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ARDS - O&eia diaxurtn
KUWEAIOIKN BAABn

A. Bapia avBekTik utto0O2
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Opiouoc ARDS

i. MpodlafecIKOG TTAPAYOVTAG

ii. Ogeia evapen

iii. AM@oOTEPOTTAEUPA OINOARUaTa oTnv Ro
Bwpakog

iv. PCWP < 18mmHg

v. Pa0O2/FiO2 < 200mmHg 1} SpO2/Fi02 <
235

1994:. American-European consensus conference
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FIGURE 38-2 Schematic representation of the relationships
among, acute hypoxemic respiratory failure (AHRF), acute lung
injury (ALI) and the acute respiratory distress syndrome (ARDS).

Note that ALI is a more severe subgroup of AHRF and that ARDS
is a more severe form of ALIL

Christie J., Lanken P. ALI and the ARDS. In Hall J., Schmidt G., Wood L (Eds),: Principles of
Critical Care. McGraw-Hill. 2005: 515-547




AITIOAOI'IA ARDS (1)
AMEZH INEYMONIKH BAABH

e H BAABnN gival oTo
£1TIONAIO TOU
TTVeEUNOVA

[

[Tveupovia (46%)

Eiopopnon yaoTpikou
TTEPIEXOUEVOU (29%)

[Tveupovikn BAaon (34%)
AITTwoNG €MPOAN
[Tap’oAiyov TTVIYUOC
EioTTVOor TOCIKWYV oUCIWV
BAGBN atrd etravaigatwon

Bersten AD. AJRCCM 2002; 165:476, Pelosi P. ICM 2001:; 27:457



AITIOAOIIA ARDS (2)
EME2ZH - EZQIINEYMONIKH BAABH

[ o TAWN (25-46%)
e [ToAAaTTAOUV Tpauua (41%)
e AopToOTEpaviaia
e H BAGPNn oToO TTAPAKAUYN
gvOo0OnAio ayyeEiwyv < e ToCikr} dOON PAPUAKWYV
e Occia TTaykpeaTitida (25%)
e Madikn n MeTayyioeig
TTAPAYWYWV AiUATOC
. (TRALI)

Bersten AD. AJRCCM 2002; 165:476, Pelosi P. ICM 2001, 27:457



[Mapayovrec Kivouvou via
TNV avartrTtuén tou ARDS

XpOoviog AAKOOAIGUOG

HAIKia Kal ¢UAO

APACHE Il, YTToAeukwpaTivaiyia
YTTEPMETAYYIOEIC TTAPAYOVTWYV AiATOC

[CEVETIKOI TTAOPAYOVTEG (OETUOI HETAAAALEWY
OTO Yovidlo Tn¢G surfactant protein B (SP-B) kal
oTo yovidlo Tn¢ ACE

Christie J., Lanken P. ALI and the ARDS. In Hall J., Schmidt G., Wood L (Eds),: Principles of
Critical Care. McGraw-Hill. 2005: 515-547
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XAPAKTHPI2ZTIKA ARDS

NPQIMA OYIMA
— AikTuo KoAAayovou daBikTo BAGBN
— 0idnua ETTIKPOATEI METPIO
— ATEAEKTACIO ETTIKPOATEI MEIWMEVN
— lvwon MIKPN ETTIKPATEI

Marini J, 2010 The Essentilas, pp: 430-54, Doyle RL. AJRCCM 1995; 152:1818,
Rubenfeld GD. NEJM 2005; 353:1685



H XPONIKH MOPEIA TOY ARDS

Exudative stage Proliferative stage

Edema Hyaline membranes | Interstitial inflammation

1.0 - ﬂ

Interstitial fibrosis

0.5 -

Fraction of maximum

“ | | : |'II|'|I | | [ [ [ [ ]

1 . 3 4 - [ 78 i0 12 14
Time following injury, days

Christie J., Lanken P. ALI and the ARDS. In Hall J., Schmidt G., Wood L (Eds),: Principles of
Critical Care. McGraw-Hill. 2005: 515-547
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Tahle 29.3 Pathophysiology of acute lung injury (ALI) and adult respiratory distress syndrome (ARDS)

Feature Causels

Hypoxaemia True shunt (perfusion of non-ventilated aispaces)
impaired hypoxic pulmonary vasoconstriction

V/Q mismatch 1s 2 minor component

| Dependent densities {CT) Surfactant dystunction alveolar instability

(Collapse/consolidation) Exaggeration of normal compression of dependent lung due to | weight (1 lung water, inflammation|

I Hastance (| compliance) Surtactant dystunchion (] speaific elastance)
| Lung volume (‘baby lung
| Chest wall dastance
Fibrosing alveolitis (latel

Bersten AD. The acute respiratory distress syndrome. In Bersten AD., Soni N. (Eds). Oh’s

Intensive Care Manual 6" Ed. Butterworth Henemann Elsevier. 2009:375-385




Tahle 29.3  Pathophysiology of acute lung injury (AL} and adult respiratory distress syndrome (ARDS)

Feature Cause(y

" Minute volume requirement | Alveolar dead space (Vyg/V; often 04-0.7
| Vo,

| Work of breathing ! Elastance
" Minute volume requirement

Pulmonary hypertersion Pulmonary vasoconstriction (thromboxane As, endothelin)
Pulmonary microvascular thrombasis
Fibrasing alveolitrs
Positive end-expiratory pressure

Bersten AD. The acute respiratory distress syndrome. In Bersten AD., Soni N. (Eds). Oh’s
Intensive Care Manual 6" Ed. Butterworth Henemann Elsevier. 2009:375-385




A.A. ARDS

Kapdioyeveg 6. MNMveupoviTIOO €E
Mveupoviké Oidnua Y1mrepeuaiobnoiag
Bapida NMvevpovia 7. O&eia Aiaueon
KpuTrroyeviic Opyavou- NMveuvpovia (Hamman -
pevn Mveupovia (COP) Rich)
. A1dyutn KuweAiSikA 8. MNMveupovitida Tou AuKou
Aipoppayia (DAH) 9. Keyxpoeidng dupartiwon
. 1d101TT00nG HWOoivoi- 10. Taxéwg e¢EAICOOUEVOG
AIkR Mvevpovia (IEP) Kapkivog (Aguy., Aépo..)

