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Abstract
Objectives—To characterize the use of mechanical ventilation in the emergency department
(ED), with respect to ventilator settings, monitoring, and titration; and to determine the incidence
of progression to acute lung injury (ALI) after admission, examining the influence of factors
present in the ED on ALI progression.
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Methods—This was a retrospective, observational cohort study of mechanically ventilated
patients with severe sepsis and septic shock (June 2005 to May 2010), presenting to an academic
ED with an annual census of >95,000 patients. All patients in the study (n = 251) were analyzed
for characterization of mechanical ventilation use in the ED. The primary outcome variable of
interest was the incidence of ALI progression after ICU admission from the ED and risk factors
present in the ED associated with this outcome. Secondary analyses included ALI present in the
ED and clinical outcomes comparing all patients progressing to ALI versus no ALI. To assess
predictors of progression to ALI, statistically significant variables in univariable analyses at a p ≤
0.10 level were candidates for inclusion in a bidirectional, stepwise, multivariable logistic
regression analysis.

Results—Lung-protective ventilation was used in 68 patients (27.1%), and did not differ based
on ALI status. Delivered tidal volume was highly variable, with a median tidal volume delivered
of 8.8 mL/kg ideal body weight (IBW) (IQR 7.8 to 10.0), and a range of 5.2 to 14.6 mL/kg IBW.
Sixty-nine patients (27.5%) in the entire cohort progressed to ALI after admission to the hospital,
with a mean onset of 2.1 days (SD ± 1 day). Multivariable logistic regression analysis
demonstrated that a higher body mass index, higher Sequential Organ Failure Assessment score,
and ED vasopressor use were associated with progression to ALI. There was no association
between ED ventilator settings and progression to ALI. Compared to patients who did not progress
to ALI, patients progressing to ALI after admission from the ED had an increase in mechanical
ventilator duration, vasopressor dependence, and hospital length of stay.

Conclusions—Lung-protective ventilation is uncommon in the ED, regardless of ALI status.
Given the frequency of ALI in the ED, the progression shortly after ICU admission, and the
clinical consequences of this syndrome, the effect of ED-based interventions aimed at reducing the
sequelae of ALI should be investigated further.

INTRODUCTION
Mechanical ventilation in emergency department (ED) patients has not been rigorously
studied, despite the frequency of endotracheal intubation in critically ill ED patients.1

Mechanical ventilation is an age-dependent intervention, and patients over age 65 years are
expected to constitute more than 20% of the population by the year 2025.2,3 With the
increasing use of the ED as the safety net for the health care system, longer lengths of stay
(LOS) while awaiting intensive care unit (ICU) beds, and the extensive amount of critical
care being provided in the ED, emergency physicians (EPs) are being expected to manage a
greater number of mechanically ventilated patients for increasing periods of time.4-8 Despite
these facts, there is a lack of descriptive data to characterize how mechanical ventilation is
used in the ED, as previous data have been restricted to the ICU.9,10

Acute lung injury (ALI) is common, deadly, and expensive.11,12 Despite robust
epidemiological data addressing the incidence and outcomes of the syndrome, little attention
has been focused on patients in the ED.11,12 After onset, it remains difficult to treat, and
tidal volume reduction remains the only consistently accepted therapy in ALI.13 While
lower tidal volume has become the standard for patients with established ALI, adherence to
lung-protective ventilation remains low in the ICU, and there are little data on its use in
patients with ALI in the ED.14-17

The most appropriate mechanical ventilation strategy in patients at risk for ALI is
controversial.18-21 Patients developing ALI have worse clinical outcomes compared to those
who do not develop the syndrome.22-27 These facts, combined with the limited treatment
options that exist for ALI, have led to increased interest in the prevention of ALI.28

Unfortunately, while the ED is the portal of entry for some of the highest risk patients for
ALI, previous studies on factors associated with ALI progression have been restricted to the
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ICU, the operating room, or general ward.22-26,29-34 The effect that the ED may have on the
progression to ALI is unknown.

