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BACKGROUND: Many patients with acute lung injury (ALI) and acute respiratory distress syn-
drome (ARDS) have had recent healthcare interventions prior to developing ALI/ARDS. OBJEC-
TIVE: To determine the timing of ALI/ARDS onset in relation to hospital admission and other
healthcare interventions. METHODS: We conducted a population-based observational cohort study
with a validated electronic surveillance tool, and identified patients with possible ALI/ARDS among
critically ill adults at Mayo Clinic hospitals that provide critical care services for Olmsted County,
Minnesota, in 2006. Trained investigators independently reviewed electronic medical records and
confirmed the presence and timing of ALI/ARDS based on the American-European consensus
definition. RESULTS: Of 124 episodes of ALI in 118 patients, only 5 did not fulfill the ARDS
criteria. The syndrome developed a median 30 hours (IQR 10–82 h) after hospital admission in 79
patients (67%). ARDS was present on admission in 39 patients (33%), of whom 14 had recent
hospitalization, 6 were transferred from nursing homes, and 3 had recent out-patient contact
(1 antibiotic prescription, 1 surgical intervention, and 1 chemotherapy). Only 16 ARDS patients
(14%) did not have known recent contact with a healthcare system. Compared to ARDS on ad-
mission, hospital-acquired ARDS was more likely to occur in surgery patients (54% vs 15%,
P < .001), and had longer adjusted hospital stay (mean difference 8.9 d, 95% CI 0.3–17.4, P � .04).
CONCLUSIONS: ARDS in the community most often develops either during hospitalization or in
patients who recently had contact with a healthcare system. These findings have important impli-
cations for potential preventive strategies. Key words: acute respiratory distress syndrome; ARDS;
healthcare; community; critical illness. [Respir Care 2011;56(5):576–582. © 2011 Daedalus Enterprises]

Introduction

Acute lung injury (ALI) and its more severe form, acute
respiratory distress syndrome (ARDS), are major health
problems common in intensive care units (ICUs), with an
estimated 190,600 new cases per year and an associated
74,500 deaths and 3.6 million hospital days.1 Despite prior
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reported improvement in mortality2 and the discovery of
more appropriate treatment strategies such as mechanical
ventilation with low tidal volume3 and conservative fluid
management,4 the mortality rate remains as high as 26%
according to the most recent and optimistic estimates.5

Survivors frequently experience long-term consequences,
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including reduced lung function,6-8 musculoskeletal abnor-
malities,6,8 and cognitive, psychiatric, and emotional dis-
turbances.9 Most efforts have been directed toward treat-
ment, and little work has been done on ALI/ARDS
prevention. Studies that have aimed to identify ALI/ARDS
risk factors have almost exclusively observed patients af-
ter ICU admission,10 included patients referred from other
institutions, and rarely addressed why some patients with
risk factors develop ARDS while others do not.11-13 De-
termining whether ALI and ARDS are healthcare-associ-
ated syndromes could be the first step toward prevention.
The timing of ALI/ARDS development in relationship to
hospital admission and a previous healthcare contact has
not been studied.

The fact that only Mayo Foundation Hospitals have the
capabilities to provide full critical care services in Olmsted
County, Minnesota, provided the opportunity to perform
detailed population-based epidemiologic studies of critical
care syndromes in the community. We systematically eval-
uated the timing of ALI/ARDS onset in relation to hospital
admission and healthcare contacts. We hypothesized that
most ALI/ARDS cases develop after contact with a health-
care system, so a window of opportunity exists for pre-
venting this devastating condition.

Methods

In this population-based retrospective cohort study we
reviewed electronic medical records of Olmsted County
residents identified via electronic surveillance of ALI/
ARDS in the ICUs of 2 Mayo Clinic hospitals in Roch-
ester, Minnesota, over a 1-year period (2006). Our insti-
tutional review board approved the study and waived the
informed-consent requirement because this was a retro-
spective study. We excluded patients who denied authori-
zation to use their medical records for research.

