
In summary, much has been learned about the role of
extracellular vesicles in mediating the therapeutic effects of MSCs
in clinically relevant experimental studies of acute organ injury,
with transfer of mitochondria, mRNA, and soluble factors that
can improve the function of injured endothelial and epithelial cells
and modulate macrophage function to advance repair. n
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Severity Scores and Community-acquired Pneumonia
Time to Move Forward

Ever since the success of the pneumonia severity index (PSI) (1),
a favorite pastime of community-acquired pneumonia (CAP)
researchers has been to sort through their databases and try to prove
that one score is better than another at predicting an important
outcome, typically mortality. Over the past 20 years since the
publication of the PSI, more than a dozen scores have been
promulgated, some specific to pneumonia and others more generic
across all patients with sepsis. Although the addition of a severity score

to clinical assessment has been shown to be associated with better
patient outcomes, a clear consensus from the dozens of comparative
analyses of different scores or even meta-analyses (2, 3) is hard to find.

In this issue of the Journal, Ranzani and colleagues (pp. 1287–
1297) compare the performance of the criteria for systemic
inflammatory response syndrome (SIRS); quick sepsis organ failure
assessment (qSOFA); confusion, respiratory rate, and blood pressure
(CRB); modified sepsis organ failure assessment (mSOFA); confusion,
urea, respiratory rate, blood pressure, age . 65 years (CURB-65);
and PSI in a large retrospective cohort of 6,874 patients with CAP
from Spain (4). Not surprisingly, the best predictor of mortality
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was the index with the most variables, the PSI. Even the PSI did
not perform as well in older patients with comorbidities, probably
because of the limitations of using dichotomous variables rather
than continuous ones (e.g., there is a big difference between a left
ventricular ejection fraction of 10% and one of 40%, but both are
treated equally as 10 points in the PSI). The improved predictive
ability that can be obtained by using continuous variables has
been well documented with CURB-65 (5).

A more fundamental problem with all of these scores is that
predicting who will die from pneumonia is not the same as
identifying patients who need more than standard care. Most
patients who die from pneumonia are elderly, with multiple
comorbidities and significant limitations in care put in place upon or
during admission. Patients who present needing respiratory or
inotropic support are easily recognized and triaged into rapid
resuscitative care. Much more problematic, and hence where there
is a need for accurate tools to assist clinical judgment, is the
identification of patients who will subsequently deteriorate.
Identifying a patient at risk of deteriorating may not immediately
indicate a need for different therapies, but certainly indicates the
need for more intensive monitoring to ensure that deterioration will
be recognized so that the appropriate support can be initiated as
quickly as possible.

The continued use of all-cause mortality as the end point for
determining performance is why most of the “this score is better
than that score” studies are not particularly helpful. SMART-COP
(6) is one notable exception, although it did not exclude patients
with an obvious need for intensive-care support upon admission,
and confined its interventions to inotropic support and mechanical
ventilation. The National Early Warning Score took a similar
approach, but was not particularly successful (7). The American
Thoracic Society minor criteria (8) also were developed to predict
patients at high risk of adverse outcomes from sepsis, and have
reasonable sensitivity but a poor positive predictive value (9).

Although Ranzani and colleagues (4) also did not analyze their
data specifically by looking at the subset of patients without
significant care limitations who deteriorated after initial
presentation (i.e., removing the “obvious” intensive-care cases),
there are some key findings in their data. The fact that SIRS
performed worse than qSOFA and CURB-65 demonstrates that an
altered mental state is a very important clinical sign to identify
in patients with CAP. Delirium can be subtle and is often
underrecognized in patients in emergency departments (10, 11),
but it is well established as having significant adverse prognostic
features in a variety of acute illnesses, probably because it is a
reflection of both host vulnerability and the degree of metabolic
insult. Much more attention needs to be paid to screening for
delirium in patients with CAP. That qSOFA did not perform quite
as well as CRB suggests that the higher cutoff of 30 breaths per
minute (rather than 22) may be more appropriate as a red flag
in patients with CAP. Ranzani and colleagues (4) also used a
composite end point of mortality and/or 3 or more days in critical
care, but unfortunately did not present a separate analysis of just
critical-care admission, which may have been more enlightening.

What, then, should clinicians do? The first thing is to ensure
that all patients receive the minimum standard of care associated
with best outcomes, including (1) antibiotics therapy compliant
with antibiotic guidelines, (2) antibiotics delivered ideally within
3 hours or within 1 hour when shock is present, (3) adequate fluid

resuscitation, (4) assessment of oxygenation, (5) rapid attention to
metabolic abnormalities such as hyperglycemia and electrolyte
abnormalities, and (6) attention to other comorbidities such as
cardiac failure, airflow limitation, and arrhythmia. A clinical
scoring tool should be used as an adjunct to (but not a replacement
for) clinical judgment, predominantly to flag patients who are at
risk of deterioration. The PSI remains the best predictor of
mortality; however, it is not clear that this is the best predictor of
the need for more intensive nursing or medical support. At a
minimum, there needs to be a prompt assessment of mental state,
respiratory rate, blood pressure, and oxygenation using the
standard alarm values in the CURB-65 and PSI. This would be
consistent with the Sepsis-3 recommendation to use an initial
screening tool to flag patients at high risk (4). Once acute
management is initiated, the clinician should consider the use of
venous thrombosis prophylaxis, early ambulation (12, 13), and
probably cardiovascular protection given the high rate of acute
myocardial ischemia events in patients with CAP (14–16), although
the need for the latter remains to be established.

