXIKa adult RDS

- 1988 O Murray mpoteivel 10 Lung Injury Score (LIS) (dinbnhuata otnv
akTivoypadia, umo&alpia, compliance Tou avANMVEUOTIKOU OUOCTNUATOC Kal
erinedo PEEP)

+ 1994 To American European Consensus Conference (AECC) &ivel Ttoug
oplououc twv ALl kat ARDS:

A. o&ela evapén,
B. Auéw dinbnuata otnv aktivoypadia cuuBatd Pe TveEUUOVIKO oidnua,

C. diatapaxn t™g ouyovwong (PaO2 /Fi02) (<300 ywa to ALI kat <200 ywa Tto
ARDS) kal

D. arouoia evdeiEewv au&nuevng meong tou AP kOAmou (1 PAOP <18 mmHg)
yla tn OlaKplon Tou UPnANng OdlamepatoTtnTag amd TO UDPOOTATIKO
TIVEUUOVIKO oidnua



loTopikn avadpopun / Oplopol (2)

- 2011 Ot ESICM, ATS, SCCM mpoteivouv Ttov “oplopd Tou BepoAivou” yla tn

otadlorioinon tou ARDS wc nmuou, petplou kKat ocoBapoU Pacel TNC

dlatapaxnc tng o&uyovwong petpolpevne pe pla ehaxlotn PEEP 5 cmH20
(10 cmH20 yia 1o coBapo ARDS)

Xpovoc
evapgng

requiring higher PEEP settings does not increase predictive
validity of the Berlin severity strata and adds complexity

O€teia evapén evtoc eBoouadoc amd avayvwplopEVo TapdyovTa KIvOOVoUL N vea/
ETOEIVOVEVN CUUTTTWHATOAOYIO AVATIVEVOTIKOU

Yno&uyovaipia

PaO2 /Fi02 201-300 mmHg
ue PEEP > 5 cmH20

PaO2 /Fi02 101-200 mmHg
ue PEEP > 5 cmH20

PaO2 /FiO2 < 100 mmHg
ue PEEP > 10 cmH20

MpogAeuon
01dNHATOC

AVaTVEVOTIKI] QVETTAPKEIQ OXETICOUEVN UE YVWOTOUC TAPAYOVTEC KIVOUVOU N €ENYOLUEVN
TANPWC amd KAPOIAKI avemapkela 1 umepdpOPTWON PE LYPA. ATIAITEITAlL AVTIKEIUEVIKN
AEloAOYNoN TNG KAPOIOKN QVETTAPKEIAG N LTTEPPOPTWONS e LYPA ETIi Amouoiag mapayovta

KivOOVOU

AKTIVOAOYIKEC
EKONAWOEIC

ALdOTEPOTAELPA SINBRPATA “CUPRATA PE TIVEUHOVIKO
oibnua” oe aktTivoypagia ) CT Bwpaka

AiNBrjpata oe TOLAAXIOTOV
3/4 TiveupOVWY

EmmAcov VEcorr >10 L/min
dlaTApPAXEC 1
¢uaioloyiag Chrs < 40 ml/cmH20

Vecorr = VE X Paco2/40 (corrected for BSA)



O veoc oplopuoc ToUu BepoAivou Oev dlapepel onNUAVTIIKA QMO TOV
nponyouuevo, Eekabapilel OUWC ApKeTA onueia:

1.Xpovoc £€vapénc — eVvIOC 72 wpwWV aArnd avayvwplopeévo Tmapdyovta
KIvOUVOU OTOUC TIEPLOCOTEPOUC aoBeveic Kal oxedOv TAVTA EVTOC 7 NUEPWV

2. Aneikovion wpaka — Aupw dINONuUATa cupBatd HPE TIVEUUOVLIKO oidnua
(0ev arodidovtal eEoANOKANpPoU o CUAAOYEG, OCoUG, HAleC 1 ATEAEKTAOLER)
OTnV QKT[VOYPQCI)(Q T,] Tn CT GCprKG O optopde Touv BepoAivou avayvwpicel emione tn xerion tng CT yia Tov KaBopiopd

Twv ameoviCopevwy dINBNUATWY EVAAOKTIKA TNG OKTIVOYpapiac Buwpaka

3. Mpo€Aeuon Tou nveupovikoU oidnuaTtoc — To ARDS propel va ouvundpxel
ue Kapoloyeveg oidnua 1 urepPopTwon OYKOU €AV 1l AVATIVEUOTLKN
averapkela dev e&nyeital MNPwe Kat avayvwpidetal rapayovtac Kivouvou.
Eni armouoiac mapayovta KivoUuvou yia ARDS mpemel va utidpxel aVTIKELIMEVLKN
a&loAoynon Tnc KapdlaKNg AelToupyilag ue uriepnxokapdloypadia 1 HeETPNON

Tn q PAO P OL TpoNYOLUEVOL OPIOPOL ATTEKAEIQV TNV LTTEPGOPTWON PE LYPA 1 TNV KAPJIOKI AVETIAPKELQ, OPWC VEOTEPA
dedopeva deixvouv OTI AUTEC Ol KATAOTACEIC PIMOPEL va cuvLTTAPXOLV UEXPL Kal 0TO 1/3 Twv acBevwyv pe ARDS

4. Otuyovwon — Emedn n PEEP propei va ermpeaosl to Aoyo Pao2/Fio2
aratteitat PEEP touAdaxiotov 5 cm H20 1 10 cm H20 oto coBapo ARDS

BvntotnTa availoya pe 1o otddlo tou ARDS: 27%, 32% Kal 45%



H diayvwon tou ARDS eivatl KAwvikn Kat dev BaaoileTal
LOVOV OTNnV aKTlvoypadia Bwpaka, Ta aEpla aiuatog 1 Tig
EPYAOTNPLOKES €EeTAOEIC.

o Aev UTIApXEL €I0LKN EpyaoTnpLlakn eE€taon naboyvwuoVvikn yia to ARDS

e 2€ OAOUG TOUG oOplopoUg armalteitatr 1
napouoia Audw MVEUHUOVIK®OV dINONuaATWV

ATIOLOIA OTOIXEIWV LTTED KAPOIOYEVOUC
TIVELHOVIKOU OlONPATOC

e auénuevog KOA

* TTAQTOC AyYEIOKOUL pioxou >70 mm

* QVAKATAVOUN AlpATWOoNG

e yoaupec Kerley B

* TIEPITUACIO oidnua (bat’s-wing)

* TIAELPITIKEC OLUANOYEC

AlGoTTaPTA SINBNUIATA EWC TNV TTEPIHEPELD
TIVELUOVWV

** H epunveia e akTivoypadiac 6wpaka dev sival mavta sUKOAN

XaAunArf cupdwvia PETAED KAIVIKWY IOTPWY OTNV €PUNVEI OKTIVOYPadIiaC Bwpaka yia TNV mapouoia audpoTeEQOTTAELPWV
OINBNuUaTwy -> otov oplopd BepoAivou mio ocadry kprhpa (dinBruata mou dev amodidovtal MANPWE O OCUANOYEG,
arelektaoia, oidla ) padec)



[TAQTOC ayyelaKoU Hioxou Kapolag

i~ AP vmokAelbiov aptnpiac and To aopTIKO TOEO

" \ l ‘ ) } * KEBETOG YPauL QTi6 T ONE(d EKHLONG TG
BN | . f
po |

ONUEIO TOUNG TNG AVW KOIANG GAERAG
ue AE otelexiaio Bpdyxo

TTAOTOC AYYEIAKOU pioxou peyaAltepo and 70 mm oe $opnTr MEOCBIoTIoBIa OKTIVOYPAdia Bwpaka o aoBevn
o€ LTTIa B€on BonBAa otn d1AaPOPOOIAYVWON TOL ALENUEVOL ATTO TO GUCIOAOYIKO N XAUNAO evOAyYEIOKO OYKO



AKTLVOAOYLKN eTepoyevela Tou ARDS

Ol akOAOLBEC aKTIVOYPADIEC BWPAKA TTANPOLV TA OIAYVWOTIKA Kptthnpla Tov ARDS




AKTLVOAOYLKN eTepoyevela Tou ARDS

Ol akOAOLBEC aKTIVOYPADIEC BWPAKA TTANPOLV TA OIAYVWOTIKA Kptthnpla Tov ARDS
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AKTLVOAOYLKN eTepoyevela Tou ARDS

Ol akOAOLBEC aKTIVOYPADIEC BWPAKA TTANPOLV TA OIAYVWOTIKA Kptthnpla Tov ARDS
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AKTLVOAOYLKN eTepoyevela Tou ARDS

Ol akOAOLBEC aKTIVOYPADIEC BWPAKA TTANPOLV TA OIAYVWOTIKA Kptthnpla Tov ARDS

Ol aKTIVOypadieC KOBWC Kal evag oadrC OPIOPOC TWV AmAIToVPEVWY SINBNUATWY CLUTTELINNGONKAV
OTOV OPIoPO TOL BEPOAivou pe oTOX0o TN BEATIWON TNG EPUNVEIAC TNG AKTIVOYPADIOG Bwpaka



AKTLVOAOYLKN eTepoyevela Tou ARDS
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CT Bwpaka mou &eixvel TNV €Tepoyevr dLoN Twv dINBNUATWY TTOL armavTwvTal cuxva oto ARDS
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AKTLVOAOYLKN eTepoyevela Tou ARDS

Avénuevn npodéoAnpn FDG (petaBolkda evepyd
dAeypovwon KOLTTAPA) 0 GUOLOAOYIKA
aepCOPEVEC TIEPIOXEC TTIOU AQUPBAVOLV OXETIKA
HEYOADUTEPO TIOCOOTO TOUL Xopnyovuevou VT
(mBavo oykOTpaALUA)

Melwpevn SpA0TIKOTNTA OTIC paxlaiec pn
AePICOPEVEC TIEPIOXEC TIVELHOVWY (ATEAEKTAOIER).

