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Alcohol abuse and pulmonary disease
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Abstract

ARDS is a severe form of lung injury characterized by increased permeability of the alveolar
capillary membrane, diffuse alveolar damage, the accumulation of proteinaceous interstitial
and intra-alveolar edema, and the presence of hyaline membranes. These pathological
changes are accompanied by physiological alterations, including severe hypoxemia, an
increase in pulmonary dead space, and decreased pulmonary compliance. Approximately
200,000 individuals develop ARDS in the United States each year [1], and nearly 50% of
these patients have a history of alcohol abuse. We have identi�ied alcohol abuse as an
independent risk factor for the development of ARDS [2,3,4,5], and more recent studies have
validated these �indings in patients following lung resection and blood transfusion [2, 3]. In
ARDS survivors, alcohol abuse is also associated with an increased duration of mechanical
ventilation and prolonged ICU length of stay [5]. Despite studies aimed at improving
outcomes in patients with ARDS, the mortality remains high at >40% [6]. For those who
abuse alcohol, the mortality is even higher, at 65% [4]. In this review, we will discuss the
relationship between alcohol abuse and ARDS, the effects of alcohol abuse on pulmonary
function, and future directions and potential therapeutic targets for patients at risk for
ARDS as a result of alcohol abuse, which impairs immune function, decreases pulmonary
antioxidant capacity, decreases alveolar epithelial cell function, alters activation of the renin
angiotensin system, and impairs GM-CSF signaling. These pathways represent potential
therapeutic targets for patients at risk for ARDS as a result of alcohol abuse.

Introduction

Alcohol is the most frequently abused drug in the world [7], and 15–20 million individuals
in the United States meet the diagnosis of alcohol-dependence [8]. The lifetime prevalence
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of alcohol use in the United States is 66%, and nearly 50% of adult Americans have used
alcohol at some time during the last 12 months [9]. In some countries, such as the Czech
Republic, alcohol consumption is virtually ubiquitous, as 98% of adult men and women
drank alcohol during the previous 12 months [10]. Drinking more than two glasses of
alcohol per day has deleterious health effects and is associated with increased mortality
[11, 12]. The regular use of alcohol also imposes a tremendous economic burden. In the
Unites States alone, alcohol use costs $166 billion annually, of which nearly 20% is for direct
medical expenses [13, 14].

Alcohol abuse is common among critically ill patients [15, 16] and is responsible for up to
40% of admissions to the ICU in some U.S. hospitals. It also has direct adverse affects on
patient outcomes, including higher likelihood of ICU admission, longer hospital length of
stay, increased sepsis, and an increased requirement for mechanical ventilation
[1, 5, 17, 18]. Jensen and colleagues [19] examined the effects of alcohol abuse in a cohort of
ICU patients with a similar preadmission health status, general indication for ICU admission,
and age [19]. A history of alcohol abuse was associated with a doubling of the mortality rate
in this cohort of all patients that require ICU care. As these critically ill patients cannot
always communicate as a result of the need for mechanical ventilation or sedative agents, a
history of alcohol abuse is often not obtained. Subsequently, important prognostic
information may go unnoticed, and speci�ic alcohol-related interventions may not be
initiated routinely.

Although alcohol is a systemic drug that affects almost every organ system in the body, the
effects of alcohol on the lung have been relatively unexplored. The most signi�icant
pulmonary effects of alcohol abuse involve an increased risk of bacterial infection and acute
lung injury. In this article, we will review the effects of alcohol abuse on the epidemiology of
pneumonia and ARDS. The effects of alcohol abuse on various aspects of pulmonary function
will also be addressed, including alcohol-related effects on pulmonary antioxidant capacity.
Finally, we will discuss future directions for investigation of alcohol abusers as well as
potential therapies for critically ill patients at risk for ARDS.

