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ABSTRACT

Acute lung injury and its more severe form acute respiratory distress syndrome
(ARDS) are characterized by diffuse impairment of alveolocapillary membrane in the
settings of different predisposing conditions such as sepsis, trauma and shock. Many
intrahospital exposures, including aspiration, delayed resuscitation, high tidal volume
mechanical ventilation and non critical use of transfusions may contribute or wors-
en ARDS. Therapy is targeted to treatment of predisposing condition, life supportive
measures and prevention of nosocomial complications. Rigorous adherence to lung-
protective mechanical ventilation is critical to prevent ventilator induced lung injury
and decrease mortality. Although survival of ARDS patients has improved in the last
decades ARDS mortality rates are still high and survivors encounter significant physi-

cal and psychological impairments.
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INTRODUCTION

More than 4o years ago Ashbaugh et al. first described
acute respiratory distress syndrome (ARDS), a life
threatening condition in patients with precipitating
factors and mortality that ranged from 50 to 70%. In
recent years many basic and clinical studies have im-
proved our understanding of ARDS but the clinical
impact has been limited to advances in supportive
treatment. ARDS affects 200 ooo people in US every
year, and is associated with 75000 deaths, 3.5 millions
hospital days and mortality of approximately 40% (1,2).

History

In 1967 Ashbaugh et al described 12 patients with
acute respiratory failure, oxygen refractory cyanosis
and diffuse alveolar infiltrates on chest X ray (3). The
syndrome was first named adult respiratory distress
syndrome (4), but soon after it was noted in children
it was renamed to acute respiratory distress syndrome.
Due to lack of clear definition in 1988 an attempt
was made to quantify respiratory impairment in
terms of lung injury score (LIS) based on four param-
eters: radiographic changes, level of hypoxia (PaO2/
FiO2), lung compliance and positive end expiratory
pressure (PEEP). Factors causing direct and indirect
lung injury were defined, and the role of multiorgan
failure (MOF) was emphasized in terms of prog-
nosis (5). The lack of specificity and inability to dif-
ferentiate between ARDS and heart failure resulted
in current definition by American-European Con-
sensus Conference Committee in 1992 (Table 1) (6).

Definition

Acute respiratory distress syndrome is a syndrome
of acute respiratory failure with radiological fea-
ture of acute pulmonary edema in the absence of

American-European Consensus Conference Committee

Acute onset

Bilateral chest radiographic infiltrates consistent with edema
Pa02/FIO2 <300 for ALI and PaO2/FIO2 <200 for ARDS

The absence of clinical evidence of left atrial hypertension as the
principal explanation for pulmonary edema; PCWP<18mmHg;

TABLE 1. American-European Consensus Conference Committee
Definition of Acute Respiratory Distress Syndrome; PCWP-Pulmo-
nary Artery Wedge Pressure

clinical evidence of left heart failure as a principal
explanation of pulmonary edema. The condition is
characterized by abrupt injury in alveolocapillary
membrane resulting in alveolar flooding, inflam-
mation and change in surfactant properties that
cause severe impairment of oxygenation and respi-
ratory failure requiring mechanical ventilation (7).
The definition takes into account the degree of respira-
tory impairment and distinguishes acute lung injury
(ALI) and a more severe form acute respiratory dis-
tress syndrome. Although early recognition of these
patients facilitates enrollment into clinical trials, previ-
ous studies found no correlation between PaOz2/FiO2
and survival (8, 9). The majority of patients who pres-
ent with ALI progress to ARDS within first three days
(10). Arterial oxygen saturation measured by pulse
oximetry is useful in estimating level of respiratory im-
pairment in both pediatric patients and adults (SaOz2/
FiO2 of 315 and 263 correspond to PaO2/FiO2=300,
Sa02/FiO2=235 and 201 corresponds to PaO2/
FiO2=200 in adults and children, respectively) (11, 12).

