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Abstract
Background—Acute respiratory distress syndrome (ARDS) is a serious complication of sepsis
and sepsis-associated ARDS is associated with significant morbidity and mortality. To date, no
study has directly examined the epidemiology of ARDS in severe sepsis from the earliest
presentation to the health care system, the Emergency Department (ED).

Methods—Single-center retrospective, observational cohort study of 778 adults with severe
sepsis presenting to the ED. The primary outcome was the development of ARDS requiring
mechanical ventilation during the first 5 hospital days. ARDS was defined using the Berlin
definition. We used multivariable logistic regression to identify risk factors associated
independently with ARDS development.

Results—The incidence of ARDS was 6.2% (48 of 778 patients) in the entire cohort. ARDS
development varied across the continuum of care: 0.9% of patients fulfilled criteria for ARDS in
the ED, 1.4% admitted to the ward developed ARDS, and 8.9% admitted to the ICU developed
ARDS. ARDS developed a median of 1 day after admission and was associated with a four-fold
higher risk of in-hospital mortality (14% vs. 60%, p<0.001). Independent risk factors associated
with increased risk of ARDS development included: intermediate (2–3.9 mmol/L) (p=0.04) and
high (≥ 4) serum lactate levels (p=0.008), lung injury prediction score (LIPS) (p<0.001) and
microbiologically-proven infection (p=0.01).
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Conclusions—In patients presenting to the ED with severe sepsis, the rate of sepsis-associated
ARDS development varied across the continuum of care. ARDS developed rapidly and was
associated with significant mortality. Elevated serum lactate levels in the ED and a recently
validated clinical prediction score were independently associated with the development of ARDS
in severe sepsis.
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Introduction
Severe sepsis, a systemic disease caused by overwhelming infection, develops in as many as
3 million adults in the United States annually and results in substantial morbidity and
mortality (1). Acute respiratory distress syndrome (ARDS) is a devastating complication of
severe sepsis. Severe sepsis is the most common etiology of ARDS (2–3) and is associated
with the highest case-fatality rate (3–4).

Once ARDS develops, lung protective ventilation is the only intervention known to improve
mortality (5). Consequently, it is critical to identify patients at greatest risk of ARDS
development early in their clinical course (6). The Lung Injury Prediction score (LIPS), a
recently validated clinical prediction score to identify patients at-risk for development of
ALI, has not been applied to the severe sepsis population directly (7). Further, while prior
studies have examined the epidemiology of ARDS in severe sepsis (2–4, 8–15),
predominantly from the ICU perspective, to our knowledge, no study has focused their
examination on the epidemiology of ARDS in severe sepsis from the earliest presentation to
the health care system, the Emergency Department (ED).

It is estimated that two out of three patients with severe sepsis enter the healthcare system
through the ED (16); therefore, direct study of this population is justified. The primary aim
of our study was to examine the epidemiology of ARDS in patients presenting to the ED
with severe sepsis. The secondary aim was to identify risk factors associated with the
development of ARDS.

Materials and Methods
Study Setting and Population

We conducted a retrospective, single-center, observational cohort study to examine the
epidemiology of severe sepsis-associated ARDS. We began with a well-phenotyped cohort
of severe sepsis patients admitted through an academic ED between January 2005 and
December 2006 (17). We screened all ED visits to enroll cases of severe sepsis and septic
shock in accordance with the International Sepsis Definitions Conference criteria (18).
Sepsis was defined as suspected infection (administration of antibiotics in the ED) in the
presence of two or more systemic inflammatory response syndrome (SIRS) criteria (18).
Severe sepsis was defined as sepsis associated with organ dysfunction, hypoperfusion, or
hypotension, and septic shock was defined as sepsis associated with refractory hypotension
(18).

Serum lactate levels, drawn with the initial venous blood draw, were measured to assess for
hypoperfusion (18–19). We used a serum-based assay, catalyzed by lactate oxidase, for
venous lactate level measurements (mmol/L). The severe sepsis protocol in place during the
study period recommended the use of protocol-directed resuscitation in patients with
hyperlactatemia (≥ 4 mmol/L) and/or septic shock, consistent with the Rivers trial (19).
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However, resuscitation for each patient enrolled in the study was at the discretion of the
clinical team providing care in the ED.