ALCOHOL ABUSE INCREASES THE RISK OF PNEUMONIA AND ARDS

The relationship between alcohol abuse and pulmonary disease has been known for
centuries. Dr. Benjamin Rush [20], in his 1785 An	Inquiry	Into	the	Effects	of	Ardent	Spirits
Upon	the	Human	Body	and	Mind, described the relationship between alcohol and disease,
stating that ardent spirits “dispose to every form of acute disease.” Included in his
discussion was the observation that alcohol abuse often results in the development of
“hoarseness, and a husky cough, which often terminate in consumption, and sometimes in
an acute and fatal disease of the lungs”. Since that time, multiple studies have linked alcohol
abuse with worsened pulmonary disease and increased mortality.



Alcohol abuse and pneumonia

The incidence of CAP is greater in individuals with a history of alcohol abuse. Patients with
pneumonia have signi�icantly higher daily alcohol intake prior to hospitalization and are
more likely to have used alcohol chronically when compared with patients without
pneumonia, even after adjusting for the presence of cirrhosis and cigarette smoking [15].
Alcohol abuse is also associated with increased morbidity in patients with CAP, resulting in a
greater incidence of bacteremia, delayed time to recovery, and a higher frequency of
persistent pulmonary in�iltrates on chest radiograph [15, 21, 22]. In patients with CAP as a
result of Streptococcus	pneumoniae, alcohol abuse is associated with a higher rate of
empyema [23]. Most importantly, alcohol abuse is associated with increased mortality in
patients with CAP [24]. In a pre-antibiotic study published in 1923 [24], a dose-response
effect of alcohol abuse on mortality from bacterial pneumonia was observed that remained
after age adjustment. The deleterious effect of alcohol abuse on mortality has persisted
despite the use of antibiotics. In a meta-analysis of CAP, mortality was signi�icantly higher in
patients with a history of alcohol abuse [25]. Economic implications associated with CAP in
patients with a history of alcohol abuse are also apparent, as re�lected by increased total
hospital charges and more frequent ICU use [16].

HAP is the second most common nosocomial infection and represents nearly 50% of all
acquired infections in the ICU. When HAP occurs in the subset of patients receiving
mechanical ventilation, it is termed VAP. In one study of 223 mechanically ventilated
patients, where patients were simply classi�ied as current, former, or never drinkers, alcohol
abuse was not a risk factor for the development of VAP [26]. However, these negative results
may have been related to misclassi�ication of alcohol abuse as a result of the use of an
imprecise de�inition. In a case-controlled study of patients with VAP and matched ICU
controls, a multivariable analysis revealed that chronic alcohol abuse was the strongest risk
factor for ICU mortality (odds ratio 2.6) [27]. More recent evidence demonstrates that at-
risk drinkers, as de�ined by the NIAAA criteria, were at higher risk for developing VAP than
not-at-risk drinkers, even after adjusting for age, gender, Simpli�ied Acute Physiology Score
II, length of hospital stay before ICU admission, prior antibiotic administration within 24 h
before ICU admission, type of admission, immunosuppression, duration of mechanical
ventilation, and central venous and urinary catheter exposure (hazard ratio 1.76) [28].

Alcohol abuse and ARDS

ARDS is a form of diffuse lung injury that is characterized pathologically by disruption of the
pulmonary capillary-alveolar membrane. Although a healthy lung effectively regulates
alveolar �luid movement, disruption of the pulmonary capillary-alveolar membrane in ARDS
results in the accumulation of excess interstitial and alveolar �luid. The consequences of
these changes include impaired gas exchange, decreased compliance, and increased
pulmonary arterial pressure. Clinically, ARDS presents as the sudden onset of severe



hypoxemia in conjunction with bilateral in�iltrates on chest radiographs that are
noncardiogenic in origin [29]. Criteria for the diagnosis of ARDS include [1] the presence of
bilateral pulmonary in�iltrates [2], a ratio of the arterial partial pressure of oxygen/fraction
of inspired oxygen of <200 mmHg, and [3] the absence of clinical evidence for left heart
failure (or a pulmonary capillary wedge pressure ≤18 mmHg, if measured). Approximately
200,000 individuals develop ARDS in the United States each year [1], and the mortality from
this disease remains unacceptably high at >40% [6]. There are many risk factors for the
development of ARDS, including sepsis, pneumonia, surgery, trauma, burn, blood
transfusion, pancreatitis, aspiration, and others. Recent evidence has also shown that a
history of alcohol abuse is an independent risk factor for the development of ARDS.