Finally, I hope CAP researchers will stop trying to invent new
scores to predict mortality or compare with the ones we already
have. These are not useful data. We need tools that tell us what is not
obvious on simple clinical assessment. We need tools that tell us
to use an intervention we would not routinely use, or withhold
one we would.We have been performing the same logistic regression
and receiver operating characteristic curve analyses for two decades;
it is time to move on. n

Author disclosures are available with the text of this article at
www.atsjournals.org.
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Delving Deep into the Proteome of Lung Fibrosis Brings Plasma
Cells to the Surface

Global research efforts continue to elucidate molecular mechanisms
that underlie the development of interstitial lung diseases (ILDs) such
as idiopathic pulmonary fibrosis (IPF). To a large extent, the omics
revolution has helped drive forward the identification of key biological
pathways that may be causal, diagnostic, or prognostic of fibrotic
processes in the lung. Targeted genetic analyses and genome-wide
association studies have identified mutations or polymorphisms
associated with the risk of developing IPF, such as SFTPC, TERT,
MUC5B, and TOLLIP (see Reference 1 for a recent review), while
epigenetic and transcriptomic approaches have flagged gene
expression signatures indicative of pathogenesis, and have given us
valuable biomarkers such as MMP7, osteopontin, and the like (2, 3).
Public repositories (e.g., the Gene Expression Omnibus) therefore
contain an abundance of molecular information derived from patient
lung tissue or cells isolated therefrom (e.g., fibroblasts, epithelial cells,
and macrophages), or peripheral blood leukocytes. Genomic
approaches further married with sophisticated integrative analyses to
incorporate clinical phenotypes (such as that described by Kim and
colleagues [4]) are therefore highly valuable for both classifying
diseases and generating hypotheses for future research.

Despite these endeavors, we remain in a situation where
treatment options for ILDs, including IPF, are scant. Thanks to
the availability of pirfenidone and nintedanib (5, 6), some patients
(but not all) will benefit from a slowing of disease progression.
A number of clinical trials are currently ongoing that may expand
our armament for fighting lung fibrosis, but it is crucial to broaden

our understanding of the underlying causes. A key approach in
this regard may be offered by cutting-edge proteomic analyses,
such as that described by Schiller and colleagues (pp. 1298–1310)
in this issue of the Journal (7), particularly as it is acknowledged
that considerable disconnects can exist between gene expression
signatures at the mRNA level and the protein level, since
both post-transcriptional and post-translational controls will
significantly affect the production of a functional protein (and
hence the drug target for the majority of therapeutic approaches).
This is notable, for example, in IPF fibroblasts (key effector cells in
the fibrotic process), where a derangement of translational control
is observed over and above transcript abundance (8).

However, proteomic profiles of lung fibrosis are still relatively
few in number, not least due to the technical and financial
limitations of performing large-scale analyses. With the advent of
more accessible two-dimensional polyacrylamide gel electrophoresis
approaches, chip-based assays, and mass spectrometry (MS),
recent studies have elucidated the proteomic profiles of IPF
bronchoalveolar lavage fluid (9, 10), IPF and nonspecific interstitial
pneumonia lung tissue (11), and IPF plasma (12). MS has also been
used to study metabolomics (13). These studies have provided
useful insights into local or systemic changes in protein signatures
associated with IPF (and also further validated certain genes
already identified at the transcriptional level, such as MMP7 and
osteopontin). Schiller and colleagues have taken this a significant
step further by utilizing a novel tissue-fractionation approach
termed quantitative detergent solubility profiling, which they
previously applied to elegantly characterize proteomic changes
in a murine model of lung fibrosis induced by bleomycin (14).
Using quantitative detergent solubility profiling coupled with
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New Sepsis Definition (Sepsis-3) and Community-acquired
Pneumonia Mortality
A Validation and Clinical Decision-Making Study
Otavio T. Ranzani1,2, Elena Prina1, Rosario Menéndez3, Adrian Ceccato1,4, Catia Cilloniz1, Raul Méndez3,
Albert Gabarrus1, Enric Barbeta1, Gianluigi Li Bassi1, Miquel Ferrer1, and Antoni Torres1

1Department of Pulmonology, Hospital Clinic of Barcelona, University of Barcelona, Institut D’investigacions August Pi i Sunyer, Centro
de Investigación Biomedica En Red-Enfermedades Respiratorias, Barcelona, Spain; 2Respiratory Intensive Care Unit, Pulmonary
Division, Heart Institute, Hospital das Clı́nicas, University of Sao Paulo, Sao Paulo, Brazil; 3Pneumology Department, Instituto de
Investigación Sanitaria/Hospital Universitario y Politecnico La Fe, Centro de Investigación Biomedica En Red-Enfermedades
Respiratorias, Valencia, Spain; and 4Seccion Neumologia, Hospital Nacional Prof. Alejandro Posadas, Palomar, Argentina

ORCID ID: 0000-0002-4677-6862 (O.T.R.).

Abstract

Rationale: The Sepsis-3 Task Force updated the clinical
criteria for sepsis, excluding the need for systemic inflammatory
response syndrome (SIRS) criteria. The clinical implications of
the proposed flowchart including the quick Sequential (Sepsis-
related) Organ Failure Assessment (qSOFA) and SOFA scores
are unknown.

Objectives: To perform a clinical decision-making analysis of
Sepsis-3 in patients with community-acquired pneumonia.

Methods: This was a cohort study including adult patients with
community-acquired pneumonia from two Spanish university
hospitals. SIRS, qSOFA, the Confusion, Respiratory Rate and Blood
Pressure (CRB) score, modified SOFA (mSOFA), the Confusion,
Urea, Respiratory Rate, Blood Pressure and Age (CURB-65) score,
and Pneumonia Severity Index (PSI) were calculated with data from
the emergency department. We used decision-curve analysis to
evaluate the clinical usefulness of each score and the primary
outcome was in-hospital mortality.

Measurements and Main Results: Of 6,874 patients, 442
(6.4%) died in-hospital. SIRS presented the worst discrimination,
followed by qSOFA, CRB, mSOFA, CURB-65, and PSI. Overall,
overestimation of in-hospital mortality andmiscalibration was more
evident for qSOFA and mSOFA. SIRS had lower net benefit than
qSOFA and CRB, significantly increasing the risk of over-treatment
and being comparable with the “treat-all” strategy. PSI had
higher net benefit than mSOFA and CURB-65 for mortality,
whereas mSOFA seemed more applicable when considering
mortality/intensive care unit admission. Sepsis-3 flowchart resulted
in better identification of patients at high risk of mortality.

