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ZTOXOC TOU HNXAVIKOU AEPICHOU

A) UEIWVEI TO EpYO TNC AVANVONC
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MHXANIKOZ AEPIZMO2 OETIKHZ MIEZH2

O unyoavikog aepropnog OeTIKNG meong €lvol 0VTOS TOV KOTd
KOVOVO P CLULOTOLEITUL CNUEPU

E@apuoyn BeTikng mieonc LEGH GTOVE QEPOLY®YOVC




MHXANIKOZ AEPIZMO2
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FIGURE 4-3 Change in facial appearance during the development
and resolution of acute respiratory failure resulting from conges-

t1ve heart failure an exaceratlon f cromc ostructlve umonar

open on inhalation. Rzght upper panel: The patient exhibits pursed-

lip breathing on exhalation. Over the ensuing 24 hours, the patient
developed hypercapnic respiratory failure and failed a trial of nonin-
vasive ventilation (not shown). Left lower panel: The patient is intu-
bated and receiving mechanical ventilation. Right lower panel: The
patient is successfully extubated 4 days after institution of mechanical
ventilation.




ENAEIZEIZ MHXANIKOY AEPIZMQOY 6

Evoei&elc yuo unyoviko aeplopno dvororoyika opra.
1. Mnyaviki g avamvong

Avamvogg (min-1) >35 12-20

Vt (ml. KgrXB-1) <3 5-7

Pimax (cm H,0) <-25 =75 €éw¢g -120

2. Avtallayn agplov

Pa0, (mmHg) <60 (F102>0,6) 75-100 (21%)
PaC0, (mmHg) >60 (dev 1oyvel ot XAII) 35-45
P(A-a)Oz (mmHg) >350 (F102=1.0) 25-65

Vd/Vt >0,60 0,30-0,40

Epyootnolond ®oLtnowa yio Tnv epaouoyn unyavirov aepuopov. Vt (Tidal Volume):
AVATTVEOUEVOS OY®OG, Pimax (maximum inspiratory pressure): UEYLOTY] €LOTTVEVOTLRY
mieomn, Pa02: pepunt) mieon oEuyovou O0to aQTnowoxd atuc, PaC02: peount) mieor
OLoEeLdlov Tov AvBparog oto aptnowxd atuc, P(A-a)02: ®ruPeldoaQTnoLomny
oLapoed. oEuvyovov, Vd/Vt: AOYOog TOU OYXOU TOU VEUQOU YMEOU JQOS TOV
avamveouevo 0yro, XAIIL: yoovia amodpoanrtiny mvevuovomd.Oewa, Fi02 (fraction of
inspired oxygen): TOGOOTO TOV OEVYOVOU OTOV ELOTTVEOUEVO OEQQL.




@ TABLE 4-2: COMMON CAUSES OF
HYPOXEMIC RESPIRATORY FAILURE

Pneumonia
Cardiogenic pulmonary edema

Acute respiratory distress syndrome

Aspiration of gastric contents
Multiple trauma

Immunocompromised host with pulmonary infiltrates

Pulmonary embolism

@ TABLE 4-3: NEUROLOGIC SIGNS AND
SYMPTOMS OF HYPOXIA

Pa,, mm Hg Signs and Symptoms of Hypoxia

35to 50

25to 35
20 to 25
<20

Loss of critical judgment, confusion, delirium
(resembling alcohol intoxication), tremors,

asterixis
Somnolence, obtundation, myoclonic jerks, seizures

Loss of consciousness
Death




O1 KOOl 6TOY0L TOV UNYEVIKOV GEPLOGUOV ELVUL 0L EENG:

1. Beltioon ™ avtorlrlayiS TOV agpimv.

. AvooTtpo@n TG vrosopio.

* ATOTPOTN TNC 0EELOG OVOTTVEVGTIKNG OCEMGTC.
2. ATOTPOTN TG UVUTVEVCTIKIG OvoTPayloc.
° Meimon ¢ Katavdionong oEuyovov amd TOVE VUTVEVGTIKOVC LG,
° AvaoTPOEN TNG KOTMONS TOV OVOTVELGTIKOV LUOV.
3. Beltimon ¢ oyéoNS 0EPLEGUOV-ULRNATMOTG.
. [IpOANYM Ko OVOGTPOPT] ATEAEKTAGLDV.
* BeAtimon g evooTIKOTNTOC TOV TVEDUOVA.

* Amotpom) mepaTép® PAaPnS ( 0 uMavVIKOS aEPIGUOC UTOPEL Vo TPOKAAEGEL
tepoutEP® PAGPN oTOV TVELLOVQ)



YMNEPKATINIKH ANATINEY2ZTIKH ANETTAPKEIA
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FIGURE 4-15 Ventilatory response to progressive hypercapnia. Ven-
tilation increases linearly with increase in alveolar carbon dioxide
(Peo,). Decreases in alveolar oxygen (P,,) produce a steeper ventilatory
response to progressive hypercapnia.




MHXANIKOZ AEPIZMOz - METETXEIPHTIKH ANATINEY2ZTIKH ANETTAPKEIA 10

ATEAEKTAZIEZ - SHUNT

FIGURE 4-17 Postoperative atelectasis. Left: Portable anteroposterior chest radiograph showing bibasilar subsegmental atelectasis following hemi-
colectomy. Right: Atelectasis of the entire right lung caused by mucus plugging following drainage of submandibular and pterygomandibular space
abscesses.