Several studies have demonstrated that a prior history of alcohol abuse is associated with an
increased risk of developing ARDS. In one study of 351 critically ill patients with one of
seven at-risk diagnoses for the development of ARDS, 43% of the patients who abused
alcohol developed ARDS, as opposed to only 22% of those without a history of alcohol abuse
[4]. In patients with sepsis, this difference was even more impressive, with 52% of the
patients with a prior history of alcohol abuse developing ARDS, compared with only 20% in
patients without a history of alcohol abuse. In those patients who developed ARDS, the in-
hospital mortality rate was 65% in patients with a prior history of alcohol abuse compared
with only 36% in patients without a history of alcohol abuse. Importantly, the effect of
chronic alcohol abuse on the development of ARDS remained signi�icant after adjusting for
severity of illness and co-morbidities.

In a more recent study of 220 patients with septic shock, 30% of patients had a history of
alcohol abuse. In these individuals, the incidence of ARDS in patients with a history of
alcohol abuse was 70%, compared with 31% in individuals without a history of chronic
alcohol abuse [5]. In addition, patients with a history of chronic alcohol abuse had more
severe nonpulmonary organ dysfunction. Importantly, these effects again remained
signi�icant after adjusting for differences in the source of infection, sex, age, chronic hepatic
dysfunction, diabetes, severity of illness, nutritional status, and smoking status.

As ALI may complicate thoracic surgery and is a major contributor to postoperative
mortality, risk factors for ALI were examined in 879 patients who underwent pulmonary
resections for non-small cell lung carcinoma. In this cohort, the total incidence of ALI was
4.2%, and the majority of cases occurred in the absence of a predisposing clinical adverse
event. In those patients who developed ALI in the absence of an inciting event, a
preoperative history of alcohol abuse was identi�ied as an independent risk factors for ALI
(odds ratio 1.9) [30].

TRALI is a form of ALI that typically develops within 6 h following transfusion and is the
leading cause of transfusion-related mortality. To determine risk factors for the
development of TRALI, 901 consecutive transfused critically ill patients were observed
closely for the development of ALI. Risk factors were then compared between patients who



developed ALI after transfusion and transfused control patients and matched by age, sex,
and admission diagnosis. Seventy-four transfused patients developed ALI within 6 h of
transfusion (8%), and compared with transfused control subjects, patients with ALI were
more likely to have a history of chronic alcohol abuse (37% in those who developed ALI
compared with 18% in those who did not develop ALI) [2].

PATHOGENESIS OF ALCOHOL-RELATED PULMONARY DYSFUNCTION

Acute alcohol intoxication and pulmonary immune function

Acute alcohol exposure has been shown to alter neutrophil function in a variety of ways,
including decreased adhesion molecule expression, impaired margination and adhesion,
impaired release of granule contents, decreased chemotaxis, and decreased phagocytosis
and bacterial killing [31,32,33,34,35,36,37,38]. For example, acute alcohol exposure inhibits
up-regulation of CD18, an adhesion molecule that helps bind target receptors on endothelial
cells [39,40,41,42]. The production of important neutrophil chemotactic cytokines,
including MIP-2 and IL-8, is also decreased by acute ethanol intoxication [43, 44].

The importance of these alcohol-induced defects in neutrophil function is highlighted by
studies aimed at improving neutrophil function in the intoxicated host. G-CSF, a
hematopoietic growth factor that regulates neutrophil production and function [45],
improves neutrophil function in the setting of acute alcohol intoxication. When rats are
pretreated with G-CSF prior to acute alcohol intoxication, neutrophil recruitment and
bacterial clearance are enhanced following intrapulmonary challenge with Klebsiella
pneumoniae [46]. Additional studies have demonstrated the effects of G-CSF pretreatment
on neutrophil adhesion molecule expression in control and acutely intoxicated rats
following i.v. or intratracheal challenge with LPS [38, 47]. Following LPS challenge, alcohol
impairs the up-regulation of neutrophil CD18 and CD11b/c expression following LPS
challenge; however, G-CSF pretreatment attenuates this alcohol-induced defect. Overall,
neutrophil function is impaired by alcohol, resulting in impaired host defense against
infection and increased morbidity and mortality. Therapy involving improvement of
neutrophil function in the intoxicated host may prove useful in the treatment of patients
with pulmonary infection, many of whom abuse alcohol.