FDG-PET Bwpaka mmou avTioTolxei otnv mponyovpuevn CT



Kataotaoelc mou pipouvtal to ARDS

AapBavovtal vrtopn oe eikdova ARDS pe mio Bpadeia evapén r eni
arouoiac TPEOodAvoLS TAPAYOVTA KIVOUVOU

> UUDOPNTIKN KAPOIOKN AVETTAPKELA

acute interstitial pneumonia
nonspecific interstitial pneumonitis
cryptogenic organizing pneumonia
acute eosinophilic pneumonia
hypersensitivity pneumonia
pulmonary alveolar proteinosis)

AlGueon mveupovorabela

Noorpuata cuvoeTIKOU 1OTOU TTOAUPLOCITIOA  TMoAupLOGITIOA

ayyelridoa
oLbvopopo Goodpasture

AlGxuTn KLPEAIOIKI alpoppayia

bleomycin

TOEIKOTNTA TIVELPOVWY ATTO PAPPAKA  amiodarone
avoooBeparreia (vascular leak syndrome)

T-cell | B-cell Aepodwpua

Kapkivog ) ,
UETAOTATIKO KAPKIVWUA

EvOoRpoyxIKN dupaTiwon Xpelatovtal emmpdoBEeETEG SIAYVWOTIKEG EEETACEIG KAl
elbIkEC Bepareiec dladopeTtikee and 1o ARDS



duUoloAOYIKOC TIveUOVaC

i . i~ Lymphatic drainage
Distal airway ) .

epithelium \ : ‘k Peribronchovascular

interstitium

Perimicrovascular R - 3 ot 3
Rt A Fluid flow fror71 perimicrovascular
\ to peribronchovascular
Epithelial type 11 cell\ \ interstitium
Capilla
PInary Alveolus -
Endothelial / Epithelial type | cell Fluid
cells hitration
Intact endothelial / >TO $UOIOAOYIKO TTVELOVA, TO LYPO UETAKIVEITAL
barrier oLvEXWGE ard Tov evoAYYEIOKO OTO SIAUECO XWPEO

- oLudwva e TN 61adoPA TwV LOPOOTATIKWY KAl
rostatic pressure (Pmv) KOMOEIBWOHWTIKWY TMECEWY KaBWG Kat TN
OlamePATOTNTA TNG KLYPEAIOIKNC PeEPBPAvVNC

E¢iowon tou Starling Q= Kf ([ Pc- Pi]-op [ Mc- Mi] )

Q por) n¢ di/Bnang Tou uypou

Kf diameparornta tou evdoBnAiou otn diakivnon vepou

Pc udpoaTtarikr Tiean viog Tou auAou Tou TPIXOEIDOUG

Pi udpoararikr) mieon Tou dIAPETOU XWPOU

op DlamePATOTTO TOU EVOOBNAIOU OTNV TTPWTEIVN H e€iowon Tou Starling MepyPAdEL TOUC TTAPAYOVTEG TIOU

Mc koMoeidowawTIKN TriEaN €VIOG TOU AUAOU kaBopIiCouy To PUBLIG EE6S0L TOU LYPOV aTd TA TPIXOESN
Mi koAAogIdOWOPWTIKA TTiETT TOU dIAUECOU XWPEOU



Kapdloyevec
TIVEUUOVIKO oldnua

Increased lymphatic
drainage

Peribronchovascular
edema fluid

-

/

Fluid-filled

interstitium 4 y ’
l"f ”! _

e

When hydrostatic pressure increases in the
microcirculation, the rate of transvascular fluid filtration rises

Mn KapdloyeVER

Increased lymphatic
drainage

Peribronchovascular
edema fluid

Fluid-filled
interstitium

Noncardiogenic pulmonary edema occurs when the permeability of
the microvascular membrane increases, resulting in a marked
increase in the amount of fluid and protein leaving the vascular space



EmimTtwon

* 1990 Utah: 4.8-8.3/100,000 person-years

* 1991 Berlin: 3/100,000 person-years

« 1997 Sweden/Denmark: 13.5/100,000 person-years
«2002 Australia: 28/100,000 person-years

*2005 Seattle: 58.7-64/100,000 person-years

ALIEN study (2011) : mpoomnTikn peAetn mapathpnong (lomavia)
e xpnon oplopolL AECC Kal TpooTATEVTIKO AEPIOPO

e gtNola emintwon ARDS : 7,2 / 100.000

e BvntoTnTa otn MEO : 42.7%

* evOOVOOOKOUEIOKN BvntoTnTa @ 47,8%



EmimTtwon

(4

®

» Nedtepec exktipnoelc : 10 ewe 86 mepimtwoelc/100,000 person-year

L/

4

s LYPNAOTEPQ TOCOOTA 0 ALOoTPOAIa Kal HITA

L/

* TBavov vrmoekTiuaTal oe pTwxec Xwpec (CXR, ABGs ?)

L)

L/

*  UTTOOIAYVIYVWOKETAL AKOUN KAl OTIC TIOONYUEVESG XWPEEQ

L)

mpoodpartn peAetn mapatnonong oe 459 MEG® oe 50 xwpeg -> dldyvwon oTo
51,3% yla 1o Nro kat 78,5% yla to coBapd ARDS (kivbuvoc vrmoBeparreiag)



Pneumonia, aspiration of gastric contents, and sepsis together account for more than 85% of cases of ARDS in recent clinical trials.

[TooblaBeoikec kataotaoelc Tou ARDS

ALECEC Eupeoeg

Zopan onyn »ou SIRS (mry oEeta
TTOYRQEATITLON)

Tooavpa (U OwEaxtrO) 1 ALULOQQAYLKY

Bantnoloxnn mvevpovia.

ROTOTTANELOL
Ew6009n01 Y0.0TOL100 TTEQLEYOUEVOU Extetauévo éyrovpa
[Tvevpovinn OA&on [ToAhamhG noTayuoTo ®ot WPoAN Aimoug

Ewomvor) toSimy ovolmv (my, »omtvov, crack
cocaine [“crack” lung]) (Inhalation injury)

Toxic ingestions (7ty, AOTMQE(VT], TOLHUAAMAKA
aVTLROTOOATTLLA)

[Tvevpovia amd Pneumocystis jiroveci now AGAAOL
gvnapLond. tafoyova

OLEm Ol ETTAVOLUATWONG usroc eupoientoun M

Primary graft failure of lung transplantation
LUETAUOOYEVOT| TTVEV OV,

2ZTOUG EUUECOVS 1] CUOTNUOTIXOVS UNYAVIOUOVS TTVEVUOVIXNG PAAPNS, auTh) TooéQyeTaLl Amtd TN 0QAOT OTO
eVOOONALO TV RVPEAOLRDV TOLYOELODV TV PAEYULOVWODOV 1) AAAWV LECOAUPNTWV TTOV UETAGEQOVTUL LECM TNG
TIVEVULOVLXTC HURAOGDOQLOC



[TaBoyeveon tou ARDS
E€lopwpuatikn (exudative) ¢paon

apyIKn andvtnon mveupudvwy otn PAGRN

BAGBN KuPeAdwV evOOo- Kal EMBNAICKWY GPAYHWY (TPIXOEIOIKT dladuyn)
erayopevn and GuLOIKN avooia

OLOOWEELON TTAOUOIOU OE TIPWTEIVEC OIBNHATWIOUC UYpoU EVTOC SIAUETOU
XWOEOUL Kal KupeAidwv (adpavoroinon Tou surfactant)

EKKPLON PAEYLOVWOWV KUTTAQOKIVWY ATTO KUPEAIOIKA JOKOOPAYa UE
ATTOTEAECUA TNV ABpOoIoN OUBETEPOPIAWV KAl LOKPODAYWY KABWC KAl TNV
EVEQYOTTOINON TWV KUPEAIDIKWY ETIIBNAIOKWY KUTTAPWY KAl TWV OQACTIKWY T
KUTTAPWY PE ATTOTEAECUA TNV TIPOAYWYN KAl CLVTNPNON TNG GAEYLIOVNC KAl
IOTIKNC BAGRBNC

emayopevn arnd tov TNF ekppaon Tou I0TIKOU TTapAyovTa TTROAYEL TN
OLOOWPELON AILOTTIETOAIWY KAl OXNUATIOUO HIKPOBPOUBWY KOBWCEC Kal ToV OPIUO
evOOKUPENOIKO OXNMATIONO HENBPAVWY UAAivne