This study was performed with several objectives: 1) to characterize the use of mechanical
ventilation in the ED, with respect to ventilator settings, monitoring, and titration; 2) to
determine the incidence of progression to ALI after admission, and risk factors present in the
ED associated with this outcome; 3) to describe the incidence of ALI in the ED in
mechanically ventilated patients and to assess compliance with lung-protective ventilation in
these patients; and 4) to assess outcome differences between patients progressing to ALI
versus those without ALI. We hypothesized that lung-protective ventilation would be
uncommon in the ED, and would not differ based on ALI status; we also hypothesized that
ALI in the ED and progression to ALI after ED admission would be common, and that
factors present during the ED stay would influence this outcome.

METHODS
Study Design

This was a retrospective observational cohort study. This observational study is reported in
accordance with the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) Statement: Guidelines for Reporting Observational Studies.35 Financial support
for this project was provided in part from the National Center for Research Resources
(NCRR), and the National Center for Advancing Translational Sciences (NCATS), National
Institutes of Health, through Grant Number UL1 TR000448. The funding organization
played no role in the study concept, design, data analysis, or writing of the manuscript. This
study was approved by the Human Research Protection Office at the principal investigator’s
institution with waiver of informed consent.

Study Setting and Population
This study was conducted at a university-affiliated, urban teaching hospital (1,250 beds),
with an annual ED census of > 95,000 patients. Over a 5-year period [June 2005 (registry
inception)-May 2010 (study conception)], all mechanically ventilated patients enrolled in a
severe sepsis registry were eligible for inclusion. Criteria for inclusion in the registry
included suspected infection with a lactate level ≥ 4 mmol/L, or systolic blood pressure
(sBP) ≤ 90 mmHg after initial fluid bolus.

Study Protocol
Patients with severe sepsis or septic shock were identified as receiving mechanical
ventilation in the ED by registry query and verified by review of the medical record.
Baseline patient characteristics, LOS, treatment variables, and outcome variables were
collected from the electronic medical record. All ventilator parameters were abstracted from
the medical record by data collectors trained in data collection and project details, prior to
data collection. To ensure uniform data collection and accuracy, all variables were defined
prior to data extraction and placed in a standardized format during the data collection
process. Regular meetings and monitoring of data collection were performed. Upon
completion of data collection, two other (separate) data abstractors verified all records for
accuracy, and cross-checked all data with electronic medical records.

Acute lung injury was defined according to the American European Consensus Conference
(AECC) definition.36 These criteria include: 1) bilateral alveolar infiltrates on chest x-ray, 2)
hypoxemia with a partial pressure of oxygen to fraction of inspired oxygen ratio (PaO2:FiO2)
≤ 300, and 3) no clinical evidence of left atrial hypertension. Acute respiratory distress
syndrome (ARDS) refers to a PaO2:FiO2 ratio of ≤ 200. For the purposes of this article,
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“ALI” encompasses both ALI and ARDS. Given the interobserver variation in chest x-ray
interpretation, to verify the presence of bilateral infiltrates the official chest x-ray report was
searched for keywords indicative of bilateral infiltrates (e.g. “lung infiltrates, pulmonary
edema”) as previously described.37-40 Patients were assumed to have clinical evidence of
left atrial hypertension if they had a past medical history of congestive heart failure or
dialysis-dependent end-stage renal disease, or had depressed left ventricular function on an
echocardiogram obtained within 24 hours of the development of pulmonary edema. Patients
were also assumed to have clinical evidence of left atrial hypertension if they had a widened
vascular pedicle width on chest radiography, as previously described.41,42 In patients
without arterial blood gas measurements, the oxygenation criteria was determined by using
the pulse oximeter:fraction of inspired oxygen (SpO2:FiO2) ratio as previously described.43