In addition to its effects on neutrophil function, acute alcohol exposure suppresses the
production of proin�lammatory cytokines, including TNF-α and IL-1β, by alveolar
macrophages and blood monocytes [48]. Critical functions of TNF-α include enhancing the
release of additional proin�lammatory cytokines, increasing adhesion molecule expression
on vascular endothelial cells and neutrophils, augmenting the function of neutrophils at an
in�lammatory site, and increasing bacterial clearance and survival following bacterial
challenge. The release of other proin�lammatory cytokines and chemokines has also been
shown to be impaired by acute alcohol intoxication, including GM-CSF, G-CSF, IL-6, IL-8, and



MIP-2 [31, 42, 49,50,51]. Conversely, alcohol exposure has the opposite affect on the
production of IL-10 and TGF-β, increasing their spontaneous release and augmenting their
production in response to in�lammatory stimuli [51]. As IL-10 and TGF-β are anti-
in�lammatory cytokines, alcohol-induced enhancement of their release results in further
suppression of the immune response.

Alcohol alters cytokine production in macrophages in part by inhibiting the activation of the
intracellular messenger NF-κβ, which is required for the transcription of genes that encode
for TNF-α and other chemokines [52]. Other studies have demonstrated that alcohol alters
expression of TLRs, which are responsible for recognition of bacterial antigens and
transmembrane signaling leading to cytokine production [53,54,55,56]. These changes
appear to be a result, in part, of alterations of components of the TLR complex within lipid
rafts, with subsequent changes in actin cytoskeleton rearrangement, receptor clustering,
and cell signaling [57].

Chronic alcohol abuse and pulmonary immune function

Chronic alcohol exposure modulates immune function at different sites than acute alcohol
exposure, and Figure	1 outlines many of the pulmonary changes associated with chronic
alcohol abuse [58]. Although acute alcohol intoxication has been reported to impair
proin�lammatory cytokine production, chronic alcohol abuse, particularly in association
with alcoholic liver disease, has been reported to increase levels of circulating TNF, IL-1, and
IL-6 [59]. Production of the neutrophil chemotactic cytokine MIP-2 from alveolar
macrophages remains inhibited during chronic alcohol exposure [60,61]. In a cohort of
trauma patients, chronic alcohol abuse has been reported to increase plasma levels of the
cytokines IL-6 and IL-10 and the endothelial cell adhesion molecule E-selectin [61]. In long-
term alcohol abuse, the production of white blood cells in the bone marrow is decreased,
and superoxide production in neutrophils is reduced [62, 63].

Figure 1.
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Basal	changes	in	the	alveolus	as	a	result	of	chronic	alcohol	abuse. A variety of differences in the
basal functioning of alveoli from patients with alcohol abuse compared with abstainers has been
reported, which contributes to the propensity for adverse respiratory conditions described in these
patients, such as ARDS. A normal alveolus is shown on the left, and the effects of alcohol abuse on an
alveolus are on the right. Alcohol-related changes include lower concentrations of alveolar GSH and
an increase in the proportion of GSSG; increased production of alveolar macrophage and type II cell
TGF-β; increased protein in the alveolar space with enhanced �luid �lux across the alveolar-epithelial
membrane; and abnormalities of the alveolar type II cells including increased numbers of epithelial
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sodium (ENa) channels, decreased surfactant synthesis, and increased cellular apoptosis. (Figure
reprinted with permission [58].)