We excluded subsequent visit(s), trauma patients, patients who were discharged or left
against medical advice, and patients with a care-limiting, do-not-intubate order. We
reviewed the medical record for the hospitalization, including antibiotic administration and
the discharge summary, to ensure the validity of severe sepsis during the hospitalization. We
recently validated this approach to case selection (20).

Study Protocol
The study was approved by the Institutional Review Board of the University of
Pennsylvania with an informed consent exemption and HIPAA waiver. Trained investigators
abstracted clinical data from the medical record using a pre-drafted case report form. The
data recorded from the ED included sociodemographics, comorbidities, vital signs,
laboratory results, ED interventions, and admission service and location (ward or intensive
care unit (ICU)) (see Table 1). We calculated an ED-based Acute Physiology and Chronic
Health Evaluation (APACHE) II score (21) based on baseline vital signs and laboratory
values recorded in the ED. We recorded whether mechanical ventilation was initiated in the
ED or during the hospitalization and recorded all arterial blood gas measurements for
intubated patients. Survival status was determined by review of the medical record and the
Social Security Death Index and clinical details at the time of death were abstracted from the
medical record, including the discharge summary.

Definition of ARDS
The primary outcome was the development of ARDS requiring mechanical ventilation
during the first 5 hospital days, in accord with prior studies examining disease-specific
association with ARDS (22, 23). ARDS was defined based on the Berlin definition as acute
hypoxemia (ratio of partial pressure of arterial oxygen to fractional concentration of inspired
oxygen (P:F) ≤ 300) and the presence of bilateral pulmonary infiltrates on chest radiograph
not due exclusively to congestive heart failure or fluid overload (24). ARDS was defined as
mild (200 < P:F ≤ 300), moderate (100 < P:F ≤ 200), and severe (P:F ≤ 100) (24). We
defined the time of onset as the time that the last of the criteria were fulfilled.

We used a valid, automated electronic system as an initial screening tool to identify ARDS
cases requiring mechanical ventilation (25). In addition, an investigator blinded to the results
of the electronic screening tool reviewed the case of the 169 subjects who received
mechanical ventilation during their hospitalization to determine whether ARDS criteria were
met. Specifically, all chest radiographs and arterial blood gas measures during the
hospitalization were reviewed for each case. Inter-rater reliability between the automated
system and the investigator was measured using the Kappa statistic (K), and was found to be
0.75 (95% CI: 0.64, 0.86), indicating a moderate degree of reliability. Adjudication, required
in 16 cases, was performed by a third investigator blinded to prior ARDS determinations.

We report the rate of ARDS development in the overall cohort, as well as by location (ED,
ward or ICU admission). Further, to contextualize prior studies, we report the rate of ARDS
development in patients intubated in the ED and during the hospitalization.

Risk Factors for ARDS Development
Based on clinical plausibility and/or a relationship with the development of ARDS, we
examined the following variables as factors which may be associated with ARDS
development: age, gender, race, comorbid conditions (e.g., diabetes mellitus), ED therapy
(e.g., time to antibiotics, blood transfusion, fluid resuscitation), cause of ALI (pulmonary vs.
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non-pulmonary), whether the infection was microbiologically-proven, severity of illness
(e.g., APACHE II, shock), and the LIPS (3–15). The LIPS incorporates predisposing
conditions associated with ARDS development (e.g., shock, aspiration) and risk modifiers
(e.g., alcohol abuse as risk factor, diabetes as protective factor) (7). We did not include the
initiation of mechanical ventilation as a candidate risk factor, as we considered this
intervention to be in the causal pathway towards ARDS development.

We a priori hypothesized that serum lactate levels, given their association with central
components in the pathophysiology of ARDS (inflammation, coagulation and endothelial
dysfunction, and neutrophil activation), would be associated with ARDS development (17,
26–29). We categorized serum lactate levels as low (<2 mmol/L), intermediate (2–3.9 mmol/
L) and high (≥ 4 mmol/L) (25, 34–35).

