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Acute Respiratory Distress Syndrome
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ABSTRACT

Acute respiratory distress syndrome (ARDS) is usually viewed as the functional
and morphological expression of a similar underlying lung injury caused by a variety of
insults. However, the distinction between ARDS due to a direct (ARDSp) versus an indi-
rect (ARDSexp) lung injury is gaining more attention as a means of better comprehend-
ing the pathophysiology of ARDS and for modifying ventilatory management. From the
few published studies, we can summarize that: (1) the prevalent damage in early stages of
a direct insult is intra-alveolar, whereas in indirect injury it is the interstitial edema. It is
possible that the two insults may coexist (i.e., one lung with direct injury (as in pneumo-
nia) and the other with indirect injury, through mediator release from the contralateral
pneumonia); (2) the radiological pattern, by chest x-ray or computed tomography (CT),
is different in ARDSp (characterized by prominent consolidation) and ARDSexp (char-
acterized by prominent ground-glass opacification); (3) in ARDSp lung elastance is more
markedly increased than in ARDSexp, where the main abnormality is the increase in
chest wall elastance, due to abnormally high intra-abdominal pressure; (4) positive end-
expiratory pressure (PEEP), inspiratory recruitment, and prone position are more effec-
tive to improve respiratory mechanics, alveolar recruitment, and gas-exchange in ARD-
Sexp. Further studies are warranted to better define if the distinction between ARDS of
different origins can improve clinical management and survival.
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Objectives: Upon completion of this article, the reader will be able to {1} define pulmonary and extrapulmonary ARDS; (2) describe
and discuss possible differences in pathophysiology, lung morphology, and respiratory mechanics between pulmonary and extrapul-
monary ARDS; and (3} discuss possible differences in clinical and ventilatory management of ARDS of different origins.
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Since its initial description, the acute respiratory
distress syndrome (ARDS) has been considered a mor-
phological and functional expression of a similar under-
lying lung injury caused by a variety of insults. In fact,
Ashbaugh and colleagues! in defining this syndrome
stated that “[. . .] The aetiology of this respiratory-dis-
tress syndrome remains obscure. Despite a variety of
physical and possibly biochemical insults, the response
of the lung was similar in all 12 patients. [...] In view of
the similar response of the lung to a variety of stimuli, a
common mechanism of injury may be postulated. [...]"

These observations used the term syndrome to
refer to “a group of symptoms and signs of disordered
function related to one another by means of some ana-
tomic, physiologic, or biochemical peculiarity.”?

In 1994, the American-European Consensus
Conference® defined two pathogenetic pathways leading
to ARDS: a direcz (“primary” or “pulmonary”) insult, that
directly affects lung parenchyma, and an indirecs (“sec-
ondary” or “extrapulmonary”) insult, that results from an
acute systemic inflammatory response. The differentia-
tion between direct and indirect insult is often straight-
forward as for primary diffuse pneumonia or ARDS
originating from intra-abdominal sepsis. In other situa-
tions, the precise identification of the pathogenetic path-
way is somewhat questionable, as for trauma, cardiac sur-
gery, and the like. The distinction, however, was mainly
speculative until Gattinoni and colleagues* reported pos-
sible differences in the underlying pathology, respiratory
mechanics, and response to positive end-expiratory pres-
sure (PEEP) in pulmonary ARDS (ARDSp, primarily
pneumonia) and extrapulmonary ARDS (ARDSexp, pri-
marily from abdominal disease). Since then, the distinc-
tion between ARDSp and ARDSexp has garnered atten-
tion, and an increasing number of papers on this subject
have appeared in the scientific literature.58

In this review, we summarize what we know
about the possible differences in the (1) pathophysiol-
ogy, (2) lung morphology, (3) respiratory mechanics,
and (4) response to different mechanical ventilation
strategies (PEEDP, alveolar recruitment, and prone posi-
tion) in ARDS of different origins.