The presence of two consecutive radiographic and oxygenation criteria was also required for
ALI diagnosis. When more than one value was present, the worst value was selected. Lung-
protective ventilation was defined as the use of tidal volume <8 mL/kg ideal body weight
(IBW), as this was the upper limit of tidal volume allowed by previous investigation of low
tidal volume ventilation in ALI.13 Severe sepsis and septic shock were defined as previously
described.44,45

The baseline patient characteristics included: age, height, sex, weight, IBW, body mass
index (BMI), ED LOS, patient comorbidities, vital signs, hemodynamics, and laboratory
values. Modified Acute Physiology and Chronic Health Evaluation (APACHE) II and
Sequential Organ Failure Assessment (SOFA) scores were determined. These scores omit
the neurologic function component (because of previously reported potential challenges with
inter-rater agreement on determination of Glasgow Coma Scale score).46-48 IBW was
derived from the height and sex according to the formula: males, 50 +0.91 × (height in
centimeters − 152.4); females, 45.5 + 0.91 × (height in centimeters − 152.4).

Ventilator variables included ventilator mode, tidal volume, positive end-expiratory pressure
(PEEP), FiO2, peak airway pressure, mean airway pressure, and inspiratory plateau airway
pressure.

Process of care variables included antibiotic administration, time to initiation of intravenous
antibiotics, intravenous fluid administered over the first six hours, vasopressor use, blood
product administration, and use of central venous pressure (CVP) or central venous oxygen
saturation (ScvO2) to monitor resuscitation.

All patients in the study were analyzed for characterization of mechanical ventilation use in
the ED. The primary outcome variable of interest was the incidence of ALI progression after
ICU admission from the ED and risk factors present in the ED associated with this outcome.
The assessment of progression to ALI was restricted to patients alive at least 24 hours after
admission, and those without histories of heart failure or dialysis-dependence, and was only
assessed over the first five days after admission, as previous data indicate that progression to
ALI occurs early during ICU stay.22-25,30,32,49 Secondary analyses included ALI present in
the ED and clinical outcomes comparing all patients progressing to ALI versus no ALI
(change in SOFA score, dialysis-dependent acute kidney injury, mechanical ventilation
duration, duration of vasopressor use, hospital LOS, and hospital mortality).

Data Analysis
Descriptive statistics, including mean (± standard deviation [SD]), median (interquartile
range [IQR]), and frequency distributions were used to assess the characteristics of the
patient cohort. To assess predictors of progression to ALI, continuous and categorical
variables were compared using an unpaired t-test, Wilcoxon’s test, chi-square test, or
Fisher’s exact test, as appropriate. Variables with less than 10% missing data and

Fuller et al. Page 4

Acad Emerg Med. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



statistically significant in univariable analyses at a p ≤ 0.10 level were candidates for
inclusion in a bidirectional stepwise, multivariable, logistic regression analysis. The
stepwise regression method selected variables for inclusion or exclusion from the model in a
sequential fashion based on the significance level of 0.10 for entry and 0.10 for removal.
Collinearity was assessed, and the model used variables that contributed information that
was statistically independent of the other variables in the model. Because of the high
correlation between two measures of body composition (BMI and weight), only one of the
multiple measures was included in the multivariable logistic regression model. Therefore,
the measure with the strongest univariable association was selected (BMI). Adjusted odds
ratios (aORs) and corresponding 95% confidence intervals (CIs) are reported for variables in
the multivariable model, adjusted for all variables in the model. To assess clinical outcomes
based on ALI status, chi-square, analysis of variance (ANOVA) using rank-transformed
data, and Tukey’s HSD was used to compare groups. All tests were two-tailed, and a p value
< 0.05 was considered statistically significant. A sample size calculation was not performed
a priori, as the primary outcome was descriptive and to characterize the use of mechanical
ventilation in the ED. Based on previous data examining a similar patient cohort in the ICU
(n = 160), our sample size of 251 patients was recognized as likely to be adequate for
investigation of ED-based parameters associated with progression to ALI.23

