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a b s t r a C t

acute lung injury (ali) and its more severe form, acute 
respiratory distress syndrome (ards), are important 
critical care syndromes for which the treatment options are 
limited once the condition is fully established. enormous 
basic and clinical research efforts have led to improvements 
in supportive treatment, but surprisingly little has been 
done on the prevention of this devastating syndrome. 
the development and progression of ali/ards may be 
triggered by various intrahospital exposures including 
but not limited to transfusion, aspiration, mechanical 
ventilation, certain medications and delayed treatment 
of shock and infection. early recognition of patients with 
or at risk of ali/ards is essential for designing novel 
prevention and treatment strategies. automated electronic 
screening tools and novel scoring systems applied at the 
time of hospital admission may facilitate enrolment of 
patients into mechanistic and outcome studies, as well as 
future ali/ards prevention trials. 
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i n t r o d u C t i o n

Acute lung injury (ALI) and its more severe form, acute 
respiratory distress syndrome (ARDS), are important critical 
care syndromes for which the treatment options are limited 
once the condition is fully established. In fact, most recent data 
suggest that the poor prognosis of ALI/ARDS has remained 
essentially the same over the past 15 years.1 Enormous basic 
and clinical research efforts have led to improvements in 
supportive treatment,2,3 but surprisingly little has been done 
on the prevention of this devastating syndrome.
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Insufficient understanding of the clinical development 
and progression of ALI precludes the design of preventive 
strategies at the present time. While some studies have 
suggested potentially important roles of several environmental 
risk modifiers,4-12 the knowledge gap persists, with limited 
understanding of why some patients with septic shock, 
trauma or pneumonia do and others do not develop ALI.
Preclinical studies support a ‘two hit’ model of development 
of ALI/ARDS whereby different exposures modify the 
expression of ALI/ARDS in the primed or susceptible 
host.13 For example, common critical care exposures 
such as mechanical ventilation14 and transfusion15 greatly 
influence the development of ALI in preclinical models, 
and the ‘two hit’ experiments are considered to more 
accurately represent the clinical setting.13 Preliminary 
clinical data suggest that ALI/ARDS is rarely present at 
the time of hospital admission, but develops over a period 
of hours to days in subsets of patients with predisposing 
conditions, such as pneumonia, sepsis, trauma and shock 
and corresponding medical and surgical interventions.16,17

e a r l y  i d e n t i f i C a t i o n  o f  p a t i e n t s 
w i t h  a l i / a r d s

electronic surveillance for ali/ards
Critical care syndromes such as ALI/ARDS are not routinely 
coded in hospital databases and are greatly under recognised 
by bedside providers. Although a standardised definition 
has existed for more than a decade,18 efforts required for 
data collection and screening have significantly limited 
clinical studies in this area. In a recent study, only 27% 
of ALI episodes were documented by bedside providers.19 
The advancement of electronic medical records (EMR) 
provides the opportunity for electronic screening (syndrome 
surveillance) of ALI/ARDS and related syndromes. Our team 
has developed and validated a novel syndrome surveillance 
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tool (ALI ‘sniffer’) for the recognition of patients with ALI 
and ARDS (figure 1).19 Electronic alert is triggered by the 
following combination of observations: the ratio of partial 
pressure of oxygen to inspired oxygen concentration (PaO

2
/

FIO
2
) <300 and chest radiograph report (free text Boolean 

query containing trigger words: (‘bilateral’ AND ‘infiltrate’) 
OR ‘edema’. With an excellent negative predictive value 
(0.99, 95% CI 0.98 to 1.00), ALI sniffer is optimised for 
screening patients with a high probability of ALI/ARDS. 
It has been continuously running since December 2005, 
allowing prospective identification of ALI/ARDS cases.
Azzam et al.20 have recently reported similar results. 
Using the American European Consensus Conference 
(AECC) criteria,18 excluding current or known history of 
congestive heart failure, the automated screening tool had a 
sensitivity of 87%, specificity of 89% and accuracy of 88% 
in capturing patients with ALI/ARDS. 
Although currently limited to a minority of institutions, 
electronic screening has a very promising potential 
application in both clinical settings and research. 