TEQAITEPW PNEN KLPEAIBIKOU ppaypoL amd evepyoroinon evoobnAiou/
LIKpOQyYEIaKr BAABN kal armd dldtaocn anmd PUNXaviko agpiopo



E€dpwpaTikr (exudative) ¢pdaon

Healthy

Bronchal

. g
0CJ

o Apoposis or necrosis of AEC| and AECH

epthehal injury
SRAGE, SP.B, SP.D, CC- 16, laminin y2. KL.6)

FRR

P(eg. LPS)
DAMP (e g . HMGB 1 metDNA)
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[TaBoyeveon tou ARDS

YTePMAQOTIKI (proliferative) ¢paon

Evapeén Slepyaolwyv eEmdIoPOwWoNc KUPEAISIKNC APXITEKTOVIKAC KAl ASITOLPEYIAC
ONUAVTIKA YIa eMTRIwon aoBevolg

ATTOKATACTACN AKEQAOTNTAC £MBONAIOL (MOAAATAACIAOMOC TwV TUTTOU ||
KUPEAOIKWY ETTIONAIOKWY KUTTAPWVY PE OladopOomoinon Toug o€ Tumou |
KUPEAOIKA emMBNAIAKA KOTTOPA)

gmavappopnon KUPeAISIKOL oIdUATOC

TTAPAYWYN TTPOOWPIVNC eEWKUTTAPIOC BepEAIac ouaiacg and VoBAAOTEC



[TaBoyeveon tou ARDS

IVwTIKN (fibrotic) daon

TeAIKN déon

oev epdaviCetal oe OAOLC TOUC AOBEVEIC

N EKTETAPEVN KATAOTPODN TNC BACIKNG HEUBPAVNC KAl N AQVETTAPKNG N
KaBuoTepNUEVN emavemNBnAloTToinon odnyei otNv avantuen SIQUEONC Kal
evOoKLPEMOIKNC Ivwoncg (SlaTtapayuevn emobAWoN)

oxeTi(eTal Pe avAykn yla TTaPATAaon TOU MNXAVIKOU agPIoCMOU KAl AuENUEVN

BvntoTnTa



YTIEQTTAQOTIKI KAl IVWTIKA dAoN

A Proliferative phase B Fibrotic phase
) a Awrway progemior and AECH !
op u prohferation and dfferent ation
- into AEC) o
>

Pha gocyosis of Extenswe damage to basement
membranes leading © failure n

reepithehal zation
)

Denuded basement
membrane and lack of
srfactant production

e X — — ————— "—vf‘— w— ——; -
 Dramageof nterstal edema  "SSPISE0 e n SRl



Fraction of maximum

XpovViKn ropeia eEeAt&Enc tou ARDS

Exudative stage Proliferative stage
1.0 |
!
Edema :
: Interstitial
% rinflammatic
Hyaline membranes : Interstitial
: fibrosis
0.5 $ * '
!
|
!
|
|
!
!
!
0 ! /L
1 2 3 4 5 6 7 8 9 10111213 14
Time following injury (days)
IMomuun Oyuy Yneomhootixi ¢paon

eEL00MUOTIXY] (PAoN

£EL0QMUATIXY) PAOoN

(ueta oo 7-10 NUEQEEQ)



KaBoplopdce Baputntac tov ARDS (1)

AvTaAAayn agpiwv

O&uyovwon : ekppaleTal pe To Aoyo Pao2/Fio2
e Bewpeital ard TOLC CNUAVTIKOTEPOUC OEIKTEC

e OUWC OTIC TTEPIOOOTEPEC PEAETEC OEV BPEBNKE CLOXETION AVAPECO OTNV LTTOEAIUIO
KAl TNV eKPaon Kal N oEuydvwon 6ev dledePe OTIC dladopec daoelc Tov ARDS (kal
TIC OLVETTOKOAOUBEC OOUIKEC OANAYEC TOL TTAPEYXVUATOC)

* TTTWYXOC OEIKTNC TNG OLVOAIKNG BOPULTNTAC TNC TVELUOVIKNC BAGBNC

PaC02 = KVC02

AmofBoAn Tou CO2 : ekppaleTal e TOV OAIKO 1 KUPEAISIKO VEKPO XWPO VA
e LEYOAUTEPNC A&iag oTnV agloAdynon TNG TVELUOVIKNG BAGRNC
* O QPXIKOC VEKPOC XWOEOC ATOTEAEL IOXLPO OEIKTN TNC TEAIKNC EKBAoONC

* TO Paco2 (yia tov iblo oAkd agplopd) otabepd avEdveTal and TO TTPWILO TTPOC TO
oo ARDS, avtikaTomTpiCovtag TIC OOUIKEG AANAYEG TOU TTAPEYXVHUATOG



KaBoplopdce Baputntac tov ARDS (2)

Compliance Tou avamnveuoTIKOU GUCGTAHATOG CRS =—

AP

dev ephauBaveTtal otov TpExovTa optopd ToL ARDS
Vla Xpovia armodldOTav AmOKAEIOTIKA oTn stiffness tou mveduova

ueAeTeC pe moooTikeG CT Bwpaka e€delcav OTL avTIKATOMTPICEl KLPIWC TO
LUEYEBOC TOL TTVELIOVA TTIOL OEXETAL AEPIOPO (baby lung) kat Ot N evdboyevng
AEITOVPYIK EAAOTIKOTNTA TOUL TveLPOvVA eival oxedOv GUOIOAOYIKN (lung is
“small” rather than “stiff”)

acloloyei epypeca TN BaplTNTA TNC TIVELPOVIKNCG BAGRNC (TTeplocoTtePo amd
TNV avToAAayr aepiwv) (the smaller baby lung, the greater lung injury)

emionc TmpeEmel va AauBavetar umoypn n compliance TOU BWEAKIKOU
TOXWHATOC, KUPIWG O QoBeveiC pe TTAXLOAPKIa, augnNUEVN EVOOKOIAIOKN
rieon N oibnua ava odpka (LETENON TNG EVOOKOWNOKNG TTieong TPV amd TN
oLBUIoON TWV settings Tou avanveuvoThPA)



Baby lung”

AlLll

PEEP 12




OonyoC mieon

AuTONOTN avarvon
APmusc = APpl + APL

Mnxavikn avarvon (BETIKWV TLECEWV)
APaw = APL + APpl

APL : mieon €Kmu&énc Twv TIVEUMOVWYV OE AUTOMATN KAl PNXAVLIKN
aVvarvor

APpl : apvntikn o€ autoupatn avarvon (euvoel ™ PAEBLIKN
eTuoTpOPn), BETIKN O PnNXaAVIKN avarvor) (rapeurodidel Tn PAEBLKN
ETULOTPODN)

-
!‘ V4 7 7
- APmusc: nieon avarnveuoTIKWV HUWV

APpl: uteCWKOTIKN Tiieon

| APL: dlarnveupovLkn Tiieon ‘

APaw: riison agpaywyou (os end-inspiratory pause) |



AlQmvVELUOVIKIN TTlEON

[la v idta odnyo riieon (APaw = APL + APpl)

o+ €AV 0 nveupovac cival stiff kat To BwPAKIKO TolXWHA EUEVOOTO, HeYAAUTEPO
noocooT1o TnNC APaw omataAdtal yia tnv EKMTuén Twv niveupovwy (uPpnAn APL)

o+ €AV 0 TIVEUHOVAC eival EUEVOOTOC Kal TO BwPAKIKO Toixwpa stiff, peyalltepo
nmoocooto TNC APaw omataAdtal yia Tnv EKMTUEN ToUu BwPAKLIKOU TOLXWUATOG

(upnAn APpl)

H Starveupovikn mieon (APL) unopei va ekppaotel wc n odnyog rieon €ri 10
AOYO TNC €AAOCTIKOTNTAC TWV TIVEUUOVWYV TIPOC TN OUVOALKN €AACTLIKOTNTA TOU
AVATIVEUOTIKOU CUOTIHMATOC :

APL = APaw x EL/Etot



EL/EfOt = 0.8 EL/EfOf = 02
“Stiff”

L Ew
P=6 Pp, =24
B cm H,O em H,0O

A
Alakopavon tou Aoyou EL/Etot oe aoBeveic pe ARDS

A, EL/Etot = 0.8 (moAV pikpoi baby lungs kat pucloAoyikn EAACTIKOTNTA BWPEAKIKOU
TOLXWHATOG)

B, EL/Etot = 0.2 (maxvoapkia kat vPnAn evOOKOIAIAKN TIiEON)