RESULTS
Two hundred fifty-one mechanically ventilated patients were included in the study (Figure
1). Table 1 shows the baseline characteristics of the study population. Ventilator variables
are presented in Table 2. In the entire cohort, volume-targeted ventilation was used in 242
patients (96.4%). Median tidal volume delivered was 8.8 mL/kg IBW (IQR 7.8 to 10.0),
with a range of 5.2 to 14.6 mL/kg IBW. Figure 2 demonstrates this distribution of tidal
volume delivered in the ED, showing the difference in initial and final tidal volume in the
patients who did have tidal volume adjusted while in the ED (n = 25). Lung-protective
ventilation was used in 68 (27.1%) patients. Inspiratory plateau pressure was recorded in 76
(30.3%) of patients. With respect to titration of settings, in addition to the data in Table 2,
174 (69.3%) patients had no ventilator parameters changed in the ED.

Sixty-nine patients (27.5%) in the entire cohort progressed to ALI after admission to the
hospital, with a mean onset of 2.1 days (SD ± 1 day) (Figure 3). There was no difference in
ventilator variables in these patients (Table 2). After exclusion of 116 patients with either
ALI at the time of ED presentation, those with congestive heart failure (CHF) or dialysis,
and those who died within 24 hours of admission, 135 patients were assessed for risk factors
for ALI progression (Figure 1). Results of the univariable analysis are presented in Table 3.
Multivariable logistic regression analysis demonstrated that a higher BMI, higher SOFA
score, and ED vasopressor use were associated with progression to ALI (Table 4).

Twenty-two patients (8.8%) had ALI at the time of ED presentation (Table 2). These
patients were ventilated no differently than patients without ALI at the time of ED
presentation. Median tidal volume was 9.0 mL/kg IBW (IQR 8.0 to 10.1) in ALI patients,
compared to 8.7 mL/kg IBW (IQR 7.8 to 9.9) in patients without ALI (p = 0.40). There was
also no difference in monitoring or titration variables.

Compared to patients who did not progress to ALI, patients progressing to ALI after
admission from the ED had an increase in mechanical ventilator duration, vasopressor
dependence, and hospital LOS (Table 5).
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DISCUSSION
Information regarding the mechanical ventilation practices used in critically ill ED patients
is vital before any consideration of therapeutic interventions can occur. The findings from
this study provide some new information regarding mechanically ventilated ED patients,
built on previous findings in this field by extending it into the ED environment, and offer
potential insight into future areas for improvement in clinical care and research. Our current
findings have several implications.

We first sought to characterize how mechanical ventilation was used in the ED. We found
that tidal volume ranges were highly variable (as high as 14.6 mL/kg IBW) and that lung-
protective ventilation was uncommon in the ED setting. Animal data and human studies
indicate that ventilator-induced lung injury (VILI) can develop within hours, and
progression to ALI occurs early in the course of respiratory failure.22,23,25,27,32,50-52 Our
findings suggest that, while no evidence-based guidelines exist for ED mechanical
ventilation, prolonged ED LOS may expose patients to iatrogenic injury from excessively
high tidal volume. Similar findings from the operating room (OR) suggest that in areas
traditionally thought of as providing a relatively time-limited amount of mechanical
ventilation, excessive initial tidal volume may indeed influence clinical outcome.53

Furthermore, unlike patients in the OR who are most often extubated after surgery, critically
ill ED patients will likely continue to receive mechanical ventilation after admission from
the ED. This may be especially important in the setting of another finding of the current
study: the ventilator is often not titrated in the ED, and terminal ED settings are commonly
continued in the ICU. The influence that initial care in the ED has on clinical care and
subsequent therapy has been previously documented.54-58 Our findings suggest that this
“therapeutic momentum” may be true for mechanical ventilation as well. Finally, inspiratory
plateau pressure is infrequently monitored in mechanically ventilated patients in the ED.
Plateau pressure is a surrogate for pulmonary over-distention, and an important and easily
measured index of lung compliance and predictor of VILI. It is a strong predictor of
mortality early in the course of ALI, and routine monitoring of this important parameter
could be important in the limitation of lung injury in mechanically ventilated patients in the
ED.59