EPIDEMIOLOGY

ARDS occurs following a variety of risk factors.” The
strongest evidence supporting a cause-and-effect relation-
ship between ARDS and a risk factor was identified for
sepsis, trauma, multiple transfusions, aspiration of gastric
contents, pulmonary contusion, pneumonia, and smoke
inhalation. The weakest evidence was identified for dis-
seminated intravascular coagulation, fat embolism, and
cardiopulmonary bypass. Very few studies have investi-
gated the prevalence and mortality using the categories
ARDSp and ARDSexp. In the majority of available stud-
ies the prevalence of ARDSp was higher and the mortal-

ity similar in both groups.5610-12 Other studies reported
an increased prevalence’315 and mortality of ARDSexp.
Moreover, it has been reported that pulmonary trauma
was associated with higher survival rate, whereas oppor-
tunistic pneumonia had a lower survival rate.’>1 Among
complications, acute renal failure, pulmonary infection,
and bacteremia seem to be independent factors associated
with increased mortality.!6 The lack of agreement among
various studies can be explained by differences in (1) base-
line status, (2) the prevalence of the disease precipitating
ARDS in each center, (3) the impact of therapy, and (4)
the overall distribution of these factors in the studied pop-
ulation. Thus, we do not know if a different clinical man-
agement and ventilatory treatment modified in accord
with different pathophysiological characteristics could
improve outcome. In our opinion, the distinction between
ARDSp and ARDSexp should not be focused, at the mo-
ment, on possible differences in morbidity and mortality.
It is more important to first understand if this distinction
is truly large and carries major implications for clinical
management. If it does, further studies on morbidity and
mortality would be reasonable once differences in clinical
strategy were clarified.

PATHOPHYSIOLOGY

The alveolar-capillary barrier is formed by two different
structures, the vascular endothelium and the alveolar
epithelium. Traditionally, it has been thought that in-
sults applied to the lung, through the airways or the cir-
culation, result in diffuse alveolar damage. Although
many insults may converge in the late stage of ARDS,
we wonder if, in early stages, a direct or indirect insult to
the lung may have different manifestations.1?

Direct Insult

A direct insult has been studied in experimental models
by using intratracheal instillation of endotoxin,!® com-
plement,!® tumor necrosis factor,20 or bacteria.2! After a
direct insult, the primary structure injured is the alveo-
lar epithelium. This causes an activation of alveolar
macrophages and of the inflammatory network, leading
to intrapulmonary inflammation. The prevalence of
the epithelial damage determines a localization of the
pathological abnormality in the intra-alveolar space,
with alveolar filling by edema, fibrin, collagen, neutro-
philic aggregates, and/or blood, and is often described
as pulmonary consolidation. Possible clinical causes of
direct lung injury are shown in Table 1.

Indirect Insult

An indirect insult has been studied in experimental
models by intravenous?? or intraperitoneal®® toxic injec-
tion. After an indirect insult, the lung injury originates
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from the action of inflammatory mediators released
from extrapulmonary foci into the systemic circulation.
In this case, the first target of damage is the pulmonary
vascular endothelial cell, with an increase of vascular
permeability and recruitment of monocytes, polymor-
phonuclear leukocytes, platelets, and other cells. Thus,
the pathological alteration due to an indirect insult is
primarily microvascular congestion and interstitial
edema, with relative sparing of the intra-alveolar spaces.
Possible clinical causes of indirect lung injury are shown
in Table 1.

These experimental findings suggest that dam-
age in the early stage of direct insults is primarily intra-
alveolar, whereas in indirect injuries interstitial edema is
most prominent. However, it is worth noting the pos-
sible coexistence of the two insults: one lung with
direct injury (as pneumonia) and the other with indirect
injury (through mediator release from the original
pneumonia).?*

MORPHOLOGICAL ASPECTS

In recent years, a number of studies have identified dif-
ferences by chest x-ray and computed tomography (CT)
between ARDSp and ARDSexp.

Chest X-ray .

We retrospectively scored the chest x-rays, performed in
a standardized way, in 21 ARDS patients (9 ARDSp
and 12 ARDSexp), to identify the amount of “hazy” and
“diffuse” lung densities—likely representing interstitial

Table 1 Major Categories of Pulmonary and
Extrapulmonary ARDS

I. Direct injury {(pulmonary ARDS)

A. Aspiration

B. Diffuse pulmonary infection (i.e. bacterial, viral,
Pneumocystis, others)

C. Neardrowning

D. Toxic inhalation

E. Lung contusion

IIl. Indirect injury (extrapulmonary ARDS)

A. Sepsis syndrome, with or without clinically significant
hypotension, with or without evidence of infection
outside the lung.

