Acute Respiratory Distress Syndrome (ARDS)
Respiratory failure is defined as PO2 <60 mmHg and PCO2 >45 mmHg.
Hypercarbic respiratory failure results from decreased minute ventilation and increased dead 
space ventilation.  This is caused by decreased respiratory muscle strength or increased 
mechanical load on the muscles (airway resistance, obesity, stiffened chest wall).  
Hypercarbia decreases PO2 by the alveolar air equation.
Hypoxemic respiratory failure is usually caused by a right-to-left intrapulmonary shunt (V/Q = 0).

Lungs will usually compensate with hyperventilation, and PCO2 will actually be a bit low.  
Hypoxemia is caused by fluid-filled alveoli (pulmonary edema or hemorrhage, pneumonia).
ARDS is an acute, hypoxemic respiratory failure.  It is characterized by severe hypoxemia, 
absence of left heart failure, and diffuse alveolar infiltrates on CXR.
ARDS is usually caused by trauma, sepsis, gastric aspiration, pneumonia, and venous air embolism.

These represent three different routes of lung injury – blood, airway, and direct/physical.
The most important causes of ARDS are sepsis and trauma, often in young and healthy patients.  ARDS will start with gradual tachypnea that develops into mild hypoxemia, acute respiratory 
distress, pink frothy sputum, and chest crackles.

People who survive ARDS recover near-normal lung function after one year.  

ARDS is an acute catastrophe with a large mortality but very little residual pulmonary morbidity.
ARDS Pathology
1.  Exudative phase with alveolar edema, capillary congestion, and hyaline membrane formation.
2.  Proliferative phase with proliferation of Type II alveolar cells and cellular infiltration.
3.  Fibrotic phase with fibrosis of membranes, septae, and ducts.
Two defining characteristics of ARDS are edema/infiltration and fibrosis/low compliance.
Edema occurs because the membranes become permeable to protein.  Oncotic gradient is lost, 
and protein leaks into the interstitium and alveoli.  The filtration coefficient (Kf) goes 
way up.  Capillaries also vasoconstrict due to hypoperfusion.  This protein permeability 
and increased pressure serve to fill the interstitium and alveoli with protein and water.  
This edema distributes with gravity because of the weight of the lungs pressing down and 
closing alveoli.  So if they lie on their back, posterior regions close off, and vice versa.
This is in contrast to CHF edema, which is due solely to high capillary pressure and is therefore a 
protein-poor edema.
There is also fibrosis and loss of surfactant, both of which give the lungs reduced compliance.
PMN-mediated damage to pulmonary vascular endothelium plays a key role in ARDS pathogenesis.

PMNs break down the structural integrity that normally prevents protein effusion and edema.
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Treatment of ARDS
Supplemental O2 will have little effect on ARDS because the flooded alveoli act as a shunt.
Diffusion impairment is not a big part of ARDS – it’s really a V/Q and shunt problem.
The pressure-volume curve for ARDS is shifted down and to the right, indicating low compliance.

It is also flat at the beginning, indicating that pressure must build up before the lung will fill.
These factors suggest that supplemental oxygen should help patients with ARDS.  Oxygen is 
standard treatment for ARDS because there is shunt but also V/Q mismatch.  Frequently 
they will remain hypoxemic despite this oxygen, and there is a risk of oxygen 
toxicity/damage to the lungs.
Oxygen is administered first in a mask, then by CPAP if needed, or PEEP if they are on 
mechanical ventilation.

PEEP decreases shunting, revereses atelectasis, and increases lung compliance.  However, it 
increases dead space and may cause barotrauma.
(Raymond removed graph V-P curve in ARDS, and a diagram of pressures in ARDS.)