Acute lung injury is relatively common in mechanically ventilated ED patients (8.8%). The
epidemiology of ALI in the ICU has been well described, yet very few data exist from
patients in the ED.11,12,17,60 The success of early ED-based interventions in other high-
mortality critical care syndromes (e.g. severe sepsis) suggests that early care of ALI may
improve outcome.58,61 This premise is further supported by our finding that patients with
established lung injury (for which management guidelines exist) are managed in a similar
fashion to those without lung injury, and ALI patients are exposed to tidal volumes well
above those established as safe.13 A ventilation strategy that limits tidal volume is standard
care for patients with ALI, and has shown long- and short-term outcome benefit.13,16

Despite this, compliance with this intervention remains poor.16 Given the influence of ED
interventions on subsequent care, low tidal volume ventilation initiated in the ED may not
only improve care, but also improve compliance with low tidal volume ventilation
subsequently in the ICU.

Progression to ALI is common (27.5%) and occurs early after admission (2.1 days).
Previous data have shown similar findings with ALI progression rates of 6.2% to 44%, and
onset of 5 hours to 3.7 days in ICU patients.22-25,27,30,32,33,49,62 These findings, combined
with our ventilation data, suggest that the ED may be an optimal location for ALI prevention
trials to begin.28 The development of ALI represents an intersection between patient risk
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factors and care delivery risk factors, such as packed cell transfusion, antibiotics, and fluid
balance.22,23,32,49

In this current analysis, focusing on factors present in the ED, BMI, vasopressor use, and a
higher degree of organ dysfunction were predictive of progression to ALI. The link between
obesity and ALI is interesting. Obesity alters immunity and, similar to ALI, represents a pro-
inflammatory state, with chronic elevation of pro-inflammatory cytokines.63 Pulmonary
mechanics are also altered, with a decrease in chest wall and lung compliance.64 The net
effect can be an increase in pleural pressure which, if PEEP is not set effectively, can serve
to promote both alveolar collapse at end-expiration, and to increase lung distention and
transpulmonary pressure (alveolar minus pleural pressure), putting the patient at risk for
VILI. Using this rationale, obese patients may be a subset of patients deriving benefit from
PEEP levels higher than typically used.65 Data also show that clinician-set tidal volume is
higher in obese patients, despite height (not weight) being the prime determinant of lung
volume.66,67 Similar associations have been demonstrated between obesity and ALI
development in ICU patients.68,69 Given the increase in the obesity epidemic, our data give
further insight into patients most likely to benefit from ED-based ALI prevention
strategies.70 In addition, future ALI prevention trials will need to control for each of these
confounding variables while assessing patient populations with similar baseline risk of
progressing to ALI.68,71

The progression to ALI after ED admission was not associated with an increase in mortality,
which is contradictory to previous work.22-27,33 This was driven by the higher than expected
mortality in the non-ALI group. Our study did show that ALI progression was associated
with an increase in mechanical ventilation, vasopressor requirements, and hospital LOS,
which is consistent with previous work.22,25-27 Given the lack of available treatment options
after ALI onset, our data further support the need for ALI prevention.

LIMITATIONS
The retrospective design limits ability to draw causation. However, a temporal relationship
between factors present in the ED and subsequent development of ALI suggests a cause-
effect relationship.72 We also attempted to improve transparency and improve reporting by
adhering to guideline recommendations.35 An increasing body of evidence indicates that the
guidelines do improve the overall quality of research reporting.73

With respect to the descriptive mechanical ventilation data, we went to extensive lengths to
verify accuracy, yet this remains a single-center study. These findings should be reproduced
in other EDs and sites to verify that similar room for improvement exists elsewhere.

