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What Factors Predispose Patients to Acute
Respiratory Distress Syndrome?

Yewande Odeyemi, Alice Gallo De Moraes, and Ognjen Gajic

Acute respiratory distress syndrome (ARDS) is a common
complication of critical illness or injury associated with
significant morbidity and mortality. The pathogenesis of
ARDS involves mechanical and inflammatory injury to the
lungs that causes marked derangement in alveolar-capillary
permeability and the passage of protein-rich edema fluid into
the air spaces."”> ARDS usually occurs in a context of uncon-
trolled response to local or systemic inflammation and most
recently two endotypes of ARDS—namely, hyperinflamma-
tory and hypoinflammatory—have been identified with dif-
ferent therapeutic responses and prognoses.™* The clinical
pathogenesis is often multifactorial, with complex interac-
tion of risk factors and risk modifiers (Fig. 15.1).

PREDISPOSING CONDITIONS

Sepsis, pneumonia, and shock are the most common conditions
predisposing to ARDS.>® However, only a minority of these
patients with these disorders actually have ARDS (Fig. 15.2).
Other typical predisposing conditions include gastropulmonary
aspiration, trauma, and massive blood product transfusion.”*
Atypical respiratory infections, including viral (influenza) and
fungal (Pneumocystis jiroveci, Histoplasma spp., Blastomyces
spp.) infections, are unusual but important causes of ARDS, es-
pecially in patients with compromised immune systems. Several
pathogens, such as severe acute respiratory syndrome (SARS),
Middle East respiratory syndrome-coronavirus, and epidemic
HINT1 influenza, have attracted widespread attention, and con-
fer increased risk for ARDS.” Additional patient risk factors
include gastroesophageal reflux disease, chronic silent aspira-
tion, and drug exposures.>'°

Observational studies and clinical trials have noted a dis-
tinct subtype of ARDS without known risk factors.!' Of note,
these patients may have better prognoses. '

Certain host genetic variants have been associated with
development of sepsis and ARDS," including mutations in
the surfactant protein B.'* Recently, a genome-wide associa-
tion study comparing 232 African-American patients with
ARDS and 162 at-risk control subjects identified selectin P
ligand gene (SELPLG) as a novel ARDS susceptibility gene.'
Genetic associations have been generally difficult to replicate,
and the role of genetic predisposition in development of
ARDS is presently unclear.'

RISK MODIFIERS

Sepsis in alcoholics is associated with a distinctly high risk of
ARDS. Chronic alcohol use carries a twofold to threefold
increase in ARDS development.'®!” The exact mechanism of
this association remains unknown, but it may be related to a
reduction in the antioxidant capacity of the lung.'” In addi-
tion, acute and chronic consumption of alcohol cause an
increase in the systemic levels of adenosine'®!” and a dose-
dependent reduction in alveolar fluid clearance through
stimulation of the adenosine type 1 receptor, adding to the
lung injury.’®?! A 2014 study in trauma patients demon-
strated that the risk of ARDS increased in direct proportion
to the blood alcohol content.”

A history of tobacco exposure (including second-hand
smoking) has been associated with an increased risk of ARDS
in trauma patients.”” Another study found an independent
dose—response association between current cigarette smok-
ing and subsequent development of ARDS.*

Hypoalbuminemia is a well-known marker of acute or
chronic illness or malnutrition and poor surgical out-
comes.>>?° It was also found to be an independent risk factor
for ARDS.” This appears to be mediated by decreases in
plasma oncotic pressure with increased pulmonary permea-
bility in the critically ill, independent of underlying cause and
fluid status.”®

Hypercapnic acidosis protects against ventilator-induced
lung injury in several animal models of ARDS.*** However,
low pH and, in particular, metabolic acidosis have been
associated with increased risk of ARDS.?!#

Obesity is also an independent risk factor for the develop-
ment of ARDS.** Although the effects of body position and
compression atelectasis may in part explain the observed
association,” additional mechanisms have been proposed.
These include an imbalance between proinflammatory
and anti-inflammatory cytokines, which increases lung
inflammation and injury through the tumor necrosis factor-
a and interleukin-6 pathways.**=’