ATEAEKTAZIEZ - SHUNT

100% O,

Pag, = 650

e

CCO, =22mL %

Yno&aipia

e

Pvg, = 40 mm Hg

Clp,=15mL %

Cag,= 185 mL %
Pag, = 60 mm Hg
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MHXANIKOZ AEPIZMO2 - METETXEIPHTIKH ANATINEYZTIKH ANEINAPKEIA 12

ATEAEKTAZIEZ - SHUNT
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FIGURE 4-9 Relationship between arterial P, (Pa, ) and increases in
inhaled oxygen concentrations for different levels of shunt. When the
shunt fraction is 30% or more of cardiac output, Pa, increases little
despite marked increases in inhaled oxygen concentration. The plot is
a simplification that ignores factors such as cardiac output and oxygen
uptake, which influence the location of the lines. (Modified, with per-
mission, from West.®')



Most Commonly Used Waveforms
(Scalars)

e Pressure vs. Time
e Flow vs. Time

e Volume vs. Time
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Pressure vs. Time Curve
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Flow vs.Time Curve
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Flow vs.Time Curve
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Expiratory Flow Rate and Changes
in Expiratory Resistance
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A Higher Expiratory Flow Rate and a
Decreased Expiratory Time Denote a Lower
Expiratory Resistance
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Pressure/Time Scalar

.

Pressure

Besin Begin Time {zec)
Inspiration Expiration

1 = Peak Inspiratory Pressure (PIP)
2 = Plateau Pressure (Pplat)

A = Airway Resistance (Raw)

B = Alveolar Distending Pressure

* The area under the entire curve represents the mean airway pressure (MAP).
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[1 Clip slid

Flow/Time Scalar Nz ¥ i

Bronchodilator Response

Pre-Bronchodilator Post-Bronchodilator

time

Peak Exp. Flow

Improved Peak Exp. Flow

*To assess response to bronchodilator therapy, you should see an increase in peak
expiratory flow rate.

*The expiratory curve should return to baseline sooner.



METABAHTEZ ANATNEY2ZTHPA OETIKHZ MNMIE2ZHZ

TPEIZ METABAHTEZ

* HLETAPANTH) €VEPYOTIOLNONG TOU OVOTIVEUOTHPO YLt Ttapoywyr OeTikg
riieong (e moLov Tpomo apxileL o avamvevotnpag va divel BeTikn Ttieon),

e petaPAntn eAEyyou Tapoxnc mieonc otov acBevny (LE TTOLOV TPOTO O
QVOTIVEUOTNPOC EAEYXEL TNV TILECN TOU agpa tou Oivel otov acBevn), Kau

e petaPAntn Olakomng tTnc rmoapoxnc rmnieonc (Me moOLo TPOMO O
QVATIVEVOTNPOC TEPUATL(EL TNV TTAPOXN TtlEoNC).



METABAHTH ENEPTOINOIHZH2

o Autn n petaPAntn koBopilel mOTE 0 avanvevotnpoc Oa apxioet
va 6ivel BTk mieon otouc agpaywyouc.

* Mmopetl va elval xpovoc, rtieon N n pon.

e Eav n petaPBAntn) evepyomoinong €lval XPOVOC, TOTE O
avamnvevotnpac Olvel BETIKN TIleon VOl CUYKEKPLUEVA XPOVIKA
Slootnpata, aveéaptnto amo TNV Unopén n Oxt AVATTVEUCTLKWY
npoonaBelwv ano tov acBevn.

 Eav n petaPAnt evepyomoinong €ivat mieon i pon, TOTE O
avarmnvevotnpac apxilel va Slvel ieon otav n Tileon n pon o€
EVOL ONUELO TOU KUKAWMOTOC TOU QVATIVEUOTHPO PTUCEL OE LA
npokaBopLopevN TLUN.



Meta ANt evepyomoinonc xpovou

H petafAnt) evepyomoinonc xpovou kabBopilel kat TN
oUXVOTNTO ME TNV OTtolal AELTOUPYEL O OVOTTIVEUOTAPOC.

AuTn n ouxvotnNTa £lval aveEapTNTN OO TNV OVOTTVEUOTLKN
ouxvotnta Tou acbevouc.

H petaBAnti autn xpnolpomoleital otav o aocbevnc ya
dtapopouc Aoyouc OV £XEL OVATIVEUOTLKEC TtpooTIAOELEC.

Mrmopel emionc va xpnolwpomownBbel oe cuvOUAOUO HE TLIC
AAAeC petaPAntEC evepyornoinonc.
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MetaAnTtn evepyomolnoncg mieonc N pong

AUTEC oL peTaPANTEC XpnolpomoloUvTal Otav O aoBeviC KAVEL ELOTIVEUOTLKEC
npooTnaBdeLec.

Kot pe tic dvo petaBAntec o aocbevng mpemel va HETOBAAEL TNV avilotowxn
uetaBAnTn (mieon N pon) oto onNUELO AVIXVELONC TTEPOL ATIO EVAL OPLO, ETCL WOTE O
avamnvevotnpac va olteyepBel ko var Swoel BeTIkN Tleon.

Eav n petaPAntn svepyomolnong €ival mieon, o avamvevotnpac dev ETMITPETEL
ELOTIVEVUOTIKN poNn €wC OTOU N TIleon Ttou aepaywyou (airway pressure, Paw)
eAATTWOEL KATW ATIO TO TPOKAOOPLOLLEVO OPLO.

