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Summary

Acute respiratory distress syndrome (ARDS) is an intensive care
condition first described more than three decades ago. Recent
advances in the understanding of its pathology and management
are reviewed. Of particular relevance to physiotherapists are
the characteristic metabolic, haemodynamic and respiratory
consequences of ARDS. These have implications for physio-
therapy practice as chest physiotherapy has been demonstrated
to have metabolic, haemodynamic and respiratory effects. Appli-
cation of chest physiotherapy may exacerbate or attenuate these
effects. However, there is a lack of research in this area.

On the other hand, body positioning has enjoyed much attention
recently. The prone position is strongly advocated as an inex-
pensive alternative to new mechanical ventilatory modes in
improving oxygenation.

Despite a large body of research on ARDS, it continues to carry
a mortality rate of up to 70%. Therefore, there is a need for contin-
uing research efforts on investigating its response to various
therapeutic and supportive measures.

Introduction

Adult (or acute) respiratory distress syndrome
(ARDS) was first described 30 years ago
(Ashbaugh et al, 1967). In this original descrip-
tion, 12 out of 272 patients who were admitted to
the intensive care unit (ICU) developed acute
onset of severe dyspnoea, hypoxaemia, cyanosis
and decreased respiratory system compliance,
despite supplemental oxygen and mechanical
ventilation. Since then, a large body of basic and
clinical research on ARDS has been generated
with the aim to elucidate its aetiology and to opti-
mise its treatment. The purpose of this paper is to
review the current understanding of ARDS, its
pathophysiology, management and the implica-
tions for physiotherapy.

Definition

Ashbaugh and colleagues (1967) originally
referred to the condition as ‘acute respiratory
distress’. In a subsequent report, this was
described as ‘adult respiratory distress syndrome’
(Petty and Ashbaugh, 1971), a term that has since
become established in the medical diagnostic
vocabulary. Of the 12 patients described by

Ashbaugh et al (1967), one was a child. It is
now recognised that ARDS can affect not only
adults, but also children (Katz, 1987; Davis
et al, 1993; Sarnaik and Lieh-Lai, 1994; Paulson
et al, 1995). It was therefore proposed that ARDS
be considered as a form of acute lung injury
(ALD (Murray et al, 1988; Beale et al, 1993). The
American-European Consensus Conference on
ARDS recommended that ARDS, now known as
acute respiratory distress syndrome, be defined
as a ‘syndrome of inflammation and increased
permeability’ associated with characteristic
clinical, physiological and radiological changes
(Bernard et al, 1994). These changes include
an acute onset of deteriorating oxygenation
expressed in terms of the ratio of arterial oxygen
tension to fraction of inspired oxygen (PaO,/FiO,).
For ARDS, the PaO,/FiQ, is defined as less
than 200 mm Hg, while for ALI it is less than
300 mm Hg. Thus, ARDS is a more severe form
of ALIL This definition also requires evidence
of bilateral lung field infiltrates on chest
roentgenograms; exclusion of left atrial or pul-
monary capillary hypertension as a cause,
though not necessarily the consequence, of ARDS;
as well as the presence of one or more risk factors
(Bernard et al, 1994).

Incidence, Mortality and
Risk Factors

The reported incidence of ARDS varies between
centres. The annual incidence per 100,000 popu-
lation has been reported to be 1.5-3.5 cases in a
Spanish island (Villar and Slutsky, 1989), 4.5 in
the United Kingdom (Webster et al, 1988), 7.3-9.3
in Australia (Nolan et al, 1997) and 75.0 in the
United States of America (Murray, 1977). While
it is likely that the incidence may also depend on
resuscitation practices among intensive care units
(ICUs), a figure between 1.5 to 5.3 per 100,000
may be considered acceptable (Garber et al, 1996).

Despite much research on various treatment
strategies, ARDS continues to carry a high
mortality rate (Lee et al, 1994). Regardless of
management practices, its mortality rate ranges
from 30% to 70% (Ashbaugh et al, 1967; Villar and
Slutsky, 1989; Lee et al, 1994; Doyle et al, 1995;
DiRusso et al, 1995; Milberg et al, 1995; Nolan et
al, 1997). Age was found to be associated with
higher mortality in one retrospective study
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{Suchyta et al, 1997) but this appeared to be due
to higher incidence of withdrawal of support in
older patients. The financial cost associated with
ARDS is also high. In one report, it was estimated
that the condition incurred a daily ICU charge of
US$2,430 per patient per day (Bellamy and Oye,
1984). Seven out of 39 patients with ARDS
survived in this survey. Survivors cost signifi-
cantly less (US$1,683) than the non-survivors
(US$2,760). The high costs and poor outcomes
of ARDS are of great concern and a reason for
ongoing therapeutic trials.

Sepsis, multiple blood transfusions, near
drowning, pneumonia, aspiration of gastric
contents, multiple trauma and drug overdose are
some of the risk factors associated with ARDS
(Pepe et al, 1982; Fowler et al, 1983; Hudson et al,
1995). Moreover, non-pulmonary organ system
dysfunction appears to be prevalent in ARDS,
with high incidence of renal, hepatic, gastro-
intestinal and cardiac involvement (Dorinsky and
Gadek, 1989). Mortality is known to increase with
the presence of risk factors, especially sepsis and
non-pulmonary organ system dysfunction (Doyle
et al, 1995). For example, sepsis accounts for
about one-third (Montgomery et al, 1985) to over
two-thirds (Hudson et al, 1995) of all ARDS
deaths. Similarly, infection in the lungs, pleura or
abdomen (Seidenfeld et al, 1986), gastric aspira-
tion (Hudson et al, 1995) and non-pulmonary
organ system dysfunction (Bell et al, 1983; Mont-
gomery et al, 1985) have also been associated with
high mortality in ARDS. Respiratory failure,
however, accounts for only 10% of all ARDS deaths
(Montgomery et al, 1985).

Pathogenesis and Pathophysiology

Direct and indirect lung injury may involve both
the endothelium and epithelium (Bachofen and
Weibel, 1977). Direct injury to the alveloar space
and epithelium may be caused by infection,
inhaled smokes or toxic gases and gastric
aspiration. Indirect injury, primarily to the
endothelium, is initiated by a series of events
termed systemic inflammatory response (SIR). A
variety of systemic conditions such as infection
(sepsis), pancreatitis, multiple trauma and haem-
orrhagic shock may trigger SIR (ACCP, 1992). The
outcome of lung injury is an inflammatory
response characterised by increased cell
membrane permeability, a subsequent capillary
leak of high protein exudate into the interstitium
and alveolar spaces (that is, acute non-cardiogenic
pulmonary oedema), and a resultant increase in
extravascular lung water (Fein et al, 1979).

There are three overlapping stages of ARDS,
described as early (duration up to a week), inter-
mediate (one to two weeks) and late (over two

weeks) (Gattinoni et al, 1994). During the early
stage of ARDS, there is marked increase in
pulmonary vascular permeability (Calandrino et
al, 1988). This increase has been shown to be
homogeneous, resulting in non-gravitational
distribution of acute pulmonary oedema in the
interstitium and alveolar spaces (Pelosi et al,
1996). Histologically, there may be hyperaemia,
engorged capillaries, interstitial and intra-
alveolar haemorrhage and oedema with areas of
alveolar atelectasis (Ashbaugh et al, 1967; Lamy
et al, 1976).

There is a large number of inflammatory cells,
such as neutrophils, mononuclear cells, pulmo-
nary intravascular macrophages and platelets.
A combination of various inflammatory cells,
humoral mediators and nitric oxide (NO)
metabolism may be involved in causing the
inflammatory response and its sequelae (Fulk-
erson et al, 1996). Macrophages and platelets are
involved in the release of mediators such as
cytokines, products of arachidonic acid metabo-
lism, oxygen free radicals and complements such
as C5a (Rinaldo and Rogers, 1982). Cytokines
such as tumour necrosis factor-alpha (TNF-ot) and
interleukins (ILs) are elevated in plasma and
bronchoalveolar lavage fluid in patients with
ARDS (Nash et al, 1991; Suter et al, 1992; Meduri
et al, 1995). They cause neutrophil adhesion on
the endothelium, thus potentiating the inflam-
matory responses (Wortel and Doerschuk, 1993).
The toxic reactive oxygen species, produced or
enhanced by high FiO, and reperfusion of hypoxic
tissues, also mediate lung injury (Beale et al,
1993). Pulmonary vasoconstriction occurs as a
result of alveolar hypoxia and circulating vaso-
active substances (Zapol et al, 1977; Zapol and
Snider, 1997; Greene, 1986; Artigas et al, 1987)
such as arachidonic acid products, platelet-acti-
vating factors and complements. Inducible NO
synthase is an enzyme found in both epithelium
and endothelium which produces NO in response
to cytokines and endotoxin (Barnes and Belvisi,
1993). Excess NO may cause further capillary leak
and plasma exudation.

In the first few hours of an animal model of lung
injury, 20-25% of the increased extravascular
lung water has been shown to drain into the
pleural space, causing pleural effusion (Wiener-
Kronish et al, 1988). Radiologically, there is
evidence of diffuse consolidation, pleural effusions
(Aberle and Brown, 1990) and about 30% inci-
dence of pneumothorax (Gattioni et al, 1994).
During this stage, the patient becomes progres-
sively dyspnoeic and tachypnoeie, often requiring
ventilatory assistance.