Diabetes mellitus seems to be associated with a lower risk
of ARDS in septic shock.” Indeed, a meta-analysis that in-
cluded a total of 12,794 adult patients suggested that diabetes
protected against ARDS.*” Although the exact mechanism is
not known, one possible explanation is that diabetic patients
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ARDS pathogens: “Multiple hit” hypothesis
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Fig. 15.1 lllustration of Interaction between Risk factors and Risk Modifiers in the Development of Acute
respiratory Distress Syndrome. AL/, acute lung injury; FiO,, fraction of inspired oxygen; ICU, intensive care
unit; PEEF positive end-expiratory pressure; SNF, single nucleotide polymorphism.
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Fig. 15.2 Predisposing Factors for Development of Acute Respiratory Distress Syndrome. AL/, acute lung
injury. (From Gaijic et al.®".)
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have impaired activation of the inflammatory cascade in
the lungs.*’

An alternative hypothesis for ARDS pathogenesis has been
proposed, suggesting that surfactant dysfunction may be a
critical step in ARDS progression.*! Both spontaneous and
mechanical hyperventilation can induce surfactant dysfunc-
tion, leading to higher surface tension and atelectasis. This
injury is augmented by supine position and sedation, and this
effect can be particularly pronounced in obese patients.’
However, trials administering surfactant in ARDS patients
did not show an outcome benefit.*?

RISK PREDICTION MODELS

The Lung Injury Prediction Score (LIPS) was created in 2011
with the intent to facilitate the design and conduct of ARDS
prevention studies.*’ The model includes risk factors and risk
modifiers present at the time of hospital admission, before
ARDS occurs. It was later validated®' and refined (Table 15.1).
A simplified model, the Early Acute Lung Injury Score, pre-
dicts ARDS on the basis of oxygen requirement, respiratory
rate, and presence of immunosuppression in patients with
bilateral infiltrates on chest imaging.*

HOSPITAL-ACQUIRED EXPOSURES

Hospitalized patients are frequently exposed to various
potentially harmful factors that may modify their risk of
ARDS development. Compared with patients who died of
other causes, ARDS decedents have a markedly higher inci-
dence of potentially preventable adverse events (medical or
surgical misadventures).* High tidal volume ventilation,**~*8
high oxygen concentration,” and plasma transfusion from
multiparous female donors® each have been implicated as
iatrogenic contributors to ARDS. In septic patients, delays in
fluid resuscitation and in the initiation of antimicrobial treat-
ment have also been associated with ARDS.”! Although lung-
protective mechanical ventilation is considered a standard of
care for patients with established ARDS, a series of studies
suggest that its application to all mechanically ventilated
patients may be safe and beneficial.*®

A large case-control study found iatrogenic risk factors to
be significantly greater in patients with ARDS than in
matched controls and deemed most of these factors to be
preventable.”> Multiple potential strategies directed at
preventing ARDS have been proposed. These include early
identification of “at-risk” patients, standardization of clinical

TABLE 15.1 LIPS Calculation Table.

LIPS Points Examples

Predisposing Conditions (1) Patient with history of alcohol abuse with septic shock
Shock 2 from pneumonia requiring FiO, > 0.35 in the emergency
Aspiration 2 room: sepsis + shock + pneumonia + alcohol abuse +
Sepsis 1 FiO, > 0.35
Pneumonia 1.5 1+2+16+1+2=75
High-Risk Surgery?
Orthopedic spine 1
Acute abdomen 2
Cardiac 2.5
Aortic vascular 8.3

) ) (2) Motor vehicle accident with traumatic brain injury, lung
H|gh-R|§k Trgumg contusion, and shock requiring FiO, > 0.35
Traumat'lc bra"_] njury 2 Traumatic brain injury + lung contusion + shock +
Smoke |nha!at|on 2 FiO, > 0.35
Near drowmhg 2 2+15+2+2=75
Lung contusion 1.5
Multiple fractures 1.5

. . (3) Patient with history of diabetes mellitus and urosepsis
Risk Modifiers with shock
Alcoh_ol abuse 1 142-1=2
Obesity (BMI > 30) 1
Hypoalbuminemia 1
Chemotherapy 1
FiO, > 0.35 (> 4 L/min) 2
Tachypnea (RR > 30) 1.5
SpO, < 95% 1
Acidosis (pH < 7.35) 1.5
Diabetes mellitusP® —1

aAdd 1.5 points if emergency surgery.
°Only if sepsis.

