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BICEE
Semantics

A Ventilatorynduced Lung Injury
I Studied in animal experiments

researchers were not successful in transferring the measurement of
inflammatory mediators during VILI/VALI from bench to bedside

A VentilatoryAssociated Lung Injury
i iBedsideo clinical approach
or aggravate ventilator-associated lung injury (VALI) = ventilator-
induced lung injury

T.MarorGutierrez, P. Pelosi and P.R.M. Roc
Chapter in European Respiratory Monograph - Md&»h:2100.2183/1025448x.100013.
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BCEE

Mechanisms of VILI

Concept o¥entilatoryinduced lung injury (VILI):

I Barotrauma

T Volutrauma

I Atelectotraut&tretcinjury

1. Physicadlistruptioaf cells and
tissues

Mechanotrauma

i BiotrauniBiochemical injﬂr.y 2. Activation of aberrant cellular

ety ES

pathways



CEE Barotrauma

Seems obvious that inflation of lung will cause damage if air p
are high enough

Hi gh airway pressures duri ng
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BCEE
Gross Barotrauma

Most occurs in dependent lung zones (transition zone)

Tearing @&ronchidlveolar Junction as lung is recruited and allow
collapse

Alir leaking into interstitial space (PIE)

Air leaking into pleural space
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FICEE " The Manifestations of Gross
Barotrauma

PNEUMOTHORAX PNEUMOMEDIASTINUM PNEUMOPERITONEUM SUBCUNANEOUS
EMPHYSEMA

Dyspnea, chest pain Dyspnea, chest pain Abdominal pain Swelling, upper
chest, neck, and th
face

Tachycardia, tachypnea Tachycardia, tachypnea Abdominal distenstympany Crepitus

Upright CXR shows air betwésmotension if tension
visceral and parietal pleura ipneumomediastin(rare)
the upper part of the thoracic

cavity

Supine CXR shows deep
costophrenic angle (deep

sulcus sign)
CT confirmatory Mediastinal crunch or
Hammamng® o
S ES

Abdominal compartment syndrome witiRadioluncestreaks
tension pneumoperitoneum (rare)

Upright CXR or left lateral decubitus-AXR (5
10min in the position before exposure): Gas
shadows seen in the right upper quadrant
Ri g bighrgésseen on both sides of the
bowel wall Football sign: gasaenging

the peritoneal cavity invaertedn: medial
umbilical folds seen outlinéahlzyform
ligament seen outlined by the air
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BCEE
Gross Barotrauma

Pneumothorace& Pneumomediastinum _
Deep sulcus sign

Double diaphragmn
- < ; “I

i P

Paramediastinal
pneumatocele

Pseudocysts
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BCEE Possible Actions Directed at
Lowering the Plateau Pressure

Reduction in inspiratory pressure Tensiorpneumomediastinum
PEEFRowering measures PEEP i In the rare tensjameumomediastinum
. _ mediastinotorakiould be performed and a
Reduction in the tidal volume drain left is situ pogperatively
Consideration to increasing sedation Pneumoperitoneum
(possibly the administration chm i This is also self limited complication.
agents Supportive treatment frequently suffices

Specific treatment of the various conditions! €NSiorPneumoperotoneum
I In this extremely rare condition, surgical

Pneumothorax drainagafthe air must be carried out to
I Closed chest drainage relieve the compartment syndrome
Pneumomediastinum Subcutaneous emphysema
i Supportive measures are adequate in most T Again, this condition islseifed. Although
cases since the condition is generally self istheotya compartment syndrome due to
resolving subcutaneous emphysema is possible, it

not yet been reported
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MCEE Physiological  Distruption
of Cells and Tissues

High airway pressure alone has
Injurious effect on the lung,
unless the lung is allowed to
expand unchecked

-15 cmH, 0O +15 cmH,0

PeLar=30 cmHZO

Pear=30 cm HQO

If the lung is allowed to-distend,
Wi it may be damaged by high
- airway pressure

insp effort!

