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Pulmonary and Extrapulmonary Acute Respiratory
Distress Syndrome: Are they Different?*

Sindrome do Desconforto Respiratdrio Agudo Pulmonar
e Extrapulmonar: Existem Diferencas?

Cristiane S. N. Baez Garcia’, Paolo Pelosi?, Patricia R. M. Rocco®

SUMMARY

BACKGROUND AND OBJECTIVES: The pathogen-
esis of acute respiratory distress syndrome (ARDS) has
been described by the presence of direct (pulmonary)
and/or indirect (extrapulmonary) insult to the lung pa-
renchyma. Evidence indicates that the pathophysiology
of ARDS may differ according to the type of primary in-
sult. This article presents a brief overview of differences
between pulmonary and extrapulmonary ARDS, and
discusses the interactions between morpho-functional
aspects and response to differents therapies, both in
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experimental and clinical studies.

CONTENTS: This systematic review included clinical
and experimental ARDS studies found in MedLine and
SciElo databases in the last 20 years. Many research-
ers acknowledge that experimental pulmonary and
extrapulmonary ARDS are not identical with regard to
morpho-functional aspects, the response to positive
end-expiratory pressure (PEEP), recruitment manoeu-
vre, prone position and other adjunctive therapies.
However, contradictory results have been reported in
different clinical studies, which could be attributed to
the difficulty of classifying ARDS in one or the other
category, and to the assurance regarding the onset,
phase and severity of ARDS in all patients.
CONCLUSIONS: Heterogeneous ARDS patients are
still considered as belonging to one syndrome, and are
therefore treated in a similar manner. Thus, it is impor-
tant to understand the pathophysiology of pulmonary
and extrapulmonary ARDS in an attempt to better treat
these patients.

Key Words: pulmonary histology, protective ventila-
tion, recruitment manoeuvre, respiratory mechanics.

RESUMO

JUSTIFICATIVA E OBJETIVOS: A patogénese da
sindrome do desconforto respiratério agudo (SDRA)
tem sido explicada pela presenca de uma agressao
direta (SDRA pulmonar) e/ou indireta (SDRA extrapul-
monar) ao parénquima pulmonar. Evidéncias indicam
que a fisiopatologia da doenca pode diferir com o tipo
de lesdo. O objetivo deste estudo foi apresentar bre-
ve revisdo das diferencas entre a SDRA pulmonar e a
SDRA extrapulmonar e discutir as interacdes entre os
aspectos morfofuncionais e a resposta aos diferentes
tratamentos.

CONTEUDO: Esta revisdo bibliografica baseou-se em
uma pesquisa sistematica de artigos experimentais e
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clinicos sobre SDRA incluidos nas bases de dados Me-
dLine e SciElo nos ultimos 20 anos. Muitos pesquisa-
dores concordam, com base em estudos experimen-
tais, que a SDRA pulmonar e a SDRA extrapulmonar
ndo sao idénticas no que diz respeito aos aspectos
morfofuncionais, a resposta a pressao positiva ao final
da expiracao (PEEP), manobra de recrutamento alveo-
lar, posicdo prona e outras terapias farmacologicas.
Entretanto, os estudos clinicos tém descrito resultados
contraditérios, os quais podem ser atribuidos a dificul-
dade de se classificar a SDRA em uma ou outra etio-
logia, e de se precisar o inicio, a fase e a gravidade da
SDRA nos pacientes.

CONCLUSOES: Pacientes com SDRA de etiologias dis-
tintas perduram sendo considerados como pertencendo
a uma mesma sindrome e, assim, séo tratados da mes-
ma forma. Logo, é fundamental entender as diferencas
fisiopatoldgicas entre a SDRA pulmonar e extrapulmo-
nar para que a terapia seja mais bem direcionada.
Unitermos: histologia pulmonar, manobra de recruta-
mento alveolar, mecénica respiratéria, ventilacao pro-
tetora

INTRODUCTIION

Acute lung injury (ALI) and its most severe form, the
acute respiratory distress syndrome (ARDS) are cha-
racterized by acute respiratory failure, diffuse and bila-
teral pulmonary infiltrates seen at chest X-ray, reduced
pulmonary compliance and the ratio between arterial
oxygen partial pressure and fraction of inspired oxy-
gen (P/F)) < 300 mmHg for ALI and P/F < 200 mmHg
for ARDS'. Various clinical and surgical conditions may
lead to development of ALI/ARDS. There are two patho-
genic pathways: direct injury (pulmonary) that directly
affects the pulmonary parenchyma and indirect injury
(extrapulmonary) resulting from a systemic inflamma-
tory response’ (Chart 1). Experimental studies have dis-

closed morpho-functional and therapeutic differences
between pulmonary and extrapulmonary ARDS23 410
However, clinical findings are contradictory*°.

