
In this presentation, we will discuss the terminology, pathogenesis, management and 
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outcome of Acute Respiratory Distress Syndrome. ARDS is a serious complication 
of critical illness or injury.



Ashbaug and Petty were the first to use the term to describe acute respiratory failure 
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that was not due to cardiac failure. In the 14 patients they presented, ARDS 
developed after trauma or other illness in relatively young patients who required 
mechanical ventilation with positive end-expiratory pressure. Later on Adult 
Respiratory Distress Syndrome became a popular term to distinguish it from RDS in 
the newborn.



In 1971, Petty estimated the incidence of ARDS. Here are some other estimates of 
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its incidence. In our ICUs approximately 6% of all patients per year, requiring 
mechanical ventilation (MV) suffer ARDS.



For many years the terms such as Shock Lung and  Adult Respiratory Distress 
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Syndrome were in vogue. A consensus conference of American and European 
investigators in  1994 agreed on new and relatively simple definitions.



The concise definition emphasizes that ARDS is a clinical syndrome with 
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presentation of respiratory failure & pulmonary edema now known to be due to 
increased capillary permeability.



In addition to severe hypoxemia, ARDS is associated with chest X-ray appearances 
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of bilateral diffuse infiltrates. The absence of left heart failure is ascertained with a 
Pumonary Artery Occlusion Pressure (PAOP) < 18 mmm Hg. The modified 
definition of acute lung injury is based on acute respiratory failure associated with 
bilateral diffuse infiltrates and severe hypoxia. Other causes of pulmonary disease 
such COPD are excluded from this consideration. 



In this study the accuracy of definition was judged to be excellent with good 
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confidence intervals (CI).



On the other hand, the diagnosis of ARDS from C-xray alone is problematic. The 
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clinician must provide the history and assure that condition is acute and  heart 
failure does not exist.



Etiology of ARDS is divided into direct and indirect causes. Pneumonia is the 
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commonest direct cause of ARDS. Many indirect systemic conditions are associated 
with ARDS. Sepsis is associated with ARDS in a substantial no. of cases. Blood 
transfusion is the cause of a specific pulmonary complication called Transfusion 
Associated Lung Injury 

(TRALI).



The association of sepsis and ARDS has remained strong in almost 20 years of this 
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report. Whereas fewer patients with trauma seem to go on to develop ARDS.



Neutrophils and macrophages through various actions listed here are proposed for 
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mechanism of lung injury. The mechanical effects of high inflation pressures cause 
a stretch injury at the alvolo-capillary levels. 



Three main physiological mechanism that cause ARDS manifest clinical with 
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severe hypoxia, stiff lungs and abnormal gas exchange. 



Clinical criteria for diagnosis of ARDS are commonly identified with severe 

13

hypoxia, intrapulmonary shunting and absence of left heart failure. Thus a measured 
cardiac output will be normal or actually high in most cases. 



Coalson has summarized the patholgic findings as an early exudative phase. Hyaline 
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membranes may or may not be present and represent lining of alveoli with 
proteinaceous material.



The gross appearance of the lungs is shown here in a patient who died within 48 h 
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of onset of ARDS. Combined lung weight is invariably more than 1000 g, many 
times upto 2000 g(normal 800-900 g).



The microscopic examination of lung in patients dying early on is shown here. An 
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intense cellular reaction (PMN) in the interstitium is accompanied with capillary 
hemorrhages. In patients dying at 2 weeks fibrosis will be observed. 



The C-xray appearances are non-specific and indicate diffuse bilateral infiltrates. 
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Often the term ‘white out’ has been used. 



The proliferative phase follows the earlier exudative phase. The PMNs are replaced 
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by mononuclear cells. In patients with secondary infections, microabscesses may be 
observed after 2 weeks.



The normal and abnormal pressure volume loops are contrasted in this slide. In 
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ARDS the pressure volume curve is shifted to the right and left, indicating that 
higher than normal airway pressures are required to inflate the lungs. The lower 
inflection point (LIP) is shown beyond which the application increased 
transpulmonary pressure increases lung volume.