Computerized System for Identifying ALI/ARDS

Patients with ALI/ARDS were identified with an
electronic alert system (the “ALI Sniffer”) that uses a
structured-query-language (SQL) integrative database (the
“ICU mart”) at the Mayo Foundation Hospitals. The data
are accumulated within 1 hour of entry into the electronic
medical record system, and an automatic alert is created if
the patient has the combination of qualifying PaO2

/FIO2

(measured from an arterial blood sample) and qualifying
chest radiograph report (trigger terms include “bilateral
infiltrate” and “edema”). The ALI Sniffer system has been
validated in previous studies.14,15 The investigators who
reviewed the medical records underwent a structured ALI/
ARDS tutorial prior to reviewing the records. Each patient
record was classified as either ALI/ARDS, cardiogenic
pulmonary edema, both ALI/ARDS and cardiogenic pul-

monary edema, or other. Classification disagreements were
resolved via consensus.

Definitions

ALI and ARDS were identified according to the
American-European Consensus Conference definition:
acute hypoxemia (PaO2

/FIO2
� 300 mm Hg for ALI, and

� 200 mm Hg for ARDS), bilateral pulmonary infiltrates,
and no evidence of elevated left atrial pressure as a cause
of the acute decline. Nine-digit ZIP codes confirmed
Olmsted County residency.

We defined a healthcare system contact as: recent hospi-
talization (within 3 months of this most recent admission); a
transfer from a nursing home; seen as an out-patient within
one week of this most recent admission; currently receiving
chemotherapy; recently received any blood product; or re-
cently underwent an out-patient surgery.

The ALI/ARDS onset was taken as the time at which
either or both criteria (PaO2

/FIO2
and bilateral infiltrates)

were met. SpO2
was recorded if there was a delay in arterial

blood gas analysis, and we used SpO2
/FIO2

as a proxy for
PaO2

/FIO2
, with the recently published16 formula that

SpO2
/FIO2

� 315 mm Hg corresponds to PaO2
/FIO2

� 300 mm Hg.

Statistical Analysis

Descriptive data were summarized as mean or me-
dian and number/percentage, as appropriate. We used the
Wilcoxon rank-sum test, chi-square test, and the Fisher
exact test to compare hospital-acquired versus community-
acquired ARDS. We performed adjusted analyses with
logistic regression, considering both clinical plausibility
and statistical criteria (significance, co-linearity, and in-
teraction) for selection of variables into the model. We
used statistics software (JMP, SAS, Cary, North Carolina)
for all data analysis. We included in the analysis only the
first identified episode of ALI/ARDS in each patient.

Results

Among 1,707 adult ICU admissions from Olmsted
County, the ALI Sniffer sent 418 alerts. We confirmed
ARDS in 106 cases, cardiogenic pulmonary edema in
99 cases, both ARDS and cardiogenic pulmonary edema in
18 cases, and other etiologies (eg, atelectasis, pleural ef-
fusion, interstitial lung disease) in 196 cases. After exclud-
ing repeat ARDS events in patients who had multiple ARDS
events, we included 118 cases in the analysis (Fig. 1).
Inter-observer agreement was good (kappa � 0.83).

Of the 39 patients (33%) who had evidence of ARDS on
hospital admission (community-acquired), 14 had recent
hospitalization, 6 were nursing-home residents, and 3
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had out-patient contacts with a healthcare system (1 had
a physician’s office visit, 1 had out-patient surgery, and
1 was receiving chemotherapy) (Fig. 2). Sixteen patients
(14%) had had no known recent healthcare contact prior to
admission. Seventy-nine patients (67%) had ARDS that
developed after hospitalization (hospital-acquired). The
median time to ARDS after hospital admission was 30 hours
(IQR 10–82 h) (Fig. 3). Thirty-four patients (29%) devel-
oped ARDS after ICU admission, and their median time to
ARDS was 23 hours (IQR 13–69 h).

Table 1 outlines the characteristics of the patients
with community-acquired and hospital-acquired ARDS.
Hospital-acquired ARDS was more common in surgery
patients. There were no statistically significant differences
between the 2 groups in terms of demographics, severity
of illness, alcohol abuse, malignancy, sepsis, trauma, or
aspiration. The community-acquired-ARDS group had
more profound hypoxemia (PaO2

/FIO2
64 mm Hg (IQR 49–

98 mm Hg) vs 83 mm Hg (IQR 60–130 mm Hg) (P � .02),
whereas similar numbers of patients in the 2 groups had

ALI that did not progress to ARDS (1 patient versus 4 pa-
tients, P � .52).