Conclusions: qSOFA and CRB outperformed SIRS and presented
better clinical usefulness as prompt tools for patients with
community-acquired pneumonia in the emergency department.
Among the tools for a comprehensive patient assessment, PSI had the
best decision-aid tool profile.

Keywords: quick Sequential (Sepsis-related) Organ Failure
Assessment; systemic inflammatory response syndrome; validation;
pneumonia; sepsis
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Community-acquired pneumonia (CAP)
represents a significant infection burden
worldwide, and it is often complicated by
sepsis (1–4). Early recognition of sepsis is
fundamental to guide treatment, improve
outcomes, and decrease costs (5–7). In
contrast, in patients with uncomplicated
infection, over-treatment should be avoided
to prevent unnecessary harm.

Sepsis is a syndrome characterized by a
dysregulated host response to infection

leading to life-threatening organ dysfunction
(5). In 2016, the Sepsis-3 Task Force
updated previous recommendations
primarily aiming to accurately differentiate
between sepsis and uncomplicated infection
(5). By applying a data-driven approach to
identify patients at risk of worse outcomes,
the Task Force proposed a new clinical
definition, removing the need for systemic
inflammatory response syndrome (SIRS)
criteria. Thus, in infected patients, sepsis
was clinically defined by an increase in
Sequential (Sepsis-related) Organ Failure
Assessment (SOFA) score of two points or
more. Additionally, a bedside score for risk
stratification, namely the quick SOFA
(qSOFA), has been proposed, which
incorporates hypotension, altered mental
status, and tachypnea (5, 8).

In patients with CAP, several scores
have been developed to identify high-risk
patients and support therapeutic decisions
(4, 9). Two of these scores, Confusion, Urea,
Respiratory Rate, Blood Pressure and Age
(CURB-65) and Pneumonia Severity Index
(PSI), are well-validated scores to support
CAP management and prognosis (9, 10).
Simplifications of CURB-65 (i.e., Confusion,
Respiratory Rate and Blood Pressure [CRB]-65
and CRB) (11) have been developed and
validated to facilitate the risk stratification
process; these simplified scores do not require
blood tests (12), as in the qSOFA. Yet the
definitions for hypotension and tachypnea
parameters on the CRB tool differ from those
of the qSOFA.

Sepsis-3 will change clinical practice and
influence medical decisions. However,
clinical decision-making cannot rely only on
predictive performance measures, such as
discrimination and calibration (13, 14).
Indeed, decision-aid tools must also account
for the benefits and harms resulting from
clinicians’ choice (13, 14). To date, no
clinical decision-making analysis of Sepsis-3
is available, including the proposed bedside
tool (qSOFA) and the Sepsis-3 Flowchart,
which includes qSOFA and SOFA scores.
Therefore, the aim of our study was to
evaluate three tools for initial assessment
(SIRS, qSOFA, and CRB) and three tools for
a comprehensive assessment (SOFA, CURB-65,
and PSI) as decision-aid prognostic tools in
CAP using decision-curves methodology.
Additionally, the Sepsis-3 flowchart was
also applied in this population.

Some of the results of this study have
been previously reported in the form of an
abstract (15).

Methods

Study Design and Patients
We retrospectively analyzed patients from
two cohorts, which prospectively included
patients aged greater than or equal to
16 years with a clinical diagnosis of CAP
from two Spanish university hospitals
(Hospital Clinic, Barcelona, from 1996 to
2015; Hospital Universitario y Politecnico
La Fe, Valencia, from 2012 to 2015). These
cohorts had comparable inclusion and
exclusion criteria and definitions of the
variables. Local research ethics committees
approved both cohorts (Barcelona, Register
2009/5451; Valencia, Register 2011/0219).

CAP was defined as a new pulmonary
infiltrate on chest radiograph on hospital
admission and acute symptoms of lower
respiratory tract infection (e.g., fever, cough,
sputum production, pleuritic chest pain).
Immunosuppression (i.e., patients taking
more than 10 mg of prednisone-equivalent
per day for at least 2 wk, on cytotoxic therapy,
or with acquired immunodeficiency
syndrome) and active tuberculosis were
exclusion criteria. We included patients from
nursing homes. Demographic variables,
comorbidities, and physiologic parameters
were collected in the emergency department
(ED). All patients had a complete
microbiologic evaluation and microbiologic
confirmation of CAP was defined according
to current guidelines (16, 17). In each
institution, a dedicated clinical researcher
prospectively included patients, under the
supervision of an experienced pulmonary
physician. Patients were followed up until
hospital discharge, and all survivors were
reexamined or contacted by telephone
30 days after hospital discharge. Further details
are reported in previous publications (16, 17).

Outcomes
Our primary outcome was all-cause in-
hospital mortality (5, 8). We also explored
two secondary outcomes: in-hospital
mortality and/or need for critical care
support greater than or equal to 3 days
(composite outcome) (5, 8); and 30-day
mortality. We defined need for critical care
support as admission to an intensive care
unit (ICU) or high-dependency unit (HDU).

Score Definition
We clustered the six scores in those that
might facilitate the clinician’s initial decision
(SIRS, qSOFA, and CRB), and clinician’s
decision after initial management and

At a Glance Commentary

Scientific Knowledge on the
Subject: In 2016, the Sepsis-3 Task
Force updated the clinical criteria for
sepsis, excluding the need for systemic
inflammatory response syndrome and
introducing a flowchart that comprises
the quick Sequential (Sepsis-related)
Organ Failure Assessment (qSOFA)
and SOFA scores. However, the clinical
decision-making process cannot rely
on risk stratification scores, because a
decision-aid tool must account for the
benefits and harms of clinicians
incorporating that tool into clinical
practice. A clinical decision-making
analysis of Sepsis-3 is not yet available.