Eav n petaBAntn evepyomoinong €ival porn TOTE 0 AVATIVELOTNPAC OEV ETLTPETIEL
ELOTIVEVOTLKN pon MEXPL va evepyomolnBel. H evepyomoinon Oa yivel otav n
ELOTIVEUOTLKN pon UTtEPPEL pLa TPoKaBoPLOMEVN TLUN.

Kot otic SU0 TIEPLTTWOELC EVaL EAAYLOTO OPLO TILECNC 1N PONC MPETIEL va KaBoploTel
£TOL WOTE va amnodevyxBel AavBaouevn evepyomoilnon ToOUu Qwvomvevotnpa. Ta
opla avta eivat ouvnBwe -1 N -2 cmH20 kAtw oo tnv Paw mou umapxeL oto

KUKAWQ TOU avarmnveuaotnpa (oxL tou acBevoug)



BaolKEC TEXVIKEC - TUTTOL UNXOLVLKOU OEPLOLLOU

MnNXoVIKOC aEPLOOC EAeyXOLEVOU Oykou - Volume Control

MnNXoVIKOC alEPLOOC EAEYXOMEVNC TtieoNnC - Pressure Control

MnNXoVIKOC OlEPLOOC LTTOOTNPLENC TIleoNnC - Pressure Support

2UYXPOVLOMEVOC OLAAELTTWY UTIOXPEWTLKOC AEPLOUOC - Synchronized
Intermittent Mandatory Ventilation (SIMV)



TYNOI MHXANIKOY AEPIZMOY
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Mnxowvikoc agpLlopoc eAeyxopevou oykou (Volume Control)

To volume control eivor €vac tOMOCG
LUNYOVIKOD OEPIGUOV TTOL AELTOVPYEL TOGO
otav 0 acBevnc PplokeTal 6€ KOTAGTOAN 1)/
KOl LDOYAAOGT KOl OC €K TOVTOV OEV KAVEL
EIGMTVEVGTIKEG mpoomdberec (control
mechanical ventilation), 6co kot Otav o
acOeVIIC KAVEL OIKEC TOV EIGTVELOTIKEG
npoondOeiec (assist control mechanical
ventilation). O avamvevompog Yopnyel oTov
ac0ev] Evav TPOETIAEYUEVO OVOTTVEOUEVO
OYKO G€ KAOe €16TVON, OTMOC POIVETUL GTNV
EIKOVOL

n

OYKOG EAgeyxépevou oykou

‘/_\ XpoOvog

Xpovog

XPOVOg

A » |

[ ' ! X
@don porig , @don |, @don poiig goon
, Tavong, Jravong

/ - NV S - N
. Eilomvon X ExTrvon )
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ATIO TL €€apTaTal N TILECN OV AVATITUCCETAL OTO OVOTTVEUOTLKO OUOTN O OTOV
unxoviko aeptopo Volume Control

» H mieon mou avamtuooeTal OTO
QAVOTIVEUOTLKO ocuvoTnua
e€apTATOL OTTO TIC HNYOVLKEC
LOLOTNTEC TOU OWVATIVEUGOTLKOU
OUOTNMOTOC.

» 'EtoL yta 6e6OUEVO OVATIVEOUEVO
oyko (Tidal Volume), oco mo
XaLnAn givat n evooTLKOTNTO TOU
QVOTIVEUOTLKOU ocuotnuotoc (P
compliance) N peyaAUTEPEC Ol
QVTLOTAOELC TwV_aepaywywyv (P
resistance), tooo peyoAUTEPN N
NMLEON TOU QEPOAywyou TOU
avantUuoosTal

otabepr|
Kopugaia EI0TIVEUOTIKS
A ieon ,)  mieon (plateau) 1 » P resistance
Trieon | _Q ——Y
A | P compliance
TEAOEKTTIVEUOTIKA »
-—_ A -

XPovog (s)

por
agpa
»
Xpoévog (s)
A
" & ’e:_' —
OYKOG ; %
! - K\ Ed -
h"h«
< — — .
:::;wmn g XPOVOg ()

Yyéon mieons, 001G %Al OYXOU OTOV UIYOVIZO OEQLOUO EAEYYONEVOV
o0ynov. P resistance: mwieon mov odeideTal oTNV AVTIGTOON Q0N TMV
aggaymymv, P compliance: igon mov oPeileTon 0TV EVOOTILOTTA TOV
ALVOUTVEVGTIXOU CUOTIUATOG

Compliance (evootxomta) = dV/dP (nerafforn 0y»rov oe oyéon e
T UETULOAN TTEGS GTO AVUTVEVOTIZO CUOTINC.)



METABAHTEZ TOY ANATINEY2ZTHPA I'A VOLUME CONTROL 30

O avarmnvevotnpoac xopnyel otov acbevy otaBepr E€LOGMVEUCTLIKN) PONR yloL 0G0 XPOVO
XPELALETOL WOTE VO TIETUXEL ToV poeTmiAsypevo oyko (Tidal Volume),

PuBuiletal eite o xpovoc elomvonc (Inspiratory time, Tj) kal AUTOUATO O OVATIVEUOTAPOLC

XOPNYEL TNV KATAAANAN ELOTIVEUCTIKA PO WOTE VA TIETUXEL TOV TIPOETUAEYUEVO OYKO, €itTe
pUBULleTOL N ELOTTVEVOTLKNA pON OMOTE autopata kabopilletol 0 XpOVOC ELOTIVONC.