The ARDS-Net trial of low tidal volumes is reviewed in the next few slides. The 
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patients were managed prospectively with traditional tidal volumes (10-12 ml/kg) or 
6 ml/kg. 



In addition to tidal volumes, plateau pressures were maintained at < 30 Cm.  Rest of 
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the goals of MV are listed. Ventilatory rate was adjusted to maintain pH > 7.30.



The combination of FIO2 and PEEP are shown here. In general, patients with higher 
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FIO2 were treated with higher PEEP.



The trial used a formula for predicted body weight (PBW).
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The 30 day mortality was significantly lower in the low tidal volume group. Almost 
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10% difference in mortality is the first one shown in a large study that resulted from 
different strategy of MV. 



The survival advantage was maintained for upto 180 days.

25



In a subsequent trial involving 549 pts, it was demonstrated that it was the low tidal 
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volumes rather than higher PEEP levels that affected outcome. There was no 
significant difference in the two groups if TV 6 ml/kg was adopted. 



The airway pressures are shown in this slide. The plateau pressures requires a 1 
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second inspiratory hold to measure and is more reliable than peak inspiratory 
pressures. 



The lung overdistension is now known to be a factor contributing to the lung injury. 
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Attention to Pplat is an attempt to avoid ‘stretch’ injury.



An alternative approach to mechanical ventilation is high frequency oscillatory 
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ventilation. In this small study, it was shown that as rescue therapy, it could be used 
in patients not responding to traditional MV.



The initial settings are listed.
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The authors were able to show an improvement in PaO2/FIO2 ratio as well as in 
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Oxygenation index.



Recommendations of the consensus conference are listed here. Permissive 
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hypercarbia refers to PaCO2 levels of 55-60 mm Hg.



This diagrams shows the difference between conventional MV and HFV. Instead of 

33

collapsing at the end of expiration the alveoli are held in expanded position, thus 
avoid constant stretch injury.



Patients considered for high frequency ventilation are those who remain severely 
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hypoxic despite very high airway pressures. These patients either do not tolerate 
high levels of PEEP or are unresponsive to it. 



Bartlett at University of Michigan, for many years has proposed ECMO as an 
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alternative to mechanical ventilation in severe ARDS. The reported survival in 
patients who have failed conventional MV is admirable.



The UM approach to ARDS is summarized in next two slides.
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Other supportive treatments are listed. 
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Mechanical ventilation can cause lung injury with the mechanism listed.
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The combination of cytokine induced biochemical injury and biophysical injury of 
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overdistension can lead to distal organ damage. 



In view of pulmonary edema, the infusion of fluids in ARDS has been controversial. 
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Capillary hydrostatic pressures even in increased pulmonary capillary permeability 
have been shown to increase filtration of fluid in animals.



The FACTT used a conservative vs. liberal strategy of fluid infusion, There was no 
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significant difference in mortality in the two groups. There was a suggestion that 
conservative strategy patients had more vent free days and fewer ICU days despite a 
similar incidence of cardiovascular failure (shock) and need for dialysis.



In general, steroids have not been shown to be beneficial.
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In non-resolving ARDS lasting > 3 weeks, Meduri suggested that steroids improve 
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outcome by suppressing fibrosis.



Looking at this small study, it is evident that the evidence is weak. No subsequent 
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studies have appeared. 



Proning has been proposed to improve V/Q match in ARDS. It is of limited 
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usefulness.



In this large prospective trial, though PaO2 /FIO2 improved, there was no 
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improvement in mortaltiy.



The Italian investigators provided proning for 10 h/day in this trial. A definite 
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improvement in PaO2/FIO2 was observed during prone position upto 10 days. But 
the improvement appeared to be temporary.



ARDS due to increased capillary permeability offers some unique challenges for 
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management. For years mortality was reported in excess of 50%. In the last 15 years 
, lower mortality rates from 25-30% have been reported. We are still trying to 
unravel all the factors that influence outcome.



Retrospective analysis of plasma samples from an earlier ARDS-Net trial appear to 
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indicate that lower protein C and elevated Plasminogen activator-1 levels are 
associated with worse outcome.



The association of these markers was even stronger if it was combined. 
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The salient features are summarized. The role of recruitment maneuvers has not 
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been established. 


