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DEFINITION



ARDS Definition

Ã The 1994 North American-European Consensus 
Conference (NAECC) criteria:

ÄOnset - Acute and persistent

ÄRadiographic criteria- Bilateral pulmonary infiltrates 
consistent with the presence of edema

ÄOxygenation criteria - Impaired oxygenation regardless of 
the PEEP concentration, with a Pao2/Fio2 ratio ¢300 torr 
(40 kPa) for ALI and ¢200 torr (27 kPa) for ARDS 

ÄExclusion criteria- Clinical evidence of left atrial 
hypertension or a pulmonary-artery catheter occlusion 
pressure of ²18 mm Hg.

Bernard GR et al., Am J Respir Crit Care Med 1994



8 AM

25 F with Wilson Disease and liver 
cirrhosis 



3 PM

25 F with Wilson Disease and liver 
cirrhosis 



9 PM

25 F with Wilson Disease and liver 
cirrhosis 



ÅDirect injury
ïPneumonia

ïGastric aspiration

ïDrowning

ïFat and amniotic fluid 
embolism

ïPulmonary contusion

ïAlveolar hemorrhage

ïToxic inhalation

ïReperfusion 

Â Indirect injury

ÂSevere sepsis

ÂTransfusions

ÂShock

ÂSalicylate or narcotic 
overdose

ÂPancreatitis  



PATHOPHYSIOLOGY



NEJM 2000;342:1334-1349



Evolution of Diffuse Alveolar Damage
Cytokines ­ inflammation ­
surfactant dysfunction ­ atelectasis
Elastase­epithelial barrier damage 
­ edema
Procoagulanttendency ­ capillary 
thrombosis

Chronic 
inflammation
Fibrosis 
neovascularisation



ARDS OUTCOME



Crit Care Med 2009 Vol. 37, No. 5



24%

Crude 60-day mortality among Acute Respiratory Distress 
Syndrome (ARDS) Network patients, 1996ς2005.



Survival of patients with early-and late-onset 
ALI/ARDS according to time from ICU admission: 

unadjusted survival curves



VENTILATOR INDUCED LUNG 
INJURY



VILI
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Alveolar Interdependence

Stress & Stretch

Shear

Mead J et al. J Applied Physiology 1970, 28:596-608



Recognized Mechanisms of Airspace 
Injury 

ά{ǘǊŜǘŎƘέ

ά{ƘŜŀǊέ

Airway Trauma



Microvascular Fracture in ARDS

A Portal for Gas 
& Bacteria?

1 m

Hotchkiss et al CritCare Med2002;



PEEP = 5 mbar

Pinsp= 40 mbar

Cytokines, complement, 
prostanoids, leukotrienes, O2

-

Proteases

Volutrauma

Atelectrauma

Biotrauma



Volutrauma

ÅIncreased 
alveolar wall 
stress (stretch) by 
high tidal volume

ÅParenchymal
injury

ïGross physical 
disruption

ïStretch-
responsive 
inflammatory 
pathways



Atelectrauma

ÅCyclic closing and reopening of alveoli

ÅAlveolar shear stress-related injury

ÅHeterogeneous nature of lung aeration in ALI/ARDS
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Gas Extravasation Barotrauma



Barotrauma
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PROTECTIVE VENTILATION



Preventing Overdistention and 
Under-Recruitment Injury

ñLung Protectiveò Ventilation

V

O

L

U

M

E

Pressure

Limit Distending Pressure

Add PEEP

Limit VT





P

"safe"
window

zone of 
overdistension

V

atelectrauma

volutrauma

LIP

UIP
zone of derecruitment 
and atelectasis

5hbΩ¢ 9±9b

THINK
OF PARKING 

HERE

Lung Protective Ventilator 
Strategies



LIMIT TIDAL VOLUME



1998

53 patients

Intervention Control

TV <6 ml/Kg

PEEP >PFlex

TV (10-12 ml/Kg)

Lowest PEEP

28 day mortality

Intervention Control

38% 71%



ARMA Trial

861 patients

Intervention Control

TV (4-6 ml/Kg)

PEEP 8.5

TV (10-12 ml/Kg)

PEEP 8.6

861 patients

Intervention Control

Pplateau<30 Pplateau<50

28 day mortality

Intervention Control

31% 40%



NIH ARDS Network trial
NEJM 2000;342:1301

ARDS net mortality

Reducing from 12 to 6 ml/kg VT saved lives



NIH ARDS Network trial
NEJM 2000;342:1301

Reducing from 12 to 6 ml/kg VT saved lives

Low TV High TV P =

Mortality 31 40 0.007

Days of  

free MV
12 10 0.007

Days free 

of  organ 

failure

15 12 0.006



Tradeoffs with 6 ml/kg

Crs also better in the HIGH Vt group



1996-9

Randomized Trials of MV 
in ARDS

1990s



LIMIT DISTENDING PRESSURE



Is There a safe upper limit to 
plateau pressure in ARDS?