Christie J., Lanken P. ALI and the ARDS. In Hall J., Schmidt G., Wood L (Eds),: Principles of
Critical Care. McGraw-Hill. 2005: 515-547
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NMapavovTtec TTou opilouv

TNV éKBaon oto ARDS

[Tpoxwpnuevn HAIKIa
XaunAn PaO2/Fi02
Augnon Tou Vd/Vt
YwnAn Pplateau
(xapnAn Compliance)
. EKTOON TTVEUUOVIKWY
dINBNoewv

. Xpovia NTraTikn vOoog

/. AucAsiToupyia opyavou
BapuTtnta 1N vOOOU
YTToAeUKwWUaTIivaiyia

10. H TTapapovn oTto
VOOOKOWMEIO TTPIV TO
ARDS

11. APACHE I

Christie J., Lanken P. ALI and the ARDS. In Hall J., Schmidt G., Wood L (Eds),: Principles of
Critical Care. McGraw-Hill. 2005: 515-547



2TO0X0!1 0T0 ARDS

1. [MNpwiyn d1IAyvwon Kal EKTiNNON

11. OgpaTreioa

1. ®OPMOKEUTIKN

1. Mnyxaviki utrooTAPIEN avarrvong (M.A)
i. Mn Emreparikég M.A.
i1. ETreppaTik6g M.A.

Marini J, 2010 The Essentilas, pp: 430-54, Doyle RL. AJRCCM 1995; 152:1818,
Rubenfeld GD. NEJM 2005; 353:1685



2TO0X0!1 0T0 ARDS

1. Mpwiun didyvwaon Kal EKTipnon
11. Ogpartreia

1. ®OPUOKEUTIKNA
1. Mnyxaviki utrooTAPIEN avarrvong (M.A)

i. Mn EtrepyBarikég M.A.
11. ETrepBaTik6g M.A.

Marini J, 2010 The Essentilas, pp: 430-54, Doyle RL. AJRCCM 1995; 152:1818,
Rubenfeld GD. NEJM 2005; 353:1685



OAPMAKA o1to ARDS

o Aev UTTAPXEI €10IKN BepaTreia
o OQEPATTEUOUNE TN YEVECIOUPYO AITiO

o O1I UYPNAEC DOOEIC KOPTIKOOTEPOEIDWYV BEV
Bonbouv oTnv TTPpWIiun @acn tou ARDS. lNpo¢
TO TTaPOV Oev BonBouv Kal KATd TV
IvwooTTapaywyikn ¢aon (3n ¢aon, 7-10 nu.)

 To apvnTikd 100lUYyIo FonBa

Christie J., Lanken P. ALI and the ARDS. In Hall J., Schmidt G., Wood L (Eds),:
Principles of Critical Care. McGraw-Hill. 2005: 515-547



Nopoc Starling

e Q=K X [(PmV-Ppmv) —o (Trmv-1TpmV )

Marini J, Wheeler A. Critical Care Medicine. The essentials, 2010 pp: 430-54



Number of Patients who Easp-nn& to a Treatment
Responders: > 20% increment in PaO=z/FiO:

14 ¢

12

=k
=

MNOM
RESPONDERS

] resPoONDERS

PATIENTS (n = 14)

2 N A o @

SUPINE+NO PRONE PRONE+NO

** p < 0.05 respect Supine+NO

Blanch L, er al Intensive Care Med 7T997:23:578.
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2TO0X0!1 0T0 ARDS

1. MNMpwiun d1dyvwon Kol EKTIiNNON
11. Ogparreia
1. ®OPHUAKEUTIKNA

11. Mnxaviki utrootipifn avarrvonc (M.A)
i. EKTignon

Marini J, 2010 The Essentilas, pp: 430-54, Doyle RL. AJRCCM 1995; 152:1818,
Rubenfeld GD. NEJM 2005; 353:1685



ARDS - EKTIMH2H

!

« ETEPOIENEIA






Gattinoni L. AJRCCM 1987: 136:730-6




Ptrs = Palv - Ppl

WVolume

Normal

- —
Pressure

FIG. 9—-4. Influence of the gravitational gradient of pressure on regional alveolar mechanics. Dependent alveoli at the
base of the lung may remain collapsed at airway pressures that threaten to overdistend those in nondependent regions.
Regional mechanics are especially heterogenous in the setting of ARDS. To counterbalance this gradient, higher
regional PEEP in dependent areas or modified chest wall compliance in nondependent regions would be needed to
improve the uniformity of distention and ventilation.

Marini J, Wheeler A. Critical Care Medicine. The essentials, 2010 pp: 430-54



ARDS — ETEPOIENEIA

. METAZY Twv MNEPIOXQN ToOU
[INEYMONA

II. 2TH AIAPKEIA TOY XPONOY
. METAZY twv AZOENQN

Marini J, Wheeler A. Critical Care Medicine. The essentials, 2010 pp: 430-54



2TO0X0!1 0T0 ARDS

1. MNMpwiun d1dyvwon Kal EKTIiNNON
11. Ogpartreia
1. ®OPHUAKEUTIKNA

11. Mnxaviki utrootipifn avarrvonc (M.A)
i. Mn EtrepyBarikég M.A.

11. ETreppaTik6g M.A.

Marini J, 2010 The Essentilas, pp: 430-54, Doyle RL. AJRCCM 1995; 152:1818,
Rubenfeld GD. NEJM 2005; 353:1685



2TO0X0!1 0T0 ARDS

1. Mpwiun diIdyvwon Kal EKTiMNon
11. Ogparreia
1. ®OPMOKEUTIKN

11. Ereparikoc Mnxavikoc AEpiouoc

i. Ektipnon (Raw, C, Ptrans, Poes, ..)

Marini J, 2010 The Essentilas, pp: 430-54, Doyle RL. AJRCCM 1995; 152:1818,
Rubenfeld GD. NEJM 2005; 353:1685



[MPOCTATEUTIKOG ATTOQUYT

V.I.L.I

MnXaviKog
AEPICHOG

Christie J., Lanken P. ALI and the ARDS. In Hall J., Schmidt G., Wood L (Eds),: Principles of
Critical Care. McGraw-Hill. 2005: 515-547



Mnxavikoc Agpiocpoc / ARDS

1. FIO2 £ 0.6 pg Sa02 2 88% N
Pa0O2 2 55 mmHg

Marini J, Wheeler A. Critical Care Medicine. The essentials, 2010 pp: 430-54



TV = 6 ml/kg

= lower "inflection Point”

Prassure
[mbar]

Pplat £ 28 cmH20




TABLE 4. Mamw QOuTtCOME VARIABLES. ®

GROUF Gaoup
RECEN NG Rzcevmes
Lowen ToaL TRA EITHOMAL

VarisELE VoLumes TioaL Vowmes P WaLue
Dearh before discharpe home 31.0 In.g 0.007

and breathing withom

assisrance (%)
Brearhing withour asssance 65y 2b.0 = 0001

by day 28 (%)
Mo, of venmlamor-free days, 12+1] 10x11 (1007

days 1 po 28
Harmoramma, days 1 o I8 (%) LEb [ ] 043
Ma. of davs withour failure 15+11 [2+11 0.0

of nonpulmonary Organs
or systems, days 1 1o 28

ARDS NETWORK, NEJM 2000; 342:1301-08



The New England
Journal of Medicine

C Copyright, 2000, by the Massachuseros Medical Sociery

VOLUME 342 May 4, 2000 NUMBER 18

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

Tue AcuTe ReseiraTory DisTRESS SynDroMe Nemwork®

Conclusions In patients with acute lung injury and
the acute respiratory distress syndrome, mechanical
ventilation with a lower tidal volume than 1s tradition-
ally used results in decreased mortality and increas-

es the number of days without ventilator use. (N Engl
J Med 2000;342:1301-8.)