Apa yla tnyv idta rieon agpaywyou (30 cm H20), n diartvevpovikn ttieon (PL) propei
va Kupaivetal aro 6 ewg 24 cm H20

‘ lOl L/Etot lp l ' o 05 }L




—TTIIOTPATELOIOTNTA TTVELHIOVA
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A&loAoynon smoTPATEUCINOTNTAC IVEUMOVA Je auénon Tne PEEP pe Tn CT Bwpaka

Topec CT Bwpaka 0TO TEAOC EKTTVONC TTOL OEIXVOLV CNUAVTIKY EMOTPATELOIPOTNTA TIVEVPOVA e avENoN
™¢ PEEP amd ta 12 cmH20 ota 20 cmH20 oe acBevr) ue ARDS urmd KOTAoTOAN Kal JuoxXaAaon

reversal of alveolar collapse at higher PEEP in the mid-dorsal lung
risk of overdistension of upper non-dependent units



KaBoplopoc Baputntac tov ARDS (3)

BapuTnTa nveupovikne BAapne

e kaBopiCetar pe ™ CT Bwpaka amd TO TOCOOTO TOU PN aePICOUEVOU
TIVELPOVIKOU 10TOD OTO TEAOC TNC €KMVONG (end-expiration pause ota 5
cmH20): TTUKVWTIKOS (PN emoTPATeVOIPOC) o€ Tieon agpaywyoL 45 cmH20)
KAl ATEAEKTATIKOC AAAQ emioTpaATeVOIPoC oTa 45 cmH20

e TO TTOOOOTO TOU PN QePICOPEVOL TIVEULUOVIKOU 10TOU (TTUKVWTIKOU Kayn
ATEAEKTATIKOV) KupaiveTal arnod 5% ew¢ 70% TOL CLVOAIKOU TTAPEYXVUATOC

e TA TTOOOOTA TOUL PN AePICOPEVOL TIVELUOVIKOD 10TOU (TTUKVWTIKOU KAl
ETOTPATEVOIPOL) KAl TOU ETTIOTPATEVCIUOL TIVEVHOVIKOU 10TOU (0O€ TTieon
agpaywyoL 45 cm H20) oxeTtiCovtal ye TN BvnopdtnTa



KaBoplopoc Baputntac tov ARDS (4)

EmoTpaTsucigoTnTa nveupova

e TO TTOCO TOU TIVEUPOVIKOU LOTOU TTOL ETTAVOKTA AEPQIOUO KATA TNV ALENON TNG
odnyoL Tmieonc amd Ta 5 ota 45 cm H20 (kupaivetal and aueANTEO EWC
25% pe 35% 1oL MTAPEYXLUATOC)

e H CT Bwpaka €ival 0 KAAUTEPOC TEOTTOC AtloAdynoNnc TNC BaputnTtag TNG
TTVELUIOVIKNC BAORNC KAl TNCG EMOTRATELOWOTNTAC TOL TTVeLOVA (Kal Ta SLO
oxeTiCovTal pe tn BvntoTNTA)

e [a pia evpeia dlakLUAvoN TNC TVELUOVIKNG BAGRBNC (armd 20% ewc 60% ToUL
TVEVUIOVIKOU TTAPEXVPATOC) Ol TIHEC TWV PUOIOAOYIKWY PETABANTWY (AOYOC
Pao2/Fio2, compliance kat Paco2) aA\nAoemKaAumTovTaAl



YTIAPXEL CLOXETION TOL ETOTPATEVCIUOL TIVELHIOVA Ue TN BapuTnTa
TNC TIVELUIOVIKNG BAGRBNC

H €KTaon Tou GAEYUOVWOOUC TIVEUPOVIKOU OIONUATOC oXeTiCeTal Ue
NV mMBavoTNTA KLUPEAIOIKNG aTteAekTaaoiac (collapse) kat dpa pe To
TTOOOOTO TOU EMOTPATEVCIUOL TIVeLOVA

H kupla vooo¢ (core disease) avtikarontpiCetar amd TO N
ETOTPATEVOIPO TIVEUHOVIKO 10TO ota 45 cm H20 eVl N
mePIBAAOLOA PAEYUOVWONG AVTiOpaon avtikatorntpidetal and Tov
ATEAEKTATIKO AAAA ETTIOTPATEVOIUO TIVEVUOVIKO 1OTO



Ol €vvolec TOU stress Kal Tou strain

Stress: N epappoldpevn duvaun (SlAMVELUOVIKN TTieon)

Strain: n ypapuikn mapapopdwaon evog LAIKOU (AAAQYr) TOL OYKOUL TIVELHOVWV
OUYKPITIKA PE TOV OYKO NPEpIiag)

Lung-specific elastance (Espec): 0 AOyoC¢ avaueod oTo KLUPEAOIKO Stress Kal
strain

AP.= Espec x AV/V,
AV: avartveopuevog oykocg (V)
V.: 6ykoc npeuiag, FRC oe ZEEP

H lung-specific elastance eival n dlamveuoVviKkn Tieon Tou analteital yia
TO OMAAOCLAOUO TOU OYKOU NpPeuiag Twv Tveupovmwy (dnA, n AP. 6tav AV/
VO oouTal pe 1).



H lung-specific elastance oto ARDS eival oxedov ¢GuOIOAOYIKY (Ol
TMVEVIOVEC €ival PIKpoi kat Oxt stiff) (baby lung)

O kaBoplopdc Tou VI obudwva pe TO 10AVIKO BAPOC owpaAToC 0dNyel o€
TEAEIWC OlAPOPETIKO strain avaAloya pe 1o peyebog tou baby lung (VO,

OYKOUL NPEUIaR)

Etol, eav tebel VI 10 mbL/kg IBW oce aocBevry 70 kihwv pe ARDS
MPOKAAeiTal KUPeAIOIKO strain mrou loovTtal pe VT ico pe 17 mL/kg, 25 mL/
kg, and 50 mL/kg, €av ol vevpoveg Tou (baby lungs) avTioTolxouv OTO
60%, 40% n 20% TOUL QGULOIOAOYIKOD pEYEBOLE TOLC (avaAoya PE TO
UEYEBOC TNC TIVELPOVIKNC BAABNC), TIMEC TTOL OXeTICoVTaAl UE ONUAVTIKN
TIVEVUOVIKN BAOBN 0€ €pYA0TNPIOKEC PEAETEC

Otav 10 strain temepdoel TNV KPITIKA TN 2, mpokaAeitatl VILI oe vyleic
mvevpoveg peTa 24-48 wpeg (Olatapaxr) o€ PNXAVIKY QvamveULOTIKOU,
AVTAAAQYN QEPIWV, AlJOdLVAUIKY KaTtaoTtaon, dAeyuovn, BAABN AAwV
opyavwy, 100% BvntdtnTa)



Ventilator-induced lung injury (VILI)

Barotrauma
Volutrauma
Atelectotrauma
Biotrauma

Air embolism/translocation



Ventilator-induced lung injury (VILI)

Normal After 5 min After 20 min
lungs of ventilation of ventilation




Ventilator-induced lung injury (VILI)

ermavaiauBavopevn
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Biotrauma
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Ocpareia ARDS

AoBevnc vpnAoL KivoLvou via avantuén ARDS
(Tapovoia TTPOOIABECIKOL TTAPAYOVTAQ)

>

v

Avantuén ARDS

>

v

Xpnon lung-protective ventil

EAaxioTonoinon Kivouvwy yia lung injury
e KAion kAivne > 30”7 yia armoduyn elopoddnonc
* Ammogpuyn AOKOTTWV UETAYYIOEWY
e Xpnon xaunAwv VT (lung protective ventilation) ya

aropuyn VILI

Avayvwplon Kal Beparreia mpodlabeoIkwyY AITIWY

ARDS kal Aomwv OUVOOI’]DOTF’]TU)V (first priority)
eg, in sepsis, early resuscitation, appropriate
antibiotic agents, and source control

[lapoxn best-evidence LIMOOTNPIKTIKNC BEpAmeiac

ation

Edappoyr) CUUTTANPWUATIKWY BEPATTEIWV

>

Xpnon Beparneiwyv olowong oe BapL avBIoTAUEVO



YTTOOTNPIKTIKN Bepareia

[ aoTponpooTaoia

[ 10ODULAAKTIKI QVTITNKTIKI AywynN

[ToOANYN Kat Bepareia voookopelakne mvevpoviac (VAP bundle)
Yrootnpien Bpeyng

EAeyxoc yAukaiag

Alatriponon Hb>7g/dl
Meiwon TNC KaTavaAwong 0ELYOVOU (AVTIITUPETIKA, KATAOTOAN,

LLOXAAOON)



2 VUTTANPWPATIKN Bepareia Ttov ARDS

20VTNENTIKN ("dry”) OTPATNYIKA XOPNYNONG LYPWV
[Towipn duokoBepareia

Eykalpn evapen HLOXOAPWTIKWY (Cis-atracurium)