PuBuiletal n elaxlotn avamveuoTikn ocvxvotnta (set respiratory rate, set RR). Otav o
aoBevic PBploketor oe Pabld kataotoAnn n/kat puoxaioon (6ev KAVEL ELOTIVEUOTIKEC
npoomnabelec), TOTE 0 avamnvevotnpoc Ba Tou XopnynNoeL OCEC AVATIVOEC EXOUME KoBoploel
LE TNV €AAXLOTN OVATVEUOTIKA ouxvotnta. Etol, av €xouv tebel 15 avamvoec/Aento o
acBevnc Ba Adafet 15 avamvoec oe eva Aemto, 6nAadn kabBe 4 OSeutepoAemnmta o
avamnvevotnpac Bo xopnyel Tov TPOETUAEYUEVO OYKO HE TOV XPOVO ELOTIVONC TIOU EXEL
TPOETILAEVEL.

O oAwkoc xpovocg avarmvonc (Total time, Ttot) €ival to aBpolopa tou xpovou ewomnvonc (7;)
KOl TOU Xpovou ekmvong (Expiratory time, Te): Ttot=Ti + Te

O OALKOC XpOVOC OVATIVONC LooUTOL E TOV AOyo: 60 SesutepOAemta/mposTAEYUEVN EAAXLOTN
QVOTIVEUOTLKI OUXVOTNTA. 2€ PEPLKOUC avarvevotnpec dev puBuiletat o Ti, aAAd povo o

Aoyog Ti/Ttot.
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Typical Volume Curve
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TLBa cupBel av evac acBevnc nov agptletatl pe Volume Control

KAVEL SLKEC TOU OVOTTVEUOTIKEC TIPOOTIAOELEC

» O aplBuoc twv avomvowv Tou Ba AaBslt amd tov avamvevotnpa
g€apTATOL OTTO TN OXEON TNC AVATTVEVOTLKNC ocuxvotntoc (respiratory rate,
RR) tou acBevouc kat TG EAAXLOTNG QVOTTVEUOTLKAC CUXVOTNTOC TTOU EXEL

1e0el otov avamnvevotnpa (set RR).
» Av n RR aoBevouc < set RR, tote 0 acBevnc Ba AafeL tnv set RR.

» Av n RR aoBevouc > set RR, tOTE N avamveuoTlkl ocuxvotnta TOU
acBevouc Ba mpoAapfavel Tov UTTOAOYLOTH TOU OQVOTIVEUOTH PO Kol Oa
Sleyeipel tov avarmnvevotnpa (triggering)

O aoBeviic Ba AaPel O00EC avaATVOEC EXEL
anoPaoloeEL TO OVOTIVEUOTLKO TOU KEVTPO, OAAA O OYKOC Kol O

ELOTIVEVOTLKOC Xpovoc Ba elval mpokaBopLlopeva oo ToV AVATIVEUOTH P



Patient Triggering

/30—
P f\ KV
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ventilator-triggered breath
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: . . . e
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Figure 4-3 Volume-controlled continuous mandatory ventilation. [Note that the breath can be trig-
gered by the patient or the ventilator. After the breath 1s triggered, every breath type is mandatory.




Breath - MANDATORY
ASSISTED
Trigger — PATIENT
TIME
Limit - VOLUME
Cycle - VOLUME / TIME

Once patient initiates
the breath the
ventilator takes over

\ If he fails to initiate,

then the ventilator
does the entire WOB

Patient has partial control over his respiration — Better Pt ventilator synchrony
Ventilator rate determined by patient or backup rate (whichever is higher) — risk of
respiratory alkalosis if tachypnoea

PASSIVE Pt - acts like CMV

ACTIVE pt — ALL spontaneous breaths assisted to preset volume
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Yriapyxouv 800 BaolkeG HEB0dOL EveEpyomOinong TOU AVATIVEUGTHPA KATA TNV
OLVOLTIVEUOTLKN Ipoomadeila tou acBevouc

® eKELVN TTOU XPNOLUOTIOLEL TNV TILEON TWV AEPOAYWYWV (pressure triggering) ko

® £KELVN TTOU XPNOLUOTIOLEL TN pON 0TO KUKAWHA Tou avarnvevotnpa (flow triggering)

-

Time

EveQyomoinomn tov avamvevotnea Ue LeTaPAnTi evegyomoinong v mieor. Paw (airway pressure): Jtieon
agpaywyol, Pes (esophageal pressure): mieon otov oloodpdyo (exddlel Tnv evooBwoaxwxn mieomn), Ti
effort: yoOvog eLomvor)c Tov aoBevoug, T mach: y0OVOg €LOTTVONG TOU QLVOITVEVOTT|QO. 0TO volume control.



Pressure Trigger

flow
</7 L/w
oeginning of
pater: effort
pressure
+

== lrigger

tngge-

Flow Trigger

flow
\

/

beginning of
patent effort

N

pressure

Evegyomoinon tov avamvevotioa. Z0yroLon HETaPANTNG eveQyomoinong mieong »ot QoNg. Pressure: mieom aepaywyov, Flow: gof)

aéoa,

Pressure triggering: €VEQYOIIOI101] TOV AVOTTVEVOTNQO LECM TNG TUEONS TWV ALEQAYW YDV

Flowtriggering: €veQYOmO(NON TOU OVATVEVOTNQO HECM TNG QONG OTO XUXAWUO TOV ovomvevotioa, Beginning of patient effort:
EVOOEN ™G €loTvevoTIrtS TRoomdOelag Ttov aobevoig, Trigger sensitivity: TQOXOOOQLOUEVN TLUN TTQOXELUEVOU VO OQY(0EL O

OVOTTVEVOTN QOGS VO OLVEL 0LEQQL.