Mnxavikoc Agpiopuoc oto ARDS

1. FIO2 < 0.6 pe Sa02 =2 88% n PaO2 = 55
mmHg

2. VT=6 ml/kg, |.B., INpooTateutik6c M.A.
3. Pplat < 28-30 cmH20

4. ETrTavaoTparoAoynon KUYPeAidwyv (Re)
5. «KataAAnAn» PEEP (inflection point, Poes)

Marini J, Wheeler A. Critical Care Medicine. The essentials. 2010:430-54



Figure 3. Effects of Recruitment Maneuvers to Promote Homogeneity within the Lung.
Panels & through D show the progressive resolution of infiltrates after application of inflations of increasing

pressure. Reprinted from Borges et al.?




Mnxavikoc Agpiopuoc oto ARDS

1. FIO2 < 0.6 pe Sa02 =2 88% n Pa02 = 55
mmHg

2. VT=6 ml/kg, |.B.
3. Pplat < 28-30 cmH20
4. ETrTavaoTpaTtoAdynon Twv KUuPeAidwyv (Re)

5. «KaraAAnAn» PEEP (inflection point, Poes)

Marini J, 2010 The Essentilas, pp: 430-54, Doyle RL. AJRCCM 1995; 152:1818,
Rubenfeld GD. NEJM 2005; 353:1685



upper "Inflection Point”

PEEP > LIP

= lower "inflection Point”

Prassure

[mbar]

N
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Figure1 Schematicrepresentation of the effects of the increase
of positive end-expiratory pressure (PEEP) on the lung parench-

yma during acute
syndrome (ALISJARDS)

lung Injury/acute respiratory disiress

ALITARDS lung

Total lung collaps=

End expiraticn

Intra-tidal alveolar
opsning amd closing

Endinmspiraticn

| increment of PEEP |

v N

opening and closing

Gattinoni L. Curr Of
Crit Care Mgd 2008;

14:64-69

l Intra-tidal alveolar T Lung hyperinflation




De - Recr. Recruitment
(<

PEEP =

Ward NS, Levy MM. YearBook of Intensive Care @Emergency Medicine 2002; 297



Conventional Ventilation Protective Ventilation

Alhveolar Alvealar
collapse overdistention

g g
L

8
|
Tidal Volume (ml)

E
£
-
S
=
e

4
Seconds

Figure 2. Conventional Ventilation as Compared with Protective Ventilation.

This example of ventilation of a 70-kg patient with ARDS shows that conventional ventilation at a tidal volume

of 12 ml per kilogram of body weight and an end-expiratory pressure of 0 cm of water (Panel A) can lead to alveclar
overdistention (at peak inftlation) and collapse (at the end of exhalation). Protective ventilation at a tidal volume
of & ml per kilogram (Panel B) limits overinflation and end-expiratory collapse by providing a low tidal volume

and an adequate positive end- scpleaton precoure Sdapted Srom Tobin 212
Malhora A. NEIJM 2007; 357:1113-20
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Mnxavikoc Agpiopuoc oto ARDS

. Av n ocuyovwon Oev BEATIWVETAI
ETTITPETTOUEVN UTTEPKATTVIA

/IE=1

uypnAn PEEP

Open Lung Approach

Tpnvn B€on

MnXxaviko¢ agpIopoc UYPNANC TAAAVTWONG
(HFO) n ecwowpaTtikn oguyovwonc (ECMO)

Marini J, Wheeler A. Critical Care Medicine. The essentials. 2010:430-54
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Histologic Injury Score
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Ventilator Induced Lung Injury
Supine vs Prone Position
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e BAaBn otov [lveuuova
AOyw AvaTtrveuoTinpa

e Vendilator -Induced Lung Injury
(V.I.L.I1.)



Mormal
lungs

After 5 min
of ventilation

After 20 min
of ventilation

Figure 1. Normal Rat Lungs and Rat Lungs after Receiving High-Pressure
Mechanical Ventilation at a Peak Airway Pressure of 45 cm of Water.

After 5 minutes of ventilation, focal zones of atelectasis were evident, in
particular at the left lung apex. After 20 minutes of ventilation, the lungs

were markedly enlarged and congested; edema fluid filled the tracheal can-

nula. Adapted from Dreyfuss et al.® with the permission of the publisher.

NEJIM 2007;357
: 1113-20



S4700-38 2.0kV 10.6mm x 10.0k SE(M) 12/18/00

FIGURE 29-7 Stress fracture of the alveolar-capillary membrane
resulting from ventilator-induced lung injury in a previously
normal rat lung. Similar tears also have been demonstrated to
occur in human patients with ARDS.

VlahakisNE. JAP 2000; 89:2490-6, Hotchkiss JR. CCM2002; 30:2368-70




Ventilator Induced Lung Injury (VILI)
Hubmayr J Appl Physiol, 2005

[ Ieproyikn
r one of overdistensi
'U'TEEPSI(IT(I(T]‘] Zone of overdistension

*“Low Volume

Injury”™

[Ieprooikn

CUYKAELICT]- g

EMAVEKTTTOEN ' c
LIKPOV
OEPAYMYDV KOl
KDWYEALO®V

Zone of atelectasis

* AOpPOVOTOINGT)
¢ Surfactant



QOwl, mL kg Dry Tung weight, gfkqg Albumin space, percent

10 1.2 — 11000 —
8 — g0 —
0.9 -
a8 — &0 —
0.5 —
N "
0.5 — /
- 7 % -
u = _ _ - - I u . . - = I —
HiF-Hi¥ LaP—-Hi¥ HiP-LaV¥ HiF-Hi¥ LoFP—-Hi¥ HiP-La%

HiP-Hi¥ LoP-Hi¥ HiP-LoV¥ '

Lung injury with positive pressure and high volume ventilation The effects
of various modalities of positive pressure ventilation in rats. Extravascular 1ung
water (Qwl), dry Tung weight, and albumin space are indicative of the development of
lung injury. These abnormalities were induced in rats ventilated with high pressure
and high tidal wolume (HiF-Hi%), 10w pressure and high walume (LaoP-Hi%), but not in
those wentilated with high pressure and 1ow wolume (HiP-Lo%). The HiP-Hi% and LoP-
Hi% were always different from controls {(p < ©.0001) Thus, ventilator-induced Tung
injury in this rat model appears to be more a function of high tidal volume than of
high airway pressure. (Redrawn from Dreyfuss, D, Soler, P, Bassett, 5, Saumaon, G, Am
Fev Respir Dis 1985; 137:1159).
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ARDS: H 2TPATHI'IKH TOY
MPOXZTATEYTIKOY AEPIZMOY

1. FiIO2 £ 0.6 yg Sa02 2 88% n
Pa02 2 55 mmHg

Marini J, Wheeler A. Critical Care Medicine. The essentials. 2010:430-54



TV = 6 ml/kg

= lower "inflection Point”

Prassure
[mbar]

Pplat £ 28 cmH20




ARDS: H 2TPATHI'IKH TOY
[MPOXZTATEYTIKOY AEPIZMOY

EKTIiNNON TNG uNXavikng kail P-V Curve
ETravaoTparoAoynon kupeAidwyv (Re)
«KataAAnAn» PEEP
Eptrodios 1o V.I.L.I.