Transpulmonary Transpulmonary
pressure actually 45 cmH,0 pressure only 15 cmH,0

conceptudistinctiohetween

fvolutrauntandibarotraumao
DreyfusB®, SoleP,BasseG,Saumois. AnRevRespir Dis 1988; 137: 849-DaRicargdDDreyfusand GSaumon.Ventilatarguced lung inju
EurRspird 2003; 2Bupph2,29s

Nicholas de Post, J&amiemRicardGeorgeSaumomand Dididdreyfuss/entilatoypnduced lung injury: historical perspectives an
implications; Annals of Intensive Care; 20
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MCEE Volutrauma

Overdistension

I damageothelungcausedbya mechanicalentilator set for an
excessivelyightidal volume

Lookdikea lot
ofairtome..
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MCEE Volutrauma

Rodents ventilated with three made

1. High Pressure (45 cmH20), Crmstiiog;
High Volume —

2. Low Pressure (negative pressure = n
ventilator), High Volume s 1

3. High Pressure (45 cmH20),
Low Volume =9

(strapped chest and abdomen) = § iy A s

&
Dreyfuss,D ARRD 1988;137:1159 L Ry LOF SN TR gy

J-Da Ricard, D Dreyfuss and G Saumon.Ventlated lung injury. Eur Rspir J 2003; 22: SuPgl 42,2s
Nicholas de Post,,Didier Dreyfuss. Veitithtoeg lung injury: historical perspectives and clinical iAphedsionsntensive Cafml1,1/28
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MCEE Proportional of ARDS
According to Tidal Volume

PDW: predicted body weight

35

30

25

20

5 | " % ARDS

10 -

Proportion ARDS%

5
0

<12 0->12 >12

Tidal Volume (ml/kg/PBW

The Irish Critical Care Trials Group (2008) Acute respiratory distress in
a prospective audit of epidemiology and management. Critical Care
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MCEE Atelectrauma /Overdistension

Interest of the pressumkime curve

Zone of overdistension

200 \ //
1/}
upper inflection point=lung volumehat
150 compliance begins to diminish
-
100 "Safe" window

W & N e _— Zone of derecruitment
Atelectraum : NSRS and atelectasis
(RACE) 1 i B
lung parenchyma can be altered by repetitive opening and closure of dist:
0+ T T T T T

Lower inflection point (Liffthimal pressure required to recruit collapsed a

= ES
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Atelectrauma

Insufficient PEERepeatedlveolar

collapsandexpansion
(shear forces)



BCEE Safe Window

Balance BetweddverdistensioAnd Recruitment

There are two injury zones during
mechanical ventilation

I Low Lung Volume Ventilat
tears adhesive surfaces

I High Lung Volume Ventilat
overdistends, resulting in

B  ZoneOf B
- O‘veristentin

fVolutraunoa Vollime
Zone Of
Derecruitment
rp . . . And Atelectasis
The difficulty is finding the i .
OSweet Spoto Pressure —— =

Froes®B,CritCare Med 1997; 25:906

= ES



FMCE Volutrauma - Atelectrauma

Caused by cycling of the lung (change in
* | Possible hyperinflation during invasive
Surface area) Independent Of preSS f - mechanical ventilation leading to VILI
required
(
-\ l‘ \
Alters Surfactant function \ ,/
I Promotes Atelectasis ]

Increases capillary legkratieinacious —\_’
material .

T Promotes Atelectasis _/-\

Possible airway/alveoli opening and closing
*| during invasive mechanical ventilation
leading to VILI

Dreyfuss,BRRD 1988;137:1159
JDaRicardDDreyfusand GSaumon.Ventilatorguced lung injugurRspird 2003; 2Bupph2,2L9s
Nlcholas deost,,Didiéreyfuss/entilatopnduced lung injury: historical perspectives and clinical implications; Annals of Intensive Care
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MCEE Alveolar Interdependence

A/ \% B%
c D Stretch
Shear

Mead J et alAppPhysiol970; 28:596:608
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BCEE Stretch Injury

Alters capillamansmurgressures

Changes mansmurglressure causes breaks in capillary
endoand epithelium

Increases leakmybteinacioumaterial
I Promotes Atelectasis

7 ES
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MCEE Pulmonary Capillary
Alveolar Wall

\\ P w— Total
~. et sssmen= Alveolar Vessels
'\~ at®”
CoM -—— Extra Alveolar Vessels

Pulmonary Vascular Resistance

-
P
.-a-----cuavl""“-

RV FRC TLV
Lung Volume
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MCEE"  capillary Stress Failure

The Three Principal Forces to Which The Vessel Is Exposed

Increase in Alveoiar lining layer

Lung Inflation

Alveolar epithelium
Basement membranes

: % Capillary endotheiium

Increase
in Pcap

- — -

——————

Stretch & Stress
The Cap|I|ary Wall

Collagen

-—

West JB & Mathiéostello O. Lancet 1992; 340662
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4aCE
W