B. Severe non-thoracic trauma as indicated by:

1) Clinical description
2) Scoring systems such as the injury severity score
(1SS} or Apache li/iHi
3) Treatment interventions, such as the Treatment
Intervention Scoring System (TISS)
. Hypertransfusion for emergency resuscitation
. Cardioputmonary bypass (rare)
E. Pancreatitis

| @]

edema and compression atelectasis—and “patchy” den-
sities—likely representing pulmonary consolidations.’
Patients with ARDSp presented an increased amount of
patchy densities compared with patients with ARD-
Sexp, whereas the amount of hazy and extensive densi-
ties was similar in both groups. No significant differ-
ences were found between the right and the left lung.
Overall the lung injury severity scores were significantly

higher in patients with ARDSp.

CT Scan

Several studies have analyzed lung morphology by CT
evaluation of part of the lung®25-27 or the whole lung.?8
As a reference, we present representative lung CT scans,
taken at end-expiration at 0 cmH,O PEEP, of a normal
subject spontaneously breathing (Fig. 1) and during
general anesthesia and paralysis (Fig. 2). In these set-
tings, the appearance of limited densities in the depen-
dent part of the lung is quite limited.

Goodman and colleaguess studied 33 ARDS pa-
tients (22 ARDSp and 11 ARDSexp ) by performing
three representative scans at the apex (top of the upper
aortic arch), at the hilum (first section below the ca-
rina), and at the base (2 cm above the highest dia-
phragm). The ventilatory setting was not standardized
during scans. The lung was scored as follows: “normal
lung,” “ground-glass opacification” (mild increased at-
tenuation with visible vessels), and “consolidation”
(markedly increased attenuation with no visible vessels).
They found that in ARDSexp, ground-glass opacifica-
tion was more than twice as extensive as consolidation
(Fig. 3). This contrasted markedly with ARDSp, in
which there was an even balance between ground-glass

Figure 1 Representative lung computed tomography scan, at
end-expiration, of a normal subject breathing spontaneously.
Note the fully aerated lung and the absence of any densities
throughout the parenchyma.
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Figure 2 Representative lung computed tomography scan, at
end-expiration, of a normal subject during general anesthesia
and paralysis. Note the presence of small densities in the de-
pendent part of the lung.

opacification and consolidation (Fig. 4). When the type
of opacification between the two groups was compared,
the patients with ARDSexp had 40% more ground-
glass opacification than did those with ARDSp. Con-
versely, the ARDSp patients had over 50% more consol-
idation than did those with ARDSexp. The authors
found also differences in the regional distribution of the
densities. In ARDSexp ground-glass opacification was
greater in the central (hilar) third of the lung than in the
sternal or vertebral third. There was no significant cran-
iocaudal predominance for ground-glass opacification
or consolidation, but consolidation showed a preference
for the vertebral position over the sternal and central
positions. In ARDSexp ground-glass opacification was
evenly distributed in both the craniocaudal and sternal-
vertebral directions. Consolidation tended to favor the
middle and basal levels, but also favored the vertebral

Figure 3 Representative lung computed tomography scan, at
end-expiration, of a patient with ARDSexp due to sepsis. There
is a predominantly ground-glass opacification.

Figure 4 Representative lung computed tomography scan, at
end-expiration, of a patient with ARDSp, due to community ac-
quired streptococcus pneumonia, showing extensive consoli-
dation, with an approximately equal amount of normat lung and
ground-glass opacification and.air bronchograms.

position. The total lung disease was almost evenly dis-
tributed between the left and right lungs in both
ARDSp and ARDSexp. However, grossly asymmetric
disease was always due to asymmetric consolidation.
Moreover, the presence of air bronchograms and pneu-
momediastinum were prevalent in ARDSp, while
emphysema-like lesions (bullae) were comparable in
both groups.

Unfortunately, it appears that the word consolida-
tion may have different meanings in different contexts.
In radiology, consolidation simply means a “marked in-
crease in lung attenuation with no visible vessels,” and it
may derive from alveolar atelectasis as well as alveolar
filling. In pathology, consolidation refers only to alveo-
lar filling. _

Similar findings were reported by other authors.
D’Angelo and colleagues? reported homogeneous dif-
fuse interstitial and alveolar infiltration, without evi-
dence of atelectasis, in eight patients with ARDSp due
to Pneumocystis carinii (Fig. 5), whereas Winer-Muram
and colleagues?6 found that dependent atelectasis was
more common in patients with early ARDSexp com-
pared with ARDSp.