Chronic alcohol abuse and alveolar epithelial dysfunction

Given the important role of alveolar epithelial function in the pathophysiology of ARDS,
many studies of the relationship between alcohol abuse and ARDS have focused on the
effects of alcohol on the permeability of this barrier. Chronic alcohol ingestion in animal
models has been shown to impair surfactant production and increase oxidant-mediated
necrosis and apoptosis in alveolar epithelial cells [64,65,66,67]. These alterations are
associated with impaired alveolar epithelial barrier function, as demonstrated by increased
protein leak and decreased alveolar liquid clearance [68], and result in increased
susceptibility to endotoxin-mediated acute lung injury [67]. After i.p. exposure to endotoxin,
the lungs from alcohol-fed rats have increased activity of matrix metalloproteinases that
degrade the extracellular matrix of the lung [62, 63, 69]. There is also an increased release
of biologically active TGF-β into the alveolar space, resulting in disruption of epithelial
barrier function [67]. Similar to patients with ARDS, these changes result in increases in
alveolar capillary permeability, enhanced pulmonary edema formation, and increased
protein concentrations in the alveolar lining �luid [70].

Chronic alcohol abuse and pulmonary antioxidant capacity

One of the central alterations related to chronic ethanol ingestion is a decreased
concentration of the antioxidant GSH throughout the alveolar lining �luid of the lung and
within alveolar type II cells [63, 64, 67, 68]. The alveolar lining �luid from the lungs of
chronic alcoholics without any other medical diagnoses is GSH-de�icient [71], and many of
the deleterious effects of alcohol, including abnormal surfactant synthesis and secretion,
increases in type II cell apoptosis, increases in basal expression of TGF-β, and alterations in
alveolar-capillary barrier function and permeability, are associated with de�iciencies in
pulmonary GSH [72, 73]. Additionally, protein concentrations in the alveolar lining �luid of
these individuals are increased, consistent with changes in alveolar-capillary permeability.
Although these basal changes in the lung induced by chronic alcohol exposure do not cause
ARDS independently, they do render the lung more vulnerable to the increased systemic
oxidative stress that occurs during acute critical illnesses. In patients with ARDS, a prior
history of alcohol abuse is associated with an increased concentration of E-selectin, an
endothelial-speci�ic adhesion molecule, in the alveolar lining �luid of the lung and the
increased accumulation of extravascular lung water [74]. These �indings are consistent with
enhanced endothelial cell activation and increased permeability defects during ARDS
related to chronic alcohol abuse.



Alcohol abuse and angiotensin II

Angiotensin II is formed by the sequential conversion of angiotensinogen to angiotensin I
and then to angiotensin II. The conversion of angiotensin I to angiotensin II is carried out
within the lung by ACE. Interestingly, angiotensin II levels are elevated in patients with
ARDS and in rats following chronic alcohol ingestion [75, 76]. Interestingly, mice de�icient in
ACE have been shown to have less lung injury following acid aspiration or sepsis [77].
Clinical data also suggest that individuals who express the ACE allele (which is associated
with increased ACE activity) are at higher risk for ARDS [78]. In contrast, ACE2 is a more
recently identi�ied negative modulator of the renin angiotensin system that inactivates
angiotensin II, and treatment with rACE2 also protects mice from lung injury [77]. The
biological effects of angiotensin II depend on its interaction with speci�ic angiotensin II
receptors, of which AT1 and AT2 have been best characterized. Activation of the AT1
receptor by angiotensin II has been shown to mediate alcohol-induced oxidative stress in
the lung [79], and angiotensin II appears to activate NADPH oxidase expression and
subsequent production of superoxide within the lung [80]. On the other hand, chronic
alcohol ingestion has been shown to markedly increase the relative expression of the AT2
receptor within alveolar epithelial cells and predispose these cells to apoptosis when
exposed to oxidative stress or proin�lammatory cytokines [81]. In contrast, inhibition of the
AT2 receptor in alcohol-fed rats inhibits angiotensin II- and TNF-α-induced apoptosis of
alveolar epithelial cells [81].