During the intermediate stage, the lungs become
heavier and may be two to three times the normal
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lung weight (Gattioni et al, 1988a). The weight
of the oedematous lungs exerts a vertical gradient
of decreasing transpulmonary pressure, causing
compression atelectasis of lung units in the
dependent regions (Gattinoni et al, 1988a; Pelosi
et al, 1996). As the oedema accumulates, fibrin is
formed, causing thrombotic obstruction in the
pulmonary vessels and resulting in pulmonary
arterial hypertension (PAH) (Greene, 1986;
Artigas et al, 1987). An increased right ventric-
ular afterload is associated with PAH (Coetzee et
al, 1996) and compensatory Frank-Starling mech-
anism operates to maintain right ventricular
stroke volume (Dhainaut and Brunet, 1990). Poor
right ventricular contractility, as in septic shock,
may undermine this mechanism, resulting in
right ventricular failure (Dhainaut and Brunet,
1990). Surfactant depletion and abnormalities
have also been observed (Petty et al, 1979; Seeger
et al, 1990; Li et al, 1991) and noted to correlate
with the severity of ARDS (Pison et al, 1989).
This surfactant dysfunction may contribute
to the decrease in lung compliance, which
has been found to be significantly lower than
that in the early stage (Gattinoni et al, 1994).

The late ARDS stage is marked by widespread
lung damage. Histologically, there is diffuse
fibrosis (Lamy et al, 1976) and presence of hyaline
membranes (Ashbaugh et al, 1967). Significant
decrease in respiratory compliance and an
increase in intrapulmonary shunts, dead space
ventilation (Gattinoni et al, 1994) and airway
resistance have been reported (Pelosi et al, 1995)
although the latter is reversible by nebulised
salbutamol (Morina et al, 1997). The increasing
fibrotic changes may be responsible for the alter-
ations in gas exchange and lung mechanics. The
incidence of pneumothorax was reported to be
87% (Gattinoni et al, 1994). Often sepsis or infec-
tion is superimposed in the late stage of ARDS,
and may be associated with high mortality rate.

Gattinoni and colleagues (1993) have used
computed tomographic scans to characterise
the lung structure in ARDS. Previously, ARDS
was believed to be diffuse lung damage with a
homogeneous and generalised distribution of
atelectasis and damage to the alveolar-capillary
barrier (Maunder et al, 1986). Gattinoni and
colleagues (1988a, 1991) have however demon-
strated that most of the lung collapses were found
in the dependent zones. Based on these and other
studies (Maunder et al, 1986; Gattinoni et al,
1987, 1988b, 1993), three areas in ARDS lungs
have been distinguished: (1) an area of irre-
versibly damaged lung units; (2) an area of
relatively recruitable collapsed alveoli; and (3) a
very small area of normal undamaged alveoli.
These undamaged lung units have been termed

the ‘baby lung’ because they occupy a very small
proportion, approximately 15 to 20%, of normal
adult lung (Gattinoni et al, 1988a).

The oxygen transport system is also altered in
ARDS. Normally when oxygen delivery (DO,) to
the tissues decreases, as it does in ARDS (Meade
et al, 1994), oxygen consumption (VO,) remains
constant while tissue oxygen extraction increases.
When DO, decreases to a critical level, VO, will
then decrease linearly as DO, decreases. This is
known as physiological dependence of VO, on DO,,.
In ARDS, a ‘pathological’ dependence of VO, on
DO,, a linear relationship between these two vari-
ables, has been noted whereby oxygen extraction
does not increase with decreasing DO, (Knox,
1993; Russell and Phang, 1994). Furthermore,
DO, is caused by decreased cardiac contractility
rather than preload and afterload (Stelzer et al,
1994a). Therefore, strategies to enhance DO, by
inotropes and catecholamines have been used
(Yu et al, 1995). However, calculation errors in the
determination of VO, and DO, have been shown
recently to account for the linear relationship
established by previous studies (Hanique et al,
1994; Phang et al, 1994; Stelzer et al, 1994b).
Nevertheless, at least one recent study, using
direct measurements by indirect calorimetry, has
demonstrated a VO,-DO, linear relationship in
patients with ARDS and sepsis (Yu et al, 1996).

Management: Current Practices

Lack of controlled randomised trials of specific
therapeutic strategies explains why the current
principle of management is still largely supportive
(Kolleff and Schuster, 1995). The main goals of
supportive treatment are to ensure adequate gas
exchange and tissue perfusion, while minimising
any possible iatrogenic or secondary lung injury.
Treatment of specific predisposing and risk
factors is also a goal in the overall management
of ARDS.

Mechanical Ventilation

The initial settings, the application of positive
end-expiratory pressure (PEEP) and various types
of ventilatory modes have been the topics of many
theoretical speculations and fewer investigations
of rigorous designs. The application of increas-
ingly high levels of PEEP recruits previously
collapsed alveoli; while low levels of PEEP distend
and aerate normal undamaged alveoli (Gattinoni
et al, 1987, 1988b, 1993). But at high levels of
PEEP, the normal alveoli have been found to be
overly distended (Gattinoni et al, 1993). Overdis-
tention, or ‘volutrauma’ has been shown to be
associated with pneumothorax in ARDS (Finfer
and Rocker, 1996). High supplemental oxygen
therapy has also been used, but the ensuing
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oxygen toxicity is well known (Jenkinson, 1993).
The iatrogenic effects of high levels of PEEP and
FiO, have resulted in the development of many
different ventilatory strategies.

One strategy to avoid volutrauma to the ‘baby
lung’ employs the use of lower tidal volumes (as
low as 6 ml/kg body weight) and/or ventilatory
rate, thus permitting the arterial carbon dioxide
tension to rise. Permissive hypercapnia aims to
reduce peak airway distending pressure (and
hence volutrauma) associated with high tidal
volume (Kacmarek and Hickling, 1993; Tuxen,
1994). This has been shown to decrease the
incidence of pulmonary infection (Lee et al,
1990), improve respiratory system compliance
(Leatherman et al, 1991), decrease minute venti-
lation (McIntyre et al, 1994), increase oxygen
delivery (Kiiski et al, 1992; Thorens et al, 1996),
facilitate earlier ventilator weaning (Amato et al,
1995), prevent a decrease in cardiac output (CO)
(Leatherman et al, 1991; Kiiski et al, 1992), and
cause lower mortality (Hickling et al, 1990).
However, it has also been associated with
elevated cardiac index, intrapulmonary shunt and

mean pulmonary arterial pressure (Thorens et al,
1996).

Another strategy commonly used to reduce the
peak airway pressures is inverse-ratio ventilation
(IRV) where the inspiration:expiration (I:E) ratio
is increased. However, recent controlled
randomised trials have shown no additional bene-
fits, in terms of oxygenation, lung mechanics and
haemodynamics, over the conventional volume-
cycled ventilation with normal LIE ratio (Mancebo
et al, 1994; Mercat et al, 1997). In fact, IRV has
been found to decrease CO (Mercat et al, 1997).

Airway pressure release ventilation is another
form of ventilatory mode that aims to reduce the
peak airway pressure. It is a form of continuous
positive airway pressure (CPAP) for spontaneously
breathing patients, with periods when the
airways rapidly depressurise allowing expiratory
gases to empty and fresh gas to refill the airways
to the pre-set CPAP. It has been shown to have
lower peak airway pressure, higher oxygenation
and lower intrapulmonary shunt when compared
to volume-cycled IRV (Sydow et al, 1994).

Extracorporeal ventilatory support has been tried
in some centres. Prospective clinical randomised
trials have shown that both extracorporeal
membrane oxygenation (Zapol et al, 1979) and
extracorporeal carbon dioxide removal (Morris
et al, 1994) offered no additional benefits over
conventional ventilatory support.

Partial liquid ventilation with perfluorocarbons
has been used and studied in some centres. The
lungs are filled with perfluorocarbon to functional

residual capacity (FRC) while gas ventilation is
effected by conventional mechanical ventilator.
Surface tension is reduced with this approach,
thereby recruiting more lung volume and facili-
tating better gas exchange (Hernan et al, 1996).
Studies involving both animal models (Hernan et
al, 1996; Hirschl et al, 1996a) and patients with
severe ARDS on extracorporeal support (Hirschl
et al, 1996b; Kazerooni et al, 1996) have shown
improved gas exchange and lung mechanics
without any complications.

Fluid Management

Fluid therapy has been a topic of much debate
within the medical community (Schuster, 1995;
Sporn, 1996). Some studies have shown lower
mortality and improved outcomes of fluid support
to increase DO, to supranormal states (Shoe-
maker et al, 1988; Yu et al, 1993), while others
have shown better outcomes with fluid restriction
(Mitchell et al, 1992). It has been suggested
that fluid therapy is best if individually tailored
(Fulkerson et al, 1996).

