
Introduction

The 2016 Sepsis-3 consensus statement removed the Systemic 
Inflammatory Response Syndrome (SIRS) criteria from the 
definition of sepsis, in part for its poor specificity. (1, 2) In its 
place, Sepsis-3 recommended the Sequential Organ Failure 
Assessment (SOFA) be used to assist in identifying sepsis 
among patients with infection. SOFA was selected based on a 
detailed analysis of its performance in contrast to the Sepsis-2 
definition derived from expert opinion. The SOFA score better 
identified patients at risk of sepsis, as well as its associated 
organ dysfunction and mortality risk. (3) Because SOFA is more 
time and resource intensive than SIRS and is not fully calculable 
pre-hospital or at initial emergency department (ED) triage, 
the Sepsis-3 group developed the quick SOFA (qSOFA). qSOFA 
has three clinical components and offers clinicians the ability to 
rapidly assess a patient without need of laboratory results. 

Pneumonia is the leading infectious cause of hospitalization 
among U.S. adults, and the most common cause of severe 
sepsis. (4, 5) Several pneumonia mortality risk scores are used 
in the ED to guide disposition and management. Because we 
anticipate calculation of qSOFA and SOFA will soon become 
common in the ED, we investigated whether these scores would 
offer any value in pneumonia triage. We sought to investigate 
qSOFA’s association with mortality in pneumonia patients, and 
its potential to inform ED decision making as an alternative to 
traditional pneumonia severity and mortality risk scores. In a 
large population of ED patients with pneumonia, we aimed to 
determine how well SIRS, SOFA, and qSOFA correlate with 30 
day all-cause mortality, ED disposition, and intensive care unit 
(ICU) admission.
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Abstract

Rationale: Sepsis scores are widely used and influence management decisions.
Objective: To determine the association between 30-day mortality with Systemic Inflammatory 
Response Syndrome (SIRS), Sequential Organ Failure Assessment (SOFA), and quick SOFA 
(qSOFA) in emergency department patients with pneumonia. Secondary outcomes included the 
association of sepsis scores with hospital admission and direct ICU admission.
Methods: This is a secondary analysis of a pneumonia population conducted in the emergency 
department of 3 tertiary care medical centers and 4 community hospitals. Adult immunocompetent 
patients diagnosed with pneumonia were included from 3 twelve-month periods spanning December 
2009 to October 2015. We generated area under the receiver operating characteristic curve (AUC) 
values for each sepsis score for 30 day mortality and secondarily for hospital admission and direct 
ICU admission. We also created logistic regression models to assess associations of individual score 
components to the outcomes.
Results: We studied 6931 patients with mean (SD) age 58 (20) years, and 30 day all-cause mortality 
rate 7%. Hospital and ICU admission rate was 63% and 16% respectively. Sepsis by SIRS was 
present in 70% of patients. Only respiratory rate and white blood count of the SIRS criteria were 
associated with 30-day mortality (OR=2.42 [1.94, 3.03] and 2.06 [1.68, 2.54] respectively, both 
p<0.001).  Sepsis by qSOFA was present in 20%; all three components were associated with 30-day 
mortality (systolic blood pressure OR=1.36 [1.10, 1.68], respiratory rate OR=2.14 [1.72, 2.67], and 
altered mentation OR=6.53 [5.25, 8.09]; all p≤0.005). All six SOFA components were associated 
with 30-day mortality (all p≤0.001). qSOFA outperformed SIRS for 30-day mortality, (AUC=0.70 vs 
0.61, p<0.001), hospital admission (AUC=0.70 vs 0.67, p<0.001), and intensive care unit admission 
(AUC=0.72 vs 0.64, p<0.001). SOFA significantly outperformed qSOFA for all outcomes except 
intensive care unit admission (AUC=0.74 vs 0.72, p=0.08). When compared to traditional pneumonia 
severity scores, the sepsis scores underperformed in prediction of mortality and ICU admission.
Conclusions: In emergency department patients with pneumonia, qSOFA outperformed SIRS in 
relation to 30-day mortality, as well as hospital and ICU admission. SOFA performed better than 
qSOFA and SIRS for all outcomes except ICU admission.

DOI: 10.18297/jri/vol2/iss2/4
Received Date: May 7, 2018
Accepted Date: July 10, 2018
Website: https://ir.library.louisville.edu/jri
Copyright: ©2018 the author(s). This
is an open access article distributed under the 
terms of the Creative Commons Attribution 
4.0 International License (CC BY 4.0), which 
permits unrestricted use, distribution, and 
reproduction in any medium, provided the 
original author and source are credited.

