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EuxapioTieg

ApxIKd, Ba ABeAa va euxapioTRow TNV eTTIBAETTOUCO KOONYRTPIG Uou Ka Batropidn
OX!I HOVO yIa TNV QUEPIOTN OTAPIEN, OuPTTapdoTaon Kal BorBgia oTnv oAoKApwaon
NG dIaTPIRNG, OTTOU XWpPIG TNV oTToia TO aTToTéAsopa d¢ Ba rTav oiyoupa T0 idIO,

OaAAG Kal yia Ta TTOAUTIMO paBruaTta TPOTTOU ETTIOTNUOVIKNG OKEWNG KAl €PEUVAG.

[S1aiTepa, Ba nBeAa va euxapioTHow Tov KABNynTA K. €EwpPyOTTOUAO YIa ThV
KaBodriynon Kai TNV EUTTVEUCN TTOU JOU TTPOCEPEPE OAQ aUTA Ta XPOvIq,

KaBwg o€ pe Bordnoav Povo va OAOKANPWOowW TNV TTapouca diatpifr) aAAd Kal va
yivw adlap@ioBitnta KaAuTtepn KAIVIKOG yiaTpog Péow TnG BabuTepng

yVwong NG euaoloAoyiag.

Ag Ba uTTOPOUCA VA PNV EUXAPICTACW TOV KABNYNTA K Tpaxavid Kal Toug TTOAUTIUOUG
ouvepyateg Tou Mdapko ZiyadAa kal Mavo 2uA\iydpdo yia Tnv dpioTn cuvepyaoia Pe
1O TUAMA ETMoTAPNG YTToAOyIoTWYV XWwpig TNV oTroia &€ Ba rTav duvaTr n

oAoKANpwaon TNG TTapoucag dIaTPIRAG.

©a BeAa e1Tiong va euxapioTow TNV KaBnyATpia ka KovOuAn, n oTroia pJou TTapeixe
KUPIOAEKTIKA YN Kal Udwp OAa autd Ta Xpovia, aAAd Kal Tnv eTTikoupn KadnynRTpia

EuayyeAia Akoupiavdkn yia Tnv TTPOKTIKA Kal NBIKr) uTTooThPIEA TOUG.

TéNOG Ta Bepud POU EUXAPIOTW OTO VOONAEUTIKO Kal BondnTiké TTpoowtmikd TN MEG®

MAINH yia Tnv GpioTn cuvepyaaoia Kal UTTOUOVH TTOU €TTEDEIEAV TA TEAEUTAIO XPOVIA.
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2UVTOHOYPOpiEG

1D-CNN: 1 Dimensional Convolutional Neuronal Network

APACHE II: Acute Physiology and Chronic Health Evaluation-II

ARDS: Acute Respiratory Distress Syndrome
BMI: Body Mass Index

CPAP: Continuous Positive Airway Pressure

dEAdi/dt: delta Electrical Activity of the diaphragm/ delta time
dEAph/dt: delta Electrical Activity of the phrenic nerve/ delta time
dP: driving Pressure

dPdi/dt: delta diaphragmatic Pressure/ delta time

dPmus/dt: delta muscle Pressure/ delta time

EAbrain: Electrical Activity of the brain
EAbrain/dt: Electrical Activity of the brain/ delta time
Ecw: Elastance chestwall

Edi: Electrical activity of the diaphragm
Ers: Elastance respiratory system

f: respiratory rate

FRC: Functional Residual Capacity

IBW: Ideal Body Weight

IGF-1: Insulin Growth Factor-1

IQR: Interquartile Range

LSTM: Long Short-Term Memory

ML: Machine Learning

MuRF-1: muscle RING-finger protein-1

NN: Neuronal Network

NPV: Negative Predictive Value

Paw: airway Pressure

Paw,tw: airway Pressure twitch

PBW: Predicted Body Weight

Pdi: diaphragmatic Pressure

Pdi,tw: diaphragmatic Pressure twitch
Pdimax: Maximum diaphragmatic Pressure
PEEP: Positive End-Expiratory Pressure
Pes: esophageal Pressure

Pga: gastric Pressure

Pmus: muscle Pressure

Po.1: delta airway Pressure in the first 100ms of an occluded breath
pO2/FiO2: arterial oxygen partial pressure to fractional inspired oxygen
Pplateau: plateau Pressure

PPV: Positive Predictive Value

P-SILI: Patient-Sel Induced Lung Injury
PSV: Pressure Support Ventilation

PTP: Pressure-Time Product
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PTPpdi: diaphragmatic Pressure-Time Product
Pvent: ventilator Pressure

RASS: Richmond Agitation Sedation Scale
Rcw: Resistance chestwall

ReLU: Rectified Linear Unit

Rrs: Resistance respiratory system

SD: Standard Deviation

TGF: Tissue Growth Factor 3

V': Flow

VAP: Ventilator Acquired Pneumonia

VC: Vital Capacity

VIDD: Ventilator Induced Diaphragmatic Dysfunction
VILI: Ventilator Induced Lung Injury

Vt: tidal Volume

WOB: Work of Breathing

APocc: delta airway pressure in an occluded breath

ME®: Movada EvraTikig Oepartreiag
MEMA: Mn EtrepBaTikog Mnxavikdg Aepiopog
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NMPOAOIOx

Eival TTAéov yvwoTd 0TI 0 unXavikdg agpIopog, EKTOG aTTd owTHPIA YIa TN (W)
TTapéuBaon oTn cofapri AVATIVEUCTIKI] QVETTAPKEIQ, MTTOPEI va TTPOKAAECEl Kal
onuavTtikéG BAABeg oToug aoBeveic OTav dev TITAOTTOIEITAI KATAAANAQ TO €TTiITTEDO
uttooTAPIENG. H utrepdidTtaon Twv KuweAidwv o1rd TTapox OXETIKA HEYAAOU
avaTTveOEVoU OyKou odnyei o€ TTveudoviK BAGBN o@eIAOUEVN OTOV QVATIVEUOTHPA
(Ventilator-Induced Lung Injury, VILI), evwo n Trapartetapévn UTTOAEITOUPYiQ TOU
dlappdyuarog odnyei ot aTpo@ia-OucAsitoupyia autou  (duoAciToupyia  TOU
dlappAyuaTog oXeTICOPEVN YE TOV avatveuoTApa, ventilator-induced diaphragmatic
dysfunction, VIDD)(1-5).

O uTtroBonBouuevog unxavikog aegplopdg pe utrofonOnon Ttrieong (Pressure
Support Ventilation, PSV), ammoteAei €éva amd T1a TMO €UPEWS XPNOIUOTTOIOUMEVA
MOVTEAD UNXAVIKAG UTTOOTAPIENG TNG avatrvong oOToug acBeveic Twv Movdadwv
Evrarikig O¢parreiag. H mAciovétnTa Twv 00Bevwv Ba TeBEi 0€ AUTO TO POVTEAO
aEPIOCPOU yia TTOIKIAO XpovIKO didoTnua (atmd AeTTd €wg €BOouddeg) katd Tn
dladikaoia a@uTviong/ amodEOPEUOnS ATTO TOV  AVOTIVEUCTHPA, WOTO0O, O&v
UTTAPXOUV TEKPNPIWMEVES UN ETTEUPRATIKEG HEBODOI PUBUIONG TNG TTAPEXOUEVNG TTIEGNG
UTTOOTAPIENG, OUTE TTapakoAoubnong vyia TNV ATmmoQuyr TIVEUMOVIKNAG  Kal

dlagpayuatikig BAABNG atod 1o unxaviké agpiopd (VILI kar VIDD).

Katd Tn dIGpKEIa TOU EAEYXOPEVOU PNXAVIKOU QEPICHOU, N TTAPAPETPOG HE TNV
oTroia agloAoyeital n Umapén KUWeAIBIKAG uttepdIdTacng, ival n odnyog Trieon Tou
QVOTTVEUOTIKOU OUOTAMOTOG KaTd TOo TEAOG TNG €10TTvonG (driving pressure, dP), ue

artroucia oUCTIaONG TWV AVOTIVEUOTIKWY Puwv(6). Evw n agia tng dP wg deiktn
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uttepdlaTaong Ogv €gapTaTal atmd TO MOVTEAO AEPICUOU, N OWOTH METPNON TNG,
TPOUTTOBETEI ATTOUCIA OUCTIAONG TWV AVOTIVEUOTIKWY MUWV. Av Kal TTpdc@aTa
TPOTAONKE N Xxprion TnG dP oTnv kKaBnuepivh KAIVIKA TTpdén oe aobeveig oe PSV, n
aglommoTia TNG peBOdou péTpnong Tng Oev €xel €getaotei(7). To mTpwTo KUPIO
KOTAOANKTIKO ONUEIO AUTAG TNG HEAETNG Eival VO avayvVwPIioEl TO TTOCOCTO TWV
aofevwv oe PSV otoug otroioug n perpoupevn dP eival AavBaopévn Adyw
TTOPOUCIag MUIKAG OUCTIAONG, KOl VO MEAETAOEI TA XOPAKTNPIOTIKA TNG

aVaTTVOIG TOUG.

H trapoxn utrepBoAIKAG utToOoTAPIENG 0 aoBevy oe PSV (over-assistance)
MTTOPEI Va TTpoKaAéoel DUOAEIToUpyia/aTpoia Tou dIAPPAYHATOG, YN CUYXPOVIOHUO
a00evOUG-avATIVEUOTAPA KAl QVATTOTEAECUATIKEG TTPOOTIABEIEG £TTIBAPUVOVTAG ThV
TTPOyvwon Tou acBevoug(4). H mapoxr uttepBOAIKNG UTTOOTAPIENG Eival, OXI NOVO
AyoTEPO  peEAETNUEVN, OAAG KAl TTOAAEG @Opéc OUOKOAO va avayvwploTei(8). H
UTTEPPBOAIKR UTTOOTAPIEN, TTOU 0ONYEi O UTTEPBOAIKA MIKPA AVATIVEUCTIKI TTPOCTTAOEIN
aTTé TOV 0OOEVr, TEKUNPIWVETAI PE TNV PETPNON MEIWPEVOU £pYOU QvVATIVONG Kal
oAokAnpwuaTtog TnG TTieong oto xpovo (Work Of Breathing, WOB kai Pressure - Time
Product, PTP)(9). YTToAoyIoudg Twv TTApAUETPWY AUTWYV ATTAITE ETPNON OIC0PAYEIAG
n/Kal yaoTpIKAG TTieong PeE TOTTOBETNON aQVTIOTOIXWV KABETAPWY, Kal £T01 eV €ival
TIPOKTIKO va €QapudleTal TNV KABNuEPIVI KAIVIKR TTpA¢N(9). MeTaBANTES OTTWG O KATA
AeTTTd  agpIoudg, O avatveduevog OYKOG, N AVATIVEUOTIKA ouxvOoTnTd, KOl N
QVOTTVEUOTIKI Won (OTTWG KTINATAI aTTO TNV Po.1) TTou AapBdvovTal ge un eTeppaTikéd
TPOTTO @AvNKav va Pnv €xouv KaAr akpiBeia otn didyvwon TG utmePBOAIKNG
uTTooTAPIENG(9—11). To deUTEPO KUPIO KATOANKTIKO OnueEio Tng mapoucag
MEAETNG egival va g§eTdoel TNV UumOeBeon OTI HUTTOPEI va aAvayvwpIoTEl N

utreEPBOAIKA utTOoOTHPIEN OTO Pressure Support pye TRV avamrTugn UTToOAOYICTIKWV
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aAyopiOpwv TtOoU Ba aioAoyouv O€ TPAYHATIKO XpOVOo TO OXAHA TG
KUMOTOHOP®PG TG PONG KAl Ba TASIVOUOUV TIG EICTIVEUCTIKEG TTPOCTTABEIEG TWV
aofevwv og aduvapeg n oxi. Na Tnv avdamtuén Twv aAyopibpwyv Ba
XPNOIMOTTOINBOUV CUYXPOVEG KATAYPAPEG TWV KUPNATOMOPPWYV TTiECTNS KAl pONG
TOU AVOTIVEUCTHPA, HETPHOEIS TWV OICOPAYEIWV TTIECEWV KOBWG KAl HETPAOEIG

TOoU PTP TWV QVATIVEUOTIKWY HUWV.
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. TENIKO MEPOX
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1. Mnxavikég agpiopog pe utrofondnon Trieong (Pressure Support

Ventilation- PSV)

O1rwg TTpoava@Epbnke, To povréAo PSV, gival To 1110 ouxva XpnOINOTTOIOUUEVO
OTIG HOVADEG EVTATIKAG BepaTreiag. e avtiBeon Pe TOV EAEYXOUEVO UNXAVIKO AEPIOUO,
TO MOVTENO QUTO TTPOUTTOBETEI AVATIVEUOTIKEG TTPOOTIABEIEG ATTO TOUG OOBEVEIG KAl TIG
uTTOOTNPICEI PE MIa TTPOKOBOPIoPEVN, ATt ToV Bepdttwy 1aTpd, uttoBonbnon. H TeAIKA
TTieon TToU Ba XPEIAOTEN va avaTiTuxXBei yia ToV ETTAPKN AgPIOUO AAAG Kal yia TNV
UTTEPVIKNON TWV QVTIOTACEWV TWV 0EPAYWYWVY Kal TNG EAACTIKAG TTiEONG ETTAVAPOPAS

TOU QVATIVEUOTIKOU OUCTAUATOG, SiveTal ATTO TOV TUTTO:

Paw + Pmus = Rrs x V" + Ers x Vt (1)

O1rwg ptTropoulue va ocuptrepdvoupe atmd tnv egiowon (1), o avarveduevog
OyYKog Ba kaBopioTei atrd TO PEYEBOG TNG TTPOCTTIABEIAG TOU a0BEVOUG, aTTO TNV ETTIAOYA
Tou peyEBouG TNG utTofRonBnong Tou 10TPOU Kal aTTd TIG PNXOVIKES 1010TNTEG TOU
QVOTTVEUOTIKOU CUOTANOTOG. AV 0 a0Bevh G XOAAPWOEl TOUG EICTTVEUCTIKOUG TOU PUG
QUEOWG UETA TN BIEyEPON TOU avaTIVEUOTHPA, Ba AGBEI TOV EAAXIOTO OYKO TTOU PTTOPEI
va TTPOC@EPEI TO TTPoKaBopIoPéVO Uyog uttoBonbnong. ‘'ETol, av n uttopontnon ivai
OXETIKA PEYAAN Kal O PNXAVIKES 1IBIOTNTEG TOU AVATIVEUOTIKOU OUCTAUOTOG OXETIKA
QUOIOAOYIKEG, 0 aoBevAg Ba kataBdaAel Tnv eAdxioTn duvarh TTPOCTTABEIO PHE AUECO

Kiviuvo avamrtuéng atpo@iag Tou dla@pdyuartog (eikova 1).
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Flow

Paw

Pdi
VImin \

Vol

Pmus

Eixéva 1. AvamrveuaTikn mpoomdOsia kair avamveduevog 6ykog os PSV.

A) Zxnuartikny ameikovion Tng Ox€0Ng TN avartrveUOTIKAG TTpoatradsiag (Pmus - opi{ovriog
a@éovag) kai Tou avamveduevou oykou (VT - kGBeTog aéovag) oe autouarn avamvon (Tpacivn
ypauun) kar gg umofonBolusvn pe umootnpién Tmicong (moprokaAi ypauun). Kard v
utroBonBouuevn avarvor], N KUUATouop@n uerarotrileTal TapdAAnAa mpog ra mavw EeKivwvTag
arrd rov VTmin, 1mou amroteAEl Tov OyKo TTou Ba UTTEl OTO avaTTveUOTIKO oUOTNUA Qv 0 a0BeVAC
XAAQPWOEl TOUG EICTTVEUOTIKOUS TOU UGS QUECWS UETA TN OIEYEPON TOU QVATTVEUOTHOA.
lMaparnpeiore 611 n KAion TN KAUTTUANS Tapaével aTabepn Kabwg e€apTaral ammo TIS UNXAVIKES
1010TNTEC TOU QvaTTVEUTTIKOU ouaThuarog. B) Kuuarouopgéc poric (Flow), mieong aspaywywv
(Paw), oia-diagppayuarikng micong (Pdi) kai oykou (Vol) oe aobevry mou orauard tnv
EIOTTVEUTTIKN TTPOOTIA0cIa OoxedOV auéows UETA Tnv OIEyEPON Tou avarmveuoTnpa. H urmAe
okiadouevn mepIoxn UTTOOEIKVUEI TN OIAPKEIA TNG CUCTTACNS TWV EICTTVEUCTIKWY JUWV.

1.1 PuBpioeigc PSV (gikdva 2)

° Ai€yepon - Trigger

Katd Ttov aegpiopyd oe PSV OAec o1 avarmvoég Twv aoBevwv o@eilouv va
akoAouBouvTal atrd unxavikr utroBonrdnon. Na va dieyepOei 0 avaTTveuaTrpPag TTPETTE
va aviXveUuoel TNV QVOTIVEUCTIKN TTPooTTddeia Tou aoBevr. 'ETol, oI avatrveuoTrpeg
OIaBETOUV HIKPOQVIXVEUTEG PONG N TTiEONG, N euaicbnaia Twv otroiwv pubuileTal atmd
ToV 10Tp6. MOAIC n €IOTIVEUCTIKN TTPOCTTIABEIQ Yivel AQVTIANTITA, O AVATIVEUOTAPAG
XOpNnyei Mia PEYIOTN por agpa, n OTToid PEIWVETAlI OTAdIOKA KATA Tn OIAPKEID TNG

elomvong. O xpovog avTidpaong Tou avartrveuoTipa gival repitrou 100ms(12).
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° Pressurization time

ATtToTeAEi TO Xpdvo TTou Ba diavuBei atrd Tn dIEYEPON TOU AVATIVEUCTHPA WEXPI
TNV €TTEUEN TNV MEYIOTNG EICTIVEUOTIKAG TTiEong. 2uvhnBwg pubpicetal petagu 50-
150ms, WOTE va ETMTEUXOEI APEON IKAVOTTOINON TWV AVAYKWY TOU 00BgvoUg

) EiomrveuoTikn trieon - Level of support

Eivar n mpokaBopiopévn, atmd Tov 1aTpo, TTiEon Tou Ba Xopnynoel o
QVOTTVEUOTNPAG O€ KABE EI0TTVON.

) AN eiI01vong - Cycling off

O avaTtrveuoTrpag Ba avayvwpioel To TEAOG TNG €I0TTVONG Kal Ba avoi¢el Tnv
EKTTVEUOTIKN BaABida 6Tav n por) ¢Tacel o€ Eva TTPOKABOPICUEVO TTOO00TO (CUVABWG
25%) NG péyiotng. O1 TTEPICOOTEPOI AVOTIVEUCTHPEG OIABETOUV KAl EVOAAOKTIKA
KpITApla cycling off, wg Asitoupyieg ao@aAeiag, OTTWG N YEIWON TNG EICTTVEUCTIKNG PONG
O€ M1 OUYKEKPIPEVN TIUA (2-61/min), n auénon Tng trieong katd 1-3cmH20 Tavw atrd
TO TTPOKABOPICUEVO OPIO EICTIVEUOTIKAG TTiEong (N oTroia cupPaivel AOyw atmoToung
XAAOONG TWV EICTIVEUCTIKWY HJUWV) 1 N TTApATACN TOU EICTTVEUCTIKOU XPOVOU TTAVW
atro Katolo 6plo (cuvABwg 2sec)(13). To 1o ouxvo kpithpIo cycling off, To TToocooTo,
onAadn, 1T TNG MEYIOTNG EICTTIVEUOTIKAG POAG 0ONYEi O€ £vav unxavikd €I0TTVEUOTIKO
XPOVO 0 0TT0i0G, £€apTaTal TGO ATTO TN dIAPKEIA TNG TTPOOTTABEIOG TOU aoBevoug 600
Kal a1Td 1O PEYEBOG TNG TTPOCTTABEING AQUTAG, TNV TTPOKABOPIoPEVN TTIECN UTTOOTAPIENS
Kal TIG UNXAVIKEG IDIOTNTEG TOU AVOTTVEUOTIKOU CUOTHHATOG, KABWg OAa Ta TTAPATTAVW
eTNPEeAlouV TN PEYIOTN EICTTVEUOTIKA por. PuBuifovTag 1o TToo00Td auTO €iTE TTPOG TA

TTAVW €ITE TTPOG TA KATW, PTTOPOUNE VA PEIWOOUME 1 VO QUENOOUNPE avTioToIxa TOV
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MNXOVIKO EI0TIVEUCTIKO XPOVO Kal £TC1 VO OUYXPOVIOOUHUE KAAUTEPA TN VEUPIKA (TOU

a0Bevoug) PE TN PNXAVIKH (TOU avaTiveEUOTHPA) EICTTVOT.

1.0
) :
e os
\«—— Cycling off =
/ H 0.0 9
it samer 1 L
05
-1.0
20.0
: 16.0
~_ Levelof =
: support 120 g
8.0
0600
0.400 l—
=
0.200
000

Eikéva 2. Zxnuarikn ameikévion Twv pubuioswv og PSV.

Kuparouoppéc pong (Flow), micong agpaywywyv (Paw) kai avamveduevou oykou (VT) o€ uia
urroarnpi{ouevn avamvor e umofonbnon micong. Triggering (yaAddio): Aiéyepon Ttou
avamveuotipa. llaparnpeiote v mrwon ornv Kuuarouop@n tne Paw 1mou utmodnAwvel
ouaTTacn EICTIVEUOTIKWY JUWYV TOU aoBsvoUs. Kard tn SIGpKeEIa THS AcnS auths, OEV UTTApXE!
auvénon Tou Oykou, evw n pon gugaviel uia aAdayn otnv KAion tn¢ aAAa dev éxel yivel akéua
Oetikn. Pressurization (uwp): Amotedei to xpbévo tou Ba diavubei amd 1 OIEyepon ToU
avarTveuoTRpa UExp! TNV eTiteuén Tnv UEYIOTNGS EI0TTVEUOTIKNS TTieong. Level of support (pol): H
TPOKABOPICLEVN ATTO TOV IATPO GTABEPN TTIECT TTOU XOPNYEl O avaTTveuaTpags Kara 1 dIGpKeia
NS unxavikng eiomrvoris. Cycling off (uatpn diakekouuévn ypauun): Anén tn¢ giommvong. To
onueio kaBopileral wg TOC0OTO ETTI TS LUEYITTNS EIOTIVEUTTIKAS PONG.

MapdTl TO TMO OUXVA XPNOIMOTTIOIOUKEVO HOVTEAO OTIG MOVADEG EVTOTIKAG
Beparreiag, To PSV egival kal To OVTENO PE T EYOAUTEPN SUCKOAIQ OTNV TITAOTTOINON.
Evw oTov eAeyxOUEVO PNXAVIKO AEPICUO UTTAPYXOUV TOUAGXIOTOV KATTOIEG OCOQEIG
odnyieg yia TNV ac@aArn €@apuoyr Tou (Yo TTapadEIyua AEPICPOS PJE AVATTVEOUEVO

OyKo 4-8ml/kg, dlaTApPNON g dP <15cmH:20, dlatipnon g
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Pplateau<30cmH20)(6,14), To TOTTiO €ival TTOAU AIlyOTEPO OAPEG YIa Ta UTTOoNBoUEVa
MovTéAa agpiopou. Mn owaoTr) puBuion Tou trigger putropei va odnynoel arod Tn yia o€
KAaTavaAwaon PpeyaAou TTO000TOU TNG TTPOCTTABEING TOU a0BevoUg aTTAG KAl JOVO OTN
OIEyEPON TOU AVATIVEUCTHPA I ATTO TNV GAAN, o€ €TTEI0OdI0 QUTOMATNG BIEYEPONG TOU
QVOTIVEUOTNPA  XWwpPIig TTpooTradeia Tou appwoTou. Eva un emapkég  eTmiTedo
UTTOOTAPIENG MTTOPEI va 0dNYrOEl OE AVOTIVEUOTIKI QUOXEPEID EVW MIA UTTEPBOAIKN
UTTOOTAPIEN OE atpo@ia Tou dlappayuatos. TEAOG, O Un CWOTOG CUVTOVIOPOG Tou
VEUPIKOU EIOTTVEUOTIKOU XPOVOU HE TO MNXAVIKO MPTTOPEi va €XEl oAV ATTOTEAEOUO
TTOMOTTA} dIEyEPON TOU QVATIVEUOTAPO MHE EPPAVION QAIVOUEVWY OUCCWPEUONG
avatrvowv (breath stacking) kai KaTaoTpo@IKoU yia TOV TTVEUUOVA QVATTIVEOUEVOU
Oykou aAAG kai BAGBN Tou dIaPPAYHOTOG, KOBWGS CUCTIATAI EVW ETTINNKUVETAI, OF
TepiTITwon early cycling off(15). H eptTeipia Tou KAIVIKOU yIaTpOU Kal N eypriyopon oTnv
AVAYVWPIOT KAl QVTIMETWTTION TWV QAIVOPEVWV N OUYXPOVIOUOU TOU a0BEVOUG [E TOV
QVOATTVEUOTRPA TTAICOUV ONUAvTIKO pOAO OTNV TITAOTTOINCT TNG UTTOOTAPIENS KAl TEAIKA
eTNPedlouv 1o XPOVo aTTOOECHUEUONG OTTO TO UNXAVIKO agpIouod, TNV €000 atrd Tn

Movada evraTIKAG BepaTTeiag Kal Tn OUVOAIKH €KBaon Twv aoBevwy.

1.2 H kupartopop®n NG poAg o PSV

Katd Tov agpioud oe PSV, n eMoOKOTINON TG KUPATOUOPPNG TNG PONG MTTOPEI
VO  aTTOKAAUWEl TTANPOQPOPIES yIa TN OIAPKEIA Kal TO PEYEBOG TNG EICTTVEUOTIKNG
TTPooTTateIag Tou aoBevoug. ATt Thv e€iowon (1), NTTOPOUNE VO CUUTTEPAVOUNE OTI
pE OedoPEVO OTI O INXAVIKEG 1810TNTEG TOU AVATIVEUOTIKOU CUCTHHATOG €ival OTABEPES
Kal n Paw éxel puBuioTei atrd 1oV 10Tpd, 0 OYKOG TTou 0 aoBevhg Ba AdBel TTdvw atrd
TOV €AAXIOTO OYKO €CapTdTal aTTd TNV EICTIVEUCTIKY TTPOCTTABEIG Tou. AvTioToixa Ba

METABANBei Tépa atmd TNV TIUA TNG MEYIOTNG EICTTVEUOTIKAG PONG Kal n idla n
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Kupatopop@r] TnG pong. Av n TTpocTradsia Tou aoBevoug dev uTTooTNPICETal KOBOAOU
(CPAP), n kupatopop®r NG €I0TIVEUCTIKAG POAG AauBdvel éva KAUTTUAO OXNHa, TO
OTT0i0 aKOAOUBEi TNV CUCTIOON TWV EICTIVEUOTIKWY MUWV. AvTiBeTa, av o acBevng
XOAOPWOEI TOU JUG TOU APEOWG META TN OIEYEPOT TOU AVATIVEUCTRPA, N KUUATOUOP®N
TNG PONG, OTNV EICTIVEUOTIKN QACN, YIVETAI YPAPMIKA KAl OTAdIOKA MEIOUMPEVN OTO
XPOVO HEXPI va @TAoeEl 0TO KPITAPIo Tou cycling off kal va avoigel n eKTTVEUOTIKA
BaABida, akpIBwg OTTwG 0 eAeyXOUEVO POVTEANO AgPIOUOU PE PETARBANTA TTieong. Me
e€aipeon auTég TIG DUO OKPAIEG TTEPITITWOEIG, OUVABWGS N KUPATOUOP®N TG PONG EXEI
QVAMEIKTN MOPYr, ME Tn METGBaAcn atmd TO KAUTTUAO OTO YPOAUMIKO OXAMa va
ONUATOdOTEI KAI TN XAAQON TWV EICTIVEUCTIKWY HUWV (€IKova 3)(15). Katd kavéva (e
e€aipeon TN OTTAVIA TTEPITITWON TTOAU UWNAWV EICTIVEUCTIKWY QVTIOTACEWV) N UTTAPEN
YPOUMIKA JEIOUUPEVNG EICTTVEUOTIKNG PONG UTTOONAWVEI AOUYXPOVIOKUKAOP aoBevoug -
QVOTTVEUOTRPA, TTOU avAAoya Pe Tn SIAPKEIR TNG UTTOPET va €ival EUKOAQ avayvwpioiun,
KAIVIKG onuavTikh Kal va uttodnAwvel Tn avAaykn heiwong tng utrootipigns. Qotdéoo,
gival TTpo@avEg OTI OV €ival TTPAKTIKO va BacifeTal KAVEIG OTNV OTITIKN €TTIOEWPENON TNG
0086vng Tou avaTtrveuoTAPA WG TPOTTO OUVEXOUG TTAPAKOAOUONONG TNG EICTIVEUOTIKNG
TTPOOTIABEING TWV 00Bevwy, UTTOYPOUMICovTag Tnv avAaykn aveupeons GAAwv,

QUTOMOTOTTOINUEVWY HEBODBWYV KAl GUVAYEPHWV.
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Paw  Flow

Pdi

CPAP PS5 PS 15

Eixéva 3. AAAayn Tou oxiuarog tng KUPNAToUop@nS NS porng o PSV.

Kuparouoppés pong (Flow), micong aspaywywv (Paw), avamrveduevou oykou (VT) kai dia-
Srappayuarikng mieang (Pdi) og acgBevi mou aspidetai e diIapopeTIKa ermmimeda utroflornénong.
lNMaparnpeiore Tnv aAAayn NG KQUTTUASTNTAC TNS KULATOUOPYAS TNS EICTIVEUTTIKAG POAC KABWS
n umrootnpién Tou avarmrveuothpa auéaverar ammd 0->15 cmH»0 (umAe BéAn) kai Tnv Tautdxpovn
ueiwaon tng dia-diappayuatikig mmieons (KOkKiva SITTAG BEAN) evw o avarrveduevos OyKog UEVEL
0 idiog.

2. AvatrveuoTIK won Kal TTpooTtrddela - Respiratory drive and effort

2.1 OpiopdGg avaTVEUOTIKAG WONG

Katd 1n didpkela TG €I0TTVONG, TO TIPOIOV TWV AVOTIVEUOTIKWY KEVTPWYV
(nAekTpIKn dpaoTnEIOTNTA, electrical activity of brain, EAbrain) otadiokd avefaivel,
@TAVOVTAG TEANIKA O€ HIO PEYIOTN TIMK. 2T CUVEXEIQ, apXiCEl N HETA-EIOTTVEUOTIKA @Aon
OTTOU N dPACTNPIOTNTA QUTHA UTTOXWPEI TNV apXIKH TIMA. TEAOG, EEKIVA N EKTTVEUOTIKA
@dacn, Katd Tnv otroia dgv UTTAPXEl OPACTNPIOTNTA TWV AVOTIVEUOTIKWY KEVTPWYV. H
OIGPKEIO QUTWV TWV TPIWV QPACEWY, av Kal Ogv gival TTavra dIaKpITEC, KaBopilel To
XPOVO TNG AVATIVONG KAl WG €K TOUTOU T OuXvOTNTA TNG AVATIVONG, EVW O PuBUOS

augnong NG NAEKTPIKAG dpaacTnEIOTNTAG AVAPEPETAI WG AVATIVEUOTIKA won(16—-21). H
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OIAKPIoN auTh €ival CNPAVTIKI KABWG N avativeuoTIKA wWaon PTTOPET va aAAGEEl Xwpig
aAAayEG OTO XpOvo avaTtrvorg (dnAadr) Tn ouxvoTnta) Kal avtioTpopa(22,23).

H avatrveuoTikr) won, KaBopilel TNV TTPooTTABEIa TTou KATARAAAETAI O KABE
avatrvonry. lMpdéogata dedopéva €xouv Ocigel OTI KATd TN OIAPKEIQ TOU PNXAVIKOU
agpPIoPOU, TOOO oI IOXUPEG OO0 KAl adUVAUEG AVATIVEUOTIKEG TTIPOOTTABEIEG UTTOPEI VO
ETTNPEACOUV apVNTIKA TNV £€KBaon Tou acBevoug PEow TTOAAATTAWY 0dWV, OTTWG [N
ouyxpoVviouo acBevr)- avatrveuoThpa, TTpokAnon VILI kai VIDD, kakr ToiotnTa UTTvou
Kal Kapdiayyelokwy eTTITTAOKWV(24—29). H aitia TTiow atmd TI¢ BAATITIKEG 1I0XUPES
adUVOUEG TTPOCTTABEIEG Eival YIa I0XUPA 1 adUvapn avaTtrveuoTIKr won. H avayvwpion
TOU YEYOVOTOG QUTOU OAAG KAl n OUuveXNG TTapakoAoubnon Kal €KTiynon Tng
QVOTTIVEUOTIKNG WoNG Twv aocBevwyv Katd Tn OIAPKEIA TNG TPOTTOTTOINONG TWV
pPUBUICEWY TOU avaTIVEUOTHPA, €ival CWTIKAG ONUaCiag yia Tnv éKBaon Twv aocBevwy.

2TOUG avBpWTTOUG, 0 PUBPOG aunong TNG dpacTnEIGTNTAG TOU AVATIVEUCTIKOU
KEVTPOU, OE uTTopEl va PeTpnBEi dueoa. 'ETol, N avaTrveUOTIKA WOr TTOCOTIKOTTOIEITAI
XPNOIMOTIOIWVTAG TO PECO puBud augnong GAAwv TTapPaPETPWY, Ol OTTOIEG UTTO
TEPITITWOEIG avTavakAoUuv Tnv EAbrain/dt(30). AuTég €ivai ol:

e H nAekTpIKA dpacTNEIOTATA TWV KIVATIKWY VEUPWY TWV QVOTIVEUCTIKWY HUWV

(18iwg TOoU PpevIkou veupou dEAph/dt)

e H nAekTpIkn dpacTtnpidTnTa Tou diagpdayuaTtog (dEAdi/dL)
e H dia-diappaypatiky kKAion Ttrieong (dPdi/dt) i n kAion Trieong 6Awv Twv

QVOTTVEUOTIKWY Juwv (dPmus/dt)

TeAIKA n KAion TTiEONG TWV AVATIVEUCTIKWY PJUWV Ba dnuioupynoel pon agpa

Kl TOV avaTTveOuEVO OyKo Pe Baon Tnv e€iowon Tng Kivnong (e€iowon 1) (Eikéva 4).
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Respiratory
®) center - dEAprai/dt

/ .

Spinal motor neurons (A3-As)

Inputs
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dV/dt ‘
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L Neuromuscular junction 9;9
dPmus/dt
V'xRrs + AVxErs + Palv

Pmus

Eikéva 4. H avamrveuoTikny won kai n ueradoon) ng.

To avamveudTiKO Kévipo pe faon ta epebiouara mou Oéxeral, TTapdyel NAEKTPIKN
opaaortnpidtnTa, o pubuds avénong tng orroiag opileral wg avamveuoTiKl Won (AEApin/dt). 2Tn
ouvéxela To onua petapiBaeral oToug KIVATIKOUS VEUPWVES TWV QVATTIVEUCTIKWY HUWYV (16iwg
TOU @pPevIKoU veupou - dEApn/dt) Kai karaAyer ortn ouoTTacn Twv avarTVEUCTIKWY UUWV
(dPmus/dt). AvaAdywg Twv unxavikwy 1I810THTWY TOU avamveUaTIKOU ouaTHUATOS, N oUCTTach
TWV QUWV ONUIOUPYEl EICTTVEUCTIKI) PON TO OAOKAfpwua Ttng ormoiag oro Xpovo &ivai o

avamveudevog oykog (dV/dt)
O1rwg ptTropouue va KataAdBoUNE Kal atrd TV TTAPATTAVW EIKOVA, N EKTIUNON
TNG AVATTVEUCTIKNAG WWONG OTTO TIG TTPOAVAPEPBEICES TTAPAPETPOUG TTPOUTTOBETEN OTI TO
MOVOTTATI JETADOONG TNG WONG QUTAG €ival AKEPAIO. Z€ TTEPITITWOEIG OTTOU UTTAPXEI
BAGBN oTta veupa (T TTAQYIO PUOTPOQIKI) OKARPUVON, KAKwOoN/dlatour vwTiaiou
MUEAOU 1 QPEVIKWYV VEUPWYV) I OTOUG PUEG (MUOTTABEIa PovAdog, JUaoBeVIKA Kpion

KATT), UTTAPXEI AP UTTOEKTIUNON TG QVATIVEUOTIKAG WWONG.
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2.2 Opiopdg avaTveEUOTIKAG TTPOCTTABEING

H avartrveuoTikny TTpooTTaleia ek@PAdel TO GUVOAIKO €pYO TWV AVATIVEUOTIKWYV
MUWV KOl KT E€TTEKTOON OXETICETAI YUE TNV EVEPYEIA TTOU QUTOI Ol JUEG KATAVAOAWVOUV
Kata Tn dIdpKeIa KABE avaTTveUoTIKOU KUKAOU. H TTapakoAouBnaon TnG avaTtveEUOTIKAG
TIPOOTIABEING TOU A0BOEVOUG, TIPOCPEPEI ONUAVTIKEG TTANPOPOPIEG OTOV KAIVIKO YIaTPO,
ATTOPAITATEG YIO TN OWOTH BEPATTEUTIKN) TTPOCEYYIOH TOu Katd Tn OIAPKEID TOU
MNXOVIKOU agpIoPoU. ApXIKA, Divel hia eKTiUNON TG KATAAANAOGTNTAG Tou UWOUGS TNG
QVOTTVEUOTIKNG UTTOOTAPIENG KAl TOU BABOUG TNG KATAOTOAAG, KABWG Y1 AVETTAPKAG i
UTTEPBOAIKI} QVOTIVEUOTIKH) TTPOOTTAOEI0 PTTOopEl va  odnynoel o€ aTtpogia N
duoAciToupyia Tou dIa@PAypaTog. ETTITTA oV eTITPETTEI TOV UTTOAOYIOUO TNG OUVOAIKNG
TMEONG TTOU €QAPMUOCETAl OTO QVATIVEUCTIKO ouUoTnua. Tpitov, Ot TIEPITITWON
OUVUTTAPENG aINOdUVAMIKAG OOTABEIOG, N eVEPYEID TTOU KATAVOAWVETAI ATTO TOUG
QVOTTVEUOTIKOUG MUEG UTTOPEI VA €ival APKETA ONPAVTIKR Kal va TTIBAAAEI TRV augnon
TNG KATAOTOANG /KAl TN XOpAYyNon puoxahaong. TEAOG, N augnon TG AVOTTVEUOTIKNG
TTPooTTadeIag KaTd TN O1adIKACIO ATTOOETHEUONG ATTO TOV AVATIVEUCTAPA, PTTOPEI va
Bonbnoel otnv avayvwpion Twv acbevwyv ekeivwyv TTou dev Ba KaTapEéPouv va TEAIKA

Va a1TOdECPEUTOUV(31-34).

2.3 Mé£Bodol eKTiunoONG TNG QVOTIVEUCTIKAG WONG Kal TNG AVATIVEUOTIKAG
TTPOOTIABEING

A) MapakoAouBnon evOOBWPAKIKWY TTIECEWV

MNa va perpriooupue 1o cuvoAiké £pyo Tng avatrvong (Work Of Breathing - WOB)
gival aTTapaiTnTo va £XOUNE €vav KABETAPA HETPNONG OICOPAYEIWY TTIECEWV. AV KAl TO
€PYO TNG AVOTIVONG UTTOAOYICETl WG N ETTIPAVEIQ TTOU TTEPIKAEiETAl O €va BpdXo

TMEONG-OYKOU TOU  QVOTIVEUOTIKOU KUKAou  (Sidypaupa  Cambell), autd dev
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OUUTTEPIAQUBAVEI TNV ICOUETPIKA) OUCTIACH TWV QVOTIVEUOTIKWY MUWYV, OUTE Tn
O1dpKeIa TNG OUCTOAAG TOUG. AUTOG O TTEPIOPIOUOG UTTEPPRAIVETAI HE TO OAOKANPWHA
TNG OI00PAYEIAG TTiEONG OTO XPOVO, TO OTTOI0 I00UTAl HE TO OAOKARPWHA TNG TTIEONG
OAWV TWV avaATIVEUOTIKWV HUWV (PTPpmus) 0TO XPOVO Kal TO OTT0I0 £XEI KAAR) CUOXETION
ME TNV €VEPYEIQ TTOU dATTAVATAI ATTO TOUG EI0TTVEUOTIKOUG MUG. H Pmus utroAoyideTal
w¢ N d10Qopd PETAEU TNG EAACTIKAG TTIEONG ETTAVAPOPAS TOU BWPAKIKOU TOIXWHATOG
Kal TNG oloopayelag Trieong(35).