Our data set was restricted to patients with sepsis. This is a high-risk group for ALI, and
patients at lower risk for complications (e.g. intubation strictly for airway protection) may
progress to ALI at a much lower rate, and therefore may not benefit from ALI prevention
strategies.

We defined lung-protective ventilation as 8mL/kg IBW, as this was the upper level of tidal
volume used in previous studies of ALI and ARDS.13 True lung-protective ventilation limits
both tidal volume and end-inspiratory stretch (as reflected by plateau pressure). We did not
include a pressure limit to define lung-protective, as there were no previous data in the
literature to suggest how often this monitoring parameter is even measured in the ED setting.
The lack of adherence to lung-protective ventilation in the ED in our study is congruent with
that seen in the ICU, therefore giving some face validity to our definition.16
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The majority of data suggest that lower tidal volume is associated with a decrease in
progression to ALI.74 However, as only 68 patients (27.1%) were ventilated with lung-
protective ventilation, our study was likely underpowered to show any relationship between
tidal volume and ALI development. It should also be noted that in patients without ALI, the
most appropriate tidal volume to deliver is controversial, so “lung-protective” may truly be
subjective in this population until further data prove otherwise.18-21

Defining ALI retrospectively can be challenging. Given the interobserver variability in chest
x-ray interpretation, we chose to use the official x-ray interpretation for the presence of
bilateral infiltrates. The new Berlin definition of ARDS attempts to address this variability
by stating that the chest radiograph should include “bilateral opacities consistent with
pulmonary edema that are not fully explained by effusions, lobar/lung collapse, or nodules/
masses.”75 Going forward we would opt for consensus review among investigators after
viewing a set of training chest radiographs indicative of the potential spectrum of images
that may represent ARDS.75 We opted for a conservative approach when labeling patients
with ALI, and were intentionally very restrictive in our definition of ALI. The differentiation
between cardiogenic/hydrostatic pulmonary edema and ALI is difficult and no criterion
standard exists.76-78 In patients with heart failure and dialysis-dependent renal failure,
hydrostatic pulmonary edema is a common reason for endotracheal intubation in the ED. We
therefore assumed left atrial hypertension in these patients, but we also recognize that some
of these patients may have had ALI as well. This is supported by data showing that
myocardial depression in sepsis is common, and ALI and left atrial hypertension also
frequently co-exist.79-81 This may have caused the underestimation of ALI in patients with a
history of heart failure or dialysis, as well as sepsis-induced myocardial depression.23,34,82

In the future, a shift away from excluding patients with potential left atrial hypertension to
excluding patients with only left atrial hypertension as a cause for respiratory failure is
recommended.75 However, with the ED ALI rate and progression rate in our study
congruent with previous studies of similar design, we believe our diagnosis of ALI to be
accurate.

We also recognize that ALI and ARDS have undergone a recent definitional change.83 We
report the definition of ALI according to the AECC criteria, as this was the definitional
criteria in place during the conduct of the study.36

CONCLUSIONS
Lung-protective ventilation is uncommon in ED patients with respiratory failure, and the
ventilator is infrequently titrated. Acute lung injury is a common complication early in the
course of mechanical ventilation, and is associated with increasing body mass index, organ
failure, and vasopressor use. Given the frequency of acute lung injury in the ED, the
progression shortly after intensive care unit admission, and the negative clinical
consequences of syndrome, the effect of ED-based interventions aimed at reducing the
sequelae of acute lung injury should be investigated further.
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Figure 1.
Flow diagram depicting the patients analyzed to achieve each objective of the study.
ALI = acute lung injury; CHF = congestive heart failure
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Figure 2.
Delivered tidal volume in the ED
Of the 251 patients mechanically ventilated in the ED, 68 (27.1%) received lung-protective
ventilation (<8 mL/kg IBW). Twenty-five patients (10.0%) had tidal volume adjusted while
in the ED (n=15, increase in tidal volume; n=10, decrease in tidal volume). Vt = tidal
volume; IBW = ideal body weight
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Figure 3.
Frequency and cumulative prevalence of ALI according to hospital day
Hospital day 0 refers to the ED. Frequency of ALI represents the development of new cases
of ALI on an individual hospital day (e.g. 25 new cases of ALI development on hospital day
1). Cumulative prevalence of ALI represents the total number of ALI cases present on an
individual hospital day, excluding those cases experiencing death.
ALI = acute lung injury
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Table 1
Characteristics of mechanically ventilated ED patients