MHXANIKO2 AEPIZMO2 EAEM'XOMENHZ MIEZHZ - PRESSURE CONTROL VENTILATION

Mnxavik6g aepIopog EAEYXOUEVNG TTIEONS
OyKOC

Elval Eva mode mou Asltoupyel T000 OTAV
o0 aoBevnc Bploketal oe BabLa KATAOTOAN
/Kol puoxaAoon kKol w¢ €k toutou Ogv
KAVEL ELOTIVEUOTLKEC TpPpoomnabeLec
(pressure control mechanical ventilation),
000 Kol otav o aoBevic kavel SLKEC TOU
ELOTIVEVUOTLKEC TtpoomaBelec (assist
pressure control mechanical ventilation)

por agpa

\-

pdon * '@aon ,

@aon porg TrauoTnK @aon porig ' ravong

EioTrvor : EkTTvor
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MHXANIKOZ2 AEPIZMO2 EAET'XOMENH2 MIE2HZ - PRESSURE CONTROL VENTILATION

» O avamvevotnpog xopnyel otov acbevn) pwa mpokaboplopevn
rileon o€ kABe eLomvon.

aAla €faptatal amo TIC HNXOVIKEC LOLOTNTEC TOU
QVOTTVEVOTLIKOU CUOTINMOTOC.

» Nl mapadewypa, yia OeOOMEVN XOPNYOULEVN TIlEon, OCO TlO
SUOKAUTTTO glval to
QVOTIVEVUOTIKO OUOTNMO, TOOO WMLKPOTEPOC Elval O OYKOC TIoOU
AopBavel o acBevnc.

» Emeldny o avamvevotnpac yxopnyet otov aocBevy otabBepn

ELOTIVEUOTLKN TILEON YLOl TIPOETUAEYLLEVO XPOVIKO Otaotnua (xpovocg
epappoync Oetikng mieong, set Ti), €LOMVEUOCTLKN pon
ETILITUYXAVETOAL VLo
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MHXANIKO2 AEPIZMO2 EAEM'XOMENHZ MIEZHZ - PRESSURE CONTROL VENTILATION

2TNV opxn Tou Xpovou edappoync BOetTlkng mieonc TO
OVOTIVEUOTIKO oUoTnHa PBploKeTOL OTOV TEAOEKTIVEUOTIKO
TOU OYKO Kot N evookupeALdIKN Ttieon elval xopunAn.

, (600 auéavetal o oykoc tou
OVOTIVEUOTLKOU OUCTHHATOC TOOO QUEAVETAL N Tileon
emavodbopac - recoil pressure).

Av n evbokueAdikn Tieon e€lowbBel pe TN YopnyouUevN
TILEON TIPLV TO TEAOC TOU XPOVou edapuoyn BeTikng mieong,
TOTE OTO ONMELO AUTO N ELOTIVELOTLKNA pon pndeviletal.

O avamnveouevog OykKoc £xeL Nén xopnynBei kol o
QVATIVEUOTNPOC CUVEXL(EL va. YopnYEL Tileon Ywpic autn va
LUTTOPEL va. 06NYNOEL OE ELOTIVEUOTLKN POI), ATIAYOPEVOVTOLG
OUWC TNV €KTvon, MEXPL TN ANén tou xpovou edapuoyng
Betikne mieonc. H meplodoc avutn Aswtoupyel wc mavon
(Tpause). 2tnv mepimTwon autr, 0 HOVOC TPOTOC avénong
TOU OVOTIVEOMEVOU OYKOU €lval n avénon 1INng
XOPNYOULLEVNC ATTIO TOV QVOTTVEU O TN PO TILEONC.

Mnxavik6g aEpIiopnog eEAEYXOHEVNG TTIEONG

g
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—

pon agpa

Xpévog
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MHXANIKOZ2 AEPIZMO2 EAET'XOMENH2 MIE2HZ - PRESSURE CONTROL VENTILATION

» Xto pressure control puBuiletal kol n €AAXLOTN OVATVEUOTLKN ouyvotnta (set
respiratory rate, set RR).

» Otav o aoBeviic Bpioketal oe Babld kataotoAn n/kal pUOYAAAON Kol WG €K
ToUtou O&V KAVEL ELOTIVEVUOTIKEC TipooTiaBelec (pressure control), tote o
avamnvevotnpac Ba Tou YopnynoeL ava AEMTO OCEC QVATVOEC EXOUV puBOULOTEL
QIO TNV EAAXLOTN QVATIVEUOTLKI) OUXVOTNTA.

O oAwkoc xpovoc avarmnvong (Total time, Ttot) elvat to daBpolopa tToOu XPOvVou
elomtvonc (T'i) ko tou xpovou sknvone (Te), nhadn: Ttot=Ti+ Te

O xpovoc €lomvonc €ivatl eite o set Tj n Bpaxvtepog, av eélowBouv vwpltepa n
xopnyoupevn kot N evéokuPeALdLKN Tieon

» Otav o aoBevnc KAveL SLKEC TOU OVOTIVEUOTLKEC TIPOOTIAOELEC
, TOTE n odnNyocC Tieon yLa TNV €l0000 TOU ELOTIVEOUEVOU HELYUOTOC OTOV
aoBevn eival to abpolopo ThS XopNYoUEVNC OTTO TOV AVATIVEUOTNPA TILEONC KoL
TNC TILECNC TTOVU YEVVA N ELOTIVEVUCTLIKN TtpooTtaBela tou acBevouc.