Mia akoun p€Bod0¢ TTapakoAoUBnoNG TNG EICTTVEUOTIKAG TTPOCTTABEING €ival TO
péyeBog TNG TITwong TnG Pes (Pes swing). MNapd 1o yeyovog oTi ival Aiyétepo akpIBAg
Kal 1710 a1TAoIKr aTTd Tov uttToAoyIoud Twv WOB 1 PTP, gival eUkoAa peTpouuevn TTapd

TNV KAivn Tou aoBgvoug Kal O€ TTPAYHUOTIKO Xpovo(36,37).

B) Avatrveduevog GyKog Kal AvaTTVEUTTIKI) OUXVOTNTA

YTO @QUOIONOYIKEG OUVONKEG, oI aAAayéG oTov  KaTd Aemmtd  agpIioPo
ETMITUYXAVOVTAI TTPWTIOTWGS PE AANaYEG OTO PEYEBOG TNG EICTIVEUCTIKNG TTPOCTTAOEING
KAl KAT €TTEKTOON OTOV QVATTIVEOUEVO OYKO KAl O€ PIKPOTEPO BaBPO pe aAAayEg OoTnv
QVOTTVEUOTIKI ouxvoTnTa. MNMapd tauTa, o€ TTEPITITWON auENUEVWY avaykwy, OTav n
TEPAITEPW AUENON TOU QVATIVEUOPEVOU OYKOU TTEPIOPIETAlI ATTO ETTNPEACHEVES
MNXOVIKEG ID10TNTEG TOU QVATIVEUCTIKOU OUCTAPATOG A a1md Uik aduvapia Twv
EIOTTVEUOTIKWYV HUWYV, N QVATIVEUOTIKA ouyxvoTnTa PTTOopEl va auénbei ducavaloya.
AKOUQA TTIO ONPAVTIKO OUWG €ival To yeyovog 0TI OTAV Ol AVAYKES AEPIOHOU UEIWBOUY,
N QVATTIVEUCTIKH OUXVOTNTA QAIVETAI VO PEIWVETAI JOVO KOTA PIKPO TT0000TO (10-20%)
OUYKPITIKA PE IO TTOAU PEYOAUTEPN MEIWON TNG AVOTTIVEUCTIKAG TTpooTTdBeIag. OTTwg
avaQEPONKE Kal TTapATTavw O TPOTTOG AsiToupyiag Tou PSV diac@alilel Evav eAAXIOTO

QVOTTVEOUEVO OYKO TTOU €EQPTATAI ATTO TO ETTITTEDO TNG UTTOOTAPIENS KAl TIG UNXAVIKES
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ID10TNTEG TOU AVATIVEUCTIKOU ouoTHPaToG. ‘ETol, gival mBavé ol aoBeveic va BpiokovTal
O€ TTPOKTIKA TTABNTIKEG CUVONKEG AEPICPOU, XWPIG auTo Va YiveTal KAIVIKA EUQAVEG.
AuTI N HEIWPEVN EUuAIoONCIa TNG AVATIVEUCTIKAG OUXVOTNTAG OTN MEIWON TWV AVAYKWY
MTTOPEI va ATTOTPEWEI TN PEIWON TNG UTTOOTAPIENG, 10iWG OTOUG BAPEWS TTAOXOVTEG
OTTOU OUXVA N ouxvoTtnTa gival ueydAn, dev akoAouBEi TNV avaTTveEUOTIKI Won yid éva
MEYAAO €Uupog TIwV pCO2 (23-45mmHQg) kal eTnpeddetal amd TTANBwWpPa GAAwV
TTOPAPETPWY. MOVO OKpaieg TIMEG AVATIVEUOTIKAG ouxvotnTag (<12 kai >30) €xouv

OUOXETIOTEI HE XAUNAR Kal uwnAr avTioToixa avatveuoTikh won(23,38,39).

M) Poa

H Po.1 €ival n TITwon TnG TTieong TTou dnPIOUPYEITAl aTTd TOV a0Bev OTA TTPWTA
100 ms TnG €I0TIVEUOTIKAG TTPOCTTABEIAG, KATA T JIAPKEIQ YIOG OUVTOUNG aTTOQPOENS
agpaywyou. ATroTeAel pia pEBODO €KTINNONG TNG KEVTPIKNAG AVATIVEUOTIKAG WOoNG,
KaBwg Ogv UTTAPXEl avTidpaon Tou eYKEQPAAOU 0€ pia TOOO CUVTOMPN atmmogpagn (o
XPOVOG TTOU ATTAITEITAI ATTO TOV E€YKEPAAIKO @AOIO yia va avTIAn@Oei OTI UTTAPXEI
KAEIOTOG agpaywyog gival >200ms). EmimTAéoy, gival avegdptnTtn atmo TIG avTIOTACEIG
TWV OEPAYWYWY, YIATi MPETPIETAI ME MNOEVIKA por agépa. AOyw TnG e£yyevoug
METABANTOTNTAG YETAEU TWV avaTvowy, N Po.1, TTPETTEl va YETPNOET KaTd Yyéoo 6po 3—
4 QopEG YIa va avaTtrapioTd agldTnoTa TNV avaTtrveuoTIKA worn. ‘Exel avei 611 o€ uyif
aropa n Po.1 kupaivetal yetagu 0,5 kar 1,5 cmH20(11). ‘Eva atmd 1a TTAEOVEKTAPATA TNG
givalr OTI €ival EUKOAQ PETPNOIUN ATTO TOUG TTEPICOOTEPOUG aTTO TOUG OIOBETIUOUG
avatrveuoTtnpes Tng MEO. Mia trpéo@atn peAETN(40) emkUpwoe TNV Poa, OTTWG
METPAONKE aTTd EUTTOPIKOUG AVATIVEUOTAPES, Kal emMPBERaiwoe Tov pOAO TNG WG
gpyaAeio TTapakoAoUuBnong TNG avaTTVEUOTIKAG WONG TOU aoBevoUg Kal TOU €pyouU TNG

avatrvong. EidikoTtepa, o€ pia mpdoearn PEAETN, XpnolyoTroimndnke 1o 6plo Tou 1
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cmH20 yia Tov TpoodiopIoud XAPNAAG EI0TTVEUOTIKNG TTpooTrddeiag (PTP/min < 50
cmH20*s/min), evw pia TIPn Po.1 peyaAuTtepn atrd 3,5 €wg 4 cmH20 avtioToixAbnke o€
uwnAn eiotrveuoTikr) TTpooTtradsia (PTP/min > 200 £éwg 300 cmH20%s/min). MNMapd 10
yeyovog OTI Kapia TIuA uWnARG 1 XapunAng Po.1 € CUOXETIOTNKE CAPWG UE TNV ATTOTUXIA
ATTOYOAQKTIONOU aTTO TO PNXAVIKO dgPIOUO, QUTA Ta KATW@AIO MPTTOpPOUV vd
XPNOoIhoTToINBoUV oTnNV KAIVIKR) TTPAEN yia TNV TTapakoAoudnon Tng atrdvinong tng

TTPOOTIABEING TwV a0BEVWYV OTIG AAAAYEG TNG NXAVIKAG UTTOOTHPIENG(40).

A) KAion Trieong og ate@paypévo agpaywyod (Occlusion Pressure)

AANNOG €vag TPOTTOG EKTINNONG TNG QVATIVEUCOTIKAG TTPOCTTABEIOG €ival n KAion
TNG TTEONG TWV AEPAYWYWYV, HETA ATTO YIO JEYAAUTEPN aTTOPPAEN, KaB’ OAn, dnAadn,
TN d1dpKela TNG €I0TTVONG (APocc), (EIKOVA 5). Z€ pIa HEAETN TTOU dNUOCIEUTNKE TTPIV Aiya
xpovia ol Bertoni et al dci€ave o611 autr) n dlagopd Trieong oxeTiCetal ue TNV Pmus pe

TOV TUTTO:

Predicted Pmus= -3/4APocc (2)

Kal o€ auTiv TNV TTEPITITWOT, TTPETTEI va An@BoUV TOUAAXIOTOV 3 PETPROEIS Kal

vVa UTTOAOYIOTEI O HECOG OPOG Toug(41).
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Eikova 5. TeAo-ekTTveUOTIKA TAUOT).

Kuparouoppég poric (Flow), mieaong aspaywywv (Paw) kai oigo@ayeiag mmieong (Pes) amo évav
aoBevr), e TEAO-EKTTVEUOTIK] mauon Kard 1n Oeutepn avamvor. H okiaouévn mepioxn
utTodEIKVUEI TN OIGPKEIa TNS EITTTVONG KAaTd Tn IGPKEIQ TN amoepaéns - n yaAalia mepioxn ta
mpwra 100ms kai n mpdoivn v umdAoimn. H Pocc umodnAwver v kAion mieong twv
aspaywywv Kara tn dIdpkela NS ammoppaéng.

E) HAekTpikr) dpaoTtnpidotnta Tou diagpdayuatog (Edi)

H nAekTpikry dpaotnpiotnTa Tou diappayuatog (Edi) pmropei va rapakoAouBnOei
MEOW €vOC KaBETApPa CiTIoNG OTToioG €xel OlaTETAYMEVA OKTW NAEKTPOdIa OTO
QTTOUOAKPUOMEVO GKPO TOU 1) Kal PE NAEKTPOdIa €TTIPAVEIAC TTOU TOTTOBETOUVTAI O€
dlateTayuéva onueia oto TTPOCBI0 BwpPakikG ToiXwHa(42). Ze OUYKPION ME TNV
TTapakoAoubnon TNG pPOong Kal TnG TEONG OTOV AVATIVEUOTAPA, N NAEKTPIKA
EVEPYOTTOINON TOU O1AQPAYMATOC Eival TTPOPAVWG TTIO KOVTA XPOVIKG OTO TTPOIOV TWV
QVATTVEUOTIKWYV KEVTPWY, TTOU ATTOTEAEI JETPO TNG AvATIVEUOTIKAG wong(43). AKOun, N
Edi ouoxeTtiCeTal oTevd e Tn d1a-O10QPAYHATIKI TTiEON KAl HETARBAAAETAI AVOAOYIKG UE

TO ETTITTEQO TNG AVATIVEUOTIKNAG BorB¢giag(44). Mapd Tnv oXeTIKA eUKoAia TNG neBddOoU,
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QATTAITEI OUYKEKPIPEVO EOTTAIOUO TTOU O¢gV gival eupéwg Ol1aB€aipog oTic MEO, aAAd Kal
n petatpot) TG Edi oe Pmus atrairei eTepoxpoviopévn avaluon Kal Ogv UTTOPEi va

Yivel o€ TTpayuaTiko Xpovo TTapd Tnv KAivn Tou aoBevoug.

3. VILI
Omwg  oupBaivel PeE  TIG TTEPICOOTEPEG  IATPIKEG KAl POAPUOAKOAOYIKEG

TTOPEUPATEIG, O UNXAVIKOG QEPIOUOG TTPETTEI VA XopnyEiTal Jéoa o€ éva BepaTTEUTIKO

TTaPAbupo, TTAPEXOVTAG TNV ATTAITOUMEVN UTTOOTAPIEN yia Th dlaTipnon NG CwAG Kal

EAAXIOTOTTOIVTAG TAV akouola TogIkdTNTa. H mlavétnTa 0 uNXavikog agpIoPos va

TTPOKaAECEl BAGPRN TTEQIYPAPNKE yia TTpwTn Qopd 10 1744 O6T1av o John Fothergill

UTTOOTAPIEE OTI N avAvnyn OTOPA PE OTOUA MPTTOPEI va €ival TTPOTINOTEPN ATTO TOV

MNXOVIKO QEPIOUO ETTEIDN «OI TTVEUUOVES EVOC QVBPWTTOU UTTOPOUV va aveEXBoUV, Xwpis

TPQUUATIOUO, I dUVaUn TOOO0 LEYAAn 600 UTTOPEI va aoKNoel évag AAAo¢ avBpwiroc,

n orroia dv UTTOPEI TTAVTA va TPoadIopIoTEl atTd TN uoouvax. MNdavw attd 250 xpdvia

apyoTepa, n PBAGBN Tou Trveupova TTou TTPpokaAcital ammd Tov avatrveuoTrpa (VILI)

atrodeixOnke opIoTIKA OTI CUPMBAAAEI oTn BvnNTdTNTA O A0BEVEIC uE TUVOPOUO OLEiag

avaTTveUoTIKNG duoxépelag (ARDS), HEOW TEOCOAPWY KAQCIKWY PINXAVIOUWV:

e Bapdtpaupa - BAABN atrd uwnA&ég dIATOIXWHATIKEG TTVEUUOVIKEG TTIECEIG, Ol OTTOIEG
TTPOKAAOUV PAEN KuweAidwv Kal dlaguyr aépa oTov utre(wkOTa Kal TO
MECOTTVEUUOVIO

e OykoTpauua - BAABRN atmmd kuweAIdIkA utrepdidTtacn

o AteAékTpauua - BAGBN atmd 10 KUKAIKO Gvolypa Kal KAEIOIHO TwV KUWEAiIdwY KaTd
TNV evaAAQyr €I0TTVONG/EKTTVOAG

e Bi6tpaupa - BA&GBn amopakpuopévwy  opydvwy  attd  atreAEUBEpwaon

PAEYUOVWOWYV TTAPAYOVTWYV Kal AAAWY HOPIWV aTTd TO TTVEUPOVIKO TTAPEYXUMA
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3.1 Kuttapikoi TTaBoyeveTikoi pnxaviopoi TpokAnong VILI

Ta TreplocdTEPA KUTTAPA €ival PNXAVOEUQioONTa, KABWG aviXVEUOUV Kal
avTIdOPOUV 0€ unNXavika epebiopara. Auth n 1016TNTa AapBdvel Bapuvouoa onuacia ot
IOTOUG TTOU UTTOBAAAOVTAI O€ OUVEXEIG I KUKAIKEG DUVAEIG, OTTWG TO AVATIVEUOTIKO
ovoTnUa.  YTTAPXEl MIA  PEYAAN  TTOIKIAIG  KUTTOPIKWY  pnxavoaiotntipwy,
OUUTTEPIAQKBAVOUEVWY TWV KAVOAIWY IOVTWY OTNV KUTTAPOTTAACMATIKA HEMBPAvVN, TOU
KUTTOPOOKEAETOU Kal TOU idIOU TOU TTupnVvIKoU TTEPIBAAPATOG, EVW N €VEPYOTTOINON
QUTWV TWV a1IoONTAPWYV TTPOKAAEI AANAYEG OTN YOVIBIAKN £EKQPACT TWV KUTTAPWV.

Y110 QUOIOAOYIKEG OUVONKEG, TO AVATTVEUOTIKO KEVTPO TOU EYKEPAAOU, puBiCEl
TN ouxvotnTa Kal 10 BABOC TNG avatvong, evw OEXETAl aPVNTIKN Kal BeTIKA
avaTPOPOdOTNON ATTO MIa TTANBWEA INXAVIOUWY OTTWG XNUIKA epebiocpaTa (KUpiwg TO
pH kai To pCO2) kal ynxavika epebiopara (a1rd TTECO-UTTODOXEIG OTO TOIXWHA TWV
BpoyxioAiwv - avravakAaoTiké Hering-Breuer), kaBopifovtag €101 TO pE€yeBOG TOU
MNXOVIKOU @opTiou TTou €mdP& OTO avatveuoTikd ouoTtnua(45). H didraon Ttou
QVATTVEUOTIKOU €TTIONAIOU KaT& TNV €I0TTVON, €VEPYOTTOIEI TOV TTOAAATTAQCIACHO Kal
MeETavAOTEUON TWV KUTTAPWY OAAG Kal TNV €KKPION ETTIYAVEIODPACTIKOU TTAPAYOVTA.
YTEPBOAIKI) 1) TTAPOATETAMEVN EVEPYOTTOINON QUTWY TWV MNXOVIOUWYV odnyei o€
@Agypovr), alayfl otn puBuion TG Tou KUKAOU TnNG CWAG TwV KUTTAPWY KOl
avadIauOpPWOn TOU EEWKUTTAPIOU XWPOU, 0dnywvTag otnv avatrtuén VILL.

Mo avaAuTikd, n unxavikn didtaon, aut KaBauTrh, UTTOPEI va TTPOKAAEDEI ThV
atmeAeuBépwaon  TTPOPAEYUOVWOWY Mopiwv  ammd To  KUWeAIdIKO emmiBAAio. Ol
KUTTOPOKIVEG QUTEG, TTPOOEAKUOUV  OUDETEPOPIANG  aTTd TNV  KUKAo@opia. Ta
EVEPYOTTOINUEVA OUBETEPOPIAA QTTEAEUBEPWVOUV TOUG KOKKOUG TOUG (TTOU TTEPIEXOUV

TTPWTEAOEG, OPAOTIKA €idn ofuydvou Kal QAEypovwoelS pecoAaBNTEG) péoa oTov
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KUWEAIBIKO Kal TO DIAPECO XWPO, TTPOKAAWVTAG diatapaxr Tou I0Tou(46). H atrwAeia
TNG OKEPAIOTNTAG TOU €TTIONAIOKOU @payuou OIEUKOAUVEI Tn PETAKIVAON QUTWYV TWV
MeCOAOABNTWY aTTO TIG KUWEAIDEG OTNV KUKAo@opia Kal avtioTpo®a(47). Agicel va
ONMEIWBEI, 6TI opIoPEVA ATTO TA ATTEAEUBEPWHEVA POPIA, OTTWG N IVTEPAEUKIVN-1B 1 —
6 OpPOUV ETTIONG WG AUENTIKOI TTAPAYOVTEG TTOU CUPBAAAOUV OTNV ATTOKATACTACH TWV
I0TWV(48).

Ta pnxavikd epeBioparta, pubuiouv £1riong TN {wn TWV KUTTAPWYV PECA ATTO Pid
TTANBWpPa eVOOKUTTAPIWY 00WV. H pnxavikr TTapapéppwaon Twy KUTTApwyv, dIEYEipEl
TOV KUTTOPIKO TTOAAQTTAQCIAONO Kal Tn dlaQopoTroincr] Toug, BonbwvTtag €101 oTnV
emOIOPOwWOoN Tou €mmBOnAiou. Mapd TauTa, n UTTEPROAIKA EVEPYOTTOINGT TWV UNXAVIKWYV
UTTOO0XEWV, UTTOPEI VO TTUPOBOTACEI KUTTAPIKY aTTOTITWwoN(49). Av Kal n amoTTwon
ATTOTEAEI Evav TPOTTO ATTOUAKPUVONG KATECTPAPHUEVWY KUTTAPWY XWPIig TNV TTPOKANON
ONMAVTIKAG QAEYMOVAG, N MACIKR aTTWAEIQ KUTTAPWY O€ TTEPITITWON  MEYAAWV
EQAPHOLOPEVWYV TTIECEWYV, UTTOPET va TTPOKAAECEI DUCAEITOUPYIA TOU AVATTIVEUCOTIKOU
TTOPEYXUMATOG.

TENOG, N INXOVIKA TTAPAPdPPWOn TOU AVATIVEUCTIKOU CUCTANOTOG, 0dnyei Kal
otnv  avadlauopewaon Tou  eEwKUTTApIoU  oTpwHaTog(50).  TMpo@AeypovwoElg
KUTTOPOKiveG OTTwWG 0 TGFPB, evepyotroiouv Tn ouvBeon Kai evattéBeon KoAAaydvou.
KuweNIBIKG 1 KUKAOQOPOUVTA QAEYPOVWON KUTTAPA, ATTEAEUBEPWVOUV TTPWTEACEG, Ol
OTTOIEG MUTTOPEI VO ATTOPAKPUVOUV TOOO TUAMATA TOU €CWKUTTAPIOU XWpPou 600 Kal
OIAPOPES KUTTAPOKIVEG KOl XNMEIOKIVEG. ZTNV Ogia pAon, oI TTPWTEACES QUTEG €ival
UTTEUBUVEG yIO TNV KATOOTPO®A TWV KUWENIDIKWY KUTTAPWY, KAl HIO €VOEXOPEVN
avaoTOAr Toug Ba ptTopouce va dpdoel ammoTpeTTIKG oTnv avarTtu¢n Tou VILI, dpwg

Ta TEAEUTAIO XPOVIO UTTAPXOUV OAOEVA Kal TTEPIOCOTEPES EVOEIEEIS OTI TTAICOUV KATTOIO
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poAo oTn €mdIOPOBWON TwWv TIPOKANBEVTWY PBAaBwyv, O METETTEITA OTAdIA TNG
vooou(51).

OMAol auToi o1 TTABOYEVETIKOI PNXAVIOMOi, OTTOTEAOUV QKPAIEG EKPAVOEIG
(PUOIOAOYIKWYV PNXAVIOPWY TTOU £X0UV WG OTOXO VO TTPOCTATEUCOUV TNV OKEPAIOTNTA
TOU AVATIVEUOTIKOU OUCTHPATOG. AUTA N “OITTAr} TOoug 1810TATA” (TTPOKANONG BAGRBNG KaI
emMOIOPOWONG) PTTOPEI va £ENYACEI TNV ATTOTUXIA PIOG OEIPAG BEPATTEUTIKWV KAIVIKWV
TapeBdocwy  evavtiwv Tou VILI, agou evw BpaxuttpoBeoua, uTTOPOUV VA
dlatapdooouv TN AsiToupyia  Twv  TIVEUPOVWY, €ival  atTapaitnTol  yia TNV
atroteAeopaTiki €mdIdpBwaon/avayévvnon Twy KUTTapwv. ‘ETol, yiveTal KatavonTto OTl
MEXP! va PBpebei pia BepatreuTikr) TTapéuPacn TTou OxI POvo Ba oToxeuvel évav
TTABO@PUOCIOAOYIKO PNXavIoOUO, oAAG Ba TO KAVEI KOl YIAd OUYKEKPIMEVO PHOVO XPOVIKO
d1doTnua, N KAAUTEPN TTPOCEYYIoN €ival n atToQuyn TNG TTPOKANONG BAABRNG, ME

TPOTTOTTOINON TOU AEPICUOU OE TTPOCTATEUTIKA ETTITTEDA.

3.2 NMaBoguaoioloyia Tou VILI

Baoel Twv TTapatrdvw, yiveTal KatavonTo 0TI JOVO O1 TTEPIOXIKES TTIECEIG KAl KAT
ETTEKTACN N TTAPAUOPPWON TTOU AUTEG TTPOKOAOUYV, YivovTal avTIANTITEG, Kal Ox1 O
OUVOAIKOG OYKOG Tou Trveupova. YTTO QUOIOAOYIKEG OUVONRKES, O aépag OIaVEUETAI
OMOIOUOPPA OTO TIVEUMOVIKO TTAPEYXUMA. AV KAl Ol N EEQPTWHEVEG TTEPIOXES DEXOVTAI
MEYAAUTEPOUG OYKOUG AOYW MEYOAUTEPNG TTEPIOXIKNG EUEVOOTOTNTAG, TEAIKA O a€pag
OIAVEUETAI OUOIOYEVWIG OTIG YEITOVIKEG KUWEAIDES. MNa TO AOYO auTO, 01 PUOIOAOYIKWG
agpiopevol Kal Xwpic BAABeg TTveupoveg TTapouaoidlouv avriotaon oto VILIL. Ze éva
(PUOIOAOYIKO TTVEUMOVIKO TTAPEYXUMA, HMOVO HEYAAOI avaTTvEOPEVOI OYKOI, IKAVOi va
TIPOKAAECOUV TOTTIKY UTTEPOIATOON KOl AUENON TwV JIATOIXWHATIKWY TTIECEWV TOU

TIVEUUOVO AKOUA KAl PETA TNV AVOKOTAVOUA TOUG OTO OUVOAO TOU TTapPEYXUMOTOG,
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MTTOpOUV va TTpokaAéoouv BAGRN. MNa 1o Adyo autd é€xel potaBei n PéTpnon TNG
CwTIKAG uTttoAeITTéopevng xwpnTmikotnTag (Functional Residual Capacity - FRC) wg
OEIKTNG TOU PEYEBOUG TOU TTVEUPOVIKOU 1I0TOU TTOU €ival dIaB€oIPog yia agpiopo(52,53).
‘ET01, £xel pavei o1 pévo otav o Aoyog VT/FRC, o o1moiog avtikatotTpilel Tnv 1Gon
TTOU aVOTITUCOETAI OTO AVATIVEUOTIKO OUCTNUA, augnBei TTavw atrd £va OUYKEKPIPEVO
oplo, Trepitrou 1,5, apxifouv va eugavifovral ol XapakTnpIoTIKEG BAGBeg Tou VILI. H
QTTOTEAEOUATIKOTNTA TWV PNXAVIOUWY TTOU KATAVEUOUV OUOIOYEVWG TIG OUVANEIG TTOU
aoKouvTal OTOV TTVEUPOVA, €¢nyEi Kal TN duvaTtoTNTA TWV 00BEVWVY UE QUOIOAOYIKO
TIVEUMOVIKO TTAPEYXUNA VO AVEXOVTAI AVOTTVEOUEVOUG OYKOUG OPKETA TTAPATTAVW ATTO
6ml/kg (0 QUOIOAOYIKOG AVATIVEOUEVOG OYKOG OTA TTEPICOOTEPA BNAACTIKA), XWPIG va
TTPOKaAEiTal BAGRN.

YTTapXouv apkeToi TTapdyovreg Ouwg trou TTpodiabétouv yia VILI étav T10
TIVEUMOVIKO TTOPEYXUMA EXEl UTTOOTET HON KATTOIEG BAARBES. APXIKA, TTVEUNOVEG OI OTTOIOI
AeIToupyouv o€ éva PAeyuovwdeg TTEPIBAAAOV gival TTIO ETTIPPETTEIC OTNV AVATITUEN
VILI, kabwg uttdpxel ouvépyela PETALU TNG OUCTNPATIKAG QAEYPMOVAG Kal TOU
BAaTITIKOU agpiopou. AguTtepov, OTav évag PeyaAog apiBudg kKuweAidwy dev eival
d1aBéoipog (AOyw aTeAekTaoiag, TTANPWONG HE uypod, 1 TTOAU HIKPAG TTEPIOXIKNAG
€UEVOOTOTNTAG), O AVATIVEOUEVOG OYKOG Ba Katavepndei PHOVO OTIC aEPICOPEVES
TTEPIOXEG, YEYOVOG TTOU €XEl odnyNnoEl OTn XPnon Tng opoAoyiag Ttou “baby lung”.
TpiTov, 01 TTEPIOXIKEG TTIECEIC TTOU AVATITUCCOVTAI 0€ KUWEAIDEG TTOU BpioKovTal JETALU
AEPICOPEVWYV KAl PN QEPICOPEVWV TTEPIOXWV (stress raisers) utropei va gival TEpAOTIES
AOGYW TNG AvIONG KATAVOUNAG TV OUVANEWYV KATA HAKOG TWV dOUWY auTwy. TEAOG, OAn
QUTH N AVIOCOUEPAG KATAVOWN TOU QVOTTIVEOMEVOU OYKOU OAAG Kal n atroTuxia Twv
MNXOVIOPWY  dIaTipnong Tou  TEAOEKTTVEUOTIKOU  OyKOU  (ETTIQAVEIODPACTIKOG

TTaPAyovTaG, aoTOBEC BWPOKIKO TOIXWHO KATT.) UTTOPEl va TTPOKAAECOUV HPEYANES
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aANayEG OTO PEYEBOG TV KUWEAIDWY KATA TN SIAPKEID TOU AVATIVEUOTIKOU KUKAOU Kal
va 00NYAOOUV 0€ KAEIOINO TWV TEAEUTAIWV OTO TEAOG TNG EKTTVONG, AUEAVOVTAG £TOI TO
MNXOVIKO QOPTIO TTOU EQAPPOLETAI OTA KUTTAPA TOU TOIXWHATOG Toug(54-56).

ATIO TNV KAIVIKY) OKOTTIA, O TTPOAVOQEPBEVTEG TTABOPUCIOANOYIKOI PNXAVIOUOI
éxouv opadoTtroinBei (Trpo@avwg Pe TTOAAEG AAANAOETTIKOAUWEIG) OTOUG OPOUG:

BapoTpauua, oyKOTpaAUUA, ATEAEKTpAUUA Kal BIOTPAUNA.

3.3 MpdéAnwn Tou VILI - NpooTaTeuTIKOG INXAVIKOG AEPIOUOS

H ouvutrapén Ttou VILI pe utrokeipeveg TTaBOAOYIEG TOU  TTVEUUOVIKOU
TTOPEYXUMATOG KABIOTA SUOKOAN TNV avayvwpion Kal TTapakoAoubnor Tou Kabwg
TTpoKaAei TTapdpoieg BAAReS. KaBwg n atropuyn avattuéng VILI atroTteAei uéya otdxo
oTnNV KaBnuepiviy TTPAKTIKA OTIG ouyxpoveg MEO, o TTEPIOPICPOG TOU PNXAVIKOU
QOpPTiOU TTOU £QAPUOZETAl OTO TIVEUUOVIKO TTAPEYXUMA OTTO TIG BETIKEG TTIECEIC TOU
QVOTTIVEUOTNPA QVTOVAKAG TNV BEATIOTN TTPOKTIKN YIO TNV QTTOQUYI TTPOKANONG
TepaAITéEPW BAABNG. H €vvola ToOu TTPOOTATEUTIKOU UNXAVIKOU AgPICUOU TTEPIAANBAVEI
OTPATNYIKEG YIa TNV atmmoguyr TPOokAnong VILI, akéua kal av autég TTPOoKaAouv
dlatapaxég otnv avrallayr aepiwv A €mBAANoUV Xprion TTPOCBETWY ETTEURATIKWV
MEBOBWYV OTTWG XPAON CUCKEUWYV EEWOWHATIKAS KUKAOQYOPIOG.

Eival yeyovog 0TI n 1aTpIKA KOIVOTATA XPEIGOTNKE TTAVW aTrd 200 xpdvia yia va
empBeBaiwoel Tn diatriotwon Tou John Fothergill, evw 1O TI BewpeiTal TTPOCTATEUTIKOG
QEPIOPOG ouveXiCel va aANAdel e TNV TTAPOOO TWV XPOVWY. MeTd atTd KATTOIEG APXIKES
TaPATNEACEIS 0€ PovTéAa pe Cwa Ndn amd 10 1967, 10 1974 pIa ONUAVTIKA
TTEIPAPOTIKA MEAETN O€ TTOVTIKIA, ATTEDEICE OTI Ol UWNAEG EICTIVEUCTIKEG TTIECEIG
TTPOKAAOUV BAGRN TOU TTVEUMOVIKOU TTAPEYXUMATOG KAl KOBIEPWOE TNV avayvwpIion Tou

MNXQVIKOU agPpIoPoU wg aiTio TIveUdoVvIKAS BAGRNG(57). Aidpopa TTEIpapaTIKG JOVTEAD
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Emaigav e1Tiong KaBopIoTIKG POAO OTNV avayvwpion 0TI TO KUKAIKO AVolyua Kal KAEIoIWOo
TIVEUUOVIKWV TTEPIOXWV TTPOKOAET DIOTEIVOUOEG TTIECEIG (Shear stress) oTo ToiXwHa TwV
KUWEAIdWY, TO OTTOI0 OPWG MUTTOPEI va ATTOPEUXBEi HE TNV eQapuoyn BeTIKAG TeAO-
ektrveuoTikng Trieong (PEEP)(58). H avramdkpion oto PEEP pe tnv €vvoia Tng
OTPATEUONG TTVEUPOVIKOU OYKOU, TTOU QAVNKE PE TN XPrOoN TNG aOVIKNG TONoYpaQiag,
yévvnoe Tov 6po “baby lung” otoug aoBeveig ye ARDS(59). Ta treipapaTtik@ JovTéEAa
avédeIgav €TTiong OT1 dev TAV AQUTA KOBAUTH N EICTIVEUCTIKI] TTiIECT TTOU TTPOKAAOUCE
TpaUpa aAANG n uttePdIATaAOn TWV  KUWEAidwY, 0dnNywvtag oTtnv €vvoia Tou
oykoTpauuartog(60). Autd Ta euprjuata odrpynoav oTnv €vvola TOU «AVOIXTOU
TTveUpova»(61), n otroia uTTooTNPICEl OTI PIa TTPOCEYYION agPICPOU TToU  divel
TTpoTEPAIOTATA OTN dIaTAPNON Tou OYKOU TWV TIVEUPNOVWY Ba atropuyel Tov
TpaupaTioyd TOU TIVEUPoOva oTrd  Olateivouoeg TmEocelg. Emmiong, n €vvola Tou
«BlotpavpaTogy atrodeixdnke o€ Eva TTEIPAUATIKO JOVTEAO(62), OTTOU O AEPIOUOG UE
MEYAAN TTaPAUOPPWON/UTTEPDIATACH TWV KUWEAIOWY TTPOKOAEI TNV aTTEAEUBEPWON
QAeypovwdwy peocoAaBntwyv amd Tov TIveUPOvVA, O0dNYwvTag O CUOTNMOTIKA
@Aeyuovh Kal BAGBN ATTOUOKPUCUEVWY OpYAVWY, IBIQITEPA PE TNV TTAPOUCia uNOEVIKOU
PEEP.

2TIG apxEG TNG dekaeTiag Tou 1990, TIC €pyaoTNPIAKEG QUTEG OIOTTIOTWOEIG
akoAouBnoav Trapatnprnoelg 0Tl 0 AgPIOPOG PE XOUNAOG QVOTTVEUOTIKO OYKO,
QYVOWVTOG TNV TTPOKAAOUPEVN UTTEPKATTVIA, QaIvVOTAV va BEATIWVEI TNV TTPOYVWON(63).
AuTil N évvola TNG «ETTITPETTOMEVNG UTTEPKATTIVIOG» UTTOYPAUMIOE Tn AOYIKI TOU
TTEPIOPIOPOU TNG EVTAONG TOU PNXOVIKOU AEPICUOU Kal EVETTVEUOE TO OXEOIQOUO TNG
Baoikng peAéTng Tou ARDS Network, ARMA(64). Z& auTr Tn JEAETN, PIA OTPATNYIKN
«TTPOCTATEUTIKOU aEPIOUOU» [avaTtTveduevos Oykog (VT) 6 mi/kg kai Trieon plateau 25—

30 cmH20] ouykpiBnke pe Tov TTapadooiakd agpiopd he VT Twv 12 mi/kg. H peAéTn
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OIEKOTTN TTPOWPA KABWG UTTPEE 0a®ng BeATiwon otnv emBiwon Twv aoBevwyv JE
ARDS T1ou agpifovtav pe XapnAo VT. Xpeidotnkav tepittou GAAa 15 xpodvia yia va
atrodeixBei 611 N epappoyn XapnAig VT weehouoe etriong aoBeveic xwpic ARDS.

H karavonor pag yia 10 TI CUVIOTA «TTPOCTOTEUTIKO QEPIOCPO» OUVEXIOE VO
eCehiooetal. H KAIVIKI) Xprion oI00QAYEIWV KOBETAPWY WE MUTTAAOVI ETTETPEYE TNV
eKTiUnON TNG OIOTTVEUUOVIKAG  TTIEONG  TTOCOTIKOTIOIWVTAG Tn  OCUUPBOAR  Twv
€CWOWPAKIKWY OTOIXEIWV (BWPAKIKO TOiXWHA, KOIAIG) OTIG TTIECEIC AEPICPOU. ZE MIa
MIKPr] @UOIOAOYIKN UEAETN o€ aoBeveic e ARDS, n péTpnon o1c0QAyEIwY TTIECEWV Yia
TN pubpion TG PEEP BeATtiwoe onpavTtikd Tnv o§uyodvwaon Kal TNV EUEVOOTOTNTA TOU
QVOTTVEUOTIKOU OUCTAUATOG, O OUYKPION WE MPIA TUTTIKF TTPOOEyyIon HE BAon Toug
mivakeg FIO2/PEEP(65). AkoAouBnaoe n évvola Tou «stress and strain» Tou Trveupova,
KaBwg n SIATTVEUUOVIKN TTiEon Ba YTTopoucE va XpnOoIPoTToINBE yia Tnv agloAdynon
TNG dUVANNG TTOU AOKEITAI OTOV TIVEUPOVA KATA TN SIGPKEIQ TOU UNXAVIKOU OEPIOHOU -
TO AEYOUEVO TIVEUUOVIKO TTAPEYXUMOTIKO OTpeG. To strain ava@épetal oTn OXETIKA
TOPANOPPWON TOU TIVEUUOVO WG ATTOKPION OTNV  €QapPolouevn  Trieon  Kal
uttoAoyideTal WG N aAAayry OToV OYKO TOU TIVEUPOVA WG TTOCOOTO TNG AEITOUPYIKAG
uttoAeImmopevng xwpntikdétntag (AV/FRC). Mia Baoikr 16éa gival OTI UTTOPEi va
eg@avioTouv emmBAaBh emmimeda stress kai strain akdéun kKal Katd TNV €QApPUOYN
TUTTIKWYV «TTPOCTOTEUTIKWV» PUBNiIcEWY agpIouou(66). ETimpdoBeTa, amodeixbnke OTI
n odnyog Trieon (dP = Pplateau — PEEP) Atav 1o 10xup6¢ KaBopIoTIKOG TTapdyovTag
TOU KIVOUVOU BvnoIuodTNTAG OTTO TNV EICTIVEUOTIKN TTieon A Tov VT, Kal 0TI Ol EIWOEIG
NG dP TTOU TTPOKUTITOUV aTTO TN BEATIOTOTTOINCN TWV PUBPICEWY TOU QVATIVEUOTHPA
oxetiCovrav Pe augnuévn miBiwon(6).

2UVOAIKA, auTéC o1 €VVOIEG KIVOUVTal Trépa ammo TIG TUTTIKEG pubuioelg

TIPOOTATEUTIKOU QEPICUOU TTPOG €VAV TTIO ECOTOMIKEUPEVO UNXAVIKO agpiouo. MExpl
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oTIYUAG €ival cagég 6T Tooo ol otaTikeéS (VT, PEEP, Pplateau, 0dnydg diatrveupovikn
TTiEoN) 000 Kal O QUVOUIKEG TTAPAUETPOI (AVATTIVEUOTIKOG PUBNOG, EI0TTVEUCTIKN KOl
EKTTVEUOTIKI PON) EMTTAEKOVTAI OTNV TTABOQUCIOAOYIA TOU TTVEUUOVIKOU TPAUUATIOUOU
TToU TTpoKaAciTal atrd Tov avatveuoTrpa (VILI). Autd avTikaTtoTrTpifeTal oTNV £vvoid
TNG «MNXAVIKAG 10XUOG» TTOU OTOXEUEI VA TTOOOTIKOTIOINOEI TN OUVOAIKA TTO0OTNTA
EVEPYEIAG TTOU TTAPEXETAI KATA TN SIAPKEIN TOU INXAVIKOU AEPICUOU Kal OpPieTal WG TO
GBpoicua Tou PBaBuou karatrdévnong avda KUkAo kKal Tng didpkelag €kBeong. O
ATTOOEKTOG OTOXOG €ival TwPA N TTAPOX TNG EAGXIOTNGS dUVATAG PNXAVIKNG I0XUOG VIO
TOV METPIOOPO TOou KivoUuvou Tou VILI(67), emituyxavovtag TTapAdAAnNAa €TTOPKN
avTaAAayn agpiwv. H euttdBeia ToOUu TTVEUROVIKOU 1I0TOU OTN PNXAVIKI KATATTOVNON
Taifel €miong poAo. E@OCOV o1 TIVEUUOVEG CUMPTTEPIPEPOVTAl WG IEWOOEAAOTIKO
oUoTNUa, TO OUCTATIKA TOU €GWKUTTAPIOU XWPEOU OTTAITOUV  XPOVO  YId  Va
TIPOCOPUOCTOUV O¢ KABe PETABANTA TOU QVOTIVEUOTAPA, UTTOdNAWwvovVTag OTI Ol
aAayEG oTIG puBuicelg Ba TTPETTEl KATA TTPOTIUNON VA YivovTal PJE PIKPEG AQUENOEIS i
MeIwaoeIg. TEAOG, KaBWG o1 BAABES TwV TTveuudvwyY eEeAicoovTal, O TPAUPATIONOG TTOU
TTPOKAAEITAI ATTO TOV PUNXAVIKO agpIouO PTTOPEi va aAAAEEl he TNV TTAPODO TOU XPOVou,

ATTAITWVTAG CUVEXH ETTAVAEIOAOYNOTN TWV PUBUICEWV.