What This Study Adds to the
Field: We demonstrated that qSOFA
outperformed systemic inflammatory
response syndrome (SIRS) criteria and
presented better clinical usefulness in
patients with community-acquired
pneumonia. Among the tools for initial
assessment, SIRS presented the worst net
benefit versus qSOFA and Confusion,
Respiratory Rate and Blood Pressure
(CRB), significantly increasing the risk of
over-treatment and being comparable
with the “treat-all” strategy. Among the
tools for a comprehensive assessment,
Pneumonia Severity Index (PSI) had
better predictive performance and net
benefit for mortality than modified
SOFA and the Confusion, Urea,
Respiratory Rate, Blood pressure and
Age score (CURB-65), whereas modified
SOFA was more useful when
considering mortality/intensive care unit
admission. Finally, following the Sepsis-3
flowchart resulted in better identification
of patients at high risk of worse
outcomes.
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additional examinations (SOFA, CURB-65,
and PSI). We adapted the Sepsis-3 flowchart
illustrating this approach and the timeline of
the clinical decision-making processes
involved in the ED (Figure 1).

We defined SIRS, qSOFA, CRB, CURB-
65, and PSI as originally described (see Table
E1 in the online supplement) (5, 8, 9, 12).
For SOFA score, we calculated the

respiratory, hematologic, hepatic, and renal
systems as originally described. However,
we adapted the SOFA calculation for
neurologic and cardiovascular parameters,
using a conservative approach similar to
Sepsis-3 (modified SOFA [mSOFA]) (see
Table E1). We used the first clinical
signs/symptoms documented in the ED for
all scores. For mSOFA, we used the first

reported data, comprising the early
resuscitation phase, as previously validated
(18). For missing mSOFA values, we
attributed a normal value (i.e., zero points),
reflecting clinical practice and as widely
reported (5, 8). In a sensitivity analysis, we
used multiple imputation (5, 8). We also
compared qSOFA and CRB with their
corresponding qSOFA-65 and CRB-65, by
adding the age component.

Statistical Analysis
We assessed the predictive performance of
SIRS, qSOFA, CRB, mSOFA, CURB-65,
and PSI for the primary and secondary
outcomes (19). We evaluated calibration
with calibration plots and two
complementary goodness-of-fit statistics
(Hosmer-Lemeshow and the Le Cessie-van
Houwelingen-Copas-Hosmer tests) (20).
Calibration curves were built with a
smoothed nonparametric method (20, 21).
We used the area under the receiver
operating characteristic curve (AUROC) to
assess discrimination. The 95% confidence
interval (CI) estimation for the AUROCs
and their comparisons were performed using
bootstrapping methods in 10,000 samples
(21, 22). Overall fit was assessed using scaled
Brier score and Nagelkerke R-square (19, 21).
To incorporate important information that
clinicians might have at the bedside (8),
we evaluated the additional predictive
contribution of SIRS, qSOFA, CRB, and
mSOFA to a baseline risk for in-hospital
mortality estimated by a multivariate
logistic regression model. The baseline risk
model included age, sex, chronic
respiratory disease, chronic neurologic
disease, liver disease, heart failure, diabetes
mellitus, neoplasia, chronic renal disease,
and microbiologic confirmation. The
baseline and additional risk models were
fitted after multiple imputation.

For a score to be clinically useful, it
must have good discrimination and be well-
calibrated but those alone are not enough
(14, 23, 24). Indeed, discrimination and
calibration may not reflect clinical utility
(25). The main barrier to translating
discrimination and calibration to clinical
practice is that sensitivity, specificity, and
prediction errors are weighted equally (e.g.,
true-positive and false-positive rates),
whereas clinicians usually apply different
weights during the decision-making process
(23). Decision-curve analysis is a method
that depicts the predicted net benefit (NB;
NB = benefit3 true-positive

Patient
with
CAP

SIRS
qSOFA

CRB

Clinical
Judgment

Sepsis?
(change SOFA ≥2)Site of care?

Intensive
monitoring and

invasive support?

Clinical
Judgment

SOFA
CURB-65

PSI

First clinical
decision-making*

SIRS ≥ 2
qSOFA≥ 2
CRB ≥ 2

Alarming
clinical signs?

Sepsis
suspected?

Second clinical
decision-making†

SOFA ≥ 2
CURB-65 ≥ 2

PSI ≥ 4

Signs of poor
prognosis?

Clinical
deterioration?

Initial
assessment

Further
assessment

Figure 1. Flowchart about the decision-making process for community-acquired pneumonia
management at the emergency department. *First clinical decision encompasses the decision to
assess organ dysfunction and pneumonia severity with additional laboratory and/or invasive
procedures. † Second clinical decision encompasses the decision, after full assessment, to admit the
patient to the ward/intensive care unit, consider additional treatment not yet started, or change
treatments already started. The flowchart does not regulate timing for institute life-saving treatments
or, for instance, prompt starting of empiric antibiotic treatment. CAP = community-acquired
pneumonia; CRB =Confusion, Respiratory Rate and Blood Pressure; CURB-65 = Confusion, Urea,
Respiratory Rate, Blood Pressure and Age; PSI = Pneumonia Severity Index; qSOFA = quick
Sequential (Sepsis-related) Organ Failure Assessment; SIRS = systemic inflammatory response
syndrome.

ORIGINAL ARTICLE

Ranzani, Prina, Menéndez, et al.: Sepsis-3 in Community-acquired Pneumonia 1289



classifications2 harm/cost3 false-positive
classifications) of a prediction tool over a
range of threshold probabilities. Threshold
probabilities quantify how over-treatment is
considered against treatment benefits (19, 23,
25–28). For instance, if a clinician weights the
harm/cost of overtreatment versus the benefit
of appropriated treatment at 1:19, we have a
threshold probability of 5% and a number
willing to treat (NWT) of 20 (26, 29). Decision
curves have the advantage of being able to plot
a plausible range of threshold probabilities.