Etiology

The diagnosis of ALI is usually made in the ICU but
the biological process begins much earlier. ALI/ARDS
is rarely present at the time of hospital admission and
usually develops in first hours to days after hospital
admission in patients with predisposing conditions
that can cause direct (pneumonia, aspiration, im-

FIGURE 1. Diffuse alveolar damage with hyaline ~ FIGURE 2. Radiogram of patient with ARDS
membranes

FIGURE 3. CT findings in ARDS
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i Pneumonia
Direct {pulmonary) Aspiration
Fosthalial in Submersion
Epithelial injury i~ ‘
g contusion

Sepsis

Indirect (extrapulmo- Shock
p Transfusion related lung injury (TRALI)

nary) causes - \

Endothelial injury .
Jury Acute Pancreatitis

Drug intoxication

Stress failure of the blood gas barrier
Ventilator induced lung injury (VILI)
Neurogenic edema

High altitude pulmonary edema
Negative pressure pulmonary edema
Re-expansion edema

Upper airway obstruction

Vascular obstruction

Air and amniotic fluid embolism

Increased capillary
transmural pressure

TABLE 2. Causes of ALI/ARDS

mersion, lung contusion, fat embolism) and indirect
lung injury (sepsis , shock, severe trauma, transfusion,
acute pancreatitis, drug intoxication) (13). (Table 2.)
Risk factors

Sepsis, and in particular pulmonary sepsis, has been
recognized as the most common cause of ARDS. But

Risk factors Adjusted OR (95%CI)

only a small proportion of patients with pneumonia
(10%), aspiration (16%), extrapulmonary sepsis (6%) and
acute pancreatitis (1%) develop ALI/ARDS.14 Previ-
ous research identified various factors that model the
development of ALI (‘'multiple hit hypothesis’). Pri-
mary patients’ characteristics (“first hit”) such as local
and systemic inflammation, oxidative stress, epithelial
cell injury caused by acid or inhalation toxins, smoking,
alcoholism, chronic lung disease (interstitial diseases
and COPD) , acidosis and certain genetic polymor-
phism with additional exposures (“second hit”) to high
tidal volumes, high oxygenation fraction, certain drugs
(amiodarone, cytostatics) and transfusion of alloimmu-
nized donors lead to development and progression of
ARDS (15). Massive transfusions (>15units) have been
previously associated with ARDS (16). It has now been
widely recognized that any transfusion of fresh frozen
plasma, thrombocytes and erythrocytes can cause lung
injury inside 6 hours after transfusion (17). This, trans-
fusion related lung injury-TRALI is caused by immune
reaction of donor antibodies (sensibilization in previ-
ous pregnancies or during previous transfusions) and

Patients

Treatment of infection and resuscitation

Delayed antibiotic administration (>3 hours)

24 (1.1t05.6)

Retrospective cohort of patients with severe sepsis (19)

Delayed early goal directed resuscitation

3.6(1.5t086)

Retrospective cohort of patients with severe sepsis (19)

Respiratory support

Inspired oxygen concentration -FiO2 (%)

1.05 (1.04 to 1.07)*

Case control study, elective surgery> 3 hours (20)

Anesthesia (hours)

1.64 (137 to 1.96) *

Case control study, elective surgery> 3 hours (20)

Tidal volume (mL/kg predicted weight)

1.29 (1.12to 1.51)

Retrospective cohort of mechanically ventilated patients in the ICU (21)

Peak airway pressure (cm H20)

12(1.1to 1.3)

Retrospective multicenter cohort of mechanically ventilated patients in
the ICU (22)

Peak Airway Pressure > 30 cm H20 yes/no

157 (1.2to 2.1)

Retrospective multicenter cohort of mechanically ventilated patients in
the ICU (22)

PEEP (cm H20) >5 cm H2O yes/no

1.69 (1.2 to 2.34)

Retrospective multicenter cohort of mechanically ventilated patients in
the ICU (22)

Respiratory rate (breaths per minute)

1.1(1.1to12)

Retrospective cohort of patients with severe sepsis (19)

Medications

Chemotherapy, yes/no

6.5 (2.0t025)