Data Analysis
We used the Student’s t-test or Wilcoxon rank-sum test to compare continuous variables and
the chi-squared statistic or Fisher’s exact test to compare categorical variables between
ARDS cases and non-cases. We used multivariable logistic regression to identify patient-
level factors associated independently with ARDS after adjustment for potential covariates.
We used variance inflation factors to assess for multicollinearity. Variables found to be
collinear with APACHE II which are constituent variables of the APACHE II score were not
included separately (e.g., heart rate, respiratory rate, oxygenation). Emergency department
shock state and use of vasoactive agents were found to be collinear; the latter was not
included separately. We added potential covariates associated with the development of
ARDS at a significance of < 0.20 one-at-a-time to the base model, which included candidate
risk factors associated with the development of ALI at a significance of < 0.20. We
maintained the potential confounder in the model if its inclusion altered the point estimate
for the odds ratio (OR) of a risk factor by >10% (30). As several important variables (e.g.,
shock) are incorporated in the LIPS calculation, we first created a model without its
inclusion. We then included the LIPS to determine whether the identified factors were
associated with ARDS development independent of the LIPS. In sensitivity analyses, given
the potential for overfitting the model, we removed those variables which were not
significantly associated with ARDS development.

In secondary analyses, we calculated the area under the receiver operating characteristic
curve (AUC) to assess for model discrimination in the ability of the LIPS and serum lactate
levels to predict ARDS development and the Hosmer-Lemeshow test statistic to assess for
model calibration. We compared the predictive ability of LIPS, the baseline APACHE II
score, and initial serum lactate levels. We excluded ED ARDS patients in these analyses to
examine the ability to predict the development of ARDS. Finally, we used a fractional
polynomial regression to depict the fitted relationship between the development of ARDS
and initial serum lactate levels as a continuous variable (31). We used Stata 10.0 software
for statistical analyses (Stata Datacorp, College Station, TX).

Results
Study Cohort

We studied 778 adults who were admitted through the ED with severe sepsis (see Figure 1).
In the ED, sepsis was associated with acute organ dysfunction in 544 of 778 patients
(69.9%), hypoperfusion (≥ 2 mmol/L) in 588 of 778 (75.6%), and hypotension (systolic
blood pressure < 90 mm Hg or use of vasoactive agents) in 360 of 778 patients (46.3%), to
qualify as severe sepsis. The majority of patients (n=413, 53.1%) were admitted to an
Intensive Care Unit (ICU). The most common sources of infection in the cohort were:
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respiratory (26.7%), urologic (20.7%), gastrointestinal (15.4%), bacteremia (14.1%), and
soft tissue-related infections (9.1%). Microbiologically-proven infection was identified in
58.1% (n=452) of the cohort. The 28-day all-cause mortality for the cohort was 20.0% (156
of 778).

Incidence of ARDS
The incidence of ARDS was 6.2% (95% CI: 4.6 – 8.1%) in the entire cohort (48 of 778
patients). ARDS developed a median of 1 day after admission (IQR 1 to 2 days). At the time
of ARDS development, the median P:F was 136 (IQR 114 to 220). Based on the initial
measures available at the time of ARDS development, 14 patients began with mild ARDS
(29.2%), 24 with moderate ARDS (50.0%), and 10 with severe ARDS (20.8%).

Across the continuum of care, 7 of 778 patients fulfilled criteria for ARDS in the ED (0.9%,
95% CI: 0.3, 1.8%), 5 of 364 patients admitted to a general medical or surgical ward
developed ARDS requiring mechanical ventilation subsequently (1.4%, 95% CI: 0.5, 3.2%),
and 36 of 407 patients admitted to an ICU developed ARDS requiring mechanical
ventilation subsequently (8.9%, 95% CI: 6.3, 12.0%). The ICU admissions were
significantly more likely to develop incident ARDS (p<0.001).

Of the 82 patients in whom ventilator support was initiated in the ED, 7 fulfilled ARDS
criteria in the ED (8.5%, 95% CI: 3.5, 16.8%) and, ultimately, 25 fulfilled criteria during the
hospitalization (30.5%, 95% CI: 20.8 – 41.6%). In the 18 subjects who were intubated in the
ED but did not fulfill ARDS criteria until later in the hospitalization, 11 did not fulfill the
radiographic criteria for ALI, 5 had a P:F > 300, and 2 did not have an ABG in the ED and
therefore may have fulfilled criteria for ARDS if additional data had been available. The
incidence of ARDS was 26.4% (95% CI: 17.6 – 37.0%) in 87 patients who required
ventilator support post-ED.