We defined 100 to 5 NWTs as a plausible
range (i.e., threshold probabilities from 0% to
20%), because it is unlikely that clinicians will
use a score to make decisions about treatment
of infected patients for higher threshold
probabilities. At any given NWT, the score
with the higher NB is the preferred one. The
NB of each score was estimated for the
primary and secondary outcomes and
compared with the “treat-none” and “treat-
all” strategies. The “treat-all” strategy assumes
everyone will develop the event and receive
the intervention independent of any score.
The associated intervention comprises the
initial treatment of patients with sepsis in the
ED, such as additional blood sampling,
aggressive resuscitation, intensive monitoring,
invasive procedures, and place of treatment.
We hypothesized harm, at patient and
hospital levels, associated with over-treatment
and overuse of hospital resources, such as
adverse events of broad-spectrum antibiotics
and aggressive resuscitation/invasive
procedures, ICU admission for patients
unlikely to benefit, and hospital costs
(Figure 1) (4, 5, 30). Finally, we described the
distribution and outcomes of patients based
on combinations among SIRS (resembling
Sepsis-2 definition), qSOFA (Sepsis-3
flowchart), and CRB with mSOFA.

Sensitivity, specificity, and positive and
negative predictive values were calculated as
shown elsewhere. Because we expected few
missing values for SIRS, qSOFA, and CRB,
our main analysis was conducted on the
complete-case data; for sensitivity analysis,
we conducted multiple imputation. We
prespecified two subgroups, defined by age
(,65, > 65 yr) and chronic comorbidities
(without chronic comorbidities, one or more
chronic comorbidity). All statistical analyses
were performed using R software version
3.2.2 (R Foundation for Statistical
Computing, Vienna, Austria) (31). We
followed the Transparent Reporting of a
Multivariable Prediction Model for
Individual Prognosis or Diagnosis guidelines

(32) and further information about methods
and statistical analysis are in the online
supplement.

Results

Patient Characteristics
The Barcelona cohort included 6,304
patients and the Valencia cohort 570

patients, totaling 6,874 patients. The
patients had a mean age of 66 (19) years,
62.2% were males, 65.5% presented one or
more chronic comorbidity, and 2,860
(41.8%) had microbiologic confirmation
(Table 1). A total of 778 (11.3%) patients
were discharged after a short-stay period in
the ED, and 5,146 (74.9%) and 950 (13.8%)
were admitted to the ward and ICU/HDU,
respectively. Overall, in-hospital mortality

Table 1. Characteristics of Community-acquired Pneumonia Patients from Two
Cohorts in Spain

Values (N = 6,874)

Demographic variables
Age, yr, mean (SD) 66.1 (19)
Age > 65 yr, n (%) 4,170 (60.9)
Sex, male, n (%) 4,259 (62.2)

Comorbidities, n (%)
Chronic respiratory disease 2,045 (30.3)
Chronic heart failure 1,127 (16.5)
Diabetes mellitus 1,299 (19.1)
Chronic liver disease 371 (5.6)
Chronic renal disease 499 (7.3)
Neurologic disease 1,135 (17.0)
Neoplasia 489 (7.3)
Nursing home 361 (5.3)

Vital signs on presentation, mean (SD)
Respiratory rate, per min 26 (8)
Heart rate, beats per min 98 (19)
Systolic blood pressure, mm Hg 131 (27)
Diastolic blood pressure, mm Hg 73 (14)
Mean arterial pressure, mm Hg 92 (16)
Temperature, 8C 37.5 (1)

Laboratory findings on presentation
Leukocyte, cells/mm3, median (IQR) 12,400 (8,570–17,280)
C-reactive protein, mg/dl, median (IQR) 16.7 (7.8–26.3)
Creatinine, mg/dl, median (IQR) 1.0 (0.8–1.4)
Total bilirubin, mg/dl, median (IQR) 0.50 (0.40–0.80)
Platelets, cells/mm3, median (IQR) 234 (187–302)
PaO2

/FIO2
ratio, mm Hg, median (IQR) 281 (238–328)

Microbiology confirmed, n (%) 2,860 (41.8)
Scores on diagnosis
SIRS, points, mean (SD)/median (IQR) 2.3 (1)/2 (2–3)

SIRS > 2, n (%) 4,908 (78.8)
qSOFA, points, mean (SD)/median (IQR) 1.0 (0.7)/1 (0–1)

qSOFA > 2, n (%) 1,260 (20.5)
CRB, points, mean (SD)/median (IQR) 0.7 (0.8)/1 (0–1)

CRB > 2, n (%) 902 (14.6)
mSOFA, points, mean (SD)/median (IQR) 2.2 (2)/2 (1–3)

mSOFA > 2, n (%) 4,288 (62.4)
CURB-65, points, mean (SD)/median (IQR) 1.4 (1)/1 (1–2)

CURB > 2, n (%) 2,592 (42.0)
PSI, points, mean (SD)/median (IQR) 3.4 (1)/4 (2–4)

PSI > 4, n (%) 3,379 (55.4)
Outcomes
In-hospital mortality, n (%) 442 (6.4)
In-hospital mortality or 3 d of ICU stay, n (%) 716 (10.4)
30-d mortality, n/N (%) 477/6,377 (7.5)
Hospital stay, d, median (IQR) 7 (4–10)

Definition of abbreviations: CRB = Confusion, Respiratory Rate and Blood Pressure;
CURB-65 = Confusion, Urea, Respiratory Rate, Blood Pressure and Age; ICU = intensive care unit;
IQR = interquartile range; mSOFA =modified Sequential (Sepsis-related) Organ Failure Assessment;
PSI = Pneumonia Severity Index; qSOFA= quick Sequential (Sepsis-related) Organ Failure Assessment;
SIRS = systemic inflammatory response syndrome.
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occurred in 442 (6.4%) patients, in-hospital
mortality or greater than or equal than 3
ICU/HDU days in 716 (10.4%), and 30-day
mortality in 477 of 6,377 (7.5%) (Table 1).

Score Distribution
Our complete-case analysis comprised 6,024
patients (87.6%) (see Tables E2 and E3,
Figure E1). There was a clear association
between qSOFA, CRB, mSOFA, CURB-65,
and PSI with in-hospital mortality.
Nevertheless, higher SIRS points poorly
predicted in-hospital mortality (Figure 2).
Similar results were found in the imputed
data (see Figure E2) and for secondary
outcomes (see Figures E3 and E4).