Affiliations:
1Division of Respiratory, Critical Care, 
and Occupational Pulmonary Medicine, 
Department of Medicine, University of Utah, 
Salt Lake City, Utah.
2Division of Pulmonary and Critical Care 
Medicine, Intermountain Medical Center, 
Murray, Utah.

*Correspondence To: Ian D Mecham, MD
Work Address: University of Utah Hospital
26N 1900E 701 Wintrobe Salt Lake City, UT 84132
Work Email: ian.mecham@gmail.com

12ULJRI Vol 2, (2) 2018

ORIGINAL RESEARCH

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by University of Louisville

https://core.ac.uk/display/217210968?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Materials and Methods

Study Design & Population
This is a secondary analysis of a large pneumonia database.  We 
studied patients seen in the ED from seven Utah hospitals during 
3 twelve-month time periods (December 2009 to November 
2010, December 2011 to November 2012, and November 
2014 to October 2015). Three of the hospitals are tertiary care 
centers, and four are community hospitals. The Intermountain 
Healthcare Institutional Review Board approved this study 
with waiver of informed consent. The study was funded by the 
Intermountain Research and Medical Foundation. 

We collected data from the highly detailed Intermountain 
electronic medical record. We included consecutive patients ≥18 
years of age with pneumonia seen in the ED with at least one set 
of vital signs measured. We identified patients with pneumonia 
using the International Statistical Classification of Diseases, 
9th edition discharge codes for a diagnosis of pneumonia (480-
487.1) as either primary diagnosis or secondary diagnosis with 
respiratory failure or sepsis (581.x, 038.x) as a primary diagnosis. 
We excluded patients without evidence for pneumonia on 
initial chest imaging reports, reviewed by physician authors. 
We previously reported that this method of pneumonia case 
definition was 68% sensitive and 99% specific when compared to 
the gold standard of physician review of ED case records in our 
study population. (6) We also identified additional pneumonia 
patients by ED physician completion of a real-time electronic 
clinical decision support tool called ePneumonia, introduced in 
2012 at 4 of the study hospitals. (6, 7)  We excluded patients 
who died while in the ED, those who had immunocompromised 
conditions including human immunodeficiency virus and 
acquired immunodeficiency syndrome, solid organ transplant, 
and hematologic malignancies. To exclude patients with 
recurrent pneumonia, often caused by chronic aspiration or 
structural lung disease, we included only the first episode in a 
given 12-month period.

Data Collection & Measurements 
Data elements included age, gender, Charlson comorbidity 
score, lactate measurement, use of vasopressors, mechanical 
ventilation, and presence of septic shock by Sepsis-3 criteria. 
Our primary outcome was 30-day all-cause mortality. Mortality 
data was obtained from a combination of hospital records, social 
security records, and the Utah Population Database. Secondary 
outcomes were hospital admission, direct admission to ICU, 
hospital length of stay, in-hospital mortality, and secondary 
hospital admissions within seven days among those discharged 
home. 

Calculating SIRS and qSOFA: Each component of SIRS and 
qSOFA was calculated using the worst values while in the ED, 
except laboratory values could be up to 4 hours prior to ED 
admission. We extended the time frame to within 24 hours of 
ED admission if the white blood cell count (WBC) was missing.  
We used only the respiratory rate for the SIRS respiratory 
component, since partial pressure of carbon dioxide was 
measured in <5% of the study population. We assumed the 
presence of sepsis under the Sepsis-2 definition as SIRS ≥2. 
For qSOFA, altered mentation was defined as Glasgow Coma 
Score (GCS) ≤14, or clinician documentation of disorientation to 
person, place, or time. We also assumed the presence of sepsis 
under Sepsis-3 for qSOFA ≥2.

Calculating SOFA: We calculated SOFA in accordance with our 
previously published methods and used the worst values for each 
component while in the ED plus 4 hours prior. (8) We extended 
our search to within 24 hours of ED admission where values for 
platelets, bilirubin, and creatinine were missing in the ED. For 
the respiratory component, calculation of the partial pressure 
of arterial oxygen/fraction of inspired oxygen (PaO2/FiO2) 
ratio was performed from arterial blood gas when available. 
When blood gas values were not available, we estimated 
PaO2/FiO2 from pulse oximetry (converting peripheral oxygen 
saturation SpO2 to PaO2 using the Ellis’s corrected version of 
the Severinghaus equation). (9-11) We adjusted the resultant 
PaO2/FiO2 for the usual atmospheric pressure (645 mmHg) of 
study hospitals (~1400 meters above sea level) in accordance 
with previously described methods. (12)  Where necessary, 
we estimated FiO2 by the equation liter flow of oxygen/min 
multiplied by 0.03 plus 0.21. (10)

For the cardiovascular component, we converted all vasopressors 
to norepinephrine equivalent dosing, in accordance with 
previously published methods. (13) We used the highest charted 
dose irrespective of length of time it was applied. If a patient 
received dobutamine at any dose, a score of 3 was given unless 
the patient received a vasopressor at a dose sufficient to assign 
a score of 4 or 5. For the renal component, we solely used 
creatinine, as urine output measurement was unreliable in the 
ED. Sepsis was defined as present under the Sepsis-3 definition 
for total SOFA score≥2.