CTTITOETTT LTTEQKATIVIAL

[1pnvng Beon

XEIPIOPOL ETTIOTPATELONC



ORIGINAL ARTICLE

Comparison of Two Fluid-Management
Strategies in Acute Lung Injury

MAP 260 mm Hg without vasopressors

Measured intravascular pressure (mm Hg) MAP (except dopamine <5 pg/kg/min)
<60 mm Hg
CvP PAOPG or a need for Average urinary output <0.5 ml/kg/hr | Average urinary output 0.5 ml/kg/hr
any vasopressor
(e";ept :°p"'f"""° Ineffective Effective Ineffective Effective
‘CO‘:g/i dgl ':('):)' Circulation Circulation Circulation Circulation
Conservative| Liberal |Conservative| Liberal | rectable causes Cardiac index , Cardiac index . Cardiac index . Cardiac index 2
strategy strategy strategy strategy of shock first <2.5 liters/min/m? | 22.5 liters/min/m?2 | <2.5 liters/min/m? | 22.5 liters/min/m
or cold, mottled or absence of or cold, mottled or absence of
skin with capillary- | criteria for ineffec- | skin with capillary- | criteria for ineffec-
refilling time >2 sec| tive circulation |refilling time >2 sec| tive circulation
R 1 1 Vasopressor® |3 KVO IV 7 KVO IV 11 KVO IV 15 KVO IV
i~ Fluid bolus" | Dobutamine* Furosemide®!24 | Dobutamine* Furosemide®! 34
Furosemide®.1.2.4 Furosemide®.!.34
>13 >18 >18 >24
4 KVO IV §KVO IV 12 KVO IV 16 KVO IV
Range 2 Dobutamine” Furosemide®!24 | Dobutamine* Furosemide®!.4
9-13 15-18 13-18 19-24
Range 3 2 Fluid bolus" |5 Fluid bolus¢ 9 Fluid bolus® 13 Fluid bolus€© 17 Liberal
g Vasopressorf KVO IV
18 Conservative
4-8 10-14 8-12 14-18 FurosemideB.L.34
Range 4 6 Fluid bolus® 10 Fluid bolus®© 14 Fluid bolus® lgfll.::i);r;:ﬂus
20 Conservative
<4 <10 <8 <14 KVO IV




ORIGINAL ARTICLE

Comparison of Two Fluid-Management
Strategies in Acute Lung Injury

The National Heart, Lung, and Blood Institute Acute Respiratory Distress
Syndrome (ARDS) Clinical Trials Network*

In conclusion, we found that use of a conser-

1.0+
a0l S Allve: liberal strategy vative fluid-management protocol with a lower
084 @ TV Alive, conservative strategy central VENous pressurc or p uln.lonary-;artery oc-
g oy Breathing ““'--_-;-::_-:_.:_.:._.:._.:._.;._.;._.;._.;.__; _______ c.lusu.)n pressm:e target resul.ted in a mgor mduF-
3 Roie '_/,—"“/‘/"_'_,_.ﬂ.;__7f———_—-*' tion in net fluid balance thhqut an increase in
,g o's co:tsrzxzt):\:f,,f"/,,’/” el srategy adverse events, as compared with a liberal fluid-
g / management protocol targeting higher intravas-
§ o4 / -/ cular filling pressures. Although we did not de-
£ o3 / /// tect a difference in the mortality rate between the
024 [/ two approaches, the conservative strategy im-
01 // proved lung function and shortened the duration
S| — | , , | , of mechanical ventilation and intensive care,

0 10 20 30 40 50 o without increasing noaniEonary organ failures.

These results support the use of a conservative

Figure 3. Probability of Survival to Hospital Discharge and of Breathing strat of fluid management in patients with
y ag
without Assistance during the First 60 Days after Randomization. acute lung injury
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Neuromuscular Blockers in Early Acute Respiratory
Distress Syndrome

Lon, The mechanisms underlying the beneficial

effect of neuromuscular blocking agents remain
speculative. A brief period of paralysis early in
e S | the course of ARDS may facilitate lung-protective
o5 Pacbo | mechanical ventilation by improving patient-
04 ventilator synchrony and allowing for the accurate
03- adjustment of tidal volume and pressure levels,
02- thereby limiting the risk of both asynchrony-
0.1 related alveolar collapse and regional alveolar-
00— ——————————— | pressure increases with overdistention. Another

Days after Enroliment possible mechanism of the benefit involves a de-

0.94

0.8

0.7+ Cisatracuriurr_l

Probability of Survival

) .. s
Figure 2. Probability of Survival through Day 90, According to Study Group. | _CT€aS€ 1Nl lung or systemic inflammation.




AVTEVOEIEEIC VIO ETIITOETTTH LTTEQKATVIA

e Auénuevn evookpavia mieon avetaptNTwe armoloyioc (KEK, XKB,
KAKoNBnc vmepTaon)

e OEL ayyelako eYKEDAAIKO ETTEICOOIO

e Oteia N xpovia JLOKAPOIAKN loxXalpia

* Bapld mveLUOVIKN LTTEQTAON

e AetlO KQPOIAKI AVETTAPKELQ

* Mn dlopBoLpuevn Bapld peTABOAIKI 0EEWoN

e APETTAVOKUTTOPIKI avalia
* YTIEPOOOOAOYIA TPIKUKAIKWY QVTIKATOABAIMTIKWY
* ANUPN B-blockers

* Eykubpuoouvn

KivOUVOG HELWHEVNG EUPPULKNG ALUATIKNG poNG (dalvOueVo UTIOKAOTNG AOYW ayyeLOOLIA0TOANG)
METATOTION TNCG KAUTUANG amodéopeuoncg mg Hb mpoc ta AE kal peiwon tou mpavoucg o&uyovou peTa&u
untépag-epppuou)
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Prone Positioning in Severe Acute Respiratory Distress

Syndrome
1.01‘\1‘\‘
- \\‘\L
g 0.8- ~~—————____Pronegroup
5 T : L :
z o6 T Supine group In conclusion, this trial showed that patients
- with ARDS and severe hypoxemia (as confirmed
a . . .
e ™ by a Pao,:FI0, ratio of <150 mm Hg, with an
E F10, of 20.6 and a PEEP of 25 cm of water) can
E 024 P<0.001 “
S benefit from prone treatment when it is used
ood—v—rp—p | early and in relatively long sessions.
0 10 20 30 40 50 60 70 80 90
Days

No. at Risk

Prone group 237 202 191 186 182

Supine group 229 163 150 139 136

Figure 2. Kaplan—-Meier Plot of the Probability of Survival from Randomiza-
tion to Day 90.




OdeAn TNC mpnvouc Beonc

Opoyevoroinon TNC KATAvouNnc TNG OLATTVELUOVIKNC TTiEeoNC
OTOV KATAKOPLGPO acova (ventral-to-dorsal axis)

Meiwon Tnc vrePOIATAONC KAl AVENON TNC OTPATOAOYNONC
KUPEAOWVY

Meiwon Tou stress kat strain Twv KLPEAIdWV

AVOKOTAVOUN TNC APATWONCG 0 KAAUTEPA AePICOUEVEC
KUPEAIOEC

EEAAeN ocupmieonC Twy TIVELUOVWY ATTO TNV KAPOIA




AvTeVOEiEeIC TTONVOLC BEoNC

EvOOKpAOvIa LTTEPTAON
AoTaOn kataypata

KatdyuaTta ommovOLAIKAC OTHANG

Katayuata mpoowrTiKoU KPAvIiou
MeTa mpoodaATN OTEPVOTOUN

EkTeTapeveveg OepuaTikeC BAGReC mpdoblag empAveIO CWUATOC



Yrootnpien Bpedng
MeAetn EDEN: oUykplon lower-volume (trophic) pe mAnpn eVTEPIKN OITIoN
wWC TTPOC TNV eKPBaon aocBevwyv pe ARDS
* OeVv BeATIwBNKE N EKPBaon

* OUWC UIKPOTEPN OSuoavetia TE2Z (epetol, yaoTplkd LTTOAElUUQ,
OUOKONOTNTA)

* OUOTNVETAL N OTAOIOKN ALENON TNC OIEVTEPIKNG OITIONC €wg TNV TIANEN
BepUIOIKI KAALYN YO arroduyn Twv [ E2 emmAokwy

MeAetn OMEGA: BeAtiwon €kBaong pe cuuminpwpata Pye w-3 Aimapd o&ea
KAl QVTIOEEIOWTIKA

* OeVv BeATIwBNKE N eKPBaon
e [E> emmAokeg (Oldppola)