4. P-SILI
O T1paupatioudg Tou TTVEUPova atrd Tov idio Tov acBevr| (Patient Self Induced
Lung Injury - P-SILI) €ival pia atrelAnTiKn yia Tn wr) KaTdoTaon TToU TTPOKUTITEI aTTO
TNV UTTEPROAIKI AVATIVEUOTIKI) TTPOCTTABEIO KAl TOU £€pYOU TNG AVATIVOAG O A0BEVEiG
ME TTVeupoVIKR BAGBN. H maBoguaoioloyia tou P-SILI repiAapBavel TTapdyovTeg TTou
OXeTICOVTOl ME TNV UTTOKEIMEVN TraBoAoyia Twv TIVEUPOVWY KAl TNV  £€VTovn

QvaTTVEUOTIKy TTpooTrdBeia. To P-SILI ptropei va avamruxBei 1600 KAt TNV
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auBdépunTN avaTtvor] 600 Kal KATA TN JIGPKEIN JNXAVIKOU AgPIOUOU PE dlatrpnon TnNg
auBdépunNTNG AVATIVEUOTIKAG dpacTnpIOTNTAG. 2€ QOBEVEIC PJE AUTOUATN AVOTTVONR,
UTTAPXOUV KAIVIKA OnuEia augnuévou €pyou avattvong Kal £X0UV avaTTTuXBEi KAIJOKEG
yla tnv €ykaipn avixveuon OuvnTika emRAABoUG TTPooTTABEIag TTOU UTTOPEI va
BonBrioouv Toug KAIVIKOUG yIaTpoUG va ATTOTPEWYOUV TNV TTEPITTH dIGCWANVWON, EVW,
avTiBeTa, va evToTTioOuV 00BEVEIC TTOU Ba WPEANBOUV aATTO TNV TTPWIKN dIACWARVWON.
AvTioTolxa, o€ aoBeveic O PNXAVIKO QEPIOPO,  UTTAPXOUV QPKETEG, OTTAEG, HN
ETTEPPRATIKEG PEBODOI YIa TNV AEIOAOYNON TNG EICTTVEUOTIKAG TTPOCTTABEING TTOU QOKEITAI
QTTO TOUG AVOTIVEUOTIKOUG JUEG. 2€ a0oBeveig pe onueia UTTEPBOAIKNG AVATTVEUOTIKNG
TTPOOTIABEING, N TTAPEUPACN PE OTOXO TNV €AAXIOTOTTOINGCH TNG, £XEI OTTOOEIXOEI OTI
QTTOTPETTEI TNV ETIOLIVWON TOU TPOUUATIOPOU TWV TIVEUPOVWYV Kal, WG €K TOUTOU,
BeATiwvel TNV €KBaon TwWV a0BEVWV.

2¢ €évav acBevly o€ auTtdépaTn AVATIVOR, N QVOTIVEUOTIKN TTPOCTTA0EIa
dnuIoupPYEiTal aTTd TOUG EIOTTVEUCTIKOUG PUEG KAl O TTVEUROVIKOG 10TOG EKTIBETAI KATA
OUVETTEIQ, OTIG iBIEG QUOIKEG BUVAEIC TTOU TTPOKAAOUV TPAUUATIOUO TOU TTVEUHOVA
oTTwg oTo VILI. Eav ouvutrdpxel copapr| TrTaboAoyia Tou TTVEUROVIKOU TTaPEYXUMOTOG,

QuUTO UTTOPEI VO 0ONYACEI O€ TTEPAITEPW ETTIOEIVWION.

4.1 MNeipapaTikA TeKunpiwon Tou P-SILI

O1 mpwTeg evdeigeIg TG emMCAMIAG €TTIOPAONG TNG UTTEPPOAIKAG EIOTTVEUOTIKAG
TTPOOTIABEIOG TTEPIYPAPNKAV O TIEIPAUATIKN MEAETN HpE JWa TTOU  AvOTTVEOUV
auBdépunTa UE UyIEIG TTVEUUOVEG Kal QOPUAKOAOYIKA eTTayouevo utrepagpioud. O
TTOPATETAPEVOG UTTEPAEPIOUOG TTPOKAAETE UTTOLQIMIA, ETTIOEIVIWON TNG PNXAVIKAG TWV
Tveuudvwy  (MEiwon TG  €uevdOTOTNTOG) KAl PAKPOOKOTTIKA Kal  IOTOAOYIKA

XapakTnpIoTIKA ARDS. AuTég o1 BAGREG dev avixveuBnkav o€ (wa 0To OKEAOG EAEyXOU,
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OTTOU TA QVTIKEIMEVA ATAV VAPKWPEVA, PE PUOXAAOON Kal agpIOPEVA PUNXAVIKA HE
METPIOUG QVOTTVEOUEVOUG OYKOUG(68). 2e GAAN peAETN, o1 Yoshida kal ouvepydreg,
avépepav Tn BAaBepn €midpaon TNG UTTEPPOAIKAG AVATIVEUOTIKAG TTPOOTIABEING o€
TPOUUATIOYEVO TIVEUPOVO O€ (Wwa OTA OTToia TTapakoAouBoucav TIG UTTECWKOTIKEG
TMECEIG YE ol100PAyeIo KaBeTpa. Ta (wa Pe 1o0xupry auBopunTn TTPOOTTABEIa (TTOU
opifeTal aTmd pIa hgeyaAUTEPN TIUA TNG APVNTIKAG UTTECWKOTIKNAG TTiIEONG) AVETTTULAV
onuavtikn emogivwon TNG BAGBNG Tou TTveUpova OTTWG agIoAoyABNKe aTtro Trn dUVOUIKA
€UEVOOTOTNTA, TOV APIOPO TWV OUBETEPOPIAWYV OTO BPOYXOKUWEAIDIKO uypd Kal Th
BabuoAoyia 10ToAoyIKAG BAGBNG Tou TTveuuova(28). Or idlol ocuyypageic dpicav Tov
POAO TNG ooBapAdTNTAG TNG TIVEUMOVIKNG BAGBNG OTNV avaTiTugn Kai Tnv €¢ENIEN Tou P-
SILI og (wa pe coBapr] Trveupovikr) BAARN. O BaBuoAoyieg IGTOAOYIKNG TIVEUUOVIKNAG
BAGBNG ATav uwnAOGTEPEG OTA UTTOKEIMEVA PE ApPXIKA ooBapr TTveupovikr BAGBN TTou
a@EBNKav va avaTrvéouv auBopunTa o€ CUYKPION ME EKEIVA TTOU TEBNKAV O€ uNXAVIKO
QEPIOPO XWpPig auBdpunTn TTpooTTdBela. QoTO00, Ta (WA PE APXIKA ATTIA TTVEUNOVIKN
BAGBN TTOU aPEBNKav va avatrvéouv auBopunTta £0€IEav Ta KAAUTEPA OTTOTEAECUATA
ammd OAeg TIG OpAdeG, uTTOYpauMifovTag €101 TNV aVvAyKn €EATOMIKEUONG KOl
OXOAQOTIKAG agloAdynong NG KATAGAANAGTNTAG TNG AUTOMATNG QVATIVONG VIO KABE

OUYKEKPIPEVO UTTOKEINEVO(29).

4.2 MNaBoguaioAoyia Tou P-SILI
H traBoguoioloyia Tou P-SILI, cival apketd TrepIiTTAOKN Kai TTePIAAPBAVEI
TTOPAYOVTEG  TTOU OXETICOVTAI WE TNV UTTOKEIMEVN TTaBoAoyia Tou TTveUuuova, Tnv

QVATIVEUOTIKI) WOoN Kal TNV TTPO0TTABEIa aAAG KAl TO JOTiBO TNG avatvong (EIKova 6).
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Eixdéva 6. H maBopuoioAoyia rou P-SILI.
O pauAog KUKAOS TNS emidgivwang TNG TTveupovikng BAGBNS arrd v avarmmveuaTiKn TPooTabeia
Tou aoBevoug. Kitpivo BEAog: Aiyepan TTvEUUOVOYaoTPIKOU VEUPOU

e AvaTtrveuoTikr won: Ommwg avapépdnke Kal TTapatmdvw, N AvaTTVEUCTIKN Won

opieTal WG O pPuUBPOC aulénong TnG nNAEKTPIKAG OpaocTnPEIOTNTAS TWV
QVOTTVEUOTIKWY KEVTPWYV Kal N oTroia kabopilel Tnv £viaon TnG oUoTTaong Twv
QVATIVEUOTIKWY MUWYV. Ta avatrveuoTIKA KEVTpa Oéxovtal epebiouyata atmd
KEVTPIKOUG Kal TTEPIPEPIKOUG XNUEIOUTTOO0XEIG, aATTO TTIECOUTTOO0XEIC TOU
BWPOKIKOU TOIXWHOTOG KAl TOU TIVEUUOVA €VW UTTAPXOUV Kal WNXQVIOHOI
avaTPOPOdOTNONG ATTO TOV PAOIO TOU EYKEPAAOU. € TTABOAOYIKEG KATOOTAOCEIG,
N AVATIVEUOTIKA WON AUuEAVETAl JECW TNG UTTOLUYOVAIUIOG, TNG UTTEPKATTVIOG
aAAG Kal BETIKAG avaTpo@oddTnong atrd epeBIoud Twv VeEUPIKWY Ivwv C Tou
TIVEUPJOVOYQOTPIKOU  OTTO TNV TOTTIKA  (QAEyhovriy TOU  TTVEUMOVIKOU

TTapeyxUuuaTog(69,70)
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e YT1epPoAIKO stress and stain: To uttepPoAIKS stress Kai strain €xel OXETIOTED PE
TNV avatrtugn 16oo Tou VILI 6co kai Tou P-SILI. Otav utrdpxel TraBoAoyia otov
TIVEUUOVO KAl N €UEVOOTOTNTA TOU €XEl MEIWBE onuavTIKa, XpelalovTal
UYnAOTEPEG DIOTTVEUUOVIKEG TTIECEIG KOl PEYOAUTEPO €PYO QVATIVONG YIa vad
dlatnpEnBei 0 avaTTVEOUEVOG OYKOG KAl O KATA AETITO AgPIOUOG. AKOMPN, N
KOATOAVOMI TWV QUVANEWY OTO TTAPEYXUMA YIVETOI ECAIPETIKA AVOUOIOYEVWG, UE
ATTOTEAEOUA TNV, TEPAOTIA TTOANEG QOPEG, TTEPIOXIKI augnon TnG TAong OTO
TOIXWHA TWV KUYWEAIdWV(71-73).

e To @aivouevo Tou “ekkpepous” (Pendelluft): To @aivouevo autd xapaktnpi¢eTal
aTTO AVOKATAVOUN TOU avaTTveEOUEVOU OYKOU aTTd TA PN £CAPTWHPEVA TUAUATA
TOU TTVEUOVQ OTA EEQPTWHEVA AOYW TNG HEYOAUTEPNG APVNTIKAG UTTECWKOTIKAG
TTieong yupw ato Ta TeAeuTaia. ETITTAéOV, 0€ aoBeveiG TTOU €XOUV CNPAVTIKI
EKTTVEUOTIKI] TTPOCTTAOEIO, TO €COPTWHEVA TUAPATA €ival apkeTd TTIBavo va
QATEAEKTATOUV KATA TO TEAOG TNG EKTTVONG Kal £T01 va evioxueTal To pendelluft
otnv évapén NG €TTOPEVNG EIOTTIVONG. AUTH N EVOOTTOPEYXUMATIKA PETAKIVNON
aépa TTPOKOAEI ONUAVTIKN TTEPIOXIKA UTTEPDIATAON, QuEdvel TO £pyo TNG
QVOTIVONG, €V TO MPEYEBOG TOU QAIVOPEVOU €XEI CUOXETIOTEI UE augnon
KUKAOQOPOUVTWY QAEYUOVWOWY KUTTOPOKIVWY OTO aipa(74—76).

e [lveupovikd oidnua: Me TIG TTOAU €VTOVEG EICTIVEUCTIKEG TTPOOTTIABEIEG KAl TN
OuVETTAKOAOUBN UTTEPBOAIKG apvNnTIKY EvOOBWPEAKIKK TTiECN TTOU dNIoUPYEITAIl,
UTTApXEl MIa augnon oTtn QAERIKR €moTpo@r). Autd odnyei o€ auinuévn
TEAOBIAOTOAIKA TTiEON TNG APIOTEPNS KOINIAG, augnuévn Trieon oTa TTVEUUOVIKA
TPIXOEIONA Kal TEAIKA UWnAr dIaToIXWHATIKA TPIXOEIDIKA KAioN TTiEoNng TTPpOg ToV
€EWKUTTAPIO XWPO. € TTEPITITWON TIVEUUOVIKNAG BAABNG, cuvuTtdpXel augnuévn

dIaTTEPATOTNTA TWV TIVEUMOVIKWY TPIXOEIdWYV Adyw Tng Olatapaxns Tou
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evdobnAiou Toug. O ouvduaopudg TNG augnuévng TPIXOEIBIKNAG dIOTTEPATOTNTAG
Kal TNG uywnAng diatoixwuaTIKAG KAiong Trieong odnyei otnv egayyeiwon
TTAGOPATOG OTO DIAUECO XWPO Kal OTIG KUWEAIDEG. To TTVEUPOVIKO auTO 0idnua
QuEAvel PE T OEIPA TOU TNV EICTIVEUOTIKI TTPOCTIABEI AOyw dlaTapaxwv
QEPIOPOU-AINATWONG KOl EVEPYOTTOINONG  TWV  PNXAVOUTTOOOXEWV  TOU

TIVEUNOVOYQOTPIKOU(69,77).

OTtav 10 TTVEUPOVIKO TTaPEYXUMA OEV €ival QUOIOAOYIKO €ival TTIO ETTIPPETTEG OF
deutepoTTaBeic PAARES. H UTTEPBOAIKN) avATTIVEUCTIKY WON PTTOPEI VA UTTEPKEPATEI TA
TIPOCTATEUTIKA AVTAVOKAQOTIKG KAl CUVETTWG VA 0dnNYNOE€l 0€ £€va YOTIBO avaTtrvong 1O
oTT0i0 Ba £mMdEIVWVEL TIG TTPOUTTAPXOUCES BAGRBEG, 0dNYWVTAG £TCI OTO QAUAO KUKAO
Tou P-SILI. H tTavdnuia tou COVID-19 £€dwoe peydAn wbnon oTnv £€pguva TTAvVwW OTO
P-SILI. To ARDS 10U COVID-19 €ixe €10IKA XOpAKTNPIOTIKA KABWG 01 aoBeveig cixav
TTOAU ouxva peydAn avoxr otnv utrogaiyia Adyw d1aTapaxwy OTOUG KEVTPIKOUG Kal
TTEPIPEPIKOUG XNUeEIOUTTOO0XEIG(78—80). 'ETOI1, 01 aoBeveic auToi diatnpouoav apKeTA
UWnAr avaTtveUuoTIKA TTPOCTTABEIN YIa HEYAAO XPOVIKO dIA0TNUA, N OTToia TTPoKaAoUCE
ooBapd P-SILI. ZTi¢ 1o coBapég KATaoTACEIG N KAION TTiEoNg TTou £QapuoléTav oTo
TIVEUPOVIKO  TTOPEYXUMO  PTTOPOUCE va  TIPOKoAéoel Bpavon Twv OOUWV  TOU
TTOPEYXUMATOG 0dNYyWVTAG O QUTOMATO TTVEUPOBWPOKA, TTVEUHOUECOBWPAKIO KAl
TIVEUMOTTEPIKAPOIO, KATAOTACEIC TTOU augdvouv Tn BvntdtnTa Beapatika(81,82). ¢
QVOOPOMIKEG MEAETEC Ol OTTOIEG €XOUV HEAETAOCElI TNV ETTITITWON KAl Ta KAIVIKA
XOPAKTNPIOTIKA TOU QUTOUATOU TTVEUROBWPAKA KAl TTVEUUOUECOTIVEUUOVIOU OTOUG
aoBeveic ye COVID-19, @davnke OTI éva onUAVTIKO TTOOOOTO TWV O0BEVWV QUTWV
EMPAvVICav TTVEUOBWPOKA 1 TTVEUUONECOTIVEUMOVIO KATA TNV €l0aywyn Toug 1 Katd

TNV TTAPAUOVI) TOUG OTO VOOOKOEIO, TTPIV TN XPron OTTOIACOATIOTE HOPPNG UNXAVIKOU
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QEPIOPOU, YEYOVOG TTOU UTTOONAWVEI HIO 1I0XUPr) OUCXETION METALU TNG €viovng

EIOTTVEUOTIKNG TTPOOTIABEING KAl TNG £EEAIENG TNG TTVEUNOVIKNAGS BAGPRNG(83,84).

4.3 AuOKOAiEG OTNnV avayvwpion Kal avTIHETWTTIoN Tou P-SILI

A) Autoparn avaTtrvon

H utroaipia kal n utrepkaTvia €ival o1 KUpIol AGyOl yia €vapgn eTTEURATIKOU
MNXOVIKOU QEPICPOU O€ Q0BOEVEIG UE OEIa AVATTVEUOTIKI aveTTapKela. Katd mn didpkeia
NG TTavonuiag tou COVID-19, utmpxav TToAANOi aoBeveic pye TN vOOO, OI OTToIOl
EM@AviCav ocofapry UTTOEUYOVAIMIa Kal  UTTEPKATTIVIO dIaTNPWVTOG OUWS  TTARPN
ouveidnon evw dev eP@AvVICaV onUEIa AVOTIVEUOTIKNG dUOoXEPEING. H atTeikdvion Twv
TIVEUNOVWYV TWV acBeVV aUuTWV PE UTTOAOYIOTIKH TOPOypa®ia rj uTrEpNXO avadeikvue
TTOAU ouxvd o0oBapoTateg OOMIKEG PBAABEG OTO TIVEUMOVIKO TTAPEYXUMA  EVW
AEITOUPYIKEG UETPAOEIC avEDEIXvaV TTOAU €vTOVN QVATIVEUOTIKH TTpooTrdBeia. OTav
TENIKA Ol a0BeveiG AUTOi TIBEVTO O PNXAVIKO AEPIOPO KOBUOTEPNUEVA, N TTPOYVWON
TOug ATV XeIPOTEPN. QG €K TOUTOU, €ival ONUAVTIKO va avayvwpioTouv £yKalpa Ol
aoBeveic auToi o1 otroiol diatpExouv uwnAoS kivduvo avarTugng P-SILI, aképa kai av
EM@aviCovTal NPEUOI KAl XWPIG EVTOVA ONUEI avaTTveEUOTIKNG OUOXEPEIAG, TTApa TNV
MEYAAN €I0TTVEUOTIKA waon Tou diatnpouv. Av Kal uttdpxouv 0edouéva  atmod
TTEIPAPOTIKEG KAl KAIVIKEG peAETEG OTI TO P-SILI eival pia cofapry kai duvnTika
atreIANTIKA yia TN {wr KataoTaon, 8ev UTTAPXEI OJOPWVIa PHETAEU TWV EVTATIKOAOYWV
yla TO TTOTE TIPETTEl va TIBETAI OTOV QVOTIVEUOTHPA £vag aoBeviAg HE MEYAAN
QVOTTVEUOTIKI TTPOCTTA0EIa. 2& PEAETEG 0 (WA, OTA OTToIa €iXEe TTPOKANBEI TEXVIKA
TIVEUMOVIKH BAGBN, N TTPWIKN SIACWAAVWON KAl O NXAVIKOG AEPICHOG 00ynoE TEAIKA
o€ MIKPOTEPN €MIOEIVION TWV TIVEUUOVWY O€ Ooxéon PE Ta {Wa TTou gixav agebei va

QVOTTVEOUV auTOaTa. AKOUN, £XEI QAVEI OTI O UNXAVIKOG QEPIOPOG EXEI TTPOCTATEUTIKA
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opdon otnv €¢ENIEN TNG TTveEUPOVIKNAG BAAGBNG av €QAPUOOCTEI TTpWIYA Kal Oxl av
EQPAPMOOTEI OWIga oTnv Tropeia NG vooou(28,68,85,86). Opiopévol ouyypageig,
ETTOPEVWG, UTTOOTNPICOUV OTI €TTI UTTAPENG UWNAAG avaTIVEUOTIKAG WONG Kal £VIOVNG
QVOTTIVEUOTIKNG TTPOOTIABEING, O PNXAVIKOG AEPICPOG PE TTAPAPETPOUG TTPOCTACIOG
TWV TIVEUUOVWYV PTTOPEI va BewpnBEi TTPOOTATEUTIKI BEPATTEIQ VIO TNV EAAXIOTOTTOINGCN
Tou P-SILI(87,88).

B) Mnxavikog agpiouog

H auBdépunTn avatrvor] Katd tn SIAPKEIA TOU PUNXAVIKOU AEPICUOU O€ QOBEVEIQ
pE ooBapr BAGRN TWV TTVEUPOVWY TTAPAMEVEI QVTIKEIMEVO OUVEXOUG oUlTNONG UETALU
TWV EVTATIKOAOYWV. H evepyOg dIATACN TOU TIVEUUOVA HECW TNG EICTIVEUOTIKNAG MUIKAG
opacTnPIOTNTAG PEATIWVEI TNV avTaAAayh AEPiwV KAl TOV AEPIOPO TWV TTVEUROVWY,
KUPIWG O€ ECAPTWHEVEG TTEPIOXEG, BEATIOTOTTOIEI TNV AVTIOTOIXION AEPICHOU-AINATWONG
KAl ATTOTPETTEI TNV ATTWAEIQ TOU TEAIKOU EKTTVEUCTIKOU OYKOU TOU TTveUupova (dnAadr)
TNG AEITOUPYIKAG UTTOAEITTOMEVNG XWPENTIKOTNTAG)(89,90). EmmAéov, n auBopuntn
avaTTvon Katd 1n SIAPKEIQ TOU INXAVIKOU QEPIOUOU TTPOAYEI TNV AVAKTNON TOU TTAXOUG
TOU JI0QPAYUATOG KAl JTTOPEI VO AVOOTPEWEI €V JEPEI TNV ATPOPIA TWV AVATIVEUOTIKWV
Muwv. QoTooo, £€akoAouBEi va cival ammapaitnTo va TTPOAAUBAveTal N UTTEPBOAIKN
TTpooTTddeIa TTou pTTopEl va odnynoel oe P-SILI kal eTrak6Aoudn katatrdévnon - BAGRN
TOU SIA@PAYHOTOG. 2€ TTEIPAUATIKI MEAETN, N auBOPPNTN AVATIVON NTAV EVEPYETIKY O€
(wa ue Ata TTveupovik BAGBN. Qotdéoo, oe {wa ue coapr TTVEUUOVIKR BAGRN, N
auBdépunTN avaTIVOr] CUCXETIOTNKE ME ONUAVTIKA QUENON TOU ATEAEKTPAUUATOG,
upnAoTepn Pplateau kai peyaAutepn auBdépunTtn aQvaTVEUOTIKA TTpooTrdBeia, ue
atroTéAeCua TNV uwnAOTEPN BIATTVEUMOVIKA TTiECN Kal TNV uywnAoTepn odnyod Trieon.
ATIO TNV AAAN TTAEUPAd, N PUIKE TTapdAuon o€ coBapPO TTVEUROVIKO TPAUPATIONO €iXE WG

atmmoTéAeopa  KaAUTepn oguydvwon kal AlyOTeEPO  IOTOAOYIKO TPAUPATIONO TOU
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Tveupova(29). Emmi Tou TTapOVTOG, T Oe£dopéva attd TIG KAIVIKEG OOKIUEG gival
QVETTAPKN YIO va YiVOUV OUCTAOCEIS KAl KATEUBUVTAPIEG YPOUMEG POCIOPEVEG O€
OTOIXEIA OXETIKA PE TN OTPATNYIKA TOU QUTOUATOU AEPIOUOU O€ ATOUO HME PNXOVIKO
agpiIoyod otV ogeia @aon Tou ARDS. 2Upgpwva pe TN yvwun opddag
EUTTEIPOYVWHPOVWY, O AEPIOPOG PE AEITOUPYIQ TTiEONG TTOU ETTITPETTEI TOV AUBOPUNTO
QEPIOPO  PTTOPEI va  xpnolyotroinBei  étav  dlao@aAileTal 0TI O TTAPAYOUEVOS
QVOTTVEOUEVOG OYKOG €ival KovTd ota 6 mL/kg TrpoBAsopevo Bapog cwpatog (PBW)
kal dgv utrepPaivel Ta 8 mL/kg PBW(91,92). Z1nv kaTteuBuvon auTrj, PMTTOPOUV VA

BonBrioouv pia ogipd atro TTapeUBACEIC:

e [lpnvAg Béon. H emmidpaon NG TTPWIKNG KAl TTOPATETAPEVNG EQAPHUOYNAS
Tpnvoug Béong aglohoynbnke oec 81 aoBeveic ye COVID-19 TT0oU €xpnlav
MEMA kai @avnke 0TI UTTIPXAV MIKPOTEPA TTOO0O0TA atroTuxiag Tou MEMA aAAG
Kal TNG OAIKNAG BvNnNTéTNTAG. AKOUN, @AVNKE COPG BEATIWON OE QUOIOAOYIKEG
TTOPAPETPOUG, OTTWG O AEPICPOG TOU TTVEUPOVIKOU TTAPEYXUMATOG (OTTWwG auTdg
agloAoyninke pe KAIHAKES ATTO TOV UTTEPNXO TTVEUUOVWY), 0 Adyog paO2/FiO2,
N QvaTmveuoTiK ouxvotnTta aAAd Kal Ta  TTOO0O0TA  KUKAOQOPOUVTWV
QAeypovwdwyv Blodeiktwy. O1 emdpAcelS auTéG utTTodNAWvVouV OTI N TTPNVAG
Béon oxetiCetal pe peiwpévo Kivouvo P-SILI, evwy n BeTiki emmidpacn otnv
oguyévwaon Kal TNV QVOTIVEUOTIKI] OuxvoTnTa £xouv emRePaiwbel kal o€
TTPOCQPATEG PETAVOAUOEIG(93—96).

e KaTaoToAr). H KaTAoTOAN MEIVEI TV AVATIVEUOTIKA WON Kal PTTOPEi va
TTPOCTATEWEI TOV TrveUpova ammod Trepaitépw emodeivwon. Mapd talta n
TTOPATETAPEVN XPAON KATAOTOARG augdavel Tov Kivouvo yia VAP, yuikni atpogia

kai  delirium. XapaktnpioTik&, Katd Tnv  tavonuia Tou COVID,
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XPNOIMOTTOIOUVTAV TTOAU PEYAAEG DOOEIG KATAOTAATIKWY KAl OTTIOEIdWY YIa va
MEIWBOUV Ta €TTEICOdIA UN CUYXPOVICHOU TwV AcBEVWY JE TOV AVATIVEUCTHPA.
ACiCel edw va onuEIwOEi OTI 01 KAIJOKEG HETPNONG TNG KATAOTOANG 0TI MEG evw
avayvwpifouv To €TTITTEdO £ypriyopons Twv acBevwyv dev oxeTiCovTal KaAG e
TNV éviaon TnG QVOTIVEUOTIKAG wong. MNa 1Tapddeiyud, OTOUG PNXaVIKA
agpICOPEVOUG aoBeveic OTTOU N AVOTIVEUOTIKI WON TTapakoAouBeiTal ye Tn
METPNoN TNG Po.a, auth @Aavnke va pn oxeTiCetal ye TNV KAigaka RASS. 'ETol,
OnuIoupyndnke 0 OpPog “TTPOCTATEUTIKI YIO TOV TIVEUUOVO KOTAOTOAR” TTOU
TTEPIYPAPEl MIA €CATOMIKEUMEVN TITAOTTOINON TNG KATOOTOAAG, n oTroia Ba
MEIWOEI TA QAIVOPEVA ACUVEPYEIOG PE TOV AVATIVEUOTAPA eV TTAPAAANAaQ Ba
dlatnpei TNV autopartn avatvon(97-99).

e Mepikr} puoxdAaon. H xopriynon xapnAwv 06cewv puoxdAaong UTTopEi va
XpPnoigoTtToIiNBei o aoBeveic o1 0TToI0I BPioKOoVTal G€ unXavikr utTtoorntnon Tng
avaTTvong aAAG avatTuooouv uywnAoUug avatrveOUEVOUG OYKOUG /Kal apKeETA
apvnTIKEG  evOOBWPAKIKEG — TTEoElIC  Adyw  €viovnGg  AVATIVEUOTIKAG

wong(100,101).

5. VIDD

5.1 EmdnuioAoyia kai KAIVIKI) onuacia

H mapapovr) Twv aoBevwv OTIG POVAdEG evTaTIKNG BepaTtreiag ouvAbwg
OUVOEETAl HPE BIATAPAXEG OTNV OMOIOCTOCTN TTOAAWY OPYAvVWY Kal CUOTNHATWY,
OUPTTEPINOUBAVOUEVOU  TOU  HUOOKEAETIKOU  ouoTAPATOG. H  €EAAsIwn  PUIKAG
0paoTnPIGTNTAG, O OUVOUOOWO HE TNV UTTEPKATAPROAIKA KaTtdoTaon Twv Bapéwg

TTAOXOVTWV aoBevwv, odnyei o€ PUTKO "KavIBaAIOPO", HE TOUG HUEG VA PETATPETTOVTAI
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O€ TINYEG TTPWTWYV UAWV TTOU O OPYaVvIOPOG XpnolyoTrolei yia €miBiwon(102). Eivai
EUPEWG YVWOTO OTI N MUIKR OuoAciToupyia o€ Bapéwg TTAOXOVTEG QOBEVEIG, TToU
opifeTal wg puotrabeia g MEO (ICU-aquired weakness) oxeTiCeTal pe arroTuxia
ATTOYOAQKTIONOU Kol dUuoUEV EKBaon.

To 2004, o 6pog "emrayouevn atmd TOV QVATIVEUCTHPA OUCAEITOUPYIO TOU
dlappayuarog"  (ventilator-induced  diaphragmatic  dysfunction -  VIDD)
XPNOIMOTIOINBNKE yIa va TTEPIypdyel Tn MUIKA aduvapia Tou dla@pdyuatog TTou
TapaTNEEITal KOTA Tn  OIAPKEId HPNXAVIKOU OEPICPOU Of PBApEWS TTACYXOVTEG
a00¢eveig(103). Ao TOTE, TTOAEG KAIVIKEG PEAETEG €Xouv eIBEBaIWOEl TNV UTTAPEN
duOoAsIToupyiag Kal aTtpo@iog Tou OlaPPAYUATOG TTOU OXETICETAI PE TOV PNXAVIKO
agpIop6(104,105). H duoAcitoupyia Tou dla@pAyuaTog, ENQaAviICeTal KAIVIKA JE YUIKNA
aduvayia Kal QUOKOAIO ATTOOUVOECNG ATTO TOV AVATIVEUCTAPA KAl ATTOTEAEI OUXVO
TTPORBANUA 0TOUG a0BEevEIC OTIC HOVAdEG evTaTiKNG BepaTreiag. Mepitrou 10 25% TWV
aoBevwy TTOU PBpioKovTal O UNXAVIKO AEPIOUO QVTIUETWTTICOUV OUOKOAIQ OTnv
aTTOdECPEUOT TOUG ATTO TOoV avaTveuo T pa(106), pe 10 40% Tou XPOVOU TWV IATPWV
Va AQIEPWVETAI O€ AUTRV TN diadikaoia(107).

H puik aduvapia Tou dla@pdayuatog evioTriCeTal 010 63% Twv aoBevwv KATA
TN OOKIJAOIia aTToouvdeonS aTTd TO PNXAVIKO agplopd(108), ue TToAAOUG aoBeveic va
TTapouciddouv dla@payuaTiky QUCAEITOUPYIa KATA TNV €l0aywy TOUG OTh JovAda
EVTATIKAG Bepatreiag Adyw TToAucuoTnuatiknig vooou(109). Mia onuavTikh HEAETN yia
TN VIDD avédeige Tnv TaxeEia eykataoTaon Tou @aivopévou, péoa oe HOAIG 18 wpeg
MNXaVIKOU aepIopoU(110), evw TTOAAEG €peuveg €xouv OEiel TN XPOVOEEAPTWHEVN
QTTWAEIO JUIKAG I0XU0G TOU dIa@PAyuaTog o€ aoBeveiG UTTO unXaviKO AgpIoPO, €10IKA
KATA TIG TTPWTES 72 wpeG(4,111-113). ETTopévwg, cival TTpo@avéS OTI N TTAEIOVOTNTA

TWV a0BEVWV TTOU VOONAEUOVTAl O POVADES EVTATIKNG BepaTreiag ep@avilel KATTOI0
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Babud VIDD, AapBdvovrag uttogiv Tnv TTapox MNXAVIKOU agPIOPoU yia TTOAAEG

NUEPEG.

5.2 MaBoguaoioloyia Tng VIDD

YTrapxouv TTOANG poplokd POVOTTATIO TTOU QAiVETAI va OXETICOVTAl PE TNV
ATPOYIa KaAl, CUVETTWG, TN dUCAEITOUPYia Tou dIAPPAYHOTOG. € TTABOAOYOQVATOUIKA
TTapaokeudopara, Tapatnenbnke o1 utmopei va  TTpokUWwel  atroppdé®non N
QVTIKATAOTOON TwV MUKWV Ivwv. O1 POopIoKoi PnXaviopoi TTou kaBopifouv Tnv
aTTOPPOPNON TWV PUIKWV IVWV TTEPIAANBAVOUV TN MEIWPEVN TTPWTEIVIKY) oUvOeon, TN
onNUavTikn TTPWTeOAUCN AOYWw EAAEIYNGS avaBOAIKWY opuovwy OTTwg o IGF-1(114,115)
Kai/p TNV augnuévn €KQPaon TTIPWTEOAUTIKWY Kal ATTOTITWTIKWY €VCUPWY  Kal
pjecoAaBNTWyV (TTpwTEAOEG, KaATTdiveg, kaoTrdon-3, MuRF-1)(116,117). EmittAéov, ol
eAeUBepeg piCeg oguydvou @aivetal va diadpapaTtiCouv pOAO 0€ AQUTHV TN KATAOTPOPIKA
dladikaoia, KaBwG o PnNxavikds agplopds odnyei 0TV 0&Eidwon TNG CAPKOMPEPIKNG
TPWTEIVNG, ME ATTOTEAECUA TNV OURIKOUITIVOTTOINGN Kal atrodéunon tg(116). Autd
uTToOTNPICETAI KO AaTTO TNV auénuévn éK@paon TNG UTTEPOLEIBIKAG dIoPoUTAONG, £VOG
€vOOYEVOUG aVTIOEEIDWTIKOU OUOTHUATOG(118).

Ooov agopd TOug UTTOTUTTOUG TWV MUIKWV VWYV, £xel OeIxOei OTI KAl o1 iveg
Tax€eiog CUOTOANG Kal Ol iveg Bpadeiag CUCTOAAG PEIWVOVTAI TTAPOUOIWGS OTNV ATPOYIa
Tou dlappdyuatog(110,119), oe avtiBeon Pe TO TTPOTUTTO EKQUAICHOU TWV HUWV TWV
AKPWV, OTTOU EVOEXETAI VO UTTEPIOYUEI £VAG OUYKEKPIYEVOGS TUTTOG IVWYV avAAoya HE TNV
Tepiodo adpavelag. EmTAéov, n BeTiIkn TeEAoekTTVEUOTIKA TTieon (PEEP), augdvovrag
TOV OYKO TWV TIVEUPOVWY, QAIVETAI VO PEIWVEI TO PAKOG TWV IVWYV Tou d1a@pAyuaTog,
EMOPWVTAG £T01 OTNV  OaTTOPPOPNON Twv OopKopepiwv(120). ‘Evag mlavog

MNXOVIOPOG yia auTtd gival n TTEPIPEPIKN MEIWON TNG PONG TOU QiPNATOG TOU
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dIaPPAYUATOG WG ATTOTEAEOUA TWV UWPNAWYV QYYEIOKWY AVTIOTAOEWY, TOOO O€ UYNANR
000 Kal o€ XaunAry PEEP o€ éva mrpoTutro TTapOPoIO PE TIG TTVEUROVIKEG QYYEIAKES
QAVTIOTAOEIG KATA TN DIGPKEIQ TOU pnxXavikoUu agpiopou(121). Mia GAAn mavr e€riynon
TTOU TTPOTAONKE TTPOCPATA €ival OTI N dIATACH TOU CAPKOUEPIOU TTOU TTPOKAAEITAI ATTO
TNV PEEP evepyoTrolgi TNV a1tOTITWTIKA 000 TTOU ava@EéPBNKE TTAPATTAVW, HECW TNG
TITiVNG, MIOG TTPWTEIVNG JE XOPAKTNPIOTIKA PNXavoaiodnTApa Kal TwV OXETICOMEVWV

Mopiwv TNG(122).