EAaTTwoe Tov M.A. [ EAdTTWOE TN f
EmiTperrT) UTTEPCO2

N O O A

Marini J, Wheeler A. Critical Care Medicine. The essentials. 2010:430-54



ARDS - O&eia diaxurtn
KUWEAIOIKN BAABn

A.Bapid avlekTiki utroO2
(Shunt: R to L)

B.Auinuévn diamepatdoTnTA
/ TlveupoviKO oidnua

C.Msciwpévn S1aTacINOTNTA

D.Apeoca MNMPooTATEUTIKOG
Mnxavikog AgpIOUOG

E.YynAR OvnroTnra










3 210010 VIO OVOIKTO TTVEULOVO

e KpITIKN TTIECN AVOIYMATOC TWV AEPAYWYWV:.
VIO VO TNV UTTEPVIKNOEI KATA TN OIAPKEIA TNC
EI0TTVONC

e Opening pressure : TTPETTEI va dlaTnNPEITal
ETTAPKWC YIA JOKPU XPOVIKO dlaaTnua

e 2TNV EKTTVON; critical time  TToU Ba ATTETPETTE TO
KAgiOIUO TwWV KUWeAidwv (auto-CPAP, PEEP...)

Marini J, Wheeler A. Critical Care Medicine. The essentials. 2010:430-54



Open Lung Approach

(Evaluate the Response)

* Not all patients are PEEP responsive.
— Diffuse vs. Regional
— Secondary vs. Primary

* [f PEEP doesn’t help, it may hurt.
— Over Distension
— Worsened V/Q
— Redistributed Blood Flow
- Elevations of Py,




End-Expiration -

Extreme Stress/Strain

Tidal Forces Moderate Stress/Strain

(Transpulmonary and
Microvascular Pressures)

Rupture Signaling
e
Epithelial &
=1 Endothetial Cells
Accomodate Their Surfaces
7

Mechano signaling via
ntegnns, ¢yloskeleton, son channels

inflammatory cascade

-—

(3

Cellular Infiltration and Inflammation

® Global strese/strain reduced by lowering Transpulmonary pressure
é [ ocal stresw/strain reduced if Transpulmonary pressure is more homogeneously applied (prone position)
ok [ocal stress/strain reduced if PEEP “keeps open”™

Marini J. CCM 2004:; 32:250-5



ARDS: H 2TPATHIIKH TOY
[MPO2ZTATEYTIKOY AEPIZMOY

1. FIO2 < 0.6 pe Sa02 =2 88% n PaO2 = 55
mmHg

2. VT=6 ml/kg, |.B., INpooTtateutik6c M.A.

3. Pplat < 28-30 cmH20

4. ETrTavaoTtpartoAoynon KuypeAidwyv (Re)

5. «KataAAnAn» PEEP (inflection point, Poes)

Marini J, Wheeler A. Critical Care Medicine. The essentials. 2010:430-54
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of the respiratory system in a patient with ARDS. Note the lower |
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Overdistension due to high plateau pressures
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FIGURE 29-1 Influence of chest-wall compliance on
transpulmonary pressure and lung volume. Any specified airway

pressure is associated with less transpulmonary pressure in the
presence of chest wall stiffness or expiratory effort.

Marini J, Wheeler A. Critical Care Medicine. The essentials. 2010:430-54
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Basic Research Clinical Research
(Animals and in vitro) (CT scans correlated with
High tidal volume ventilation respiratory mechanics)
causes acute lung injury « Lung is non-homogeneous
PEEP exerts a protective « Compartment of aerated
effect on ventilator-induced alveoli (the “baby lung”) is
lung injury subject to overdistension

h 4

ARDSNet Large Randomized
Clinical Trial in ALIYARDS
Lower tidal volume ventilatory
strategy
Vs.

Higher tidal volume ventilatory
strategy

:

ARDSNet Randomized
Clinical Trial Results
Lower tidal volume ventilatory
strategy had a 229% relative
decrease in mortality vs. higher
tidal volume ventilatory strategy
(P =0.007)

'

Recommendation
Use ARDSNet Lung Protective
Ventilatory Strategy as the
standard approach for ALI and
ARDS in clinical practice and
in future clinical trials




Recruitment Maneuvers
Rationale

e Higher pressures are needed to open unstable
lung units than to keep them open.

e High pressures must be sustained in order to
apply effective leverage at the air-tissue
interface.

* Periodic recruitment maneuvers may allow
lower PEEP/tidal volume combinations.




Dangers of De-Recruitment

* No Inflammation or High Cycling Pressure —» No Problem
* Acute Lung Injury
Persistent Collapse
* Ingrowth of Granulation Tissue
« Neo-Vascular Cross Bridging
Tidal Collapse & Re-Opening
» Interdependence and Stress Fractures
» Shear Stresses/Broncho Pulmonary Injury
» High Alveolar Pressures Amplify Risks




Potential Mechanisms For
Regional Damage

* Collapse and Reopening
Interdependence Forces
Surfactant Depletion/Inactivation
Signal For Inflammation

Persistent Collapse of Inflamed Tissue

Perfusion Excess
Increased Vascular Pressure

Pooled Airway Fluids




Priority of Traditional
Ventilatory Approach
1) To maintain arterial
pH and PaCQO2
within normal limits
2) To improve patient
comfort during
assisted ventilation

Priority of Lung
Protective Ventilatory
Approach
1) To decrease the risk
of ventilator-induced

lung injury (VILI)

Increase tidal volume
and plateau pressure

*-—---—--

Decrease tidal volume
and plateau pressure

FIGURE 38-6 Schematic illustration that demonstrates how
traditional and lung-protective approaches to mechanical
ventilation of patients with ALI or ARDS have different
priorities. The traditional approach gives higher priority to
keeping arterial pH and Paco, normal (and possibly to keeping
the patient more comfortable) than the lung-protective approach,
which gives higher priority to prevention of ventilator-induced
lung injury (VILI). Plateau pressure — static end-inspiratory

pressure in the alveoli.