Alcohol abuse and pulmonary GM-CSF signaling

GM-CSF is a 23-kDa glycosylated monomeric peptide secreted by multiple cell types,
including the alveolar epithelial type II cell. GM-CSF has been shown to stimulate the growth
of a variety of blood cells, including granulocytes, macrophages, eosinophils, erythrocytes,
megakaryocytes, and dendritic cells. Interestingly, targeted deletion of the GM-CSF gene in
mice produced an unexpected lung-speci�ic phenotype that was essentially identical to
pulmonary alveolar proteinosis [82]. The role of chronic alcohol ingestion on this pathway
was demonstrated when rGM-CSF delivered via the upper airway restored alveolar
epithelial barrier function and �luid transport in alcohol-fed rats, even during endotoxemia
[83]. Subsequent studies have identi�ied that chronic alcohol ingestion decreases the
expression of GM-CSF receptors in airway epithelial cells and macrophages and in turn,
dampens intracellular signaling to the GM-CSF master transcription factor PU.1.
Importantly, rGM-CSF treatment restores GM-CSF receptor expression and signaling and
normalizes alveolar epithelial barrier function [84] and alveolar macrophage immune
function [85].

POSSIBLE THERAPIES FOR ALCOHOL-ASSOCIATED ARDS



Data from the NIAAA’s 1991–1992 National Longitudinal Alcohol Epidemiologic Survey and
the 2001–2002 National Epidemiologic Survey on Alcohol and Related Conditions reported
that the prevalence of AUDs increased signi�icantly across most demographics for men and
women [86]. Even when people attempt to stop harmful alcohol consumption, the rate of
recidivism with AUDs is notoriously high. As a result, the prevalence of critical illnesses such
as ARDS stands to increase in this population still further in the future. NAC and GM-CSF
have been investigated for use in critically ill patients, including studies in patients with
ARDS. Findings have been largely encouraging, and the safety pro�ile for these agents has
been good. Unfortunately, none of these drugs has been used in trials speci�ically focused on
individuals with AUDs, who are at greater risk for ARDS. The plausibility of these drugs, as
well as other agents that alter the effects of alcohol, to effectively remediate abnormal
alveolar-capillary permeability and other alcohol-induced abnormalities is detailed below.
Investigating these drugs in individuals with AUDs has the potential to translate into new
treatment strategies to decrease the risk for ARDS.

NAC is a tripeptide that can function as a direct antioxidant or an indirect antioxidant
through its ability to donate cysteine in the synthesis of GSH [87, 88]. In situations of
increased GSH use, NAC can be given to increase cysteine levels, thereby increasing GSH
levels. NAC is a commonly used medication for acetaminophen toxicity, where it has a long
safety history, orally and i.v. [89]. In an animal model of sepsis, NAC prevented activation of
NF-κB and IL-8 and decreased neutrophilic alveolitis [90, 91]. Very high levels of GSH
normally exist in the lung [92]; however, in the lungs of patients with ARDS, GSH is
decreased signi�icantly [93, 94]. Based on these observations, trials of NAC in patients with
ARDS have been performed. Two small studies, each with <30 subjects, found that i.v. NAC
compared with placebo was ef�icacious in increasing the number of organ failure-free days
(days a patient was alive and without organ failure) [95, 96].

Notably, neither of these clinical trials nor any others in the literature focused speci�ically on
repletion of GSH in subjects with AUDs, although such individuals might bene�it most from
GSH replacement. This is illustrated in animal models, where oral NAC administered to
rodents in an AUD model increased the amount of cytosolic GSH signi�icantly [65], as well as
normalized type II cell mitochondrial GSH levels and surfactant synthesis [66]. NAC
administration in animals also correlates with important pulmonary outcomes, including
reductions in lung edema after endotoxin administration [97] and restoration of the
functional surfactant pool [98]. Of importance, decreased pulmonary GSH levels and
increased levels of the GSSG have been observed in human subjects with AUDs [70, 99], and
these correlate with alveolar protein concentrations [100]. Therefore, restoring GSH
homeostasis within the lung via NAC represents a therapeutic intervention, whereby the
predisposition for ARDS could be decreased in patients who abuse alcohol.