OdeAn pnxavikoL aeplopoL oto ARDS

< ACLOTTIOTN XOPNYNoN LPNAWVY UYHATWY OcLUYOVOU
* 2TPATOAOYNON ATEAEKTATIKWY TIEQIOXWV TTVELOVA

<« Meiwon €pyou avamnvong

<« Meiwon PAEBIKNC emOoTPOPNC KAl EI0OO0L LYPOU OTIC

KUPEAIOEC

ALENUEVO €PYO Avarvonc Aoyw

* XaUNANG compliance kal

* AUENHEVOL VEKOOUL XWOOU



ARDS Network
L ow-l1dal-Volume
Ventilation Strategy



PUBUIoCN TOL AVATTVELOTHPA

1. YmoAoyliopog tou IBW

Male IBW = 50 + 0,91x(height [cm] — 152,4)
Female IBW = 45.5 + 0,91x(height [cm] — 152,4)

2. Xpnon assist/control yovrehou pe apxikod VT ota 8 mL/kg IBW

3. Meiwon tou VT kata 1 mL/kg kGBe 2 wpeg €we 6touv VI = 6 mL/kg
IBW

4. Apxiko RR ocOudpwva pe anmarovpevo Kata AemTO agpIopo (OXL >35
bpm)

5. [lpooapuoyr Twv VT kKat RR yia emnitevén otoxwv pH kat Pplat

6. P0BuloN €lomVeELOTIKNG PONC TTAVW Ao anmaltoelc aoBevoug (>80 L/

min) pe otoxo eva Aoyo |:E 1:1.0-1.3



Proportion of Patients

0.0+

The New England
Journal of Medicine

© Copyright, 2000, by the Massachusctts Medical Society

VOLUME 342 May 4, 2000 NUMBER 18

VENTILATION WITH LOWER TIDAL VOLUMES AS COMPARED WITH
TRADITIONAL TIDAL VOLUMES FOR ACUTE LUNG INJURY
AND THE ACUTE RESPIRATORY DISTRESS SYNDROME

-------------------- In this large study of patients with acute lung in-
§ e JUrY and the acute respiratory distress syndrome, mor-

-

mmmm T tali% was reduced bz 22 Bcrccnt and the number o
Lower tidal volumes vennlator-iree days was ater 1n the oup treate
WIth lower tiqal volumes Ecﬁan n the group treated

- Survival

. - |
---- Discharge with traditional tidal volumes.
Traditional tidal volumes
......... Survival

-== Discharge

40 60 80 100 120 140 160 180
Days after Randomization



Tidal Volume (ml)

Conventional Ventilation

Alveolar
collapse

Alveolar
overdistention

Tidal Volume (ml)

Protective Ventilation




Ta 6 mL/kg IBW dev amoteAolv Tov 10avikO VT yia OAOUC TOUC ACBEVEIC

* 2& Q0Beveic pe TOAD PIKPOUCG baby lungs pmopel va emayouv
LTTEPBOAIKO strain (avtikatonmTpiletal and TN peyaAn Tiwr ™e Pplat)

EVW

e 0 aoBeveic pe peyalo mooooTd AgPICOPEVOL TVELPOVA UTTIOPEL va

elval QveTTapKNG



2 TOXOC OELYOVWONC:
Pa02=55-80 mm Hg ) SpO2= 88%-95%

1. EAaGxiotn PEEP 5 cm H20
2. Xprnon tTwv akoAouBwv cuvvovaopwv FIOZ2/PEEP yia emitevén oEuydvwonc

Lower PEEP/higher FiO2
Fi0, 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7
PEEP 5 5 8 8 10 10 10 12

FiO; 0/ (08 [09 |09 [09 |1.0
PEEP 14 14 14 16 18 18-24

Higher PEEP/lower FiO2
FiO; 03 (|03 [03 |03 |03 |04 [04 |05
PEEP | 5 8 10 12 14 14 16 16

FiO; 0.5 0.5-0.8 | 0.8 0.9 1.0 1.0
PEEP 18 20 22 22 22 24




Pulmonary volume-pressure curve

1.2
7 0.8
) \ |
g Upper ||  ©nweio mépa amd to omoio
3 Ideal PEEP level inflantion | vepdlateivovtal ol AgPICOUEVES
> 0.4 \ , | KUPENSEQ
0.0

0 10 20
Airway pressure (cm H,0)

PEEP > LIP -> amoduyr) Tou ateAekTpavuaTtoc

Pplat < UIP -> amoguyr) umepdldtaonc

OUWC N oTpatoAdynon KuPeAidbwy cuvexiCetal ToAL mavw and TN LIP kat yia meoeig ewe 45 cm H.O



Probability
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Higher versus Lower Positive End-Expiratory Pressures
in Patients with the Acute Respiratory Distress Syndrome

there were no significant dif-
ferences in mortality rates or the numEers ot ven-
Lower PEEP, overall survival  ti]ator-free days, ICU-free days, or organ-failure—

Higher PEEP, overall survival free days between the lower- and higher-PEEP study

0.6- Lower PEEP, discharge ...~ groups.
0.5 ) .' ......... e |
gt Higher PEEP, discharge )

0.4- emzmee we found no sig-
03 o nificant differences between study groups in the

' P changes in plasma levels of biologic markers of in-
0.2+ )‘f' flammation and lung injury
0.1 ’4'

.:-l’é,
0.0 v T T T T T 1
0 10 20 30 40 50 60

Days after Randomization
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Lung Recruitment in Patients
with the Acute Respiratory Distress Syndrome

Lower Percentage of Potentially Recruitable Lung Higher Percentage of Potentially Recruitable Lung

S.cm of water g 45 cmof water 5 cm of water 45 cm of water

el i -
p # B
' %

- A=

Q@™ \ .\

N

in our
daily practice we limit the use of PEEP levels of
more than 15 cm of water to patients with a high-
er percentage of potentially recruitable lung?® and
of PEEP levels below 10 cm of water to those with
a lower percentage of potentially recruitable lung.

the use of higher PEEP levels in patients with a
lower percentage of potentially recruitable lung

provides little benefit and may actually be harm-
ful.



e H vpnAdtepn PEEP eival emwpeAnc oe acBeveic ye peyoAluTtepen
ETMOTOATELOIPOTNTA TIVELPOVA KAl Axpnotn N emdNuIa o A0BEVEIC

LUE XAUNAN EMOTPATELOIPOTNTA TTVELOVA

e 2TN peTA-avalvon tou Briel Twv Tpwv PeyaAlTEPWY PEAETWV OEV
davnke BeAtiwon otnv emPBiwon ota dLo group acBevwy (higher vs

lower PEEP) mapd pévo otoug aocBeveic pe Aoyo Pao2/ Fio2 < 200
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Mechanical Ventilation Guided by Esophageal Pressure
in Acute Lung Injury
Esophageal-Pressure-Guided Group

F10, 0.4 0.5 0.5 0.6 0.6 0.7 0.7 0.8 0.8 0.9 0.9 1.0
Pw‘p 0 0 2 2 B 4 6 6 8 8 10 10
Control Group
F10, 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.9 0.9 0.9 1.0
PEEP 5 5 8 8 10 10 10 12 14 14 14 16 18 20-24
350 8 s0- § o0
E Esophageal pressure z 1 C Esophageal pressure
300 Esophageal pressure I - 4 e T 1 g 2.0 1
250+ . g 5 Y !/{ ---------- i t
200 E \§ 30.0- Conventional treatment
i:zd Conventional treatment P=0.002 é:g 20.0 P=0.01 g v
- 3 | £
50 % 100 ?ﬂ'g -4.04 Conventional treatment P<0.001
* Basel 24 H 48 H 72H & O e g o
ine r r r ne 24 Hr 48 Hr 72 Hr - Baseline 24 Hr 48 Hr 72 Hr
Esophageal-Pressure-Guided = Conventional Treatment
Outcome (N=30) (N=31) P Value
28-Day mortality — no. (%) 5 (17) 12 (39) 0.055
180-Day mortality — no. (%) 8 (27) 14 (45) 0.13

As compared with the current standard of care, a ventilator strategy using esophageal
pressures to estimate the transpulmona ressure significantly improves oxygen-
ation and comgliance. Multicenter chmcai trials are nee§e3 to determine whether Eﬁxs

approach should be widely adopted.