TABLE 38-6 Phase III Randomized Controlled Clinical Trials Using Lung-Protective Strategies

Year Published Number of Subjects Mortality in Lower- Mortality in Higher-
Authors (Years of Enrollment) Enrolled Tidal Volume Group Tidal-volume Group p Value
Amato et al’ 1998 53 38%" 71%" <0.0001
(1990-1995) (45%)" (71%)" 037)
Brochard et al® 1998 116 46.5% 37.9% 0.39
(1994-199)
Stewart et al’ 1998 120 50.0% 479 0.72
(1995-199%)
ARDSnet* 2000 861 31.0%/ 39.8%/ 0.007
(1996-1999)

ARDS MV State of the Art Chest 2007 Mar
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ARMA ALVEQOLI Derdak et al. Gattmoni el al. Villar et al.

Clinical Trial

Fioure 2. Mortality according to treatment group in representative randomized controlled trials
evaluating strategies of mechanical ventilation in patients with ALIVARDS, ARMA compared lower
tidal volume ventilation with higher tidal volume ventilation and measured the in-hospital mortality
rate. 14 ALVEOLI compared a high-PEEF protocol with lower PEEFP and measured the in-hospital
mortality rate® Derdak et al*® compared high-fre quency oscillatory ventilation with conventional
ventilation and measured the 30-day mortality rate. Cattinoni et al#® compared prone positioning with

conventional ventlation and measured the 180-day mortality rate. Villar et al*® compared a prot ILIZ'-J o
lower tidal volumes with PEEP above the Pflex with ]Ll-r]ul tidal volumes and lower PEEP. and
measured the in-hospital mortality rate.

ARDS MV State of the Art Chest 2007 Mar
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Key Determinants of

ARDS Mortality
(Amato 1998)
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* Mean PEEP in First 36 Hours
* Driving Pressure (P, - PEEP)

* Apache II Score




FIGURE 38-8 A. Schematic inspiratory static pressure-volume
(P-V) curve of the respiratory system (lung and chest wall
combined) in ARDS with a lower inflection point (LIP) at

~14 cm H>O and an upper inflection point (UIP) at ~35 cm H,O.
The abscissa is recoil pressure of the respiratory system and the
ordinate is lung volume above functional residual capacity
(FRC). B. Same static P-V as in A, plus a dynamic P-V curve of
600 mL tidal volume starting at PEEP = 0, which is below the
LIP. This tidal volume results in a plateau pressure of 25 cm H>O,
which is below the UIP. Static compliance (Cstat = AV/AP =
600 mL/25 ecm H>20) is 24 mL/ecm H>O. C. PEEP of 15 cm H20 has
moved the starting point for the 600 mL tidal volume up the
static P-V curve to a new FRC (open arrow), which is just above
the LIP. The tidal volume results in a plateau pressure of 27.5 cm
H->0 (closed arrow), which is well below the UIP. Cstat (AV/AP
= 600 mL/12.5 cm H70) is increased to 48 mL/cm H2 O, compared
to B. D. Dynamic P-V curve of a 1000 mL tidal volume, starting at
14 cm H;O PEEP, results in a plateau pressure of 38 com H, O
(closed arrow). Note the decrease in Cstat (AV/AP = 1000 mL/24
cm H>O = 41.7 mL/em H>O) compared to Cstat derived from the
tidal volume of 600 mL in C. The 1000 mL tidal volume’s plateau
pressure exceeds the UIP, which implies overdistension and is
believed to put the lung at risk for ventilator-induced lung injury
(see text). (Reproduced with permission from Lanken PN: Acute
respiratory distress syndrome, in Lanken PN, Hanson CW 111,
Manaker S (eds): The Intensive Care Unit Manual. Philadelnhia.






FIGURE 38-9 Schematic diagram illustrating the conflicting
priorities of higher- and lower-PEEP ventilator approaches and
their hypothetical associated effects. Studies that use a higher
PEEP approach may combine the higher PEEP with recruitment
maneuvers, which are sustained inflations (e.g., 35 to 40 cm H,O
of continuous positive airway pressure for 30 seconds or more®”),
For a given low tidal volume, using a higher PEEP will result in a
higher plateau (end-inspiratory) pressure than using a lower
PEEP. Hypothetically, this higher plateau pressure, which
represents the static end-inspiratory distending pressure in open
alveoli, may increase the risk of ventilator-induced lung injury
due to overdistension (see text and Chap. 17 for details).

due to overdistension (see text and Chap. 17 for details).
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FIGURE 29-14 Conceptual relationship between plateau pressure, PEEF, and tissue strain. In the generation of tissue strain, the driving
pressure for tidal volume (the difference between plateau pressure and PEEP) acts as a torce lever arm, whereas PEEP acts as the fulcrum.
(Upper-left) Levels of plateau pressure and PEEP produce strain within acceptable limits, (Bettom-cenler) Increasing plateau pressure
while keeping PEEP at a level insufficient to hold open unstable units lengthens the lever arm and produces excessive tissue strain.
(Upper-right) When PEEP is increased, the same high plateau pressure that caused damage previously is better tolerated in that fewer lung
units are placed at risk after recruitment, and the lever arm of driving pressure is shortened.

Marini J, 2010 The Essentilas, pp: 430-54, Doyle RL. AJRCCM 1995; 152:1818,
Rubenfeld GD. NEJM 2005; 353:1685
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PEEP

Alatnpei TNV AgiIToupyia TNC OPACTIKAG
surfactant (large vs small aggregates)

Eutrodilel 10 UTTEPBOAIKO XACIMO TNG
surfactant mpog Toug small airways

EAQTTWVEI TNV CUCCWPEUCN TWV TTPWTEIVWYV
OTOV TTVEUMOVA KOl TV akOAouOn
adpavoTroinon Tn¢ surfactant

Eutrodicel Alveolar flooding

Minerva Anesth 2006; 72:117-132
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Figure 2. Forces at work to contain or propagate
mobile airway fluid. (4) Surface tension; (B) in-
terdependence; (C) hydrostatic vascular gradient;
(£)) pleural pressure; (£) capillary attraction, and
(#) gravitational drainage.