Characteristics, n=251

Baseline

 Age (years) 62.9 (51.2-77.9)

 Male, n (%) 129 (51.4)

 Comorbidities, n (%)

  Diabetes 81 (32.3)

  Cirrhosis 9 (3.6)

  CHF 40 (15.9)

  Dialysis 25 (10.0)

  Malignancy 59 (23.5)

  COPD 43 (17.1)

 Height (in) 66.9 (64.0-70.0)

 Weight (kg) 73.0 (57.9-87.9)

 IBW (kg) 63.8 (54.6-73.0)

 BMI 25.5 (21.0-30.4)

 Temperature 36.7 (36.4-37.8)

 Heart rate 109.5 (88.0-130.0)

 RR 20.0 (18.0-26.0)

 sBP 102.5 (80.0-133.5)

 dBP 61.0 (48.5-80.0)

 SpO2 93.0 (88.0-99.0)

 Lactate 3.7 (2.0-7.3)

 APACHE II* 24.0 (19.0-29.0)

 SOFA* 8.0 (6.0-11.0)

 CVP (n=135) 11.0 (8.0-17.0)

 ScvO2 (n=102) 77.0 (66.0-84.0)

 ED LOS (hours) 5.5 (4.2-7.5)

Process of Care Variables

 Time to antibiotic administration (hours) 2.0 (1.3-3.0)

 Fluids over first 6 hours (liters) 3.0 (2.0-4.0)

 Vasopressor use, n (%) 191 (76.1)

 Blood product administration, n (%) 28 (11.2)

 ScvO2 ≥ 70% achieved, n (%)† 80 (78.4)

CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; IBW = ideal body weight; BMI = body mass index; RR =
respiratory rate; sBP = systolic blood pressure; dBP = diastolic blood pressure; SpO2 = pulse oximetry; APACHE = Acute Physiology and Chronic

Health Evaluation; SOFA = Sequential Organ Failure Assessment Score; CVP = central venous pressure; ScvO2 = central venous oxygen

saturation; LOS = length of stay Continuous variables are reported as median (interquartile range).

*
modified score, which excludes Glasgow Coma Score scale41-43

†
Refers to the 102 patients with ScvO2 monitored while in the ED.
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Table 3
Risk factors for progression to ALI

Factor Progression to ALI
(n=61)

No progression to ALI
(n=74)

P

Baseline characteristics

 Age (yrs) 62.4 (±15.6) 63.1 (±17.4) 0.82

 Male, n (%) 30 (49.2) 45 (60.8) 0.18

 Comorbidities, n (%)

  Diabetes 21 (34.4) 22 (29.7) 0.55

  Cirrhosis 3 (4.9) 2 (2.7) 0.66

  Malignancy 15 (24.6) 16 (21.6) 0.68

  COPD 11 (18.0) 10 (13.5) 0.47

 Height (in) 66.8 (±4.0) 66.8 (±3.3) 0.96

 Weight (kg) 80.6 (60.0-93.2) 69.7 (57.2-81.8) 0.02

 IBW (kg) 63.4 (±11.1) 63.9 (±9.1) 0.79

 BMI 27.5 (22.7-32.3) 23.9 (20.4-28.7) 0.006

 Lactate 3.8 (2.3-6.4) 3.1 (1.8-5.1) 0.44

 APACHE II 24.0 (±5.9) 21.8 (±5.9) 0.03

 SOFA 9.0 (±3.3) 7.3 (±3.8) 0.01

 CVP 12.3 (±5.1) 10.4 (±4.5) 0.10

 ScvO2 77.0 (68.0-84.0) 78.0 (69.0-84.0) 0.88

 ED LOS 5.5 (4.3-7.0) 4.9 (3.9-7.1) 0.46

Process of Care Variables

 Time to antibiotic
  administration (hours)