5.3 Tpéxouoeg Kal VEEG TEXVIKEG OTN dIAYVWOTIKN TTpooéyyion TG VIDD

Ytmpgav TOANEG TTpooeyyioelg yia Tn dIdyvwon Kal  TeKunpiwon Tng
duoAcitoupyiag Tou Odlappdayuatog - VIDD. Qotdéoo, cival KAIVIKGE OUOKOAO va
dlakpivouue o€ 11010 BaBud n duoAciToupyia OQEIAETAI OTNV UTTOKEIPEVN TTaBOAOYIa Kal
oTov Pnxavikd aegpiopd. O1 apxIKEG PMEAETEG TTOU evTOTTiIoav TnVv Utrapgn TG VIDD
Baciotnkav o€ TTOBOAOYOQVATOUIKA KAl VEKPOTOUIKA TTapackeudopaTa(123).
2UYKEKPIYEVA, TTAPATNPAONKE aTpo®ia Kal Twv OUO0 TUTTWV MUIKWV VWV TOU
dlappAyuaTod.

duoikd, n TTapatmavw PEBOdOG dev gival EQAPPOTIUN OTNV KAIVIKA KaBnuePIVN
TPAEN, KaBWG N Blowia gival oxedov aduvarn yia 0Aoug Toug aoBeveig. H diayvwoTiKA
TPOOEYYION €TTOMEVWG  PacifeTal  OTnV  eKTiUNON  TNG  AEITOUPYIKOTNTOG  TOU
dlappdyuarog, dnAadn TnG IKAvOTNTAG Tou yia cUCTIOON KOl TTapaywyr duvaung.
O1rwg Kal o€ AAAOUG OKEAETIKOUG PUEG, N 10XUG TOU dIa@PAYUOTOG Bewpeital n YEYIOTN
duvaun TTOU UTTOPEI va avaTrTugel e T oUCTTOOT) TOU. TNV KAIVIKA TTPAEN, N 10XUG TOU
dlapPAyuaTog ekTINATAI ATTO TNV HPEYIOTN dla-dla@payuatikn Trieon (Pdi,max), 1ou
uttoAoyileTal atmo Tn dla@opd TECEWV KATA UAKOG Tou dla@pdyuaTtog (avaueoa oTn

YOOTPIKA KOl TNV oloo@ayikf Trieon), Katd tn dIAPKEIQ TG MEYIOTNG EICTIVEUOTIKAG
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TIPOOTIABEIOG PE KAEIOTO agpaywyo. Z€ PapId KATAOTACT, N METPNON MTTOPEI VA YiVEl
ME aTTOPPAgn TOU aEpaywyouU, EVW YIa TNV akpIBr agloAdynon atraiTeital n ouvepyaoia
TOou a0Bevoug. H pétpnon TnG MEYIOTNG (QPVNTIKAG) TTIECNG OTOV aEPAYWYO PETA aTTO
MEYIOTN EICTIVEUOTIKA TTPOOTIABEI0 PE ATTOPPAEN TOU aepAywyoU QTTOTEAEI dIa
armAouoTepn MEBODO EKTIMNONG TNG MUIKAG 10XUOG TOU dloppAayuatos, Kabwg Oev
ATTAITEI TN XPrON OICOPAYOU Kal YOOTPIKOU KABETAPA KAl UTTOPEI VA TTPAYUATOTTOINOEI
ME TO TTATNUA EVOG KOUMTTIOU 0€ OUYXPOVOUG avaTiveuoTrpeg. MNMapdAo 1Tou n péBodog
QUTH EKTINA TNV TTiEON TTOU TTAPAYOUV OAOI Ol EICTIVEUCTIKOI MUEG Kal OXI €I0IK& TO
O1dppayua, XapnAEg TINEG UTTOONAWVOUV aduvauia Tou dIaPPEAYUATOS KOl GUVOEOVTAI
ME aduvapia aTToouvOECNG ATTO TOV AVATIVEUCTHPA KAl QUOUEVH TTPOYVWON (124—-126).
H agloAdynon Tng HEYIOTNG EICTIVEUCTIKAG A d1a-OIa@PAYUOTIKAG TTiEong o€ Bapid
TTAOXOVTEG a0BevEIC PE EANEIYN OUVEPYOOIiag UTTOPEI va €TTITEUXOEI e DIODEPUIKA
NAeKTpopayvnTIK OIEyEPON TwVv @PEVIKWY veUupwyv (twitch stimulation)(127). To
atmmoTéAeopa eival n ave¢apTnoia atd Tn cuvepyacia Tou acBevoug, cUOTIOCN TOU
dlaPPAYUATOG Kal, ETTOMEVWG, dnUIoUpyia €I0TTVEUOTIKNG TTieong (Pditw kai Paw,tw),
TQ OTIoi0  XPNOIYOTToIoUVTAl VIO TNV  agloAdynon Tng A&IToupyikOTNTAG TOU
dlappayuarog(128—-130).

H e@apuoyr Twv UTTEPAXWYV, TTOU @aiveTal va €xel OAO Kal TTEPICCOTEPO
ONMAvTiKG POAO OTO XWPEO TNG EVTATIKAG Bepatreiag, YTTOPEi va TTAPEXEI TTOAUTIMEG
TTANPOQOPIEC yIa TNV KaTAoTaon Tou dlappaypaTog. H pérpnon Tou TTAXOUG TOU
dlappayuaTtog, Kai 10IKA N TTapakoAouBnar| Tou PE TOV XPOVO, UTTOPEI VO ATTOKAAUWEI
TNV €UQAVION aTpogiag. EmmAov, n duvauik TTapatApnon Tng TTAXUvOong Tou
dlagppayuarog (thickening fraction, TF) katd Tnv €I0TIVOR XENOIUOTIOIEITAI yIA TNV
agloAoynon TG AsIToupyIkOTNTAG TOU. APKETEG KAIVIKEG HEAETEG £XOUV ETTIBERAIWOEI TN

aduvayia atroouvdeong atrd Tov avatveuoThpa(4,131-134). Akéua o TpdoeaTta
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VEEG TEXVIKEG UTTEPHXWV, PE BAon TO 10TIKG doppler SOKINAOTNKAV OTN CUOXETION TNG
TaXUTNTag oUOTTAoNG/XAAAONG TWV MUKWV IVWV TOU OIa@PAYMOTOG TOOO HE TIG
Pdimax/PTPpdi 600 kal pye TNV TTPORBAEYN TNG ATTOTUXIOG ATTOOECHEUONG ATTO TOV
QAVATTVEUOTNPA, JE TTOAU KOAN atroTeAéopaTa(135).

H Aecitoupyic TOU dIA@PAYPATOG  UTTOPEI, €TTIONG, Vva  EKTIUNOEi e
NAEKTPOUUOYPAPNMQA, €iTE ETTIPAVEIAG(136), €iTe HECTW BI0ICOPAYEIWV NAEKTPOBIWV TTOU
XPNOIMOTTOIOUVTAlI OTOV VEUPOYEVWG TTPOCAPHOCOUEVO PNXAVIKO aepioud (neurally
adjusted ventilatory assist, NAVA), kaBw¢ n évraon TnNG MUIKAG CUCTOARG €ival
avaloyn TNG NAEKTPIKNG 10XU0G EKTTOAWONG Tou dlagpdayuatog(137). Qotdéoo, autr n
TEXVIKA TTOPOUCIALEl TTEPIOPICHOUG, KUPIWG AOYW TNG OTTOUCIOG QUOIOAOYIKWY TIMWYV,
KaBwg Ta Katayeypaupéva dUVAUIKG ecapTwvTal aTrd T B€on Tou NAEKTPOdIOU Kal TV

aTTOOTACT) TOU ATTO TNV KUPIA PUIKY JAla Tou dia@payuaTog.

5.4 OepaTTEUTIKEG OTPATNYIKES KAI AVTIMETWTTION

H diaxeipion ¢ VIDD  emKevipwveTal  Kupiwg otnv  TTpOAnwn,
TEPINAPBAVOPEVWY TWV TPOTTWV TTEPIOPICHOU TWV EKAUTIKWYV TTapayOvIWwyY TTou
OoXeTiCovTal PE TO PNXAVIKO agpiopd(137). Eival onuavtiké va onueiwbei 611 n VIDD
oxeTiCetal Ox1 uévo pe TNV TTAAPN €AAsIpn Sl1a@PAYUOTIKAG OoUCTIO0ONG, OTTWG OTA
eAEyXOUEVA NOVTEAQ AEPIOUOU, OAAG KAl PE TN MEIWPEVN EICTIVEUCTIKN TTPOCTTABEIO O€
uttoponBoulpueva  povtéAa agpiopou  AOyw uwnAAg utrooTthpigng. EidIkOTEPQ,
TTEIPAPATIKEG KAl KAIVIKEG HEAETEG €XOUV QTTODEIEEI TN OUVOECN METAEU UWNANG TTiEONG
UTTOOTAPIENG Kal JEIWONG TOU TTAXOUG KAl TNG CUCTOATIKOTNTAG TOU BIA@PAYNATOG
(uttepnxoypa@IKG  ekTIUWPEVO  TF)(26,138). TEAog, TrelpauaTik@  dedouEva
uttodnAWwvouv OTI N €KKEVTPN oUOCTTACON TOU dIA@PAYHATOS UTTOPEI va 0dnyAoel o€

dlappayuatikr) BAGBN(139,140). H ékkevipn ocUoTTOON AQOPA TN CUCTOAA TOU PUOG
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KATA TN MAKOG AugavouEvo, KATI TToU OEV OUMBaivel QUOIOAOYIKG OTO dIA@PAyud, OAAG
TTOPATNEEITAI KATA TN UNXAVIKI EKTTVON O€ TTEPITITWOEIS AoUYXPOVNG TTPOCTIABEIaG O€
eAeyxopevo povtéNo, avaoTpopng difyepong (reverse triggering)(141) 3 TTpwIPNG
d1avoIENG TNG eKTTVEUOTIKNG BaABidag (premature cycling off).

H ouyxpovn Tpooéyyion yia Tnv TPOANWn kai avtigetwtmon tng VIDD
TTEPINOUPBAVEI TOV 'TTPOCTATEUTIKO PNXAVIKO aepIopo(142—-144). Autdg O PNXavIKOG
QEPICPOG ouvioTatal OTAV TTPWIKN XPRoN uttoBonBoUnevwy HPOVTEAWV HE OTEVN
TTapakoAouBnaon kai TITAoTroinon TnNG utroordnong. O oTéX0G €ival va aTTOPEUYOVTAl
T600 N TTOAU HIKPr 600 Kal N TTOAU €vTovn €I0TTIVEUOTIKN TTPOOTIABEIN, KaBWGS Kal Ta
QAIVOUEVA ACUYXPOVIWV, EVW N QUOIOBEPATTEIQ QPAiVETAI VO £XEI EUEPYETIKO POAO TOOO
yIQ TN YEVIKEUPEVN PuOTTABEIa 600 Kal yia 1o VIDD(145).

Mia véa p€Bodog yia tTnv atro@uyn Tng VIDD cival n Trpocwpivr) Bnuatodotnon
TOou d10QPAyuaTog PEOW BIa-QAEBIKAG DIEYEPONG TWV QPPEVIKWV VEUPWYV (temporary
transvenous diaphragm pacing), TTou emITPETTEI T OCUCTIACN TOU dIO@PAYUATOG OKOUA
Kal étav atraiteital Babid KATaoToAr, TToU QWG Oev €xEl ATTOdEIXOEI aKOUA KAIVIKA
opéNiun(146,147). TéNog,  TreipauaTikd@ Kol KAIVIKG — dedopéva  deixvouv
QVOOTPEWINOTNTA TNG dlappayuatikng BAGBNG pe Tnv autdpartn avarvor A Tnv
avaTrvon Pe xapnAn utrootpi¢n(132,148,149).

H onuacia 1ng VIDD kai Tng eTTakdAouBng puikng aduvapuiag Tou dla@pdyuaTog
avayvwpiletal oAoéva Kal TTEPICOOTEPO, KAl N €peuva €0TIAZETAI OTOUG TPOTTOUG
d1dyvwong kal TTpoAnyng/avTtiyeTwttions. H mmapakoAouBnon Tng AEIToupyikoTNTAG
TOU BIaQPAYUATOG QaiveETAl OTI TTPETTEI VA EVTAXOEI TNV KABNPEPIVI] KAIVIKI) @POVTIdA
TWV PNXavIKa agpifopevwy aoBevwv. KAIVIKEG ueAETEG 0TO HEAAOV Ba BonBricouv va
KaBopioToUv o1 0TOXOI TOU TTPOCTATEUTIKOU PNXAVIKOU agpiopol yia 1O dIdppayua,

KaBwg Kal o1 eVOEIEEIS yIa TTapEPPATEIS OTTWGS N BnuaTtoddTnon Tou dIaPPAyHaTOG.
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Il. EIAIKO MEPOX
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O pnxavikog agplopdg pe utropondnon ieong (PSV) gival iowg 10 10 ouxva
XPNOIMOTTOIoUPEVO PovTéAO OTIGC MEO &vtag TautoXpOvwg TO TTI0 OUOKOAO OTNnVv
TITAoTTOINGCY TOU. Kal auTod yiaTi TTPETTEI VA UTTOPOUV va TTOCOTIKOTTOINOOUV Ol AVAYKEG
QVOTTVEUOTIKNG UTTOOTAPIENGS TWV A0BEVWV WOTE va hnv TTPokANBouUv ouTe, atro Tn Jia
TIAEUPA, UWNAEG DIOTOIXWUATIKEG TTIECEIG OTIG KUWEAIDEG, 0dnywvTtag £101 OTNV
EMOLIiVWON TNG TTPOUTTAPXOUCAS TIVEUMOVIKNG BAAGBNG, oute, amo Tnv AAAn, va
odnynBoupe og aTpoia Tou dla@pPAyuaTog aTrd TTapoxr uTTEPBOAIKAG uTToRornenonG.

H owoti pétpnon Twv OIOTOIXWHATIKWY TTIECEWV TWV KUWEAIdWY TTOU
avaTrTuooovTal Katd Tn SIAPKEIA TOU UTTORONB0UUEVOU INXAVIKOU AEPICHOU EPQaVICEl
IDINNTEPEG  TTPOKANOCEIS KOBWG TTPoUTTOBETEl  ATTOUCia  JUIKAG ouoTraong  (iTe
EIOTTVEUOTIKWV EITE EKTTVEUOTIKWY HUWV) KATI TTOU €€’ OPIOUOU O€ cuppaivel o€ aoBeveig
ME dlaTnpnuévn auTtépaTn avartvor] Kal ouveidnon. To TpwTo KUPIO KATAANKTIKO
OnNMEIO AUTAG TG MEAETNG Eival VO OVAYVWPICEI TO TTOCOOTO TWV 00OEVWYV O€
PSV otoug otroioug n perpoupevn dP gival AavBaopévn AGyw TTapouciag JUIKAG
oUOoTTa0oNG, KOl VO HEAETACEI TA XOAPOKTNPIOTIKA TNG AVATTVONG TOUG.

H dIapKAG €KTiNNON TNG AVATIVEUOTIKAG WONG Kal TnG TTPooTradelag eival
ECAIPETIKA ATTAPAITATEG TTAPA TNV KAV TOUu aoBevoug Kal yia TO AOyo autd £Xouv
avaTrTuxOei pia ocipd atrd eTTEPPATIKES KAl un €TTePPATIKEG HEBODOI. Kapia Ouwg atrd
TIG TTAPATTAVW OEV EiVal QUTOPATOTTOINKEVN, ATTAITOUV OAEG XEIPICUOUG ava dlaoTAuaTa
atré Tov BgpdtTovTa 1aTpd. ETITTA(OV, av Kal n avayvwpion TNG MEYAANG TTPooTTA0EIng
MTTOPEI Va gival Aueca ePPavig KaBwe o aoBevig Ba epgavidel onueia avatveuoTIKAG
duoxEépelag, N UTTEPPOAIKA uTTORONBNCN ATTG TOV AVATIVEUCTHPA KAl KATA CUVETTEIQ N
TTOAU pEIWPEVN TTPOCTTABEIO TOU aoBevoUug UTTopEi EUKOAA va OloAdBel KaBwg dev
uTTdpxel KAIVIKO onueio TTou va diaxwpilel Tnv utTEPPBOAIKI a1TO TNV IKAVOTTOINTIKN

uTTo0TAPIEN. TO BEUTEPO KUPIO KATAANKTIKO ONUEIO TNG TrTapoUoag HEAETNG Eival
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va €§ETACEI TNV UTTOOEO OTI HTTOPEI VO avayvwploTel N UTTEPBOAIKK UTTOOTHPIEN
oto Pressure Support e Tnv avamTuén UTTOAOYIOTIKWV OaAyopiOpwv TTou Ba
agloAoyouv o€ TTPAYHATIKO XPOVO TO OXHA TNG KUPATOUOP®PNG TG PONG Kal Ba
TASIVOUOUV TIG EICTIVEUOTIKEG TTPOCTTAOEIEG TWV aoBeVWY o0& adUvapueg 1 6x1. MNa
TNV AVATITUSN TWV aAyopiBpwyv Ba XpnoigoTroin@olv cUYXPOVEG KATAYPAPES
TWV KUUJOTOHOPQPWYV TriEONG KOl PONG TOU AVATIVEUOTAPA, HETPAOEIS TWV

OICOPAYEIWV TTIECEWV KABWGS Kal HETPAROEIG TOU PTP TWV aVATIVEUCTIKWY HUWV.
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lla. MEPOZ A

1. Eicaywyn

H odnyég mieon (Driving Pressure - dP) Tou avaTrveuoTIKoU OUOTAHUATOG
opi¢eTal WG N d1a@opAa TNG KUYWEAIBIKNG TTIECNG METALU TOU TEAOUG TNG EICTTVONG KAl TOU
TEAOUG TNG EKTTVONG ME ATTOUCIia PUTKAG ouoTraong(6). Kard mn didpkeia Tou TadnTikou
MNXOVIKOU QEPICHOU, N 0dnydg TTiEcn TOU AVATIVEUOTIKOU CUCTHPATOG €ival EUKOAA
METPOUMEVN Kal, OTAV N €UEVOOTOTNTA TOU BWPAKIKOU TOIXWHATOG Eival QUOIOAOYIKH,
atmmoTeAei éva KaAO OceikTn O1ATAONG TOU TIVEUPOVIKOU TrapeyXuuaTog(150-152).
APKETEG UEAETEG £XOUV TEKUNPIWOEI CUOXETION METAEU uwnAwy dP kal BvntdTnTag Kai
voonpoTNTag WETALU TWV Bapiwg TTAOXOVIWV Kal PETEYXEIPNTIKWY aoBevwv(153—
155).

H mmapakoAouBnon Tou PeyEBOUG TNG TTVEUROVIKAG IATAONG XPNOIKNOTTOIVTAG
TNV dP Ba p1ropouce va Xpnoipeloel akdpa Kal o€ uttoBonBoulpeva JOVTEAQ UNXavVIKOU
agpiopou(144,156-158). Mapd Tauta, cival 1I81aiTepa OUOKOAO va TTETUXEI KAVEIG
TTaONTIKEG OUVOAKEG 0€ aoBeveig pe autouarn avarrvor. Katd 1n didpKela piag TeAo-
EIOTIVEUOTIKNG TTauong, n tieon Plateau Twv agpaywywv aviavakAd tnv €AaoTIKA
TTieon emava@opds, dedouévou OTI N EICTIVEUCTIKI TTPOCTTAOEIO €XEI OTAUATAOEL, N
eTTépevn €loTTvon Ogv €Xel EEKIVIOEI KAl OEV UTTAPXEI OUOTTAON EKTTVEUCTIKWV HUWV.
‘Exel @avei 611 auTEG 01 CUVBNKEG UTTAPXOUV Yia Pia hiIkpr Xpovikh Tepiodo (0.25-0.3s)
META TO TEAOG TNG Vveuplkng €10TTvOAG(159). Otav n Plateau tieon Twv agpaywywv
METPATAI PE XEIPOKIVNTN TEAO-EIOTTVEUOTIKA TTaUon o€ PSV, O1Twg TTpoTeiveTal atmd Tn
BiBAIoypaia(157,160), n diagopd PeTAEU Tou TEAOUG TNG MNXAVIKAG KAl TNG VEUPIKNG

€IOTTVOAG TIOU TrapaTtnpeital o€ autd TO MOVTEAO, KABIOTA T ouoTracn Twv
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QVOTTVEUOTIKWY HUWV (TOOO TWV EICTIVEUOTIKWY OCO0 KAl TWV EKTTVEUOTIKWY) N
TTPORBAEWIUN. OewpnTIKA, aKOPA Kal av UTTApxel ¢ekaBapn Plateau Trieon katd 1n
OIApPKEI TNG TTAUONG, PTTOPEI v CUVUTTAPXEI OUCTIAON EKTTVEUOTIKWY PHUWV(161). To
av gival duvaTtov va emReRaIwOEi N atroucia cUCTIOONG AVATIVEUOTIKWY HUWV UE TNV
ETMOKOTINON TNG KUPATOMOPQNG TNG TTiEoNG KAt Tn OIAPKEIA XEIPOKIvNTNG TEAO-
EIOTIVEUOTIKNG TTaUoNG o€ PSV O¢gv €xel peAeTNOEI.

Avayvwpifovtag Tn onuacia TG opbng eKkTiunong Twv dlaTEIVOUCWY
TIVEUMOVIKWV TTIECEWV KATA TN didpkeia To PSV, n TTapouoa PeEAETN OXEDIAOTNKE VIO
VO EPEUVIOEI TO POTIRA aTTAVTNONG TWV EICTIVEUCTIKWY KAl EKTTVEUCTIKWY JUWV OTNV
TEAO-EIOTTIVEUOTIKA TTAUON BAPEWS TTACXOVTWY a0BEVWY TToU BpiokovTav o€ auto TO
MOVTEAO. @€0QUE TO £PWTNUA AV N ATTOUCIA CUCTIAONG MTTOPEI va avayvwpIOoTEi
QagIOTTIOTA  AVOAUOVTOG TNV KUMOTOMOP®N TnNG Trieong katd T1n OIApKEID TEAO-
EIOTIVEUOTIKNG Trauong. lMa 1o Adyo autd avoAuoape Tn Pop@oAoyia Tng
KUMQTOMOPQNG TNG TTIEONG KATA TN OIAPKEID TWV TEAO-EICTIVEUOTIKWY TTAUCEWV HE
TAUTOXPOVN ETTIOKOTTNON TWV KUPATOUOPPWY TNG OIC0PAYEIAG, TNG YOOTPIKAG KAl TNG

d1adia@payPaTikiG TTiEong.

2. MéBodog

2.1 NANBuoudg TNG MEAETNG

Mpokerral yia avadpouiky MEAETN. AvaAubnkav dedopéva TTou gixav oUAANeXOEi
oT1a TTAaiola TTponyouuevng MEAETN(162) (18 aoBeveic) kal dedopéva TTou CUAAEXBNKav
yla S1ayvwoTIKOUG OKOTTOUG (KUPIWG TITAOTTOINCN TOu ETITTEOOU UTTOOTNPIENG KAl
O1a0@AAICN TTPOCTATEUTIKOU WNXAVIKOU agpiopou o€ aoBeveic ye ARDS) katd Tn

dldpkela 3 eTwyv amd 1o 2016 €wg 10 2019 otn Movada EvratikAg @epartreiag Tou
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MAIFNH (22 aoBeveig). H emTpoT1ri NOIKAG TOU VOOOKOUEIOU EVEKPIVE TN XPAON TWV
AVWVUNWY OEQONEVWV TWV ACBEVWV.

OMorl o1 aoBeveic uttooTnpidovrav pye PSV. O1 aoBevei¢ NG TTponyouuevng
MEAETNG BpiokovTav o€ avatrveuoTrpa Servo-i (Maquet Critical Care, Solna, Sweden).
OMloi o1 uméAoitol acbBeveic Ppiokovrav oe avatveuoTtipa Evita XL (Drager,
Germany). E1re1dr) o€ TTOAAOUG a0BEVEIG N KATAYPAPH EIXE Yivel ATTO TOUG BEPATTOVTEG
yla TITAOTTOINON TNG UTTOOTAPIENG, UTIpxav OloBEéoiyeg  yia  avaAuon TeAo-
EIOTTVEUOTIKEG TTAUCEIG O€ 2-4 €TTITTEdQ UTTOOTHPIENG.

2.2 Kataypa®r) 6edouEVwV

2€ OAoug TOoug aoBeveic cixe TEBEI PIVOYAOTPIKOG KABETAPAG OITIONG ME
olco@ayelo kal yaoTtpikd prraAdvi (NutriVent, SIDAM S.R.L., Italy). H cowoTr 6€on Tou
KABEeTpa ETIRERAIWONKE TOCO PE AKTIVOYPAQiIa BLPAKOG 60O Kal PE XEIPIoPWO Baydur
TTPIV aTTO KABE KaTaypadr). Katd 1o XEIPIOPO auTd, DIEVEPYEITAI PIO TEAO-EKTTVEUOTIKA
TTaUuon KaBwg o aoBeving avatrvéel autdpaTta. Me Tn ouoTraon Tou dlIa@PAyuaTog KaTd
TNV €TTOMEVN €I0TTVON, OnNMIOUPYEITAl apvnTIKy €vOOBWPEAKIKA TTEOn Kal auTh
Kataypa@eTal Tautoxpova Adyw KAEIoTOU agpaywyou wg TITwon Tng Paw oo kal NG
Pes. Otav o Adyog Tou swingPaw/swingPes = 0.8-1.2 Bewpeital 611 0 KABeTpag EXEI
TOTT00eTNOEi CWOTA KAl o1 TINEG TNG Pes avravakAouv Tnv UTTECWKOTIKY TTiEon
agIoTIoTa.

MNa TNV Kataypa@r TNG TTECNS TWV QEPAYWYWY Kal TNG POAG XPNOIUOTTOINONKE
Bepuaivépevog Trveupotaxoypdog (3700, Hans - Rudolf, Kansas City, MO). kai
d1apopIkOg peTaTpottéag Trieong (Micro-Switch 140PC, Honeywell Ltd., Ontario,
Canada), 1ou TOTTOBETHONKAV MPETALU TOU OTOMIOU TPAXEIOOWARVA Kal Tou Y-
OUVOETIKOU TOU KUKAWMATOG avatveuoThpa. O dykog (volume — V) uttoAoyioTnke e

wnoeiakr oAokAnpwon TG pong. H Trieon agpaywywv (airway pressure-Paw)

64



peTPrOnke (Micro-Switch 140PC, Honeywell Ltd., Ontario, Canada) atmo pia 1rAdivn
BUpa PETALU TOU TTVEUNOTAXOYPAPOU KAl TOU OTOMIOU TpaxeEloowAnva. Ta oiuara tng
mieong Twv agpaywywv (Paw), pong (Flow), oicogayeiag trieong (Pes), yooTpikig
mieong (Pga), diadiagpaypatikig Trieong (Pdi) kataypdagnkav ota 150-200Hz
(WinDaq Instruments, Akron, OH) ka1 a1roBnKeUTNKAV 0€ NAEKTPOVIKO UTTOAOYIOTH YIO
MeTayevéoTepn avdaAucon. H avaluon Twv OedouEVWY  EYIVE  HE  AOYIOMIKO
AcgKnowledge 3.7.3 (Biopac Systems INC, California, USA). Ta onfuara
petarpatnoav ammo Volt oe L/sec yia 1N pory kal o cmH20 yia TIg TECEIG, WOTE VA
MTTOPEI va yivel avdAuon Twv dedouévwy. AKoAouBnoe Agiavon Twv KUPATOUOPPWV
Kal €TTIOKOTINGCT) TOUG WOTE va agaipeBouyv artifacts (atuxnuaTiki atroouvdeon atrd Tov
QVATTIVEUOTNPA, BAXAG, OTTACHOG 0I00QAYOoU).

2.3 AvdAuon 6edopévv

MNa k&Be TEAO-€IOTTIVEUOTIKA TTAUON avayvwpioTnkav Tta akOAouBa Xpovikd
onueia (eikoéva 7): (1) n évapén TG VEUPIKAG EICTTIVOAG TNG ATTOPPAYUEVNS Kal TNG
TTPONYOUNEVNG QUTAG AVATTIVONG, WG TO onueio TTou apyicel va augavetal n Pdi, (2) 1o
TEANOG TNG VEUPIKAG EIOTTVONG WG TO onueio NG Taxeiag kabddou tng Pdi, (3) To onueio
TNG TTaUoNG (Pawocc), WG TO ONUEIO OTTOU N PO YiveTal NdEVIKN, (4) To onueio xdAaong
TWV EICTIVEUOTIKWY PJUWV WG To onueio Tou n Pdi emoTpé@el oTo apxiké emitredo, (5)
Ta Xpovikd onueia 0.3s (Pawo.ss), 1s (Pawis) kal 2s (Pawzs) ueta Tnv TTavon, (6) 10
TéAOG TOU plateau TG Paw wg 10 onueio tou utrdpxel Trrwon otnv Paw Adyw
oUCTTOONG EICTIVEUCTIKWY MUWV 1 BIAKOTTH TNG TTAUCONG UE TNV EUPAVION EKTTVEUOTIKNG
pong (6troio atrd Ta dUo cupPaivel TTPWTO) Kal (7) To onueio TNG au¢nong TnG Pgas
atrd TO ApPXIKO TNG TTITTEDO PETA TNV évapén TnG TTalong, OTav auTd CUVERQIVE. 2T
TTapaTmdvw XPEOoVIKA onueia, YeTpndnkav ol TiuéG Twv Paw, Pes, Pga kai Pdi. H

TTapPOUCia EI0TIVEUCTIKAG TTPOCTTABEIOG KATA TN SIAPKEIQ TNG TTAUONG AVAYVWEIOTNKE
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Eixova 7. AvaAuon Kuuarouop@ng MIAg TEAO-EICTTIVEUOTIKNS TAUOTG.

AVTITTPOOWITEUTIKES KULATOUOPQES TNG pong (Flow ot L/s), Twv méoewv Twv agpaywywv (Paw),
ToUu oloo@ayou (Pes), tn¢ diagpayuarikns (Pdi) kar tng yaorpikng (Pga) micong (o€ cmH20),
a6 évav aoBevr), ue TEAO-EICTIVEUOTIKN TTQUON Kartd 1n 6eutepn avamvor). H okiaouévn UtAe
TTEPIOXT) UTTOOEIKVUEI TOV UNXAVIKO EIOTTVEUOTIKO XPOVO Kal 1 OKIQOUEVH KITPIVR) TTEPIOXN
UTTOOEIKVUEI TNV TEAO-EICTTVEUOTIKA TTaUon. Ta opildvria paupa BEAN utmodeikvUouv Tnv Evapén
Kai 10 TEAOS TNG VEUPIKNAS €10TTvONS (Tin) Kai TS ektTvong (Ten). To onueio Taxeiag mrwong g
Pdi (téAog Tn¢ veupikng eI0TTVORCS) UTTOOEIKVUETAI ATTO TH UTTAE KAOETN ypauun Kai 1o opi{ovTio
UTTAE BéAoC ue OITAn KepaAn atnv Paw urrodeikvuel 1o cycling off delay. Ta uikpd uavpa BéAn
ornv Pdi ummodeikvoouv 10 onuegio mARpous xaAdpwonc tou diappdyuaroc. O uaupec
KATAKOPUQPES OIAKEKOUMEVES YPaUUES uTTOOEIKVUOUVY Ta anueia 0.3, 1 kal 2 s UETA TNV EKTTVON.
To maxu uaupo BéAoc atnv Paw deiyvel 1o TEAOC TnS plateau ue Tnv amrdéroun ueiwaon tn¢ Paw,
Abyw oUOTTAONG EIOTIVEUOTIKWY LUWV Kata Tn didpkeia NS amoéppaéng. lMNaparnpnaore 611 ol
VEUPIKOI XpOVOI EICTTVONS KAl EKTTVONS gival TTAPOUOIOI OTNV avaTtTvon XwPis Kai ue amogpaén
Kai 0 xpovoc¢ amoppaéng givar LIKpOTEPOC arro 2 s. H dpaatnpidtnTa Twv EKTTVEUOTIKWYV JUWV
utrodeIKvUETal aTrd TNV auénon ¢ Pga, Kard tnv eKTvon atnv avamvon xwpic amoepaén kai
KaTra@ 1nv TEAO-EIOTIVEUCTIKN TTauon (ta umAe BéAn pe OimAn kepaln deixvouv 1n péyiotn
ueraBoAn). MNaparnprore emiong tn ueiwon tns Pga kard tnv évapén tng EI0TTVONS, YEYovog Tou
utTodNAWVEI TN XaAGPWON TWV EKTTVEUOTIKWY JUWY OE AUTO TO ONueio (avoikTd BEAN).

atrd TNV amotoun auvgnon tng Pdi. H kaBuotépnon otn A\én Tng e1o0Trvong (cycling off
delay) peTpnONKe wg N XPOVIKr diagopd atrd Tn A& TNG VEUPIKAG KAl TNG MNXAVIKAG
€I0TTVONG avTioToIxa. H TTapoudia cuoTraong EKTTVEUCTIKWY HUWV KATA T OIAPKEIA TNG

TIPONYOUMEVNG, KN OTTOPPAYHEVNG AvATIVONG UTTOONAWVOTAV aTTO (a) MIa Avodo TNG

Pga katd 1n didpKela TNG PNXAVIKAG EKTTVONG XwpPig aAAayég otnv Pdi kai (B) pia Taxeia

66



KaBodo Tng Pga katd tnv évapén Tng €I0TIVONRG TNG atroppaypévng avatvong. H
TTOpOoUCia oUCTIAONG EKTTVEUCTIKWY HUWV KATA TN JIAPKEIQ TNG TEAO-EIOTIVEUCTIKAG
TTaUuonG uttodnAwvotav atrd Tnv augnon TG Pga petd tnv évapén tng TTauong HE
TauTtOxpovn peiwon A kapia aAdayr otnv Pdi. H diagopd otnv Pga petd Tnv ammogpagn
XPNOIMOTIOINONKE YIO VO TTOCOTIKOTIOINGEI N oUCTIACN TWV EKTTVEUOTIKWY MUWV. €
KATTOI0UG a0 BEVEiG, N oUCTIAON TWV EKTTVEUCTIKWY HUWV ApXIZe KATd TN JIAPKEIA TNG
MNXOVIKAG €I0TTVONG, OTTWG utTodnAwvoTav atrd pia taxeia dvodo otnv Pga katd tn
MNXavikA €loTtvon, Ye Tnv Pdi va tTapapével KovTa oTnv TEAO-EKTTVEUCTIKN TIMA TNG N
VO JEIWVETAL. Z€ QUTEG TIG TTEPITITWOEIG, N AKPIBAG TTOCOTIKOTTOINOT TNG CUCTIOONG TWV
EKTTVEUOTIKWYV MUWV ATaV aduvaTtn agou n au¢non tng Pga Katd pnxavikr €10TTvon
eCaptaral 1600 a1rd TN CUCTIAON TWV EKTTVEUCTIKWY PUWYV OCO KAl OaTTd Tn OX€on
METALU TNG au&nong TOU avativeOPEVOU OYKOU Kal TNG €UEVOOTOTNTOG TOU KOIAIGKOU
OIaUEPIOPATOG. ZTIG TTEPITITWOEIG AUTEG, XPNOoIdoTToINenke puévo n augnon g Pga
META TRV évapén TNG TTAUONG yIA TNV TTOCOTIKOTTOINON TNG TTIEONG TWV EKTTVEUCTIKWV
MUWYV, YVWwPICovTag TNV UTTOEKTIUNON O€ KATToI0 BaBud Tou PeyEBOUG TNG OUCTTACNG
TOUG.

H pop@oloyia Tng Paw PeTd TNV TTAUCT KATNYOPIOTTOINONKE OE Tpia Kupiapxa
MoTiBa Bdoel Twv dlagopwy OTNV TIPA TNG, OTA CUYKEKPIPMEVA XPOVIKA onueEia TTou
avaAuenkav (Pawoce, Pawo.ss, Pawis Kal Pawzs ). 2Tnv avaAuon xpenoidoTroinenke 1o
Katw@Al Tou 1cmH20 petagy OUO OUVEXOUEVWY  XPOVIKWV ONUEIWV yia va
XapakTnpIoTei n Paw wg otaBepry, dnAadn va TTAnpei Tig TTpoUTToB£0¢Ig yia “plateau” i
augavouevn. Autd Ta poTifa, OTTwG gaivovTal oTnv £iIkéva 8, gival Ta €¢AG:

e 'Eva “passive-like” potifo, T0 0oT0iI0 YXapakTNEICeTal ATTO PIa APXIKN TITWOoN
(Pawo.ss<Pawocc) akoAouBoupevn atd éva plateau (Pawis - Pawo.3s<1 kai Pawas -

Pawis <1cmH20) 6TTwg o€ yia TTauon o€ TTadnTIKEG OUVOAKEG.
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Eikéva 8. Tagivounon Tng KUJOTOUOPPAG TNG TTIEONG TWV AEPAYWYWV KATA TN SidpKEla
TNG TEAO-EICTIVEUOTIKAG TTAloNG.
Kupatouop@és pong aegpaywyou (oe L/s) kai Trieong agpaywyou (Paw, cge cmH:20)
QVTITTPOCOWTTEUTIKEG TWV TPIWV TTPOTUTTWV Paw Katd Tn SIdpKeEIa TNG amméepagns, ammod TPEIG
dla@opeTikoUG aoBeveig. H ouptrayhg k&Betn ypauur utrodeikviel To onueio €vapéng Tng
TTaloNG Kal Ol ETTOPEVEG DIAKEKOUUEVESG YpaUUEG Ta onpeia 0.3, 1 ka1 2 s PeTd TV atrd@Pagn.
KdBe poTio xapaktnpioTnke atmo TIG ox£0€IG HETAEU Twv Paw o€ SIaQOPETIKA XPOVIKA onueia
ot oxéon pe Tnv amméepadn: amogpagn, 0 s (Pawocc), 0.3 s (Pawo.ss), 1 s (Pawis) kai 2 s (Pawsas).
Mavw eikdéva: éva "passive-like" potiBo pe Taxeia peiwon Tng Paw (Pawoee > Pawo.ss),
akoAouBoupuevn atré éva plateau (Pawis - Pawoss<1 kai Pawzs - Pawis <1cmH20). Meoaia
eikéva: €va “clear plateau” potifo, T0 oTT0i0 XapaKTNEICETAI ATTO PIa TTPWIKN auénon Tng Paw
(Pawo.3s < Pawocc) akoAouBoupuevn atod éva plateau (Pawis — Pawo.ss < 1 kal Pawzs — Pawis <
1cmH20). KaTtw eikova: €va “irregular rise” potio ye apyn auénon 1ng Paw (Pawis — Pawo.ss >
1) pe plateau (Pawszs - Pawis <1cmH20)
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e 'Eva “clear plateau” porifo, To o1moi0 XapakTnEIiCeTal ATTO PIA ETTITTEdN ) TTPWIUN

augnon (Pawo.as 2 Pawocc) akohouBoupevn ato éva plateau (Pawis — Pawoss < 1

and Pawzs — Pawis < 1cmH20).

e 'Eva “irregular rise” portifo, 1o otroio atmroteAcital amd 6Aa Ta uTTOAOITTA HOTIRA

KabuoTepnuévng ) ouveXoug aunong Me ) xwpig plateau (Pawis — Pawo.ss = 1, or

Pawzs — Pawis =2 1cmH20)

H pop@oloyia tTng au¢nong Tng Pga XapaktnpioTnKe wg ouvexwg aufavopevn n

oTaBepr) BACN OTITIKNAG ETTIOKOTINONG TNG KUMATOUOP®AG TNG.

2.4 Z1aTioTIKA avdAuon

O1 ouvexeic HeETOBANTEG TTAPOUCIAZOVTal PE TN PECT TIMA ME TUTTIKA AtTOKAIoN
(standard deviation, SD) yia dedopéva Pe KAVOVIKY) KATAVOUN Kal IE TN OIGUEDT TIUN
Kal evdoTeTapTnuoplakd eUpog (interquartile range, IQR) yia dedopéva Pe un KAVOVIKN
katavopr. Or1 KatnyoplkéG METABANTEG TTapoucidlovial w¢ TTooooTd. Or dIaopés
METACU TwWV OPAdWV OTIC KATNYOPIKEG KOl OUVEXEIC METABANTEG OuykpiOnkav
xpnoidotrolwvtag X? (chi-square) i Kruskal-Wallis, avtioTtoixa. Tiuf p MIKpOTEPN TOU
0,05 BewpnBnke onuavTikr). XpnoiyoTtroinoaue 1o mpoypaupa IBM SPSS Statistics for

Windows ékdoon 25 (Armonk, NY) yia Tnv avaAuon.

3. AmorteAéouara
3.1 AoBeveic Kal XapaKTnpIoTIKA OTTOPPAYUEVWV QVATTVOWV
H avdAuon ocuptrepiéAaBe dedopéva ammo 40 aoBeveig (18 atrd Tponyouuevn

MEAETN kai 22 atmd 10 apyxeio Tng MEO TMAINH). Ta xapaktnpIoTIKA Twv acBevwv
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TTapouaciadovral atov Trivaka 1. O1 mrepiocoTepol aobeveig (90%) eixav ARDS «kai

BpiokovTav o€ pnXaviko agpIoo yia 11 yEpeg (DIGUEDN TIPNA) TTPIV TIG METPROEIG.