The community-acquired-ARDS group had shorter hospi-
tal stay and higher overall hospital mortality (Table 2). The
results were similar among the hospital survivors. There were
no statistically significant differences between the 2 groups in
ICU stay, mechanical ventilation days, number of patients
who required invasive mechanical ventilation, or number who
required only noninvasive ventilation.

With multivariate logistic regression analysis to adjust for
do-not-intubate/do-not-resuscitate (DNR/DNI) status, Acute
Physiology and Chronic Health Evaluation (APACHE) III
score, and surgery, the mortality difference in the hospital-
acquired-ARDS group was not statistically significant (odds
ratio 0.47, 95% CI 0.19–1.17, P � .10), but hospital stay was
significantly longer (8.9 d, 95% CI 0.3–17.4, P � .04).

Fig. 1. Study outline.

Fig. 2. Distribution of patients with acute respiratory distress syn-
drome (ARDS) in relation to recent healthcare contact.

Fig. 3. Time to acute respiratory distress syndrome during the first
week after hospital admission.
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Since some of the community-acquired ARDS may be
misclassified because of late ARDS recognition, we per-
formed a post-hoc sensitivity analysis based on the timing
of ALI/ARDS onset � 24 hours to define hospital-
acquired ARDS (Tables 3 and 4). Between the patients
whose ARDS onset was within 24 hours of admission and
those whose ARDS onset was more than 24 hours after
admission, there were significant differences only in
APACHE III score, lowest PaO2

/FIO2
, and hospital stay. In

multivariate analysis adjusting for pneumonia, DNR/DNI

status, surgery, and APACHE III score, the mortality dif-
ference between the 2 groups remained nonsignificant (odds
ratio 1.77, 95% CI 0.74–4.33, P � .20), but hospital stay
was still significantly longer (8.0 d, 95% CI 0.3–15.8 d,
P � .04).

Discussion

This population-based observational cohort study reveals
new and interesting facts regarding the timing of ARDS

Table 1. Characteristics of Patients With Community-Acquired Versus Hospital-Acquired ARDS

Community-Acquired
ARDS

Hospital-Acquired
ARDS

P

Demographics
Patients, no. (%) 39 (33) 79 (67)
Age, median (IQR), y 74 (58–81) 67 (53–77) .12
Female, no. (%) 17 (44) 39 (49) .55
BMI, median (IQR), kg/m2 26 (23–31) 27 (23–30) .66
DNR/DNI status 5 (13) 3 (4) .07

Risk Factors and Comorbidities, no. (%)
Surgery 6 (15) 43 (54) � .001
Alcohol abuse 6 (15) 17 (22) .43
Malignancy 8 (21) 17 (22) .90
Pneumonia 23 (59) 27 (34) .01
Sepsis 17 (44) 29 (37) .47
Trauma 3 (8) 6 (8) .98
Aspiration 9 (23) 9 (11) .10

Severity of Illness
APACHE III 78 (64–106) 72 (57–89) .10
Lowest PaO2

/FIO2
, median (IQR), mm Hg 64 (49–98) 83 (60–130) .02

ALI only, no. (%) 1 (3) 4 (5) .52

ARDS � acute respiratory distress syndrome
BMI � body mass index
DNR/DNI � do not resuscitate/do not intubate status at ARDS onset
APACHE � Acute Physiology and Chronic Health Evaluation
ALI � acute lung injury

Table 2. Outcomes of Patients With Community-Acquired Versus Hospital-Acquired ARDS

Community-
Acquired ARDS

Hospital-
Acquired ARDS

P

Intubation/mechanical ventilation, no. (%) 30 (77) 61 (77) .97
Noninvasive ventilation only, no. (%) 5 (13) 4 (5) .13
Mechanical ventilation days, median (IQR), d 3.7 (1.0–7.4) 3.6 (1.0–7.1) .87
Hospital mortality, no. (%) 22 (56) 22 (28) .002
ICU stay, median (IQR), d 3.3 (0.7–7.5) 4.0 (1.9–8.2) .08
Hospital stay, median (IQR), d 7.0 (1.8–14.8) 13.9 (8.2–25.1) � .001
ICU-free days,* median (IQR), d 0 (0–23) 21 (0 to 25) .02
Hospital-free days,† median (IQR), d 0 (0–46) 39 (0–49) .10