Marini J. CCM 2010
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ARDS

e To ARDS atroteA&i OXETIKA oUVAON
aITia OEEIONG AVATTVEUOTIKNG
aveTTApKEIag, utTtoO2 TUTTOU

e 2TIGC USA n ouxvornta Tou ARDS Ta
TEAEUTOIO XpOvIa £XEl MEIWOEI (39
mTepITTTwoelc / 100.000 atopa 1o XPOVO)

Christie J., Lanken P. ALI and the ARDS. In Hall J., Schmidt G., Wood L (Eds),: Principles of
Critical Care. McGraw-Hill. 2005: 515-547



Table 1—Randomized Controlled Trials Evaluating Strategies of Mechanical Ventilation for the Treatment of

ARDS*

Study Patients, No. Intervention Mortality Ratesi p Value
Amato et al™” 53 = 6 mL/A ABW, V1; < 20 em H,0O Pdriving 35% vs T1%{ 0.001 ¢
Stewart et alll 120 = BmL/dg TBW. V1: = 30 em HyO Pplat 50% v= 47% 0.72
Brochard et al'? 116 6-10 mLAg IBW. V1: 25-30 cm H,0O Pplat 47% vs 38%4 0.38
Brower et al'? 52 = 8 mL/g PEW, V1: = 30 cm H,0 Pplat 50% vs 46% 0.61
ARMAM 861 = 6mL/g PBW, VT, = 30 cm H,0 Pplat 31% vs 40% 0.007 .
Derdak et al® 145 HFOV A7% vs 52%| 0.10
Bollen et al® il HFOV 43% vs 33%| 0.59
ALVEOLI® 549 High-PEEFP protocol 28% vs 25% 048
Villar et al®® 103 5-8 mL&kg PBW: VT; PEEP of Pflex + 2 cm H,0 345 vs 56% 0.04 -
Cattinoni et al'® 304 Frone position & lvid for 10 d G3% vs 59% 0.65
Cuerin et al™ TH1 Frone position 8 h/d 32% vs 32%} 0.77
Manceho et al®! 136 Frone position 20 h/d 50%: vs 62% 022

FABW = actual body weight: V1 = tidal volume:; Pdriving = driving pressure; 1BW =ideal body weight; Pplat = plateau pressure;
PEW = predicted body weight: HFOV = high-frequency oscillatory ventilation.

fValues are given as the in-hospital mortality rates of intervention vs control group, unless otherwise noted.
{ 28-day mortality rate.

'§-ﬁ|.'}-cl-.1:r 1'11-::]1:1].it:1.-' rate.,

[30-dav mortality rate,

§180-day mortality rate.

ARDS MV State of the Art Chest 2007 Mar
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S. Albert, B. Kubiak, and G. Nieman

Direction of bubble progression

-

Air bubble % ow o Collapsed airway
A }w} )

N

Billek AM. JAP 2003; 94:1037-1044, Albert S. Y earbook of
Intensive Care and Emergency Medicine 2008; 245-255




0  S. Albert, B. Kubiak, and G. Nieman

Fig. 4. Hypothetical stresses
imparted on the epithelial cells of
an airway during reopening. A col-
lapsed compliant airway is forced
open by a finger of air moving from
left to right. A dynamic wave of
stresses is imparted on the airway
tissues as the bubble progresses. (-
cles show the cycle of stresses that
an airway epithelial cell might expe-
rience during reopening. The cell far
"\ downstream is nominally stressed.
As the bubble approaches the cell is
pulled up and toward the bubble.
After the bubble has passed, the el

is pushed outward. From [20] with
permission.

Direction of bubble progression

fir

Air bubble Collapsed airway
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figure 7. Early changes (5 min) in the ultrastructural appearance of the blood-air barrier atter mechanical ventilation of a closad-cheds mt
at 45 cm H:O peak airway pressure. (23 The thin part of an endothelal call (Enj 15 detachad tram the bassment membrane [ sronhesd)
forming a bleb (B) Hilled with elctronrdensa matenal of the same density as the plesma. Epithel il type | calls (Ep) are intact. Note inkarsti-
tial edema (IE). (&) The thin part of the endcthalial cell B disrupted and Hoats in the capillary lumen Carows] alter becoming detached
frem the besement membrane (aroswhesd). AS - alveola space. Parel 2 was kindly provided by Dr. Paul Scler. Panel B s reproducead

frvm B Dreyluss and G, Saumon. Ventilator-inducad lang injury. dn M. L Tabin, editor. Principles and Practice of I'-.-'Iei:hani-:al Vantilation
PAcGraw-Hill, MNew York, TO3-811, wath permission.

Dreyfuss D, Saumon G. VILI. Sate of the Art. AJRCCM 1998; 157: 294
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Figure 1 Alveolar pressure vs. time in an acute lung injury patient during slow inflation (left) and during tidal breathing (right)

Pressure 25 Pressure 25 q
(cmH;0) 1 (cmH;0) 7
20 - 20 -
T 4=z 09s T 115 0.45s
15 S 15
10 10
i LIFg i
H.Q
G - cmH, 5
0 - 0~
T | i 4 | i | L | 1 1 | | T r T r 1
0 5 10 15 20 0 5 10 15 20
6.3 s Time (3) 1?_%:: Tiﬂ'lE-'{E]‘
Low flow inflation: Tidal breathing:
Volume controlled ventilation Valume contralled ventilation
I:E 50:50 I:E 1:2
Rezpiratory rate & bpm Respiratory rate 20 bpm
Inspiratory flow 12.5 |/min Inspiratory tlow 49,0 I/min

In this patient the lower inflection point (LIP) is around 8 cmH, 0, which can be seen as the inflection in the pressure trace (indicated by arrows) during
inspiration and expiration. During the slow inflation the pressure 1s below the LIP for more than 6 5. During therapeutic bidal ventlabon at a rate of 20

breaths/min the corresponding time 1s enly 1.5 5 and this 15 a too short time for collapse to cccur. bpm, breaths/min; | :E, nspiraton : expiration. From
[30] with permission.

Curr Op Crit Care Med
2008; 14:87-93



O Lower tidal volumes
B Traditional tidal volumes

0.19%5-0.40 0.41-050 051-0.62 0.63-1.5

Quartile of Static Compliance
{(ml'cm of water'kg of predicted body weight)

ARDS NETWORK, NEJM 2000; 342:1301-08
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FIGURE 29-6 Forms of tissue stress that occur near the junctions
of open and closed lung units.

Expanding
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« Alrway ITrauma
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Marini J, Wheeler A. Critical Care Medicine. The essentials, 2010 pp: 430-54
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FiO2 - PEEP

Table 1. Settings for Positive End-Expiratory Pressure
{(PEEP), According to the Required Fraction of Inspired
Oxygen (F10,).%

Firo,
0.