Retrospective cohort of patients with severe sepsis (19)

Blood transfusion

Blood product transfusion, yes/no

2.14(1.24 t0 3.75)

Retrospective cohort of medical ICU patients (23)

Red blood cells,

139 (0.79 to 2.43)

Retrospective cohort of medical ICU patients (23)

Fresh frozen plasma, yes/no ICU patients
(2004-2005)

278 (1.21 to 6.38)

Retrospective cohort of medical ICU patients (23)

Platelet transfusion

1.51 (1.08 to 2.12)

Retrospective cohort of medical ICU patients (23)

Number of pregnancies among donors

1.19 (1.05 to1.34)

Nested case control study of transfused medical ICU patients (24)

Other

Aspiration, yes/no

35(12to11)

Retrospective cohort of patients with severe sepsis (19)

Medical or surgical misadventures
(ICD-9 codes E870-E879.9), yes/no

11.8 (3.8 t036.7)

National mortality follow back study (25)

Diabetes 0.33 (0.12- 0.90) Prospective study of ICU patients with septic shock (26)
Diabetes 13.7 (1.3-146.9) Retrospective study of 67 patients with SARS (27)
Smoking, current, >20 cigarettes a day 4.59 (2.13 t0 9.98) Retrospective cohort study of hospitalized patients (28)
Chronic alcohol abuse 2.79 (1.68 to 4.83) Prospective study of ICU patients at risk for ARDS (29)

TABLE 3. Risk factors for the developement of ALI/ARDS

“unadjusted
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HLA antigens of recipient. Products rich with plasma
are more potent in causing TRALL Prolonged storage
and accumulation of bioactive lipids may cause addi-
tional injury to the lungs (18). Risk factors associated
with the development of ALI are summarized in Table 3.

Pathophysiology

Acute lung injury is characterized by damage and in-
creased vascular permeability of alveolocapillary mem-
brane that result in protein rich pulmonary edema (in-
creased permeability edema as opposed to hydrostatic
edema in cardiogenic shock) (7). Injury to alveolocap-
illary membrane can be physical (increased pulmonary
pressure), chemical or due to an activation of immune
response. These affect both alveolar epithelium and cap-
illary endothelium. Alveolar epithelium consists mainly
(90%) of alveolar epithelial cells type I that are respon-
sible for gas exchange and prevent extravasation of fluid
into alveoli. Cubic, alveolar epithelial cells type I are less
prone to injury and have a role in reabsorption of the
fluid and surfactant production. Proliferation of alveolar
cells type Il and their differentiation to alveolar epithelial
cells type I allows healing of alveolocapillary membrane
(30). Injury of alveolar epithelial cells type 11 causes dys-
regulation in surfactant production and results in severe
derangements of respiratory mechanics and decrease
in pulmonary compliance. Endothelial cells edema
and widening of intercellular gaps causes increase in
vascular permeability (‘capillary leak syndrome’) (31).
Both inadequate and hyperimmune response can cause
injury of the alveolocapillary membrane. Dysregulation
of inflammation in immune response is the common
cause of acute lung injury (32). After initial stimuli acti-
vate macrophages to secrete tumor necrosis factor TNF
aand IL-1 neutrophils migrate into intraalveolar space.
Activated neutrophils, endothelial and epithelial cells
induce a cascade of cytokines that amplify immune re-
sponse. Products of neutrophils such as oxygen radicals
and proteases can result in damage of the membrane
(‘collateral damage’) (7). Epithelial cells are also found
to have an active role in inflammation. In pulmonary
infections activated macrophages directly (IL-1, TNF-o)
or indirectly (T-cells) stimulate nuclear factor k3 (NF-
kP) pathway of epithelial cells that consequently leads
to increased production of chemokines, colony stimu-
lating factors and adhesion molecules. Experimental
studies have shown that inhibition of inflammatory
molecules may have a protective role in ARDS (32).
Some but not all studies indicated correlation between
increased plasma or bronchoalveolar TNF-a and de-
velopment of or mortality in ARDS (33, 34, 35). Recent
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genomic studies of cytokines and their receptors have
shown that polymorphism in the genes for TNF- « is
associated with increased mortality of ARDS, as well
as ARDS susceptibility in some subgroups of patients
according to the site of injury (36). Damage to epithe-
lial and endothelial cells and production of inflam-
matory cytokines can lead to increased expression of
tissue factor and stimulation of inhibitors of plasmino-
gen activators. In addition levels of activated protein C
(APC), antithrombin (AT) and tissue factor pathway
inhibitor (TFPI) are found to be lower in sepsis due to
decreased production and increased degradation (37)
thus leading to increased fibrin production and micro-
vascular thrombosis early in the course of ARDS (7).