Missing Data: We had complete qSOFA data for all patients. 
The only component missing for SIRS determination was WBC 
count in 437 patients, all of whom were discharged home from 
the ED. We imputed the missing WBC count as normal. Patients 
were included for SOFA analyses if they had at least five of the 
six components measured, among whom we assigned a score 
of 0 for any missing components as directed by the Sepsis-3 
definition. (14) We omitted the baseline SOFA calculation, as it 
is incomplete for many patients.

Altered mentation and GCS were extracted via electronic query 
from nurse charting, supplemented by manual review of ED 
physician and admission notes. In patients missing both GCS 
and orientation status, we used the following rules: Patients 
discharged home from the ED were assigned a GCS of 15 and 
normal mentation (98 patients).  We imputed missing GCS 
using Classification and Regression Trees (CART) for patients 
with altered orientation based on nurse charting or manual 
review. We built the CART using cases in which the patient 
was confused and the GCS was measured (see supplemental 
material). 421 cases were imputed for the ED time frame using 
the predicted GCS from the CART.

Statistical Methods
The area under the receiver operating characteristic curve 
(AUC) for association of 30-day mortality was obtained for all 
three scores and compared using a bootstrap approach.  We 
used a similar approach for the secondary outcomes of hospital 
admission and disposition to ICU among those admitted.  
Calibration was assessed using Spiegelhalter’s Z-test.  The 
AUC for both CURB-65 (confusion, uremia, respiratory rate, 
blood pressure, age ≥65) and eCURB (an electronic version of 
CURB-65 using continuous, weighted variables) are reported 
for comparison for 30-day mortality and hospital admission. 
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(15) The AUC for the Infectious Disease Society of America/
American Thoracic Society (IDSA/ATS) severe community-
acquired pneumonia minor criteria was reported for comparison 
for ICU admission. (16)

Logistic regression models were fit for SIRS, qSOFA, and 
SOFA separately, with the individual score components as the 
covariates in order to assess each component’s contribution to 
the prediction of outcome.  Outcomes again included 30-day 
mortality, hospital admission, and disposition to ICU among 
those admitted. 

We also described patient characteristics and outcomes overall 
and for patients with and without sepsis as determined by each 
of the three scores.  Student’s T-tests, Wilcoxon rank sum tests, 
and chi-squared test for proportions were used as appropriate 
when comparing patients with and without sepsis. All analyses 
were conducted in R version 3.4.0. (17)

Results

Study population
We initially identified 11,051 patients during the study 
period.  We then excluded 4,120 patients resulting in a 
final study cohort of 6,931 patients (Figure 1). All study 
patients had complete values for SIRS and qSOFA, and 6,394 
(92%) had at least 5 SOFA data components. Bilirubin was 
the most common missing value, unmeasured in 25% of 
patients, of which 70% were discharged home from the ED.  
Table 1 details the patient characteristics and outcomes 
according to positive (≥2 criteria) and negative (≤1 criteria) 
qSOFA. See eTables 1 and 2 for characteristics and outcomes 
for SIRS and SOFA data. Seventy percent of patients had sepsis 

by SIRS criteria, and 20% had sepsis by qSOFA. Patients with 
positive qSOFA were older and had more comorbidities than 
those with negative qSOFA. Most patients with positive qSOFA 
also had positive SIRS, while only 27% of patients with positive 
SIRS also had positive qSOFA.  Of patients with positive qSOFA, 
91% had organ dysfunction compared to 70% for positive SIRS.  
Thirty day mortality for patients with positive qSOFA was 15% 
versus 4% with negative qSOFA (p<0.001). Elevated lactate, 
vasopressor use, mechanical ventilation, and longer length of 
stay were significantly more common in patients with positive 
qSOFA as compared to those without; these were also more 
frequent in those with positive SIRS.
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Fig. 1 Derivation of Study Population. Final groups show the number of patients included for analysis, based on having values for sepsis score criteria. ED, 
emergency department. HIV, human immunodeficiency virus. AIDS, acquired immunodeficiency syndrome.