= High Capillary Pressure

More Injurious at High Lung Volume

Epi—
50 LUNG VOLUME tieliirn
E ] low
z high
W}
g Endo—
thelium
55|
ko
s o
3 S 2} .
z € Endo-  Epi—
£ thelium thelium
N *
g 10 } *
SN
o
0 I -
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Ptm }2.5 cm H2O

Ptm 52.5 cm H20

Transmission Electr

on Microscopy

Fu Z et al.AppPhysiol992; 73:12333
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MCEE"  Effectof45cmH O PIP

12mlkgc

Control

= ES



BCEE Capillar

Permeability

Effects of gradual exposure of normal rats to 45 cmH20O peak airway presst
ventilation on lung water content and pulmonary permeability
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Parker JC et al., Increased microvascular permeability in dog lungs due to pineshigidgpiRfaysiol 57:1809816
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MCEE Liquid Movement in the
Pulmonary Capillaries

Hemorrhage and Edema

The Starling Equation
Qf=K{(P-Pe) 80N 0N}

Qf net flow of fluid

Ki: capillary filtration coefficient

P' capillary hydrostatic pressure Alveolar Edema and Hyaline Mem
P hydrostatic pressure of the interstitial ﬂlwd P g S

u reflectlon coefficient S

Y, oncotic pressure of the plasma A

Y oncotic pressure of the interstitial fluidy.~

$ T N by SRS e |
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MCEE Mechanisms of VILI

2. Activation of aberrant cellular pathways

I Bilotrauma

a process of injury in which biophysical forces can alter the normal ph
lung cells, increasing the levels of inflammatory mediators and promot
In the process of repair/remodelling of lung tissue.
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CEE Biotrauma

Normal Alveolus

Alveolar Volutrauma and Atelectrauma

airspace

Epithelial
basement

Necrotic c Biotrauma

membrane type | cell
Alveolar
Type ll flooding
pneumocyte

Denuded
basement
membrane

Activated neutrophils

and macrophages
Denuded

basement

membrane
Stretch-injured Loss of
epithelial cells compartmentalisation

Surfactant of LPS and bacteria

macrophage

Intact endathelial cell layer

and basement membrane Inactivated Thickened fluid Neutrophil

surfactant filled interstitium influx

Systemic organ

Biotrauma and Ventilator-Induced ®c«-mm dysfunction

Lung Injury / l\
Clinical Implications

G.CurleydGLaffeyASSlutsky;CHEZ016; 150:110917
HeldHD,Boettche®,Hamanih, UhligS. Am J Resp@ritCare Med. 2001;163:716

Anaesthesiology Es
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Normal Alveolus |

Alveolar air space

‘ IL-6,
31 IL-10

Endothelial—
cell

Endothelial
basement
maembrane

Red cell

Fibroblast Fibroblast

Injured Alveolus during the Acute Phase |

Protein-rich edema fluid

Sloughing of bronchial epithelium

Type | call R, Y
Epithelial ————— '/(/ P L
basement y +  TActivated
membrane :Q; 7 .  neutrophil
Leukomenesx .
Interstitium L
‘ Ox:dantsi—.-_
Alveolar PAF 4=
macrophage Proteases
Cellulars
TNF-a, debns;
s Alveolaf A '
e 2 Fbrr,//

Necrotic or apoptotic type | cell

Intact typa |l cell

Denuded
basement membrane

Hyaline membrane
Migrating neutrophil

Proteases Widened,
edematous
interstitium

Platelets

Neutrophil

Swollen, injured
endothelial cells

Neutrophil

Ware and Matthay NEJ@Z?&?? 1334



MCEE Injurious Ventilatory  Stategies

Increase Cytokines in an Isolated Rat Lung Model (¢
Injected Group)

|
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MCEE |
. From Barotrauma to Biotrauma

Mechanical Injury Leads to Inflammation

Surfactant
depletio

BareVoluAtelectotrauma

\ 4

Biotrauma

{

Stress Failure
Shear Forces
Overdistention

v

Cell Trigger Mechan
i B O 11 bt

TNR
IL-1
IL-6

Sm




BMCEE From Barotrauma to \
Biotrauma B

Lung

Activation of aberrant cellular pathways =% -
et

Hemorrhage
. Erythrocyte I tivation
PhySICaI forces influx o::fnﬁ?eg.nt
«.'O"":";;‘?J \
A ' : 'I ';J “'{A':‘:w‘ >