Histology

Pathohistological changes in ARDS correspond to dif-
fuse alveolar damage-DAD. Acute, exudative phase
develops within first week and is characterized by
interstitial and intraalveolar edema, capillary conges-
tion, neutrophilic infiltrate, macrophages, erythro-
cytes and presence of hyaline membranes- eosino-
philic structures which consist of cellular debris and
proteins (albumin, fibrinogen and immunoglobulins).
Elements of vascular microthrombosis are also pres-
ent. Late, proliferative phase develops in first two
weeks after insult. Proliferation of cuboid cells, fibro-
blasts, and myofibroblasts are seen with rare cellular
infiltrate and interstitial deposition of collagen (38).
DAD results in loss of the integrity of the alveolar-cap-
illary barrier, exudation of protein-rich fluid across the
barrier, pulmonary edema, and hypoxemia. Although
described in 1976 by Katzeinstein (39) and considered
to be a pathological substrate of ALI/ARDS presence of
DAD was never included as one of the criteria in pre-
vious definitions since lung tissue is rarely available for
pathological diagnosis. Furthermore, in patients with
positive clinical criteria histological conformation of
DAD is found in only about 50% on post mortem analysis
(40, 41). Clinical and pathohistological definition corre-
lates better in patients with extrapulmonary ARDS (40).

Diagnosis

Diagnosis of ALI is largely based on interpretation of
chest radiograph that is consistent with pulmonary
edema. Interpretation of chest X ray in critically ill
may be difficult due to differences in quality, influence
of mechanical ventilation as well as subjectivity of the
interpreter. The interobserver agreement in applying
radiographic criterion of ACCP definition was found
to be moderate (kappa 0.55) (42). Cardiothoracic ratio
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ALI/ARDS

Cardiogenic edema

Limitations

Protein in alveolar edema fluid/

plasma protein >0.65 <0.65

Generally not available (30)

Pulmonary capillary wedge
pressure (PCWP)

PCWP <18mmHg PCWP >18mmHg

Limited use of pulmonary artery catheter

In diastolic pulmonary edema may be normal if not
measured during ischemic episode (“flash pulmonary
edema’)

Values above 18 mm Hg can be found in ARDS patients
due to volume overload or coexisting cardiac failure (48)

0y 0,
Echocardiography g;i ?g’ Ef}iﬁé Exam might be limited in critically ill patients
Chest X ra VPW<70mm VPW>70mm Low quality of Chest X ray
’ Y CTR<0.55 CTR>0.55 Limited diagnostic accuracy (70%) (43)

Brain natriuretic peptide (BNP) <250 pg/mL >950 pg/mL

May be in elevated in renal failure
Lower values in obese patients (49)

<24h, rapid improvement follow-

Response to treatment >24h

ing treatment with positive pres-

sure, venodilators and diuretics

TABLE 4. Differential diagnosis of cardiogenic and non-cardiogenic pulmonary edema
Abbreviations: EF-Ejection fraction; VPW-vascular pedicular width; CTR-Cardiothoracic ratio