The purpose of this study was to carry out a critical
analysis of the differences between pulmonary and ex-
trapulmonary ARDS and to discuss interaction betwe-
en respiratory mechanics, lung histology and response
to different treatments.

EPIDEMIOLOGY

Because of issues related to the definition' and failure
in the diagnostic tests™'it is difficult to assess inciden-
ce of ARDS. Approximately 7% of patients admitted in
intensive care units (ICU) develop ARDS, with a morta-
lity rate ranging from 35% to 60%.

Various clinical studies attempted to demonstrate the
incidence of pulmonary and extrapulmonary ARDS as
well as identify the correlation between etiology and
prognosis. Most studies disclosed a higher prevalence
of pulmonary ARDS®"'4'5although Eisner et al.® did
not find a difference. Pneumonia is the more frequent
cause of direct injury, while sepsis is the most preva-
lent and lethal cause of indirect injury. Suntharalingam
et al.” showed a higher mortality in pulmonary ARDS,
whereas Eisner et al.’® had not found a correlation be-
tween the etiology of ARDS and mortality. Angus et al.®
observed that at the end of the first year, patients of
pulmonary ARDS presented a worsening in quality of
life. Parker et al.’® found that quality of life was similar
in patients of pulmonary and extrapulmonary ARDS at
three months, however after 12 months, patients with
pulmonary ARDS presented a better quality of life.

PATHOPHYSIOLOGY

In pulmonary ARDS the alveolar epithelium is the first
structure injured. Injury to the epithelial barrier induces:

Chart 1 - Etiology of the Pulmonary and Extrapulmonary Acute Respiratory Distress Syndrome

Pulmonary ARDS

Extrapulmonary ARDS

More frequents

Pneumonia (bacterial, viral, by fungi and atypical)
Aspiration of gastric content

Sepsis
Severe non-thoracic trauma with shock and multiple transfusions

Less frequent

Almost drowning

Lung contusion

Fat embolism

Toxic inhalation

Reperfusion pulmonary edema

Hyper-transfusion for emergency reanimation
Cardiopulmonary Bypass

Drug overdose

Acute pancreatitis

Disseminated intravascular coagulation
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alveolar edema?, reduction of edema depuration?', de-
crease in the production and turnover of surfactant?
and fibrosis?. Efficient alveolar epithelial repair can mi-
nimize formation of fibrosis as the intact epithelial layer
suppresses proliferation of fibroblasts and deposits of
the extracellular matrix (ECM)324. Epithelial repair involves
various molecular mechanisms including interaction be-
tween type Il pneumocites and the ECM?5.

In extrapulmonary ARDS, the endothelial cell is first
injured?® by circulating inflammatory mediators relea-
sed by the extrapulmonary focus (i.e. peritonitis, pan-
creatitis). Pulmonary endothelium is a highly specia-
lized tissue having physiological and immunological
functions, in addition to storing numberless enzymes,
receptors and transduction molecules that interact
with one another and with the components of the ca-
pillary wall and circulating blood cells?’. The alveolar-
capillary barrier plays a decisive role in repair and re-
modeling?’.

HISTOLOGY

In pulmonary ARDS, involvement of the pulmonary pa-
renchyma is multifocal, whereas in the extrapulmonary,
change is more diffuse and uniform due to the hemato-
genic distribution of inflammatory mediators. Morpho-
logical differences between pulmonary and extrapulmo-
nary ARDS were evaluated in autopsies® observing the
prevalence of alveolar collapse, fibrinous exudate and
alveolar wall edema in patients with pulmonary ARDS.
Negri et al 28 found a higher number of collagen fibers in
the pulmonary parenchyma of patients with pulmonary
ARDS when compared with the extrapulmonary, sug-
gesting that remodeling of ECM depends on the initial
site of the injury.