10-16 20-26 25-32 29-38





Tidal hyperinflation during Low TV 
ventilation in ARDS

Å30 patients with ARDS

ÅVentilatory strategy (ARMA protocol)
ï6 ml/Kg IBW

ÅBAL Ʒ cytokine measurements

ÅCT scan on mechanical ventilation

ÂHyperinflated

ÂNormally aerated

ÂPoorly aerated

ÂNon-aerated



Tidal hyperinflation during low TV 
ventilation in ARDS

Â Poorly aerated

Â Non-aerated

Â Hyperinflated

Â Normally aerated

Less protected More protected



Â 30 % of patients hyperinflated

Â Plateau Pressure:

ïProtected (25.5°0.5) vs. unprotected (28.9°0.9)

Â Higher inflammatory cytokines in unprotected

Â Number of ventilator-free days:

ïProtected (7°8) vs. unprotected (1°2) 

Â Mortality:

ïProtected (30%) vs. unprotected (40%)

Limit plateau pressure to < 28

Despite the use of protective ventilatory 
ǎǘǊŀǘŜƎȅ όс ƳƭκYƎύ ΧΦΦ



RECRUITMENT MANEUVER





Factors Associated with 
Recruitment Maneuvers Success

Å Different types of lung injury, mainly pulmonary and extra-
pulmonary origin

Å Differences in the severity of lung injury

Å The transpulmonarypressures reached during recruitment 
Maneuvers

Å The type of recruitment maneuver applied

Å The PEEP levels used to stabilize the lungs after the recruitment 
maneuver

Å Differences in patient positioning (most notably supine vsprone)

Å Use of different vasoactivedrugs, which may affect cardiac output 
and the distribution of pulmonary blood flow, thus modifying gas-
exchange.



Recruitment Maneuvers

ÅSustained inflation maneuvers with a continuous pressure 
of 40 cmH2O is applied to the airways for up to 60 sec

ÅIncrementally increased PEEP limiting the maximum 
inspiratory pressure

ÅPressure-controlled ventilation applied with escalating 
PEEP and constant driving pressure

ÅProlonged lower pressure recruitment maneuver with PEEP 
elevation up to 15 cmH2O and end inspiratory pauses for 7 
sec twice per minute during 15 min 

ÅIntermittent sighs to reach a specific plateau pressure in 
volume or pressure control mode 

ÅLong slow increase in inspiratory pressure up to 40 cmH2O 
(RAMP)



Before recruitment After recruitment

Medoff  et al, Crit Care Med 2000; 28:1210



ADD PEEP
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The PEEP Effect

NEJM 2006;354:1839-1841



Higher vs. Lower PEEP

Recruitment

Overinflated



Positive End-Expiratory Pressure Setting in Adults With Acute 
Lung Injury and Acute Respiratory Distress Syndrome 

(EXPRESS)

ALVEOLI

Ventilation Strategy Using Low Tidal Volumes, Recruitment Maneuvers, 
and High Positive End-Expiratory Pressure for Acute Lung Injury and Acute 

Respiratory Distress Syndrome
ά[h±{έ

http://jama.ama-assn.org/
http://jama.ama-assn.org/


PEEP in ARDS
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JAMA, March 3, 2010τVol 303, No. 9



Time to Unassisted Breathing for Higher and Lower Positive 
End-Expiratory Pressure (PEEP) Stratified by Presence of 
Acute Respiratory Distress Syndrome (ARDS) at Baseline



Time to Death in Hospital for Higher and Lower Positive End-
Expiratory Pressure (PEEP) Stratified by Presence of Acute 

Respiratory Distress Syndrome (ARDS) at Baseline



BEST WAY TO SELECT PEEP



Optimal PEEP