Fig. 2 Receiver Operating Characteristic Curves for 30-day All-Cause 
Mortality. Area under the curve (AUC) values based on observed data 
for each sepsis score. qSOFA and SOFA significantly outperformed SIRS 
(p<0.001). SOFA had greater association with mortality than qSOFA 
(p=0.002).



30-day mortality 
qSOFA (AUC = 0.70) outperformed SIRS (AUC = 0.61, p>0.001) 
in predicting 30-day mortality, while SOFA (AUC = 0.75) 
outperformed both qSOFA and SIRS (p=0.002 and p<0.001, 
respectively; see Figure 2). All three scores were well calibrated 
(Spiegelhalter’s Z-test p-value=0.99, 0.62, and 0.88 for SIRS, 
SOFA, and qSOFA, respectively).  

We compared these results to CURB-65 and eCURB risk scores 
developed specifically for community-acquired pneumonia. 
Both outperformed all three sepsis scores with an AUC = 0.80 
and 0.83 respectively. Sensitivity and specificity for mortality 
for qSOFA≥2 were 0.47 and 0.82 respectively (See eTable 3). 
SIRS≥2 had greater sensitivity at 0.83 but poor specificity for 
mortality at 0.31. 

Regression analysis for 30-day mortality of the components 
of each sepsis score is shown in Table 2. For SIRS, WBC and 
respiratory rate were significantly associated with increased 
odds of mortality [OR=2.06 (1.68-2.54) and OR=2.42 (1.94-
3.03) respectively]. All organ components of qSOFA and SOFA 
were significantly associated with increased 30-day mortality. 
Among qSOFA components, altered mentation had the 
strongest association with mortality [OR=6.53 (5.25-8.09)].

Emergency Department Disposition
qSOFA outperformed SIRS for hospital admission (AUC=0.70 vs 
0.67, p<0.001, eFigure 1) and for ICU admission (AUC=0.72 vs 
0.64, p<0.001, eFigure 2).  SOFA was better than either qSOFA 
or SIRS [AUC= 0.80 for hospital admission (both p<0.001) 
and AUC=0.74 for ICU admission (p<0.001 for SIRS; p=0.08 
for qSOFA)]. All three scores were well calibrated for both the 
hospital admission and ICU admission outcomes (Spiegelhalter’s 
Z-test p-value > 0.85 for all).  For comparison, SOFA performed 
similarly to eCURB (AUC=0.80) and outperformed CURB-65 
(AUC=0.76) for hospital admission. All three scoring systems 

were inferior to the IDSA/ATS severe community-acquired 
pneumonia minor criteria for ICU admission, which has been 
validated for ICU triage in community-acquired pneumonia 
(AUC=0.78). (12) 

More patients with positive qSOFA were admitted to the ICU 
compared to those with positive SIRS (42% vs 20%). More 
patients with positive SIRS were sent home than with positive 
qSOFA (30% vs 14%). Of the patients sent home despite positive 
qSOFA, 7% were admitted to the hospital within 7 days. Of 
those sent home despite positive SIRS, 4% were admitted to the 
hospital within 7 days.
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Table 1 Patient Characteristics and Outcomes for total population and by qSOFA criteria while in the emergency department. SIRS, systemic inflammatory 
response syndrome. SOFA, sequential organ failure assessment. ICU, intensive care unit. 

 

 
Patient Characteristics and Outcomes Total population 

N=6,931 
Positive qSOFA 
N=1,392 

Negative qSOFA 
N=5,539 

P value 

Age, mean (SD) 58 (20) 62 (19) 57 (20) <0.001 
Male, n (%) 3,315 (48%) 659 (47%) 2,656 (48%) 0.71 
Charlson score, median (IQR) 2 (1 - 4) 3 (1 - 5) 2 (1 - 4) <0.001 
SIRS criteria ≥2, n (%) 4,863 (70%) 1,303 (94%) 3,560 (64%) <0.001 
Organ Dysfunction (SOFA ≥2), n (%) 4,178 (65%) 1,251 (91%) 2,927 (58%) <0.001 
Emergency Department Triage Location    <0.001 
     Home, n (%) 2,604 (37%) 193 (14%) 2,411 (44%)  
     Ward, n (%) 3,235 (47%) 618 (44%) 2,617 (47%)  
     ICU, n (%) 1,092 (16%) 581 (42%) 511 (9%)  
PaO2/FiO2 ratio ≤ 250 2276 (33%) 722 (52%) 1554 (28%) <0.001 
Multilobar infiltrates 2852 (41%) 651 (47%) 2201 (40%) <0.001 
Lactate > 2 mmol/dL in the ED, n (%) 1,311 (19%) 532 (38%) 779 (14%) <0.001 
Received Vasopressors within 72h, n (%) 331 (5%) 243 (17%) 88 (2%) <0.001 
Received Mechanical Ventilation within 72h, n (%) 282 (4%) 195 (14%) 87 (2%) <0.001 
Met Sepsis-3 Septic Shock criteria within 72h, n (%) 239 (3%) 179 (13%) 60 (1%) <0.001 
Hospital length of staya, days, median (IQR) 3 (1.9 - 5.1) 3.9 (2.2 - 7.2) 2.8 (1.8 - 4.6) <0.001 
In-hospital mortality, n (%) 288 (4%) 160 (11%) 128 (2%) <0.001 
30-day mortality, n (%) 451 (7%) 213 (15%) 238 (4%) <0.001 
7-day secondary hospital admissionb, n (%) 95 (4%) 14 (7%) 81 (3%) 0.01 
aFor patients who were admitted  bAmong the 2,604 patients who were discharged home (193 for positive qSOFA and 2,411 for negative qSOFA) 