* To day 28 for ICU-free days.
† To day 60 for hospital-free days.
ARDS � acute respiratory distress syndrome
ICU � intensive care unit
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and its relation to healthcare-system exposure. Our find-
ings suggest that ARDS is mainly a healthcare-related syn-
drome, as only 14% of our population did not have known
healthcare contact prior to ALI/ARDS onset. Our study
also shows a substantial time gap between hospital ad-
mission and ALI/ARDS onset, which suggests a potential
window for future ARDS mechanistic studies and clinical
trials of preventive strategies.

The principal barrier toward better understanding of the
clinical pathogenesis of ALI/ARDS and the design and

conduct of ALI/ARDS preventive strategies is the fact that
previous clinical studies focused almost exclusively on
patients admitted to the ICU.10-12,17-24 Our systematic ap-
proach supplements prior studies that suggested a substan-
tial time gap between the initial development of ARDS
risk factors during hospitalization, or even the initiation of
mechanical ventilation in critically ill patients admitted to
the ICU, and the development of ARDS.12,25,26

We believe that understanding the time course of ALI/
ARDS is the first step toward prevention. Subsequent steps

Table 3. Characteristics of Patients With ARDS Onset Before Versus After 24 Hours of Hospital Admission

ARDS Onset � 24 Hours
After Admission

ARDS Onset � 24 Hours
After Admission

P

Demographics
Patients, no. (%) 71 (60) 47 (40)
Age, median (IQR), y 72 (54–80) 67 (53–77) .58
Female, no. (%) 31 (44) 25 (53) .31
BMI, median (IQR), kg/m2 25 (23–30) 27 (24–33) .66
DNR/DNI status 6 (8) 2 (4) .37

Risk Factors and Comorbidities, no. (%)
Surgery 25 (35) 24 (42) .09
Alcohol abuse 15 (21) 8 (17) .58
Malignancy 13 (18) 12 (25) .35
Pneumonia 31 (44) 19 (41) .73
Sepsis 29 (41) 17 (36) .61
Trauma 4 (6) 5 (11) .32
Aspiration 12 (17) 6 (13) .54

Severity of Illness
APACHE III 80 (63–99) 68 (53–81) .03
Lowest PaO2

/FIO2
, median (IQR), mm Hg 64 (49–98) 83 (60–130) .03

ALI only 1 (4) 4 (8) .06

ARDS � acute respiratory distress syndrome
BMI � body mass index
DNR/DNI � do not resuscitate/do not intubate status at ARDS onset
APACHE � Acute Physiology and Chronic Health Evaluation
ALI � acute lung injury

Table 4. Outcomes of Patients With Community-Acquired Versus Hospital-Acquired ARDS

ARDS Onset � 24 Hours
After Admission

ARDS Onset � 24 Hours
After Admission

P

Intubation/mechanical ventilation, no. (%) 54 (76) 37 (79) .74
Noninvasive ventilation only, no. (%) 6 (8) 3 (6) .67
Mechanical ventilation days, median (IQR), d 3.8 (1.2–7.4) 4.0 (1.3–8.8) .57
Hospital mortality, no. (%) 26 (37) 18 (38) .85
ICU stay, median (IQR), d 4.0 (1.2–7.9) 4.0 (1.9–8.1) .91
Hospital stay, median (IQR), d 10.0 (3.4–16.8) 15.0 (9.9–24.6) � .006
ICU-free days,* median (IQR), d 0 (0–25) 0 (0–23) .66
Hospital-free days,† median (IQR), d 0 (0–52) 0 (0–47) .45