high-resolution monitoring of ali/ards development 
A standardised ALI assessment method based on the 
AECC definition21 facilitated diagnosis of ALI/ARDS for 
clinical research and quality improvement projects in our 
institution.22 The absence of left atrial hypertension as a 
primary explanation for pulmonary oedema is excluded 
by integrated clinical evaluation based on the combination 
of echocardiographic findings (E/E’ <15), brain natriuretic 
peptide levels (BNP <250 pg/ml in the absence of renal 
failure), venous filling pressures (PAOP ≤18 cm H

2
O or CVP 

<15 cm H
2
O in the absence of pulmonary hypertension) 

and the response to therapy (brisk response to diuretics and 
positive pressure ventilation favours hydrostatic oedema). 
This process yielded good inter-observer agreement for 
differentiation between ALI and hydrostatic oedema (kappa 
values from 0.65 to 0.83).22,23

Since most clinical studies to date have been limited by a 
low temporal resolution (‘today the patient does not have 
ALI and tomorrow he/she does’), it has been very difficult 
to distinguish between the cause and effect role of specific 
risk factors (effect-cause bias). High-resolution monitoring 
of hospitalised patients allows us to pinpoint the beginning 
of respiratory worsening based on the sustained changes in 
respiratory rate and the ratio of arterial oxygen saturation over 
inspired oxygen concentration (SpO

2
/FIO

2
) without being 

dependent on bedside providers ordering arterial blood gas 
(ABG) analysis. Rice et al.24 recently validated SpO

2
/FIO

2
 

thresholds against the gold standard of ABG. SpO
2
/FIO

2
 

<315 corresponds to ALI (PaO
2
/FIO

2
 <300) and SpO

2
/FIO

2
 

<235 corresponds to ARDS (PaO
2
/FIO

2
 <200). Hence, early 

identification of ALI/ARDS could be done without arterial 
blood gas confirmation which could cause delay in diagnosis 
and treatment as well as enrolment in clinical trials. In figure 2 
the black arrow points to a sustained decrease in oxygen 
saturation followed by an increase in oxygen supplementation 
at 1 AM suggesting the onset of respiratory worsening. 
The chest radiograph and blood gas analysis performed 
five hours later (6 AM) confirmed ALI, but only exposures 
occurring before 1 AM were considered in the analysis. This 
conservative approach minimises the effect-cause bias in this 
type of association study. Our group has used this approach 
to identify exposures of interest related to transfusions,6 
antibiotic management25 and goal-directed resuscitation.25

i d e n t i f i C a t i o n  o f  p a t i e n t s  a t 
r i s K  o f  d e v e l o p i n g  a l i  a n d  a r d s

One of the principal barriers towards better understanding of 
clinical pathogenesis of ALI/ARDS and the design of effective 
ALI/ARDS preventive strategies is the fact that previous 
clinical studies focused exclusively on patients admitted to 
the ICU. While multiple studies around the world reported 

figure 1. Electronic surveillance for acute lung injury (ALI ‘sniffer’)
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the risk factors for ALI/ARDS,26-29 only a few prospectively 
followed patients with predisposing conditions to document 
the probability of developing ALI/ARDS. Landmark studies by 
Pepe et al.,30 Fowler et al.31 and Hudson et al.32 were conducted 
in the early 1980s and 1990s, before the current definitions 
of ALI and ARDS, sepsis and pneumonia were established. 
Recent cohort studies used specific definitions but were still 
restricted to patients admitted to the ICU.5,12,33-35,10,11,36

The proportion of patients with risk factors who develop 
ALI/ARDS drops drastically when assessed at the time 
of hospital admission.17 In a recent study by Ferguson et 

al.17 only 7% of hospitalised patients with sepsis, 2% with 
pancreatitis, 10% with pneumonia and 15% with witnessed 
aspiration developed ALI.17 Many patients with predisposing 
conditions never develop ALI/ARDS and are never admitted 
to the ICU17 making the enrolment of non-selected patients 
into ALI/ARDS prevention studies neither practical nor 
efficient without a method to select high-risk patients.
To facilitate enrolment of patients into mechanistic and 
outcome studies as well as future ALI/ARDS prevention 
trials, our group has recently developed an ALI/ARDS 
prediction model,37 (the Lung Injury Prediction Score: 
LIPS) which incorporates demographic, environmental 
and clinical characteristics at the time of, and before 
hospital admission. LIPS takes into consideration not only 
different incidences of ALI/ARDS depending on underlying 
risk factors (from 2% risk in patients with uncomplicated 
pancreatitis17 up to 40% in those with septic shock38) but 
also the presence of significant risk modifiers (smoking,39 
alcohol,10,40 diabetes mellitus,11 chemotherapy,38 hypoalbu-
minaemia,41 and respiratory rate5). If prospectively validated 
and refined in relevant patient populations, this model 
could serve to define the patients at high risk of ALI/