Mivakag 1 XopakTnploTikd agBevuv

Xapaktnpwtika acfevwy, N=40
Appeveg, N (%)
HAIKIA (mean = SD)
APACHE Il [mean £ SD)
Awayvwon swoaywync, N (%)
Oeia avamveuoTIKN AVETIAPKELD
Znmrikn) katamAnéia
MoAutpavpa
ZUVBpOpO PETA AVOKOTIH
AAho
AvVanveuoTIKA YOpUKTNPLOTIKA Kal puBpioeig
aVanveuoTnpa
ARDS, M (%)
MEpec pnxavikol aeplopou p T YeAetn, (median, IQR)
PEEFR, cmH:0, {mean = SD)
pO2/FiO; (mean = SD)
Pressure Support, cmH:0, (mean = SD)
Avamveopevoc oykoc, L, (mean = SD)
AvamveuoTikn guxvotnta (mean = SD)

25(62.5)
6813
197

16 (40)
10 (25)
& (20)
2(5)
4(10)

36 (90)
11(7-17)
7£2
235+ 62
8=3
0.48 £0.08
237

APACHE II: Acute Physiology and Chronic Health Evaluation Il score, ARDS: 2Uvépouo Oéciac
AvarveuoTikng duoxépeiac, PEEP: Ocrtikn) teAoekmveuarikn mieon, pO2/FiOz: AOyoS LEPIKNS
mieans aptnpiakoU oéuydvou TTPo¢ TO TTOO0OTO €I0TTVESUEVOU oéuydvou, Pressure Support:
YmoBon6non mieong, SD: tummikn amokAion, IQR: evéoreraptnuopiakd 0pog, mean: uéon tiun,

median: didueon niun

2TOUG TTEPIOOOTEPOUG aoBeveic ATav OlaBEoiueg yia avaAuon OUO HE TPEIG

TTavoelg. 2e 19 aoBeveig (amd 1o apyeio Tng ME®), o1 TTavoeig TTpaypaToTToInénkav

o€ DIOQOPETIKA eTTiTTeda uTTOOTHPIENG (BUO uE Téooepa etTireda). KaBe aocbevng o€

KABe etTiredo uTTOOTAPIENG BewpnrBnke cav EexwploT) OuvOAKn. AvayvwpioTnkav

oydovTa £€1 DIAPOPETIKEG OUVONKES (aoBeVNG/ETTITTEDO UTTOOTHPIENG) KAl 227 TTAUCEIG

nrav dlaBéoiueg yia avaAuon. Etreidn, o€ 26 atrd TIG 86 OUVONKEG, N EKTTVEUCTIKA MUIKN

opacTtnpiéTnTa Kai/p To WoTiBo Tng Paw katd tn OIdpKeEia TnG ammogpaing nrav

BIAPOPETIKO PETAEU TWV atToPpatewy, TTapouciddeTal n avadAuon ava amoepagn.
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3.2 AvaAuon TnNG dpacTnpPIOTNTAG TWV EICTIVEUOTIKWY JUWV KATA TNV TTOUON

H xdAaon Twv EICTIVEUCTIKWY PUWV €TTAABE peTd atmd pia didueon Ty 0.2s
META TNV TTAUON (EUPOG 5-95% Rs-95=0-0.5s). H didpeon miur Tou cycling off delay itav
0.18s (Rs-95=0.04-0.8s). H emmopevn €10TTVON upaviCoTav Kata Tn dIAPKEIA TNG TTAUONG
ME MIa kaBuoTépnon 0.26s (Rs-95=-0.04-1.2s8) o€ oxéon PE TOV QVAPEVOUEVO XPOVO
EMPAVIONG TNG Kal N didpeon dIApKeIa adIAAEITTTNG TTauong (xpdévog “plateau”) nrav 2s
(R5-95=1-3.8s). Mévo 010 16% Twv TTAUCEWV PTTOPOUCE va diatnpnOei Xwpig dIOKOTT)
Mia plateau Twv 3s Kal N AVATIVEUOTIKI] CUXVOTNTA O€ QUTEG TIG TTEPITITWOEIG ATAV 16+

3 br/min.

3.3 AvaAuon TNG oUCTIOONG TWV EKTTVEUCTIKWY PJUWV KATA TNV TTOUON

EKTTVEUOTIKR PUIKN dpacTnEIdTNTa ATAV TTapouca o€ 179 ato TIg 227 CUVOARKEG
(79%). Z€ 128 a1td auTEG TIG 179 CUVONKEG, UTTHPXE OUCTIAON EKTTVEUCTIKWYV HUWV Kal
oTnV TTponyouuEvn KN atTo@paypévn avatrvon (eikova 7). OTTwg gaivetal oTnv €IKOVA
9A oUOoTTaon EKTTVEUCTIKWY TTapaTneRdnke oe dAa Ta emimeda utrooTAPIENG (X?=0.3).
To péyebog, 0 XPOVOG €UPAVIONG Kal TO HPOTIBO TNG OUCTIAONG TWV EKTTVEUOTIKWV
MUWV, OTTwG uttodnAwvoTav atro Tnv dvodo TG Pga katd tn didpkeia TG TTavong,
EMPAviICav peyadAn dlakuuavon (Tivakag 2 kal eikova 10). MeTagl Twv TTaUCEWV UE
EKTTVEUOTIKN MUIKA dpaoTnpIdTNTA, TO Rs.95 TNG avddou Tng Pga nrav 1-8cmH20 e
Oldueon TR Ta 3cmH20. Ze peyoAuTtepa emTiTTEd UTTOOTAPIENG TO HEYEBOG TNG
augnong TG Pga katd tn didpkeia TG amoepaing peiwvotav onuavtikd (eikéva 9B
Kal 11). H avatveuoTikry ouxvoTnTa Kal o puBuog auénong tng Pdi katd mn didpkeia
NG €10TTvoN ¢ (dPdi/ dt, évag deikTng TNG avatveuoTIKAG wong) dev diEpepav OTav ATav

TTapouca A 6x1 cUCTIOON EKTTVEUOTIKWY KATA TN SIdPKEIa TNG atmoppaing (sikdva 12).
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Eixova 9. EKmveuoTIKn uUIKn Gpcwmplérnra og diapopeTikd emireda umroffonébnong.

A. ApIBUOC TEAO-EIOTTVEUTTIKWY TTAUTEWY UE 1) XWPIC paaTnpIdTNTA TWV EKTTVEUCTIKWY UWYV,
oe 1pia diapopeTika etTireda utroonbnang. B. Méyeboc Tn¢ SpacTnEIOTNTAC TWV EKTTVEUTTIKWV
HUWv, OTTwS UTTOOEIKVUETAI QT TNV auénaon ¢ yaaoTpikng mieans (Pga) perd v amégpaén,
o¢ 1pia emimeda ummofonbnang (UOvo OTISC TTEPITTTWOEIC UE OPATTNPIOTNTA TWV EKTTVEUCTIKWY
puwv). MAaioio: evboreraprnuopiakd Upog, opia: eUpog 5-95, opilévria ypauurn otn didueoo,
*p < 0,05 yia emimedo umoBonbnong > 10 évavn 8-10 cmH0, p < 0,0001 yia emimedo
utmroBonBnaong > 10 évavr < 8 cmH,0.
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Eixéva 10. Morifa tng eKTVEUCTIKING MUIKAS SpaocTnpidtnTag Kard tnv mauon.
AVTITTOOOWTTEUTIKES KUlaTouop@és tne pong (flow oeg I/sec), twv méoewyv Twv agpaywywv
(Paw), tou oicopdyou (Pes), th¢ diappayuarikis (Pdi) kai tng yaotpikns (Pga) micong (o€
cmH»>0), kard 1 OIGPKEIa LUIAS TEAO-EIOTTIVEUCTIKNG TTAUONS, ammod Té00epIc aobeveic (1-4). H
UTTAE OKIQouévn TTEPIOXN) UTTOOEIKVUEI TOV UNXAVIKO EICTTVEUCTIKO XPOVO Kal Of OIQKEKOUUEVES
UTTAE ypaupuég Oeixvouv tnv Pga atnv apxr tng amoé@paéng (Undevikn pon). H eKTTveuoTikn LuUikn
opacortnpidtnTa orous acBeveic 1 kai 2 givai pdAdov orabepn Kard mn SiGpkeia NS amoPpaéns
(Tovikn}), kai autd TTaparnpPHOnKe oTo 47% Twv TTEQITTTWOEWY EVW OTOUS aocBeveic 3 kai 4
auéaverar TPOodEUTIKA 0TOUS aoBeveic Kal auto aparnpnénke oto 53% Twv TePITTWOEWY. 2€
OAEC TIC TTEQITTTWOEIC UTTOPEI va evTotrioTei plateau arnv Paw.
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Mivakag 2 Xpovioudg TG oU0TTAoNG TWV EKTTVEUCTIKWY PHUWV KATE TN SIGPKEIA TNG TEAO-
EIOTIVEUOTIKAG TTAUONG

Xpovoc epdavianc T cUoTIacC TWY EXTIVEUCTIKLWIV HULY

Ao TO TEAOC TNEC VEUPLKIC ELOTIVONC 0.4,0.08-1.08 sec
(Blapeooc, 5-95% supoc)

Amo to anpeio Tng anodpatng 0.19, 01 sec
(Blapeooc, 5-95% supoc)

Mapougia oUOTIACNC EKTIVELCTIKWY HULWY KATA TV 25

gvapén tnc amodpadne (% Twv acgbevuiv)

Paw Flow

Pes

Pdi

Pga
—
I

Paw Flow

Pes

Pga Pdi
~
(=

Eixéva 11. AAAayég orn dpaoTtnpidTnTd TwWV AVATIVEUOTIKWY HUWV UE TNV auénon tou
emmmédou utrooThpIéng.

AVTITTDOOWTTEUTIKES KUUATOUOPWES TNS PONS (O LIS), Twv aspaywywv (Paw), Tou olocopdyou
(Pes), oia-1appayuarikng (Pdi) kai yaotpikns (Pga) micong (o cmH20), kard 1n Sidpkeia piag
TEAO-EICTTVEUOTIKNG TTAUONG, ammd U0 aabeveic (Gvw Kai KATw EIKOVES), TTOU agpioTnkav UE
XaunAd (apiotepd) kai uwnAdrepa emimeda PS (0é16¢ mivakac). Ta umAe BEAn ummodeikviouv
TO EKTIUWUEVO LUEYEBOC TNC EKTTVEUTTIKAC UUIKNG 6paaTnpidtnTac
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Eixova 12. AvamveuoTIK) ouxvoTnTa Kal wWon OE Tapoucia nj amoucia gKMVEUCTIKNG
MUTKNS dpaoTnpIoTnTag Kard 1n SIdpKeIa TnNS amoepadng.

AvaTTveuoTIKOG puBuoS O avamvoéS avd Aemrd (br/min) kai avarmveuoTiKny waon, OTwS
UtTOOEIKVUETAI aTTd Tov pUBu6 ueTaBoAnS tng dia-dIappayuartikig Tmieons Kard tnv eigrvon
(dPdi/dt) tn¢ amogppayuévng avamvong, Tapoudia ) ammoucia  EKTTVEUCTIKNG  MUIKAC
opaatnpIdTNTas Kard tn OIAPKEIQ TNS TEAO-EIOTTVEUOTIKAS TTauong. lNAaioio: diarerapTnuopiako
gupog, opia: 5-95, ypauun orn didueco

3.4 AvaAuon TNG KUPOTOPOP®G TNG Paw katd mn didpkelag TG TTalong

2UJQWVA JE TNV TAgIVOUNON TIOU TIAPOUCIACTNKE OTNV avaAuon Twv
oedopEvwy (BAETTE o€, 67 Kal eikdva 8), To “passive-like” poTifo avayvwpioTnke o€ 29
TTEPITITWOEIG, TO “cleat plateau” potiBo og 104 kai To “irregular rise” portiBo o€ 94. Ta
XOPAKTNPIOTIKA TWV ATTOPPAYUEVWY  AVATIVOWY  yia KABe poTiBo Tng Paw
Tapoucidlovtalr otov Tivaka 3. [llapoucia ouoTTaong €EKTTVEUCTIKWY  HUWV
Tapatneriénke oto 52%, 67% kai 100% ota “passive-like”, “cleat plateau” kai

“irregular rise” poTifa avrioToixa.
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Mivakag 3:
XapakTnPIoTIKA TWV ATTOPPAYUEVWV AVATIVOWY YIa KGBe poTifo Tng Paw katd Tn didpKeia TG

TTavong
Mortipo Paw
Passive like Clear plateau Irregular rise

N=29 N=104 N=94
PS <8, cmH:20, N (%4) 01(0) 25 (28) 38 (40)
PS 8-10, cmH:0, N (%94) 5(17) 4 (45) 35(38)
PS =10, cmH:0, N (%) 24 (83) 28 (27) 21(22)
Mapouoia cUOTIAGNC EKTIVELTTIKWY HUWY, N (%6) 15(52) 70 (67) 94 (100)
Mapouoia cUOTIAGNC EKTIVELCTIKWIV JUWY 0TV 7(24) 39(37) 83(88)
mponyoupevn avamvor, N (%)
AvVamveuaTIKE guyveTnTa, mean = SD 195 214 2286
dPdi/dt, cmH:0/s, median (IQR) 7*(3-8) 11 (6-20) 10 (6-20)
Cycling off delay, s, median (IQR) 0.28*(0.18-0.56) 0.18(0.14-0.28) 0.18(0.12-0.24)

Paw: mieon aspaywywyv, PS: umroBonbnaon micong, dPdi/dt: pubudg avénong dia-diappayuarikng
mmieong, SD: tutrikh ammokAion, IQR: evdoreraptnuopIiako eUpog, mean: uéon tiun, median: didueon
niun, Cycling off delay: kaBuatépnan arn Anén g €1I0TTVoNRS
*p < 0.01 yia passive-like poriBo oc axéon ue 1a clear plateau kar irregular rise poriBa
3.5 Métpnon tng odnyou Trieong - dP
H odnyog Trieon peTprBnke oTa TTPOKABOPICHEVA XPOVIKA OTIVUIOTUTTA JETE TNV
TTavon, 6nAadn ota 0.3s, 1s kal 2s. Mia véa €I0TTIVEUOTIKA TTPOCTIABEIO DIEKOYWE TNV
TTavon KaBiIoTwvTag TN METPNON aduvaTn 010 47% Twv TTEPITITWOEWY OTA 28 KAl OTO
3% Twv TTEPITTTWOEWV 0TO 1s. H xAAaon Twv €I0TIVEUOTIKWY PHUWV €iXE OUVTEAEOTEI
0710 80% Twv TTEPITTWOEWY oTa 0.3s ka1 010 99% oT0 1s. Mia augnon otnv Pgas rtav
TTapouca 010 50%, 71% kai 74% Tou cuvolou Twv TTepITTwoewy oTa 0.3, 1 kal 2s
avTioToixa. ‘Exovrag diammoTtwoel o1l To “irregular rise” potifo oxeTiCeTal TTAVTOTE UE
oUOTTO0N EKTTVEUCTIKWY HUWYV, TIPAYNATOTTOINONKE EEXWPIOTH avAAuan atTokAgiovTag
TIG TTAUOEIG OTTOU euPavIfOTav To YOTIBO auTd. ZTIG evatToueivaces 133 TTEPITITWOEIG,
otTou n plateau BswpouvTav agldTTIoTN, YIa augnon otnv Pga diamoTtwonke 010 46%,
62% Kkal 64% Twv TTEpIMTTWOoEwWV oTa 0.3, 1 kal 2s avrioToixa. H didueon augnon tng
Pga qitav 1cmH20 010 0UVvOAO Twv XpoviKwy onueiwyv (Rs.95=0-2cmH20 oTa 0.3s, Rs.

95=0-3cmH20 ota 1 kal 2s) evw Artav peyoAutepn Twv 2cmH20 oto 10% Twv

mepImTwoewv ota 0.3s, 010 20% o010 15 KA1 010 15% OTA 28.
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4. XulATnon

Autil n MEAETN cival pia avadpopiky avAdAuon Tng pop@oAoyiag Tng
KupaTtopop@ng TnG Paw katd Tn dIApKeIa TEAO-EICTIVEUOTIKWY TTAUCEwV o€ PSV kai n
OUOXETION TNG OUCTIOON  EICTTIVEUOTIKWY KAl EKTTVEUCTIKWY  JUwv. O1  TeAo-
EIOTIVEUOTIKEG TTAUCEIG TTOU QvVOAUBNKav TTpoEpyovTav atmd aoBeveic o€ @aon
avappwong ard ARDS ol otroiol Bpiokovtav yia didueco didoTnua 11 nueEPWY O€
MNXaVIKO agpiopd. To KUPIO CUPTTEPACHA AUTAG TNG MEAETNG €ival OTI TO POTIBO TNG
Paw katd Tn dIGPKEIQ PIOG TEAO-EICTIVEUCOTIKAG TTAUONG OEV PTTOPEI va dIaoPaAioel TRV
QTTOUCIA EKTTVEUOTIKAG MUIKNG dpacTnpIdTNTAG KAIl, CUVETTWG, TNV AKPIP METPNON TNG
plateau kai Tnv 0dnyou TTieong.

2.€ AUTH TN MEAETN, ETTIAECaE va agloAoyriooupe TN Hopoloyia Tng Paw OxI Ye
OTITIKI] ETTIOKOTTNON, YIO VA ATTOQUYOUUE TN METARANTOTNTA PETAEU TWV TTAPATNPNTWY,
aAAG pe kaTnyoploTroinon Bdoel Twv aAAaywyv o€ TTPOKABOoPIoUEVA XPOVIKA onuEia.
MNa TNV epappoyn autrg TNG TTPOCEYYIONG, ETTPETTE VA ETTIAECOUNE T KOTWTATA OpPIA
yla TNV Tagivounon Twv poTiBwy Tng Paw. To xpoviké onueio Twv 0,3 SeUTEPOAETTTWV
EMAEXONKE pe BAon pia TTponyoupevn JEAETN TTOU £0€1EE OTI €WG Kal 0,3 s JETA TO TEAOG
TNG VEUPIKAG €I0TTVONG UTTAPXEl €AAXIOTN OpacTnpidTnTa TWV QVATTVEUCTIKWY
MUWV(159), avayvwpilovtag 0TI, 0€ PNXavikd agpiopo pe uttofornOnon Trieong, n TeAo-
EIOTIVEUOTIKI TTaUOn MPTTOPEI va pnv OupBei oTo TEAOG TNG VEUPIKAG EIOTTVONG.
EmAEEaue va peAeTriooupe TO 10 Kal TO 20 OEUTEPOAETITO PETA TNV OTTOPPAEN WG
eUAoya, eUKOAa avayvwpioipga Xpovikd onueia TTapd TV KAivn Twyv acBevwyv. To oplo
Tou 1 cmH20 yia va XapakTnpioTei To Paw peTagu dUO XPOVIKWY CNUEiwY we oTabepn
N au&avopevn eTTIAEXONKE TTEION PIKPOTEPES DIAPOPEG TTIEONG MTTOPET VO OQEINOVTAl O€
KapdIakoUug TTaAoUg(159) kai dev uTTopouv va PJeTpnBouv pe akpieia otnv 066vn Tou

QVOTIVEUOTNPA. XPNOIYOTIOIWVTOS auTd Ta KatwTata Opida, Ta&lVOPNoaue TN
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Mop@oAoyia TNG Paw oTta Tpia ouvhBwg TTapartnpouueva PoTifa Katd Tn dIdpKEIa TNG
TENO-EI0TTVEUOTIKAG TTaUONG(156). To “passive-like” potiBo Bpédnke oe aoBeveic o€
UYnAOTEPO €TTITTEDO UTTORONONONG KAl OXETICOTAV UE XAUNAOTEPN AVATIVEUCTIKHA WO,
OTTWG uTtrodeIkvUeTal aTro To dPdi/dt. AKOUN KAl O€ QUTEG TIG GUVONKEG, N EKTTVEUOTIKI)
MUIKR  dpacTnpidéTnTa nTav  TTapoucd OTIG HICEG TTIEPITITWOEIG, XWPIS oaen
TTapaudépewaon Tou "plateau” otnv kupatopop®r Paw. To yorTifo “clear plateau” Atav
TO TTI0 CUXVA ep@aviCouevo. ALiCel va TOVIOTE OTI N EKTTVEUCTIKY PUIK dpaoTtnpidtnta
ATav TTapouca oTa OUO TPITA TWV TTEPITITWOEWY AUTWV Kal o€ OAa Ta EeTTiTTeda
uttopondnong. TéAog, otav TTapatnendnke PeTaBoArl peyaAutepn amdé 1 cmH20
METALU OUO BIAdOXIKWY XPOVIKWY onueiwv (0,3-1-2 s) YeTd TNV atrdé@pagn, n otroia
XOPAKTNPIOTNKE WG “irregular rise” PoTiBo, N EKTTVEUCTIKY PUIKN dpaoTnpIoTNTA RTAV
TTavrote TTapoucda. Katd tn dIAPKEIQ TwV TEAO-EICTIVEUCTIKWY TTAUCEWY, N TTAPOUCia
EIOTTVEUOTIKNG TTPOCTTABEIAG avayvwpi{OTav EUKOAQ OTN GUVTPITTTIKY TTAEIOVOTATA TWV
TEPITTTWOEWYV. O1 EICTIVEUOTIKEG TTPOOTTABEIEG DIEKOTITAV TNV TTAUCT O€ XPOVO TTOU
kKaBopifotav ammd Tov pubud avatrvoAg Tou acBevoug Kal TOV VEUPIKO Xpodvo
€1I0TTVONG/eKTTVONG. Ta dedopéva auTd UTTOBEIKVUOUV OTI KATA Trn SIAPKEIN TOU AEPICOU
ME UTTOOTAPIEN TTiEONG, N OIAPKEID TNG ATTOPPALNG OEV UTTOPEI va TTPOETTIAEYEI Va gival
3s, OTTWG oTOV TTAONTIKO AEPICPO, AAAG PTTOPEI VO avAUEVETAI va €ival KOVTA OTOV
EKTTVEUOTIKO XPOVO TNG TTPONYOUNEVNG AVATTVONG.

MapaTtnprioaue 0TI 0€ TTEPICCOTEPOUG ATTO TOUG MICOUG aoBeveig (22/40) kal o€
128 amd 1I¢ 227 TTAUCEIG, N EKTTVEUOTIKA PUIKA dpacTtnpidtnTa fnTav mapoloa OTIG
QVOTTVOEG XWPIG attoepatn. & OAEC QUTEG TIG TTEPITITWOEIG, N OpacTNEIOTNTA TWV
EKTTVEUOTIKWYV MUWYV ATAV TTapouca Kal KAtd Tn SIAPKEIQ TwV TTAUCEWV OTO TEAOG TNG
avaTrvong. Autd Ta supfuata dgv gival atrpoodOKNTA, KABWG n EMIOTPATEUCN TWV

EKTTVEUOTIKWY MUWYV oupBaivel Katd Tn SIGPKEId UWPNAWY QVATIVEUCTIKWY AVAYKWV
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(6TTwg kKaTd TN dIdpKeEIa TNG AOKNONG) Kal OTTOTE AOKEITAI OXETIKA AUENPEVO QOPTIO
OTOUG EICTIVEUOTIKOUG PUEG, AOYw N QUOIOAOYIKAG INXAVIKAG TOU TTVEUPOVA I PUIKAG
aduvapiag(161,163). O1 acbeveig TTOU OUUTTEPIANPONKAV O€ auTr] TN MEAETN
Bpiokovtav 0Tn @Acon avappwaong atrd Papid vooo Kai ol TreplocdTtepol eixav ARDS
Kal, €TTOMEVWG, NTAV TTIOAvO va UTTAPXEl OXETIKA AUENUEVO QOPTIO EICTTVEUOTIKWV
MUWwV, Adyw dlatapaypévng NXAVIKAG f/kal uikng aduvapiag. ETiTAéov, ol aoBeveig
QuUTOI, €iXav OXETIKA uWwnASO AeTrTé agpiopd, 11 L/min katd péco O6po. AUTEG ol
QVOTTVEUOTIKEG QTTQITAOEIG, Ol OTToiEG TTIOAVOTATA UTTOEKTIMOUV TIG OTTAITHOEIG TOU
EYKEQAAOU(30), cival TTAOPOUOIEG HPE TIG EKEIVEG TTOU TTAPATNPOUVTAI OTNV €AA®PId
Aaoknon, OTTOU QUOCIOAOYIKA EP@AVICETAI EKTTVEUOTIKI MUIKA OpaoTnpioTNTA(163). AAAEG
MEAETEG O€ BapEwg TTAOXOVTEG aoBeveig £xouv eTTiong O€iel OTI N EKTTVEUOTIKI MUIKN
opaoTnpEIdTNTa €ivalr ouxvd Trapouca Katd Tn Oidpkela Tou uTToonBoupevou
agpiopou(164,165). Maparnpocaue etriong om oe emmAéov 51 TrepimTwoelg (15
Q0BEVEIQ), N EKTTVEUCTIKY YUIKA dpacTnpIidTNTA ATAV TTapoUcd YOVo KaTd Tn dIAPKEIN
TNG TEAO-EIOTIVEUOTIKAG TTAUONG, £Va  QOIVOUEVO TIoUu TTIBavVWG OQEIAETal O€
OUMTTEPIPOPIKEG ATTAVTACEIG KAl OTO ATTEIPO QPOPTIO avTioTaong TTou eTIRAAAEI n
amoepatn(159,161,166). ETTOuEVWG, N EKTTVEUCTIKN MUIKA dpacTtnpidtnta Katd Tn
OIAPKEIN TNG TEAO-EICTTIVEUOTIKAG TTAUONG OEV ATTOTEAEI AOUVABIOTO UpNUA O€ BAPEWS
TTAoXOoVTEG aoBeveig TTou BpiokovTal o€ AagpIoPO PE uTTooThPIEN TTiEonG. ‘Eva cagég
plateau otnv Paw katd tn didpkeia TNG TEAO-EICTIVEUCTIKNAG TTAUONG OEV ATTOKAEIEI TNV
EKTTVEUOTIKNA MUIKN dpacTnpioTnTa. To eUpnua auTd €ival CUPPWVO PE TTPONYOUMEVN
MEAETN(161) TTOU Beixvel OTI, KATA Tn OIAPKEIA TNG TEAO-EKTTVEUOTIKAG TTaUuong, TO
TIPOTUTTO TNG OUCTOAAG TWV EKTTVEUOTIKWY HUWV UTTOPEI va 0dnyAoel o€ ouvexXn
augnon Tng Paw kai oe ca@ég plateau, kaBioTwvTag avaglommoTtn TN PMETPNON TOU

evdoyevoug PEEP (PEEPI). 'ETol, TTapdpoia pe TNV TEAO-EKTTVEUOTIKA TTauon(161), n
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oUCTTOON TWV EKTTVEUOTIKWY PUWV PTTOPEI €TTIONG va odnyroel o€ plateau tng Paw
KATA TN OIGPKEIQ PIOG TEAO-EIOTTIVEUOTIKAG TTAUONG KAI, CUVETTWG, O€ UTTEPEKTINNON TNG
TENO-EIOTTIVEUOTIKNG KUWEAIDIKNG TTiEONG.

H Ttrapoucia eKTTVEUOTIKNG MUIKAG ouoTracng Katd Tn OIGPKEIA TNG TEAO-
EIOTTVEUOTIKNG TTAUONG €XEI HEAETNOEI OTOV avaAoyikd uttoonBouuevo agpiopd(159),
éva PYovTENO OTO OTT0I0 TO TEAOG TNG UNXAVIKAG KAl TNG VEUPIKAG EICTTIVONG €ival OTEVA
ouvOedeEVO. H PeAETN auTh €D€IEE OTI N EPPAVIOT CUPBAVTWY, OTTWG N EKTTVEUOTIK)
MUIKR oUOTTOO0N, QugavoTav TTPO0JEUTIKA YE TNV TTAPODO TOU XPOVOU WETA TNV TTaUOn,
¢ekivwvtag atréd 1a 0,3s PETA TNV atmoepagn, ue ouxvornta epeavions 10%. Kartda
OIdPKEIO TOU QEPICPOU e uTtoBorBnon Tieong, To TEAOG TNG MNXAVIKAG Kal TNG
VEUPIKNG EI0TTVONG OEV OUVOEETAI OTEVA Kal 0T OIKN Pag MEAETN TTapaATnPriOnKe éva
didueoo cycling of delay 0,18s (Rs-95 = 0,04-0,8s), yeyovdg TTOU UTTOPEi VO ENYAOEI
TV TTAPOUCia CoUCTIAONG TWV EKTTVEUOTIKWY HUWV OKOPN KOl OUECWS META TNV
amoepatn. H tTapoucia oUOTTAONG EKTTVEUCTIKWY HUWYV AKOUN Kal TTpIvV a1rd Tov
TEPUATIONO TNG MNXAVIKAG EI0TTVONG 0€ Bapéwg TTAoXOVTEG aoBeveic TTou agpifovTal
ME AcIToupyia UTTOOTAPIENGS TTiEONG €XEI avaPepOei 0TO TTAPEABOV(165). ETTouEVWG, N
TTOPOUCia OUVONKWY TTOU ETTITPETTEl AKPIBEIG MUETPNAOEIC TNG odnyou Trieong o€
AgIToupyia UTTOOTAPIENG TTiEONG BEV UTTOOTNPICETAI ATTO TA EUPAMATA TNG TTAPOUCAG
MEAETNG. Kavéva poTiBo Tng Paw dev atmékAEIOE TNV TTOPOUCIA EKTTVEUOTIKNG MUIKAG
opacTnpPIéTNTaG Kal dev TTPOCOIOPIOTNKE KAVEVA XPOVIKO OnuEio TIpIV atmod Tnv
EMPAVION TNG EKTTVEUOTIKAG MUIKAG OpaocTnpIOTNTAG Kal PETA T XOaAdpwon Twv
EIOTTVEUOTIKWY PJUWV. H €KTOON TNG UTTEPEKTIUNONG TNG 0dnyou TTieong dev UTTOPOUCE
va uttoAoyioTei pe akpifela, aAA& oT1o 20% Twv TTEPITITWOEIC TTapATNERONKE

UTTEPEKTIUNON TOUAdxIoTOoV 2 cmH:20.
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O oxedlaopdg autng TNG MEAETNG OEV TTPOCPEPEI TTANPOPOPIEG OXETIKA PE TOV
ETTITTOAQOUO TNG EKTTVEUOTIKNG MUIKAG dpaoTNPIOTNTAG O€ a0BeveiG KaTA Tn dIAPKEIN
Tou uTroBonBoupevou aEPICKOU, N OoTToia TBAVOV va TTOIKIAAEL, avaAoya pe ToOv
ecetalopevo TANBuopd aoBevwyv Kal TN XPOVIKA OTIYdr) KAatd Tn OIAPKEId TOU
ATTOYAAOQKTIOMOU. AgV £CETAOTNKE N CUOXETION METAGU TNG OUVANNG TWV EICTTIVEUOTIKWV
MUWV, TOU EICTTVEUCTIKOU QOPTIOU (UNXAVIKY TOU QVATIVEUOTIKOU CUOTHPATOG) KAl TNG
TTOPOUCIAG EKTTVEUOTIKAG MUIKAG dpacTnpidTnTag. H 8pacTtnpidTnTa TWV EKTTVEUCTIKWV
MUuwv aglohoynBnke pe Tn Xpnon Twv Pga kai Pdi, aA\& xwpig T xprnon
NAEKTPOUUOYPAPIAG, N OTToia Ba TTapeixe aKPIBEOTEPES TTANPOYPOPIEG OXETIKA PE TOV
XPOVO TWV CUCTIACEWV TWV EKTTVEUCTIKWY MUwV. Q¢ €K TOUTOU, TO WEYEBOG TNG
augnong TnG Pga utroekTIuAOnKe o€ OpIoPEVES TTEPITTTWOEIS. [MapdAo TTou TO PoTio
NG Paw dev pmopouce va Ol00QAAICEl TNV ATTOUCIA  EKTTVEUOTIKNG  MUIKNAG
dpacTNPIGTNTAG, OTNV TTAPOUCA UEAETN OEV £EETACTNKAV AANA PECA VIO TNV EKTIUNON
TNG, OTTWG N QUOIKN €EETACT), TO UTTEPNXOYPAPNUA 1) N NAEKTPOPUOYPAPIa.

Ta eupAuata autig TNG MEAETNG €XOUV OPIOUEVEG ONMUAVTIKEG KAIVIKEG
TIPOEKTAOEIS. [pWTOV, EVTOTTIOTNKAV OTTAOI KAVOVEG yia TNV TTPORAEWn TNG dIAPKEING
TNG EICTIVEUOTIKNG TTAUONG (EAQQPWGS PEYAAUTEPN ATTO TOV TTAPATAPOUPEVO XPOVO
EKTTVONAG) KAl VIO TOV EVTOTTIONO E0QAAUEVWYV TEAO-EICTIVEUOTIKWYV TTAUCEWV AdYW TNG
EKTTVEUOTIKAG MUIKNAG dpaoTnpIdTnTag (aug¢non peyaAutepn atmd 1 cmH20 petagu duo
OI1ad0XIKWV XPOVIKWV onueiwv). EmmAéov, empBepaiwdnke 0TI N 0dnyodg Trieon TTOU
METPATOl KATA TN OIAPKEIA TNG TEAO-EIOTIVEUOTIKNAG Tralong MTTOPEi POVO  va
UTTEPEKTIMATAI, ETTEION OI EICTIVEUOTIKEG TTPOOTTABEIEC avayvwpiovTal EUKOAQ, YEYOVOG
TTOU utTodnAwWvVEl OTI YIa XapnAf odnyog Trieon PTTopEi va atTokAgioel agiommoTa Tn
OUVOAIKN UTTEPBIATACTN TWV TTVEUPOVWYV. ATTO TNV GAAN TTAEUPd, N diatTioTwon uwnAng

odnyou Trieong, n otroia €xel OCUOXETIOTEN Pe duopevh ékBaon Twv aocBevwv(157),
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atraiTei TepaItEpw dlepeuvnon. Mia ugwnAri 0dnydg TTieon 6a YTTopoUcE va TTPOKUYEI
ATTO EKTTVEUCTIKY MUIKA dpacTnpIdTnTd, augnuévn E€I0TIVEUCTIKA MUIKA TTPOOTIA6EIq,
MEIWMPEVN PNXAVIKI TWV TIVEUPNOVWVY KaI/f| PEIWMEVN €UEVOOTOTNTA TOU BwpPAKIKOU
TOIXWHATOG. ETTeIdr) OAeG auTEG 01 KATOOTAOEIG OXETICOVTal e DUOUEVH EKBaan, aAAG
ATTAITEITAI OTOXEUPEVN DIAXEIPION, @AiVETAl OUVETO VA EQPAPUOCTEI  TTEPAITEPW
OIayVWOTIKOG EAEYX0G, OTTWG N METPNOT TNG OICOPAYEIAG TTIEONG, YIA TNV EKTIUNON TNG
QVOTTIVEUOTIKNG TTPOOTIABEING, TNG AVATIVEUOTIKAG WONG KAl TwV OIATTVEUNOVIKWY

TTIETEWV.

5. Zuptrepdouara

Ta atmmoTeAéopaTa AQUTAG TNG avadpoIKNG avaAuong Tng popgoloyiag Tng Paw
KATa Tn JIAPKEIQ TNG TEAO-EICTIVEUOTIKNAG TTAUONG 0€ BAPEWS TTACXOVTEG QOBEVEIG O€
uTTOBONBOUPEVO AEPIOPO PE UTTOOTAPIEN TTiEONG dEixvouv OTI TO TTPOTUTTO TNG Paw
MTTOPEI va eMIRERAIWOEI TNV TTOPOUCia TOOO EICTIVEUCTIKAG O00 KAl EKTTVEUOTIKAG
MUIKNAG dpaoTnpIOTNTAG, GAAG OXI TNV ATTOUCIA EKTTVEUOTIKAG MUIKAG dpacTnpidTnTag.
Ta dedopéva autd deixvouv OTI o1 TTaBNTIKEG CUVBRKES TTOU ATTAITOUVTAI YIa ThV OKPIRA
METPNON TNG 0dnyou TTEONG OE MIA TEAO-EIOTIVEUOTIKAG TTAUONG OEV UTTOPOUV VA
d1a0@AAICTOUV XPNOIUOTTOIWVTAG HOVOo Tn Pdop@oAoyia Tou Paw. QoTtdéoo, €meidh n
odnyog Trieon MTopei POVO va UTTEPEKTIUNOEl Adyw Tng dpacTtnpidTnTag TWV
EKTTVEUOTIKWYV MUWV, OTNV KOBNUEPIVA TTPOKTIKA, MIA XaunA odnyog Trieon
UTTOONAWVEI TNV OTTOUCia OUVOAIKAG UTTEPBIATAONG TWV TTIVEUROVWY. Mia pétpnon
UWnAnRG odnyou Trieong Ba TTPETTEI va TTPOTPETTEI OE TTEPAITEPW BIAYVWOTIKEG ECETATEIG,

OTTWG N METPNON TNG TTIEONG TOU 01I00QAYOU.
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lI3. MEPOZ B

1. Eicaywyn

H arpogia Tou O10@PAyUATOG €ival PIO KAAG avayvwpIouEVn ETTITTAOKN TOU
MNXOVIKOU agPICPOU TTOU CUUPBAAAEI OTnV €TTayOuevn aTTd TOV AVATIVEUOTAPA
dlappayuartikr) ducAeiroupyia (VIDD)(31,167,168). H artpogia Tou Olappdyuatog
TTEPIYPAPNKE apXIK& 0€ aoBeveic KaTtd Tn didpKeIa TTABNTIKOU agpiopou(110), alld
¢kToTE £x€El atrodeixOei 611 n VIDD utropei etriong va avatrtuxBei katd mn didpkeia Tou
uttoonBouuevou agpiouou, otav n utroBonénon ival uttepBOAIKN Kal N TTPOCTTABEI
TOU aoBgvoug TTOAU aoBevng(143,168). H avarrtugn Tng VIDD £xel onpavTIKEG KAIVIKEG
ETTITITWOEIG, KABWG £xel atrodeIXOEei OTI £TTNPEALEI TNV €KBaon Twv aoBevwv(4,110).

H atmmoguyn Twv adUvauwy EICTIVEUCTIKWY TTPOCTTABEIWY OTTO TNV UTTEPBOAIKN)
uttoBonbnon kartd tn didpkeia Tou utToonBoUuEvou AEPICKOU, ATTaPaiTNT YIa TNV
atmmopuyn TG VIDD, atraitei TNV TTapakoAoUBnon Twv EICTIVEUCTIKWY TTPOCTTABEIWV.
H ev Aoyw TrapakoAoubnon o¢ Papéwg TAoXovTeg aoBeveic JTTOpEi  va
TTPAYHATOTTOINGEI PE TN XPHON OIC0QPAYEIOG TTIECNG, AANG aTTaITE EIOIKO £COTTAIOUO KAl
MTTOPEI va gival TeXVIKA OUOKOAN kal xpovoBopa, yI' autd Kal dev e@appoleTal
eUPEWG(169). ZTnv TpExouoa KAIVIKA TTPAKTIK) Ogv UTTAPXEl GAAN [N €TTEUPROTIKA
MEBODOG yIa TN Ouvexr TIAPOKOAOUBNON TnNG EIOTIVEUOTIKNAG TIpooTrdbeiag. H
avaTrveuoTikr ouxvotnta (f), o avarveduevog oykog (VT) ) To poTifo avatrvonig (f/VT)
MTTOPEI va UTTOOEIKVUOUV UTTEPBOAIKA UWNAR 1) XAPNAA TTPOCTTABEI0 JOVO OE AKPAIES
TIMEG, OTTWG AVATIVEUOTIKI) OUXVOTNTA KATW a1rd 12 A Tavw atrd 30 avattvoEG/AeTTTO,
evw N Po.a ptTopei va tTapéxel diaAsirouoa €voeitn XaunAng avatveuoTIKAG wong,

aAAG €xel TTOAAOUG TTEPIOPICPOUG KOl aTTaITEl XEIpokKivnTo €Aeyx0(40,105).