and vascular pedicular width could be useful in differ-
entiating cardiogenic from non-cardiogenic pulmonary
edema (43). CT findings in ARDS correspond to ground
glass opacity and zone dependent heterogeneous con-
solidations (44). Patients with extrapulmonary causes
of ARDS present more often with symmetric evenly
distributed ground glass opacification in contrast to
ARDS associated with pulmonary risk factors where the
infiltrates tend to be asymmetric with a mix of dorso-
caudal consolidation and ground glass opacification
(45). In recent years there has been an increasing use
of ultrasound techniques in the ICU which are valu-
able in assessing cardiac function as well as presence of
lung edema by lung ultrasonography (‘comet tail sign’)
(46). Preserved systolic function does not rule out car-
diogenic edema since diastolic dysfunction (E/E’>15)
is the common cause of cardiogenic edema. Echocar-
diography also allows evaluation of pulmonary hyper-
tension and functional status of the right ventricle. Ex-
cessive stretching of the ventricles induces secretion
of Brain natriuretic peptide- BNP by myocytes. Values
of 250 pg/mL are highly specific for diagnosis of non
cardiogenic pulmonary edema while values of 950 pg/
dl and higher are suggestive of heart failure (Table 4.).
Right heart failure which is often observed in ARDS
can cause elevated values of BNP (300-600pg/dl) (47).
In differential diagnosis there are conditions that can
present as ARDS but require specific treatment (Table
5.). In the case of unclear etiology of ARDS surgical biop-
sy may have a crucial role in establishing diagnosis and
initiation of appropriate therapy, especially in immuno-
compromised patients (table 5.)(50). In previous studies,
open lung biopsy in ARDS cases of unclear etiology led
to alteration of treatment in majority of cases (60-89%)
and was not associated with increased morbidity (51-53).
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Treatment is focused on identification and manage-
ment of predisposing condition such as adequate in-
fection source control and supportive therapy. With
the exception of low tidal volume strategy no other
medical intervention or pharmacology treatment has
been proven to reduce mortality in ARDS patients.

Mechanical ventilation

Lung protective ventilation using low tidal volumes
6ml/kg predicted body weight according to US National
Institutes of Health Network for the Acute Respiratory
Distress Syndrome (NIH ARDS Network) has led to
a reduction of overall mortality from 39.8 to 31.0% in
ARDS patients (8). Years of experimental studies indi-
cated that using traditional tidal volumes of 10-15ml/kg
can cause or worsen lung injury by direct mechanical
stress, overdistension of healthy part of the lungs (vo-
lutrauma) (54-58), cyclic opening and closing of alveoli
(atelectrauma)(59,60) and increasing production of pro-
inflammatory cytokines (biotrauma) (61-64). Lung pro-
tection strategy is aimed at achieving SaO2 88-95% or
PaO2 55-8ommHg and P plateau <25-30 mm Hg, with
the lowest FiO2—PEEP values that often leads to reten-
tion of CO2 and acidosis. Positive end expiratory pres-

Decreased hemoglobin level in
CBC and hemorrhagic BAL
Subacute presentation in previ-
ously healthy individuals

Diftuse alveolar hemorrhage

Acute interstitial pneumonia
(Hamman Rich)

Elevated eosinophil levels in BAL
(40%) and blood

Rapid response to corticosteroid
treatment (48h)

Idiopathic acute eosinophilic
pneumonia

Lymphangitis carcinomatosa

TABLE 5. Differential diagnosis of ARDS; CBC complete blood
count, BAL-bronchoalveolar lavage