In-hospital, 28-day, and 60-day all-cause mortality were significantly greater in those who
developed ARDS (p<0.001, Table 1). ARDS-related in-hospital deaths occurred, on average,
early (median 4 days after hospitalization, IQR 1 to 8 days). Multi-system organ failure was
present prior to death in each of the 29 in-hospital, ARDS-related deaths, resulting in 13
cases of in-hospital cardiac arrest.

Association between Clinical and Physiologic Variables and ALI
In univariate analyses, higher initial serum lactate levels, higher severity of illness (e.g.,
APACHE II scores, shock, organ dysfunction), greater intensity of care in the ED (e.g., use
of vasoactive agents, initiation of mechanical ventilation and transfusion), pulmonary cause
of sepsis, culture-positive severe sepsis, no past medical history of diabetes mellitus, and
higher LIPS were associated with the development of ARDS (see Table 1). The ARDS
incidence within each lactate stratum was: 3 of 190 (1.6%, 95% CI: 0.3, 4.5) in the low
stratum; 17 of 353 (4.8%, 95% CI: 2.8, 7.6) in the intermediate stratum, and 28 of 233
(12.0%, 95% CI: 8.1, 16.9) in the high stratum (Figure 3).

Independent risk factors associated with increased risk of ARDS development included:
pulmonary source of sepsis (p<0.001), microbiologically-proven infection (p=0.01), and
higher severity of illness, as measured by the baseline APACHE II score (p=0.02) and serum
lactate levels (Table 2). Specifically, we found that intermediate (p=0.04) and high serum
lactate levels (p=0.003), when compared to low serum lactate levels, were significantly
associated with ARDS development. The presence of diabetes was confirmed to be a
protective factor for ARDS development (p=0.01). In the model which included the LIPS,
the LIPS, intermediate and high serum lactate levels, and microbiologically-proven infection
were found to be associated independently with ARDS development (see Table 3). Finally,
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when the non-significant variables were removed given the potential for overfitting the
model, these three identified factors remained significantly associated with ALI
development.

We found that the LIPS model discriminated those who did and did not develop ARDS with
an AUC of 0.76 (95% CI: 0.69, 0.84) and was well calibrated (p=0.72). The LIPS model
predicted ARDS development with greater accuracy than ED APACHE II (AUC 0.63, 95%
CI: 0.54, 0.72, p=0.01). In addition, serum lactate, which demonstrated good discrimination
(AUC 0.73, 95% CI: 0.65, 0.81) and was well calibrated (p=0.27), also predicted ALI
development with greater accuracy than APACHE II (p=0.04). In Figure 3, we present the
fitted relationship between initial serum lactate levels and ALI development.

Discussion
To enhance our understanding of the epidemiology of sepsis-associated ARDS and our
ability to risk-stratify at-risk patients, we examined a cohort of severe sepsis patients from
the earliest presentation to the health care system, the ED. We found that the rate of sepsis-
associated ARDS development varied across the continuum of care. We found that when
ARDS developed, it developed rapidly, was associated with significant mortality, and
progressed rapidly to multi-system organ failure in those in whom it was fatal. We identified
factors which can be used to risk-stratify patients with severe sepsis at high risk for
development of ARDS, including factors present at hospital presentation (i.e., serum lactate
levels and a validated clinical prediction score).

The morbidity and mortality associated with ARDS is significant, resulting in high case-
fatality rates and demonstrable impairment in neuropsychological and physical function in
many survivors (32–33). Because interventions to improve outcomes are extremely limited
once ARDS develops (5), intense focus is being shifted toward prevention and treatment
prior to its development (6).

By focusing our examination on a cohort of severe sepsis patients, beginning at hospital
presentation, our study reinforces and enhances our understanding of the epidemiology of
sepsis-associated ARDS. We found that progression to ARDS was rapid and conferred a
significantly increased risk of in-hospital death. Our findings regarding incidence (7, 14),
time to ARDS (7, 13–15), and sepsis-associated ARDS mortality (11–13) are consistent with
prior studies. Two recent studies, which investigated heterogeneous groups of patients at-
risk for development of ALI, each found that 7% of the sepsis patient subgroup developed
ARDS (7, 14). Our study, therefore, validates the fact that the vast majority of patients
admitted with severe sepsis will not develop ARDS. Because in-hospital death was four-fold
higher in patients who developed ARDS, these findings also emphasize the need to identify
those at greatest risk of ARDS development and to elucidate strategies to prevent ARDS
beyond preventive ventilatory approaches (34–35). Although death occurred relatively early
in the hospitalization, culminating in multi-system organ failure complicated by refractory
shock, further investigation is required to determine if care delivery in the ED or initial
hospital course could be optimized to improve outcomes.

