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Ventilator-Induced Lung Injury

The Real Culprit ?



Effects of CPAP on the distribution 

of lung water

Control

CPAP

Parker J Appl 

Physiol 85: 

1753-1761, 

1998

Gajic & Lee. 



Benefits of CPAP in Heart Failure

Kaneko et al. NEJM 348 (13): 1233, 2003



Pinsky MR et al. J Appl Physiol 1983; 54:950

Under which circumstances are the lungs a 

Ventilatory Assist Device?

Fessler HE et al. J Appl Physiol 1992; 73:498







Ventilator Management: 
Physical Therapy of Injured Lungs

TLC

FRC

IC

CV



Injury is associated with a large 

variability in regional impedance



Open the lung and keep it open

Critical Assumptions
l ∆P is the critical VILI 

determinant

l There is no Pplat safety 

threshold

l Preventing opening and 

collapse is more important than 

avoiding high transpulmonary 

pressure

l Measures of Gas Exchange 

Efficiency are acceptable 

surrogate efficacy endpoints 





The Meaning of Overdistension ?



Electrical Impedance Tomography



  

Cohort patients (n=447)

ALI present
at the onset of mechanical

ventilation (n=115)

ALI not present

at the onset of mechanical

ventilation (n=332)

PaO2/FiO2
<300,
diffuse

infiltrates and
PAOP<18 or
no clinical
evidence of

left atrial
hypertension

N
O

Y

No worsening
(n=177)

Y N
O

VAP
(n=34)

Cardiogenic pulmonary
edema   (n=41)

Late-onset ALI

(n= 80)

Palliative care only (n=6)

Home ventilatory support (n=6)

Pneumonectomy (n=11)

Neuromuscular disease (n=12)

ExcludedPatients on invasive mechanical ventilation 48h (n=482)

PaO2/FiO2
<300,

diffuse
infiltrates and
PAOP<18 or

no clinical
evidence of
left atrial
hypertension

Gajic et al, Crit. Care Med. 2004; 32:1817-1824
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Gajic et al, Crit. Care Med. 2004; 32:1817-1824
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71.7

28.3

4 5 6 7 8 9 10 11 13 14 16 18 19

Vt mL/kg PBW
10 15 20 25 30 35 40 45 50

Paw cm H2O

200120032005

80.8

19.2

90.4

9.6

% New 

ARDS

NOT SAFE

% Died in 

the hospital

Yilmaz et al. Towards the prevention of acute lung injury. Crit Care Med 2007

VALI & TRALI: CAN WE PREVENT IATROGENIC ARDS?



Patient 

knows best



Beck J, et al. J Appl Physiol 1998; 85:1123-1134

Neurally Adjusted Ventilation Assist



Efficacy of HFO

Adults Neonates 





Hypercapnic Acidosis

Ebata et al. Can J Anesth 1991; 38:436-440



Uninjured 

Control

Normo

-capnic 

Injury

Hypo-

capnic 

Injury

Hyper-

capnic 

Injury

Weight 

Gain

(g)

Effects of CO2 on Pulmonary Vascular 

Barrier Properties  
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*

Doerr et al, Am. J. Respir. Crit. 

Care Med. 2005; published ahead 

of print on February 1, 2005 



Permissive Hypercapnia and VILI

Scott E. Sinclair, Am. J. Respir. Crit. Care 

Med. 166: 403-408

Hypercapnia

Normocapnia



Kallet et al. AJRCCM 161: 1149, 2000

Bicarbonate buffers generate CO2



Effects of Hypercapnic Acidosis on 

Myocardial Contractility

pCO2=40

pH =7.40 

pCO2=80

pH=7.20

Weber et al. AJRCCM 162: 1361; 2000



Cardiogenic or Non-Cardiogenic 

Edema 

The heart is 

NOT the 

problem! It’s 

the LUNGS

The lungs 

are NOT the 

problem! It’s 

the HEART



Albert et al. AJRCCM Vol 167. pp. 1016-1020, (2003) 

The Swan and the Zone 1 

Misconception  



Leatherman JW, Marini JJ.  Pulmonary artery catheterization: Interpretation of 

pressure recordings. In: Tobin MJ. Principles and Practice of Intensive Care 

Monitoring.  New York: McGraw-Hill 1998; 821-837 



The Wedge Pressure is NOT 

equal to the capillary 

hydrostatic pressure!!!

Venous Resistance 

= 0.4 PVR

Arterial and 

Capillary 

Resistance = 0.6 

PVR

LARV

LAPPPW

PCAP2

PPA

PCAP1

PCAP1

PCAP2



The Starling Equation does NOT 

tell the Whole Story

• Endothelial and Epithelial 

Barrier Properties are actively 

controlled

• Compliance and Hydration of 

the Lung Interstitium is 

regulated by matrix metallo-

proteinases

• Edema Clearance from the 

Alveolar Space is accomplished 

by active Ion Transport



Dudek & Garcia JAP. 91(4):1487-1500, 2001 









Stimuli of Na Transport

• Dopamine

• Catecholamines

• Glucocorticoids

• Aldosterone

• Thyroid Hormone

• Cytokines and Growth Factors (HGF, KGF, TNFa)

NHLBI Workshop Summary:  Alveolar Epithelial Transport. AJRCCM 

Vol 162 pp 1021, 2001



Hubmayr; Am J Respir Crit Care Med, 2002; 165:1647-1653

Normal Lung Edematous Lung



Hue et 

al.

Crackles and the Sounds of VILI



Patient on Ventilator