82



Katd mn didpkeia Tou agpiopou pe utrooTthpign ieong (PSV), n poporn 1ng
EIOTIVEUOTIKNG PONG €Captaral amo TIG TECEISC TTOU  TTapdyovtal oTrd  Toug
QVOTTIVEUOTIKOUG JUEG Tou acBevoug (Pmus), tov avarrveuoTthpa (Pvent) kalr Tn
MNXOVIKA TOU QVOTIVEUOTIKOU OUOTAPATOG. H  aAAayry TG KAPTTUAGTNTAG TNG
EIOTIVEUOTIKNG PONG OE €KOETIKA TITWON, TTOPOMOIO ME EKEIVN TOu TTaABNTIKOU,
PUBUICOPEVOU [E TTIECN AEPICHOU, ITTOPEI VA EVTOTTIOTE OTITIKA KO UTTOPEI VA UTTOOEIEE!
TO XPOVIKO OnueEio XaAdpwong TwV EICTIVEUCTIKWY PUWV TOU acBevoug Katd Tn
OIApPKEID TNG MNXAVIKNAG €10TTVONRG(15). O1 aduvapeg TTPOCTTABEIEG Eival CUXVA PIKPNG
OIAPKEING, OTTOTE TO OXAMA TNG KUMATOPOPPAG TNG POAG MTTOPEI va XPNOILOTTOINBEI yIa
TOV EVTIOTTIONO Twv adUVOPWV TIPooTTafelwv Kal TNG OuvnTIKA UTTEPBOAIKNAG
avaTTveuoTIKNG uttoBorBnong. O1 KAIVIKOI 1aTpoi cupBouAeUovTal £TTi TOU TTAPOVTOG, Va
EMMOEWPOUV TNV KUPATOUOP®H poNG Kata Tn didpkela Tou PSV kail va rpooTtradouy va
MEIWOOUV TNV uTToBorBnon €dv UTTAPXEl Eva OXNUA PONG TTOU PoIAgel Ye TTadnTikG.
‘EVOG QUTOPOTOTTOINUEVOSG AAYOPIOPOG EVTOG TOU AVATTIVEUCTHPA TTOU avayvwpigel TNV
utTEPPOAIKR} uTtoBorinon Ba pTTopouce va OIEUKOAUVEl Tnv TITAOTTOINON TG
uttoponinong katd Tn didpkela Tou PSV, BeATiwvovtag Tnv atmmoTEAEOUATIKOTNTA,
MEIWVOVTOG TOV QOPTO EPYOOIAG TWV QPOVTIOTWY KAl CUPBAAAovTag TTBavwg o€
KOAUTEPO QTTOTEAEOUOTA YIa TOV aoBevr). Z€ auTr) TN MEAETN XPNOIUOTTOIOUUE Mia
TEXVIKA BaBIdS pabnong Aiywv oTiypwy (few shot learning), dnAadn éva yovodidoTaTo
VEUPWVIKO OiKkTUO ouveAIKTIKOU TUTTOU (1D Convolutional Neural Network - CNN), yia
TNV aQUTOPOTN AViXVEUOT BACIKWY XAPOKTNPIOTIKWY TG KUPATOUOP®AS POAG KATA TN
dldpkela Tou PSV yia tov eviomopo adUvapwy EICTIVEUCTIKWY TTPOCTTOBEIV OF

Bapéwg TTaoxovTeC aoBeveic. To SiKTUO eKTTAIDEUTNKE O XOPOKTNPIOUEVES! AvaTIVOES

! Labeling/Annotation: Eidikd¢ KAIVIKOC ETTIOTAMOVAS £TTEEEPYALETAI TIC KUMATOUOPPES, THNUOTOTIOIE
TIG QVATIVOEG KAl TIG XOPAKTNPICEl, avaAoya Pe TNV TTPOooTTdbeia Tou acBevoug.
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OTIG OTTOIEG N TTPOCTIABEIQ TTOCOTIKOTIOINONKE HYE TO YIVOUEVO TTIEONG-XPOVOU TWV
avatrveuoTiKwv puwv (PTP). TMNa 1iyég PTP pikpdtepeg amd 50 cmH20%*s/min, n

TTPOOTIABEIO XapaKTNPIZETAI A0BEVNAG.

2. Mé€06odog

2.1 NANBuopdg TNG MEAETNG

H peEAETN auTrh TTPAYUATOTTOINBNKE PE TN XPAON KATAypapwy TTou eARAPBnoav
yla KAIVIKOUG okoTroug Tnv Trevraetia 2018-2022 otn MEG® Tou lMavetmioTnuiokou
Noookopeiou HpakAgiou. XpnolgoTroioaue £€va oUVOAO OEQOUEVWV TTOU OTTOTEAEITAI
atro KaTaypagEég Kata tn didpkela Tou PSV, ol otroieg TrepIAGupavav PYETPAOEIS TNG
PONG, TNG TTiECNG TOU AEPAYWYOU, TOU OICOPAYOU Kal TOU OTOPAXOU, PE OIAPKEIN
TOUAAXIOTOV 5 AETTTWV. APKETEG ATTO AUTEG TIG KATAYPOPES £XOUV CUPTTEPIANQOEI OTNV
avaAuon TTPONYOUMEVWG BNUOCIEUPEVWV PEAETWV(37,170). O1 KAIVIKEG eVOEIEEIS YIa TIG
KATAYPOQPEG AUTEG ATAV KUPIWG N TITAoTToinon Tng utroBornbnong f/kal n agloAdéynon
TNG €EIOTTIVEUOTIKAG TTPOOTIABEIOG Kal TNG CUMPPBOAAG Tou dla@pdyuartog Katd Ttnv
avatrvor). H xprion Twv avwvudwyv OedOUEVWYV EYKPIBNKE aTTd TNV ETTITPOTIN
deovToAoyiag Tou VOOOKOUEIOU. Ta KAIVIKA XAPOKTNPIOTIKA, Ta dNUOYPAPIKA OTOIXEIx
Kal o1 UETABANTEC agpiopou eA@Bnoav atrd Ta 1IaTpIKA apxeia. H gugvdoTdtnTa TOU
QVOTTVEUOTIKOU OUOTAMOTOG UTTOAOYIOTNKE XEIPOKIVATA OTTO TIG TEAO-EIOTTIVEUOTIKEG
TTaUoEIS TTou eAAPONCav 0To UWNAGTEPO eTTiTTEdO UTTOBONRBNONG TToU £§aOPaAIlEl,
METG atrd €MOKOTTNON KOl TWV KUPATOMOPPWY TWV OICOPAYEIWV KAl YOOTPIKWYV

TMECEWY, TTAONTIKEG OUVONKEG.

2.2 Kataypagr 6edouévwv

H kataypa@r] Twv dedOUEVWY EYIVE OTTWG TTEPIYPAPETAI OTO PEPOG A (BAETTE O€EA 64)
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2.3 AVATITUEN TOU XOPAKTNPIOKEVOU OUVOAOU DEDOUEVWV

MNa va ekTaideUooupe Kal va SOKIMACOUUE TO OIiKTUO, avatrTugape Eva oUvoAo
ammoé  xapaktnpiopéva  dedopéva  ammd  OAeG  TIG  KATAYPOQYEG, OTO  OTT0Io
TTOOOTIKOTTOINONKE N TTPoCTTABeIa KABE avatrvorg (Pmus) kal agaipédnkav oI AKUPEG
avaTrvoéG. To TTpwTo Brpa TTEPIAGUBAVE TOV UTTOAOYIOUO TNG Pmus Kal TNV KATAOKEUN
TNG Kupatopop®ns Pmus oTo Xpovo, akoAouBoupevn atrd évav aAyopiBuo yia tov
QUTOPATOTTOINKEVO TTPOCBIOPIoHO TOU XPOVOU EICTTIVONG KAl TOV UTTOAOYIONO Tou PTP
(Eikova 13A).

MNa TNV KaTaokeur TG Pmus XpnoIPoTToINBNKE O TTOPAKATW TUTTOG:

Pmus = (VT x Ecw) + (Rcw x Flow) + PeSendexp - Pes (2)

OTTOU 0 avaTtTveduevog Oykog (VT) uttoAoyioTnKe wg 1o €PPAdOV TNG EICTIVEUOTIKNG
ponG oTo XPOVOo, N EAACTIKOTNTA TOU BWPAKIKOU ToIXWHATOS (Ecw) uttoAoyioTnke atro
TNV EKTIMWMEVN TIMA TNG CwTIKAG XwpenTikéTNTAG (Vital Capacity - VC), ol avTioTaoeig
TOU BwPaKIKOU ToIXWHaToG (Rew) BewprBnkav @uaoIoAoyIKEG KABWGS KaVEIG aTTd TOug
uttd PEAETN aoBeveig Oev gixe TEKUNPIWPEVN TTaBoAoyId Tou BWPAKIKOU TOIXWHATOG,
o1déte Rew=1.5cmH20/L, evy n TIUA TNG TEANO-EKTTVEUOTIKAG OICOQPAYEIQG TTiIEONG
(PesSendexp) ANPONKe a1Td TIC KATAYPAPES apoU eTTIRERAIWONKE OTI OTO ONMEIO TNG
METPNONG Oev UTTAPXE OUCTIACT EKTTVEUCTIKWY HUWV.

MNa Tov uttoAoyiopud TNG  €AAOTIKOTNTAG TOU OwPAKIKOU  TOIXWHOTOG
XPNOIMOTTOINBNKE O TUTTOG:

Ecw =0.025 x VC (3)

EVW YIA TOV UTTOAOYIONO TNG EKTIMWMPEVNG CWTIKAG XWPENTIKOTNTAG XPNOIKOTIOINBNKav

ol TUTIO!I;

VC = (27.63 - 0.112 x age) x height(cm) (4)

VC = (21.78 - 0.101 x age) x height(cm) (5)
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yIO TOUG AVOPEG KAl TIG YUVAIKEG QVTiOTOIXA.
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Eikova 13. l1poadiopiCUOS TOU EICTTIVEUCTIKOU XPOVOU Kal UTTOAOYIOHNOS TOU TTPOIiOVTOG
migong-xpovou (Pressure-Time Product - PTP) Twv avamveuoTIKwyY uwv.
Kuparouoppés pong (Flow), mieons twv avamveuoTikwv puwv (Pmus) kai mieong twv
aspaywywv (Paw) mou arreikovifovrai ue 1n xprion 1éoo rou AcqKknowledge (A) 6oo kai rou
AoyiouikoU tmou avarrux6nke (B). O xpdvog giomrvorg, mws mpoadiopilstal pe tn wavelet
TEXVIKN, UTTOOEIKVUETAI QTTO THV TTPACIVN OKIAQCUEVH TTEPIOXN OTNV EIKOva B. To mpoiov tieong-
xpovou (PTP) tn¢ Pmus ummroAoyioTnke w¢ 10 0AoKARpwua TNS KauTuAng Pmus kard mn didpkeia
TOU xpOvou Kard 1n didpkeia tng iotrvons (PTP ava avarmvon), mou ummrodgikvUeTal E0wW aro 1
pol oKIaOuEVN TTEPIOXT TTOV TTivaka A, Kai TTOAAQTTAQGIAGTNKE UE TOV QVaTTVEUATIKO puBud yia
va An@OBei o PTP avd Aemro.

Na Tov TIPOCdIOPICPO TOU pnxavikou xpévou elotrvong (Ti) kal Tnv
TMNUOTOTIOINCN TWV MNXOVIKWV EICTTVOWV atmmd TO OUVOAO Twv OedopéEvv

XPNOIMOTTOINONKE MIa TEXVIKN BACIOPEVN OTO PETAOXNMATIONO KupaTIdiwv (wavelet
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transform), 61ToU N apPxr TNG €I0TTVONG OPIOTNKE OTO ONUEiIo OTTOU APXIOE N TAXEia
TTwon TG Paw otnv apxn Tng avatrvong (dIEyepon Tou avaTtrveuoTRpa) Kal To TEAOG
TNG €I0TTVONG TTPOCOIOPIOTNKE WG TO ONUEIO OTTOU N POr) UNOEVIOTNKE KATA TN METARAON
atro 1N BTk otnv apvnTiki (Eikéva 11B). O AGyog TTou €TTIAEXBNKE N €vapén NG
QVATTVONG va onuaTodoTEITal AaTTO TO TTPOAVOPEPBEV ONUEIO 0TV KUPATOPOP®N TNG
Paw Atav yia va cival 1o akpIBAg n PETPNON o€ aoBeveic Ye UTTapEn £vooyevoug
PEEP, oTOoUG OTTOIOUG N aVOTTIVEUOTIKI TTPOCTTABEIO apyilel APKETA TTIO VWPIG aTTd TV
évapén NG BETIKAG €1I0TTVEUOTIKAG PONG. To yivouevo Trieong-xpovou (PTP) tng Pmus
UTTOAOYIOTNKE WG TO OAOKARPWUA TNG KAPTIUANG Pmus katd Tn didpkeia Tou xpodvou
kKatd 1n didpkela NG elotvong (PTP avd avarrvor) kal TTOAMATTAACIAOTNKE PE THV
QVOTTIVEUOTIKI ouxvOoTNTa YIa va TTpokUuWel To PTP ava Aetrto. O auTtopatoTroinuévog
uttoAoyIopog Tou PTP  mpayupatotromnke yia KABE PNXAvikry €I0TTVOr  TTOU
EVTOTTIOTNKE KAl oUYKPIONKe pe To PTP TTou uTTOAOYIOoTNKE XEIPOKivNTA UE TN XPriON TOU
Aoyiopikou AcgKnowledge(171).

Na va Jdlac@aAicoupe TNV akpiBela Tou OCUCTAPATOG, a&loAOyrioOuE TO
XOAPOKTNPIOHEVO OUVOAO dedouévwy o€ Tpia eTTiTredQ.

e TunuaTtoTTOiNON TWV QVOTIVEUOTIKWY ONUATWV (segmentation): O ocwoTog
TTPOCBIOPICPOG TOU XPOVOoU E€ICTIVOAG afloAoynBnke oTmikA PE TN Xprnon
€IdIKkoU AoyiopikoU (Eikéva 13). O auTtopaToOTIOINUEVOG EVTOTTIONOG TG
MNXOVIKAG EIOTTVONG XOPOKTNPEIOTNKE WG OWOoTOG 1 Aavbaouévog Kal
EKQPAOTNKE WG TTOCOO0TO (CWOTO £TTi TOU GUVOAOU). O1 XPOVIKEG TTEPIOdOI KATA
TN dIdpKEIa TNG KaTaypagrg étrou dev ATav duvaTth n akpIBnG PETPNON TNG
oloo@ayikng Trieong (yia Tapddelypa, Katd T OIAPKEIA  OICOPAYIKWYV
OUCTTACEWV 1 BAXA) €vTOTTIOTNKAV KAl ATTOKAEIOTNKAV aTTd TNV TTEPAITEPW

avaAuon.
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A&loAéynon uttoAoyiopou PTP: o1 uttoAoyifoueveg Tiuég PTP avd avarrvon kal
ava AeTrté aglohoynBnkav TTO0OTIKA O OUYKpIon MPE TIG TINEG PTP TTOU
UTTOAOYIOTNKAV XEIPOKIVNTA. ZUYKEKPIYEVA, €va Tuxaio deiyua avarrvowv (8
avaTTvoEG ava eTTiredo utToonBnong ava aoBevi) eTTIAEXONKE yIa XEIPOKIVNTO
XapakTnpIouo (utroAoyioudg PTP) kai n avtioToixn dIAPNECOS Twv 8 avatvowyv
OUYKPIONKE PE EKEIVN TNG EKTIMWMPEVNG.

A&loAéynon Tagivopunong: To PTP avd Aetrtd Tagivountnke wg XaunAo i oxi,
XPNOIMOTIOIWVTAG WG KATwTato oOpio pia Ty 50 cmH20s/min, O61TWG
TTpoTEivETAl ATTO TNV TPEXouoa BIBAIoypa®ia(105,143,172). H tagivounon tou
PTP/min wg xaunAou r} un pe Baon 1o utroAoyiopévo PTP/min agloAoyrOnke
o€ oUyKplon PE TNV Tagivounon tou PTP 1Tou utroAoyioTnKe XElpoKivnTa Kal
EKQPAOTNKE WG TTOOOOTO TWV CWOTA TAEIVOUNUEVWY AVATIVOWVY TTOU €ixav N

O¢ev gixav xaunAé PTP/min.

2.4 AvaTtrtuén tou 1D-CNN yia Tnv avayvwpion Twv aoBevwv TTPpooTTabEIlV

To povtélo (eikOva 14A) atroteAcital atmod (i) To d1IodIACTATO OTPWHA €10600U,

TTou TpoodorTeital e TUAMaTa Flow kalr Paw, (ii) Tévre povodidoTaTta OUVEAIKTIKA

MTTAOK HE BUO TTAVOMOIOTUTIA OTPWHATA TO KABEVA, yia e€aywynh QVTITTPOCWITEUTIKWY

MOTIBwV TTOU XpnoldoTToloUvTal yia Tagivounon, (i) dUo TTUKVA OTPWPATA, TTOU

QTTOOKOTTOUV OTNV augnon tng TTOAUTTAOKOTATAG TOU JOVTEAOU Kal TNV €vioxuon Tng

IKOVOTNTAG YEVIKEUONG TOU, Kal (iv) TO oTpwHa £€6dou. O apiBudg Twv QIATpwY Kal To

MEYEBOG TWV TTUPAVWY, AVTIOTOIXA, VIO Ta CUVEAIKTIKG OTpwuata gival (64, 3), (64, 9),

(128, 9), (256, 9), (32, 7), evw Ta dUO TTUKVA CTPpWUATA atroTeEAoUvTal aTTd 128
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VEUPWVEG Kal €xouv mBavétnTa dropout? 0,5. To amotéAeoua Tng Tagivéunong
TTOPEXETAI ATTO TO OTPWHA £6OO0U, TO OTTOIO ATTOTEAEITAI ATTO €vav PHOVO VEUPWVA UE
olyuo€Idry evepyotroinon. To poviéAo €xel oxedlaoTei yia va Aaupdaver  pia
THNUATOTTOINUEVN AVATIVON KAl VO TTapEXEl Evav Jovo aplBud (€6odo) petagu 0 kai 1
TTOU XapPaKTnpi¢el TNV mlavotTnNTa N TTPOCTIABEIa O€ AUTH TNV avaTIvor va givail
aduvaun (1 givar n upnAdTEPN BAVOTNTA), EVW OEV ATTAITEI TTANPOPOPIEG OXETIKA UE
TIG PUBNICEIG TOU UNXAVIKOU AEPICUOU A TNV KATACTOOT TOU aoBgvoug.

1D convolutional layers' settings
er of filters and kemel size per layer

Linear/Dense layer settings
number of units 128

dropout

Conv1D
. ReLU - . \ Linear
— Conv1D | Flatten — RelLU [ — Sigmoid
RelLU | Dropout

MaxPooling1D

A
Training Phase

| g \'.
Breath Potency - Breath
Calculation Annotation

ICU Experts
Assessment

Invasive
Non-invasive

Breath
Classification

Raw Signals

Operation

Breath = P

Segmentation Calculation

Non-invasive

Eixoéva 14. ApxITEKTOVIKI) KAl AsiToupyia Tou yovréAou

A) - Apyitektrovikry MovréAou: To Movodidoraro 2uveldiktiké Neupwvikd Aiktuo (1D-CNN)
arroreAgital ammd 5 OUVEAIKTIKG UTTAOK Kal 2 TTUKVA ouvoedeuéva emmimeda. KGBs ouVveAIKTIKO
UtrAok epapudlel pia 1D ouvéAién kai pia ouvdprnon evepyorroinong Rectified Linear Unit
(ReLU) duo @opéc, kai atn auvéxeia pia Asiroupyia 1D max pooling. H £é6060¢ Twv OUVEAIKTIKWYV
UTTAOK ammAWVETal Kal ammooTéAAETal OTa TTUKVA auvOedeuéva emmitreda, T1a orroia armroreAouvrai
ammo €va YPauUIKO UETAOXNUATIONO, Uia ouvaptnon evepyorroinong RelLU kar uia Asiroupyia
dropout. TéAog, n karavoun mlavornTag yia 1ic 6Uo kAdoeig e€66ou mapdyerar ammé éva uoévo
VEUPWVA LIE TIYUOEIdN) oUVApTNOn evepyorroinong. B) — Aciroupyia tou povréAou

2 Q¢ dropout opiZetal N NOeANUéVN aQaipeon KOUPWY, UE OKOTTO TV aTToQuyr overfitting Tou
MovTéAou.
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lNa va avatrruxBei 10 YOVTEAO, TO GUVOAO OEDOUEVWV XWPIOTNKE TUXAia o€ GUVOAQ
ektTaideuong, agloAdynong Kal  QOKIYWV  XPNOIYMOTTOIWVTAG  dedopEva  ATTo
OIaQOPETIKOUG aoBeveic o KABe OeT. Ta xapaktnpiopéva dedouéva Tou ouvoAou
EKTTAIOEUONG XPNOIMOTTOINONKAV yIa TNV EKTTAIOEUON TOU JOVTEAOU, eV Ta OEdOEVA
TOU OUVOAOU agIoAGYNOoNG XpnoluoTromenkav yia Tn AeTrrouepry pubuion Twv UTTEP-
TTOPAPETPWY TOU MOVTEAOU. TEAOG, TO OET DOKINWVY XPNOIUOTTOINONKE yia TV TTapoxn
TWV TEANIKWV ATTOTEAECPATWY. ZTO GUVOAO TwV OOKIPWY, N TAgIVOUNOoN BacioTnKe NOVO
oTIG KupaTtopop®Eg Flow kail Paw, evw 10 uttoAoyiopévo PTP xpnoipgotroimenke yia va
KATNYOPIOTTOINCEI TA ATTOTEAEOUATA WG AANBIVA 1] weudr BETIKA 1 apvnTIKA. To PTTAOK

dldypapua gaivetal oTnyv £ikova 14B.

2.5 ZT1amioTik avdAuon

Ta dnuoypa@ikd Twv acBevwy, Ta KAIVIKA XAPOKTNPIOTIKA TOUG, KABWG Kal Ta
0edOUEVA TOU PNXAVIKOU OEPICUOU TTAPOUCIACOVTAl WG TTOCOOTA YIA TIG KATNYOPIKES
METABANTEG, VW o1 ouvexei HETABANTEG TTapouoiddovTal PE T PEON TIUA ME TUTTIKN
atrokAion (standard deviation, SD) yia dedopéva e KAVOVIKI KATAVOUR Kal PE TN
O1dueon TIUA Kal TO EVOOTETAPTNUOPIAKO £UPOG (interquartile range, IQR) yia dedopéva
ME Mn Kavovik katavopr). Ta atroteAéopara NG  agloAdéynong (validation)
TTapouciddovTal WG TTOOOOTO CWOTA XAPOKTNPIOUEVWY AVATIVOWY, KOl WG aTtTOAUTN
TIUA S10QOPAS TNG PETPOUNEVNS Kal TNG UTTOAOYICOUEVNG TIMAG Tou PTP. H Tagivéunon
Tou PTP atmé 10 1D-CNN povtéAo NG TpooTrddeiag wg XapnAAg rp X1 cuykpibnke pe
TOV QVTIOTOIXO XOPAKTNPIOKO Pe BAon TNV PETPOUMEVN TIUA KAl TO ATTOTEAECHA TNG
TAgIVOUNONG XAPAKTNPEIOTNKE WG aANBWwS 1N weudwg BeTIKO 11 apvnTIKO, Kal

uttoAoyioTnkav n guaioBnaia, €1I0IKOTATA, BETIKA Kal apvnTIKN TTPOYVWOTIKA aia Kai
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akpifela. Xpnoigotroioape 1o rpoypaupa IBM SPSS Statistics for Windows ékdoon

25 (Armonk, NY) yia Tnv avaAuon.

3. AtroTeAéopara

3.1 XapaKTnpIoTIKA TWV acBevwv

AvaAuoaue TIG KaTtaypa@Eg 37 acBevwv, ouVOAIKA 123 dla@opeTikG eTTiTTedA
uttoBoninaong, TTou avTioTolxoUVv KaTé péco 6po o€ Tpia eTTiTreda o€ KAOe acbevn)
(eupog amd duo Ewg Tévte emrireda utropor®nong avda aocBevry, 0-20 cmH:20
UTTOOTAPIENG TTiEoNG). Ta XapaKTNPIOTIKA TWV A0BEVWY TTOU CUUTTEPIANPONKAV 0TV

avaAuon TTapouciadovTal oTov TTivaka 4.

Mivakag 4 XapakTnpIioTIKA acfevwyv

Xapaktnpotika agBevwv, N=37
Appevec (%) 46
HAIKIA (Siapeooc = SD) 7010
APACHE Il (iapeococ = SD) 19.3=7.5
BMI (Biapsoog = SD) 30=8

Alayvuwon sioaywync (%)
YoEQupIKr avamveUoTIKN QVETTAPKELD 38
YTEPKATIVIK QVATIVEUGTIKH QVETIAPKELD 19
Znmrikn katamhnéia 19
Ofeia eykedahkn PAAPN 24

AvamveudoTIKA XapaKTNPLOTIKA Kal puBhioslg

avanveuaotnpa
Méepec pnxavikol asplopol Tpw Tn UeAET, median (IQR) 9(5-12)
PEEP cmH:0, mean = SD 72
FiO: median (IQR) 359% (30-409%)
pO2/FiO2 mean = SD 252 =63
Pressure Support cmH:0, mean £ SD Tx2
Avamvedpevoc oykoc, mUkg IBW, median (IQR) 7.7(6.9-9.2)
AvamveuoTIKn ouxvoeTnTa mean = SD 215
Kata Aento aspuopog, L/min, mean = SD 96+1.6
EvevBototnTta avanveuoTikou guatnuartoc®, ml/emH:0, 46+ 14
mean = 5D

BMI: Aciktng ualag owparog, APACHE-II: Acute Physiology and Chronic Health Evaluation-Il,
FiO2: mooooTd eiomveduevou oéuyodvou, IBW: I6aviké cwuatiké Bdpog , SD: Tumikn armmékAion,
IQR: evdoreraptnuopIakd 0pog , mean: uéon tiun, median: éiqueon Tiun

*>¢ TpEISC aobeveic Oev karéarn ouvard va UTTOAOyYIOTEl n €uevoOTOTNTA TOU QAVATTVEUTTIKOU
ouaTHUAToS
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Katd tn oTiyun TG Kataypa®ng, To TS0 dIEYEPONG EKTTEPPACHUEVO OTNV KAiJOKA
RASS (Richmond Agitation Sedation Scale - kAipoka 10U a&lohoyei TO €TTiITTEQO
d1Eyepong 1 KATAoTOAAG TwWv acBevwyv otn MEO) fitav -3 éwg -5 o€ 20 aoBeveig kai -
2 ¢wg 0 og 17 aoBeveig. H didueon ouvoAikr) dIGPKEIA TOU PNXAVIKOU OgPICUOU RTav
13,5 nuépes (IQR 8-23 nuépeg), n mapauovr) otn MEO rtav 16 nuépeg (IQR 10-25
nuépeg) kal n Bvnoiydétnta otn MEG® Atav 16%. OAol o1 aoBeveic Bpiokovrav o€
avatrveuoTrpa Evita XL (Drager, Germany) kai To eUpog Tou trigger delay rjtav 80-100
msec. To cycling off kpiITiplo ATav oTnv TTPOETAEYpEVN pUBUIoN Tou 25% TNG PEYIOTNG
pong. XaunAa etitreda evdoyevoug PEEP (<1 cmH20) utmpxav o€ eTTTG aoBeveic Kal
TTapatnernénke Tpowpo cycling off o€ évav aocBevr. O1 Tinég PTP 1T0U TTapaTtnprnénkav
oT1o TIAPEG ouvolo Oedopévwy cixav IQR 77-197 cmH20s/min (diduecog 136
cmH20*s/min, eikéva 15) kail 70 14% Tagivoubnke wg aoBevég, ye PTP/min < 50

cmH20*s/min.

100004

8000+

6000

Frequency

40004

20004

o T T T T r T T T T f
o 50 100 150 200 250 300 350 400 450 500

PTPmus/min

Eixéva 15. EUpOGC EICTTVEUCGTIKWY TTPOCTTABEIWY.

Karavoun Ttwv maparnpoUuEvwy TIMWV TOU TTPOIOVTOC TTIECNG-XPOVOU  TTIECNS TwV
QVaTTVEUCTIKWVY JUWV ava Aerrré (PTPmus/min) Tou guviAou Twvy GeO0UEVWYVY, EKPPATUEVO OE
amréAuTous apiuoug.
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3.2 ACloAdynon Tou XapakTNPIoKEVOU OUVOAOU DEQOUEVWV

H a&loAdynon Tng Katdtunong TnG €I0TTVONG, TTOU TTPAYUATOTTOINONKE yIa OAEG
TIG avaTIvoEG, £D¢€1EE OTI 0TO 99,9% TWV avaTTVOWY 0 OAYOPIBPOG avayvwpioe owoTd
TNV apXr Kal To TEAOG TNG PUNXAVIKNG avaTtrvorg. H agloAdynon Tou uttoAoyiopou Tou
PTP £3¢ei1e 611 n didueon diapopd PETAEU TOU XEIPOKIVATOU KAl TOU UTTOAOYICHEVOU
PTP/min Atav 4 cmH20s/min (IQR = 1-9 cmH20s/min). To uttoAoyiépevo PTP/min
TAgIVOUNONKE owOoTd, WG XANNAOS 1 Ox1, 0 OAEG TIG TTEPITITWOEIG EKTOG aTTO pia (99,2
% owoTd), AapBavovtag wg ava@opd TNV TAgIVOUNOT TOU XEIPOKIVNTA UTTOAOYIOUEVOU

PTP/min.

3.3 ATToTEAECPATA TOU TTPOYVWOTIKOU HOVTEAOU

2TV avaluon oupTrePIAN@ONKav ouvoAikd 76.993 avatrvoés. Ta ouvoAa
ektTaideuong kai agloAdynong repiAdupavav 45.650 avatrvoég atrd 22 aoBeveic evw
TO OUVOAO dokIuwv TTrEPIANGPBave 15 aoBeveig kal 31.343 avatrvoég. Ta atmoTeAéopaTa
TTOU TTapoucidfovTal avTIoTOIXoUv oTnv avaAuon Twv 15 aocBevwyv. To povtéAo
TTPOEPAEYE HIa aoBevr) €I0TIVEUOTIKN TTpooTrddcia pe suaiobnoia 88%, €10IKOTNTO

72%, PPV 40%, NPV 96% kai akpipeia 75% (Eikova 16).

al

ted label

Eikova 16. AmrorsAéouara povréAou.
lMivakag olyxuong twv amoreAsoudrwy aéloAdynong tou puovréAou ue xprion dedouévwy amo
15 aobeveic mou avrkav ato auvoAo dokiuwv. Or aduvaues TPOCTTABEIEC xapakTnpilovTal wS
"1", evw o1 un aduvaueg mPoaoTradbeiss xapaktnpilovrar wg "0".
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MeTagu Twv avatvowv TTou Tagivoundnkav ec@aipéva wg aduvaueg, 10 59%

gixe PTP pikpdtepn ammdé 100 cmH20s/min (Eikova 17).

60

40

% Breaths

20

50-100 101-150 151-200 201-250

PTP/min cmH20*sec/min
Eikova 17. Karavoun weudwg aoclsvwy avamvowy.
Katavopry Twv TIJWvV TOu TIpoidvTog Trieong-xpovou (PTP/min) Twv avorvowv Trou
Tagivoundnkav ecpaluéva wg aoBeveig (Peudwg BeTikéEG, False Positive - FP), ekppacuéveg
WG % TWv cuvoAikwv FP

4. XulATnon

O T1adivountig ME XPAON VEUPWVIKOU OIKTUOU, TIOU QvOTITUXONKE Kal
aglohoynbnke oTnv  TTapouca PEAETN, avayvwpilel avativoég HE  adUVAMEG
EIOTTVEUOTIKEG TTPOOTTABEIEG YN ETTEUPRATIKA, XPNOIMOTIOIWVTAG TNV KUPATOUOP®I PONG
Katd tn didpkeia Tou PSV. Ze cuvduaopo e 1n uEBodo wavelet TTou TTpoTEiveTal yia
TNV KOTATUNON TWV QVATTVEUOTIKWY ONUATWY, TTAPEXEI IO OAOKANPWHEVN TTPOCEYYION
TTou Ba PTTOopoUCE va €QAPUOOTEl WG "€EUTTVOG ouvayepudg” TTapd Tnv KAivn Tou
a00evoug, XPNOIMOTTIOIVTAG Ta OAUATA POAG KAl TTiEONG TToU AdpBdavovTal atmd Toug
QVOTTVEUOTNPES. TO POVTEAO €XEI UWNAR EuaIoONCia, WOTE va PTTOPEI VO TTOKAEIEl PE
aKpiBEIa TIC adUVOUEG EICTTIVEUOTIKEG TTPOOTIABEIES, TTPAYHA ONUAVTIKO, dEBOUEVOU OTI
N KAIVIKn €€€taon dev €xel TETOlO evaloOnaoia Kal 0ev YTTopPEi va dIaKPiVEl TIG adUVANES

aTTo TIG PUOIOAOYIKEG TTPOOTTABEIEG. EAV auTdG 0 TagIvounTAg epappoloTav wg EvOeitn
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yla adUVOUEG EIOTIVEUOTIKEG TIPOOTTABEIEG KaTd Tn didpkela Tou PSV, o1TWG
TTapatnPErionke, 1o 88% Twv aduvauwy TTpooTTadeiwy Ba avayvwpi{oTav owaoTd. Evw
T0 28% TWV AvVATIVOWV KAVOVIKNG TTPOCTIABEI0G Ba xapakTneiovTav atro To YOVTEANO
WG adUVauEG, OE TTEPICCOTEPEG ATTO TIG MICEG ATTO QUTEG TO TTPAYMATIKO ETTITTESO
TTPooTIatelag Ba ATav OTO XAUNAG TTPOG TO QUOIOAOYIKO €Upog (ue PTP/min ico R
MIKpOTEPO aT1Td 100 cmH20s/min), utrodnAwvovtag Ot Ba ATav oKOTTIUN PIa OOKIUN
XauNAOGTEPNG UTTORONBNONG.

H avayvwpion Twv adUvapwyV €ICTTVEUCTIKWY TTPOCTTABEIWV KATA TN OIApKEIQ
Tou PSV gival onuavtikf yia Toug Bapéwg TTAoxovteg aoBeveic yia duo Adyouc.
MpwrTov, e11€1dr TOo PSV €gival évag atmd Toug 1Mo ouxvd XPNOINOTTOIOUKEVOUG TPOTTOUG
Tou uTTofBonBoupEvou agpIoPOoU, Kal OEUTEPOV, ETTEION EVW N UTTEPPBOAIKNA uTToR0N6NnoN
Kal Ol adUVANEG TTPOCTIABEIEG PUTTOPEI va cupPBaivouv ouxvd, SUCKOAQ UTTOPOUV VA
aviXveuBouv. 2Tnv TTEPITTITWOoN  uywnAoU emTTEDOU  UTTOOTAPIENG KOl OXETIKA
QUOIOAOYIKAG MNXAVIKAG TOU TIVEUPOVA, OKOUN KOl Ol OQUVOUEG EICTIVEUOTIKEG
TIPOOTIABEIEG PUTTOPET VO 0ONYACOUV O€ ETTAPKI AVATIVEOUEVO OYKO, BETOVTAG £TOI TOV
aoB¢evi og kivduvo yia avatrTugn VIDD. INa va atro@euxBei n utrepBoAIkr) uttoortnon
Katda 1n didpkeia Tou PSV, n 1rieon Ba mrpétrel va puBuidetal 010 EAGXIOTO QTTAITOUNEVO
emimedo. Qotdéoo, auth) n TITAoTToiNOoN Ogv €ival TOOO €UKOAQ OTNV KABNUEPIVA
TIPOKTIKN, ETTEIBN OEV UTTAPXOUV KAIVIKA OnUEia TTOU va dIaKPiVOUV TIG PUOIOAOYIKES
atré TIG adUVANEG EIOTIVEUOTIKEG TTPOCTTABEIEG, KAl CUVETTWG TNV €TTAPKNA ATTO TNV
uTTEPPOAIKR BonBeia(8,173). AuTdg cival évag onuavTikog TTeEPIOPICPOS Tou PSV, Tou
MOAVWS CUPPBAAAEI OTOV AUENUEVO KiVOUVO ENPAVIONG PAIVOPEVWV UN CUYXPOVICHOU
a0Bevoug - avaTveUoTHPA Kal KABUOTEPNONG OTOV ATTOYOAQKTIOHO ATTO TO PNXAVIKO
QEPIOCPO TTOU TTAPATNEEITAI O auTOv TO MPOVTéAO(43,144,174,175). MdaAioTa, n

QVOTTVEUOTIKI] OUXVOTNTA, TTOU TTPOTABNKE WG N WN ETTEPPRATIKA TTAPAPETPOG PE TN
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MEYAAUTEPN akpiBela yia Tn didyvwon TG UTTEPPOAIKAG uTToBornenong, Aavnke o€ Pia
MEAETN OTI N euaioBnaoia Tng NTav 80% oOTav xpnoipoTroinenke éva katw@Al 17 br/min
evw €va Katw@Al 12 br/min gixe euaioBnoia 100%(8). Z10 dIKOG Pag OUVOAO dEBOUEVWV
éva Katw@Al Twv 17 br/min eixe evuaioBnoia 70% yia 1OV €VTOTTIONO AdUVAUWY
TTPOOTIABEIWY, v éva KATW@AI Twv 12 br/min €ixe euaioBnoia 88% (OTTwg Kal 10
TPOYVWOTIKO PaG POVTEAO), av Kal pia TOOO XAWNAR avaTtrveuoTiky ouxvotnta
TTapaTnEROnke uévo o1o 5% OAwWV TWV AVATIVOWV.

H €I0TTVEUOTIK] TTPOOTIABEIO MUTTOPEI VO TTOPAKOAOUBEITAI CUVEXWGS ME TN
METPNON TNG OICOPAYEIQG TTiEONG, WOTOCO UTTAPXOUV  AVATTAVTNTEG TEXVIKEG
TIPOKANOCEIG O€ AuTr) TN PEB0DO, OTTWG N CWOTH TOTTOBETNON KAl TTAAPWOT PE aépa TOU
KaBetrpa, omrdTe N XPAON TNG TTapakoAouBnong TNG OICOQAYEING TTiEONG KATA TN
d1dpKeIa TOU UTTOB0NBOUUEVOU AEPICPOU DEV XPNOIUOTIOIEITAI EUPEWGS OTNV KABNUEPIVA
TPOKTIKF). AANoI pn emepParikoi deikteg, O6TMws n Poa kal n kAion Trieong o€
ATTOPPAYUEVO agpaywyo (occlusion pressure), UTTOPOUV VA TTAPEXOUV BIaAEiITToUCT
EKTIUNON TNG AVATIVEUOTIKNG WONG Kal TNG TTPOOTIABEIOG Kal €XEl atTOdEIXOEi OTI
MTTOPOUV va TTPpoBAEWouV TNV UTTEPPOAIKN TTpooTTdBeIa. EKTOG atrd TIC TTPOCTTA0EIEG
BeATIOTOTTOINONG KAl QUTOPATOTTIOINONG TNG METPNONG TNG OICOQPAYEIAg TTiEong,
ATTAITOUVTAI KOl AAAEG Un eTTEPPaTIKEG MEBODOI yIa TN ouveXN TTapakoAouBnon Tng
TTpooTddelag Tou aocBevoug. H TTpwTn Kal TTPOQavAS "uttoWwn@ia” un €TTEPPATIKA
METABANTHA TTOU PTTOPE VO XPNOIMOTTOINBET WG OEIKTNG TNG EICTIVEUCTIKAG TTPOOTTABEING
Katd tn didpkeia Tou PSV, gival n €1I0TTVEUCTIKA pon.