Pharmacological Interventions

Pharmacological interventions aim to interfere
with the inflammatory process, reduce PAH and
replenish surfactant. Recent randomised
controlled trials have shown better oxygenation,
reduced levels of inflammatory markers or
improved survival with pharmacological inter-
ventions, including surfactant replacement (Weg
et al, 1994, Gregory et al, 1997); antioxidants such
as N-acetylcystein and procystein (Bernard et al,
1997); vasolidator such as nitric oxide (Walmrath
et al, 1996; Doering et al, 1997) and prostacyclin
(Walmrath et al, 1996); substances which enhance
the hypoxic pulmonary vasoconstriction such as
phenylephrine (Doering et al, 1997) and almitrine
(Wysocki et al, 1994; Benzing et al, 1997; Jolliet et
al, 1997); as well as inflammatory mediator-
inhibitors such as prostglandins E, (Abraham et
al, 1996). Corticosteroids have been shown to
have no effect on improving survival in one
randomised clinical trial (Bernard et al, 1987).
Similarly, gut decontamination has not been
found effective in reducing the incidence of ARDS
(Cerra et al, 1992). Immunological therapy
by administration of anti-endotoxin antibody
(Bigatello et al, 1994) as well as cytokine antago-
nists (Opal et al, 1997) do not appear to improve
survival when compared with conventional
approaches.

Body Positioning

It has been suggested that the upright position
could be important in improving the FRC in ARDS,
a condition with a reduced FRC (Dean, 1996a).
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The aim of body positioning in ARDS is to use
gravity to optimise the ventilation-perfusion ratio,
thereby improving gas exchange and oxygenation.
However, to date, there has been no research
evidence in favour of the upright position
for people with ARDS. One study reported that
PaO,/FiO, remained unchanged when the semi-
recumbent position was compared to the supine
position in ARDS patients (Bittner et al, 1996).
Moreover, respiratory compliance was reduced
in the semi-recumbent compared to the supine
position in this study.

The lateral decubitus position has been shown
consistently to improve oxygenation (PaQ, and/or
Pa0O,/Fi0,) in intubated and ventilated ICU
patients with acute respiratory failure due
to unilateral lung involvement (Ibdnez et al,
1981; Prokocimer et al, 1983; Rivara et al, 1984;
Gillespie and Rehder, 1987). There is no clear
advantage of this position for patients with
radiographic appearance of bilateral lung field
infiltrates (Nelson and Anderson, 1989). Further-
more, in patients with ARDS superimposed with
marked SIR and moderate right ventricular
dysfunction, the lateral decubitus position for just
15 minutes has been shown to cause significant
haemodynamic changes (Bein et al, 1996). Left
side lying appears to induce increased pre-load
resulting in higher than normal CO; while right
side lying causes a significant decrease in pre-load
and right ventricular end-diastolic volume with
a resultant systemic hypotension (mean arterial
pressure fell from 85 mm Hg in supine to
72 mm Hg) (Bein et al, 1996). Thus, in applying
the lateral decubitus position in patients with
ARDS, it is important to be aware of and to
monitor the haemodynamic variables, especially
where CO may be compromised.

The prone position has been found to cause
better arterial oxygenation in patients with ARDS
(Piehl and Brown, 1976; Douglas et al, 1977).
Since 1988, there has been a growing interest in
_the prone position (Langer et al, 1988; Gattinoni
et al, 1991; Briissel et al, 1993; Pappert et al, 1994;
Hormann et af, 1994; Murdoch and Storman,
1994; Vollman and Bander, 1996; Chatte et al,
1997; Stocker et al, 1997; Fridrich et al, 1997;
Mure et al, 1997). All except four of these studies
involved manual turning of the patients into
prone, usually involving three to four medical,
nursing or auxillary staff (see table). All except
one study (Vollman and Bander, 1996) did not
randomise the assignment of patients into the
supine (control) and prone position. Despite the
lack of randomised trials, the prone position has
consistently resulted in higher oxygenation in all
studies (see table), reduced intrapulmonary
shunts (Briissel et al, 1993; Pappert et al, 1994;

Hormann et al, 1994; Fridrich et al, 1997),
lowered mortality (Stocker et al, 1997) and
decreased FiO, (Briissel et al, 1993; Mure et al,
1997). No haemodynamic complications have
been reported (Gattinoni et al, 1991; (Briissel
et al, 1993; Pappert et al, 1994; Hormann et al,
1994; Murdoch and Storman, 1994; Vollman
and Bander, 1996; Chatte et al, 1997). However,
dependent oedema in the face is to be expect-
ed (Douglas et al, 1977; Briissel et al, 1994;
Chatte et al, 1997; Fridrich et al, 1997; Mure et al,
1997). A semi-prone position has also been
described in five case studies (Schmitz, 1991) with
similar results.

Animal models of ALI have provided some expla-
nations for these observations. A re-distribution
of regional ventilation is likely to occur in
adopting the prone position. Transpulmonary
pressure exceeding airway opening pressure was
observed to increase in the non-dependent lungs
in canine models of lung injury (Lamm et al,
1994). Increased normal ventilation-perfusion
units in the dorsal lung regions (Lamm et al,
1994) and reduced shunt perfusion (Albert et al,
1987) were shown to account for the improvement
in oxygenation in patients lying prone. Further-
more, in the prone position, the weight of the
heart, the mediastinum (Margulies and Rodarte,
1990) and the upper abdomen (Liu et a/, 1990) no
longer compress the underlying compromised
lungs as in the supine position.

Therefore, it appears that there is quite strong
evidence of enhanced oxygnation in ARDS patients
placed in the prone position. Further investiga-
tions should focus on the effect of upright position,
the optimal frequency and duration of the prone
position, and the cost-effectiveness of this position
when compared to the other modalities to improve
oxygenation.

Finally, the effect of continuous turning, or
‘kinetic therapy’ has been investigated in Europe
and North America (Gentiello et al, 1988; Choi
and Nelson, 1992; Pape et al, 1994). A meta-
analysis of research studies on kinetic therapy
in critically ill patients appeared to suggest that
this treatment modality had no significant effect
on reducing the incidence of ARDS in a pooled
sample size of 419 patients across five studies
(Choi and Nelson, 1992). Pape et al (1994)
compared a prospective cohort of post-trauma
ARDS patients subjected to continuous turning
with a historical cohort of ARDS patients who had
been nursed only in the supine position. Sign-
ificant improvement in PaO,/FiO, with an
accompanying decrease in pulmonary shunt was
reported. The extravascular lung water was also
significantly lower in the ‘kinetic’ group than the
‘supine’ control group. There were no significant
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Effects of the prone position in patients with ARDS

Studies No of Manual or Duration of Outcomes
subjects mechanical position
turning (hours) Risks Benefits
Piehl and 5 Mechanical Not stated Not studied Pa0,T
Brown (1976) Secretions T in three cases
Douglas et al 6 Both 4 and 33 COT in two patients PaO,T in prone but
(1977) Two had periorbital and returned to baseline when
conjunctival oedema supine. Secretions T
Langer et a/ 13 Manual 2 None observed Pa0,T in eight patients
(1988)
Gattinoni et al 10 Manual 6 No haemodynamic changes PaO, and Q+/Q: — no change.
(1991) CT scan showed T densities
(atelectasis) in
dependent regions,
regardless of positions
Brussel! et al 10 Manual 10-42 No haemodynamic changes. PaQ,, Sa,/O. and Pa/FiO, T
(1993) Four had lip/eyelid oedema. PusO2 Q/Qiand FiO,
Five had pressure bruises on
forehead and anterior chest wall
Pappert et al 12 Manual 2 No haemodynamic changes Pa0,T in eight patients in
(1994) prone but returned to
baseline when supine.
Q/Qi,
Hérmann et al 7 Mechanical 12 over No haemodynamic changes Q/Q, | initially during
(1994) 615 days prone only, but also in
supine 2nd day onwards.
FO. . CT scan - clearance
of atelectasis
Murdoch and 7 Manual % No haemodynamic changes SaQ.T in prone but returned
Storman to baseline when supine
(1994)
Vollman and Bander 15 Mechanical ) No haemodynamic changes  Overall Pa0,T; PuyQ:
(1996)
Chatte et al 32 Manual 4 No hasmodynamic changes: 78% had PaO,/FiQO, T: more
(1997) Two had SpQO, | >5%. than half of these
Two had vascular lines maintained improvements
removed/compressed. on return to supine
One had arrhythmia
One accidentally extubated
causing mild cutaneous
and mucosal damage
Stocker et al 25 Manual % Not studied PaO./FiO, and PO, T.
(1997) Mortality 12%<
comparable groups reported
elsewhere
Fridrich et al 20 Manual 5 each turn; Loss of endotracheal tube Improvement up to 4th
{1997) total 96 after  and central venous access. prone turn.
fourtumns  Shoulder and hip contractures. PaO./FiO, - T; PpoO. - 4
Facial oedema and Qu/Qx - 4
Mure et al 13 Manual Individualised One endotracheal tube PaQ,/Fi0, - T,
(1997) 2 1o 36 at dislocated. Pus0: and FiO, 1
one time No other serious side effect

FiO, = fraction of inspired oxygen; T = increase; | = decrease; CT scan = computed tomographic scan; CO = cardiac ouput;

Sa0, = oxygen satuation; PaO./FiO. = arterial oxygenation tension to fraction of inspired oxygen ratio; PaO. = arterial
oxygen tension; P..,0,= alveloar-arterial oxygen difference; Q/Q: = interpulmonary shunt.
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differences in the haemodynamic variables
between both groups. The authors speculated that
the improvements could be due to better drainage
and removal of bronchial secretions, re-inflation
of collapsed dependent alveoli, mobilisation of
interstitial fluid into the capillary system to
arrest pulmonary cedema and optimisation of the
ventilation-perfusion ratio in previously shunted
areas (Pape et al, 1994). Kinetic therapy, there-
fore, appears to have short-term clinical benefits
but it does not reduce the incidence of ARDS.