We found that the rate of development differs across time and location. In the ED,
approximately 1% of patients presenting with severe sepsis fulfill criteria for ARDS.
Consistent with a prior study which examined the prevalence of ARDS in a heterogeneous
group of critically ill adults receiving mechanical ventilation in the ED (36), ARDS existed
in 8.5% of severe sepsis patients receiving mechanical ventilation in the ED. While our
study confirmed that approximately 50% of severe sepsis patients are cared for on the
general ward (37–38), we found that the burden of ARDS development was confined to
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patients admitted directly to the ICU. These observations contextualize the findings from
prior studies (2–15) which detailed the incidence and outcomes of sepsis-associated ARDS
from the perspective of the ICU.

We found that the LIPS, initial serum lactate levels, and the presence of a microbiologically-
proven infection were independently associated with ARDS development. As such, our
study confirms the ability of the LIPS to predict ARDS development in severe sepsis
patients and identifies serum lactate at initial presentation as a novel, simple risk-
stratification tool to predict ARDS development. In contrast to microbiologic data, which
requires time for processing and growth, often yielding a culture diagnosis after ARDS has
developed, LIPS and lactate are available at hospital admission.

Recently, Agrawal and colleagues found that inflammatory (IL-8) and endothelial
(angiopoietin-2 (Ang-2)) biomarkers predict the development of ARDS independent of
sepsis and illness severity in critically ill patients (39). In contrast to IL-8 and Ang-2, serum
lactate levels are routinely measured as part of protocolized sepsis care. As such, serum
lactate levels appear to be a useful, clinically-available tool to predict ARDS development in
addition to their better characterized ability to identify patients at-risk of death (17, 26),
irrespective of hemodynamic status (17, 40).

Our study, which focused on risk factors present in the most proximal phase of the
hospitalization, confirms the notion that severity of illness and a pulmonary source of
infection are risk factors for the development of ARDS (3, 10, 14, 41–42), while diabetes is
protective (19). As constituent variables of the LIPS, these risk factors are incorporated in
the clinical risk prediction score to identify patients at high risk of ARDS development.
Importantly, the presence of shock in the ED was not independently associated with ARDS
development. Prior ICU-based studies report an incidence of ARDS development in septic
shock patients of approximately 40% (11–12, 15). In contrast, we found that 12% of patients
fulfilling hemodynamic criteria for septic shock in the ED developed ARDS. Collectively,
these findings suggest that the prognostic utility of shock is muted when present in the ED,
as compared to shock which persists or develops in the ICU.

Our study has several potential limitations. First, ARDS misclassification is a potential
limitation based on our retrospective study design and our reliance on available radiographs
and blood gas measurements. To minimize this potential bias, we based our determination of
ARDS on established criteria (24), used a valid, electronic screening tool (25), and verified
the accuracy of our determination through a separate case review by an independent
physician investigator. Second, our decision to limit our cases to ARDS requiring
mechanical ventilation to identify those most at-risk of subsequent death may have resulted
in misclassification as some non-ventilated patients may have met criteria for ARDS;
however, this non-differential misclassification would bias our results towards the null.
Third, we acknowledge the potential for ascertainment bias. Despite the use of an
established protocol to measure serum lactate in patients with suspected infection, we
acknowledge that a potential delay exists between sepsis recognition and the serum lactate
measurement. Fourth, although limited to two cases, it is possible that these patients would
have fulfilled criteria in the ED for ARDS if a blood gas had been obtained. Fifth, we
focused our observational study design on clinical details present on ED arrival. As a result,
we are unable to comment on the trajectory of other longitudinal organ failure measures
(e.g., SOFA scores) during the hospitalization, the potential impact of ED length of stay on
care delivery and outcomes, or the impact of initial ventilator settings, as this data was not
available. Furthermore, whether different initial resuscitation strategies or late fluid-
management strategies would have altered the rate of ARDS development and ARDS-
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related outcomes remains unclear and requires further investigation (43). Finally, as a
single-center study, our findings warrant external validation.