As mentioned above, GM-CSF is a protein known to affect progenitor cell proliferation and
monocyte-to-macrophage differentiation. It also in�luences adhesion molecule expression,
phagocytosis of bacteria [101], and phagocytic clearance of apoptotic in�lammatory cells
[102]. Additionally, it has effects on nonhematopoietic cells including alveolar epithelial cells



[103]. In humans with ARDS, higher levels of GM-CSF in epithelial lining �luid are associated
with improved survival [104]. Based on these observations, a small, randomized controlled
trial of GM-CSF in 28 patients with severe sepsis and respiratory dysfunction was
performed. It demonstrated that low-dose GM-CSF administration in these patients led to
improved oxygenation and a decreased incidence of frank lung injury, without signi�icant
adverse effects [105]. Since publication of this trial, a multicenter investigation of GM-CSF in
acute lung injury has been underway. Notably, safety concerns about the use of this drug
have been minimal.

Based on recent animal data, therapy with GM-CSF can normalize alcohol-induced lung
pathology, which in turn may decrease the predisposition to develop ARDS. In animal
models of AUD, ethanol feeding affected the signaling capacity of GM-CSF by decreasing
expression of its receptors (α and β) on alveolar macrophages and the alveolar epithelium
[84, 85]. Treating alcohol-fed animals with intranasal GM-CSF reversed these abnormalities.
More importantly, GM-CSF improved endotoxin-induced secretion of TNF-α and bacterial
phagocytosis by alveolar macrophages in animal models [85]. It also attenuated lung edema
in animals subjected to intratracheal saline challenge (with and without concomitant
endotoxemia) and decreased lung lavage protein concentrations. Finally, alveolar epithelial
monolayers consisting of cells from these ethanol-fed animals cultured in the presence of
GM-CSF were signi�icantly less permeable [83]. Collectively, these animal data provide
evidence that GM-CSF administration may be ef�icacious in maintaining normal alveolar-
capillary permeability and alveolar macrophage function in subjects with AUDs, thereby
decreasing risk for ARDS.

Finally, angiotensin II inhibition is an intriguing therapeutic target and if effective, may limit
alcohol-induced oxidative stress. As ACE inhibitors and angiotensin receptor blockers
(which act to block the AT1 receptor) are being used currently on a widespread basis, a
systematic trial of these agents in patients who abuse alcohol may be possible.
Unfortunately, the use of these agents in the critically ill patient may be impossible as a
result of concern about hypotension and renal dysfunction. As a result, although these
agents may ultimately have a role in chronic treatment of individuals who abuse alcohol,
their role in critically ill patients with ARDS would be limited signi�icantly. In the future,
agents that block the AT2 receptor speci�ically may offer bene�it and may be more tolerable
in the critically ill patient.

FUTURE DIRECTIONS

As we gain more insight into the mechanisms by which alcohol predisposes patients to the
development of ARDS, additional novel therapies will be identi�ied that will improve the
incidence and severity of ARDS in this important patient population. As discussed above, the
pulmonary effects of alcohol abuse are broad and include such defects as pulmonary GSH
depletion, abnormalities in angiotensin II production and receptor expression, and



abnormalities in GM-CSF signaling. These effects lead to physiological changes consistent
with ARDS and therefore represent future targets for therapy in patients who abuse alcohol.

Given the widespread use of alcohol in our critically ill patients, the clear role of alcohol
abuse in increasing the risk for ARDS, and the current lack of speci�ic treatments for
individuals with alcohol abuse and ARDS, further investigations into the mechanisms by
which alcohol predisposes to ARDS and the effects of speci�ic therapies are necessary. Until
such therapies are available, primary prevention is imperative to decrease the excessive
morbidity seen in critically ill patients with a prior history of alcohol abuse.

Footnotes

Abbreviations: ACE=angiotensin-converting enzyme, ALI=acute lung injury, ARDS=acute

respiratory distress syndrome, AT1=angiotensin type 1 receptor, AUD=alcohol use disorder,

CAP=community acquired bacterial pneumonia, GSH=glutathione, GSSG=oxidized form of GSH,

HAP=hospital acquired pneumonia, ICU=Intensive Care Unit, NAC=N-acetylcysteine,

NIAAA=National Institute on Alcohol Abuse and Alcoholism, TRALI=transfusion-related lung

injury, VAP=ventilator-associated pneumonia
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