» H mieon autn pnopel va auopELWVETOL O KAOE ELOTIVEVOTIKN TIPOOTIOOELN, LLE
OUVETIELQ VAL LETOBAAAETOL O OVATIVEOUEVOC OYKOC KOl O XPOVOC ELOTIVONC.
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/— “Controlled” peak inspiratory airway pressure
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Pressure-Time Curve

2% h

Volume Ventilation Pressure Ventilation
Paw \ \
H,O
cmmi, | | | | | | Sec
1 2 3 4 5 6




Pressure

Volume

Common Ventilator Modes

Inspiration
Exphaﬁon

M PEEP

Pressure Limit

Tidal Volume

\ / ‘ / \ PEEP

Tidal Volume

FAGVAGS VANTAN

S

Volume Control

Pressure Control




Ventilator Graphics

s

Pressure/Time Scalar Pl Y .

Increased Airway Resistance Decreased Compliance

A. B.
PIP PIP
A

*A-An increase in airway resistance causes the PIP to increase, but Pplat pressure
remains normal.
*B-A decrease in lung compliance causes the entire waveform to increase in size.



Ventilator Graphics
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e PEEP
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| time
No patient effort Patient effort

*The baseline for the pressure waveform increases when PEEP is added.
*There will be a negative deflection just before the waveform with patient
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Decslaerating Flow
Constant Flow

*The decelerating flow pattern may be preferred over the constant flow pattern. The same

tidal volume is delivered, but with a lower peak pressure.




MHXANIKOZ AEPIZMO2 YINO2THPI=HZ MNIE2ZHZ (PRESSURE SUPPORT) 49

O avarmnvevotnpac xopnyeL otov acBevn pla mpoerAeypevn otabepn

rileon o€ kABe slomvon opoLa e To pressure control.

, 6ev urntapyet 6nAadn set Ti, aAAa e€aptatal amo Tn
SLOPKELAL TNC OVATIVEUOTIKNCG TtpooTtaBetac tou aoBevolc Kol TLC

puUBLLOELC TOU avarvevoTnpa.

AuTO oupBaivel 610TL TO KPLTNPLO TEPUATIONOU TNG Xopnynong BeTikr
niieonc amno tov avanvevotnpa (cycling-off criterion) elvat n mtwon tn

ELOTIVEUOTIKNG PONC KATW OO €va TIPOKOBOPLOUMEVO TTOCOOTO TN
LLEYLOTNC PONC TIOU ETLTEVYXONKE KaTd TN SLAPKELA TNC ELOTIVONC.

S
G
S



PRESSURE SUPPORT VENTILATION
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Cycling-off airflow threshold (here
25% of maximal inspiratory flow)
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PRESSURE SUPPORT VENTILATION

Longer Inspiration

T~ Set PS

Better Efforts

Volume
(mL)

ime (sec)
Patient Iriggered. Flow Cyvcled, Pressure limited Mode

Otav o aoBevnC TEPUATIOEL TNV ELOTIVEUOTLKA TMPOOTIAOELD, N
odnyoc mieon eAaylotomoleitol OLOTL TMOPOUEVEL HOVO N
Xopnyou eV amo tov avarmvevotnpa mieon. H evéokuPpeAtdikn
nieon elvat mMAEov HEYAAN Kol QPO N ELOTIVEUOTLKA PON
€E\OXLOTOTIOLELTOL. ZUVETIWG N ELOTIVEUOTLKI PON UELWVETOL KATW
Qo TO NMPOKABOPLOUEVO TTOCOOTO-0UO0 TNC LEYLOTNG PONC TIOU
eMeTeLXON kKata tTn dlapkela tn¢ elomvong (cycling-off criterion),
XPOVLKAL KOVTA OTO TEAOC TNC ELOTIVEUOTLKNG TtPOoTABOeLac tou
a00evoUC. 2TO ONUELO OUTO O AVATIVEUCTHPAC TTAUEL va. XOPNVYEL
TILEON KOLL ETILTPETIEL TNV EKTTIVON TOU alcBevouc

H obnyoc mieon ywa tnv €icodo tou
£LOTIVEOLEVOU HELYMOTOC 0TOV aoBevn
elval To

2JUVETIWC, N MEYLOTN ELOTIVEVOTLKN PON
ETUTUYXAVETAL Alyo HETA TNV £vapén
TNC ELOTIVONG, OTAV N ELOTIVEUOTLKN
npoomnaBela tou acBevouc elval
LEYLOTN Kol N evdokuPeAdIkn mieon

pLKEn.

Ooco ouveyxlletal n ELOTMVEUOTLKN
npoomnmaBbela, 0 AVATMVEUOTNPOC
XopnyeL tnv mnpokaBoplopevn Tieon
KOlL CUVEXLIETOL N ELOTIVEVOTLKN pon, N
OTIOLO OLWC CUVEXWC MELWVETOL. AUTO
ocupBoalvel KABwWC TO AVATIVEUOTLKO
clUOTNUA OCO OUEAVEL O OYKOC
OVTILOTEKETOL TEPLOCOTEPO OTNV
MEPALTEPW EKMTUEN TOU OLOTL
avéavetal n evobokuPeALSLKN Ttieon
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Time

To TEAOG TNG UNYOVIXNS ELOTVONG, ONAAON TNG YOONYNONS TLEONS, OTOV UNYAVIXO ALEQLOUO
VITOOTNOLENG TTiEoNS (pressure support) e£0QTATAL ATTO TO TTEOXAO0OLOUEVO TOGOOTO-0VO0
THG UEYIOTNG ELOTIVEVOTIXNG QONG (E€V TOOXEWUEV®W TO TQOXAOOOIOUEVO TOGOOTO-0VOOG
evar 25% TG UEYLOTNG ELOTVEVOTIRYS Q0NG). H »nOxxivy yoouun avtiotowel otnv
etomvevotinny oon. Flow: pon aéoa, Time: yoovog, T.1.: ELOTVEVOTIROG (UNYAVIXOS) YOOVOS
(ONAQ0” 0 YOOVOG IOV O AVOATIVEVOTNEAS €Paouoler tnv mieon), Expiratory threshold:
T00%0000L0UEVO TTOGOOTO-0VOOG THS UEYLOTNG ELOTIVEVOTIXYS QOTG.
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Figure 4-5 Pressure support ventilation. Note that every breath is tﬁggered by the patient and flow

cycled.