10

14

14—-18
1 5—24

* Settings are from the ARDSMNet trial.*® The required Fi1 O,
is the lowest value thar maintains arrerial oxyhemoglobin
saturation abowve 909%:. After the corresponding level of
PEEP is selected, arterial oxyhemoglobin saturation and
plateau airway pressure should be monitored in the pa-




Table 1. Forces acting to contain or disperse alveolar biofluids

Containing Forces Propagating Forces
Positive end-expiratory pressure High tidal volume
High peak inspiratory flow” High peak expiratory flow”
Interdependence Expulsive efforts/airway suctioning
Surfactant High surface tension
Lymphatic drainage High microvascular pressure
Intact epithelial pumps Increased permeability
Damaged side down Damaged side up

Marini J. CCM 2010



FIGURE 38-4 Schematic representation of the alveolus under
normal conditions (feff-hard side) and during development of
acute lung injury (AL and the acute respiratory distress
syndrome (ARDS) (righ#-hand sidel. In the acute phase of the
syndrome (righi-hasd side), there is sloughing of both the
bronchial and alveolar epithelial cells, with the formation of
protein-rich hyaline membranes on the denuded basemeni
membrane. Neutrophils are shown adhering to the injured
capillary endothelium and marginating through the inkerstitam
into the air space, which is filled with protein-rich edema Auid. In
the air space, an alveslar macrophage is secreting cybokines such
a5 intedeukins-1, -6, -8, and -10, (IL-1, 6, 8, and 10, and tumor
necrosis Fackora (TNF-a ), which act locally o shimulaie

chemotaxis and activate nedtrophils. Macrophages also secrete
pther cytokines, including interleukins-1, -6, and -10
Interleakin-1 can also simulate the producton of extracellular
matrix by Hbroblasis. Neatrophils can release exidants, proteases,
leukotrienes, and other proinflammatory molecules, such as
platelet-activating factor (PAF)L A number of anbi-inflammatory
mediators are also present in the alveolar miliey, including
interleukin-1-receptor antagonist, solable tumor necrosis facios
receptor. autoantibodies againsi interledkin-§, and cviokines such
as interleukins-10 and -11 inot shown). The influx of prolein-rich
pdema fluid into the alveolus has led o the inactivation of
sterfactant. MIF denotes macrophage inhibitory facioc

( Reproduced with permission from Wi ef al. %)



Ventilation of ARDS
What Do We Know?
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ARDS is a heterogeneous problem.
— Between patients

— Over time
— Between lung regions

Response to interventions reflects this heterogeneity.
Lung recruitment is essential to avoid VILI.

The chest wall influences regional lung volumes and
recruitability.
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FIGURE 29-4 Amplification of tension at the boundaries of open
and collapsing lung tissue. Normally distended (left), collapsing
(center), and overdistended (right) states of inflation. Because of
interdependence, the tensions applied to a collapsing alveolus are
amplified. A simple mathematical model predicts that the
tensions resulting from an alveolar pressure (Pappl) produce a
tension comparable with an effective pressure (Peff) described by
the equation. At 30 cmH;0 applied pressure, the volume of an
aerated alveolus (V) is approximately 10 times that of a collapsed
alveolus (Vp). Thus the estimated pressure necessary to mimic the
tensions at the interface is approximately 4.5 times as great as that
applied (140 cmH; O). (Used, with permission, from J. Mead et al
JAP 1970 Am | Respir Crit Care Med 163:1609-13, 2001.)
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e Shear Stress

e “Traction exerted on the normal parenchyma
surrounding atelectatic areas”

» Mead J, et al. JAP 1970; 28:596-608
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Patient presents with
ALI f/ARDS
Treat precipitating Provide other I1CL)
cause(s) of ALIVARDS supportive care
and other serious co- [% >
morkidities
v
Wentilatory

management of
respiratory
abnormalities

Provide adjuncts to Treat inflammation
ventilator and coagulation
management as - > abnormalities as
needed appropriate
v

Monitor patient during
the course of

ALIFARDS
Death Rehabilitation
and
- > Recovery

Christie J., Lanken P. ALI and the ARDS. In Hall J., Schmidt G., Wood L (Eds),: Principles of
Critical Care. McGraw-Hill. 2005: 515-547
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1. Aopikil aAAoiwon KUTTdpou
2. MetaBoAiky dSuoAsiToupyia

3. Tpotrotrroinuévn AEITOUPYIKN
QTTAvVTNON

4. OAvaTog KUTTAPOU OTTO I0XAIMIa

Christie J., Lanken P. ALI and the ARDS. In Hall J., Schmidt G., Wood L (Eds),: Principles of
Critical Care. McGraw-Hill. 2005: 515-547



ARDS
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Christie J., Lanken P. ALI and the ARDS. In Hall J., Schmidt G., Wood L (Eds),: Principles of
Critical Care. McGraw-Hill. 2005: 515-547



TV Lower vs Traditional in ARDS
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Mnxavikoc Agpiopuoc oto ARDS

1. EKTignon NNYXAavikKAg TOU TTVEUUOVIKOU
TTAPEYXUNATOC Kal TOU OwpaKIKou KAwRBou

Marini J, 2010 The Essentilas, pp: 430-54, Doyle RL. AJRCCM 1995; 152:1818,
Rubenfeld GD. NEJM 2005; 353:1685



e «<H onuaocia Tou EXEI TTPOCPATA
oexTEl MO NXNPN €€Nynon atroé To ARDS

Network, TTOU €£0¢I1&€E KATO
oTn TWV acBevwy ue ARDS,
oTav Aoyw , KATA TN

OIAPKEIO TOU MV, TO UNXOVIKO stress TWV
TTVEUMOVWYV HEIWONKE»

Richard JD, Current Opinion Critical Care 2002; 8:12



TABLE 384 Difrerential Diagnosis of Acute Lung Injury (ALI) and Acute Respiratory Distress Syndrome (ARDS)

Disorder

Characteristics

Comments

Hypersensitivity
pneumonitis

Leukemic infiltration

Drug-induced pulmonary
edema and pneumonitis

Acute major pulmonary

embolus (PE)

Sarcoidosis

Interstitial pulmonary
fibrosis

Typically slower onset than ARDS (over weeks) with
progressive course; however it may present in an
advanced state, mimicking ARDS; may respond to
high-dose corticosteroid therapy and removal from
offending agent

May be rapid in onset during active disease states;
usually leukemia is clinically apparent

May follow use of heroin, other opioids, overdose of
aspirin, tricyclic antidepressants, or exposure to
paraquat

Occurs acutely, occasionally accompanied by severe
hypoxemia that may be resistant to O therapy like
ARDS, and by hypotension, requiring pressors,
mimicking ARDS with sepsis; patients typically have
risk factors for acute PE and may not have common
precipitating causes of ARDS

The onset is not acute, but its clinical recognition may be;
oxygenation is often impaired and the chest radiograph
can be diffusely abnormal

The onset is not acute, but its clinical recognition may be;
oxygenation is often impaired and the chest radiograph
can be diffusely abnormal

May progress to overt ARDS

Chest radiograph in ARDS should have bilateral
infiltrates consistent with pulmonary edema;
chest radiograph in acute major PE may have
unilateral or no infiltrates; acute major PE needs
a confirmatory study (e.g., pulmonary
angiogram)

Historical features and the frequent presence of
hilar adenopathy in sarcoidosis usually
eliminate confusion with ARDS

Prior chest radiographs and a history of chronic
and progressive dyspnea characterize the
collection of diseases causing interstitial
pulmonary fibrosis




Figure 1 Schematicrepresentation of the effects of the increase
of positive end-expiratory pressure {(PEEP) on the lung parench-
yvma during acute lung Injury/facute respiratory disiress
syndrome (ALIYARDS)

ALIARDS lung

AP

Total lung collapse

End expiration

Intra-tidal alveolar
apsening amnd closing

Endimnspiration 1
L

e

Incremant of PEEP

"2

g v -

l Intra-tidal alveolar
apaning and closing

T Lung hyperinflation

As shown in the upper panel, the ARDS lung is commonly characterized
by the simultaneocous presence of a normally aerated {(white) and a
collapsed (black) lung area. During each tidal breath, the end-inspiratory
prassure will decrease the amount of collapsed lung by recruiting
alveolar units. At the end of expiration, a portion of the recruited alveoli
will collapse again, thereby generating a ‘cycling alveolar opening and
closing’ process. The increase of PEEP during volume-controlled wenti-
lation with a constant tidal volume may determine two opposite effects:
on the one hand (lower left panel), it will decrease the amount of lung
tissue undergoing cycling opening and closing by increasing the amount
of alveolar units kept open at the end of expiration, and, on the other hand
{(lower right panel), it will augment the degree of hyperinflation of the
normally aerated lung region.