* To day 28 for ICU-free days.
† To day 60 for hospital-free days.
ARDS � acute respiratory distress syndrome
ICU � intensive care unit
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can include developing accurate prediction models to iden-
tify patients at high risk of ALI/ARDS, and applying pre-
ventive or therapeutic strategies, analogous to other sev-
eral important critical care syndromes, such as stress ulcer
bleed, ventilator-associated pneumonia, central venous
catheter infection, and venous thromboembolism. Our pre-
liminary studies suggest the plausibility of this approach.
Observing the evolution of ARDS in rat lung exposed to
injurious ventilation27 prompted the clinical investigation
of the relationship between initial ventilator settings and
the development of ARDS in patients who did not have
ARDS at the outset. Intriguing preliminary results sug-
gested that the processes of care, namely, high-tidal-
volume mechanical ventilation and liberal transfusion, were
more important ARDS risk factors than the initial severity
of illness.26 Both ventilator settings and transfusion factors
were associated with the development of ARDS, in a dose-
dependent manner.26,28 Indeed, a quality-improvement in-
tervention aimed at decreasing ventilator tidal volume and
liberal transfusion decreased harmful exposures and was
associated with a reduced incidence of ARDS in mechan-
ically ventilated patients without ALI at the outset.29

Our study found that patients with community-acquired
ARDS were more likely to be medical patients (85%) with
pneumonia (59%), whereas those who developed ARDS
after hospital admission were more likely to be surgery
patients (54%). TenHoor et al found a proportional mor-
tality ratio (death from ALI vs other causes) of 11.8
(95% CI 3.8–36.0) with ICD-9 code E870-879.9, “surgi-
cal or medical misadventures” such as accidental perfora-
tion during medical or surgical care, foreign objects left in
body, failure of sterile precautions during a procedure,
failure in dosage, contamination of blood or other fluids,
and related iatrogenic exposures.30

Prior data suggest that ARDS due to “pulmonary” eti-
ologies had worse oxygenation than ARDS due to “extra-
pulmonary” causes,31,32 which may explain the PaO2

/FIO2

difference between the 2 groups in our study, given the
fact that the community-acquired ARDS had worse oxy-
genation and more pneumonia. However, other facts re-
lated to possible delayed recognition and treatment of
ARDS in the community-acquired group offer an alterna-
tive explanation. Although the hospital-acquired-ARDS
group had lower unadjusted hospital mortality, the differ-
ence was not statistically significant after adjusting for
baseline differences, which may be due to the small sam-
ple size; however, prior studies did not find a mortality
difference when comparing pulmonary (more common
in the community-acquired-ARDS group) versus extra-
pulmonary ARDS etiologies.33

Another interesting finding was the difference in hospital
stay between the 2 groups. A possible explanation is that
ARDS in the hospital developed due to complications of
healthcare delivery, which increased stay. Another possibility

is that the community-acquired-ARDS group had a higher
DNR/DNI rate and more severe pulmonary dysfunction, so
they were more likely to die faster than the other group.

Among the strengths of our study was our use of a
population-based sample and hospital-wide electronic medical
records, allowing for more precise estimation of the time of
ARDS onset than would be otherwise possible. On the other
hand, our study was retrospective and in a single institution,
so the results may not apply to other centers and populations.
The timing of ARDS was determined by the first recorded
time at which the patient met the American-European Con-
sensus Conference criteria for ALI/ARDS, which might have
been after the actual time of ARDS onset, due to the delay in
obtaining diagnostic studies such as arterial blood gases and
chest imaging. However, our use of SpO2

/FIO2
, when recorded,

diminished that limitation.
The evidence of left atrial hypertension was based on avail-

able hemodynamic monitoring (central venous pressure) and
echocardiography, but we did not collect detailed data on
those variables, and pulmonary artery catheter was infre-
quently used. In addition, the threshold we chose for defining
community-acquired ARDS is arbitrary, and it is certainly
possible that some patients were already on the way to de-
veloping full-blown ALI at the time of enrollment. Therefore,
in this study “ARDS onset” refers to “ARDS recognition,”
and these do not necessarily occur at the same time. On the
other hand, most ALI/ARDS etiologies, such as septic shock
and transfusion-related lung injury, take no more than
6–12 hours from the initial insult.34,35 Similarly, elective-
surgery patients clearly do not have ARDS on admission.
Our post-hoc sensitivity analysis to distinguish patients who
developed ALI/ARDS before versus after � 24 hours found
no significant differences in the main outcomes.

Conclusions

ALI/ARDS is rarely present on admission and without
a recent contact with the healthcare system; rather, it de-
velops after admission. The time gap between hospital
admission and ARDS onset highlights the need to identify
at-risk patients early, by developing accurate prediction
models. Then efforts should be directed toward creating
effective preventive strategies.
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