ARDS in whom future mechanistic studies and ALI/ARDS 
prevention trials will be conducted. By determining not 
only patients at high risk but also the attributable burden 
of ALI/ARDS in contemporary cohorts of patients at risk, 
the findings are expected to facilitate the prioritisation of 
preventive strategies and future clinical trials.
Another recent study42 reported that patients who require 
high oxygen supplementation when in the emergency 
room (O

2
 >2 l/min) are more likely to progress into ALI. In 

addition, the authors defined a clinical diagnosis of early 
ALI in patients who present at hospital admission with 
bilateral opacities on chest radiograph not exclusively due 
to left atrial hypertension and who initially required oxygen 
supplementation of >2 l/min (73% sensitive and 79% 
specific for progression to ALI with respiratory failure).

C o n C l u s i o n

ALI/ARDS is rarely present at the time of hospital admission. 
Subsequent (‘second hit’) hospital exposures have modified 
the development and expression of the syndrome in patients 
with predisposing conditions. Therefore, ALI/ARDS may 
be viewed as a potentially preventable healthcare-acquired 
complication analogous to venous thromboembolism, stress 
ulcer bleeding or nosocomial infections. Preliminary studies 
suggest that early treatment of shock and infection38 and 
avoidance of ventilator and transfusion-related lung injury43 
may reduce the incidence of hospital-acquired ALI/ARDS.43 
Electronic surveillance and novel scoring systems for 
early identification of patients with or at risk of ALI/ARDS 
will facilitate future mechanistic studies and ALI/ARDS 
prevention trials. 

figure 2. High-resolution monitoring of acute lung injury development

20.00 21.00 22.00 23.00 00.00 01.00 02.00 03.00 04.00

physiological parametres

Real-time variables

Heart rate 82 88 86 87 88 105 125 127 114

NIBP systolic 108 106 108 112 116 115 154 91 81

NIBP diastolic 58 52 52 56 58 75 81 48 39

Fresh-frozen plasma (ml) 226 245 269

Medication infusions

Vasopressin (unit/min)

Crystalloid in

0.9 NaCl (ml/h) 100 100 100 100 100 100 100 100 100

0.9 NaCl - fluid bolus (ml) 500

ventilator settings

Real-time variables

Oxygen device #1 CFM CFM CFM

Oxygen %/LMP #1 5.00 50% 50%

SpO
2

99 100 97 98 97 88 91 95 92

the black arrow points to a sustained decrease in oxygen saturation followed by an increase in oxygen supplementation at 01.00 aM suggesting the 
onset of respiratory worsening. the chest radiograph and blood gas analysis performed five hours later (06.00) confirmed ali.



271

o c t o b e r  2 0 0 9 ,  v o l .  6 7 ,  n o  9

Ahmed, et al. Early identification of patients with or at risk of acute lung injury.

r e f e r e n C e s

Phua J, Badia JR, Adhikari NK, et al. Has mortality from acute respiratory 1. 
distress syndrome decreased over time?: A systematic review. Am J Respir 
Crit Care Med. 2009;179(3):220-7.

Wiedemann HP, Wheeler AP, Bernard GR, et al. Comparison of two 2. 
fluid-management strategies in acute lung injury. N Engl J Med. 
2006;354:2564-75.

Ventilation with lower tidal volumes as compared with traditional tidal 3. 
volumes for acute lung injury and the acute respiratory distress syndrome. 
The Acute Respiratory Distress Syndrome Network. N Engl J Med. 
2000;342(18):1301-8.

Moss M, Bucher B, Moore FA, Moore EE, Parsons PE. The role of chronic 4. 
alcohol abuse in the development of acute respiratory distress syndrome 
in adults. JAMA. 1996;275(1):50-4.

Gong MN, Thompson BT, Williams P, Pothier L, Boyce PD, Christiani DC. 5. 
Clinical predictors of and mortality in acute respiratory distress syndrome: 
potential role of red cell transfusion. Crit Care Med. 2005;33(6):1191-8.