Gattinoni L. Curr Op
Crit Care Med 2008;
14:64-69






Wood

Priority of Higher
PEEP Ventilatory
Approach
To keep alveoli open

Priority of Lower PEEP
Ventilatory Approach
To decrease the risk of
ventilator-induced lung

during respiratory cycle [|[#-------- - injury (VILI) due to
and prevent lung injury overdistension of alveoli
due to repeated during inspiration
opening and closing
(“atelectrauma”)
v v
Use higher PEEP + Use low tidal volumes
add recruitment < ---------» with traditional levels
maneuvers of PEEP
¥ ¥
Higher plateau Lower plateau
pressures <+---— - -- = pressures




TABLE 38-9 NIH NHLBI ARDS Network Low-Tidal-Volume Ventilation Strategy

Part I. Ventilator set-up and adjustment

Calculate ideal body weight (IBW).?

Use assist/control mode and set initial tidal volume (TV) to 8§ mL/kg IBW (if baseline TV =8 mL/kg).

Reduce TV by 1-mL/kg intervals every 2 hours until TV = 6 mL/kg IBW.

Set initial rate to approximate baseline minute ventilation (but not >35 bpm).

Adjust TV and respiratory rate (RR) to achieve pH and plateau pressure (Pplat) goals listed below.

Set the inspiratory flow rate above patient demand (usually >80 L/min); adjust low rate to achieve goal of inspiratory :
expiratory ratio of 1:1.0-1.3

1.
2
3.
4,
5.
b.

Part II. Oxygenation goal: Pap, = 55-80 mm Hg or Spo, = 88-95%

1. Use these incremental Fip,-PEEP combinations to achieve oxygenation goal:

04 04 05 05 06 07 07
5 8 8 10 10 10 12
08 09 092 09 10 10 10
4 14 16 18 20 22 24




Baolikéc OepaATTEUTIKEC APXEC

« KPIZH OZYIONQ2ZH2

— KPIZIMOZ2 POAOZ: o xelpioudc Tne Ppeak, Pmean,
PEEP (auto kai PEEPI) otnv eTTiTeucn
IKavoTtroIinTikNG PaO2/FI02

— KYPIO POAO: o1 AIaTTVEUUOVIKEG TTIECEIC OTO
collapse Twv agpaywywyv. Etmmionc kar mean Paw

 AtTopuyn High TV / Low PEEP s VI
« AtTOQUYN overstretching




Open Lung Method

1. Optimal gas exchange

2. Low intrapulmonary shunting

3. Paw: minimal

4. Hemodynamic side-effects: minimal
5. Open up the atelectatic areas



 V.I.L.I.: avaAoyo Tn¢ Ptransp

 Re: ouolwodec aTo va atroPuyouue 10 V.I.L.I.

— To OWPakKIkO ToiXwHa TTNPEACEI TOUC OYKOUG, TIC
TTIECEIC TOU TTVEUMOVA TOTTIKA Kal TNV Re

e Marini J
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* 5RCTs epapuolovrtac upnAn PEEP £0€i1cav Hia Jeiwon
OTNV eVvOOVOOOKOMEIaK BvnoiuoTnta (p=0.03) Kal pia
Tdon atn BvnoiuoTNTa OTIG 28 NU. (p=0.006), XWPIg
augnon Tou Bapotpaupatog (Oba)

* 6 RCTs epapuolovtac upnAn PEEP £0€i1cav pia Jeiwon
OTNV EVOOVOOOKOWMEIaKN BvnaiuoTnTa (p=0.03) KAl 0TN
BvnoiuoTnTa OTIG 28 NU. (p=0.06), XWpPIig augnan Tou
BapoTpaupaTog

Oba Y. Resp Med 2009; 103:1174-81
Phoenix Sl, Anesthesiology 2009; 110:1098-105



VlahakisNE. JAP 2000; 89:2490-6, Hotchkiss JR. CCM2002; 30:2368-70



Open Lung Approach

(Evaluate the Response)

* Not all patients are PEEP responsive.
— Diffuse vs. Regional
— Secondary vs. Primary

 [f PEEP doesn’t help, it may hurt.
— Over Distension
— Worsened V/Q
— Redistributed Blood Flow
— Elevations of Py,




ARDS

. Apxiki BAGBN (MMN,  « MHXANIZMOI BAABHZ

Pifec O2, ®Aeyuovn) 1
* BAafn Mvevpova * V/Q Avopoloyéveia
— Bapia YroO?2

e Mnyavikn TTvevuova
— Stiff Lungs X L 2

— AJ@W OKIAOEIG
 EKBaon

Christie J., Lanken P. ALI and the ARDS. In Hall J., Schmidt G., Wood L (Eds),: Principles of
Critical Care. McGraw-Hill. 2005: 515-547
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KAIVIKO XapoKTNPICTIKA/ARDS

— AvoTrvola, TaxuTtrvola, Kuavwaon Kal aveeKTIKN
uTTOCUYOVaIlia, XaunAn dlataciyotTnTa

— AvaTtrtuooovTal 48-72 WPEC META TO O¢U
ouppav

Marini J, 2010 The Essentilas, pp: 430-54, Doyle RL. AJRCCM 1995; 152:1818,
Rubenfeld GD. NEJM 2005; 353:1685
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Ficurg 1 H;Ll-];tll-'."-[:'ir.-]' !I'Il.l.l.]_'n'!'-'i:i of survival durine the first 28
davs after randomization in pgients with ALTI and ARDS. The
i1|—l|l-r~'l-i|:;l.J mortalitv rate "-'-'-EL e group treated with
lower tidal volumes compared Wi ||| the :1'--”}'- treated

with traditional tidal volumes (p = 0OT0OTT 95% C1 for the differ-
ence between groups, 2.4 to 15.53% ). A Kaplan-Meier analvsis of
survival during the First 150 days after study entry is presented in
the publication by the Acute Respiratory Distress Syndrome
Network. 14

ARDS NETWORK, NEJM 2000; 342:1301-08