 

 

 

 

 

 

 

 

Sepsis Score Components Odds ratio 95% CI P value 
SIRS model    

Temperature 0.87 (0.72, 1.06) 0.18 
Heart Rate 0.85 (0.68, 1.07) 0.17 
Respiratory Rate 2.42 (1.94, 3.03) <0.001 
White Blood Cell 
Count 

2.06 (1.68, 2.54) <0.001 

    
SOFA model    

Liver 1.53 (1.30, 1.79) <0.001 
Coagulation 1.40 (1.20, 1.64) <0.001 
Renal 1.18 (1.07, 1.31) 0.001 
Cardiovascular 1.25 (1.13, 1.37) <0.001 
Respiratory 1.79 (1.58, 2.04) <0.001 
Central Nervous 
System 

1.53 (1.34, 1.75) <0.001 

    
qSOFA model    

Systolic Blood 
Pressure 

1.36 (1.10, 1.68) 0.005 

Respiratory Rate 2.14 (1.72, 2.67) <0.001 
Altered Mentation 6.53 (5.25, 8.09) <0.001 

Table 2 Odds Ratios for 30-day All-Cause Mortality by Individual Sepsis 
Score Criterion.



Table 3 outlines the results of regression analyses for hospital 
and ICU admission.   All components for each score were 
predictive of these outcomes. Central nervous system alteration 
was the most predictive variable in the qSOFA and SOFA 
model for hospital admission, and also was a strong predictor 
for ICU admission along with cardiovascular and respiratory 
components.

Discussion

Among our population of ED pneumonia patients, qSOFA 
had better association than SIRS for 30-day mortality and for 
hospital and ICU admission. SOFA significantly outperformed 
either score for all outcomes, except compared to qSOFA for 
predicting ICU admission in which no significant difference was 
seen. Our results support the original findings for Sepsis-3. (3) 
While SOFA and qSOFA were largely developed for inpatients, 
our study suggests the same criteria have utility in the emergency 
department assessment of pneumonia severity since 37% of our 
population were discharged home.

Having ≥2 qSOFA criteria effectively identified older patients 
with a high degree of organ dysfunction. These patients more 
frequently required advanced support with vasopressors, 
mechanical ventilation, and remained in the hospital longer. In 
contrast, SIRS had relatively weaker associations with mortality, 
hospital admission, or ICU care. Several studies investigating 
the utility of the Sepsis-3 scores to predict outcomes in patients 
with suspected infection while in the ED have shown similar 
results to ours for qSOFA and SIRS. (18, 19) Our population 
differs from these studies in that we only included patients with 
pneumonia, many of whom likely had viral rather than bacterial 
pathogens. (20)

In our study, mortality prediction was inferior to the pneumonia-
specific score CURB-65/eCURB, which were calculated for 
comparison. CURB-65 and qSOFA are electronically calculable 
using routinely obtained elements. However qSOFA omits age 

and laboratory evaluation, and has different thresholds than 
CURB-65 for respiratory rate and systolic blood pressure. We 
unsurprisingly observed that the IDSA/ATS minor criteria for 
severe community-acquired pneumonia outperformed sepsis 
scores in predicting need for ICU care in pneumonia patients. 
Similar findings in pneumonia patients were reported by 
Ranzani et al. In their study, qSOFA outperformed SIRS for 
in-hospital mortality though the pneumonia severity index 
remained the most accurate and useful tool for mortality 
prediction and clinical decision-making. (21) Combining the 
results of our studies, traditional pneumonia scores remain 
more accurate for making decisions while in the ED, though at 
the expense of additional time and data elements. Our results 
do not suggest that qSOFA or SOFA should replace traditional 
pneumonia scoring tools or clinician judgement. However, as 
more emergency departments embrace qSOFA and SOFA over 
SIRS, we are reassured to observe that these scores have some 
value in estimating pneumonia mortality and may assist in ED 
triage. 