Very few patients who were discharged
after a short ED stay had qSOFA and CRB
greater than or equal to two points (4% and
2%, respectively), whereas 61% had SIRS
greater than or equal to two points
(Figure 3). These patients had very low
30-day mortality (3 of 744; 0.4%). In
contrast, patients admitted to the ICU/HDU
had in-hospital mortality of 15.7%, and
higher scores. Sepsis (infection1mSOFA
> 2 points) was present in 17% of patients
discharged after a short ED stay, 64% of
those admitted to the ward and 89% of
patients treated in the ICU/HDU (Figure 3).

Score Performance
SIRS presented the lowest discrimination
value (AUROC, 0.579; 95% CI, 0.551–0.605),
followed by qSOFA (AUROC, 0.697; 95% CI,
0.671–0.722), CRB (AUROC, 0.716; 95% CI,
0.690–0.741), CURB-65 (AUROC, 0.746;
95% CI, 0.722–0.769), mSOFA (AUROC,
0.748; 95% CI, 0.721–0.774), and PSI
(AUROC, 0.780; 95% CI, 0.760–0.799)
(Table 2; see Figure E5). All scores presented
worse discrimination for in-hospital
mortality in patients greater than or equal to
65 years old. In those patients without
chronic comorbidities, the discrimination of
all scores improved (see Table E4). Regarding
calibration, in general scores overestimated
in-hospital mortality, and miscalibration was
more evident for qSOFA, mSOFA, and
CURB-65 (Table 2; see Figure E5).

The overall performance measured by
the scaled Brier score and R-square
increased from SIRS to qSOFA, CRB,
CURB-65, mSOFA, and PSI (Table 2). We
observed similar results when analyzing the
Barcelona and Valencia cohorts separately,
but mSOFA and CURB-65 had better
discrimination in the Valencia cohort (see
Table E5). We found similar results when

analyzing the imputed data (see Table E6,
Figure E6) and for secondary outcomes (see
Tables E7 and E8, Figures E7 and E8).
Nevertheless, for the composite outcome,
CRB had better discrimination than qSOFA
and mSOFA had the highest discrimination
and best calibration. CRB-65 outperformed
qSOFA, CRB, and qSOFA-65 for in-
hospital mortality (see Table E9, Figure E9).

Additional Contribution of Scores to
the Baseline Risk Model
When analyzing the predictive performance
for in-hospital mortality in the multiple
imputed data, SIRS contributed very little to
the baseline model discrimination
(AUROCBaseline, 0.745; 95% CI, 0.722–0.766
vs. AUROCBaseline1SIRS, 0.752; 95% CI,
0.731–0.774). In contrast, qSOFA
(AUROCBaseline1qSOFA, 0.780; 95% CI,
0.760–0.800), CRB (AUROCBaseline1CRB,
0.794; 95% CI, 0.775–0.813), and mSOFA
(AUROCBaseline1mSOFA, 0.836; 95% CI,
0.818–0.854) notably improved the model
discrimination. These improvements in
discrimination were also observed in the
integrated discrimination improvement
(IDI) measures (see Table E10, Figure E10).

Clinical Usefulness and Decision-
Curve Analysis
Among the tools for the initial assessment,
SIRS greater than or equal to two presented
high sensitivity and low specificity, whereas
qSOFA greater than or equal to two and
CRB greater than or equal to two presented
moderate sensitivity and high specificity for
in-hospital mortality (Table 2). Among the
follow-up tools, mSOFA greater than or
equal to two presented high sensitivity and
low specificity and CURB-65 greater than
or equal to two and PSI greater than or
equal to four presented a good compromise
between sensitivity (78% and 92%,
respectively) and specificity (60% and 47%,
respectively). CRB had the highest positive
likelihood ratio (3.05; 95% CI, 2.65–3.51) and
PSI the lowest negative likelihood ratio (0.16;
95% CI, 0.12–0.23) (Table 2). We observed
the same pattern in the imputed data
(see Table E6) and for secondary outcomes
(see Tables E7 and E8). In the subgroup
analysis for in-hospital mortality, we observed
similar findings except that mSOFA greater
than or equal to two had higher specificity in
the subgroup of patients aged less than 65
years (sensitivity, 94%; specificity, 51%) and
without chronic comorbidities (sensitivity,
88%; specificity, 51%) (see Table E11).

The NB of qSOFA and CRB
outperformed SIRS for in-hospital
mortality, and SIRS showed an NB close to
the “treat-all” strategy for most of the NWT
values (Figure 4A). For NWT between 15
and 30 and lower than 8, CRB had higher
NB than qSOFA. PSI had the highest NB
over the whole NWT range, except for
values lower than eight, when mSOFA
outperformed PSI for in-hospital mortality.
When translating these findings to the
number of avoided interventions in a
hypothetical population of 100 patients
with pneumonia, assuming a physician
weights the harm/cost of overtreatment
versus the benefit of appropriated treatment
at 1:19 (NWT = 20), the number of
interventions could have been decreased by
7% without missing any death using SIRS,
16% using qSOFA, 27% using CRB or
mSOFA, 30% using CURB-65, and 35%
using PSI (Figure 4B). We observed similar
findings on NB for secondary outcomes,
except that mSOFA outperformed other
scores for a wide range of NWT for the
composite outcome (Figures 4C–4F). The
NB of the full models showed that
baseline1 SIRS had virtually no advantage
compared with the baseline model alone.
The models baseline1 qSOFA and
baseline1 CRB had higher NB than
previous models for NWTs between 25 and
7. In contrast, baseline1mSOFA presented
the highest NB over the whole NWT range
(see Figure E11).

Patients positive for SIRS/mSOFA
(n = 3,274; 54%) had 9.0% (95% CI, 8.5–9.5)
in- hospital mortality, whereas those
positive for qSOFA/mSOFA (n = 1,090;
18%) and CRB/mSOFA (n = 788; 13%) had
16.6% (95% CI, 15.5–17.7) and 18.0% (95%
CI, 16.7–19.4) in-hospital mortality,
respectively (Figure 5). Similar findings were
observed in the imputed data (see Figure
E12), and among patients with or without
chronic comorbidities (see Figure E13).