The Role of Physiotherapy

The role of physiotherapy in modifying or exac-
erbating the inflammatory responses in ARDS has
never been investigated. Some, if not the majority,
of the inflammatory processes in ARDS are also
found during exercise. As a stressor to the
Immune system, strenuous aerobic and eccentric
exercises in top athletes were found to increase
significantly the production of cytokines, such as
TNF-c and the ILs, both during and after exercises
(Cannon et al, 1991; Northoff and Berg, 1991;
Kvernmo et al, 1992; Rivier et al, 1994). This
increase in plasma cytokines has been implicated
as the source of symptoms, such as fever,
following intense exercise bouts (Northoff and
Berg, 1991). Physiotherapy has been described as
a form of stressor in the ICU setting (Weissman
and Kemper, 1993). Positioning and mobilisation
have also been advocated as a form of physical
stressor in the ICU setting to combat the adverse
effects of bed rest (Dean, 1996b). However, the
effects of physiotherapy as an ICU stressor on the
immune system and the inflammatory response
in ALI and ARDS can so far only be inferred from
the research literature on exercise immunology.

Physiotherapy, in terms of chest wall percussion
and vibration as well as manual hyperinflation, to
enhance mucociliary clearance in patients with
ARDS has also never been studied, although it has
been suggested to be of value (Takala, 1997).
Nevertheless, a fair number of researchers have
documented adverse metabolic, haemodynamic
and respiratory effects of these techniques. Since
ARDS has potential or known metabolic, haemo-
dynamic and respiratory deficits, application of
physiotherapy techniques must be based on
weighing the risks-and-benefits scale. Any combi-
nation of postural drainage with or without
manual techniques of either percussion, vibration
and/or suctioning has been shown to significantly
increase VO, (Weissman et al, 1984; Swinamer
et al, 1987; Klein et al, 1988; Weissman and
Kemper, 1993; Harding et al, 1994; Dean et al,
1996), cause cardiac arrhythmias (Hammon et a/,
1992), elevate circulating catecholamines (Aitken-
head et al, 1984), increase rate-pressure product

and CO (Aitkenhead et al, 1984; Weissman et al,
1984; Klein et al, 1988; Weissman and Kemper,
1993; Harding et al, 1993, 1994, 1995; Cohen et al,
1996) and reduce PaO, (Huseby and Hudson,
1976; Tyler et al, 1980; Connors et al, 1980;
Harding et a/, 1994). Manual hyperinflation has
also been shown to decrease CO (Singer et al,
1994), which may further compromise an already
poor DO, state in ALI and ARDS. Furthermore,
tissue extraction is said to be the main mecha-
nism to compensate for the increase in VO,
during and following chest physiotherapy, as in
exercise (Weissman and Kemper, 1991, 1993). In
ARDS, however, any increase in VO, will require
an increase in DO, instead of tissue extraction
(Knox, 1993). It should also be recognised that
any of these physiotherapy modalities with known
metabolic, haemodynamic and respiratory effects
may further exacerbate the similar effects of
permissive hypercapnia and IRV, besides ARDS
itself.

In contrast, two studies which included patients
with ARDS among other diagnoses have shown
beneficial effects of physiotherapy. Mackenzie and
colleagues (1980), studying a sample of 42 ICU
patients which included two patients with ARDS,
found improved total lung/thorax compliance.
This was supported by another study which also
included two patients with ARDS in a cohort of
19 ICU patients (Mackenzie and Shin, 1985). In
both studies, no control group was included. The
clinical significance of these results is therefore
questionable. If there are areas of recruitable
collapsed alveoli, especially in the early acute
stages (Gattinoni et af/, 1994), and reduced
mucociliary clearance in ARDS (Reynolds, 1987),
then theoretically physiotherapy techniques
could be of benefit. However, this remains to
be determined.

Conclusion

The condition known as ARDS has been
researched extensively over the past three
decades since it was first described. There is
consistent evidence of a multi-aetiological involve-
ment of inflammatory cells and mediators,
leading to inflammatory responses, membrane
permeability and destruction of endothelial and
epithelial lung cells. The mortality of ARDS
remains high despite efforts in investigating the
optimal therapeutic modalities. Recently, there
has been a strong focus on body positioning as a
supportive measure to improve arterial oxygena-
tion, and thereby gas exchange, in these patients.
The contribution of physiotherapy techniques in
these patients remains speculative and awaits to
be further investigated with regard to their poten-
tially adverse or beneficial roles.

Physiotherapy, September 1998, vol 84, no 9



446

Acknowledgment

I am grateful to the Lee Foundation, Singapore, for partial finan-
cial assistance.

Author and Address for Correspondence

Wai Pong Wong BPhty is principal physiotherapist at
Singapore General Hospital, Outram Road, Singapore 169608.

This article was received on November 18, 1997, and accepted
on Aprit 15, 1998.

References

Aberle, D R and Brown, K (1990). ‘Radiologic considerations
in the adult respiratory distress syndrome’, Clinics in Chest
Medicine, 11, 4, 737-754.

Abraham, E, Park, Y C, Covington, P, Conrad, S A and Schwartz,
M (1996). ‘Liposomal prostaglandin E1 in acute respiratory
distress syndrome: A placebo-controlled, randomised, double-
blind, multicenter clinical trial’, Critical Care Medicine, 24, 1,
10-15.

Aitkenhead, A R, Taylor, S, Hunt, P C W, Achola, K and Smith, G
(1984). ‘Effects of respiratory therapy on plasma catecholamines’
(abstract), Anesthesiology, 61, 3A, A44.

Albert, R K, Leasa, D, Sanderson, M, Robertson, H T and
Hlastala, M P (1987). ‘The prone position improves arterial
oxygenation and reduces shunt in oleic-acid-induced acute
lung injury’, American Review of Respiratory Disease, 135, 3,
628-633.

Amato, M B P, Barbas, C S V, Mederios, D M, de Paula Pinto
Schettino, G, Filho, G L, Kairalla, R A, Deheinzelin, D, Morais,
C, de Oliveira Fernandes, E, Takagaki, T Y and de Carvalho,
C R R (1995). ‘Beneficial effects of the “open lung approach” with
low distending pressures in acute respiratory distress syndrome:
A prospective randomised study on mechanical ventilation’,
American Journal of Respiratory and Critical Care Medicine,
152, 6 pt 1, 1835-46.

American College of Chest Physicians/Society of Critical Care
Medicine Consensus Conference Committee (1992). ‘American
College of Chest Physicians/Society of Critical Care Medicine
Consensus Conference: Definitions for sepsis and organ failure
and guidelines for the use of innovative therapies in sepsis’,
Critical Care Medicine, 20, 6, 864-874.

Artigas, A, Roglan, A and Martinez, R {(1987). ‘Pulmonary hyper-
tension in the adult respiratory distress syndrome’ in: Vincent, J L
and Suter, P M (eds) Update in Intensive Care and Emergency
Medicine. 2 Cardiopulmonary interactions in acute respiratory
failure, Springer-Verlag, Berlin, pages 203-225.

Ashbaugh, D G, Bielow, D B, Petty, T L and Levine, B E (1967).
‘Acute respiratory distress in adults’, The Lancet, 2, 7511,
319-323.

Bachofen, A and Weibel, E R (1977). ‘Alterations of the gas
exchange apparatus in adult respiratory insufficiency associ-
ated with septicemia’, American Review of Respiratory Disease,
116, 4, 589-615.

Barnes, P J and Belvisi, M G (1993). ‘Nitric oxide and lung
disease’, Thorax, 48, 10, 1034-43.

Beale, R, Grover, E R, Smithies, M and Bihari, D (1993). ‘Acute
respiratory distress syndrome (“ARDS”): No more than a severe
acute lung injury?’ British Medical Journal, 307, 6915, 1335-39.

Bein, Th, Metz, Ch, Keyl, C, Pfeifer, M and Taeger, K (1996).
‘Effects of extreme lateral posture on hemodynamics and plasma
atrial natriuretic petptide levels in critically ill patients’, Intensive
Care Medicine, 22, 7, 651-655.

Bell, R C, Coalson, J J, Smith, J D and Johanson Jr, W G (1983).
‘Multiple organ system failure and infection in adult respiratory
distress syndrome’, Annals of Internal Medicine, 99, 3, 293-298.

Bellamy, P E and Oye, R K (1984). ‘Adult respiratory distress
syndrome: Hospital charges and outcome according to underlying
disease’, Critical Care Medicine, 12, 8, 622-625.

Benzing, A, Mols, G, Brieschal, T and Geiger, K (1997). ‘Hypoxic
pulmonary vasoconstriction in nonventilated lung areas
contributes to differences in hemodynamic and gas exchange
responses to inhalation of nitric oxide’, Anesthesiology, 86,
6, 1254-61.

Bernard, G R, Luce, J M, Sprung, C L, Rinaldo, J E, Tate, R M,
Sibbald, W J, Kariman, K, Higgins, S, Bradley, R, Metz, C A,
Harris, T R and Brigham, K L (1987). ‘High-dose corticosteroids
in patients with the adult respiratory distress syndrome’,
New England Journal of Medicine, 317, 25, 1565-70.

Bernard, G R, Artigas, A, Brigham, K L, Carlet, J, Falke, K,
Hudson, L, Lamy, M, LeGall, J R, Morris, A, Spragg, R and the
Consensus Committee (1994). ‘The American-European
Consensus Conference on ARDS: Definitions, mechanisms, rele-
vant outcomes, and clinical trial co-ordination’, American Journal
of Respiratory and Critical Care Medicine, 149, 3, 818-824.