MAEONEKTHMATA PRESSURE SUPPORT 2E 2XE2H ME VOLUME/
PRESSURE CONTROL 54

Taipialel nepICCOTEPO PE TN PUCIOAOYIKN avanvon

AnoTeAeopaATIKOG TPONOG unofondnong Twv avanveuoTIKWY
HUV.

H unoPonbnon eivalr cuvexng oe kabe esionveuoTikn
npoonabesla KAl ToO AVANVEUOTIKO KEVTPO €XEl TN OUVATOTNTA
va Tnv avtiAngBsi kal va peiwosl avaloya TnV VEUPIKN
OlEyEPON NPOG TOUG AVANVEUCTIKOUG MUEG

EniTpenel Tn peiowon TNG KATaoToAng AOyw TNG OuvaTOTNTAG
BeATioTng ouvepyaociag acBbevoug-avanveuoTnpa
OUYKPITIKA PE TOV eAeyxouevo agpiopo (volume n pressure
control).



2YTXPONIZMENO2 AIAAEITION YINOXPEOTIKO2 AEPIZ2MOZ -
SYNCHRONIZED INTERMITTENT MANDATORY VENTILATION, SIMV 55

» Eivai eva mode onou o acbBevng kavel OIKEC Tou
EIOCNVEUOCTIKEG Npoonabeleg kal OIAAEINOVTWG
(intermittently) AapPaver evav apiBuo unoxpewTikwyv
(mandatory) avanvowyv, cuyxpovicpevwy (synchronized)
UE TIG EICNVEUCTIKEC NPOCNABEIEC

» 210 SIMV o avanveuoTnpag xopnyei otov acBesvn evav

Ol

AVANVoOEG AUTEG MNopei va eival ite volume control siTe

pressure control. Ynapyxelr n OuvatoTnTa Yopnynong
pressure support os kaBe autouaTn avanvon (SIMV/PS)



SYNCHRONIZED INTERMITTENT MANDATORY VENTILATION (SIMV) 56

SIMV SIMV
Breath cycle time Breath cycle time
PA SIMV period Spont. period SIMV period
[ 71 11 (1,
° 90% ime

VA

\ A

time



e
)
5 WA
=] - W - 1 N
i : ’ 12 14
2 2 4 8 8 10 V
.9' -
A
o,
x mandatory
g breath
e
5 spontaneous
A
@ breath A_
™
Q ;
/SR WA

—y
E
-]
£
=
o
>

2 + ; - 8 + é 14

Figure 4-6 Synchronized intermittent mandatory ventilation illustrating mandatory and spontaneous

breaths. The mandatory breaths are volume-controlled.
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[1 Clip sli

es of Waveforms

Volume Modes Pressure Modes

Pressure

Volume

Volume Control/ SIMV (Vol. Control) Pressure Control/ PRVC Pressure Support/

SIMV (PRVC) Volume Support
SIMV (Press. Control)
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Triggering
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of inspiratory effort
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Mnxavikog Aepiopdc 1

Pon (eio1rvor) B€TIKN), TTieon agpaywywyv (Paw) kai oicogpayeia ricon (Pes) oe aocBeviy ye atro@pakTIK) VOOO TWV TTVEUNOVWY
TTou aegpifetal ye pressure support. [lapatnpeiote TN KaBuoTEPNON JIEYEPONG O KABE PNXAVIKI) AVATIVON. 2Z€ MEPIKEC
QAVATTIVOEC OXEOOV OAN N EICTIVEUCTIKA TTPOCTIABEIO KATAVOAWVETAI yIa T OIEYEPON TOU QAVATTIVEUOTHPA (KUMATOUOP®N PONG
Kal o100QAyeIag TTieong o€ ueyéBuvon). MNapaTtnpeioTe €TTIONG TIC AVATTOTEAECUATIKES TTPOOTTABEIEC (BEAN). H ouxvoTnTa TOU
QVATIVEUOTNPA €ival 12 avaTtrvoEG/AETTTO EVWD N AVATIVEUCTIKH) ouxXvOTNTA TOU a0B0gvoUG €ival 35 avatTvoEG/AETTTO.
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Flow/Time Scalar L~ L

. Auto-Peep (air trapping)

= Normal
Expiratory flow
doesn’t return to
baseline

Flow

AN

Start of next breath

*[f expiratory flow doesn’t return to baseline before the next breath starts, there’s auto-
PEEP (air trapping) present , e.g. emphysema.
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signifying heightened respiratory motor output. The

Time, seconds

FIGURE 4-2 Respiratory effort during unassisted respiration. Recordings of flow (inspiration upward), esophageal (Pes), gastric (Pga), and transdia-
phragmatic (Pdi) pressures and electrical activity of the diaphragm (Edi) in a stable patient with COPD (left) and in a patient with respiratory failure