Discussion

In a population of patients with CAP,
qSOFA outperformed SIRS for in-hospital
mortality risk stratification and presented
better clinical usefulness virtually in all
evaluations. CRB had slightly better
predictive performance than qSOFA for
discrimination and calibration measures,
but presented similar clinical usefulness for
most scenarios. For a comprehensive
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Figure 2. In-hospital mortality stratified by each score in patients with community-acquired pneumonia. (A) SIRS criteria. (B) qSOFA score. (C) CRB
points. (D) mSOFA points. (E ) CURB-65 points. (F ) PSI risk class. Error bars denote 95% confidence intervals. The x-axis for mSOFA score was winsorized
for values higher than 7 points for illustration. CRB =Confusion, Respiratory Rate and Blood Pressure; CURB-65 = Confusion, Urea, Respiratory Rate,
Blood Pressure and Age; mSOFA =modified Sequential (Sepsis-related) Organ Failure Assessment; PSI = Pneumonia Severity Index; qSOFA = quick
Sequential (Sepsis-related) Organ Failure Assessment; SIRS = systemic inflammatory response syndrome.
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assessment of CAP, mSOFA and PSI had
the best predictive performance and
highest NB. The combination of qSOFA or
CRB with mSOFA better selected high-risk
patients, while potentially decreasing the
burden of intensive monitoring and
overtreatment.

The Sepsis-2 definitions, published in
2001, raised awareness of sepsis syndrome
and have been associated with better care and
outcomes (6, 7). However, SIRS criteria
weakly predicted patient outcomes (3, 33),
which associated with its high sensitivity and
low specificity, likely classify SIRS as an
unreliable tool for bedside clinical decision-
making and research (5, 8, 34, 35). Our
current analysis in patients with CAP
confirmed these limitations (3) and
highlighted risks of overtreatment,
demonstrating that the NB of SIRS is
comparable with the “treat-all” strategy.

Indeed, the decision-curve analysis showed
that when different weights for true-positive
and false-positive classifications were
applied, SIRS did not provide any additional
benefit for decision-making. In contrast, we
found a positive NB if clinicians incorporated
qSOFA or CRB for the initial assessment,
decreasing the number of unnecessary
interventions while not missing any death.
qSOFA and CRB were better than SIRS or a
“treat-all” strategy for NWT values lower
than 40, which seems reasonable for use in
the ED (5, 30), where qSOFA and CRB can
be easily assessed. Given that CRB and CRB-65
were specifically developed for patients with
CAP, they had better calibration and
discrimination than qSOFA, and higher
specificity. Thus, rather than qSOFA,
physicians could consider CRB or CRB-65
for the initial risk stratification of patients
with CAP.

For a comprehensive assessment of
CAP, PSI had the best mortality prediction
and highest NB from high NWT values down
to an NWT of eight, reinforcing its pivotal
role in CAPmanagement. mSOFA seemed to
be more applicable for NWT values lower
than 12, mainly when considering ICU
admission. This might be because PSI
comprises 20 variables and has age as a main
determinant for risk classification, whereas
mSOFA measures acute organ
dysfunctions in six domains. Further
studies should investigate whether both
scores are complementary in CAP
management. Of note, the baseline1
mSOFA model, which could be analogous
to PSI1mSOFA, had higher
discrimination and NB than PSI alone.

Our results are in line with those of the
pivotal Sepsis-3 clinical criteria study (5, 8),
which showed better discrimination for
qSOFA and mSOFA compared with SIRS. In
contrast, mSOFA clearly outperformed
qSOFA in our population. The discrimination
of qSOFA in our study was lower than that
reported originally in Sepsis-3 (5), which
might be because of the differences in the
populations included and because we
measured qSOFA and mSOFA using ED
data. Sepsis-3 aimed to identify infected
patients with greater than or equal to 10%
of mortality (5, 8, 36). In our study that
goal was achieved: 18% of the patients
presented positive qSOFA/mSOFA and
in-hospital mortality in these patients
was 16.6%.

Interestingly, when describing the
prevalence of each score categorized by place
of treatment, it seems that clinicians relied on
the parameters hypotension, altered mental
status, and tachypnea for decision-making.
Indeed, only 2% and 4% of patients who were
not hospitalized had qSOFA greater than or
equal to two and CRB greater than or equal to
two, respectively. However, SIRS greater than
or equal to two was present in most of the
promptly discharged patients (61%).
Interestingly, 46% of patients had qSOFA less
than two/mSOFA greater than or equal to two.
In-hospital mortality in these patients was low
(5.4%); this might indicate that patients with
qSOFA less than two presented some points
on mSOFA, but ultimately not associated with
death. Among the scores we evaluated, qSOFA
was recently developed by a data-driven
process from large databases. As with CRB, it
attributes one point to each clinical parameter,
is promptly available at bedside, and is easily
repeated without invasive measures. Yet it is

6,874 patients with
CAP diagnosed

in the ED

In-hospital mortality:
0/778 (0%)

In-hospital mortality:
293/5,146 (5.7%)

In-hospital mortality:
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30-day mortality:
323/4,731 (6.8%)*