Recently, we investigated by CT scan the mor-
phological lung alterations in 10 patients with head in-
jury, of traumatic and nontraumatic origin, developing
severe respiratory insufficiency (PaO,/FiO, lower than
200 and bilateral infiltrates) within the first week of me-
chanical ventilation (early onset pneumonia).?” Patents
with head injury have been shown to be at particularly
high risk of ventilator-associated pneumonia.?® Its inci-
dence is estimated to reach 40 to 50%. The most frequent
etiologic agents includes Staphylococcus aureus, and less
frequently, Strepz‘ococrus pneumoniae and Hemopbi/us n-
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Figure 5 Representative lung computed tomography scan, at
end-expiration, of a patient with ARDSp, due to community-
acquired Pneumocystis carinii pneumonia, with a homoge-
neous diffuse interstitial and alveolar infiltration, without evi-
dence of atelectasis.

fluenzae? The early onset of pulmonary infection and
the peculiar microbial pattern may be due to oropharyn-
geal or gastric colonization followed by high inoculum
aspiration of oropharyngeal secretions. Patients may aspi-
rate oropharyngeal secretions shortly after brain injury,
during resuscitation, or as a consequence of intubation.3
This represents an excellent “in vivo” model of direct
pneumonia (i.e., ARDSp) in humans. The CT scans
were classified as by Goodman and colleagues.6 We
found that all the patients showed consolidation opacities
in the dependent part of the lung (Fig. 6A). However,
unlike ARDSp originating from community-acquired
pneumonia, as in the Goodman study, in nosocomial
pneumonia the amount of ground-glass opacification was
negligible and the overall disease scores were markedly
lower. Thus, it is possible to hypothesize that the patho-

physiology and the lung morphology in ARDSp may be
different in community-acquired pneumonia and in
nosocomial pneumonia. It is possible that the period of
time from the infection and the development of severe
respiratory failure (usually within 1 week), can favor some
initial diffusion of inflammatory agents, which can ex-
plain the presence of moderate amounts of ground-glass
opacification in ARDSp from community-acquired
pneumonia.3! Moreover, the aggressive therapeutic man-
agement in nosocomial pneumonia, and thus a potential
reduction in release of inflammatory agents in the pe-
ripheral circulation, may limit the radiological pattern to
consolidation.

Different observations were obtained by Rouby
and colleagues in 69 ARDS patients (49 ARDSp and
20 ARDSexp ) in whom a CT scan of the whole lung
was performed.3? CT densities were classified as con-
solidations of ground-glass opacification. Consolidation
was defined as a homogeneous increase in pulmonary
parenchymal attenuation that obscures the margins of
the vessels and airway walls. Ground-glass opacities
were defined as hazy, increased attenuations of the
lung but with preservation of bronchiolar and vascular
margins. The patient was classified as having a “lobar”
pattern if areas of lung attenuation had a lobar or seg-
mental distribution established on the recognition of
anatomical structures such as the major fissure or the
interlobular septa, a “diffuse” pattern if lung attenua-
tions were diffusely distributed throughout the lungs,
and “patchy” pattern if there were lobar or segmental
areas of lung attenuation in some parts of the lungs but
lung attenuations without recognized anatomical limits
in others. They found that ARDSp was more frequent
among patients with diffuse and patchy attenuation,

Figure 6 Representative lung computed tomography scan, at end-expiration, at 0 cmH,O positive end-expiration pressure (PEEP)
{A) and at 15 cmH,0 PEEP (B) of a neuro-injured patient with ARDSp due to a nosocomial pneumonia caused by Pseudomonas
aeruginosa. The lung parenchyma is characterized by extensive consolidations, with air bronchograms in the dependent regions,
with normally aerated nondependent ones. Application of PEEP did not result in any alveolar recruitment.

B
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whereas ARDSexp was more common in patients with
lobar attenuation.