Bernard, G R, Wheeler, A P, Arons, M M, Morris, P E, Paz, H L,
Russell, J A and Wright, P E (1997). ‘A trial of antioxidants
N-acetylcysteine and procysteine in ARDS: The antioxidant
in ARDS Study Group’, Chest, 112, 1, 164-172,

Bigatello, L M, Greene, R E, Sprung, C L, Panacek, E A, Straube,
R C, Zimmerman, J L, Maunderk, R J, Lanken, P N, Pile-Spell-
mann, E and Stanek, K S (1994). ‘HA-1A in septic patients with
ARDS: Results from the pivotal trial’, Intensive Care Medicine,
20, 5, 328—-334.

Bittner, E, Chendrasekhar, A, Pillai, S and Timerlake, G A (1996).
‘Changes in oxygenation and compliance as related to body posi-
tion in acute lung injury’, American Surgeon, 62, 12, 1038-41.

Brissel, T, Hachenberg, T, Roos, N, Lemzems, H, Konertz, W
and Lawin, P (1993). ‘Mechanical ventilation in the prone position
for acute respiratory failure after cardiac surgery’, Journal of
Cardiothoracic and Vascular Anesthesia, 7, 5, 541-546.

Calandrino, F S, Anderson, D J, Mintun, M A and Schuster, D P
(1988). ‘Pulmonary vascular permeability during the adult
respiratory distress syndrome: A positron emission tomo-
graphic study’, American Review of Respiratory Disease, 138,
2,421-428.

Cannon, J G, Meydani, S N, Fielding, R A, Fiatarone, M A,
Meydani, M, Farhangmehr, M, Orencole, S F, Blumberg, J B and
Evans, W J {1991). ‘Acute phase response in exercise: Il. Asso-
ciations between vitamin E, cytokines, and muscle proteolysis’,
American Journal of Physiology, 260, 8 pt 2, R1235-40.

Cerra, F B, Maddaus, M A, Dunn, D L, Wells, C L, Koinstanti-
nides, N N, Lehmann, S L and Mann, H J {(1992}). ‘Selective gut
decontamination reduces nosocomial infections and length of
stay but not mortality or organ failure in surgical intensive care
unit patients’, Archives of Surgery, 127, 2, 163—169.

Chatte, G, Sab, J-M, Dubois, J-M, Sirodot, M, Gaussorgues, P
and Robert, D (1997). ‘Prone position in mechanically ventilated
patients with severe acute respiratory failure’, American Journal
of Respiratory and Critical Care Medicine, 185, 2, 473-478.

Choi, S and Nelson, L (1992). ‘Kinetic therapy in critically ill
patients: Combined results based on meta-analysis’, Journal of
Critical Care, 17, 57-62.

Coetzee, A, Rousseau, H and Lahner, D (1996). ‘Acute
pulmonary hypertension and right ventricular failure and adult
respiratory distress syndrome’, South African Medical Journal,
86, supplement 3, C147-151.

Cohen, D, Horiuchi, K, Kemper, M and Weissman, C (1996).
‘Modulating effects of propofol on metabalic and cardiopulmonary
responses to stressful intensive care unit procedures’, Critical
Care Medicine, 24, 4, 612-617.

Connors, A F, Hammon, W E, Martin, R J and Rogers, R M
(1980). ‘Chest physical therapy: The immediate effect on
oxygenation in acutely ill patients’, Chest, 78, 4, 559-564.

Davis, S L, Furman, D P and Costarino, A T (1993). ‘Adult respi-
ratory distress syndrome in children: Associated disease, clinical
course, and predictors of death, Journal of Pediatrics, 123, 1,
35-45.

Physiotherapy, September 1998, vol 84, no 9



447

Dean, E (1996a). ‘Complications, adult respiratory distress
syndrome, shock, sepsis, and multiorgan system failure’, in:
Frownfelter, D and Dean, E (eds) Principles and Practice of
Cardiopulmonary Physical Therapy, 3rd edn, Mosby, St Louis,
page 626.

Dean, E (1996b). ‘Mobilisation and exercise’ in: Frownfelter, D
and Dean, E (eds) Principles and Practice of Cardiopulmonary
Physical Therapy, 3rd edn, Mosby, St Louis, chap 12, pages
265-~208.

Dean, E, Murphy, S, Parrent, L and Rousseau, M (1996). ‘Daily
profiles of metabolic cost and oxygen transport in critically-ill
patients and their clinical implications’, (abstracts), Physiotherapy
Canada, 48, 2, insert, page 18.

Dhainaut, J F and Brunet, F (1990). ‘Right ventricular perfor-
mance in adult respiratory distress syndrome’, European
Respiratory Journal, 11, supplement, 490s-495s.

DiRusso, S M, Nelson, L D, Safcsak, K and Miller, R S (1995).
‘Survival in patients with severe adult respiratory distress
syndrome treated with high-level positive end-expiratory
pressure’, Critical Care Medicine, 23, 9, 1485-96.

Doering, E B, Hanson, C W, Reily, D J, Marshall, C and Marshall,
B E (1997). ‘Improvement in oxygenation by phenylephrine and
nitric oxide in patients with adult respiratory distress syndrome’,
Anesthesiology, 87, 1, 18-25,

Dorinsky, P M and Gadek, J E (1989). ‘Mechanisms of multiple
non-pulmonary organ failure in ARDS', Chest, 96, 4, 885-892.

Douglas, W W, Rehder, K, Beynen, F M, Sessler, AD and
Marsh, HM (1977). ‘Improved oxygenation in patients with
acute respiratory failure: The prone position’, American
Review of Respiratory Disease, 115, 4, 559-566.

Doyle, R L, Szaflarski, N, Modin, G W, Winer-Kronish, J P and
Matthay, M A (1995). ‘Identification of patients with acute lung
injury: Predictors of mortality’, American Journai of Respiratory
and Critical Care Medicine, 152, 6 pt 1, 1818-24,

Fein, A, Grossman, R F, Jones, J G, Overland, E, Pitts, L, Murray,
J F and Staub, N C (1979). ‘The value of edema fluid protein
measurement in patients with pulmonary edema’, American
Journal of Medicine, 67, 1, 32-38.

Finfer, S and Rocker, G (1996). ‘Alveolar overdistension is an
important mechanism of persistent Jung damage following severe
protracted ARDS’, Anaesthesia and Intensive Care, 24, 5,
569-573.

Fowler, A A, Hamman, R F, Good, J T, Benson, K N, Baird, M,
Eberle, D J, Petty, T L and Hyers, T M (1983). ‘Adult respiratory
distress syndrome: Risk with common predispositions’, Annals
of Internal Medicine, 98, 5 pt 1, 593-597.

Fridrich, P, Krafft, P, Hochleuthner, H and Mauritz, W (1997).
‘The effects of long-term prone positioning in patients with
trauma-induced adult respiratory distress syndrome’, Anesthesia
and Analgesia, 83, 6, 1206~11.

Fulkerson, W J, Maclintyre, N, Stamler, J and Crap, J D (1996).
‘Pathogenesis and treatment of the adult respiratory distress
syndrome’, Archives of Internal Medicine, 156, 1, 29-38.

Garber, B G, Herbert, P C, Yelle, J D, Hodder, R V and
McGowan, J (1996). ‘Adult respiratory distress syndrome: A
systematic overview of incidence and risk factors’, Critical Care
Medicine, 24, 4, 687-695.

Gattinoni, L, Pesenti, A, Avalli, L, Rossi, F and Bombino, M
(1987). ‘Pressure-volume curve of total respiratory system in
acute respiratory failure: Computed tomographic scan study’,
American Review of Respiratory Disease, 136, 730-736.

Gattinoni, L, Presenti, A, Baglioni, S, Vitale, G, Rivolta, M and
Pelosi, P (1988a). ‘Inflammatory pulmonary edema and positive
end-expiratory pressure: Correlations between imaging and
physiologic studies’, Journal of Thoracic Imaging, 3, 3, 59-64.

Gattinoni, L, Pesenti, A, Bombino, M, Baglioni, S, Rivolta, M,
Rossi, G, Fumagalli, R, Marcolin, R, Mascheroni, D and Terresin,
A (1988b). ‘Relationships between lung computed tomographic
density, gas exchange, and PEEP in acute respiratory failure’,
Anesthesiology, 69, 6, 824-832.

Gattinoni, L, Pelosi, P, Vitale, G, Pesenti, A, D’Andrea, L and
Mascheroni, D (1991). ‘Body position changes redistribute lung
computed-tomographic density in patients with acute respiratory
failure’, Anesthesiology, 74, 1, 15-23.

Gattinoni, L, D’Andrea, L, Pelosi, P, Vitale, G, Pesenti, A and
Fumagali, R (1993). ‘Regional effects and mechanism of positive
end-expiratory pressure in early adult respiratory distress
syndrome’, Journal of the American Medical Association, 269,
16, 2122-27.

Gattinoni, L, Bombino, M, Pelso, P, Lissoni, A, Pesenti, A, Fuma-
galli, R and Tagliabue, M (1994). ‘Lung structure and function in
different stages of severe adult respiratory distress sydnrome’,
Journal of the American Medical Association, 271, 22, 1772-79.