Gajic O, Rana R, Winters JL, et al. Transfusion-related acute lung injury in 6. 
the critically ill: prospective nested case-control study. Am J Respir Crit 
Care Med. 2007;176(9):886-91.

Gajic O, Dzik WH, Toy P. Fresh frozen plasma and platelet transfusion for 7. 
nonbleeding patients in the intensive care unit: benefit or harm? Crit Care 
Med. 2006;34(5 Suppl):S170-3.

Gajic O, Dara SI, Mendez JL, et al. Ventilator-associated lung injury in 8. 
patients without acute lung injury at the onset of mechanical ventilation. 
Crit Care Med. 2004;32(9):1817-24.

TenHoor T, Mannino DM, Moss M. Risk factors for ARDS in the United 9. 
States: Analysis of the 1993 National Mortality Followback Study. Chest. 
2001;119(4):1179-84.

Moss M, Parsons PE, Steinberg KP, et al. Chronic alcohol abuse is 10. 
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):869-77.

Moss M, Guidot DM, Steinberg KP, et al. Diabetic patients have a 11. 
decreased incidence of acute respiratory distress syndrome. Crit Care 
Med. 2000;28(7):2187-92.

Mangialardi RJ, Martin GS, Bernard GR, et al. Hypoproteinemia predicts 12. 
acute respiratory distress syndrome development, weight gain, and death 
in patients with sepsis. Ibuprofen in Sepsis Study Group. Crit Care Med. 
2000;28(9):3137-45.

Matthay MA, Zimmerman GA, Esmon C, et al. Future research directions 13. 
in acute lung injury: summary of a National Heart, Lung, and Blood 
Institute working group. Am J Respir Crit Care Med. 2003;167(7):1027-35.

Dreyfuss D, Soler P, Saumon G. Mechanical ventilation-induced 14. 
pulmonary edema. Interaction with previous lung alterations. Am J Respir 
Crit Care Med. 1995;151(5):1568-75.

Silliman CC, Voelkel NF, Allard JD, et al. Plasma and lipids from stored 15. 
packed red blood cells cause acute lung injury in an animal model. J Clin 
Invest. 1998;101(7):1458-67.

Shari G, Cartin-Ceba R, Trillo Alvarez C, et al. Timing to the Onset of Acute 16. 
Respiratory Distress Syndrome in a Population Based Sample. Am J Respir 
Crit Care Med. 2009;179:A5099.

Ferguson ND, Frutos-Vivar F, Esteban A, et al. Clinical risk conditions 17. 
for acute lung injury in the intensive care unit and hospital ward: a 
prospective observational study. Crit Care. 2007;11(5):R96.

Bernard GR, Artigas A, Brigham KL, et al. The American-European 18. 
Consensus Conference on ARDS. Definitions, mechanisms, relevant 
outcomes, and clinical trial coordination. Am J Respir Crit Care Med. 
1994;149(3 Pt 1):818-24.

Herasevich V, Yilmaz M, Khan H, Hubmayr RD, Gajic O. Validation of an 19. 
electronic surveillance system for acute lung injury. Intensive Care Med. 
2009;35(6):1018-23.

Azzam HC, Khalsa SS, Urbani R, et al. Validation study of an automated 20. 
electronic acute lung injury screening tool. J Am Med Inform Assoc. 
2009;16(4):503-8.

Bernard GR, Artigas A, Brigham KL, et al. The American-European Consensus 21. 
Conference on ARDS: Definitions, mechanisms, relevant outcomes, and 
clinical trial coordination. Am J Respir Crit Care Med. 1994;149(3 I):818-24.

Rana R, Vlahakis NE, Daniels CE, et al. B-type natriuretic peptide in the 22. 
assessment of acute lung injury and cardiogenic pulmonary edema. Crit 
Care Med. 2006;34(7):1941-6.

Rubenfeld GD, Caldwell E, Granton J, Hudson LD, Matthay MA. 23. 
Interobserver variability in applying a radiographic definition for ARDS. 
Chest. 1999;116:1347-53.

Rice TW, Wheeler AP, Bernard GR, et al. Comparison of the SpO2/FiO2 24. 
ratio and the PaO2/FiO2 ratio in patients with acute lung injury or acute 
respiratory distress syndrome. Chest. 2007;132(2):410-7.

Iscimen R, Cartin-Ceba R, Yilmaz M, et al. Risk factors for the development 25. 
of acute lung injury in patients with septic shock: an observational cohort 
study. Crit Care Med. 2008;36(5):1518-22.