To oxAUa TNG EICTIVEUOTIKNG PONAG KaTd Tn didpkela Tou PSV egaptaTal atmd tnv
Pmus kai, eTTOpéVWG, TTAPEXEI TTANPOPOPIEC OXETIKA PE TN BIAPKEID TNG CUCTOARG TWV
QVOTTVEUOTIKWY HUWV KATA TN OIAPKEIA TNG PNXAVIKAG €10TTVONRG. ATToTeAei Baoikn

yvwaon OTI JIa EICTIVEUCTIKI POr) TTOU POIAZEl uE TTABNTIKA, OUXVA OXETICETAI UE AOBEVA
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EIOTIVEUOTIKI] TTPOoOTTABeIa  Kal  UTTEPPBOAIKA uTtoBor®non kalr Ba Trpétmel  va
QVTIMETWTTICETAI JE PEIWON TOU ETTITTEOOU UTTOOTNPIENG(176). H TTpoo@uyr 0TNV OTITIKA
€mMBeWpPNON TNG 080GVNG TOU AVATIVEUCTHPA WG TPOTTOU CUVEXOUG TTapaKoAoUBnong
TNG EIOTIVEUOTIKNAG TTPOCTIABEING TwV a0BEVWYV Eival 0aQws aveQApPooTn Kal £TOI
TTPOKUTITEI N AVAYKN YIO AAAEG QUTOUATOTTOINUEVEG HEBODOUG KAl GUVAYEPHOUG.

Mia TTpoo@aTn MEAETN agloAOyNoe Tn XPrion TNG KUPATOUOP®AG PONG KaTd TN
d1dpkela TG PSV yia Tnv kTignon TG TpooTrddeiag Twv aoBevwy Kal eiofiyaye 1o flow
index(173,177), €évav apiBud TTouU TTEPIYPAPEI TNV KOIAAVON TNG KUPATOPOP®AS TNG
EIOTTVEUOTIKNG poNG. H peAETn auth TrepIAauBave dedopéva atro 24 aoBeveig, o€ Tpia
OlaQopPETIKA eTTiTTEda UTTORONONONG 0 KaBévag, kal 702 avatrvoég ouvoAikd. Ta
QVATTVEUOTIKA XOPAKTNPIOTIKA TWV a00eVWY, CUNTTEPIAQUBAVOUEVWY TWV ETTITTEOWV
UTTOOTAPIENG ME TTiEON, TOU €UPOUG TNG TTPOOTIABEING KAl TNG CUPPOPPWONG Tou
QVOTTVEUOTIKOU CUCTHPATOG, Tav TTapouola Ye TN OIKA pog PeEAETN. To flow index
atrodeixdnke 611 £xel evaiocOnaia 73%, €1dikoTnTa 70%, PPV 76% ka1 NPV 66% yia Tnv
QViXVeUOn adUVaPwyV EICTTIVEUOTIKWY TTpooTraBeiwyv. H agloAdynon Ttou flow index o€
éva oUvoOAo Ocdopévwv atmd aoBeveic pe eyke@aAky PAGBNn £€3e1&e uwnAoTEPN
evaioOnaoia, aAAG TO €UPOG TNG EICTIVEUCTIKNG TTPOCTIABEIOG ATAV XAUNAGTEPO Kal N
MNXOVIKA TOU QVOTIVEUOTIKOU OUCTAPOTOG KOAUTEPN O€ autd TO OUVOAO
0edouEVWV(178). AuTtd cival onuavtikd, Kabwg O TTPOoodIoPICUOS TNG acBevoug
TTPOOTIABEIOG e BACN TO OXAMA POAG YiveTal AlyOTEPO AKPIPRG O00 ETTIBEIVIOVETAI N
MNXavikAg Tou Tveupova. O TagivounTtAG TTOU avaTiTUXBnKe oTn YEAETN POG ATTEOWOE
KaAUTepa atroteAéopara ammo 1o flow index (€xovrag suaicOnoia 88 évavt 73% Tou
flow index) og évav TAnBuoud acBevwv oToV OTTOIO N TITAOTTOINON TNG UTTOOTAPIENS

atroTeAOUCE TTPOKANGN YA TOUG KAIVIKOUG 1aTPOUG.
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H utroAoyioTikry peBodoloyia, Kabwg Kal Ta KAIVIKA XAPOKTNPEIOTIKA TOu
TTANBUoPOU aTTd Ta oTroiad OUAAEXONKav Ta Oedopéva, €ival onuavTika yia Tnv
agloAoynon Tou TeAIKOU povTéAou. To emmAeypévo oxnua Babidg pabnong yia tnv
QViXVEUON TwV BACIKWY XAPAKTNPIOTIKWY TNG KUPATOUOPQNSG PONG gival To TTAéoV
KATAAANAO yia TOv OTOXO TNG MEAETNG, OEOOPEVOU OTI OI CUVEAIKTIKOI TTUPRVEG gival
€I0IKA OXEQIOOUEVOI VIO TOV EVTOTTIONO TETOIWV TUTTWV POTIBwWV TTou dlayxwpifouv duo
KAGo€IG. H pnxrf apXITEKTOVIKY KAl N XPrAON OTABUIOUEVWY OTTWAEIWY PETPIAJOUV TO
OXETIKA MIKPO KAl [N I00PPOTINHEVO OUVOAO OedOUEVWY, QVTIOTOIXA, TA OTToid
atroTeEAOUV OuUXvdA TTPORARUATA TTOU €@avifovTal KaTd TNV £@apuoyr aAyopiBuwv
Babiag padnong oe 1aTpika dedouéva(179). EmmTAéov, n uttoAoyioTIK n€B0dOG TTOU
XPNOIUOTTOIEITAI YIa TOV UTTOAoyIoHoU Tou PTP, pe Bdon tnv otroia eKTTaideUTNKE TO
MOVTEAO, OUYKPIONKE PE TN XEIPOKIVNTN EKTIUNON Kal dIATTIOTWONKE OTI €ival akpIBAG.
To TeENIKO POVTEAO TTOU avaTITUXONKE agloAoynOnKe XPNOIMOTTOIWVTOG éva GUVOAO
O0edopEvwy aTTO KATAYPOPEG aoBevwv TTou Oev  XpnolyoTroinlnkav ot @don
avaTrTuéng. To ouvoAo dedopévwy TTou XPNOoIUOTTOINONKE OTO PEAETN TTEPIAGUBAvE
QVOTTVOEG PE OXETIKA €UpU QACHA EICTIVEUCTIKWY TTPOCTTOBEIWY (OTTWG QaiveTal OTO
Eikéva 15), o1 otroie¢ eAAQONoav XpNOIYJOTTOIWVTAG TO €UPOG TWV ETTITTEOWV
UTTOOTAPIENG 0€ PSV TTOU XPpNOIKOTTOIOUVTAI OTNV KABNUEPIVE TTPOKTIKI).

AANOI TTAPAYOVTEG TTOU UTTOPEI VA ETTNPEACOUV TNV ATTOd0CT TOU JOVTEAOU gival
01 OUVOAKEG TTOU £TTNPEACOUV TN CUOXETION JETALU TNG TTPOOTTABEING TOU a0BEVOUG Kal
TNG KUPATOUOPPNG TNG EICTTVEUCTIKNG PONG, O 0TToieg TTepIAauBavouy To trigger delay,
TN MNXQVIKA TOU QVOTTVEUOTIKOU CUCTHPOTOG KAl TV TTOPOUCia aoUYXPOVIWY, OTTWG
avatroTeAeOPaTIKEG TTPOOTTABEIEG Kal early cycling off. To trigger delay kai To cycling
off KpITAPIO ATAV €KEIVA TTOU CUVABWG CUVAVTWVTAI OTOUG TTEPICOOTEPOUG QOBEVEIC O€

Kpiolun katdoTtaon. To eUpog TNG EUEVOOTOTNTAG TOU AVATIVEUOTIKOU OCUCTAUATOG RTAV
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46 = 14 mL/cmH20. Av Kai n avTioTaon dev UTTOPOUCE va PETPNOEI, KAVEVOS ATTO TOUG
ao0B¢eveic oTn PEAETN Ogv €ixe oofapr] ATTOPPOAKTIKI) TTVEUPOVOTTABEID Kal XaunAd
emmimeda PEEPI Bpébnkav povo oe emtd amd TOug TPIAVTA ETTTA AOOEVEIG.
AvaTTOTEAEOUATIKEG TTPOOTIABEIEG, TTOU dEV CUMTTEPIARPONKAV OTOV UTTOAOYIONO TNG
PTP/min, maparnpibnkav oe dUo0 aoBeveig oTto uwnAo etitredo utrofornong.
Mapartnpnénke €va Tpowpo cycling off o€ évav aocBevr), oTov OTToI0 N YN AUTOUATN
uttoAoyioBeica PTP difpepe ammd auThl TTOU UTTOAOYIOTNKE XPENOIMOTTOILVTAG TOV
QUTOPATOTTOINKEVO OAYOPIOPO. ZUVOAIKA, KOTAOTACEIS OTTWG TO evdoyevég PEEP, ol
QVOTTOTEAEOUATIKEG TTPOOTTABEIEG KAl TO TTPOwWpPO cycling off, TTou eTnpeddouv Tn
OUOXETION JETAEU TNG TTPOCTTABEING TOU A0BEVOUG KAl TOU OXNMATOG TNG EICTTVEUOTIKNAG
PONG, ATV OTTAVIA TTAPOUCEG O€ AUTO TO OUVOAO DEDOUEVWIV.

O1 TeXVIKEG unxavikng uadnong (Machine Learning - ML) epapuoovTal 6Ao Kal
TTEPICCOTEPO VIO TNV QVTIMETWTTION TTPORANUATWY TTOU OXETICOVTAI PE TOV PNXAVIKO
QEPIOPO. TO OKETITIKO 0 OAEG QUTEG TIG JEAETEG €ival n avAYKN YIA AUTOPATOTTOINON KAl
dnuIoupyia £EUTTVWV CUVAYEPPWY, KABWG N ouvexnS TTapakoAouBnon Tng 086vng Tou
QVOTTVEUOTPA aTTO €CEIDIKEUPEVOUG KAIVIKOUG yIaTpoug Oev gival pealioTikh. Ol
TTEPICOOTEPES ATTO AUTEG TIG EAETEG £XOUV ETTIKEVTPWOEI GTOV EVTOTTIONO AOUYXPOVIWV
Katd TN OIGPKEID TOU PNXaviKou agpiopou(180), pe eCalpeTika atmoTeAéopaTa. ‘Exouv
xpnoigotroinBei  apketég  péBodol  TTOU BaoiCovtar oe  ML(181,182),
ouptrepIAapBavouévou, o TTPooeaTta, €vog OIKTUOU WAKPAG PBpaxuttpdBeoung
MVAUNG dUo emmmédwy (two-layer Long Short-Term Memory - LSTM) kai evog 1D-
CNN(183,184). Ta TTAEOVEKTAPATA TWV TTPOCEYYIOEWY TTOU BacifovTal O€ VEUPWVIKA
oiktua (Neural Networks - NN) Bacifovrar otnv eyyevr) Ikavotnta €vog NN va
avayvwpidel poTifa Kal va e¢Aayel XapaKTNPIOTIKA a1t akaTéPyaoTa dEBOUEVA XWPIG

EKTETAUEVN TTPOETTEEEPYATIQ, YEYOVOG TTOU Ta KABIOTA 1DIQITEPA  EAKUOTIKA yId
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EQPAPUOY O€ OUOKEUEG TTAPAKOAOUONONG. 2UVEAIKTIKA VEUPWVIKA OiKTua £XOouv
XPNOIMOTIOINGEI yIa TNV €gaywyr XopakTnpioTIKwV a1md 10 HKI yia Tov eviommouod
appuBuIwv(185), TNV TTPORAEWN KOATTIKAG pappapuyng(186) kai uttepkaAiaipiag(187)
ME TTOAAG uTTOOXOMEVA ATTOTEAEOUATA. AAYOPIBUOI VIO TNV AVIXVEUON ACUYXPOVIWV N
adUVOUWV EICTIVEUOTIKWY TTPOCTTABEIWY, OTTWG AUTOG TTOU AVOTITUXONKE O€ aUTA TN
MEAETN, Ba ptTOpOUCAV va €l00xB0UV OTO AOYIOMIKO TWV AVATIVEUCTAPWY N O€
OUOKEUEG TTAPAKOAOUBNONG TTOU CUVOEOVTAI JE TOUG QVATTIVEUOTHPEG.

Opiouévol TTEPIOPICHOI TNG MEAETNG PAG €ival OTI TTPOKEITAI YIO PEAETN €vOG
KEVTPOU, TTOU XPNOIYOTTOIEl €vav TUTTO AVATIVEUOTAPA, €va ouoTnua OUAAOYAG
OedOUEVWV Kal £va OXETIKA JIKPO pEyeBOG OeiypaTog. H TTo1dTnTa TWV KUPNATOPOPPWV
TOU avaTtveuoThHpa Kal To trigger delay €ival TTAéov TTapdPoIa OTOUG TTEPICTOTEPOUG
avatrveuoTrpeg MEO 1Tou diaTiBevTal 0TO EUTTOPIO KAl OEV AVAUEVETAI VA ETTNPEACOUV
TV AVATTOPAYWYINOTATA TOU POVTEAOU. AVTIMETWTTIOAPE TO TTPORANPA EVOG OXETIKA
MIKPOU peyEBoUG deiypaTog oXeDIACOVTAG £vav TALIVOUNTH) TTOU PJTTOPEI VO YEVIKEUTEI O€
aoBeveic TTou dev £xel Oel TTOTE, dlao@aAiovtag €101 6TI N peBodoAoyia hag givar iIoxupn
Kl ETTEKTACIMN. QOTOOO, gival ATTAPAITATN TTEPAITEPW ALIOAOYNON KAl BEATIOTOTTOINCN
TOU MOVTEAOU O€ MeEyaAUTepa oUvVOAa Oedouévwy, Ta oTtroia Ba TTepIAaUBavouv
a00¢evei¢ e eupulTEPO PACHUA PNXAVIKIAG TOU AVOTTVEUOTIKOU OUCTHUATOG, OXMATOG
Kal €UPOUG EIOTIVEUOTIKAG TTEONG TWV QVOTIVEUOTIKWY Muwv. O1 aoBeveic dev
ETMAEXONKAV TTPOOTITIKA JOVO YIA TOUG OKOTTOUG TNG MEAETNG, AAAG ATav aoBeveig TTou
TTapouciacav KATTOIEG TTPOKANCEIS OTNV TITAOTTOINCN TNG UTTOOTAPIENG, YEYOVOS TTOU
wOnoe Toug KAIVIKOUG yIaTpOUG va PETPROOUV TNV OICOPAYEIA KAl YAOTPIKY TTiEon.
‘ETO1, avTITTpOoOwTTeEUoUV Tov TTANBUOPO a0Bevwyv OTOUG OTToIOUG €vag TETOIOG
aAyopIBuog Ba fnTav Xproipyog. EmiAéoy, TTpooTTabnoape va TTEPIYPAWOUNE ETTAPKWG

Ta KAIVIKA KOl QVATTVEUCOTIKA XOPOKTNPEIOTIKG Twv acBevwy, yia va BEATIWOOUUE TN
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oa@nvela TG Tnyng 0sdopévwy. Eival onuavtikd va onueiwBei 611 aoBeveic ue copapn
QTTOQPAKTIK]  TIVEUPOVOTTABEIA, OTOUG OToIoUG  €éva  PEYAAO  TTO000TO NG
QVOTTVEUOTIKNG TOUG TTPOOTTABEIAG PTTOPEI va KAaTavaAwBei pdvo yia va evepyoTroinoei
O AVATIVEUOTAPAG, OEV CUMTTEPIANPONKAV O€ auTr TN JEAETN. € TETOIOUG OOBEVEIG, Ta
MOVTEAQ TTOU agIOAOYyOoUV TNV TTPOCTIABEIO TTOU ATTOPEVEI JETA TNV EvEPyOTToinon Ba
MTTOpOUCAV VA TAEIVOPNOOUV £0QOAPEVA TIG TTPOOTTABEIEG WG aduvapes. TENOG, n
MEAETN PAG KAl AANEG OTO TPEXOV £PEUVNTIKO TTEDIO TTEPIOPICOVTAI ATTO TNV EAAEIYN EVOG
opiou TTOU Ba KaBopIfel TNV adUVOUN EICTIVEUOTIKA TTPOOTIABEI Kal Ba  €xEl

atrodedelypéva KAIVIKA onuaacia.

5. Zuptrepdopara

Ta arroTeAéopaTa AuTAG TNG HEAETNG DEIXVOUV TN OKOTTINOTNTA VOGS TALIVOUNTNA
Baoiopyévou oe 1D-CNN vyia Tnv agloAdynon TnNG KUPATOPOP®PAG PONG Tou
avaTrveuoTrpa Katd tn didpkeia Tou PSV kal tnv 1agivounon Twv €I0TTVEUOTIKWY
TTPOOTIABEILWY WG adUVAPWY 1 N, ME UWNAR euaioBnoia kal uywnA apvnTikA
TTPOYVWOTIKA adia. Ta armoTeAéopata autrg TNG MEAETNG, Yadi JE TTAPOUOIEG HEAETEG
TTAvw o€ aAyopiBpoug Baoiopévoug o€ ML yia Tnv aviXxveuon aouyxpoviwy, avoiyouv
TO OPOUO yIa TNV €QOPMUOYN £EUTTVWV OCUVAYEPUWYV Yia Tn BeATioTOTTOINON TNG
TTPOOTIABEING TWV ACOEVWY KAl TWV AAANAETTIOPACEWY AoOEVOUG-aVATIVEUOTHPA KATA

TOV UTTO30NBOUNEVO QEPICHO.
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MepIAqyeig
Mépog A
Eicaywyn: H odnyog Trieon Tou avatrveuoTiKoU CUCTAPOTOG €ival évag TTOAUTIHNOG
O€iKTNG TNG OUVOAIKAG TAONG TTOU QOKEITAI OTOV TIVEUPOVA KOTA Tn OIAPKEIA TOU
TTaONTIKOU PNXavIKOU agpiouou. H tmapakoAouBnory Tng oTov uttofonBouuevo
MNXaviKG agpioud eival atrapaitntn, oAAd n emmiTeuén TTABNTIKWY OUVBNKWV O€
aoBeveic TTOU avatrvéouv auBdépunTa yia Tn PETPNON TNG odnyou TTiEong OTTOTEAEI
TTPOKANGCN. Aev €xel €EETAOTEI N AKPIBEIa TNG EKTIUNONG TNG JOPPOAoyiag TNG TTiEong
Twv agpaywywv (Paw) katd tnv TeAO-EIOTIVEUOTIKA atmmo@paén yia Tn dlac@AaAion

TTaONTIKWY oUVONKWYV KaTd Tn SIAPKEIQ TOU AEPICHOU PE UTTOOTHPIEN TTIEONG.

MéBodog: Na TN PeAETN auTr dievepyroaue avadpouiK avAAuon KAaTtaypapwy TEAO-
EIOTTVEUOTIKWY TTAUCEWY TToU AfgBnoav atmod Bapéwg TTAoXoVTEG aoBevEiG O agpIoUd
ME uttoBori@non trieong. AvaAubnkav n por, N TECTN TwV AEPAYWYWYV, N OI00PAYEIQ,
N yaoTpikrn Kai n d1a-dla@payuaTikni Tieon. H augnon tng yaoTpIKAG TTiEoNg KAt Tn
oldpkela  TNG amoppaing Me oTaBepry/  peloupevn  Ola-dIAQPAYPATIKY)  TTiEoN
XPNOIMOTTOINBNKE Y1 TOV EVTOTTIOUO KAl TNV TTOCOTIKOTTOINON TNG EKTTVEUCTIKAG MUIKNAG
dpacTtnpIdéTNTaG. H pop@oAoyia TNG KUPATOUMOP®AG TNG TTIEONG TWV AEPAYWYWY KaTd
TN SIGPKEID TWV TTAUCEWV TagIvounonke o€ Tpia poTiBa pe Bdaon TIg dlagopES o€ Tpia
TTpokaBopiouéva onueia uetd Tnv atmoéepagn (0,3, 1 kai 2 s): ‘Eva “passive-like” porifo
ME MIa apXIKA TTTwon TG Paw akoAouBoupevn atro plateau, £va “clear plateau” potio
kar éva “irregular rise” potiBo TO oOTOI0 TTEPIAGUPBAVE OAEC TIG TTEPITITWOEIG

KaBuoTepnuévng ) cuveXoug augnong Ue A Xwpig plateau.
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AtroteAéopara: AvoAubnkav Oedopéva atrd 40 aoBeveic kal 227 TTAUCEIG.
EKTTVEUOTIKR) PUIKR dpacTnpIOTNTA KATA TN SIAPKEIQ TNG ATTOPPALNG EVTOTTIOTNKE OTO
79% Twv TTAUCEWV Kal 0€ OAa Ta eTTiTTeda utrooridnong. MeTd Tnv TagIivounon Twv
TaUoEwV OUPQwva JE To MoTiBo Paw, €eKTTVEUOTIK) MUIKA OpaocTnpidTnTa
avayvwpioTnke 010 52%, 67% kal 100% Twv TepImTwocwyv Paw pe “passive-like”
poTifo, “clear plateau” i “irregular rise”, avtioToixa. H 0dnyog trieon agloAoynbnke OTIg
133 1ravoelg TTou cixav “passive-like” A “clear plateau” potiBo otnv Paw. Au¢non tng
YOOTPIKAG TTiEONG UTTAPXE O0TO 46%, 62% Kal 64% Twv TTepImTwoewy oTa 0,3, 1 kal 2
S, avrioToiXa, Kal ATav peyaAutepn atrd 2 cmH20, oto 10%, 20% kai 15% Twv

TePITTWOEWY oTa 0,3, 1 Kal 2 s, avTioToixa.

Zuptrapdopata: To potiBo TnG Paw katd 1n OIGpKEIA HIOG TEAO-EICTIVEUOTIKAG
TTaUoNG O€ AEPICPO PE uTTOoRONBNON TTiEoNg dev UTTOPEI va dIOCPANICEl TNV ATTOUCia
EKTTVEUOTIKAG MUIKAG dpaoTnpidTnTag Kal Tnv akpiff pETpnon Tng odnyou Trieong.
QoT1600, £1meIdA N 0dNyOG TTiE0N UTTOPEI HOVO VA UTTEPEKTIMNBEI AOyw TNG oUCTTaoNG
TWV EKTTVEUOTIKWYV HUWV, OTNV KABNUEPIV TTPAKTIKA, MIa XOaunArp odnyoég Trieon
UTTOONAWVEI ATTOUCIa OUVOAIKNG UTTEPDIATAONG TWV TIVEUPOVWY. H pétpnon uwnAng
odnyou TTieong Ba TTPETTEI va TTPOTPETTEI O€ TTEPAITEPW OIAYVWOTIKEG EPYATIES, OTTWG

n METPNON TNG OICOPAYEING TTIECNG.
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Mépog B
Eicaywyn: Kard 1n O1dpkela Tou agpiopou e utrootipign Trieong (PSV), n
uTTEPPBOAIKN UTTOBONBNON 0dNYEi 0 ABUVANEG EICTIVEUOTIKEG TIPOOTTABEIEG KAI TTPOAYEI
TNV ATpoia TOU dIAPPAYHATOG KAl TOV KABUOTEPNPEVO OTTOYOAQKTIONO aTTO TOV
QVOATTIVEUOTRPA. ZKOTTOG TNG TTAPOUCAG PEAETNG ATAV N avATITUEN VOGS TASIVOUNTHA UE
TN XPNON VEUPWVIKOU OIKTUOU VYIa TOV €EVTOTTIONO adUVAPWY EICTIVEUOTIKWV
TpooTrabeiwyv kKatd Tn Oidpkela Tou PSSV, pe BAon TIC KUUATOUOP®YEG TOU

QVOTTVEUOTRPA.

M£Bodog: Na Tn HEAETN auTr) XPNOIPOTTOINBNKAV KATAYPOYES TNG POAG, TWV TTIECEWV
TWV AEPAYWYWYV, TOU OI00PAYOU KAl TOU OTOUAXOU OTTd BapEwg TTAOXOVTEG AOOEVEIG
yla T Onuioupyia &vog OuvOAoU OXOAIQOPEVWVY OEDOMEVWY, XPNOIUOTTOIWVTOG
oedopéva atmo 37 aoBeveic o€ 2-5 dIaPopETIKA €TTITTEdQ UTTOOTHPIENG, UTTOAOYI(OVTaG
TOV EICTIVEUOTIKO XPOVO Kal TNV TTPO0TTAleia yia kGBe avatrvory. To TTApeEg ouvoAo
OedOUEVWIV XWPIOTNKE TuXaia Kal xpnolgotroinenkav dedopéva atrd 22 aoBeveig
(45650 avaotvoég) yia TV AvdATITUgn Tou POVTEAOU. XPNOIYOTTOIWVTOG  €Va
MOvVOdIAOTATO VEUPWVIKO OIKTUO CUVEAIKTIKOU TUTTOU QVOTITUXONKE éva TTPOYVWOTIKO
MOVTEAO VIO VO XAPOKTNPEICEl TNV EICOTIVEUOTIKA TTPOOTIABEIO KABE avaTrvong wg

aduvaun A éx1, XpNOoIKOTTOIWVTAG £va KaTtw®Al 50 cmH20*sec/min.

AtroteAéopara: Ta akdAouBa atroTeAéoparta TTPOEKUYAV aTTd TV €QAPUOYR TOU
MovTéAou o€ dedopéva atrd 15 diagopeTikoug aoBeveic (31343 avatrvoEg). To HovTEAO
TTPoEBAEWE adUVOUEG EIOTIVEUOTIKEG TTPOOTTAOEIEG Pe eualoBnoia 88%, €1dikéTNTA

72%, BeTIK TTPOYVWOTIKA aia 40% kal apvnTiky TTPOYVWOTIKA agia 96%.
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Zuptrepdopara: Ta atroreAéopara autd Trapéxouv €va "proof-of-concept” yia tnv
IKOVOTNTA €VOG TETOIOU POVTEAOU TTPORAEWNG, PACIOPEVOU O VEUPWVIKA OiKTud, va

OIEUKOAUVEI TNV EQAPUOYT ECATONIKEUPEVOU UTTOBONBOUEVOU OEPIOUOU.
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Abstracts

Part A

Background: The driving pressure of the respiratory system is a valuable indicator of
global lung stress during passive mechanical ventilation. Monitoring lung stress in
assisted ventilation is indispensable, but achieving passive conditions in
spontaneously breathing patients to measure driving pressure is challenging. The
accuracy of the morphology of airway pressure (Paw) during end-inspiratory occlusion
to assure passive conditions during pressure support ventilation has not been

examined.

Methods: Retrospective analysis of end-inspiratory occlusions obtained from critically
ill patients during pressure support ventilation. Flow, airway, esophageal, gastric, and
transdiaphragmatic pressures were analyzed. The rise of gastric pressure during
occlusion with a constant/decreasing transdiaphragmatic pressure was used to
identify and quantify the expiratory muscle activity. The Paw during occlusion was
classified in three patterns, based on the differences at three pre-defined points after
occlusion (0.3, 1, and 2 s): a “passive-like” decrease followed by plateau, a pattern
with “clear plateau,” and an “irregular rise” pattern, which included all cases of late or

continuous increase, with or without plateau.

Results: Data from 40 patients and 227 occlusions were analyzed. Expiratory muscle
activity during occlusion was identified in 79% of occlusions, and at all levels of assist.
After classifying occlusions according to Paw pattern, expiratory muscle activity was
identified in 52%, 67%, and 100% of cases of Paw of passive-like, clear plateau, or

irregular rise pattern, respectively. The driving pressure was evaluated in the 133
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occlusions having a passive-like or clear plateau pattern in Paw. An increase in gastric
pressure was present in 46%, 62%, and 64% of cases at 0.3, 1, and 2 s, respectively,
and it was greater than 2 cmH20, in 10%, 20%, and 15% of cases at 0.3, 1, and 2 s,

respectively.

Conclusions: The pattern of Paw during an end-inspiratory occlusion in pressure
support cannot assure the absence of expiratory muscle activity and accurate
measurement of driving pressure. Yet, because driving pressure can only be
overestimated due to expiratory muscle contraction, in everyday practice, a low driving
pressure indicates an absence of global lung over-stretch. A measurement of high
driving pressure should prompt further diagnostic workup, such as a measurement of

esophageal pressure.
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Part B

Background: During pressure support ventilation (PSV) excessive assist results in
weak inspiratory efforts and promotes diaphragm atrophy and delayed weaning. Aim
of this study was to develop a classifier using a neural network to identify weak

inspiratory efforts during PSV, based on the ventilator waveforms.

Methods: Recordings of flow, airway, esophageal and gastric pressures from critically
ill patients were used to create an annotated dataset, using data from 37 patients at
2-5 different levels of support, computing the inspiratory time and effort for every
breath. The complete dataset was randomly split, and data from 22 patients (45650
breaths) were used to develop the model. Using a 1-Dimensional Convolutional Neural
Network a predictive model was developed to characterize the inspiratory effort of

each breath as weak or not, using a threshold of 50 cmH20*sec/min.

Results: The following results were produced by implementing the model on data from
15 different patients (31343 breaths). The model predicted weak inspiratory efforts
with a sensitivity of 88%, specificity of 72%, positive predictive value of 40%, and

negative predictive value of 96%.

Conclusions: These results provide a ‘proof-of-concept’ for the ability of such a

neural-network based predictive model to facilitate the implementation of personalized

assisted ventilation.
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Abstract

Background: The driving pressure of the respiratory system is a valuable indicator of global lung stress during
passive mechanical ventilation. Monitoring lung stress in assisted ventilation is indispensable, but achieving passive
conditions in spontaneously breathing patients to measure driving pressure is challenging. The accuracy of the
morphology of airway pressure (Paw) during end-inspiratory occlusion to assure passive conditions during pressure
support ventilation has not been examined.

Methods: Retrospective analysis of end-inspiratory occlusions obtained from critically ill patients during pressure
support ventilation. Flow, airway, esophageal, gastric, and transdiaphragmatic pressures were analyzed. The rise of
gastric pressure during occlusion with a constant/decreasing transdiaphragmatic pressure was used to identify and
quantify the expiratory muscle activity. The Paw during occlusion was classified in three patterns, based on the
differences at three pre-defined points after occlusion (0.3, 1, and 2 s): a “passive-like” decrease followed by plateau,
a pattern with “clear plateau,” and an “irregular rise” pattern, which included all cases of late or continuous increase,
with or without plateau.

Results: Data from 40 patients and 227 occlusions were analyzed. Expiratory muscle activity during occlusion was
identified in 79% of occlusions, and at all levels of assist. After classifying occlusions according to Paw pattern,
expiratory muscle activity was identified in 52%, 67%, and 100% of cases of Paw of passive-like, clear plateau, or
irregular rise pattern, respectively. The driving pressure was evaluated in the 133 occlusions having a passive-like or
clear plateau pattern in Paw. An increase in gastric pressure was present in 46%, 62%, and 64% of cases at 0.3, 1,
and 2 s, respectively, and it was greater than 2 cmH>0, in 10%, 20%, and 15% of cases at 0.3, 1, and 2 s, respectively.
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Conclusions: The pattern of Paw during an end-inspiratory occlusion in pressure support cannot assure the
absence of expiratory muscle activity and accurate measurement of driving pressure. Yet, because driving pressure
can only be overestimated due to expiratory muscle contraction, in everyday practice, a low driving pressure
indicates an absence of global lung over-stretch. A measurement of high driving pressure should prompt further
diagnostic workup, such as a measurement of esophageal pressure.

Keywords: Esophageal pressure, Gastric pressure, Driving pressure, Protective ventilation

Background

The driving pressure of the respiratory system is defined
as the difference in alveolar pressure between end-
inspiration and end-expiration in the absence of muscle
activity [1]. During passive mechanical ventilation, the
driving pressure of the respiratory system is easily mea-
sured, and when chest wall compliance is normal, it is a
valid surrogate of lung stretch, the magnitude of which
is important for lung injury [2—4]. Indeed, several studies
have shown an association between high driving pres-
sure and morbidity and mortality in critically ill and
post-operative patients [5-7].

Monitoring lung stretch using driving pressure would
be useful also during assisted ventilation [8—11]. How-
ever, achieving passive conditions to measure driving
pressure in spontaneously breathing patients is challen-
ging. During an end-inspiratory occlusion, the plateau
airway pressure (Paw) reflects elastic recoil pressure pro-
vided that inspiratory muscle activity has ceased, that
the next inspiratory effort has not started, and that there
is no expiratory muscle activity. It has been shown that
such conditions are present for a brief period (0.25-0.3
s) after the end of neural inspiration [12]. When plateau
Paw is obtained by manual end-inspiratory occlusion as
suggested [9, 13] during pressure support ventilation,
the dissociation between the end of mechanical and
neural inspiration, which is frequently observed in this
mode, renders the activity of respiratory muscles (in-
spiratory or expiratory) during occlusion unpredictable.
Theoretically, even in the presence of a clear plateau in
Paw during occlusion, expiratory muscle activity may be
present [14]. Whether it is feasible to confirm the ab-
sence of muscle activity by visual inspection of the Paw
waveform during a manual end-inspiratory occlusion in
pressure support mode has not been studied.

Acknowledging the importance of bedside estimation
of lung stretch during pressure support ventilation, we
sought to investigate the patterns of responses of in-
spiratory and expiratory muscles to end-inspiratory oc-
clusions in critically ill patients ventilated in this mode.
We examined whether the absence of both inspiratory
and expiratory muscle activity can be accurately identi-
fied by analyzing the Paw waveform during the end-
inspiratory occlusion. To this end, we analyzed the

morphology of Paw during end-inspiratory occlusions
while concomitantly examining esophageal, gastric, and
transdiaphragmatic pressures.

Methods

This is a retrospective analysis of data obtained from a
previously published study [15], and for diagnostic pur-
poses (mainly to titrate the level of assist, and assure
protective ventilation in acute respiratory distress syn-
drome, ARDS), during a 3-year period (2016—2019), in a
mixed adult intensive care unit (ICU) of a university
hospital. Approval for the anonymous use of the data
was obtained from the Hospital’s Ethics Committee.

All patients were ventilated in pressure support mode,
and esophageal and gastric balloons were in place.
Proper balloon position was confirmed as previously de-
scribed [15, 16]. Flow (V’), airway (Paw), esophageal
(Pes), gastric (Pga), and transdiaphragmatic (Pdi) pres-
sures were measured as previously described [16]. All
signals were sampled at 150-200Hz and analyzed
offline.

Patients included in our previous study [15] were ven-
tilated with Servo-i® (Maquet Critical Care, Solna,
Sweden). All other patients were ventilated with Evita-
XL (Drager, Germany). Because in many patients, the
purpose of the measurement was to facilitate assist titra-
tion, inspiratory occlusions at 2—4 levels of assist were
available for analysis.

Data analysis

For each end-inspiratory occlusion, we identified the fol-
lowing time points (Fig. 1): (1) the start of neural inspir-
ation of the occluded and of the preceding breath, as the
point of rise of Pdi; (2) the end of neural inspiration as
the point of rapid decline of Pdi; (3) the point of occlu-
sion (Paw,.), as the point of zero-flow; (4) the point of
relaxation of inspiratory muscles, as the point of return
of Pdi to baseline; (5) points 0.3s (Pawgss), 1s (Pawyg),
and 2s (Paw,,) after the occlusion; (6) the end of the
plateau in Paw, as the point of decrease in Paw due to
inspiratory muscle contraction or release of occlusion
with the appearance of expiratory flow (whichever oc-
curred first); and (7) the point of rise of Pga from its
value after occlusion, whenever present (Fig. 1). At these
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Fig. 1 Waveform analysis of end-inspiratory occlusion. Representative waveforms of flow (in | s), airway (Paw), esophageal (Pes),
transdiaphragmatic (Pdi), and gastric (Pga) pressures (in cmH,0), from one patient, with an end-inspiratory occlusion on the second breath. The
blue-shaded area indicates the mechanical inspiratory time, and the yellow-shaded area indicates the end-inspiratory occlusion. Horizontal black
arrows indicate the start and end of neural inspiration (T;n) and expiration (Tgn). The point of rapid decline of Pdi (end of neural inspiration) is
indicated by the blue vertical line, and the horizontal blue double-headed arrow in Paw indicates the cycling off delay. The small black arrows in
Pdi indicate the point of complete relaxation of the diaphragm. Black vertical dashed lines indicate the points at 0.3, 1, and 2 s post-occlusion.
The thick black arrow in Paw shows the end of the plateau by the sudden decrease in Paw, due to diaphragmatic contraction during occlusion.
Observe that the neural inspiratory and expiratory times are similar in the un-occluded and occluded breath, and the occlusion time is less than
2 s. Expiratory muscle activity is indicated by the rise of Pga, during expiration in the un-occluded breath, and during the end-inspiratory
occlusion (blue double-headed arrows show the maximum change). Notice also the decrease of Pga at the onset of inspiration, suggesting the

relaxation of expiratory muscles at this point (open arrows)

J

time points, we measured Paw, Pes, Pga, and Pdi. The
presence of inspiratory effort during the occlusion was
identified by an abrupt increase of Pdi. Cycling off delay
was quantified as the time difference between the end of
neural and of mechanical inspiration (Fig. 1). The pres-
ence of expiratory muscle activity during the preceding,
un-occluded breath was indicated by (a) a rise of Pga
during mechanical expiration with unchanged Pdi and
(b) a rapid decrease of Pga at the onset of inspiration of
the occluded breath (Fig. 1). The presence of expiratory
muscle activity during the end-inspiratory occlusion was
indicated by a rise of Pga after the occlusion with a de-
creasing or constant Pdi. The change in Pga after occlu-
sion was used to quantify expiratory muscle activity
(Fig. 1). In some patients, the contraction of expiratory
muscles started during mechanical inflation, as indicated
by a rapid increase in Pga during the mechanical

inflation with Pdi maintained close to end-expiratory
values or decreasing. In these cases, accurate quantifica-
tion of expiratory muscle activity is not feasible since the
increase in Pga during mechanical inflation depends
both on expiratory muscle contraction and the relation-
ship between lung volume increase and abdominal com-
pliance. In these cases, we used only the change in Pga
after occlusion to quantify expiratory muscle pressure,
acknowledging the underestimation, to an unknown ex-
tent, of expiratory muscle contraction.

The morphology of Paw after occlusion was classified
in three main patterns based on the differences in Paw
at the specific time points analyzed (Paw,., Pawgss,
Pawy,, and Pawy). In this analysis, a threshold of
1 cmH,0O was used to characterize the Paw between two
consecutive time points as stable, qualifying for “plateau,
” or increasing. These patterns as shown in Fig. 2 are: a
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Fig. 2 Classification of airway pressure waveform pattern during
occlusion. Airway flow (in I/s) and airway pressure (Paw, in cmH,0)
waveforms representative of the three patterns of Paw during
occlusion, from three different patients. The solid vertical line
indicates the point of occlusion and subsequent dotted lines the
points at 0.3, 1, and 2 s post-occlusion. Each pattern was
characterized by the relationships among Paw at different time
points relative to the occlusion: occlusion, 0's (Paw,c), 0.3 s (Pawg ss),
1's (Pawys), and 2 s (Paw,s). Upper panel: a “passive-like” pattern with
a rapid decrease in Paw (Paw, > Paw3s), followed by plateau
(Pawys — Pawgss < 1 and Paw,g — Paw, < 1 cmH,0). Middle panel: a
“clear plateau” pattern with an early increase in Paw (Paw, <

Pawg ss), followed by plateau (Pawys — Pawgss < 1 and Pawss —
Paw;s < 1 cmH,0). Lower panel: an “irregular rise” pattern with a
slow increase in Paw (Paw;s — Pawgss > 1 cmH,0) with plateau
(Pawsg — Paw;, < 1 cmH50)
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“passive-like” pattern, characterized by an initial de-
crease (Pawg s < Paw,..) followed by plateau (Paw;s -
Paw 35 < 1 and Pawy, — Paw;s < 1 cmH,0), similarly to a
passive occlusion; a “clear plateau” pattern characterized
by a flat or early increase (Pawg s, > Paw,..), followed by
plateau (Paw;, — Pawgzs<1 and Paw,s — Pawy<1
c¢cmH,0); and an “irregular rise” consisting of all other
patterns of late or continuous increase, with or without
plateau (Paw;; — Pawgszs>1, or Pawyy - Pawyg>1
c¢cmH,0). The morphology of Pga rise was characterized
as continuous rise or constant based on visual inspection
of the waveform.

