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Acute Lung Failure — Our Evolving Understanding of ARDS
Gordon Bernard, M.D.  

Though what we now call the 
acute respiratory distress syn-

drome (ARDS) has almost cer-
tainly plagued humans since the 
beginning of our species, one of 
the best-known early descrip-
tions of the problem came from 
René Laennec, who, after invent-
ing the stethoscope in 1816, de-
scribed the gross pathology of 
idiopathic anasarca of the lungs 
(pulmonary edema without heart 
failure) in 1821. At the time, 
such anasarca, characterized by 
severe shortness of breath and 
cyanosis, was nearly universally 
fatal.

It took until the 1920s for 
physicians to gain the capacity 
to visualize the lungs of patients 
with the condition. Although 
W.C. Roentgen had described 

x-rays that could reveal abnor-
malities of the lungs in 1896, the 
first chest radiographs required 
exposure times of more than 20 
minutes; for this and other rea-
sons, routine chest radiographs 
did not become available for an-
other generation (see images).

In 1929, Drinker and Shaw in-
vented the iron lung, which would 
be put to the test during a polio 
epidemic in the early 1950s. Rec-
ognizing that many patients with 
polio required the constant venti-
lation that had recently been es-
tablished by anesthesiologist Peter 
Safar as a core practice of “inten-
sive care,” Bjørn Aage Ibsen cre-
ated the first intensive care unit 
in Copenhagen and provided pa-
tients with negative pressure ven-
tilation using the iron lung. It 

worked well for patients with 
normally compliant lungs — but 
not so well in those whose lungs 
were “stiff” because of edema, 
inflammation, and greatly reduced 
surfactant function. So in 1954, 
Ibsen became the first to routine-
ly make use of an ICU environ-
ment where such patients could 
be treated with positive pressure 
ventilation delivered through a 
cuffed endotracheal tube.

Taken together, these innova-
tions turned the fatal lung dis-
ease described by Laennec into a 
potentially survivable condition. 
It was variously called double 
pneumonia, because it involved 
both lungs; shock lung, because 
of association with septic and 
other forms of shock; post-trau-
matic lung; respirator lung, be-
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cause it was thought to actually 
be caused by mechanical ventila-
tion; and eventually Da Nang lung, 
named for the Vietnamese city 
where many U.S. soldiers were 
transported for care during the 
Vietnam War. Then, in a land-
mark 1967 article, Ashbaugh and 
colleagues referred to a condi-
tion of “acute respiratory dis-
tress” associated with “a clinical, 
physiological, and pathological 
course of events that was re-
markably similar to the infantile 
respiratory distress syndrome (hy-
aline membrane disease).” Even 
though the cases they studied 
stemmed from diverse causes, 
including pancreatitis, pneumonia, 
and multiple trauma, these inves-
tigators described similar patho-
physiology, radiographic changes, 
alterations in surfactant, and clin-
ical course. They also described 
the potential value of treatment 
with positive end-expiratory pres-
sure (PEEP) and glucocorticoids, 
each of which has subsequently 
been the focus of dozens of clini-
cal trials.

In 1956, Avery and Mead had 
found that premature babies dy-
ing of infant respiratory distress 
syndrome (IRDS) lacked surfac-

tant and had surmised that that 
was why these babies were able 
to take their first few breaths but 
were progressively unable to re-
inflate their lungs after exhaling. 
Ashbaugh and Petty now recog-
nized a similar defect in adults, 
and in 1971 they began to refer 
to ARDS as “adult respiratory dis-
tress syndrome” to differentiate 
it from IRDS. Unlike IRDS, how-
ever, ARDS has not been shown 
to respond to surfactant replace-
ment, though the reason for that 
failure is uncertain.

In a prospective, randomized 
clinical trial in patients with 
ARDS that my colleagues and I 
reported on in 1987, we tested 
methylprednisolone, as suggested 
by Ashbaugh and Petty, and found 
no benefit to such treatment. 
Studies in animals and small ob-
servational studies in humans 
have supported the concepts of 
continuous positive airway pres-
sure (CPAP) and PEEP. But the 
proper application and optimal 
level of PEEP remain controversial.