Our study confirmed fair performance of SOFA for mortality and 
ED disposition, outperforming SIRS and qSOFA in almost all 
outcomes. However, SOFA remains difficult to calculate without 
electronic assistance and is less useful outside the ICU. (3, 22) 
SOFA ideally relies on prior data which is often unavailable to 
allow comparison to a baseline SOFA score. Bilirubin is not 
routinely measured in ED patients with pneumonia, often 
making SOFA scoring incomplete in ED settings.
Despite qSOFA showing better outcome prediction than SIRS, 
the primary criticism of qSOFA has been concern over its 
lack of sensitivity for various outcomes. (19, 23-25) Churpek 
et al. investigated several early warning scores to predict the 
composite outcome of death and ICU transfer in admitted 
patients in the ED and wards. (26) qSOFA outperformed SIRS 
for the composite outcome; however qSOFA’s sensitivity was 
54% compared to 91% for SIRS. Our study similarly showed 
qSOFA was insensitive though relatively specific for all outcomes 
while SIRS was highly sensitive but poorly specific. This suggests 
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Table 3 Hospital and Direct Intensive Care Unit Admission by Individual Sepsis Score Criterion 

 

 

Sepsis Score Components Hospital Admission 
Odds ratio 

95% CI P value ICU Admission  
Odds Ratio 

95% CI P value 

SIRS model       
Temperature 1.26 (1.13, 1.40) <0.001 1.16 (1.01, 1.34) 0.04 
Heart Rate 0.88 (0.79, 0.99) 0.04 1.23 (1.03, 1.47) 0.02 
Respiratory Rate 2.98 (2.68, 3.32) <0.001 2.80 (2.37, 3.34) <0.001 
White Blood Cell Count 3.01 (2.70, 3.35) <0.001 1.98 (1.70, 2.30) <0.001 

       
SOFA model       

Liver 1.72 (1.48, 2.02) <0.001 1.27 (1.09, 1.46) 0.002 
Coagulation 1.24 (1.07, 1.44) 0.004 0.85 (0.73, 0.99) 0.03 
Renal 1.81 (1.63, 2.02) <0.001 1.30 (1.20, 1.41) <0.001 
Cardiovascular 2.01 (1.75, 2.31) <0.001 2.34 (2.12, 2.59) <0.001 
Respiratory 3.72 (3.40, 4.07) <0.001 2.04 (1.83, 2.29) <0.001 
Central Nervous System 4.14 (2.90, 6.20) <0.001 2.09 (1.81, 2.43) <0.001 

       
qSOFA model       

Systolic Blood Pressure 2.12 (1.86, 2.43) <0.001 3.16 (2.72, 3.68) <0.001 
Respiratory Rate 3.01 (2.71, 3.35) <0.001 2.87 (2.42, 3.41) <0.001 
Altered Mentation 14.96 (10.31, 22.68) <0.001 3.95 (3.27, 4.77) <0.001 



qSOFA to be mostly helpful when positive. Further study looking 
at thresholds for criteria or adding additional values to qSOFA 
may improve its utility.

We compared the different components of each sepsis score for 
prediction of mortality. All qSOFA and SOFA components were 
associated with 30-day mortality while only 2 of 4 components 
were predictive in the SIRS model. Altered mentation was 
most predictive of mortality as well as hospital admission.  
Cardiopulmonary dysfunction often requires ICU specific 
therapies of vasopressors and mechanical ventilation, explaining 
the prominence of hypotension and elevated respiratory rate in 
the ICU admission decision.

Our study has limitations. We utilized a large patient cohort 
from multiple hospitals of different sizes.  Although our 
study was retrospective, our database is comparable to many 
prospective observational studies with minimal missing data. 
Several retrospective studies examining similar outcomes 
were limited by their definition of suspected infection, while 
our criteria selected a population with high specificity for the 
diagnosis of pneumonia. (3, 26, 27) Most of our missing data 
were two of the SOFA components, GCS and bilirubin. Our 
emergency departments did not routinely obtain a bilirubin or 
measure the GCS score in patients discharged home or admitted 
to a ward.  Adoption of SOFA would thus require additional 
testing in our hospitals. We substituted altered mentation or 
GCS ≤14 for qSOFA, understanding that the original model used 
a GCS ≤13, which likely led to a relative increase in sensitivity of 
qSOFA in our study.