Statistical analysis

Continuous variables are reported as means and stand-
ard deviation (SD) for normally distributed data and as
medians and interquartile ranges (IQR) for non-
normally distributed data. Categorical variables are pre-
sented as percentages. Between-group differences in cat-
egorical and continuous variables were compared using
the chi-square or Kruskal-Wallis test, respectively. A p
value of < 0.05 was considered significant. We used IBM
SPSS Statistics for Windows version 25 (Armonk, NY)
for analysis.

Results

Patients and occluded breaths characteristics

The analysis included data from 40 patients (18 from
a previous study [15] and 22 from the records of the
ICU). Patient characteristics are presented in Table 1.
Most patients (90%) had ARDS and had been on
mechanical ventilation for a median of 11 days before
the measurements.

In most patients, two to three occlusions were avail-
able for analysis. In 19 patients (from ICU records), oc-
clusions were performed at different levels of assist (2—4
levels). Each patient at each level of assist was consid-
ered as an individual condition. Eighty-six different con-
ditions (patient/assist level) were identified, and a total
of 227 occlusions were available for analysis. Because, in
26 of the 86 conditions, the expiratory muscle activity
and/or pattern of Paw during occlusion were different
among the occlusions, an analysis per occlusion is
presented.

Analysis of inspiratory muscle activity during occlusion

The relaxation of inspiratory muscles occurred after a
median of 0.2 s after occlusion (5-95% range Rs_g5 = 0—
0.5s). The median cycling off delay was 0.18 s (R5_g5 =
0.04-0.8 5). The next inspiratory effort appeared during
occlusion with a 0.26s delay (Rs_g5=-0.04—1.2's) rela-
tive to the patient’s neural timing of the breath, and the
median duration of uninterrupted occlusion (“plateau”
time) was 2's (Rs_g5 = 1-3.8s). Only in 16% of occlusions
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Table 1 Patient characteristics

Patient characteristics, N =40

Male, N (%) 25 (62.5)
Age (mean + SD) 68+ 13
APACHE Il (mean % SD) 19+7
Admission diagnosis, N (%)
Acute respiratory failure 16 (40)
Septic shock 10 (25)
Multiple trauma 8 (20
Post cardiac arrest 2 (5)
Others 4 (10)
Respiratory characteristics and ventilator settings
ARDS, N (%) 36 (90)
Days on MV before study, median (IQR) 11 (7-17)
PEEP cmH,0O, mean + SD 7+2
PO,/FiO, mean + SD 235+62
Pressure support, cmH,0, mean + SD 8+3
Tidal volume, L, mean + SD 048+0.08
Respiratory rate, br/min, mean + SD 23+7

APACHE Il Acute Physiology and Chronic Health Evaluation Il score, ARDS acute
respiratory distress syndrome, MV mechanical ventilation, PEEP positive end-
expiratory pressure, PO,/FiO, partial pressure of arterial oxygen to inspired
oxygen fraction ratio, SD standard deviation, IQR interquartile range

a plateau of 3 s could be maintained uninterrupted, and
the respiratory rate in these cases was 16 + 3 br/min.

Analysis of expiratory muscle contraction during
occlusion

Expiratory muscle activity during occlusion was present
in 179 out of 227 cases (79%). In 128 out of these 179
cases, expiratory muscle activity was also present in the
preceding (un-occluded) breaths (Fig. 1). As shown in
Fig. 3a, expiratory muscle contraction was observed at
all levels of assist (chi-square = 0.3). The magnitude, tim-
ing, and pattern of expiratory muscle contraction, as in-
dicated by the rise in Pga after occlusion, showed large
variability (Additional file 1, Table S1 and Figure Al).
Among the occlusions with expiratory muscle contrac-
tion, the Rs_g5 of Pga rise during occlusion was 1-
8 cmH,0, with a median of 3 cmH,O. With increasing
assist levels, the magnitude of Pga rise during occlusion
significantly decreased (Figs. 3b and 4). Respiratory rate
and the rate of increase of Pdi during inspiration (dPdi/
dt, an index of respiratory drive) were not different when
expiratory muscle contraction during occlusion was
present or not (Additional file 1, Figure A2).

Analysis of Paw morphology during occlusion

According to the classification presented in data analysis,
a “passive-like” pattern was identified in 29 cases, a
“clear plateau” pattern in 104 cases, and an “irregular
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Fig. 3 Expiratory muscle activity at different levels of assist. a
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at three different levels of assist. b Magnitude of expiratory muscle
activity, as indicated by the rise of gastric pressure (Pga) after
occlusion, at three levels of assist (only in cases with expiratory
muscle activity). Box: interquartile range, whiskers: 5-95 range, line at
median, *p < 0.05 for assist level > 10 vs 8-10 cmH,0, p < 0.0001 for
assist level > 10 vs <8 cmH,0

rise” pattern in 94 cases. Characteristics of the occluded
breaths for each Paw occlusion pattern are presented in
Table 2. Expiratory muscle contraction was present in
52%, 67%, and 100% of cases of Paw with a passive-like,
clear plateau, and irregular rise pattern, respectively.

Measurement of driving pressure

The measurement of driving pressure was assessed at
the pre-specified time points after occlusion, at 0.3s, at
1s, and at 2s. A new inspiratory effort interrupted the
occlusion, precluding measurement in 47% of cases at 2
s, and in 3% of cases at 1s. Relaxation of inspiratory
muscles had occurred in 80% of cases at 0.3s, and in
99% of cases at 1s. An increase in Pga was present in
50%, 71%, and 74% of total cases at 0.3, 1, and 2s, re-
spectively. Having identified that an irregular rise pattern
in Paw is invariably associated with expiratory muscle
contraction, a separate analysis was performed, exclud-
ing occlusions with an irregular rise pattern. In the



Soundoulounaki et al. Critical Care (2020) 24:467 Page 6 of 9

Paw Flow

Pes

Pdi

Pg
i

Paw Flow

Pes

Pdi

el i S e I

Pga

Fig. 4 Changes in respiratory muscle activity to increase in pressure support. Representative waveforms of flow (in I/s), airway (Paw), esophageal
(Pes), transdiaphragmatic (Pdi), and gastric (Pga) pressures (in cmH,0), during an end-inspiratory occlusion, from two patients (upper and lower
panel), ventilated with low (left) and higher levels of PS (right panel). The blue arrows indicate the estimated magnitude of expiratory

muscle activity

J/

Table 2 Characteristics of occluded breaths for each pattern of Paw during occlusion

Paw pattern

Passive-like Clear plateau Irregular rise

N=29 N=104 N=94
PS <8 cmH,0, N (%) 0(0) 29 (28) 38 (40)
PS 8-10 cmH,0, N (%) 5(17) 47 (45) 35 (38)
PS > 10 cmH,0, N (%) 24 (83) 28 (27) 21 (22)
Expiratory muscle activity present, N (%) 15 (52) 70 (67) 94 (100)
Expiratory muscle in activity in previous breath, N (%) 7 (24) 39 (37) 83 (898)
Respiratory rate mean + SD 19+£5 21+4 22+6
dPdi/dt, cmH,0/s, median (IQR) 7% (3-8) 11 (6-20) 10 (6-20)
Cycling off delay, s, median (IQR) 0.28% (0.18-0.56) 0.18 (0.14-0.28) 0.18 (0.12-0.24)

Paw airway pressure, PS pressure support, dPdi/dt rate of change of transdiaphragmatic pressure, SD standard deviation, /QR interquartile range
*p < 0.01 for passive-like pattern vs clear plateau and irregular rise pattern
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remaining 133 cases, in which a plateau could be consid-
ered valid, an increase in Pga was present in 46%, 62%,
and 64% of cases at 0.3, 1, and 2 s, respectively. The me-
dian increase in Pga was 1 cmH,O at all time points
(R5_95 =0-2 ¢cmH,0O at 0.3s, R5_g5=0-3 cmH,O at 1
and 2s), and it was greater than 2 cmH,O in 10% of all
cases at 0.3 s, in 20% of cases at 1s, and in 15% of cases
at 2s.

Discussion

This study was a retrospective analysis of the morph-
ology of Paw waveform during end-inspiratory occlu-
sions in pressure support ventilation, and its correlation
with the presence of inspiratory and expiratory muscle
activity. The end-inspiratory occlusions analyzed were
obtained from patients in the recovery phase of ARDS,
who had been for a median of 11 days on mechanical
ventilation. The main finding of this study is that the
pattern of Paw during an end-inspiratory occlusion can-
not assure the absence of expiratory muscle activity and,
thus, the accurate measurement of plateau and driving
pressure.

In this study, we chose to evaluate the morphology of
Paw not by visual inspection, to avoid inter-observer
variability, but by classifying based on the changes at
pre-specified time points. To implement this approach,
we had to select the thresholds for the classification of
Paw patterns. The 0.3 s time point was chosen based on
a previous study showing that at up to 0.3 s after the end
of neural inspiration there is minimal respiratory muscle
activity [12], acknowledging that, in pressure support
mode, the end-inspiratory occlusion may not occur at
the end of neural inspiration. We chose to study the 1st
and 2nd second after occlusion as reasonable, easily
identifiable time points at the bedside. The threshold of
1 cmH,O to characterize the Paw between two-time
points as stable or increasing was chosen because
smaller pressure differences can be caused by cardiac os-
cillations [12] and cannot be accurately measured at the
bedside on the ventilator screen. Using these thresholds,
we classified the morphology of Paw in the three com-
monly observed patterns during end-inspiratory occlu-
sions [8]. The “passive-like” pattern was found in
patients at a higher level of assist and was associated
with lower respiratory drive, as indicated by dPdi/dt.
Even in these conditions, expiratory muscle activity was
present in half of the cases, without clear distortion of
the “plateau” in Paw waveform. A “clear plateau” was the
most commonly observed pattern. Importantly, expira-
tory muscle activity was present in two-thirds of such
cases and in all levels of assist. Finally, when a change
greater than 1 cmH,O was observed between any two
sequential time points (0.3—-1-2s) after occlusion,
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classified as irregular rise pattern, expiratory muscle ac-
tivity was invariably present.

During the end-inspiratory occlusions, the presence of
inspiratory effort was easily recognized in the vast ma-
jority of cases. Inspiratory efforts interrupted the occlu-
sion at a time determined by the patient’s breathing rate
and neural inspiratory/expiratory time. These data indi-
cate that during pressure support ventilation, the dur-
ation of occlusion cannot be pre-selected to be 3s, as in
passive ventilation, but can be expected to be close to
the expiratory time of the previous breath.

We observed that in more than half of the patients
(22/40) and 128 out of 227 occlusions, expiratory muscle
activity was present in the un-occluded breaths. In all of
these cases, expiratory muscle activity was present also
during the end-inspiratory occlusions. These findings
are not unexpected, as phasic recruitment of expiratory
muscles occurs during high ventilatory demands (i.e.,
during exercise) and whenever a relatively increased
load, due to abnormal mechanics or weak muscles, is
imposed on the inspiratory muscles [14, 17]. The pa-
tients included in this study were in the recovery phase
of critical illness, and most had ARDS, and thus, a rela-
tively increased inspiratory muscle load was likely, due
to impaired mechanics and/or muscle weakness. More-
over, they had relatively high minute ventilation, of 11 L/
min on average. These ventilatory demands, which likely
underestimate the brain demands [18], are similar to
those observed in light exercise, where phasic expiratory
muscle activity normally occurs [17]. Other studies in
critically ill patients have also shown that expiratory
muscle activity is often present during assisted ventila-
tion [19, 20]. We also observed that in additional 51
cases (15 patients), expiratory muscle activity was
present only during end-inspiratory occlusion, a
phenomenon likely due to behavioral responses and the
infinite resistive load imposed by the occlusion [12, 14,
21]. Therefore, expiratory muscle activity during end-
inspiratory occlusion is not an uncommon finding in
critically ill patients ventilated in pressure support mode.
A clear plateau in Paw during end-inspiratory occlusion
does not exclude expiratory muscle activity. This finding
is in line with a previous study [14] showing that, during
end-expiratory occlusions, the pattern of expiratory
muscle contraction may result in a sustained increase in
Paw and clear plateau, rendering the measurement of
end-expiratory elastic recoil pressure (PEEPi) unreliable.
Thus, similar to an end-expiratory occlusion [14], ex-
piratory muscle contraction may also result in plateau in
Paw during an end-inspiratory occlusion, and thus, in
overestimation of end-inspiratory alveolar pressure.

The presence of expiratory muscle contraction during
end-inspiratory occlusions has been studied in propor-
tional assist ventilation [12], a mode in which the end of
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mechanical and neural inspiration is tightly linked. This
study [12] showed that the occurrence of events, such as
expiratory muscle contraction, progressively increased
over time after the occlusion, starting at 0.3s post-
occlusion, with an incidence of 10%. During pressure
support ventilation, the end of mechanical and neural
inspiration is not tightly linked, and a median cycling off
delay of 0.18s (Rs5_95 =0.04—0.8 s) was observed in this
study, which may explain the presence of expiratory
muscle contraction even immediately after occlusion.
The presence of expiratory muscle contraction even be-
fore the termination of mechanical inflation in critically
ill patients ventilated in pressure support mode has been
previously reported [20]. Therefore, the presence of con-
ditions enabling accurate measurements of driving pres-
sure in pressure support was not supported by the
findings of this study. No pattern of Paw excluded the
presence of expiratory muscle activity, and no time point
was identified before the appearance of expiratory
muscle activity and after the relaxation of inspiratory
muscles. The extent of overestimation of driving pres-
sure could not be accurately computed, but in 20% of
cases, an overestimation of at least 2 ¢cmH,O was
observed.

This study design does not provide information on the
prevalence of expiratory muscle activity in patients dur-
ing assisted ventilation, which will likely vary, depending
on the patient population examined and the time during
the course of weaning. The correlation between inspira-
tory muscle strength, inspiratory load (respiratory sys-
tem mechanics), and presence of expiratory muscle
activity was not examined. The expiratory muscle activ-
ity was assessed using Pga and Pdi, but without the use
of electromyography, which would provide more accur-
ate information on the timing of expiratory muscle con-
tractions. Therefore, the magnitude of Pga rise was
underestimated in some cases. Although the pattern of
Paw could not assure the absence of expiratory muscle
activity, other means to assess it, such as physical exam-
ination, ultrasound, or electromyography, were not ex-
amined in this study.

The findings of this study have some important clinical
implications. Firstly, simple rules were identified to predict
the duration of the inspiratory hold (slightly longer than
the observed expiratory time) and to identify invalid end-
inspiratory occlusions due to expiratory muscle activity
(increase greater than 1 cmH,O between two consecutive
time points). Additionally, it was confirmed that the driv-
ing pressure measured during the inspiratory hold may
only be overestimated, because inspiratory efforts are eas-
ily recognized, suggesting that a low driving pressure can
reliably exclude global lung over-distention. On the other
hand, the finding of a high driving pressure, which has
been associated with adverse patient outcome [9], requires
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further investigation. A high driving pressure could result
from expiratory muscle activity, increased inspiratory
muscle effort, impaired lung mechanics, and/or decreased
chest wall compliance. Because all of these conditions are
associated with adverse outcomes, but targeted manage-
ment is required, it seems prudent to implement further
diagnostic workup, such as measurement of esophageal
pressure, to estimate respiratory effort, drive, and trans-
pulmonary pressures.

Conclusions

The results of this retrospective analysis of Paw morph-
ology during end-inspiratory occlusion in pressure sup-
port in critically ill patients indicate that the pattern of
Paw may confirm the presence of both inspiratory and
expiratory muscle activity, but not the absence of expira-
tory muscle activity. These data show that the passive
conditions required for accurate measurement of driving
pressure in an end-inspiratory occlusion cannot be as-
sured using just Paw morphology. Yet, because driving
pressure can only be overestimated due to expiratory
muscle activity, in everyday practice, a low driving pres-
sure indicates the absence of global lung over-stretch. A
measurement of high driving pressure should prompt
further diagnostic workup, such as measurement of
esophageal pressure.
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Abstract: During pressure support ventilation (PSV), excessive assist results in weak inspiratory
efforts and promotes diaphragm atrophy and delayed weaning. The aim of this study was to develop
a classifier using a neural network to identify weak inspiratory efforts during PSV, based on the
ventilator waveforms. Recordings of flow, airway, esophageal and gastric pressures from critically
ill patients were used to create an annotated dataset, using data from 37 patients at 2-5 different
levels of support, computing the inspiratory time and effort for every breath. The complete dataset
was randomly split, and data from 22 patients (45,650 breaths) were used to develop the model.
Using a One-Dimensional Convolutional Neural Network, a predictive model was developed to
characterize the inspiratory effort of each breath as weak or not, using a threshold of 50 cmH,O*s/min.
The following results were produced by implementing the model on data from 15 different patients
(31,343 breaths). The model predicted weak inspiratory efforts with a sensitivity of 88%, specificity of
72%, positive predictive value of 40%, and negative predictive value of 96%. These results provide
a “proof-of-concept’ for the ability of such a neural-network based predictive model to facilitate the
implementation of personalized assisted ventilation.

Keywords: machine learning; assisted ventilation; ventilator-induced diaphragmatic disfunction;
flow waveform; monitoring

1. Introduction

Diaphragm disuse atrophy is a well-recognized complication of mechanical ventilation
contributing to ventilator-induced diaphragmatic dysfunction (VIDD) [1-3]. Diaphragm
disuse atrophy was initially described in patients during passive ventilation [4], but it has
since been shown that VIDD may also develop during assisted ventilation, when assist is
excessive and patient’s effort very weak [3,5]. The development of VIDD has important
clinical implications as it has been shown to affect patients” outcomes [4,6].

Avoiding weak inspiratory efforts from excessive assist during assisted ventilation,
essential to avoid VIDD, necessitates the monitoring of inspiratory efforts. Such monitor-
ing in critically ill patients can be performed using esophageal pressure, but it requires
dedicated equipment and can be technically challenging and time-consuming, so it is
not routinely implemented [7]. In current clinical practice there is no other non-invasive
method for the continuous monitoring of inspiratory effort. The respiratory frequency (f),
tidal volume (VT) or the breathing pattern (f/VT) may only indicate excessively high or
low effort at extremes values, such as a respiratory rate below 12 or above 30 breaths/min,
while the P0.1 can intermittently provide an indication of low respiratory drive but has
many limitations, and requires manual inspection [8,9].
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During pressure support ventilation (PSV) the shape of inspiratory flow depends on
the pressures generated by the patient’s respiratory muscles (Pmus) and the ventilator
(Pvent) and the respiratory system mechanics. The change in the curvature of inspiratory
flow to an exponential decay, similar to that of passive, pressure-regulated ventilation, can
be visually identified and can indicate the time point of relaxation of the patient’s inspiratory
muscles during mechanical inspiration [10]. Weak efforts are often short in duration, so the
shape of flow waveform may be used to identify weak efforts and potentially excessive
ventilatory assist. Clinicians are currently advised to inspect the flow waveform during PSV
and try to decrease assist if a passive-like flow shape is present. An automated algorithm
within the ventilator recognizing a risk of excessive assist could facilitate the titration of
assist during PSV, improving efficiency, decreasing the caretakers” workload, and likely
contributing to better patient outcomes.

In this study we employ a Deep Few-Shot Learning technique, namely a One-Dimensional
Convolutional Neural Network (1D CNN), to automatically detect key features of the flow
waveform during PSV to identify weak inspiratory efforts in critically ill patients. The
network was trained on annotated breaths in which effort was quantified by the pressure-
time product of the respiratory muscles (PTP), using a threshold of 50 cmH,O*s/min to
characterize weak efforts.

2. Materials and Methods

This study was performed using recordings obtained for clinical purposes during
the past 5 years (2018-2022) at the ICU of the University Hospital of Heraklion. We used
a dataset consisting of recordings during PSV which included measurements of flow,
airway, esophageal and gastric pressures, with a duration of at least 5 min. Several of these
recordings have been included in the analysis of previously published studies [11,12]. The
clinical indications for these recordings were mainly titration of assist and/or evaluation
of inspiratory effort and the diaphragm’s contribution to tidal breathing. The use of the
anonymized data has been approved by the hospital’s ethics committee. The clinical
characteristics, demographics and ventilation variables were obtained from the medical
records. Respiratory system compliance was computed manually from end-inspiratory
occlusions obtained at the higher level of assist assuring by the inspection of esophageal
and gastric pressures waveforms passive conditions.

2.1. Development of the Annotated Dataset

To train and test the network we developed an annotated dataset of all recordings,
in which the effort of each breath was quantified and invalid breaths were removed. The
first step included the calculation of Pmus and the construction of the Pmus over time
waveform, followed by an algorithm for the automated identification of inspiratory time
and the calculation of PTP (Figure 1A). To identify the mechanical inspiratory time (Ti)
and segment the mechanical inspirations from the dataset a wavelet-based technique was
employed, where the start of inspiration was set where the rapid decline of Paw began
at the beginning of the breath (triggering) and the end of inspiration was identified as
the point where flow was zero at the transition from positive to negative (Figure 1B). The
pressure-time product (PTP) of the Pmus was calculated as the integral of the Pmus curve
over time during inspiration (PTP per breath) and multiplied by the respiratory frequency
to obtain PTP per minute. Automated calculation of the PTP was performed for each
mechanical inspiration identified using the wavelet-based technique, and compared with
the PTP manually computed by three experts using the AcqKnowledge software [13].
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Figure 1. Identification of inspiratory time and computation of the respiratory muscle pressure
pressure-time product. Flow, respiratory muscle pressure (Pmus) and airway pressure (Paw) wave-
forms visualized using both the AcqKnowledge (A) and the developed software (B). The inspiratory
time as identified using a wavelet-based technique is indicated by the green shaded area in panel B.
Pmus was calculated as Pmus = (VT x Ecw) + (Rew X Flow) + Pesengexp — Pes, where tidal volume
(VT) was computed as an integral of flow waveform, chest wall elastance (Ecw) was calculated from
the predicted value of vital lung capacity (VC) [14,15] (Ecw = 0.025 x VC where VC was calculated
from the equation: VC = (27.63 — 0.112 x age) x height (cm), for males and VC = (21.78 — 0.101 x
age) x height (cm) for females), chest wall resistance, Rew = 1.5 cmH,O/L, and the end-expiratory
esophageal pressure (Pesengexp) Was obtained from the recordings after confirming there was no
contraction of expiratory muscles. The pressure-time product (PTP) of the Pmus was calculated as
the integral of the Pmus curve over time during inspiration (PTP per breath), indicated here by the
pink shaded area in panel A and multiplied by the respiratory rate to obtain PTP per minute. Ti:
inspiratory time (mechanical), Ttot: total breath time.
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To ensure the system’s accuracy, we validated the annotated dataset at three levels.

Segmentation: Correct identification of the inspiratory time was visually assessed by
an expert (K.V.) using dedicated software (Figure 1). The automated detection of mechanical
inspiration was characterized as correct or incorrect, and expressed as percent (correct over
total). Periods of time during the recording where accurate measurement of esophageal
pressure could not be obtained (for example, during esophageal contractions or cough)
were identified and excluded from further analysis.

PTP Computation Assessment: the calculated PTP values per breath and per minute
were quantitatively assessed against manually computed PTP values. Specifically, a random
sample of breaths (8 breaths per level of assist) was selected for manual annotation (PTP
computation) by three experts (S.S., E.A. and K.V.), and the corresponding 8-breath median
was compared against that of the estimated one.

Classification Assessment: The PTP per min was classified as low or not, using as
threshold a value of 50 cmH,O xs/min, as suggested by the current literature [5,9,16]. The
classification of PTP/min as low or not based on the computed PTP/min was assessed
against the manually computed PTP classification, and expressed as the percentage of
correctly classified breaths having or not a low PTP/min.

2.2. Development of the ID-CNN to Identify Weak Efforts

The architecture of the employed 1D-CNN shown in Figure 2A has been previously
described in detail [17]; however, the model was restructured and retrained using the
Pmus. More specifically, the model is composed of (i) a 2D input layer, fed with Flow
and Paw segments, (ii) five 1D convolutional blocks with two identical layers each, to
extract representative patterns used for classification, (iii) two dense layers, to increase
model’s complexity and enhance its generalization capacity, and (iv) the output layer. The
number of filters and the kernels’ size, respectively, for the convolutional layers are (64, 3),
(64, 9), (128,9), (256, 9), (32, 7), while the two dense layers consist of 128 neurons and
have a dropout of 0.5. The classification outcome is provided by the output layer, which
consists of a single neuron and sigmoid activation. The model is designed to receive a single
segmented breath and provide a single number (output) between 0 and 1 that characterizes
the probability of the effort in this breath to be weak (1 being highest probability). The
model requires no information regarding the settings of the MV or the physiological state of
the patient. To develop the model the dataset was randomly split into training, validation
and test sets using data from different patients in each set. The annotated data of the
training set were used to train the model, while the data of the validation set were used to
finetune the hyper-parameters of the model. Finally, the test set was used to provide the
final results. In the test set, the classification was based only on Flow and Paw waveforms,
while the computed PTP was used to categorize results as true or false positives or negatives.
The block diagram is shown in Figure 2B.

2.3. Statistical Analysis

Patients” demographics, clinical and ventilation characteristics are presented as per-
centiles, means and standard deviation (SD), or medians and interquartile range (IQR),
depending on the distribution of values. The validation results are presented as a percent-
age of correct classifications, and as absolute differences between the two computations. The
1D-CNN model classification of the PTP as low or not was compared with the computed
PTP and the results were categorized as true or false positives or negatives. Sensitiv-
ity, specificity, positive (PPV) and negative predictive value (NPV) and accuracy were
computed using standard formulas.



J. Pers. Med. 2023, 13, 347

50f12

()
=
2 ®
%) >
® =
> T
c =
- o

=
Raw Signals

(]

>

‘3

@©

>

=
<

o

=2

1D convolutional layers’ settings

number of filters and kernel size per layer:

1
2
3

4.
5.

64,3

64,9

128, 9 Linear/Dense layer settings
256, 9 e number of units 128

32,7 e  dropout rate 0.5

Pool size is 2 for every layer

5x

Conv1D ‘ =t

[ ReLU | Linear

ConviD ] Flatten I | RelLU | I

| RelLU | Dropout

MaxPooling1D ‘

I

—> Breath

Training Phase

Breath Potency Breath

Calculation Annotation

Breath
4 Classification

ICU Experts
Assessment
Operation

PTP

Segmentation Calculation

Figure 2. (A)—Model Architecture: The One-Dimensional Convolutional Neural Network (1D-CNN)
consists of 5 convolutional blocks and 2 densely-connected layers. Each convolutional block applies
a 1D convolution and a Rectified Linear Unit (ReLU) activation function twice, and then a 1D max
pooling operation. The output of the convolutional blocks is flattened and sent to the densely-
connected layers, which are composed of a linear transformation, a ReLU activation function and
a dropout operation. Finally, the probability distribution for the two output classes is generated by
a single neuron with a sigmoid activation function. (B)—Block diagram.

3. Results
3.1. Patients’ Characteristics

We analyzed the recordings of 37 patients, a total of 123 different levels of assist,
corresponding to an average of three levels in each patient (range of two to five levels of
assist per patient, 0-20 cmH,O of pressure support). The characteristics of the patients
included in the analysis are presented in Table 1. At the time of the recording, RASS
was —3 to —5 in 20 patients and —2 to 0 in 17. The median total duration of mechanical
ventilation was 13.5 days (IQR 8-23 days), ICU stay was 16 days (IQR 10-25 days), and ICU
mortality was 16%. All patients were ventilated using a Drager Evita XL ventilator, and
the triggering delay range was 80-100 msec. The cycling-off criterion was at the default
setting of 25% of peak flow. Low levels of intrinsic PEEP (<1 cmH,0O) were present in seven
patients, and premature cycling off was observed in one patient. The PTP values observed
in the complete dataset had an IQR of 77-197 cmH,0O xs/min (median 136 cmH;O%s/min,
Figure 3), and 14% were classified as weak, having a PTP/min < 50 cmH,O*s/min.
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Table 1. Patients’ characteristics.

Age (years) 70£10
. L Males 46%
Baseline characteristics BMI 30 + 8
APACHE-II score 193+75
Hypoxemic RF 38%
. . . Hypercapnic RF 19%
Admission diagnosis Septic Shock 19%
Acute brain injury 24%
Duration of MV prior to
recording (days) 9 (IQR 5-12)
PEEP cmH,O 7+2
FiO, 35% (IQR 30-40%)
o . PaO, /FiO, 252 +£ 63
Ventilation characteristics VT mL/kg IBW 7.7 (IQR 6.9-9.2)
RR br/min 21+5
VE L/min 9.6 +1.6
Pressure support cmH,O 7£2

Respiratory system

compliance * mL/cmH,0 46+£14

Patients’ baseline characteristics and ventilation variables just prior to the recordings. Data are presented as
percentages, means =+ standard deviation or medians with interquartile range (IQR). Abbreviations: BMI: body
mass index; APACHE-II: Acute Physiology and Chronic Health Evaluation-II; RF: respiratory failure; MV:
mechanical ventilation; FiO,: fraction of inspired oxygen; PaO;: partial pressure of arterial oxygen; VT: tidal
volume, IBW: ideal body weight; RR respiratory rate per minute; VE minute ventilation. * In three patients the
respiratory system compliance could not be computed.

100004

80004

6000+

Frequency

4000+

2000+

0 | S B S . B S S E— —
] 50 100 150 200 250 300 350 400 450 500

PTPmus/min
Figure 3. Range of inspiratory efforts. Distribution of the observed values of the respiratory

muscle pressure pressure-time product per min (PTP/min) of the complete dataset, expressed
as absolute numbers.
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3.2. Validations of the Annotated Dataset

The validation of inspiration segmentation, performed for all breaths, showed that in
99.9% of the breaths the algorithm correctly identified the beginning and end of the mechan-
ical breath. The validation of PTP computation showed that the median difference between
the manual and computed PTP/min was 4 cmH;Oxs/min (IQR = 1-9 cmH,O xs/min).
The computed PTP/min was correctly classified as low or not in all but one case (99.2%
correct), taking the manually computed PTP/min classification as reference.

3.3. Predictive Model Results

A total of 76,993 breaths was included in the analysis. The training and valida-
tion sets included 45,650 breaths from 22 patients; the tests set included 15 patients and
31,343 breaths. The results presented correspond to the analysis of the 15 patients. The
model predicted a weak inspiratory effort with a sensitivity of 88%, specificity of 72%, PPV
40%, NPV 96%, and accuracy of 75% (Figure 4). Among breaths incorrectly classified as
weak, 59% had a PTP less than 100 cmH;O xs/min (Figure 5).

.0

71.75% 28.25% - 0.7

w

-

Predicted label

Figure 4. Model results. Confusion matrix of the model’s evaluation results using the data from
15 ‘never-seen’ patients. Weak efforts are labeled as ‘1’, while non-weak efforts are labeled as ‘0". The
optimal threshold of 0.42 was selected using the validation set.
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Figure 5. Distribution of pressure pressure-time product (PTP/min) values of breaths incorrectly
classified as weak (false positives, FP), expressed as % of total FP.

4. Discussion

The neural network-based classifier developed and validated in this study identifies
breaths with weak inspiratory efforts non-invasively, using the flow waveform during
PSV. Combined with the wavelet-based method proposed for the segmentation of the
respiratory signals, it provides an end-to-end approach which could be implemented
as a bedside ‘smart alarm’, using the signals of flow and pressure obtained from the
ventilators. The model has high sensitivity, so it can accurately exclude weak inspiratory
efforts, which is important since clinical examination lacks such sensitivity and cannot
discriminate weak from normal efforts. If this classifier were to be implemented as an alarm
for weak inspiratory efforts during PSV, as observed 88% of weak efforts would be correctly
identified. While 28% of normal-effort breaths would be characterized by the model as
weak, in more than half of those the actual level of effort would be in the low-to-normal
range (with a PTP/min equal or less than 100 cmH,O xs/min), suggesting that a trial of
lower assist would be appropriate.

The identification of weak inspiratory efforts during PSV is important for critically
ill patients for two reasons. Firstly, because PSV is one of the most commonly used
modes of assisted ventilation, and secondly because while excessive assist and weak efforts
can occur often, they can hardly be detected. In the case of a high level of support and
relatively normal mechanics, even weak inspiratory efforts may result in adequate VT,
thus placing the patient at risk of VIDD. To avoid excessive assist during PSV, pressure
support should be adjusted to the minimum required. However, this titration is not so
easily accomplished in everyday practice, because there are no clinical signs discriminating
normal from weak inspiratory efforts, and thus adequate from excessive assist [18,19]. This
is a major limitation of PSV, likely contributing to the increased risk of asynchronies and
delayed weaning observed in this mode [20-23]. Indeed, the respiratory rate, proposed
as the non-invasive parameter with the greatest accuracy for diagnosing over-assist, was
shown in one study to have a sensitivity of 80% when using a threshold of 17 br/min
while a threshold of 12 br/min had a sensitivity of 100% [18]. In our dataset a threshold
of 17 br/min had a sensitivity of 70% in identifying weak efforts, while a threshold of
12 br/min had a sensitivity of 88% (as did our predictive model), although such a low
respiratory rate was observed in only 5% of all breaths.

Inspiratory effort can be continuously monitored by measuring the esophageal pres-
sure; however, there are unaddressed technical challenges in this method, such as the
correct placement and filling of the catheter, so the use of esophageal pressure monitoring
during assisted ventilation is not widely used in everyday practice. Other non-invasive
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indices such as P0.1 and occlusion pressure can intermittently provide an estimation of
inspiratory drive and effort, and have been shown to predict excessive effort. Apart from
efforts to optimize and automate the measurement of esophageal pressure, other non-
invasive methods to continuously monitor patient effort are needed. The first and obvious
‘candidate’ non-invasive variable to be used as an index of inspiratory effort during PSV is
the inspiratory flow.

The shape of inspiratory flow during PSV depends on Pmus, and thus provides
information on the duration of respiratory muscle contraction during the mechanical
inspiration. It is textbook knowledge that a passive-like inspiratory flow is often associated
with weak inspiratory effort and excessive assist, and should be managed by decreasing
the level of pressure support [24]. Relying on visual inspection of the ventilator screen as
a way of continuously monitoring patients’ inspiratory effort is clearly impractical, and
thus the need for other automated methods and alarms arises.

A recent study evaluated the use of flow waveform during PSV to estimate patients’
effort and introduced the flow index [19,25], a number describing the concavity of the
inspiratory flow waveform. This study included data from 24 patients, at three different
levels of assist each, and 702 breaths in total. The ventilatory characteristics of the patients,
including the levels of pressure support, range of effort and respiratory system compliance,
were similar to our study. The flow index was shown to have a sensitivity of 73%, specificity
of 70%, PPV of 76%, and NPV of 66% to detect weak inspiratory efforts. The validation
of the flow index in a dataset from brain injury patients showed higher sensitivity, but
the range of inspiratory effort was lower and respiratory system mechanics better in that
dataset [26]. This is important, as the identification of weak effort based on the flow
shape becomes less accurate as mechanics worsen. The classifier developed in our study
performed better than the flow index (having a sensitivity of 88 vs. 73% of the flow index)
in a patient population in whom titration of assist was challenging for the clinicians.

The computational methodology, as well as the clinical characteristics of the popu-
lation the data were collected from, are important for the evaluation of the final model.
The selected Deep Learning schema for the detection of key features of the flow waveform
is most suitable for the aim of the study, since the convolutional kernels are specifically
designed to identify such types of patterns that separate two classes. The shallow archi-
tecture and the use of weighted loss mitigate against the relatively small and unbalanced
dataset, respectively, both of which are common issues that occur when applying deep
learning algorithms to medical data [27]. Additionally, the computation method used to
calculate the PTP, based on which the model was trained, was compared to experts’ manual
analysis and found to be accurate. The final model developed was validated using a dataset
of recordings from patients not used in the development phase. The dataset used in the
study included breaths having a relatively broad range of inspiratory efforts (as shown in
Figure 3), obtained using the range of pressure support levels used in everyday practice.
Other factors that may affect the model’s performance are the conditions affecting the
correlation between patient effort and inspiratory flow waveform, which include the trig-
gering delay, the respiratory system mechanics, and the presence of asynchronies such as
ineffective efforts and premature cycling off. The triggering delay and cycling-off criterion
were those typically encountered in most critically ill patients. The range of respiratory
system compliance was 46 £ 14 mL/cmH,0O. Although resistance could not be measured,
none of the patients in the study had severe obstructive lung disease and low levels of
PEEPi were found only in seven out of the thirty-seven patients. Ineffective efforts, not
included in the computation of PTP/min, were observed in two patients at the high assist
level. A premature cycling-off asynchrony was observed in one patient, in whom the
manually computed PTP differed from the one calculated using the automated algorithm.
Overall conditions such as PEEP;, ineffective efforts and premature cycling off, which affect
the correlation between patient effort and the shape of inspiratory flow, were rarely present
in this dataset.
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Machine learning (ML) approaches are increasingly being implemented to address
problems related to mechanical ventilation. The rationale in all such studies is the need
for automation and smart alarms, as continuous monitoring of the ventilator screen by
expert clinicians is not realistic. Most of these studies have focused on the identification of
asynchronies during mechanical ventilation [28], with excellent results. Several ML-based
methods have been used [29,30], including more recently a two-layer Long Short-Term
Memory (LSTM) network and a 1D-CNN [31,32]. The benefits of neural network-based
approaches rely on the inherent ability of a NN to recognize patterns and extract features
from raw data without extensive pre-processing and hardcoded feature engineering, which
makes them particularly appealing for implementation in monitoring devices. Convolu-
tional deep neural networks have been used to extract features from ECG to identify ar-
rhythmias [33], predict atrial fibrillation [34] and hyperkalemia [35] with promising results.
Algorithms to detect asynchronies or weak inspiratory efforts, such as the one developed in
this study, could be introduced in ventilators’ software or in monitoring devices connected
to the ventilators.

Some limitations of our study are that it is a single center study, using one type of
ventilator and data acquisition system, and a relatively small sample size. The quality of the
ventilator waveform data and the triggering delay are now similar in most commercially
available ICU ventilators and would not be expected to affect the reproducibility of the
model. We addressed the problem of a relatively small sample size by designing a classifier
that can generalize to never-seen patients, thus ensuring that our methodology is robust and
extensible. Nevertheless, further validation and optimization of the model in larger datasets,
which would include patients with a broader range of respiratory system mechanics, shape
and magnitude of respiratory muscle pressure, is necessary. Patients were not prospectively
recruited just for the purpose of the study, but rather were patients who presented some
challenges in titration of assist, which prompted clinicians to measure esophageal and
gastric pressures. Thus, they represent the patient population in whom such an algorithm
would be useful. Furthermore, we tried to adequately describe the clinical and ventilatory
characteristics of the patients, to enhance the clarity of the data source. It is important
to note that patients with severe obstructive lung disease, in whom a large proportion of
their breathing effort may be consumed just to trigger the ventilator, were not included in
this study. In such patients, models evaluating the effort remaining after triggering would
likely misclassify efforts as weak. Finally, our study and others in the current research
field are limited by the lack of a threshold of weak inspiratory effort that is proven to be
clinically significant.

5. Conclusions

In conclusion, the results of this study show the feasibility of a 1D-CNN-based classifier
to evaluate the ventilator flow waveform during PSV, and classify inspiratory efforts as
weak or not with high sensitivity and high negative predictive value. The results of
this study, together with similar studies on ML-based algorithms for the detection of
asynchronies, pave the way for the implementation of ML-based smart alarms to optimize
patient effort and patient-ventilator interactions during assisted ventilation.
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