Meanwhile, the nomenclature 
of ARDS continued to evolve, and 
in 1994, the American–European 
Consensus Conference (AECC) 
published specific criteria for di-

agnosing ARDS that were de-
signed to aid and help standard-
ize clinical and epidemiologic 
research. The term “acute lung 
injury” could be applied to a syn-
drome of inflammation and in-
creased permeability that is as-
sociated with a constellation of 
clinical, radiologic (bilateral infil-
trates consistent with pulmonary 
edema), and physiological abnor-
malities that cannot be explained 
by, but may coexist with, left 
atrial or pulmonary capillary hy-
pertension. The syndrome was 
further described as “most often 
associated with sepsis syndrome, 
aspiration, primary pneumonia, 
or multiple trauma.” Acute (now 
rather than “adult”) respiratory 
distress syndrome was defined 
as a subtype of acute lung injury 
associated with worse hypoxemia 
— that is, a ratio of arterial oxy-
gen tension (PaO2) to inspired 
oxygen fraction (Fio2) of 200 or 
lower, whereas the threshold for 
acute lung injury was a PaO2:Fio2
of 300.1

In 2012, a panel of experts re-
visited the criteria for the ARDS 
diagnosis. The result, known as 
the Berlin definition, is very sim-
ilar to the AECC definition ex-
cept that the concept of acute 
lung injury has been dropped, 
and all patients with a PaO2:Fio2
of 300 or lower are considered to 
have ARDS, but of varying sever-
ity (severe, PaO2:Fio2 ≤100; mod-
erate, >100 to 200; mild, >200 to 
300). These modifications may 
make the syndrome easier to de-
scribe and the definition more 
precise.2

Over the past quarter century, 
mortality among patients with 
ARDS in clinical trials has de-
creased from approximately 60% 
to 25%. Perhaps only a third of 
this 35-percentage-point improve-
ment can be accounted for by the 

Normal Chest Radiograph and Radiograph Showing ARDS.

The image in Panel A is from a young patient shortly after admission for near-drowning; it is 
essentially normal. The image in Panel B is from the same patient and was taken approximately 
12 hours after admission; it shows bilateral diffuse infiltrates consistent with ARDS.
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consistent application of low air-
way pressure and low tidal vol-
ume ventilation (a lung-protective 
strategy). Some trials, the largest 
of which was the lower tidal vol-
ume trial conducted by the ARDS 
Clinical Trials Network,3 revealed 
that reducing tidal volume from 
a typical traditional size of 12 ml 
per kilogram of actual body 
weight to 6 ml per kilogram of 
predicted body weight reduced mor-
tality by 9%.3 The remainder of 
the reduction in overall mortality 
in modern ICUs has not been 
clearly explained, but it appears 
to be attributable to better train-
ing of physicians, nurses, respi-
ratory therapy staff, and others 
involved in the routine care of 
patients with ARDS. Improved 
alarm systems, ventilator equip-
ment, and radiologic and labora-
tory evaluation — the availability 
of magnetic resonance imaging 
and computed tomography, for 
example, as well as point-of-care 
testing with rapid return of re-
sults — have undoubtedly also 
contributed.

Though the vast improvement 
in ICU and hospital mortality 

from ARDS is heartening, the 
poor subsequent condition of the 
growing number of survivors is 
showing us that much more needs 
to be done. Full recovery in pa-
tients who have been hospital-
ized with ARDS happens very 
slowly, if at all. At 1 year after 
discharge, vital capacity and 6-min-
ute walk distance remain signifi-
cantly reduced from patients’ pre-
ARDS status. Furthermore, less 
than half of such patients have 
been able to return to work.4 Per-
haps most worrisome, as many 
as 50% of patients who have re-
ceived mechanical ventilation in 
an ICU — commonly but not al-
ways because of ARDS — have 
cognitive impairment as long as 
a year after hospital discharge.5

We have come a long way 
since the middle of the last cen-
tury with regard to recognition, 
evaluation, treatment, and long-
term follow-up of patients with 
ARDS. Related mortality has fall-
en so far that it may be reaching 
a floor rate dictated more by the 
underlying diseases associated 
with ARDS — such as sepsis, 
severe trauma, or pancreatitis — 

than by either the syndrome itself 
or other associated organ dys-
function. Fortunately, such prog-
ress allows us to turn a much 
larger portion of our research 
and clinical attention to the rap-
idly growing population of ICU 
survivors.

Disclosure forms provided by the author 
are available at NEJM.org.

From Vanderbilt University Medical Center, 
Nashville. 
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