With all the limits and somewhat arbitrary clas-
sification of patients and interpretation of morphologi-
cal observations, these findings support the hypothesis
that the radiological pattern is different in ARDSp and
ARDSexp. We can conclude that (1) in ARDS, the in-
crease in the lung densities is most prominent in the de-
pendent lung regions in the supine position but may, in
a minority of patients, be more homogeneously distrib-
uted throughout the lung parenchyma; (2) in ARDSp,
due to community-acquired pneumonia, two prevalent
patterns have been described: (a) extensive consolida-
tion and air bronchograms in the dependent part of the
lung together with ground-glass opacification, or (b)
homogeneous diffuse interstitial and alveolar infiltra-
tion, without evidence of atelectasis; (3) in ARDSp, due
to nosocomial pneumonia, clear consolidation of the
dependent part of the lung is seen, with the remaining
lung substantially normal; and (4) in ARDSexp, there is
a predominantly ground-glass opacification.

RESPIRATORY MECHANICS

Traditionally, the mechanical alterations of the respira-
tory system observed during ARDS were attributed to
the lung because the chest wall elastance was considered
nearly normal.3® Studies in which respiratory system,
lung, and chest wall mechanics were partitioned, have
proved this assumption wrong. We consistently found
that the elastance of the respiratory system was similar
in ARDSp and ARDSexp, but the elastance of the lung
was higher in ARDSp, indicating a stiffer lung (Fig. 7).*
Conversely, the elastance of the chest wall was more
than twofold higher in ARDSexp than in ARDSp, in-
dicating a stiffer chest wall. The increase in the elas-
tance of the chest wall was related to an increase in the
intra-abdominal pressure, which was threefold greater
in ARDSexp. In critically ill patients, data on intra-
abdominal pressure are surprisingly scanty. In most of
our patients, the elevated values could be explained by
primary abdominal disease or edema of the gastroin-
testinal tract. Figure 8 shows the sonographic findings
of the abdomen in a normal spontaneously breathing
subject (A), in a patient with ARDSexp due to abdomi-
nal sepsis (B), and in a patient with ARDSp due to Le-
gionella pneumonia (C). In the normal subject it is
difficult to recognize the abdominal wall and the gut
anatomical structures. In the patient with ARDSexp
and related abdominal problems, the increased dimen-
sions and thickness of the gut, with intraluminal debris
and fluid and with reduced peristaltic movements, are
visible. In the patient with ARDSp, the dimensions of
the gut are slightly increased while the gut wall thick-
ness is not increased, without any consistent debris or
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Figure 7 Static elastances of the total respiratory system,
lung, and chest wall and their modifications with positive end-
expiratory pressure (PEEP) in patients with ARDSp and ARD-
Sexp {(modified from4).

fluid. Thus, it is evident that patients with abdominal
problems present important anatomical alterations of
the gut, which can explain the increased intra~-abdomi-
nal pressure. Thus these findings suggest that in ARDS
the increased elastance of the respiratory system is pro-
duced by two different mechanisms: in ARDSp a high
elastance of the lung is the major component, whereas
in ARDSexp increased elastance of the lung and of the
chest wall equally contributed to the high elastance of
the respiratory system. Moreover, we found that respi-
ratory resistance, partitioned into its airway and vis-
coelastic components, was comparable in ARDSp and
ARDSexp. However, the resistance of the chest wall
was also elevated in ARDSexp and significantly corre-
lated to intra-abdominal pressure, suggesting that intra-
abdominal pressure can affect the viscoelastic properties
of the thoracoabdominal region.

Altered lung elastance with relatively normal
chest wall elastance was also found in patients affected
by severe Pneumocystis carinii pneumonia,® and in pa-
tients with nosocomial pneumonia?’ that usually pres-
ent the same histopathology as ARDSp.

All these data suggest, in agreement with recent
work,3435 the importance of respiratory partitioning for
a better characterization of the pathology underlying
ARDS and an improvement in clinical management.
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Figure 8 Sonographic findings of the abdomen in a healthy
subject spontaneously breathing (A}, in a patient with ARDSexp
(B), and in a patient with ARDSp (C). In the normal subject it is
difficult to recognize the abdominal wall and the gut anatomical
structures. In the patient with ARDSexp and abdominal pathol-
ogy, the increased dimensions and the increased thickness of
the gut, with intraluminal debris and fluid with reduced peri-
staltic movements, are shown. In the patient with ARDSp, the
dimensions of the gut are slightly increased whereas the gut
wall thickness is not increased, without any consistent intralu-
mina, debris or fluid.