Conclusions

In ED patients with pneumonia, qSOFA was better associated 
with 30-day mortality than SIRS.  Secondary outcomes 
showed qSOFA had superior association with hospital and ICU 
admission. SOFA performed better than qSOFA and SIRS for 
all outcomes except compared to qSOFA for ICU admission. 
CURB-65/eCURB was more predictive of mortality than the 
sepsis scores as were the IDSA/ATS minor criteria for severe 
community-acquired pneumonia in predicting need for ICU 
admission, confirming that well validated pneumonia scores are 
more accurate for pneumonia patients. Emergency departments 
adopting Sepsis-3 criteria in their initial triage may have some 
value when applying them to patients with pneumonia. 

Funding Source: Intermountain Research and Medical 
Foundation
Conflict of Interest: All authors declared no conflict of 
interest in relation to the main objective of this work.

References

1. Balk RA. Systemic inflammatory response syndrome 
(SIRS): where did it come from and is it still relevant today? 
Virulence. 2014;5(1):20-26. https://doi.org/10.4161/
viru.27135 PMID:24280933

2. Kaukonen KM, Bailey M, Pilcher D, Cooper DJ, Bellomo 
R. Systemic inflammatory response syndrome criteria in 
defining severe sepsis. N Engl J Med. 2015;372(17):1629-
1638. https://doi.org/10.1056/NEJMoa1415236 
PMID:25776936

3. Seymour CW, Liu VX, Iwashyna TJ, et al. Assessment of 
Clinical Criteria for Sepsis: For the Third International 
Consensus Definitions for Sepsis and Septic Shock 
(Sepsis-3). JAMA. 2016;315(8):762-774. https://doi.
org/10.1001/jama.2016.0288 PMID:26903335

4. Pfuntner A, Wier LM, Stocks C. Most Frequent Conditions 
in U.S. Hospitals, 2011: Statistical Brief #162. Healthcare 
Cost and Utilization Project (HCUP) Statistical Briefs. 
Rockville (MD). US: Agency for Healthcare Research and 
Quality; 2013.

5. Angus DC, van der Poll T. Severe sepsis and septic 
shock. N Engl J Med. 2013;369(9):840-851. https://doi.
org/10.1056/NEJMra1208623 PMID:23984731

6. Dean NC, Jones BE, Jones JP, et al. Impact of an 
Electronic Clinical Decision Support Tool for Emergency 
Department Patients With Pneumonia. Ann Emerg Med. 
2015;66(5):511-520. https://doi.org/10.1016/j.annemerg
med.2015.02.003PMID:25725592

7. Dean NC, Jones BE, Ferraro JP, Vines CG, Haug PJ. 
Performance and utilization of an emergency department 
electronic screening tool for pneumonia. JAMA Intern 
Med. 2013;173(8):699-701. https://doi.org/10.1001/
jamainternmed.2013.3299 PMID:23552868

8. Knox DB, Lanspa MJ, Kuttler KG, Brewer SC, Brown SM. 
Phenotypic clusters within sepsis-associated multiple 
organ dysfunction syndrome. Intensive Care Med. 
2015;41(5):814-822. https://doi.org/10.1007/s00134-
015-3764-7 PMID:25851384

9. Ellis RK. Determination of PO2 from saturation. J Appl 
Physiol (1985). 1989;67(2):902. https://doi.org/10.1152/
jappl.1989.67.2.902 PMID:2793692

10. Sanz F, Dean N, Dickerson J, et al. Accuracy of PaO2 /
FiO2 calculated from SpO2 for severity assessment in ED 
patients with pneumonia. Respirology. 2015;20(5):813-
818. https://doi.org/10.1111/resp.12560 PMID:25998684

11. Knox DB, Lanspa MJ, Pratt CM, Kuttler KG, Jones JP, Brown 
SM. Glasgow Coma Scale score dominates the association 
between admission Sequential Organ Failure Assessment 
score and 30-day mortality in a mixed intensive care unit 
population. J Crit Care. 2014;29(5):780-785. https://doi.
org/10.1016/j.jcrc.2014.05.009PMID:25012961

12. Brown SM, Jones BE, Jephson AR, Dean NC; Infectious 
Disease Society of America/American Thoracic Society 
2007. Validation of the Infectious Disease Society of 
America/American Thoracic Society 2007 guidelines 
for severe community-acquired pneumonia. Crit Care 
Med. 2009;37(12):3010-3016. https://doi.org/10.1097/
CCM.0b013e3181b030d9 PMID:19789456

13. Brown SM, Lanspa MJ, Jones JP, et al. Survival 
after shock requiring high-dose vasopressor therapy. 
Chest. 2013;143(3):664-671. https://doi.org/10.1378/
chest.12-1106 PMID:22911566

14. Singer M, Deutschman CS, Seymour CW, et al. The Third 
International Consensus Definitions for Sepsis and Septic 
Shock (Sepsis-3). JAMA. 2016;315(8):801-810. https://
doi.org/10.1001/jama.2016.0287 PMID:26903338