Abbreviations: CBC-complete blood count; BAL- bronchoalveolar
lavage
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sure (PEEP) opens atelectatic alveoli, decreases fraction
of intrapulmonary shunt and improves oxygenation. On
the other hand PEEP may cause distension of healthy
part of the lungs and increase dead space fraction, de-
crease ventricular preload and cause hypotension. There
is no evidence in difference in survival using high and
low PEEP values (65). Use of low tidal volumes is shown
to decrease concentration of inflammation markers and
frequency of extrapulmonary organ failures compared
to traditional ventilation modes (66). In case of inade-
quate oxygenation unconventional mechanical ventila-
tion may be indicated. High frequency oscillation HFO
uses rapid delivery (180 to 600 breaths in minutes, Fr
3-10HZ) of low tidal volumes (often below the values of
anatomical dead-space). The concept of HFO is similar
to low tidal volume ventilation. Experimental studies
have shown lower level of lung injury and inflammation
in HFO compared to conventional ventilation (63, 67).
Small volumes prevent overdistension of alveoli while
high mean pressure in airways prevents its collapse.
Downsides of using HFO are risk of pneumothorax
and hemodynamic instability due to decreased stroke
volume. Preliminary studies failed to show benefit of
survival in patients who were ventilated with HFO that
could be due to a late initiation of HFO. Future studies
should be focused on identifying patients who could
benefit from unconventional mechanical ventilation
and timing of initiation of HFO in these patients (68).
In the cases of severe refractory hypoxemia ex-
tracorporeal membrane oxygenation (ECMO)
could be initiated. The benefit of ECMO re-
mained to be confirmed in controlled clinical tri-
als (Conventional ventilation or ECMO for Severe
Adult Respiratory Failure -CESAR TRIAL) (69).
Lung recruitment and prone position can im-
prove oxygenation but effect is often transient,
and there is no evidence of improved survival (7).

Noninvasive mechanical ventilation

Non invasive mechanical ventilation (NIV) may be
used in early stages of ALl in patients without multior-
gan failure and in whom there is no expectation of pro-
longed mechanical ventilation. Presence of shock and
acidosis are associated with failure of NIV. All nonin-
vasively ventilated ALI patients should be closely moni-
tored to prevent potential delay in intubation (70, 71).

Fluid management
Due to an increased vascular permeability reduced flu-
id intake is beneficial to a gas exchange. On the other

hand reduction of circulatory volume can impair tis-
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sue oxygenation. Conservative fluid strategy reduces
days on mechanical ventilation and ICU length of stay
but does not affect overall mortality or development
of acute renal failure. Similarly, use of pulmonary arte-
rial catheter was not found to be superior to central ve-
nous catheter (72). After initial fluid resuscitation fluid
administration should be closely monitored and CVP
should be maintained at 4 mmHg if shock is not pres-
ent. Negative cumulative fluid balance at day 4 is asso-
ciated with reduced mortality in acute lung injury (73).

Corticosteroids

Inflammatory changes in ALI as well as possible hy-
perimmune response and pathohistological changes in
late ARDS give rationale for the use of corticosteroids
in both early and late stages of ARDS. In the eighties
high dose of corticosteroids were used for the treat-
ment of ARDS but after reports of increased mortal-
ity related to their use, corticosteroids were used more
cautiously. Corticosteroids have an indication in fol-
lowing clinical conditions that may present as ARDS:
vasculitis (diffuse alveolar hemorrhage), acute eosino-
philic pneumonia, acute interstitial pneumonia and
acute bronchiolitis obliterans with organizing pneu-
monia. SARS experience has shown positive effect of
corticosteroids on some infectious forms of ARDS.
There is evidence that in early ARDS (inside
first 72 h) use of corticosteroids may decrease
days of mechanical ventilation, ICU length of
stay and hospital mortality but this data needs
to be confirmed in larger clinical trials (74).
National Heart, Lung, and Blood Institute Acute Re-
spiratory Distress Syndrome (ARDS) Clinical Trials
Network study did not show difference in survival of
patients with persistent ARDS (at least seven days)
who did and did not receive corticosteroids, although
there were evidence of improved gas exchange, respi-
ratory compliance and ventilator free days (75). For
those enrolled at least 14 days after the onset of ARDS
the mortality rates in corticosteroid group were higher.
Based on these results current guidelines do not rec-
ommend routine administration of corticosteroids in
ARDS. Although previously associated with critical ill-
ness neuromyopathy and increased infection rates two
recent meta-analysis found no relationship between
use of corticosteroids and infection, neuromyopathy,
or any major complications in ARDS patients (76, 77).