BMI, body mass index; FiO,, fraction of inspired oxygen; LIPS, Lung Injury Prediction Score; RR, respiratory rate; SpO,, oxygen saturation by

pulse oximetry.
From Gajic et al.®’
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practice to prevent iatrogenic injury, and early treatment of
predisposing conditions.”>** The Checklist for Lung Injury
Prevention (CLIP) has been developed to ensure compliance
with evidence-based practice that may affect ARDS occur-
rence and is currently used in clinical trials of ARDS preven-
tion.”* CLIP items include lung-protective mechanical venti-
lation, aspiration precautions, early adequate antimicrobial
therapy, restrictive fluid and transfusion management, and
early assessment for extubation with daily awakening and
breathing trials.

A population-based cohort study conducted in Olmsted
County, Minnesota, reported a decrease in the incidence of
ARDS from 82.4 cases per 100,000 person-years in 2001 to
38.9 cases per 100,000 person-years in 2008.> This decrease
in ARDS incidence was observed despite a stable incidence of
community-acquired ARDS and an increase in the popula-
tion’s severity of illness, comorbidity burden, and predispos-
ing conditions for ARDS over the same time period. This
decrease was attributed to the prevention strategies described
above, including lung-protective ventilation strategies in all
mechanically ventilated patients, restrictive transfusion prac-
tice, male-donor-predominant plasma, improved sepsis
treatment, and more conservative fluid management.**>>¢

Although several potential pharmacologic therapies have
emerged to target specific components of the underlying
pathogenic pathway of ARDS, to date, none has been proven
to be effective in the prevention of ARDS.

Most recently, a phase Ila double-blind multicenter ran-
domized controlled trial (RCT) studying the feasibility of the
combination of an inhaled corticosteroid and inhaled long-
acting beta-adrenergic agonist in patients at an increased
risk of ARDS (LIPS score > 4) showed an improvement in
oxygenation when compared with placebo and, although not
intended to study the effect on prevention of ARDS, there
was a lower incidence of ARDS in the treatment group that
became nonsignificant after adjustment for shock. Although
this was only a pilot study and limited by sample size, this
trial will help to inform future studies.”

The use of inhaled beta-adrenergic agonists only have also
been formally evaluated in a phase II RCT. In 362 patients
undergoing esophagectomy, intraoperative administration of
inhaled salmeterol reduced several biomarkers of alveolar
inflammation and injury and was associated with a decreased
incidence of postoperative adverse events (predominantly
pneumonia); however, the incidence of ARDS did not differ
between the groups.*®

The administration of aspirin was thought to be protective
in earlier observational studies;* " however, in a phase I RCT
comparing aspirin and placebo in patients at an increased risk
of ARDS (LIPS score >4), there was no difference in the inci-
dence of ARDS or other important outcomes.®’ However, an
ancillary mechanistic study demonstrated the important role
of biomarkers for intravascular monocyte activation and a
potential preventive effect of aspirin on ARDS development in
per-protocol analysis.®*

Animal studies had suggested that statins may be benefi-
cial in modulating hyperinflammatory ARDS. However, the

HARP-2 clinical trial of 540 patients failed to demonstrate
benefit.> A systematic review of observational studies and
other RCTs have shown no beneficial effect for statins in the
prevention of ARDS in high-risk patients.®*%

Several other pharmacologic therapies for prevention of
ARDS in patients at risk are being evaluated in clinical stud-
ies. These include®® inhaled heparin,®® inhaled steroids,®’
peroxisome proliferator receptor antagonist, angiotensin
inhibitors, curcumin, and vitamin D.%¢

In conclusion, although sepsis, pneumonia, and shock
commonly predispose patients to ARDS, many risk factors
are potentially modifiable and early identification of those at
risk is important. Ongoing clinical studies are evaluating
various promising preventive strategies. Meanwhile, atten-
tion to best practices and avoidance of iatrogenic exposures
is a simple and powerful strategy for reducing the burden of
this important complication of critical illness.