Conclusions
We found that the rate of ARDS development in a cohort of patients admitted with severe
sepsis was low overall, yet differed significantly across time and location. When ARDS
developed, it developed rapidly and was associated with a high case-fatality rate. Finally, we
found that initial serum lactate measurements and a validated clinical prediction score
(LIPS) at hospital presentation can be used to risk-stratify patients with severe sepsis at high
risk of ARDS development.
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Figure 1.
Enrollment and outcomes (ARDS) for severe sepsis cohort.
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Figure 2.
The incidence of ARDS by initial serum lactate level measured in the emergency
department. The incidence and upper bound of the 95% confidence interval are presented by
categorized serum lactate levels. Serum lactate categorized as: Low = 0 – 1.9 mmol/L,
Intermediate = 2 – 3.9 mmol/L, and High = ≥4 mmol/L.
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Figure 3.
Fitted relationship between serum lactate levels and predicted probability of ARDS, using a
fractional polynomial regression model.
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Table 1

Univariate comparisons of patient-specific factors and the development of ARDS.

Baseline Characteristics Non-ARDS Group (n=730) ARDS Group (n=48) p-value

 Demographics

Age (years) 57 (45 – 70) 55 (46 – 70) 0.95

Gender (female), n (%) 333 (46) 24 (50) 0.56

Race, n (%) *

 White 316 (45) 23 (48)
0.32

 Black 353 (50) 25 (52)

 Other 32 (5) 0 (0)

 ED Vital Signs

Temperature, ° C 37.4 (36.6 – 38.7) 37.0 (36.5 – 38.4) 0.48

Heart Rate 111 (98 – 125) 128 (111 – 135) 0.002

Systolic blood pressure 114 (93 – 133) 120 (97 – 136) 0.36

Respiratory Rate 18 (16 – 22) 24 (18 – 28) <0.001

Oxyhemoglobin saturation, % 97 (95 – 99) 95 (89 – 97) <0.001

 ED Laboratory Values

White Blood Cell count 12.6 (7.6 – 17.7) 12.1 (5.5 – 18.5) 0.65

Hematocrit 35 (30 – 40) 37 (29 – 41) 0.55

Platelet count 229 (156 – 326) 191 (110 – 251) 0.005

Creatinine (mg/dL) 1.3 (0.9 – 2.1) 1.6 (1.1 – 2.9) 0.06

Glucose (mg/dL) 120 (96 – 168) 120 (96 – 140) 0.56

Total Bilirubin † (mg/dL) 0.7 (0.4 – 1.4) 1.2 (0.6 – 2.0) 0.006

Protime (sec) † 14.0 (12.9 – 16.2) 14.5 (13.3 – 19.6) 0.12

Lactate (mmol/L) 2.8 (1.9 – 4.2) 5.3 (2.9 – 7.7) <0.001

 Comorbid Conditions, n(%) *

Coronary artery disease 72 (10) 3 (6) 0.41

Chronic renal insufficiency 114 (16) 4 (8) 0.17

Congestive heart failure 80 (11) 6 (12) 0.74

COPD 45 (6) 4 (8) 0.55

Diabetes mellitus 219 (30) 6 (12) 0.01

End-stage renal disease 48 (7) 2 (4) 0.51

HIV 31 (4) 5 (10) 0.05

Hypertension 290 (41) 14 (31) 0.21

Chronic liver failure 53 (7) 5 (10) 0.42

Oncology 224 (31) 16 (33) 0.70

Transplant 78 (11) 6 (12) 0.70

 Etiology of Sepsis

Bacteremia 105 (14) 5 (10) 0.44

Pulmonary 184 (25) 24 (48) <0.001

Urosepsis 156 (21) 5 (10) 0.07

Gastrointestinal 110 (15) 10 (21) 0.28
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Baseline Characteristics Non-ARDS Group (n=730) ARDS Group (n=48) p-value

Soft-tissue infection 70 (10) 1 (2) 0.08

 Microbiology-proven Infection

Culture-positive 417 (57) 35 (73) 0.03

 Gram positive 199 (48) 19 (54)

 Gram negative 160 (38) 10 (29)

 Viral 12 (3) 1 (3) 0.70

 Fungal 11 (3) 1 (3)

 Mixed 35 (8) 4 (11)