VENTILATORY STRATEGIES

The most important consequence of the different respi-
ratory mechanics in ARDSp and ARDSexp is that for a
given applied airway pressure, the transpulmonary pres-

sure (i.e., the distending pressure of the lungs), is higher
in ARDSp than in ARDSexp. Indeed, the main differ-
ences between ARDSp and ARDSexp seems to be (1) a
different underlying pathology (prevalent consolidation
vs prevalent collapse) and (2) a different transpulmo-
nary pressure for the same applied airway pressure.

PEEP and Recruitment
The differences in underlying pathology and respiratory
mechanics may have clinical consequences. In fact, the
potential for recruitment is higher in alveolar collapse
and lower in alveolar consolidation. On the other hand
the applied opening pressures for lung recruitment may
lead to different transpulmonary pressures according to
chest wall elastance. This hypothesis is supported by the
finding that in ARDSp, increasing PEEP mainly in-
duced overstretching, while in ARDSexp PEEP mainly
induced recruitment. Gattinoni and colleagues found
that an increase of PEEP leads to opposite effects on
elastance.* In ARDSp, increasing PEEP caused an in-
crease of the elastance of the total respiratory system
due to an increase in lung elastance with no change in
chest wall elastance. Conversely, in ARDSexp the appli-
cation of PEEP caused a reduction of the elastance of
the total respiratory system, mainly due to a reduction
in lung elastance and chest wall elastance. See Figure 7.
Moreover, although an increased PEEP led to an eleva-
tion of end-expiratory lung volume in both ARDSp and
ARDSexp, it resulted in alveolar recruitment primarily
in ARDSexp (Fig. 9A, B). In line with these results, the
beneficial effects of sighs on oxygenation and recruit-
ment are more pronounced in ARDSexp, suggesting
the sigh is more likely to cause transpulmonary pressure
sufficient for lung opening in ARDSexp.” In neuro-
injured patients with “pure” nosocomial pneumonia and
severe respiratory insufficiency, we found no beneficial
effects on respiratory mechanics, alveolar recruitment,
or gas exchange with PEEP or recruitment maneuvers
(Fig. 6A, B).27

These clinical findings are in line with the results
obtained in pathological studies and animal experiments.
In a very elegant morphological study, Lamy and col-
leagues found that in patients in whom gas exchange did
not improve with PEEP in early ARDS, severe lung tissue
damage resulted, with alteration of alveolar spaces by
hemorrhage and purulent exudate, whereas the responders
to PEEP had less severe lung damage but diffuse conges-
tion, microatelectasis, and some alveolar damage.36 How-
ever, it is possible that different responses to PEEP disap-
pear in late ARDS where the lung structure undergoes
important changes such as remodeling and fibrosis.?”
Comparing three different experimental models of acute
lung injury during recruitment maneuvers, Van der Kloot
and colleagues found that more alveolar recruitment oc-
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Figure 9 Representative lung computed tomography (CT) scan at base, at end-expiration, at 0 cmH,O positive end-expiration pres-
sure (PEEP) {A), and at 16 cmH,0 PEEP (B) of a patient with ARDSexp due to sepsis. The lung parenchyma is characterized by
ground-glass opacities, which are clearly reduced with application of PEER resuiting in alveolar recruitment.

curred in an oleic acid model, similar to ARDSexp, com-
pared with the model of intratracheal instillation of bacte-
rial pneumonia, more similar to ARDSp.38 Other authors
have observed that PEEP is less effective in localized lung
diseases like pneumonia.®

Inconsistant with these findings, Puybasset and
colleagues found a similar response to PEEP in alveolar
recruitment and oxygenation in patients with ARDSp
and ARDSexp.® This could reflect differences in the
clinical characteristics of the population investigated or
in the ventilatory and clinical management at the mo-
ment of the study.

In sum, these data indicate that in the presence
of “pure” pulmonary consolidation, increases of both in-
spiratory and expiratory pressures are less beneficial
and, sometimes, even deleterious.