30-day mortality:
151/902 (16.7%)*

778 (11%) patients
discharged after

ED short-stay

5,146 (75%)
patients admitted

to the ward

950 (14%)
patients admitted
to the ICU/HDU

PrevalenceScore category
61%
04%
02%

SIRS t 2
qSOFA t 2
CRB t 2

17%
08%
12%

mSOFA t 2
CURB-65 t 2
PSI t 4

Score category Prevalence
SIRS t 2
qSOFA t 2
CRB t 2

79%
19%
13%

mSOFA t 2
CURB-65 t 2
PSI t 4

64%
44%
59%

Score category Prevalence
SIRS t 2
qSOFA t 2
CRB t 2

91%
41%
32%

mSOFA t 2
CURB-65 t 2
PSI t 4

89%
58%
72%

415 were lost
to follow-up

34 were lost
to follow-up

48 were lost
to follow-up

Figure 3. Distribution of SIRS, qSOFA, CRB, mSOFA, CURB-65, and PSI scores; place
of treatment; and mortality for patients with community-acquired pneumonia. CAP =
community-acquired pneumonia; CRB = Confusion, Respiratory Rate and Blood Pressure;
CURB-65 = Confusion, Urea, Respiratory Rate, Blood Pressure and Age; ED = emergency
department; HDU = high-dependency unit; ICU = intensive care unit; mSOFA = modified
Sequential (Sepsis-related) Organ Failure Assessment; PSI = Pneumonia Severity Index;
qSOFA = quick Sequential (Sepsis-related) Organ Failure Assessment; SIRS = systemic
inflammatory response syndrome. *Patients were followed up until hospital discharge,
and all survivors were reexamined or contacted by telephone 30 days after hospital
discharge.
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Figure 4. Decision curves showing the net benefit of SIRS criteria, qSOFA, CRB, mSOFA, CURB-65, and PSI scores in the treatment of patients
with community-acquired pneumonia at risk of in-hospital mortality, composite outcome, and 30-day mortality. (A, C, and E ) Net benefit
(net benefit = benefit3 true-positive classifications2 harm/cost3 false-positive classifications) of each score and the strategy to treat none and
treat all patients over the plausible range of number willing to treat (NWT ) (i.e., threshold probabilities). (B, D, and F ) Net reduction in interventions
in a theoretical population of 100 patients by using the scores to make clinical decisions. Illustrative example: if a clinician weights the harm/cost
of overtreatment versus the benefit of appropriated treatment at 1:19 for in-hospital mortality, there is a threshold probability of 5% and a NWT
of 20. This choice specifies that death of a patient with community-acquired pneumonia who remained untreated is 19 times worse than the
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important to emphasize that the suggested
cutoff of two points for qSOFA had low
sensitivity, being inappropriate if applied as a
single screening tool, resulting in delayed
recognition of sepsis (37).

Our study has some strengths that must
be highlighted. First, we described
challenges in decision-making that could be
faced by clinicians on a daily basis, not only
during evaluation of hospitalized patients,
but also in those rapidly discharged
following ED evaluation. Additionally, it is
known that predictive performance
measures have disadvantages (19–21, 32,
38) and are difficult to translate into
clinical-practice (14). Thus, we used clinical
decision-making analyses (13) to
complement predictive performance
evaluations, which are fundamental to better
support clinicians’ decision (23, 24, 39).

This study has also some limitations.
First, we analyzed one type of infection, from
only two Spanish institutions, potentially
limiting generalizability of our results.
However, the data came from two prospective
CAP cohorts, increasing our ability to capture
data granularity. Second, although our data
were prospective collected from consecutive

patients and had few missing values,
misclassification and selection bias could have
occurred.We expect both to be low, because of
the standard procedures for prospective data
collection and researchers’ extensive expertise
in this field. Moreover, our outcomes were
objective (mortality/ICU admission) and
we had few losses to follow-up, decreasing
the possibility of outcome bias. Third, we
could not fully calculate the SOFA score for
the cardiovascular and neurologic
parameters; thus, by adopting a
conservative approach we may have
hampered the SOFA performance.
However, the mSOFA score maintained its
high predictive power, confirming
feasibility of SOFA score calculation outside
the ICU (18). Fourth, we could not
differentiate between acute and chronic
organ dysfunction; however, our analysis
excluding patients with chronic
comorbidities showed similar findings.
Fifth, we observed score miscalibration,
which can influence clinical decision based
on NB (40). Finally, we did not incorporate
clinical judgment into the models, which
could ultimately improve the performance
of the Sepsis-3 flowchart.

Conclusions
We demonstrated that for initial
assessment, qSOFA outperformed SIRS
and presented better clinical usefulness in
patients with CAP in the ED. Moreover,
CRB and CRB-65 had better predictive
performance than qSOFA for initial
stratification of patients with CAP in some
scenarios, including higher NB for some
values of NWT. For the comprehensive
assessment of CAP, PSI had the best predictive
performance and NB for mortality, whereas
mSOFA seemed more suitable when
considering ICU admission. Finally, the
Sepsis-3 flowchart provided an improved,
feasible approach for identifying patients with
CAP at higher risk of death. Further studies,
including other CAP cohorts and other
sources of infection, should be conducted to
corroborate our findings. n

Author disclosures are available with the text
of this article at www.atsjournals.org.

Acknowledgment: The authors thank the
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Figure 5. In-hospital mortality of 6,024 patients with community-acquired pneumonia, stratified by SIRS, qSOFA, or CRB combined with mSOFA. (A) In-
hospital mortality stratified by SIRS criteria and mSOFA score combinations. (B) In-hospital mortality stratified by qSOFA and mSOFA score combinations.
(C) In-hospital mortality stratified by CRB and mSOFA score combinations. Error bars denote 95% confidence interval. The numbers and percentages
between parentheses represent the frequency distribution of each combination in the whole cohort. CRB = Confusion, Respiratory Rate and Blood
Pressure; mSOFA =modified Sequential (Sepsis-related) Organ Failure Assessment; qSOFA = quick Sequential (Sepsis-related) Organ Failure
Assessment; SIRS = systemic inflammatory response syndrome.

Figure 4. (Continued). consequences of overtreatment of an unnecessarily treated patient. At a NWT of 19, the net benefit of the SOFA, qSOFA,
and CRB scores outperforms SIRS and treat-all strategies. At the same time, at a NWT of 20, one could reduce the number of interventions without
missing any in-hospital death by 7% using SIRS criteria, 16% using qSOFA, 27% using CRB or mSOFA scores, 30% for CURB-65, and 35% for
PSI. CRB = Confusion, Respiratory Rate and Blood Pressure; CURB-65 = Confusion, Urea, Respiratory Rate, Blood Pressure and Age; ICU = intensive
care unit; mSOFA = modified Sequential (Sepsis-related) Organ Failure Assessment; PSI = Pneumonia Severity Index; qSOFA = quick Sequential
(Sepsis-related) Organ Failure Assessment; SIRS = systemic inflammatory response syndrome.
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