MORPHOLOGY

Various studies described the morphological differen-
ce at CT scan in patients with pulmonary and extra-
pulmonary ARDS®2%-%!, However, Desai et al.” reported
that there is no tomographic characteristic able to
predict the etiology of the injury. Studies with CT scan
presented the following limitations: 1) small number of
patients; 2) the group with extrapulmonary ARDS inclu-
des patients with abdominal sepsis and postoperative
of heart surgery that usually progress with left lower
lobe collapse and 3) direct and indirect injuries can co-
exist, making interpretation of the morphological pat-
tern more difficult.
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RESPIRATORY MECHANICS

Respiratory mechanics also seems to vary according to
the etiology of the injury. Gattinoni et al.® described that
although static elastance of the respiratory system is
similar in pulmonary and extrapulmonary ARDS, static
elastance of the lung was greater in pulmonary ARDS,
while static elastance of the thoracic wall was greater in
the extrapulmonary. In this framework Albaiceta et al.®
further demonstrated the role of the thoracic wall in the
mechanics of the respiratory system of patients with
extrapulmonary ARDS. Therefore, to better characte-
rize the pathophysiological process, an analysis of the
respiratory system and of its components, the lung and
thoracic wall, becomes essential.

RESPONSE TO THE DIFFERENT VENTILATORY
AND PHARMACOLOGICAL THERAPIES

Experimental Studies

In pulmonary and extrapulmonary ARDS therapeutic
responses presented contradictory outcomes, proba-
bly because of the possible coexistence of direct and
indirect injuries in the same patients.®>%. To avoid such
limitations, experimental models of pulmonary and
extrapulmonary ARDS have been developed. In this
context Menezes et al.? developed with mice, models
of pulmonary and extrapulmonary ALI induced by in-
tratracheal and intraperitoneal administration of E. coli
lipopolysaccharides, respectively with similar levels of
mechanical changes at the early stage. They found that
the direct injury provoked a more accentuated inflam-
matory response than the indirect?, notwithstanding
that the amount of collagen fibers had been similar in
both models. Santos et al.® when making a temporal
study of pulmonary parenchyma remodeling, in these
models of pulmonary and extrapulmonary ALI obser-
ved that direct injury caused fibroblastogenesis, whe-
reas indirect injury only brings about an early fibrosis
that was repaired. Therefore, the balance between al-
veolar epithelial inflammation and/or endothelial injury
and the repair mechanisms, apparently determines the
prognosis of ALI/ARDS. Since inflammatory response
was different between pulmonary and extrapulmonary
ALl , Rocco et al.*s analyzed the role of corticosteroids
in these models and found that the steroid (metyilpred-
nisolone) attenuated morphological changes as well as
pulmonary inflammatory response, only in the group of
pulmonary ALI but avoided changes in the content of
collagen fibers in both groups.
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Effects of recruitment maneuvers (RM) or positive ex-
piratory end pressure (PEEP) in the pulmonary function
and gas exchange also have been studied in different
models of ALI %-3° Most studies reported that RM
are more beneficial in extrapulmonary ALI, than in the
pulmonary. Kloot et al.*® observed that high levels of
PEEP caused a more effective recruitment in the ALI
model induced by oleic acid (extrapulmonary) than in
that produced by bacteria (pulmonary). Recently, Riva
et al.* investigated the effects of RM on pulmonary
mechanics and histology and oxygenation in experi-
mental models of pulmonary and extrapulmonary ALI
with similar transpulmonary pressures. They observed
that RM improved oxygenation and pulmonary mecha-
nics and decreased alveolar collapse more effectively
in extrapulmonary ALI than in the pulmonary; sugges-
ting that efficacy of RM differs according to the injury’s
etiology®°.

Clinical Studies

Results of RM on patients with ARDS remain contro-
versial. Gattinoni et al.’ report that for recruitment of
collapsed alveoli PEEP was less efficient in the pulmo-
nary ARDS. Likewise, Pelosi et al. observed beneficial
effects of three breaths per minute with a plateau pres-
sure of 45 cmH,O in extrapulmonary ARDS*. Lim et

al.*" to substantiate these findings showed that a better
oxygenation obtained through alveolar RM in extrapul-
monary ARDS was about five times greater than in the
pulmonary. Tugrul et al.*> observed that although, lung
insufflation sustained at 45 cmH,O for 30 seconds, as-
sociated to application of PEEP after insufflation of ap-
proximately 16 cmH,O improved extrapulmonary and
pulmonary ARDS oxygenation, whereas static com-
pliance increased only in the extrapulmonary ARDS*.