Gentilello, L, Thomson, D A and Tonnesen, A S (1988). ‘Effect
of a rotation bed on the incidence of pulmonary complications
in critically ill patients’, Critical Care Medicine, 16, 8, 783—786.

Gillespie, D J and Rehder, K (1987). ‘Body position and ventila-
tion-perfusion relationships in unilateral pulmonary disease,
Chest, 91, 1, 75-79.

Greene, R {1986). ‘Puimonary vascular obstruction in the adult
respiratory disease syndrome’, Journal of Thoracic Imaging, 1, 3,
31-38.

Gregory, T J, Steinberg, K P, Spragg, R, Gadek, J E, Hyers, T M,
Longmore, W J, Moxley, M A, Cai, G Z, Hite, R D, Smith, R M,
Hudson, L D, Crim, C, Newton, P, Mitchell, B R and Gold, A J
(1997). ‘Bovine surfactant therapy for patients with acute respi-
ratory distress syndrome’, American Journal of Respiratory and
Critical Care Medicine, 155, 4, 1309-15.

Hammon, W E, Connors, A F and McCaffree, D R (1992).
‘Cardiac arrhythmias during postural drainage and chest
percussion of critically ill patients’, Chest, 102, 6, 1836—41.

Hanique, G, Dugernier, T, Lattere, P F, Dougnac, A, Roeselet, J
and Reynaert, M S {1994). ‘Significance of pathologic oxygen
supply dependency in critically ill patients: Comparison between
measured and calculated methods’, Intensive Care Medicine,
20, 1, 12-18.

Harding, J, Kemper, M and Weissman, C (1993). ‘Alfentanil
attenutes the cardiopulmonary response of ctitically ill patients
to an acute increase in oxygen demand induced by chest
physiotherapy’, Anesthesia and Anaigesia, 77, 6, 1122-28.

Harding, J, Kemper, M and Weissman, C (1994). ‘Midazolam
attenuates the metabolic and cardiopulmonary responses.to an
acute increase in oxygen demand’, Chest, 106, 1, 194—-200.

Harding, J, Kemper, M and Weissman, C (1995). ‘Pressure
support ventilation attenuates the cardiopuimonary response to
an acute increase in oxygen demand’, Chest, 107, 6, 1665-72.

Hernan, L J, Fuhrman, B P, Kaiser Jr, R E, Penfil, S, Foley, C,
Papo, M C and Leach, C L (1996). ‘Perfluorocarbon-associated
gas exchange in normal and acid-injured large sheep’, Critical
Care Medicine, 24, 3, 475-481.

Hickling, K G, Henderson, S J and Jackson, R (1990). ‘Low
mortality associated with tow volume pressure limited ventilation
with permissive hypercapnia in severe adult respiratory distress
syndrome’, Intensive Care Medicine, 16, 6, 372-377.

Hirschi, R B, Tooley, R, Parent, A, Johnson, K and Barlett, R H
(1996a). ‘Evaluation of gas exchange, pulmonary compliance,
and lung injury during total and partial liquid ventifation in the
acute respiratory distress syndrome’, Critical Care Medicine,
24, 6, 1001-08.

Hirschl, R B, Pranikoff, T, Wise, C, Overbeck, M C, Gauger, P,
Schreiner, R J, Dechert, R and Bartfett, R H (1996b). ‘Initial
experience with partial liquid ventilation in adult patients
with the acute respiratory distress syndrome’, Journal of the
American Medical Association, 275, 5, 383-389.

Hérmann, Ch, Benzer, H, Baum, M, Wicke, K, Putensen, C,
Putz, G and Hartiieb, S (1994). ‘The prone position in ARDs.
A successful therapeutic strategy’, Anaesthetist, 43, 7, 454—-462.

Hudson, L D, Milberg, J A, Anardi, D and Maunder, R J (1995).
‘Clinical risks for development of the acute respiratory distress
syndrome’, American Journal of Respiratory and Critical Care
Medicine, 151, 2 pt 1, 293-301.

Physiotherapy, September 1998, vol 84, no 9



448

Huseby, J and Hudson, L (1976). ‘Oxygenation during chest
physiotherapy’ (abstract), Chest, 70, 3, 430.

Ibafiez, J, Raurich, J M, Abizanda, R, Claramonte, R, Ibafiez, P
and Bergada, J (1981). ‘The effect of lateral positions on gas
exchange in patients with unilateral lung disease during mechan-
ical ventilation’, Intensive Care Medicine, 7, 3, 231-234.

Jenkinson, S G (1993). ‘Oxygen toxicity’, New Horizons, 1, 4,
504-511.

Jolliet, P, Bulpa, P, Ritz, M, Ricou, B, Lopez, J and Chevrolet, J C
(1997). ‘Additive beneficial effects of the prone position, nitric
oxide, and almitrine bismesylate on gas exchange and oxygen
transport in acute respiratory distress syndrome’, Critical Care
Medicine, 25, 5, 786-794.

Kacmarek, R M and Hickling, K G (1993). ‘Permissive hypet-
capnia’, Respiratory Care, 38, 4, 373-387.

Katz, R (1987). ‘Adult respiratory distress syndrome in children’,
Clinics in Chest Medicine, 8, 4, 635-639.

Kazerooni, E A, Pranikoff, T, Cascade, P N and Hirsch!, R B
(1996). ‘Partial liquid ventilation with perflubron during extra-
corporeal life support in adults: Radiographic appearance’,
Radiology, 188, 1, 137-142.

Kiiski, R, Takala, J, Kari, A and Milic-Emili, J (1992). ‘Effect of
tidal volume of gas exchange and oxygen transport in the
adult respiratory distress syndrome’, American Review of
Respiratory Disease, 146, 5, 1131-35.

Klein, P, Kemper, M, Weissman, C, Rosenbaum, S H, Askanazi,
J and Hyman, A | (1988). ‘Attentuation of the hemodynamic
responses to chest physical therapy’, Chest, 93, 1, 38-42.

Knox, J B (1993). ‘Oxygen consumption-oxygen delivery depen-
dency in adult respiratory distress syndrome’, New Horizons, 1,
3, 381-387.

Kollef, M H and Schuster, D P (1995). ‘The acute respiratory
distress syndrome’, New England Journal of Medicine, 332, 1,
27-37.

Kvernmo, H, Olsen, J C and Osterud, B (1992). 'Changes in
blood cell response following strenuous physical exercise’,
European Journal of Applied Physiology, 64, 4, 318-322.

Lamm, W J E, Graham, M M and Aibert, R K (1994). ‘Mechanism
by which the prone position improves oxygenation in acute
lung injury’, American Journal of Respiratory and Critical
Care Medicine, 150, 1, 184—193.

Lamy, M, Fallat, R J, Koeniger, E, Diettrich, H P, Ratliff, J L, Eber-
hart, R C, Tucker, H J and Hill, J D {1976). ‘Pathologic features
and mechanisms of hypoxemia in adult respiratory distress
syndrome’, American Review of Respiratory Disease, 114, 2,
267-284

Langer, M, Mascheroni, D, Marcolin, R and Gattinoni, L. (1988).
‘The prone position in ARDS patients: A clinical study’, Chest,
94, 1, 103-107.

Leatherman, J W, Lari, R L, Iber, C and Ney, A L (1991). ‘Tidai
volume reduction in ARDS: Effect on cardiac output and
arterial oxygenation’, Chest, 99, 5, 1227-31.

Lee, J, Turner, J §, Morgan, C J, Keogh, B F and Evans, TW
(1994). ‘Adult respiratory distress syndrome: Has there been
a change in outcome predictive measures?’ Thorax, 49, 6,
596-597.

Lee, P C, Helsmoortel, C M, Cohn, S M and Fink, M P (1990).
‘Are low tidal volumes safe?' Chest, 97, 2, 430-434.

Li, J J, Bramiet, S G, Carter, E A and Burke, J F (1991). ‘The rat
lung organotypic culture: An in vitro model for studying surfactant
metabolism abnormalities’, Journal of Trauma, 31, 2, 174-181.

Liu, 8, Margulies, S S and Wilson, T A (1990). ‘Deformation of
the dog lung in the chest wall’, Journal of Applied Physiology,
68, 5, 1979-87.

Mackenzie, C F and Shin, B (1985). ‘Cardiorespiratory function
before and after chest physiotherapy in mechanically ventilated
patients with post-traumatic respiratory failure’, Critical Care
Medicine, 13, 8, 483-4886.

Mackenzie, C F, Shin, B, Hadi, F and Imie, P C (1980). ‘Changes
in total lung/thorax compliance following chest physiotherapy’,
Anesthesia and Analgesia, 59, 3, 207-210.

Mancebo, J, Vallverdu, |, Bak, E, Dominguez, G, Subirana, M,
Benito, S and Net, A (1994). ‘Volume-controlled ventilation and
pressure-controlled inverse ratio ventilation: A comparison of their
effects in ARDS patients’, Monaldi Archives for Chest Disease,
49, 3, 201-207.

Margulies, S S and Rodarte, J R (1990). ‘Shape of the chest
wall in the prone and supine anesthetised dog’, Journal of Applied
Physiology, 68, 5, 1970-78.

Maunder, R J, Shuman, W P, McHugh, J W, Marglin, S | and
Butler, J (1986). ‘Preservation of normal lung regions in the
adult respiratory distress syndrome: Analysis by computed
tomography’, Journal of the American Medical Association,
255, 18, 2463-65.