Pulmonary vasodilators
Use of semi-selective (nitric oxide, prostacyclin,
prostaglandin E1) and non-selective (nitroprus-
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side, hydralazine) vasodilators can improve oxy-
genation and reduce pulmonary hypertension in
severe refractory forms of hypoxia by reducing pul-
monary vascular resistance and improving perfu-
sion of well ventilated parts of lungs. In spite of ob-
vious physiological effects clinical studies failed to
confirm its effect on reducing overall mortality rates (7).

Surfactant replacement

Although in ARDS metabolism of surfactant is severely
impaired use of surfactant did not improve survival in
adults. There is evidence that some subgroups of ARDS
patients such as those with pneumonia and aspira-
tion could benefit from treatment with surfactant (78).
Possible additional therapeutic targets include use
of antioxidants,  adrenergic receptor agonists, ACE
inhibitors and nutritional modifications as well as
use of GM-CSF and activated protein C (44, 50).
Other supportive measures include adequate nutrition,
stress ulcer, DVT and decubital prophylaxis. Recent data
show that intensive insulin therapy reduces the dura-
tion of mechanical ventilation, duration of ICU stay and
180-day mortality in ICU patients but there are no ex-
clusive data on subpopulation of ALI patients. There is
evidence that intensive insulin therapy reduces the inci-
dence of critical illness polyneuro-and/or myopathy (77).

Prognosis
Severe impairment of alveolar epithelia and failure to
improve in first week are associated with adverse out-

come (79). Older patients with sepsis, liver diseases
and MOF carry worse prognosis (80). Although se-
vere impairment of pulmonary function is a hallmark
of ARDS only two pulmonary features, oxygenation
index and increased dead space fraction ventilation are
shown to be of predictive value (81). The main cause
of death is withdrawal of treatment due to irreversible
MOF (82) and low quality of life in older patients (83)
and patients with significant comorbidities. About 10%
of patients will be mechanically ventilated for more
than a month (44). In some patients acute phase may
be complicated with fibrosing alveolitis and persist-
ing hypoxemia, increased dead space ventilation and
reduced compliance. First fibrotic changes may appear
after 5-7 days (7). Obliteration of pulmonary capillar-
ies and refractory hypoxia can cause severe pulmonary
hypertension with right heart failure. In those who
recover radiologic changes withdraw gradually and
pulmonary function test recovers completely, some-
times with mild restriction, obstruction or decreased
diffusion capacity that are usually asymptomatic (84).
Histological resolution in ARDS survivors is not well
known. Prospective studies have indicated that ARDS
survivors have impaired quality of life at one year follow
up. Main problems that ARDS survivors are facing are
weight loss, deconditioning, cognitive and psychologi-
cal problems as well as neuromuscular weakness (85).

In hospital OR
(95% CI)

Six month OR
(95% CI)

Age, per decade (86)

1.96 (1.50-2.53)"

Acute Physiology and Chronic Health Evaluation III score, per 25 point
increase (86)

1.78 (1.16-2.73)*

Arterial pH <7.22 (86)

232 (1.02-5.25)"

Charlson comorbidity score, for each point increase (87)

2.08 (1.34,3.33) 3.11 (2.01-5.05)

Day 3 cardiovascular failure (87)

446 (1.66,12.73) 3.30 (1.19-9.92)

Pulmonary dead space fraction (81)

145 (1.15t0 1.83)

Oxygenation index (88)

1.84 (CI1.13t02.99).

N-terminal probrain natriuretic peptide (NT-proBNP) levels>6813 ng/L (89)

2.36 (1.11-4.99)*

TABLE 4. Predictors of mortality in ARDS
*60-day mortality

CONCLUSION

Although survival of ARDS patients has been significantly improved in the last decades ARDS mortality rates are still

high and survivors encounter significant physical and psychological impairments. Early treatment of predisposing condi-

tions and the prevention of “second hit” in-hospital exposures are critical for prevention and treatment of this important

complication of critical illness. Since ARDS patients represent etiologically and pathophysiologically a heterogeneous

group of patients future studies should be focused on better defining subgroups of patients that could benefit from spe-

cific target therapies.
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