L

Cellular detection oo | ———

nju
@ Endothelium

Wbubble progression
Biochemical sign: ) >
Air bubble

Y Collapsde airway
Mechanotransductig: iy il

Adapted from Bates JH, Smith BJ. Vendilated lung injury and lung mechanics. Annals of translational mediéi{i€)201
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MCEE VILI not limited to lung

Canfaed 1 5 Pl M DA armgiacibos, b Poirian o deejos el fo sy i v g by

Mechanical Ventilation

Biochemical Injury-e—= Biophysical Injury
« shear

« overdistention

+ cyclic stretch

« tintrathoracic pressure

|

« %alveolar-capillary permeability
* ¢ cardiac cutput
* yorgan perfusion

Fespirabory bicochiole

[ Qo duoN,

f ’
\ f
' . Sl al
\ / pulrcnay vz bade &
A
e = 9 iyl a A
& y \
ri® G

Distal Organs

+ tissue Injury secondary to inflammatory
mediators/cells

+ impaired oxygen delivery

+ bacteremia

MSOF

Lungs= hugesurface,connectied o
theenvironmestreceiving
allthebloodvolume dhebody Ranieri VM ea. JAMA 1999; 2&2: 5
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MCEE Two Hit Model of Lung
Injury

Normal lung

15tStage Prevention

<

Recognition of

nNnat risko |popu

ati on

15t hit
Pneumonia, sepsis, shock,
trauma, pancreatitis etc.

Initial lung dama

ge

2"dStage Prevention

<

Reducing exposure
to 2dhit factors

7 ES

Lung injury

2ndhit
Blood transfusion,
positive flulmhlance,

high tidalolunetc.

Springer 2011
() e
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Previously Healthy Lungs

A MV worsens outcomes in patients with previously healthy lun

I during and after prolonged general anesitedsiasis (90%) (spontaneou
mechanically supported) and the bipestiesia

I excessive crystalloid use increases capillary hydrostatic pressure and
Interstitial/alveolar edema, particularly when the lymphatoisystea is

I tissue trauma, ischemaaerfusion, blood transfusions, and exposure to
extracorporeal devices may all combine to result in regional heteroger
makes the lung more vulnerable to VILI

RothenHU,SporreB, Engberdgs,Wegeniuss,Hedenstiern.. Br JAnaesth1998;81(5):6886.; FutierE, Constantin JINNauganBurtzC, et al N
Engll Med. 2013;369(5):438., Hemmes$N, Gama de Abreu M, Pelosi P, Schultzldcet. 2014;384(9942)505 SerpaNetoA, Hemmes
SN,BarbasCsS, et hLanceRespiMed. 2014;2(12):14@25.
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WCEE LAS VEGAS

LocalAssessment dfantilatorfvlanagement Dur{egneraAnesthesia
forSurgery and effects on Postoperative Pulmonary Complicatio
Prospective Observational InternatiofiaeheltiCohort Study

Primary Outcome Measures

AP ostoperative pulmonary complications, possibly related to vent
strategy(PO-day 1, 2,3,4,5 and day 28)

Affect of Mechanical Ventilation settings during general anesthe

surgery on the incidence ofgpasative pulmonary complications
(new or prolonged invasive anaasive mechanical ventilation, need for oxy:
therapy, respiratory failure, pneumonia, ARDS, pneumbttidta@y) (1
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WCEE LAS VEGAS

LocalAssessment dfantilatorfylanagement Dur{egneraAnesthesia
forSurgery and effects on Postoperative Pulmonary Complicatio
Prospective Observational InternatioimaeMeltiCohort Study

Secondary Outcome Measures
A Intraoperative complications related to the ventilation strategy

A Mechanical ventilasettings during general anesthesia for surgery
A during the surgical procedure, from moment of textabhtabr
discharge from operation room

A Variation of applied MV settings within centers

A Variation of applied MV settings between centers on an international
~ES 1 e



BCEE

low versus increased risk of PP&sording to
A (ARISCAT) ; ASA, COPD;;
A Urgency of surgerglective: surgery; medical

emergency, urgent: surgery required within<48 h, @9’
nonelectve ur gery performed when tda“e pati en
or well being is in direct jeopardy. \\bf°
oS
A Duration of surgety the time between skin o™

incision and closure of the incision.

A Duration of anaesthessahe time between
start of induction and traahdabatioar
discharge from operation room if MV continued.
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