AUTHORS’ RECOMMENDATIONS

e Sepsis, pneumonia, and shock are the most common con-
ditions predisposing to ARDS.

e Certain host genetic variants have been associated with
development of sepsis and ARDS.

e Abuse of alcohol and tobacco predispose to ARDS, as
does malnutrition and obesity.

e The LIPS and the simplified Early Acute Lung Injury Score
predict ARDS based on clinical and investigational criteria.

e Hospital-acquired ARDS may result from a medley factors, of
which high tidal volume ventilation, high oxygen concentra-
tion, and plasma transfusion are most commonly implicated.

e The Checklist for Lung Injury Prevention (CLIP) has been
developed to ensure compliance with evidence-based
practice that may affect ARDS occurrence.

e To date, no pharmacologic intervention has been shown to

prevent ARDS.

REFERENCES

1. Matthay MA, Zemans RL. The acute respiratory distress
syndrome: pathogenesis and treatment. Annu Rev Pathol.
2011;6:147-163.

2. Albert RK. The role of ventilation-induced surfactant dysfunc-
tion and atelectasis in causing acute respiratory distress
syndrome. Am ] Respir Crit Care Med. 2012;185(7):702-708.

3. Calfee CS, Delucchi K, Parsons PE, Thompson BT, Ware LB,
Matthay MA. Subphenotypes in acute respiratory distress
syndrome: latent class analysis of data from two randomised
controlled trials. Lancet Respir Med. 2014;2(8):611-620.

4. Calfee CS, Delucchi KR, Matthay MA, et al. Consistent ARDS
endotypes are identified using minimal data from a United
Kingdom clinical trial. C96. Critical Care: New Discoveries In
ARDS. American Thoracic Society; 2017.

5. Bice T, Li G, Malinchoc M, Lee AS, Gajic O. Incidence and risk
factors of recurrent acute lung injury. Crit Care Med.
2011;39(5):1069-1073.

6. Wind J, Versteegt ], Twisk J, et al. Epidemiology of acute lung
injury and acute respiratory distress syndrome in The
Netherlands: a survey. Respir Med. 2007;101(10):2091-2098.



CHAPTER 15

107

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Wallis JP. Transfusion-related acute lung injury (TRALI):

presentation, epidemiology and treatment. Intensive Care Med.
2007;33(suppl 1):S12-S16.

. Khan H, Belsher J, Yilmaz M, et al. Fresh-frozen plasma and

platelet transfusions are associated with development of acute
lung injury in critically ill medical patients. Chest. 2007;131(5):
1308-1314.

. Kojicic M, Li G, Hanson AG, et al. Risk factors for the develop-

ment of acute lung injury in patients with infectious pneumo-
nia. Crit Care. 2012;16(2):R46.

Dhokarh R, Li G, Schmickl CN, et al. Drug-associated acute
lung injury: a population-based cohort study. Chest J.
2012;142(4):845-850.

de Prost N, Pham T, Carteaux G, et al. Etiologies, diagnostic
work-up and outcomes of acute respiratory distress syndrome
with no common risk factor: a prospective multicenter study.
Ann Intensive Care. 2017;7(1):69.

Harrington JS, Schenck EJ, Oromendia C, Choi AMK, Siempos
I1. Acute respiratory distress syndrome without identifiable
risk factors: a secondary analysis of the ARDS network trials.
J Crit Care. 2018;47:49-54.

Marshall RP, Webb S, Hill MR, Humphries SE, Laurent GJ.
Genetic polymorphisms associated with susceptibility and
outcome in ARDS. Chest. 2002;121(suppl 3):68S-69S.

Gong MN, Wei Z, Xu LL, Miller DP, Thompson BT, Christiani
DC. Polymorphism in the surfactant protein-B gene, gender,
and the risk of direct pulmonary injury and ARDS. Chest.
2004;125(1):203-211.

Bime C, Pouladi N, Sammani S, et al. Genome-wide associa-
tion study in African Americans with acute respiratory distress
syndrome identifies the selectin P ligand gene as a risk factor.
Am ] Respir Crit Care Med. 2018;197(11):1421-1432.

Moss M, Burnham EL. Chronic alcohol abuse, acute respira-
tory distress syndrome, and multiple organ dysfunction. Crit
Care Med. 2003;31(suppl 4):5207-S212.