On the other hand, Estenssoro et al.*® found responses
similar to alveolar recruitment in patients with pulmo-
nary and extrapulmonary ARDS. To substantiate such
results Thille et al.** conducted a multicentric study and
proved that the response to alveolar recruitment with
PEEP was no different between pulmonary and extra-
pulmonary ARDS. This suggests that injury etiology
does not influence the recruiting capacity of the alveoli.
However, this study measured the pressure of the ai-
rways instead of the transpulmonary pressure. In extra-
pulmonary ARDS, for the same pressure in the airways,
due to the high intra-abdominal pressure transpulmo-
nary pressure is low, favoring alveolar recruitment. On
the other hand in pulmonary ARDS there is a predomi-
nance of alveolar consolidation. As such, for the same
airways pressure, transpulmonary pressure is relatively
high with a low recruitment potential (Figure 1). Within

EXTRAPULMONARY ARDS PULMONARY ARDS
N N
HIGH ABDOMINAL PRESSURE PULMONARY ENDOTHELIUM ALVEOLAR EPITHELIUM

J J

A%

REDUCED TRANSPULMONARY
PRESSURE

INTERSTITIAL EDEMA

ALVEOLAR EDEMA HIGH TRANSPULMOMNARY PRESSURE

J J

PREVALENCE OF ATELECTASIA

J

HIGH POTENTIAL OF ALVEOLAR RECRUITMENT

J J

PULMONARY CONSOLIDATION

J

LOW POTENTIAL OF ALVEOLAR RECRUITMENT

Figure 1 — Pathophysiology and Response to Alveolar Recruitment Strategies in the Pulmonary and Extrapulmonary Acute Respiratory

Distress Syndrome.
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this framework, Grasso et al.*® reported that efficacy
of recruitment maneuvers would be influenced by the
elastic properties of the lung and of the thoracic wall,
independent of ARDS etiology.

Functional response of extrapulmonary and pulmonary
ARDS also differs because of the patient’s position in
bed. Various authors observed that the ventral decubi-
tus (prone position) produced better oxygenation in the
pulmonary than in the extrapulmonary ARDS*#7, This
beneficial effect ceased when patients were placed in
dorsal decubitus. Pachl et al.*®, when assessing the
effects of HFOV (high-frequency oscillatory ventilation)
suggested that patients with pulmonary ARDS have
less recruitable pulmonary tissue. Although response
to recruitment maneuvres and to the prone position re-
main controversial, there is consensus that the ventila-
tory strategy with low tidal volume must be used in ALI/
ARDS independent of the injury’s etiology™®.

Response to pharmacological therapies also differs
for pulmonary and extrapulmonary ARDS. Rialp et al.*®
observed that the prone position brought about better
oxygenation independent of ARDS etiology, however
the beneficial effects to inhalation of nitric oxide (NO)
were only observed in patients with pulmonary ARDS.
On the other hand, Gerlach et al.*® showed that for pul-
monary and extrapulmonary ARDS there was no diffe-
rence in the effects of NO inhalation on oxygenation.
Nevertheless, Domenighetti et al.’' reported that tre-
atment with prostacyclin (PGl,) aerosol reduced mean
pulmonary arterial pressure without changes in oxyge-
nation. When patients with pulmonary and extrapul-
monary ARDS were separately analyzed, the authors
reported a better oxygenation in extrapulmonary ARDS
when compared to pulmonary °'.

The controversies in different clinical studies may be
ascribed to: 1) difficulty in separating the two types of
direct and indirect injuries that may coexist; 2) different
stages of injury; 3) different transpulmonary pressures;
4) use of vasoactive drugs that may affect cardiac ou-
tput and gas exchange; 5) type of RM applied; 6) po-
sition adopted (supine, superolateral and prone) during
the study;7) method for measuring beneficial effects of
pulmonary recruitment; 8) different causes of pulmona-
ry and extrapulmonary ARDS and 9) clinical and ven-
tilatory handling at the time of the study. That is why
well controlled experimental studies with animals are
important to standardize and clarify such controversial
matters. Certainly experimental data cannot be directly
extrapolated to a clinical scenario, yet they can be ex-
tremely useful to design appropriate clinical studies.
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CONCLUSION

ARDS can be divided into pulmonary or extrapulmo-
nary if the primary injury is epithelial or endothelial. Re-
sults of pharmacological and ventilatory treatment of
pulmonary and extrapulmonary ARDS continue to be
controversial. However, use of adequate methods for
assessment of respiratory mechanics and pulmonary
histology may reduce the existing controversies about
response to ventilatory and pharmacological therapies.
To enhance clinical handling and increase survival of
ARDS patients, it might be necessary to differentiate
not only pulmonary and extrapulmonary ARDS, but
also the different etiologies of ARDS.
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