1.7 (1.2-2.8) 2.0 (1.3-2.8) 0.64

 Fluids over first 6 hours (liters) 3.3 (2.0-4.0) 4.0 (2.0-5.0) 0.34

 Vasopressor use, n (%) 50 (82.0) 46 (62.2) 0.01

 Blood product administration,
  n (%)

3 (4.9) 9 (12.2) 0.14

 ScvO2 ≥ monitored, n (%) 31 (50.8) 49 (66.2) 0.37

 ScvO2 ≥ 70% achieved, n (%) 22 (36.1) 25 (33.8) 0.97

Ventilator Variables

 Ventilator mode
  VC-AC, n (%)

56 (91.8) 72 (97.3) 0.12

 PEEP 5.0 (5.0-5.0) 5.0 (5.0-5.0) 0.85

 FiO2 100.0 (100.0-100.0) 100.0 (100.0-100.0) 0.18

 Tidal volume, mL/kg IBW 8.6 (7.7-9.7) 8.8 (7.7-9.6) 0.83

 Lung-protective ventilation, n
  (%)

18 (29.5) 24 (33.3) 0.63

 Peak pressure, cmH2O 29.0 (23.0-36.0) 28.0 (25.0-33.0) 0.74

 Mean pressure, cmH2O 10.0 (9.0-12.0) 9.0 (8.0-11.0) 0.11

 Plateau pressure, cmH2O 23.0 (16.0-27.0) 17.5 (15.0-24.0) 0.24
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CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; IBW = ideal body weight; BMI = body mass index; APACHE =
Acute Physiology and Chronic Health Evaluation; SOFA = Sequential Organ Failure Assessment Score; CVP = central venous pressure; ScvO2 =

central venous oxygen saturation; LOS = length of stay; VC = volume controlled; AC = assist control; PEEP = positive end expiratory pressure;
FiO2 = fraction of inspired oxygen

Continuous variables are reported as mean (± standard deviation) and median (interquartile range) unless otherwise noted.

*
modified score, which excludes Glasgow Coma Scale score41-43
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Table 4
Multivariate analysis for factors associated with development of acute lung injury

Variable aOR 95% CI P

BMI 1.09 1.03-1.14 <0.001

SOFA 1.13 1.03-1.25 0.03

Vasopressor use 2.80 1.16-7.20 0.02

BMI = body mass index; SOFA = Sequential Organ Failure Assessment Score; aOR = adjusted odds ratio
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Table 5
Clinical outcomes comparing all patients that progressed to ALI vs. no ALI progression

Outcome ALI (n=69) No ALI (n=160) P

Δ SOFA 3.0 (−1.0 to 4.0) 3.0 (−0.5 to 5.0) 0.17

Dialysis, n (%) 11 (15.9) 31 (19.5) 0.70

Mechanical ventilation
 duration (hours)

132.7 (79.6 to 201.9) 42.0 (13.5 to 112.6) <0.001

Vasopressor duration
 (hours)

57.8 (23.2 to 122.3) 19.6 (9.4 to 53.7) <0.001

Hospital LOS, hours 182.3 (112.3 to 325.1) 80.6 (16.7 to 186.5) <0.001

Mortality, n (%) 35 (50.7) 82 (51.3) 0.78

ALI = acute lung injury; SOFA = Sequential Organ Failure Assessment Score; LOS = length of stay

Continuous variables are reported as median (interquartile range).

Δ: refers to the change in SOFA score from ED baseline to 24 hours
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