(right). The green vertical lines indicate the onset of inspiratory flow and the red vertical lines indicate the onset of expiratory flow. The excursions in

Pes and Edi in the patient in respiratory failure are three times greater than in the stable patient,
increase in Pga during exhalation in the patient with respiratory failure signifies expiratory muscle recruitment.
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» VILI (ventilation induced lung injury), volutrauma,
barotrauma

» MNMveupovia (VAP-ventilation associated pneumonia)
» Neppikn osioAeitoupyia - ONA
» YnoTtaon/Aipoduvapikn aoctabeia

» NMoAuopyavikn avenapkeia



Intensive Care Med (2016) 42:699-711
DOI 10.1007/s00134-016-4325-4

REVIEW

The standard of care of patients e
with ARDS: ventilatory settings and rescue
therapies for refractory hypoxemia

Thomas Bein! ®, Salvatore Grasso?, Onnen Moerer?, Michael Quintel®, Claude Guerin*>, Maria Deja®,
Anita Brondani” and Sangeeta Mehta’

© 2016 The Author(s) . This article is published with open access at Springerlink.com

Barotrauma/pneumothorax 6-12 % Depends on the invasiveness (Pp,;) of mechanical
ventilation

Damage of other organ systems via cross talk Not known exactly Lung, brain, and—renal cross talk via inflammation
pathways

Prolonged sedation and immobilization Not known Incidence and intensity depend on sedation strategy,

(early) wake up, and spontaneous breathing trials

Fibroproliferative response of the lung parenchyma Up to 50 % in the “lung-protective era” Decrements in lung function (vital capacity, forced expira-
tory volume) up to 5 years after discharge




Positive pressure / PEEP
- Hemodynamic changes 64
- Humoral response (RAA; ANP)

Changesin PaO02 / PaC0O2

- Changes in renal resistances
- Humoral response (RAA; ANP, endothelin)

Inflammatory response
- Renal morphological changes
- Systemic inflammation (Fas-Fas ligand, cytokines...)

Area of uncertainty
- Role of ventilatory settings (PEEP, VT, AP)
- Long term effects of FiO, level or prone position

Intensive Care Med (2017) 43:1144-1147
DOI 10.1007/s00134-016-4532-z

UNDERSTANDING THE DISEASE

Understanding the kidney during acute @ cos
respiratory failure

Michael Darmon'?, Matthieu Legrand®** and Nicolas Terzi®/#

© 2016 Springer-Verlag Berlin Heidelberg and ESICM

Uremia?
- Uncertain mechanism
- Suggested by short term change after BNx

Changes in fluid balance /pulmonary edema

Inflammatoryresponse

- PMN infiltration

- Inflammatory cytokines and chemokines

- Distinct pulmonary genomic changes after IRI

Area of uncertainty
- Clinical relevancy of experimental findings

Fig. 1 Mechanisms involved in lung—kidney cross talk. RAA renin-angiotensin-aldosterone axis, ANP atrial natriuretic peptide, PEEP positive end-
expiratory pressure, VT tidal volume, AP driving pressure

-




New Modes of Mechanical Ventilation

>TOXOlI:

Meiwon €pyou avanvonc

NpoonaBela va dlaTnpnBei N PUCIKN KAaTAoTACN TOU
appwoToU

BeATiwon avraAAayncg agpiwv

MpoAnwn nveupovikne BAapNc

BeATiwon ouvepyaoiac appwoTou- aAvanveuoTnpa

EniTaxuvon Bgpangiag NnveEUUOVWY

65



AAAA MONTEAA MHXANIKOY AEPIZMOY

Bilevel, BiPAP, Bivent, APRV (Airway Pressure Release
Ventilation), ASV....

APRV vs BIPAP Nomenclature Conventions

Airway pressure-release ventilation

Spontaneous
breaths

\

Spontaneous breaths occur
at any point without altering
the ventilator-delivered
breaths

| |

Airway Pressure

Cleve Clin J Med 2009:76(7):417-30.



ADAPTIVE SUPPORT VENTILATION - ASV

Figure 1

Vi I Pressure Adjustment

Error Signal Output
Input (i) (i'-i) (0)

‘Feedback”
S—

Signal

Closed-loop feedback system. The operator preset a target tidal volume (VT), through a feedback signal, the system measures the tidal volume
of the patient (VT observed). The target VT and VT observed are compared (added or subtracted) and then an error signal is sent to the
controller, which regulates the received signal and makes adjustments as needed to send an output signal, resulting in a desired breathing
pattern, which can be eventually measured



ADAPTIVE SUPPORT VENTILATION - ASV
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MeiwpEVO £pYO AVATTVONG:
MEePIKEC POPEC O KUPIOC AOYOC PNXAVIKOU OEPIOUOU EVOC
QPPWOTOU
»ARDS: avanveuoTikn npoonabeia 4nAacia TNC
(PUCIOAOYIKNC MEXPI Kal . . . .6nAaoia

» AuEnuEvoC KivOUVOC KONMWONC TWV AVANVEUOTIKWV JU®V

» Kivduvocg dopIkNG BAGBNC Twv NON KATAMOVNUEVWV HUWV



Remember!

Wavetforms and loops are graphical representation of the
data generated by the ventilator.

Typical Tracings
Pressure-time,
Flow-time,
Volume -time

Loops
Pressure-Volume
Flow-Volume

Assessment of pressure, flow and volume
waveforms is a critical tool in the management of
the mechanically ventilated patient.
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