 ED Interventions

Time to antibiotics (minutes) 142 (81 – 231) 114 (73 – 206) 0.21

Intravenous fluids (cc) 2500 (1500 – 3500) 2850 (1500 – 4400) 0.16

Vasoactive agents 59 (8) 15 (31) <0.001

Blood transfusion 55 (8) 8 (17) 0.02

Initiation of mechanical ventilation 57 (8) 26 (54) <0.001

 Severity of illness at Presentation

ED APACHE II (baseline) 15 (11 – 19) 18 (14 – 26) <0.001

Shock developed in ED, n (%)‡ 160 (22) 22 (46) <0.001

 Lung Injury Prediction Score

LIPS 2 (1 – 4) 6 (3 – 8) <0.001

 Admission Type

Medical, n (%) 595 (82) 43 (90) 0.16

 Mortality

In-hospital mortality 102 (14) 29 (60) <0.001

28-day mortality 126 (17) 30 (62) <0.001

60-day mortality 165 (23) 31 (65) <0.001

Definition of abbreviation: APACHE=acute physiology and chronic health evaluation II score; ED=emergency department; COPD=chronic
obstructive pulmonary disease; HIV=human immunodeficiency virus; LIPS=lung injury prediction score.

Continuous data presented as medians with interquartile ranges (25th, 75th percentile). Categorical data presented as counts and percentiles.

*
Comorbidities, race, intravenous fluids received in the ED not reported in all patients (<5% missing).

†
Reported in those in whom a measurement was obtained.

‡
Defined as systolic blood pressure < 90 mm Hg despite intravenous fluid resuscitation (more than 1500 mL) or the use of vasoactive agents.

Shock. Author manuscript; available in PMC 2014 November 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mikkelsen et al. Page 16

Table 2

Multivariable logistic regression models demonstrating adjusted odds ratio for development of acute
respiratory distress syndrome.

Complete Model (N=778) Adjusted Odds Ratio (95% CI) p-value

Initial Serum Lactate Strata

 Low Reference Reference

 Intermediate 3.76 (1.06 – 13.31) 0.04

 High 6.42 (1.86 – 22.23) 0.003

APACHE II (baseline) * 1.06 (1.01 – 1.11) 0.02

Diabetes mellitus 0.31 (0.13 – 0.77) 0.01

Pulmonary source of sepsis 3.97 (2.06 – 7.67) <0.001

Microbiologically-proven infection 2.47 (1.20 – 5.08) 0.01

Shock at presentation 1.74 (0.87 – 3.49) 0.12

Transfusion at presentation 1.70 (0.69 – 4.21) 0.25

Definition of abbreviation: APACHE=Acute physiology and chronic health evaluation score; CI=confidence interval.

An adjusted odds ratio of greater than 1 indicates that the factor is associated with greater odds of developing ARDS. The following variables did
not alter the odds ratio estimates of the candidate risk factors significantly, nor were they significantly associated with ARDS development: serum
creatinine, platelet count, chronic renal insufficiency, human immunodeficiency virus, urosepsis, soft-tissue infection, or admission type (medical
vs. surgical).

*
Odds ratio for each 1-unit increase in baseline APACHE II score.
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Table 3

Multivariable logistic regression models demonstrating adjusted odds ratio for development of acute
respiratory distress syndrome including the Lung Injury Prediction Score.

Variable Adjusted Odds Ratio (95% CI) p-value

Initial Serum Lactate Strata

 Low Reference Reference

 Intermediate 3.88 (1.08 – 13.99) 0.04

 High 5.56 (1.57 – 19.64) 0.008

Diabetes mellitus 0.45 (0.18 – 1.13) 0.09

Pulmonary source of sepsis 1.70 (0.78 – 3.70) 0.18

Microbiologically-proven infection 2.57 (1.23 – 5.36) 0.01

Shock at presentation 0.95 (0.44 – 2.05) 0.90

Transfusion at presentation 1.83 (0.74 – 4.51) 0.19

Lung Injury Prediction Score 1.37 (1.19 – 1.58) <0.001

Definition of abbreviation: CI=confidence interval.

An adjusted odds ratio of greater than 1 indicates that the factor is associated with greater odds of developing ARDS. APACHE II was found to be
collinear with the LIPS; when APACHE II was included in the model, it did not alter the odds ratio estimates for the other risk factors and it was
not significantly associated with ARDS development (p=0.75).

*
Odds ratio for each 1-unit increase in Lung Injury Prediction score score.
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