Prone Position
If chest wall mechanics, intra-abdominal pressures,
and underlying pathology are different in ARDSp and
ARDSexp, it is not surprising that the response to
prone position may also be different. In fact, several fac-
tors that are different between ARDSp and ARDSexp
(i.e., chest wall elastance and regional transpulmonary
pressure), are likely involved in determining the re-
sponse to prone position.*0

Two recent studies investigated the possible dif-
ferences in the response in oxygenation to prone posi-
tion in ARDSp and ARDSexp.1241 Lim and colleagues,
in a 2-hour physiological study, investigated 47 patients
(31 ARDSp and 16 ARDSexp).*! They showed that the
effect of prone positioning on respiratory function ap-
pears to be different in patients with early ARDSp and
ARDSexp. Briefly they found that in prone position (1)
the response in oxygenation (defined as an increase of
PaO,/FiO, greater than 40% from baseline) was more
marked in ARDSexp compared with ARDSp (63% vs
23% at 0.5 h, and 63% vs 29% at 2 h, respectively); (2)
the rate of increase in oxygenation was slower in
ARDSp; (3) the decrease of respiratory system compli-
ance was greater in ARDSexp; (4) the densities, deter-

mined on the chest x-ray, decreased to a greater degree
in ARDSexp.

Pelosi and colleagues performed a large prospec-
tive trial in 73 patients (51 ARDSp and 22 ARDSexp)
with bilateral chest infiltrates, a PaO,/FiO, ratio lower
than 200 with PEEP higher or equal to 5 cmH,O, and
no evidence of cardiac problems.!? Patients were evalu-
ated daily for a 10-day period for the presence of respira-
tory failure criteria (the same as entry criteria). Patients
who met these criteria were placed in a prone position
for 6 hours once a day. The improvement in oxygenation
was greater in ARDSexp compared with ARDSp, al-
though the overall mortality was not different between
the two groups. :

The different time course of oxygenation accord-
ing to the etiology of ARDS suggests that the mecha-
nisms of oxygenation in the prone position may be mul-
tifactorial or time-dependent, or both. An attenuation
of the vertical gradients of the pleural pressure, or an in-
creased effective transpulmonary pressure at the depen-
dent lung regions, is obtained immediately as the pa-
tients are turned to the prone position. This mechanical
benefit could then result in the reversal of compressive
atelectasis in ARDSexp, but would not bring about an
immediate change in the consolidated lung units in
ARDSp. The greater decrease in consolidation densities
in the prone position of ARDSexp as compared with
ARDSp suggests that the effects of position and the
mechanisms through which it may improve respiratory
function can be different in ARDSp and ARDSexp. In
ARDSexp, in which collapse and compression atelecta-
sis together with an increase of intra-abdominal pres-
sure play a major role in inducing hypoxia,*? the redis-
tribution of atelectasis from dorsal to ventral®® and
possibly the changes in regional transpulmonary pres-
sure** may induce an immediate improvement of oxy-
genation. In ARDSp, in which collapse is likely less rel-
evant, the same mechanism may operate to a lesser
degree and possibly the redistribution of ventilation
may play an additional role.

These two studies reinforce the hypothesis that
the mechanisms by which prone position improves oxy-
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genation may be different or may operate to different

degrees in ARDSp and ARDSexp.

CONCLUSIONS

ARDSp and ARDSexp are characterized by different
pathophysiological, radiological, and mechanical pat-
terns: (1) in ARDSp, the prevalent damage in early
stages is likely intra-alveolar, whereas in ARDSexp it is
interstitial edema. Sometimes the differentiation be-
tween ARDSp and ARDSexp is not so evident, possibly
because of the coexistence of the two insults (i.e., one
lung with direct injury (as pneumonia) and the other
with indirect injury, through mediator release from the
original pneumonia); (2) the radiological pattern, from
chest x-ray or CT, is different in ARDSp (characterized
by prevalent consolidation) and ARDSexp (character-
ized by prevalent ground-glass opacification); (3) in
ARDSp lung elastance is more markedly increased than
in ARDSexp, where the main abnormality is the in-
crease in chest wall elastance, due to abnormal intra-
abdominal pressure; (4) PEEP, inspiratory recruitment,
and prone position more effectively improve respiratory
mechanics, alveolar recruitment, and gas-exchange in
ARDSexp. Further studies are warranted to better de-
fine whether the distinction between ARDS of different
origins can improve clinical management and survival.
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