2TOxoc Pplat: ewc 30 cm H20

1. 'EAeyxoc twv Pplat (pe eionvevotikn mavon 0.5 sec), SpO2,
RR, VI kat ABG touAdxiotov kKGBe 4 wpec Kal YeTA KABe
aA\ayn ce PEEP R VT

2. EGv n Pplat >30 cmH20, peiwon tou VI katd 1 mlL/kg
(minimum 4 mL/kg IBW)

3. Eav n Pplat <25 cmH20 kat VT< 6mL/kg, avénon touv VT
kata 1mL/kg ewcg otou Pplat >25cmH20 | VT = 6 mL/kg

4. EAv n Pplat <30 cm H20 and breath stacking occurs,
avgnon tou VI kata 1 mbL/kg IBW (maximum 8 mL/kg)
edpoOoov n Pplat <30 cmm H20




To oplo aopareiac Twv 30 cmH20 yia tnv Pplat dev 1oxbel oe GAoLG

TOLC QoBeveic kKal ecaptartal amd TV compliance ToU BWPEAKIKOU

TOIXWUATOG

H idla Ty ™¢ Pplat mpokahel TeAEiwC OIOPOPETIKEC TIUEC Stress

(BlarmveuvpoVvIKNC TTieonc) otoug dladopouc aobeveic ye ARDS

H Pplat eival mtwxo¢ O€IKTNG TOL TIVELUOVIKOU Stress



2TOX0C pH: 7.30-7.45

AvTipeTwmon o&cwoncg (pH <7.30)

1. EGv 1o pH = 7.15 -7.30, abénon tou RR €w¢ 6tov pH >7.30 H PaCO2
<25 mm Hg (maximum RR = 35); edv RR = 35 kat PaCO2 <25 mm Hg,
xopriynon NaHCO3

2. EQv 10 pH <7.15 mapd ™ xopniynon NaHCO3, avénon tou VT katd
Bruara twv 1TmL/kg eweg 6touv pH >7.15 (mapdBAepn otdoxov Pplat)

AvTipeTwmon aAkaAwong (pH >7.45)
Meiwon tou RR



2TOXOC Aoyou |: E: < 1:1

2T0BePA XpOVOoU
Tc = C (ml/cmH20) x R (cmH20/ml/sec) (sec)

>T10 ARDS -> xaunAn Tc -> duvatr N Peiwon ToL EKTTVELOTIKOU
XPOVOUL XwpiC TpokANon auto-PEEP

O avénuéevocg Aoyog |:E Beatiwvel Tnv amoudkpuvon Tou CO»
(auenuEvo 1) Kal petwvel TNV COUTTTWON TwV KLUPEAIOWV (UEIWPEVO
E).

Opwce avcavel TN peon Paw -> aipoduvaplikn empBapuvon

Aev cvotnvetal Aoyocg |:E > 1:1



Oepareiec dlowonc aocBevwy pe ARDS kal
Baptd vmocalpia

Tracheal gas insufflation (TGl)

Pressure-controlled inverted ratio ventilation (PC-IRV)
Extracorporeal membrane oxygenation (ECMO)
High-frequency oscillatory ventilation (HFOV)
Elonvedpuevo nitric oxide (NO) ) elomnvedpevn
TTOOOTAKUVKAIVN (epoprostenol)

KOPTIKOOTEPOEION
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Efficacy and Safety of Corticosteroids for Persistent Acute
Respiratory Distress Syndrome

2
3
&
¥
'§.§ In this clinical trial of 180 patients with persis-
23 tent ARDS, we found no beneficial effect of cor-
v 3 ) : . )
_Eg ticosteroids on survival in the hospital. Further-
el | — - Alive, methylprednisolone more, the initiation of methylprednisolone 2 or
58 . D | more weeks after the onset of ARDS was associ-
F £ — - Breathing without assistance, methylprednisolone . . . . .
3 0l- — Breathing without assistance, placebo ated with a significantly increased mortality rate
£ oo . at60and 180 days as compared with that in the

0 10 20 30 40 50 60 70 80 90 100110120130140150160170180

placebo group.

Days after Randomization

Figure 2. Probability of Survival and the Proportion of Patients with Persis-
tent ARDS Who Became Able to Breathe without Assistance during the First
180 Days after Randomization.

These results do not support the routine use of methylprednisolone for persistent

ARDS despite the improvement in cardiopulmonary physiology. In addition, start-

ing methylprednisolone therapy more than two weeks after the onset of ARDS may
increase the risk of death. (ClinicalTrials.gov number, NCT00295269.)



AoBevnc ue ARDS

l Emi armotuxiag, avtiyeTwrrion
ACLYXPOVIOUOUL KAl XPNoN: UNXAVICUWYV
EMOTPATELONG, TTPNVOLC BEONC,
elornveopevou NO (iINO)

Edappuoyn mpooTaATEVTIKOU UNXAVIKOD —
aeplopoL (Baocikol POVTEAOL)

Kptthpla anotuxiag mpooTATEVTIKOD UNXAVIKOU AEPIOUOU 14
* 0-24h: Pa0O2 < 556mmHg pe FiO2 = 1.00 kat PEEP>20

e 24-72h: Pa02 < 55mmHg pe FiO2 > 0.70 kat PEEP>15 p ; .
oF Eni amotuxiag, dokrn PCIRV (pressure

control inverse ratio ventilation)

l

Xpnon APRV (airway ,
NAI AuTOUATN NAI OXi

pressure release AVOTVOR? — AmoTuxia?
ventilation)

l 1 OXI
% Xpnon iINO

Amotuxia”? l

Emni amotuxiag, xprion HFOV (high-
frequency oscillatory ventilation)

l

/ : . _ ["eVIKA KpITNPLA ArmoTuXiaG
Eni amotuxiag, xpron ECMO (extra . PaO2 < St

corporeal membrane oxygenation) . Fi02 > 0.70



Airway pressure

Airway Pressure Release Ventilation (APVR)

Inspiratory phase phase

Time



Koptrthpla evapénc ECMO

Indications

Duration of Mechanical Ventilation
« <5-7days
« 7-10 days only if

mechanically ventilated with

high pressures for < 7 days

Pulmonary Compliance
» <0.5mL/cm H,0/kg

Oxygenation
- Pa0,/F0, <100and no

response to standard and/or
rescue therapies for severe ARDS
« Shunt >30%

Contraindications

There are no absolute contraindications to ECLS, as each
patient is considered individually with respect to risks
and benefits. There are conditions, however, that are
known to be associated with a poor outcome despite
ECLS, and can be considered as relative contraindications

Mechanical ventilation at high settings (Fi0, >0.9,
Pplat >30) for 7 days or more

Major immunosuppression (absolute neutrophil
count <400/mm’)

CNS hemorrhage that is recent or expanding
Contraindication to systemic anticoagulation



ECMO circuit configuration for VA-ECMO versus VV-ECMO
A.VV-ECMO

B.VA-ECMO, femoral cannulation

C.VA-ECMO, carotid cannulation

D.VA-ECMO, thoracic cannulation
Circuit configuration for VA- and VW-ECMO

A B C D
To patient ——» From patient

-

? m

I Intravascular and intracardiac deoxygenated blood
B Intravascular and oxygenated blood

I Intravascular and intracardiac mixed
oxygenated and deoxygenated blood

To patient

From
patient

From patient
-

«— From patient To patient



2UOTAOEIC Yia TN Xpnon Bepaneiwv diacwonc oto ARDS

A
ECMO
ECCO,-R
- HFO
Re,
é iNO
€ Neuromuscular
® blockade
:
sé. Low-moderate PEEP Frone positioning
o
£ NIV Higher PEEP
:
= Low-tidal-volume ventilation
Increasing severity of lung injury
=
Mild ARDS Moderate ARDS Severe ARDS
| | I | | |
300 250 200 150 100 50



Therapeutic Options According to the Berlin Definition

<30 cm H,0 |

=20 cm H.O

=10 cm H,O l >15 cm H.,O ‘

6 mbL/kg IBW

=1.5-2




[Tooyvwon acBevwyv pe ARDS

KX ONUAVTIKN TTPO0O0C OTN GPOVTIOA A0BEVWVY PE EYKATEOTNUEVO KAl AUTWV HE
Kivouvo avantuéne ARDS (peiwon enimtwonc kat BvntotnTac)

o TTAVTWC, TIOPAPEVEL OXETIKA OLXVO Kal Bavatndopo 1 emMPEOOV ONUAVTIKN
avarnnpia cLVOPOUO

s O€ TTpoodatn OleBbv peAETN oe 29.144 aobeveig
o emimtwon Tou ARDS ot1o 10% aocBevwyv mou elonxBnoav otn MEG® katl oto 23%
AUTWV LTTO PUNXAVIKO AEPIOUO
e BvnToTNTA OTNV opAda pe coBapd ARDS 46%

Bellani G, Laffey JG, Pham T, et al. Epidemiology, patterns of care, and mortality for patients with acute
respiratory distress syndrome in intensive care units in 50 countries. JAMA 2016;315:788-800

* ol aobBeveic mou emPBiwvouy petd ARDS pe avénuevo kivbuvo yia dlavonTiKn
EKTTTWON, KATABAWPN, dlAaTaPAX METATPAVPATIKOU Stress Kal epEVoOLoa PUIKN
aduvapia

Herridge MS, Moss M, Hough CL, et al. Recovery and outcomes after the acute respiratory distress
syndrome (ARDS) in patients and their family caregivers. Intensive Care Med 2016;42:725-38



Evntotnta ARDS

Autnuevn BvNTOTNTA A0BEVWV e

e TIPOXWPENUEVN NAIKIQ
*  XPOVIO NTTATIKN VOOO
e  QVETTAPKEIA OAAWV OPYOVWV

OvnToTNTA: 25% £WC >50%

* KUPIWC AOYW TTOALVOPYAVIKNG
QVETTAPKELIOC KAl oNYNG

e LOVOV 15% AOyw TTPOI0VLOAG
QVATIVEVOTIKNG AVETTAPKELIQC

Mortality (%)

e UTTOTTPWTEIVAIUIQ
e JlOpkela voonAeiac mpo touv ARDS
e oNYn Evavtl TPAVUATOC

100 —

80 —

60

40 —

20 —

96%

58%

42%

20%

7%
e .