Mclintyre, R C, Haenel, J B, Moore, F A, Read, RR, Burch, JM
and Moore, E E (1994). ‘Cardiopulmonary effects of permissive
hypercapnia in the management of adult respiratory distress
syndrome’, Journal of Trauma, 37, 3, 433—-438.

Meade, P, Shoemaker, W C, Donnelly, T J, Abraham, E, Jagels,
M A, Cryer, H G, Hugli, T E, Bishop, M H and Wo, C C (1994).
‘Temporal patterns of hemodynamics, oxygen transport, cytokine
activity, and complement activity in the development of aduit
respiratary distress syndrome after severe injury’, Journal of
Trauma, 36, 5, 651-657.

Meduri, G U, Kohler, G, Headley, S, Tolley, E, Stentz, F and
Postlethwaite, A (1995). ‘Inflammatory cytokines in the BAL of
patients with ARDS’, Chest, 108, 5, 1303-14.

Mercat, A, Titiriga, M, Anguel, N, Richard, C and Teboul, J L
(1997). ‘Inverse ratio ventilation (I/E = 2/1) in acute respiratory
distress syndrome: A six-hour controlled study’, American Journal
of Respiratory and Critical Care Medicine, 155, 5, 1637—42.

Mitberg, J A, Davis, D R, Steinberg, K P and Hudson, L D (1995).
‘Improved survival of patients with acute respiratory distress
syndrome (ARDS): 1983-1993', Journal of the American Medical
Association, 273, 4, 306—-309.

Mlichell, J P, Schuller, D, Calandrino, F S and Schuster, D P
(1992). ‘Improved outcome based on fluid management in
critically ill patients requiring pulmonary artery catherisation’,
American Reviews of Respiratory Disease, 145, 5, 990-998.

Montgomery, A B, Stager, M A, Carrico, C J and Hudson, L D
(1985). ‘Causes of mortality in patients with the adult respiratory
distress syndrome’, American Review of Respiratory Disease,
132, 3, 485-489.

Morina, P, Herrera, M, Venegas, J, Mora, D, Rodriguez, M and
Pino, E (1997). ‘Effects of nebulized salbutamol on respiratory
mechanics in adult respiratory distress syndrome’, Intensive Care
Medicine, 23, 1, 58-64.

Morris, A H, Wallace, C J, Menlove, R L, Clemmer, T P, Orme, J F,
Weaver, L K, Dean, N C, Thomas, F, East, T D, Pace, N L,
Suchyta, M R, Beck, E, Bombino, M, Sittig, D F, Bhm, S, Hoff-
mann, B, Becks, H, Butler, S, Pearl, J and Rasmusson, B (1994).
‘Randomised clinical trial of pressure-controlled inverse ratio
ventilation and extracorporeal CO- removal for adult respiratory
distress syndrome’, American Journal of Respiratory and
Critical Care Medicine, 149, 2 pt 1, 295-305.

Murdoch, | A and Storman, M O (1994). ‘Improved arterial
oxygenation in children with the adult respiratory distress
syndrome: The prone position’, Acta Paediairica, 83, 10,
1043-46.

Mure, M, Martling, C-R and Lindahl, S G E (1997). ‘Dramatic
effect on oxygenation in patients with severe acute lung
insufficiency treated in the prone position’, Critical Care
Medicine, 25, 9, 153944,

Murray, J F (1977). ‘Mechanisms of acute respiratory failure’,
American Review of Respiratory Disease, 115, 1071-78.

Murray, J F, Matthay, M A, Luce, J M and Flick, M R (1988). ‘An
expanded definition of the adult respiratory distress syndrome’,
American Review of Respiratory Disease, 138, 3, 720-723.

Physiotherapy, September 1998, vol 84, no 9



449

Nash, J R, McLaughlin, P J, Hoyle, C and Roberts, D (1991).
‘Immunolocalisation of tumour necrosis factor alpha in lung tissue
from patients dying with adult respiratory distress syndrome’,
Histopathology, 19, 5, 395-402.

Nelson, L D and Anderson, H B (1989). ‘Physiologic effects of
steep positioning in the surgical intensive care unit,’ Archives of
Surgery, 124, 3, 352-355.

Nolan, S, Burgess, K, Hopper, L and Braude, S (1997). ‘Acute
respiratory distress syndrome in a community hospital ICU’,
Intensive Care Medicine, 23, 5, 530-538.

Northoff, H and Berg, A (1991). ‘immunologic mediators as para-
meters of the reaction to strenuous exercise’, International
Journal of Sports Medicine, 12, Supplement 1, 89-815.

Opal, S M, Fisher, C J, Dhainaut, J F, Vincent, J L, Brase, R,
Lowry, SF, Sadoff, J C, Slotman, G J, Levy, H, Balk, R A, Shelly,
M P, Pribble, J P, LaBrecqus, J F, Lookabaugh, J, Donovan, H,
Dubin, H, Baughman, R, Norman, J, DeMaria, E, Matzel, K,
Abraham, E and Seneff, M (1997). ‘Confirmatory interleukin-1
receptor antagonist trial in severe sepsis: A phase lll,
randomised, double-blind, placebo-controlled, multicenter triai:
The Interleukin-1 Receptor Antagonist Sepsis Investigator
Group’, Critical Care Medicine, 25, 7, 1115-24.

Pape, H-C, Regel, G, Bormann, W, Sturm, J A and Tscherne, H
(1994). 'The effect of kinetic positioning on lung function and
pulmonary haemodynamics in posttraumatic ARDS: A clinical
study’, Injury, 25, 1, 51-57.

Pappert, D, Rossaint, R, Slama, K, Gruning, T and Falke, K J
(1994). ‘Influence of positioning on ventilation-perfusion
relationships in severe adult respiratory distress syndrome’,
Chest, 106, 5, 1511-186.

Pauison, T E, Spear, R M and Peterson, B M (1995}. ‘New
concepts in the treatment of children with acute respiratory
distress syndrome’, Journal of Pediatrics, 127, 2, 163-175.

Pelosi, P, Cereda, M, Foti, G, Giacomini, M and Pesenti, A
(1995). ‘Alterations of lung and chest wall mechanics in patients
with acute lung injury: Effects of positive end-expiratory pressure’,
American Journal of Respiratory and Critical Care Medicine,
152, 2, 531-537.

Pelosi, P, Crotti, S, Brazzi, L. and Gattinoni, L (1996). ‘Computed
tomography in adult respiratory distress syndrome: What has it
taught us?’ European Respiratory Journal, 9, 5, 1055-62.

Pepe, P E, Potkin, R T, Reus, D H, Hudson, L D and Carrico, C J
(1982). ‘Clinical predictors of the adult respiratory distress
syndrome’, American Journal of Surgery, 144, 1, 124—130.

Petty, T L and Ashbaugh, D G (1971). ‘The adult respiratory
distress syndrome. Clinical features, factors influencing prognosis
and principles of management’, Chest, 60, 3, 233-239.

Petty, T L, Silvers, G W, Paul, G W and Stanford, R E (1979).
‘Abnormalities in lung elastic properties and surfactant function
in adult respiratory distress syndrome’, Chest, 75, 5, 571-574.

Phang, P T, Cunningham, K F, Ronco, J J, Wiggs, B R and
Russell, J A (1994). ‘Mathematical coupling explains dependence
of oxygen consumption on oxygen delivery in ARDS’, American
Journal of Respiratory and Critical Care Medicine, 150, 2,
318-323.

Piehl, M A and Brown, R S {(1976). ‘Use of extreme position
changes in acute respiratory failure’, Critical Care Medicine, 4, 1,
13-14.

Pison, U, Seeger, W, Buchhorn, R, Joka, T, Brand, M, Obertacke,
U, Neuhof, H and Schmit-Neuerburg, K P (1989). ‘Surfactant
abnormalities in patients with respiratory failure after multiple
trauma’, American Review of Respiratory Disease, 140, 4,
1033-39.

Prokocimer, P, Garbino, J, Wolff, M and Regnier, B (1983).
‘Influence of posture on gas exchange in artificially ventilated
patients with focai lung disease’, Intensive Care Medicine, 9, 2,
69-72.

Reynolds, H Y (1987). ‘Lung inflammation: Normal host defence
or a complication of some diseases?’ Annual Review of Medicine,
38, 295-323.

Rinaldo, J E and Rogers, R M (1982). ‘Adult respiratory-distress
syndrome. Changing concepts of lung injury and repair’, New
England Journal of Medicine, 306, 15, 900-909.

Rivara, D, Artucio, H, Arcos, J and Hiriart, C (1984). ‘Positional
hypoxaemia during artificial ventilation’, Critical Care Medicine,
12, 5, 436-438.

Rivier, A, Pene, J, Chanez, P, Anselme, F, Caillaud, C, Prefaut, C,
Godard, P and Bousquet, J (1994). 'Release of cytokines by
blood monocytes during strenuous exercise’, International
Journal of Sports Medicine, 15, 4, 192-198.

Russell, J A and Phang, P T (1994). ‘The oxygen delivery/
consumption controversy: Approaches to management of the
critically I, American Journal of Respiratory and Critical
Care Medicine, 149, 2 pt 1, 533-537.

Sarnaik, A P and Lieh-Lai, M (1994). ‘Adult respiratory distress
syndrome in children’, Pediatric Clinics of North America, 41, 2,
337-363.