Moss M, Parsons PE, Steinberg KP, et al. Chronic alcohol abuse
is associated with an increased incidence of acute respiratory
distress syndrome and severity of multiple organ dysfunction
in patients with septic shock. Crit Care Med. 2003;31(3):
869-877.

Dohrman DP, Diamond I, Gordon AS. The role of the
neuromodulator adenosine in alcohol’s actions. Alcohol Health
Res World. 1997;21(2):136-143.

Nagy LE, Diamond I, Collier K, Lopez L, Ullman B, Gordon AS.
Adenosine is required for ethanol-induced heterologous
desensitization. Mol Pharmacol. 1989;36(5):744-748.

Dada L, Gonzalez AR, Urich D, et al. Alcohol worsens acute
lung injury by inhibiting alveolar sodium transport through
the adenosine A1 receptor. PLoS One. 2012;7(1):e30448.
Factor P, Mutlu GM, Chen L, et al. Adenosine regulation of
alveolar fluid clearance. Proc Natl Acad Sci U S A. 2007;
104(10):4083-4088.

Afshar M, Smith GS, Terrin ML, et al. Blood alcohol content,
injury severity, and adult respiratory distress syndrome. J
Trauma Acute Care Surg. 2014;76(6):1447-1455.

Calfee CS, Matthay MA, Eisner MD, et al. Active and passive
cigarette smoking and acute lung injury after severe blunt
trauma. Am J Respir Crit Care Med. 2011;183(12):1660-1665.
Iribarren C, Jacobs Jr DR, Sidney S, Gross MD, Eisner MD.
Cigarette smoking, alcohol consumption, and risk of ARDS:

a 15-year cohort study in a managed care setting. Chest.
2000;117(1):163-168.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Buzby GP, Mullen JL, Matthews DC, Hobbs CL, Rosato EF.
Prognostic nutritional index in gastrointestinal surgery.

Am J Surg. 1980;139(1):160-167.

Dempsey DT, Mullen JL. Prognostic value of nutritional
indices. JPEN ] Parenter Enteral Nutr. 1987;11(suppl 5):
109S-114S.

Mangialardi RJ, Martin GS, Bernard GR, et al. Hypoprotein-
emia predicts acute respiratory distress syndrome develop-
ment, weight gain, and death in patients with sepsis. Crit
Care Med. 2000;28(9):3137-3145.

Aman J, van der Heijden M, van Lingen A, et al. Plasma pro-
tein levels are markers of pulmonary vascular permeability and
degree of lung injury in critically ill patients with or at risk for
acute lung injury/acute respiratory distress syndrome. Crit
Care Med. 2011;39(1):89-97.

Jjland MM, Heunks LM, van der Hoeven JG. Bench-to-bedside
review: hypercapnic acidosis in lung injury—from ‘permissive’
to ‘therapeutic’ Crit Care. 2010;14(6):237.

Wu SY, Wu CP, Kang BH, Li MH, Chu SJ, Huang KL.
Hypercapnic acidosis attenuates reperfusion injury in

isolated and perfused rat lungs. Crit Care Med. 2012;40(2):
553- 559.

Gajic O, Dabbagh O, Park PK, et al. Early identification of
patients at risk of acute lung injury: evaluation of lung injury
prediction score in a multicenter cohort study. Am J Respir
Crit Care Med. 2011;183(4):462-470.

Gong MN, Thompson BT, Williams P, Pothier L, Boyce PD,
Christiani DC. Clinical predictors of and mortality in acute
respiratory distress syndrome: potential role of red cell
transfusion. Crit Care Med. 2005;33(6):1191-1198.
Karnatovskaia LV, Lee AS, Bender SP, et al. Obstructive sleep
apnea, obesity, and the development of acute respiratory
distress syndrome. J Clin Sleep Med. 2014;10(6):657-662.
Wang C. Obesity, inflammation, and lung injury (OILI): the
good. Mediators Inflamm. 2014;2014:978463.

Leal Vde O, Mafra D. Adipokines in obesity. Clin Chim Acta.
2013;419:87-94.

Mancuso P. Obesity and lung inflammation. ] Appl Physiol
(1985). 2010;108(3):722-728.

Simpson SQ, Casey LC. Role of tumor necrosis factor in sepsis
and acute lung injury. Crit Care Clin. 1989;5(1):27-47.