0 1% 2 3 4

Number of Extrapulmonary Organ Failures




ArrooEopeLon Ao PNXAvikO agPIouo
eAeyxoc N avaotpodn attiac ARDS

oLVOOOC BeEATIWON 0ELYOVWONG KAl ALENON TNG compliance Tou
QVATTIVEVOTIKOU

armokAlpakwon PEEP 6tav PaO2 > 80 mmHg (FiO2 0.4) katda 1
cmH20 KAGBe 4 pe 6 wpec (epdoov dev eMOEIVWVETAL N OELYOVWON)

LUEIWOoN KOTACTOANG KAl AANQYN O€ pressure support aeplopo
(enimedo support ico Pe eloTVEVOTIKN TTiecn o€ eAeYXOUEVO AEPIOUO)

OTAOIOKN PEIWON TOL ETIMEOOL SUPpPoOrt

TEAIK Aon armodeopevonc otav PEEP 5 cmH20, pressure support
5-10 cmH20 kat FiO2 < 0.4



EpwTNOEIC



[Tola armd TIC akoAoLvBeC MaPeUPACEIC OXETICETAL e QLENUEVN
eTTRIwWoN o KAIVIKEC OoKIpEC aoBevwy pe ARDS;

A. Aeplopog pe xaunAn VT (6 mL/kg IBW)

B. Aeplopoc pe vpniry PEEP (>10 cm H20)

C. Aeplopodc pe Aoyo |:E ratio peyalltepo amod 2:1

D. High-frequency oscillatory ventilation (HFOV)



[ola armd TIC akOAOLBEC PETAPBANTEC OXETICETAL TTEQIOOOTEPO UE
TTwXN ekpBaon oe aobeveic ue ARDS;

A. Paoo

B. Adyoc Paoz/Fioz pe 100% ocuyovo

C. Noyoc Paog/Fioz ue PEEP 5 cm H20 ) peyoAUTepn

D. ApXIKN TIUN VEKPOL XWEOU



AoBevnc aGppev 50 etwv pe elevBepo AA elocayetat otn MEG© Aoyw ARDS oe
edadoCc oofBapnc mvevpoviag TNG KowoTNTaC. Katd 1N Quolkn e&eTaon,
Beppokpacia 38.3 °C, All 120/60 mm Hg, kapd. ocuxvotnta 110/min. KOl 8
cmH20. Ao KapOIoAOYIK €EETAON XWPEIC evpnuata. AkpOAon BwpPaKa:
AUPOTEPOTTAEVLPOL EIOTIVEVOTIKOL N LOLOIKOI pOyxol. Bapog acBevoug 60 kg (ico e
IBW). AlcowAnvwveTal kal Tibetal oe Babeld KATAOTOAN KAl PNXAVIKO agPIoUO.

ApXIkeC puBuioelc avarvevotnpa oe VC povtelo: RR 18/min, VT 360 mL, PEEP 10
cmH20, FIO2 0.8, Ppeak 34 cmH20, Pplat 32cmH20. Kopeoudg o&uyovou pe
TTAAUIKO OEVUETPO 96%.

[Tolo amd Ta akOAoLBA €ival TO TTIO KATOANAO €MOPEVO Bripa otn dlaxeiplon Tou
aoBevolC;

A. Meiwon avanveuoTIKNG ouXVOTNTAC
B. Meiwon tou tidal volume

C. Abénon tou FiO2

D. Abgnon t™ne PEEP



[loloc amd Touc MOPAKATW ACBEVEIC eival TTIBAVOTEPO VA €XEL OPEAOC
arnd ToV AePIopo oe pnvn Beon;

A. AoBevrc 54 eTwv pe ooBapO KAPOIOYEVEC TIVEUHIOVIKO OidNUa o€
UNXAVIKO agpIopo pe avaykn yia bpnAo Fioz

B. AcBevng 45 etwv pe audpotepomAevpn mvevpovia kat ARDS o€
uNxaviko aeplopd (Fioz 0.7, PEEP 10 cm H20, Paog/Fioo= 90)

C. AoBevne 35 etwv pe ARDS pe mvevpovia amd eiopodnon oe
unNxaviko agplouod (Fioe 1.0, PEEP 5 cm H20, Paos/Fioz = 250)

D. AoBevnc 76 etwv pe Bapld ypirnmmn HIN1 kat ARDS og pnxaviko
agplopo (Fio2 0.8, PEEP 12 cm H20, Paog/Fios = 180)



[Tola armd TIC aKOAOLBEC TIPOTACEIC OXETIKA UE TO Stress kal 1o
strain OTOUC TIVELUIOVEC €ival owoTn yia evav aoBevr pue ARDS;

A. O stress avagepetal otn PAAPN OV TTEPOKAAEITAL ATTO TIC
VPNAEC TIIECEIC AELAYWYOU.

B. To strain eivat n edpapuolouevn mieon OToV TveLPOVA KAl
OXETICETAL UE TIC OIOOPAVYIKEC TTIECEIC.

C. H lung-specitic elastance eivat o Adyo¢ avAueoca OTO
KUPEAIOIKO Stress kal strain.

D. >2to ARDS n lung-specific elastance eival onuavtika
UIKOOTEPN QO TOV LYIN TTVEDHOVA.



The NEW ENGLAND JOURNAL of MEDICINE

I REVIEW ARTICLE I

Jefley M Dmazen, M D Essar

Acute Respiratory Distress Syndrome

B. Taylor Thompson, M.D_ Rachel C Chambers, Ph.D., and Kathleen D. Liu, M.D_ Ph.D.

IFTY YEARS AMGO, ASHEAUGH AND COLLEAGUES DESCRIBED 12 PATIENTS WITH
tachypnea, refracwory hypoxe mia, and diffuse opacities on chest madiographs af-
ter infection or trauma.! Prominent hyaline membranes were seen lining the al-
veolar spaces of the lungs in 6 of the 7 patients who died, findings previously thought
to be specific for the respiratory distress syndrome of the newborn. Thus, the term
adult (later changed to acute) respiratory distress syndrome (ARDS) was proposed.
Since ARDS was last reviewed in the Journal, 17 years ago,” substantial progress
has been made in the care of affected patients and those at risk for the disorder,
with reductions in both incidence and mortality. Howewer, ARDS remains a rela-
tively common and lethal or disabling syndrome. In a recent international study
involving 29 144 patients,” 109 of all patients admitted to the intensive care unit
(ICU) and 23% of mechanically venrtilated patients had ARDS. Mormality in the
subgroup of patients with severe ARDS was 46%." Patients who survive this disor-
der are at high nisk for cognitive decline, depression, post-traumatic stress disorder,
and persistent skeletal-muscle weakness "

DEFINITION AND PATHOLOGICAL FEATURES

Four mayjor definitions of ARDS have evolved over the years, and all have retained
the central features of the initial description by Ashbaugh and colleagues. Because
lung permeability, edema, and inflammation are not routinely measured in clinical
care and no validated diagnostic biomarkers are yet available, these definitions rely
on clinical features and chest imaging as surmrogates. The Berlin definition, pro-
posed in 20127 breaks with mradition by establishing three risk strata thar are
based on the degree of hypoxemia as assessed ar 2a minimum positive end-expira-
tory pressure (PEEP) (Table 1). The definition makes the mmdiographic criteria more
explicit and allows the use of computed tomography (CT) for the detection of
qualifying opacities, which are often heterogeneous (Fig. 1) In addition, the defi-
nition acknowledges that if ARDS develops, it usuzally does so within 7 days after
clinical recognition of a known risk factor, most commonly pneumonia or sepsis
(Table 2). ARDS with a more indolent onset or in the absence of an identifiable
risk factor should prompt consideration of so-called ARDS mimics, a large number
of diseases or syndromes that may regquire specific trestments (Table 3)." Prior
definitions excluded volume overload or heart failure, but recent evidence suggests
that these problems may coexist in up to a third of patients with ARDS.

The histologic correlate of ARDS is widely considered to be “diffuse alveolar
damage,” a term coined by Katzenstein and colleagues” almost a decade after the
report by Ashbaugh et al.! Katzenstein and colleagues described the rapid develop-
ment of capillary congestion, atelectasis, intraalveolar hemorrhage, and akeolar
edema, followed days later by hyaline-membrane formation, epit helial-cell hyperpla-
sia, and interstitial edema. Animal models of ARDS have been developed inan effort
to recapitulate these histologic findings. However, the Berlin definition (as well as
the 1994 American—European Consensus Conference definition™) has poor specific-
ity for diffuse aleolar damage. At postmortem examination, 40 to 58% of patients
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