Schmitz, T M (1991). ‘The semi-prone position in ARDS: Five
case studies’, Critical Care Nurse, 11, 5, 22, 25-26, 28-30, 33.

Schuster, D P (1995). ‘Fluid management in ARDS: “Keep them
dry” or does it matter?’ (editorial), Infensive Care Medicine, 21, 2,
101-103.

Seeger, W, Pison, U, Buchhorn, R, Obertacke, U and Joka, T
(1990). ‘Surfactant abnormalities and adult respiratory failure’,
Lung, 168, supptement, 891-902.

Seidenfeld, J J, Pohl, D F, Bell, R C, Harris, G D and Johanson,
W G (1986). ‘Incidence, site, and outcome of infections in patients
with the adult respiratory distress syndrome’, American Review
of Respiratory Disease, 134, 1, 12-16.

Shoemaker, W C, Appel, P L, Kram, H B, Waxman, Kand Lee, T
S (1988). ‘Prospective trial of supranormal values of survivors
as therapeutic goals in high-risk surgical patients’, Chest, 94, 6,
1176-86.

Singer, M, Vermaat, J, Hall, G, Latter, G and Patel, M (1994).
‘Hemodynamic effects of manual hyperinflation in critically
ill mechanically ventilated patients’, Chest, 106, 4, 1182--87.

Sporn, P (1996). ‘Keep the lung dry — Sense or nonsense?’ Acta
Anaesthesiologica Scandinavica, 109, supplement, 63~65.

Steltzer, H, Hiesmayr, M, Mayer, N, Krafft, P and Hammerle, A F
(1994a). ‘The relationship between oxygen delivery and uptake
in the critically ill: Is there a critical or optimal therapeutic value?
A metal-analysis’, Anaesthesia, 49, 3, 229-236.

Steltzer, H, Krafft, P, Fridrich, P, Hiesmayr, M and Hammerie, A F
(1994b). ‘Right ventricular funciton and oxygen transport patterns
in patients with acute respiratory distress syndrome’, Anaes-
thesia, 49, 12, 103945,

Stocker, R, Neff, T, Stein, S, Echnauer, E, Trentz, O and Russi, E
(1997). ‘Prone positioning and low-volume pressure-limited
ventilation improve survival in patients with severe ARDS’,
Chest, 111, 4, 1008-17.

Suchyta, M R, Cilemmer, T P, Elliott, C G, Orme, J F, Morris, A H,
Jacobson, J and Menlove, R (1997). ‘Increased mortality of older
patients with acute respiratory distress syndrome’, Chest, 111, 5,
1334--39.

Suter, P M, Suter, S Girardin, E, Roux-Lombard, P, Grau, G E
and Dayer, J M (1992). ‘High bronchoalveolar levels of tumor
necrosis factor and its inhibitors, interleukin-1, interferon, and
elastase, in patients with adult respiratory distress syndrome afer
truama, shock, or sepsis’, American Review of Respiratoty
Disease, 145, 5, 1016-22.

Swinamer, D L, Phang, P T, Jones, R L, Grace, M and King, E G
(1987). ‘Twenty-four hour energy expenditure in criticaily ill
patients’, Critical Care Medicine, 15, 7, 837—643.

Sydow, M, Burchardi, H, Ephraim, E, Zielmann, S and Crozier,
T A (1994). ‘Long-term effects of two different ventilatory modes
on oxygenation in acute lung injury: Comparison of airway
pressure release ventilation and volume-controlled inverse
ratio ventilation’, American Journal of Respiratory and Critical
Care Medicine, 146, 6, 1550-56. -

Physiotherapy, September 1998, vol 84, no 9



450

Takala, J (1997). ‘Acute respiratory distress syndrome’ in: Oh, TE
(ed) Intensive Care Manual, Butterworth-Heinemann, Oxford,
4th edn, chap 29, page 276.

Thorens, J B, Jolliet, P, Ritz, M and Chevrolet, J C (1996). ‘Effects
of rapid permissive hypercapnia on hemodynamics, gas
exchange, and oxygen transport and consumption during
mechanical ventilation for the acute respiratory distress
syndrome’, Intensive Care Medicine, 22, 3, 182-191.

Tuxen, D V (1994). ‘Permissive hypercapnic ventilation’, Amer-
ican Journal of Respiratory and Critical Care Medicine, 150, 3,
870--874.

Tyler, M L, Hudson, L D, Grose, B L and Huseby, J S (1980).
‘Prediction of oxygenation during chest physiotherapy in critically
ill patients’ (abstract), American Review of Respiratory Disease,
121 (supplement), 4, 218.

Villar, J and Slutsky, A S (1989). ‘The incidence of the adult respi-
ratory distress syndrome’, American Review of Respiratory
Disease, 140, 3, 814-816.

Vollman, K M and Bander, J J (1996). ‘Improved oxygenation
utilising a prone positioner in patients with acute respiratory
distress syndrome’, Intensive Care Medicine, 22, 10, 1105-11.

Walmrath, D, Schneider, T, Schermuly, R, Olschewski, H, Grim-
minger, F and Seeger, W (1996). ‘Direct comparison of inhaled
nitric oxide and aerosolised prostacyclin in acute respiratory
distress syndrome’, American Journal of Respiratory and
Critical Care Madicine, 153, 3, 991-996.

Webster, N R, Cohen, AT and Nunn, J F (1998). ‘Adult respira-
tory distress syndrome — How many cases in the UK?
Anaesthesia, 43, 11, 923-926.

Weg, J G, Balk, R A, Tharratt, R S, Jenkinson, S G, Shah, J G,
Zaccardelli, D, Horton, J and Pattishall, E N (1994). ‘Safety and
potential efficacy of an aerosolised surfactant in human sepsis-
induced adult respiratory distress syndrome’, Journal of the
American Medical Association, 272, 18, 1433-38.

Weissman, C and Kemper, M (1991). ‘The oxygen uptake-oxygen
delivery relationship during ICU interventions’, Chest, 99, 2,
430-435.

Weissman, C and Kemper, M (1993). ‘Stressing the critically ill
patient: The cardiopulmonary and metabolic responses to an
acute increase in oxygen consumption’, Journal of Critical Care,
8, 2, 100-108.

Weissman, C, Kemper, M, Damask, M C, Askanazi, J, Hyman, A |
and Kinney, J M (1984). ‘Effect of routine intensive care inter-
actions on metabolic rate’, Chest, 86, 6, 815-818,

Wiener-Kronish, J P, Broaddus, V C, Albertine, KH, Gropper, M A,
Matthay, M A and Staub, N C (1988). ‘Relationship of pleural effu-
sions to increased permeability pulmonary edema in anesthetised
sheep’, Journal of Clinical Investigation, 82, 4, 1422-29.

Wortel, C H and Doerschuk, C M (1993). ‘Neutrophils and
neutrophil-endothelial cell adhesion in adult respiratory distress
syndrome’, New Horizons, 1, 4, 631-637.

Wysocki, M, Delclaux, C, Roupie, E, Langeron, O, Liu, N,
Herman, B, Lemaire, F and Brochard, L (1994). ‘Additive effect
on gas exchange of inhaled nitric oxide and intravenous almitrine
bismesylate in the adult respiratory distress syndrome’, Intensive
Care Medicine, 20, 4, 254—259.

Yu, M, Burchell, S, Takiguchi, S A and McNamara, J J (1996).
‘The relationship of oxygen consumption measured by indirect
calorimetry to oxygen delivery in critically ill patients’, Journal of
Trauma, 41, 1, 41-50.

Yu, M, Levy, M M, Smith, P, Takiguchi, S A, Miyasaki, A and
Myers, S A (1993). ‘Effect of maximising oxygen delivery on
morbidity and mortality rates in critically ill patients: A prospective,
randomised, controlled study’, Critical Care Medicine, 21, 6,
830-838.

Yu, M, Takanishi, D, Myers, S A, Takiguchi, S A, Severino, R,
Hasaniya, N, Levy, M M and McNamara, J J (1995). ‘Frequency
of mortality and myocardial infarction during maximising oxygen
delivery: A prospective, randomised trial’, Critical Care Medicine,
23, 6, 1025-32.

Zapol, W M and Snider, M T (1977). ‘Pulmonary hypertension
in severe acute respiratory failure’, New England Journal of
Medicine, 296, 9, 476-480.

Zapol, W M, Kobayashi, K, Snider, M T, Greene, R and Laver,
M B (1977). ‘Vascular obstruction causes puimonary hyperten-
sion in severe acute respiratory failure’, Chest, 71, supplement 2,
306-307.

Zapol, W M, Snider, M T, Hill, d D, Fallat, R J, Bartlett, R H,
Edmunds, L H, Morris, A H, Peirce, E C, Thomas, A N, Proctor,
H J, Drinker, P A, Pratt, P C, Bagniewski, A and Miller, R G
(1979). ‘Extracorporeal membrane oxygenation in severe acute
respiratory failure: A randomised prospective study’, Journal of
the American Medical Association, 242, 20, 2193-96.

Physiotherapy, September 1998, vol 84, no 9



	Acute Respiratory Distress Syndrome: Pathophysiology, current management and implications for physiotherapy
	Introduction
	Definition
	Incidence, Mortality and Risk Factors
	Pathogenesis and Pathophysiology
	Management: Current Practices
	Mechanical Ventilation
	Fluid Management
	Pharmacological Interventions
	Body Positioning

	The Role of Physiotherapy
	Conclusion
	Acknowledgment
	References