Brun-Buisson C, Minelli C, Bertolini G, et al. Epidemiology and outcome 26. 
of acute lung injury in European intensive care unitsResults from the 
ALIVE study. Intensive Care Med. 2004;30(1):51-61.

Bersten AD, Edibam C, Hunt T, Moran J. Incidence and mortality of acute 27. 
lung injury and the acute respiratory distress syndrome in three Australian 
States. Am J Respir Crit Care Med. 2002;165(4):443-8.

Luhr OR, Antonsen K, Karlsson M, et al. Incidence and mortality after 28. 
acute respiratory failure and acute respiratory distress syndrome in 
Sweden, Denmark, and Iceland. The ARF Study Group. Am J Respir Crit 
Care Med. 1999;159(6):1849-61.

Roupie E, Lepage E, Wysocki M, et al. Prevalence, etiologies and outcome 29. 
of the acute respiratory distress syndrome among hypoxemic ventilated 
patients. SRLF Collaborative Group. Intensive Care Med. 1999;25(9):920-9.

Pepe PE, Potkin RT, Reus DH, Hudson LD, Carrico CJ. Clinical predictors of 30. 
the adult respiratory distress syndrome. Am J Surg. 1982;144(1):124-30.

Fowler AA, Hamman RF, Good JT, et al. Adult respiratory distress syndrome: 31. 
risk with common predispositions. Ann Intern Med. 1983;98(5 Pt 1):593-7.

Hudson LD, Milberg JA, Anardi D, Maunder RJ. Clinical risks for 32. 
development of the acute respiratory distress syndrome. Am J Respir Crit 
Care Med. 1995;151(2 Pt 1):293-301.

Khan H, Belsher J, Yilmaz M, et al. Fresh-frozen plasma and platelet 33. 
transfusions are associated with development of acute lung injury in 
critically ill medical patients. Chest. 2007;131(5):1308-14.

Acute lung injury and the acute respiratory distress syndrome in Ireland: 34. 
a prospective audit of epidemiology and management. Crit Care. 
2008;12(1):R30.

Silverboard H, Aisiku I, Martin GS, Adams M, Rozycki G, Moss M. The role 35. 
of acute blood transfusion in the development of acute respiratory distress 
syndrome in patients with severe trauma. J Trauma. 2005;59(3):717-23.

Eberhard LW, Morabito DJ, Matthay MA, et al. Initial severity of metabolic 36. 
acidosis predicts the development of acute lung injury in severely 
traumatized patients. Crit Care Med. 2000;28(1):125-31.

Cartin-Ceba R, Trillo Alvarez C, Li G, et al. Derivation of a Lung Injury 37. 
Prediction Score (LIPS) To Identify Patients at High Risk of ARDS at the 
Time of Hospital Admission. Am J Respir Crit Care Med. 2009;179:A4653.

Iscimen R, Cartin-Ceba R, Yilmaz M, et al. Risk factors for the development 38. 
of acute lung injury in patients with septic shock: an observational cohort 
study. Crit Care Med. 2008;36(5):1518-22.

Iribarren C, Jacobs DR Jr, Sidney S, Gross MD, Eisner MD. Cigarette 39. 
smoking, alcohol consumption, and risk of ARDS* : A 15-year cohort study 
in a managed care setting. Chest. 2000;117(1):163-8.

Moss M, Bucher B, Moore FA, Moore EE, Parsons PE. The role of chronic 40. 
alcohol abuse in the development of acute respiratory distress syndrome 
in adults. JAMA. 1996;275:50-4.

Mangialardi RJ, Martin GS, Bernard GR, et al. Hypoproteinemia predicts 41. 
acute respiratory distress syndrome development, weight gain, and death 
in patients with sepsis. Crit Care Med. 2000;28:3137-45.

Levitt JE, Bedi H, Calfee CS, Gould MK, Matthay MA. Identification of 42. 
early acute lung injury at initial evaluation in an acute care setting prior to 
the onset of respiratory failure. Chest. 2009;135(4): 936-43.

Yilmaz M, Keegan MT, Iscimen R, et al. Toward the prevention of acute 43. 
lung injury: protocol-guided limitation of large tidal volume ventilation 
and inappropriate transfusion. Crit Care Med. 2007;35(7):1660-6.