15. Jones BE, Jones J, Bewick T, et al. CURB-65 pneumonia 
severity assessment adapted for electronic decision 
support. Chest. 2011;140(1):156-163. https://doi.
org/10.1378/chest.10-1296PMID:21163875

16. Mandell LA, Wunderink RG, Anzueto A, et al; Infectious 
Diseases Society of America; American Thoracic Society. 
Infectious Diseases Society of America/American Thoracic 

17ULJRI Vol 2, (2) 2018



Society consensus guidelines on the management 
of community-acquired pneumonia in adults. Clin 
Infect Dis. 2007;44(suppl 2):S27-S72. https://doi.
org/10.1086/511159 PMID:17278083

17. Team RC. R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, 
Vienna, Austria. 2017. https://www.R-project.org/.

18. Freund Y, Lemachatti N, Krastinova E, et al; French Society 
of Emergency Medicine Collaborators Group. Prognostic 
Accuracy of Sepsis-3 Criteria for In-Hospital Mortality 
Among Patients With Suspected Infection Presenting to 
the Emergency Department. JAMA. 2017;317(3):301-
308. https://doi.org/10.1001/jama.2016.20329 
PMID:28114554

19. Finkelsztein EJ, Jones DS, Ma KC, et al. Comparison 
of qSOFA and SIRS for predicting adverse outcomes of 
patients with suspicion of sepsis outside the intensive care 
unit. Crit Care. 2017;21(1):73. https://doi.org/10.1186/
s13054-017-1658-5 PMID:28342442

20. Jain S, Self WH, Wunderink RG, et al; CDC EPIC 
Study Team. Community-Acquired Pneumonia 
Requiring Hospitalization among U.S. Adults. N Engl 
J Med. 2015;373(5):415-427. https://doi.org/10.1056/
NEJMoa1500245 PMID:26172429

21. Ranzani OT, Prina E, Menéndez R, et al. New Sepsis 
Definition (Sepsis-3) and Community-acquired Pneumonia 
Mortality. A Validation and Clinical Decision-Making 
Study. Am J Respir Crit Care Med. 2017;196(10):1287-
1297. https://doi.org/10.1164/rccm.201611-2262OC 
PMID:28613918

22. Raith EP, Udy AA, Bailey M, et al; Australian and New 
Zealand Intensive Care Society (ANZICS) Centre for 
Outcomes and Resource Evaluation (CORE). Prognostic 
Accuracy of the SOFA Score, SIRS Criteria, and qSOFA 

Score for In-Hospital Mortality Among Adults With 
Suspected Infection Admitted to the Intensive Care Unit. 
JAMA. 2017;317(3):290-300. https://doi.org/10.1001/
jama.2016.20328 PMID:28114553

23. Simpson SQ. New Sepsis Criteria: A Change We Should 
Not Make. Chest. 2016;149(5):1117-1118. https://doi.
org/10.1016/j.chest.2016.02.653 PMID:26927525

24. Williams JM, Greenslade JH, McKenzie JV, Chu 
K, Brown AFT, Lipman J. Systemic Inflammatory 
Response Syndrome, Quick Sequential Organ Function 
Assessment, and Organ Dysfunction: Insights From a 
Prospective Database of ED Patients With Infection. 
Chest. 2017;151(3):586-596. https://doi.org/10.1016/j.
chest.2016.10.057 PMID:27876592

25. Hwang SY, Jo IJ, Lee SU, et al. Low accuracy of positive 
qSOFA criteria for predicting 28-day mortality in critically 
ill septic patients during the early period after emergency 
department presentation. Ann Emerg Med. 2018;71(1):1-9.
e2. https://doi.org/10.1016/j.annemergmed.2017.05.022 
PMID:28669551

26. Churpek MM, Snyder A, Han X, et al. Quick Sepsis-
related Organ Failure Assessment, Systemic Inflammatory 
Response Syndrome, and Early Warning Scores for 
Detecting Clinical Deterioration in Infected Patients 
outside the Intensive Care Unit. Am J Respir Crit Care 
Med. 2017;195(7):906-911. https://doi.org/10.1164/
rccm.201604-0854OC PMID:27649072

27. Singer AJ, Ng J, Thode HC Jr, Spiegel R, Weingart S. 
Quick SOFA Scores Predict Mortality in Adult Emergency 
Department Patients With and Without Suspected 
Infection. Ann Emerg Med. 2017;69(4):475-479. https://
doi.org/10.1016/j.annemergmed.2016.10.007PM
ID:28110990

18ULJRI Vol 2, (2) 2018