Moss M, Guidot DM, Steinberg KP, et al. Diabetic patients
have a decreased incidence of acute respiratory distress
syndrome. Crit Care Med. 2000;28(7):2187-2192.

Gu WJ, Wan YD, Tie HT, Kan QC, Sun TW. Risk of acute lung
injury/acute respiratory distress syndrome in critically ill adult
patients with pre-existing diabetes: a meta-analysis. PLoS

One. 2014;9(2):e90426.

Filgueiras LR Jr, Martins JO, Serezani CH, Capelozzi VL,
Montes MB, Jancar S. Sepsis-induced acute lung injury (ALI)
is milder in diabetic rats and correlates with impaired NF«xB
activation. PLoS One. 2012;7(9):e44987.

Petty TL, Silvers GW, Paul GW, Stanford RE. Abnormalities in
lung elastic properties and surfactant function in adult respira-
tory distress syndrome. Chest. 1979;75(5):571-574.

Kesecioglu J, Beale R, Stewart TE, et al. Exogenous natural
surfactant for treatment of acute lung injury and the acute
respiratory distress syndrome. Am J Respir Crit Care Med.
2009;180(10):989-994.

Trillo-Alvarez C, Cartin-Ceba R, Kor DJ, et al. Acute lung
injury prediction score: derivation and validation in a
population-based sample. Eur Respir J. 2011;37(3):604-609.




44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

SECTION 4 ARDS

Levitt JE, Calfee CS, Goldstein BA, Vojnik R, Matthay MA.
Early acute lung injury: criteria for identifying lung injury
prior to the need for positive pressure ventilation. Crit Care
Med. 2013;41(8):1929-1937.

TenHoor T, Mannino DM, Moss M. Risk factors for ARDS in
the United States: analysis of the 1993 National Mortality
Followback Study. Chest. 2001;119(4):1179-1184.

Serpa Neto A, Simonis FD, Barbas CS, et al. Association be-
tween tidal volume size, duration of ventilation, and sedation
needs in patients without acute respiratory distress syndrome:
an individual patient data meta-analysis. Intensive Care Med.
2014;40(7):950-957.

Gajic O, Dara SI, Mendez JL, et al. Ventilator-associated
lung injury in patients without acute lung injury at the
onset of mechanical ventilation. Crit Care Med. 2004;32(9):
1817-1824.

Serpa Neto A, Cardoso SO, Manetta JA, et al. Association
between use of lung-protective ventilation with lower tidal
volumes and clinical outcomes among patients without acute
respiratory distress syndrome: a meta-analysis. JAMA.
2012;308(16):1651-1659.

Rachmale S, Li G, Wilson G, Malinchoc M, Gajic O. Practice
of excessive FiO, and effect on pulmonary outcomes in
mechanically ventilated patients with acute lung injury.
Respir Care. 2012;57(11):1887-1893.

Toy P, Gajic O, Bacchetti P, et al. Transfusion-related acute
lung injury: incidence and risk factors. Blood. 2012;119(7):
1757-1767.

Iscimen R, Cartin-Ceba R, Yilmaz M, et al. Risk factors for the
development of acute lung injury in patients with septic
shock: an observational cohort study. Crit Care Med. 2008;
36(5):1518-1522.

Ahmed AH, Litell JM, Malinchoc M, et al. The role of poten-
tially preventable hospital exposures in the development of
acute respiratory distress syndrome: a population-based study.
Crit Care Med. 2014;42(1):31-39.

Litell JM, Gong MN, Talmor D, Gajic O. Acute lung injury:
prevention may be the best medicine. Respir Care. 2011;
56(10):1546-1554.

Kor DJ, Talmor DS, Banner-Goodspeed VM, et al. Lung Injury
Prevention with Aspirin (LIPS-A): a protocol for a multicentre
randomised clinical trial in medical patients at high risk of
acute lung injury. BMJ Open. 2012;2(5):e001606.

Li G, Malinchoc M, Cartin-Ceba R, et al. Eight-year trend of
acute respiratory distress syndrome: a population-based study
in Olmsted County, Minnesota. Am J Respir Crit Care Med.
2011;183(1):59-66.

National Heart, Lung, and Blood Institute Acute Respiratory
Distress Syndrome (ARDS) Clinical Trials Network;
Wiedemann H, Wheeler A, et al. Comparison of two fluid-
management strategies in acute lung injury. N Engl ] Med.
2006;354(24):2564-2575.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Festic E, Carr GE, Cartin—Ceba R, et al. Randomized clinical
trial of a combination of an inhaled corticosteroid and beta
agonist in patients at risk of developing the acute respiratory
distress syndrome. Crit Care Med. 2017;45(5):798-805.
Perkins GD, McAuley DF, Thickett DR, Gao E The beta-
agonist lung injury trial (BALTT) a randomized placebo-
controlled clinical trial. Am J Respir Crit Care Med. 2006;
173(3):281-287.

Erlich JM, Talmor DS, Cartin-Ceba R, Gajic O, Kor D]J. Prehos-
pitalization antiplatelet therapy is associated with a reduced
incidence of acute lung injury: a population-based cohort
study. Chest. 2011;139(2):289-295.

Kor DJ, Erlich J, Gong MN, et al. Association of prehospitaliza-
tion aspirin therapy and acute lung injury: results of a multi-
center international observational study of at-risk patients.
Crit Care Med. 2011;39(11):2393-2400.

Kor DJ, Carter RE, Park PK, et al. Effect of aspirin on develop-
ment of ARDS in at-risk patients presenting to the emergency
department: the LIPS-A randomized clinical trial. JAMA.
2016;315(22):2406-2414.

Abdulnour RE, Gunderson T, Barkas I, et al. Early intravascu-
lar events are associated with development of acute respiratory
distress syndrome. a substudy of the LIPS-A clinical trial.

Am ] Respir Crit Care Med. 2018;197(12):1575-1585.

McAuley DF, Laffey JG, O’Kane CM, et al. Simvastatin in the
acute respiratory distress syndrome. N Engl ] Med. 2014;
371(18):1695-1703.

O’Neal HR Jr, Koyama T, Koehler EA, et al. Prehospital statin
and aspirin use and the prevalence of severe sepsis and acute
lung injury/acute respiratory distress syndrome. Crit Care
Med. 2011;39(6):1343-1350.

Yadav H, Lingineni RK, Slivinski EJ, et al. Preoperative statin
administration does not protect against early postoperative
acute respiratory distress syndrome: a retrospective cohort
study. Anesth Analg. 2014;119(4):891-898.

Dixon B, Schultz MJ, Smith R, Fink JB, Santamaria JD,
Campbell DJ. Nebulized heparin is associated with fewer

days of mechanical ventilation in critically ill patients: a
randomized controlled trial. Crit Care. 2010;14(5):R180.
Karnatovskaia LV, Lee AS, Gajic O, Festic E; U.S. Critical
Tllness and Injury Trials Group: Lung Injury Prevention Study
Investigators (USCITG-LIPS). The influence of prehospital
systemic corticosteroid use on development of acute respira-
tory distress syndrome and hospital outcomes. Crit Care Med.
2013;41(7):1679-1685.

Jeng L, Yamshchikov AV, Judd SE, et al. Alterations in

vitamin D status and anti-microbial peptide levels in

patients in the intensive care unit with sepsis. J Transl Med.
2009;7:28.

Festic E, Kor DJ, Gajic O. Prevention of acute respiratory
distress syndrome. Curr Opin Crit Care. 2015;21(1):

82-90.



Abstract: Sepsis, pneumonia, and shock are the most com-
mon conditions predisposing to acute respiratory distress
syndrome (ARDS) and certain host genetic variants have
been associated with the development of ARDS. Risk modi-
fiers include abuse of alcohol and tobacco, malnutrition, and
obesity. The Lung Injury Prediction Score (LIPS) and the
simplified Early Acute Lung Injury Score predict ARDS based
on clinical and investigational criteria. Hospital-acquired

el

ARDS may result from a medley factors of which high tidal
volume ventilation, high oxygen concentration, and plasma
transfusion are most commonly implicated. The Checklist
for Lung Injury Prevention (CLIP) has been developed to
ensure compliance with evidence-based practice that may
affect ARDS occurrence. To date, no pharmacologic interven-
tion has been shown to prevent ARDS
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