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Service of Pneumology, Department of Emergency Medicine, and Research Unit, Hospital de Galdakao, Galdako; and Basque Foundation for
Health Innovation and Research (BIOEF), Sondika, Bizkaia, Spain

Rationale: Objective strategies are needed to improve the diagnosis
of severe community-acquired pneumonia in the emergency department setting.
Objectives: To develop and validate a clinical prediction rule for
identifying patients with severe community-acquired pneumonia,
comparing it with other prognostic rules.
Methods: Data collected from clinical information and physical examination of 1,057 patients visiting the emergency department of
a hospital were used to derive a clinical prediction rule, which was
then validated in two different populations: 719 patients from the
same center and 1,121 patients from four other hospitals.
Measurements and Main Results: In the multivariate analyses, eight independent predictive factors were correlated with severe communityacquired pneumonia: arterial pH ⬍ 7.30, systolic blood pressure ⬍
90 mm Hg, respiratory rate ⬎ 30 breaths/min, altered mental status,
blood urea nitrogen ⬎ 30 mg/dl, oxygen arterial pressure ⬍
54 mm Hg or ratio of arterial oxygen tension to fraction of inspired
oxygen ⬍ 250 mm Hg, age ⭓ 80 yr, and multilobar/bilateral lung
affectation. From the ␤ parameter obtained in the multivariate
model, a score was assigned to each predictive variable. The model
shows an area under the curve of 0.92. This rule proved better at
identifying patients evolving toward severe community-acquired
pneumonia than either the modified American Thoracic Society
rule, the British Thoracic Society’s CURB-65, or the Pneumonia
Severity Index.
Conclusions: A simple score using clinical data available at the time
of the emergency department visit provides a practical diagnostic
decision aid, and predicts the development of severe communityacquired pneumonia.
Keywords: emergency department; prediction rule; severe communityacquired pneumonia

Community-acquired pneumonia (CAP) is a common and potentially serious illness. Management decisions regarding site of
care, extent of assessment, and level of treatment are based
primarily on disease severity. Severe CAP (SCAP) is a lifethreatening condition that requires intensive care. Estimates of
the frequency of SCAP range from 5 to 35% (1), with mortality
ranging from 20 to 50% (2). These relatively wide ranges indicate
disparities between deﬁnitions of SCAP.
There is no universally accepted deﬁnition of SCAP. During
the last decade, the term has been used for cases that ultimately
result in death (3, 4), and/or patients requiring admission to an
intensive care unit (ICU). Such practical deﬁnitions seem to be
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AT A GLANCE COMMENTARY
Scientific Knowledge on the Subject

Current rules for severe community-acquired pneumonia
identify only patients with mortality at 30 days or patients
requiring ICU admission.
What This Study Adds to the Field

Our proposed rule aims to identify, at ﬁrst evaluation, patients at increased risk of complicated community-acquired
pneumonia evolution.

insufﬁcient because the risk of death from CAP is not the same
as the need for inpatient care. On the other hand, the decision
to admit a patient to the ICU depends on the clinical judgment
of individual clinicians and the local practices of their hospitals,
differences that could account for much of the variability regarding ICU admission (3–8). Studies focused on the evaluation of
patients admitted to the ICU (9–11) mix some variables evident
at the time of admission with other potentially evolutionary
criteria, which are not applicable to early hospital admission.
Other criteria, such as mechanical ventilation and septic shock
(11), are less subject to interpretive variability and better reﬂect
illness severity.
Identiﬁcation of patients likely to have a major adverse outcome is a key step in reducing the mortality rate of SCAP.
Unfortunately, many patients may not appear severely ill at
initial presentation. In these patients and others, suboptimal
management in the period between hospital admission and ICU
referral has been associated with increased mortality (12). Early
identiﬁcation of the sickest patients or those with rapidly progressing CAP may allow for earlier intervention and thus potentially improve outcomes.
Approximately 75% of CAP cases are initially evaluated and
treated in hospital emergency departments (EDs) (13), making
these centers the ideal location for the establishment of a medical
practice guideline to evaluate SCAP. The identiﬁcation of patients at risk for adverse outcomes can greatly aid clinical decision making in the ED.
The main goal of the present study was the development and
validation of a prediction rule for SCAP used in the ED. We
used hospital mortality, mechanical ventilation, and/or septic
shock as dependent variables to deﬁne SCAP, then compared
the results of applying this prediction rule with those derived
from the application of three other validated prediction rules:
the modiﬁed American Thoracic Society rule (m-ATS) (9), the
British Thoracic Society’s CURB-65 (confusion, urea, respiratory rate, and blood pressure at age 65 years or older) (3), and
the Pneumonia Severity Index (PSI) (4, 14).
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METHODS

variables such as septic shock, severe sepsis, and mechanical ventilation.
(Additional details are in the online supplement.)

Selection Criteria
Patients included in the study were nonimmunosuppressed adults aged
18 yr or older with a pulmonary inﬁltrate on chest X-ray not known
to be old and with symptoms consistent with pneumonia, including
cough, dyspnea, fever, and/or pleuritic chest pain. (Additional details
are provided in the online supplement.) Patients with an expected
terminal event, deﬁned as any patient with metastatic cancer, advanced
dementia, or a disease or condition with a high likelihood of predicted
fatality during the next 30 d, were explicitly included in the study.

Derivation and Internal Validation Cohort
The prediction rule was internally derived and validated at Galdakao
Hospital, a 400-bed teaching hospital that serves a population of 300,000
inhabitants. The study included all consecutive patients with a diagnosis
of CAP who visited the hospital’s emergency room between March
2000 and March 2004. Patients were randomized into two groups to
create a derivation cohort with 60% of the patients and an internal
validation cohort with the other 40% (Figure 1). Data were collected
prospectively.

External Validation Cohort
An external validation cohort was formed with patients admitted to
four other hospitals in the same health network. Patient records were
randomly selected and retrospectively analyzed for two periods, March
1998 to March 1999 and March 2000 to September 2001. This cohort
had been used in a previous study (6). Sample design and hospital
characteristics, as well as additional details regarding identiﬁcation,
evaluation, and exclusion criteria, have been described previously elsewhere (15). (Additional details are available in the online supplement.)
Local ethics committees approved the project.

Data Collection
Predictive variables were clearly deﬁned and selected after an exhaustive literature review. Patients in the derivation and internal validation
cohorts were managed according to a clinical guideline that guaranteed
the prospective and systematic collection of relevant clinical information. The data were managed using a computer-based score with previously deﬁned dedicated software (16). The same variables were gathered for the clinical history reviews of the external validation cohort.
A protocol was deﬁned for the collection of data and deﬁnition of

Statistical Analysis
Descriptive statistics included frequency tables and mean and standard
deviations. The 2 and Fisher’s exact tests were used to test for statistical
signiﬁcance among proportions. For continuous variables, the Student
t test or analysis of variance was performed when appropriate in the
univariate analysis of the three cohorts.
To identify the variables correlated with SCAP, we performed univariate analyses using the 2 test. Patients with statistically signiﬁcant
results at p ⬍ 0.15 were entered in a multivariate model.
We performed logistic regression models to select the variables for
our prediction rule. We provide the area under the curve (AUC) of
the ﬁnal model and the odds ratios (OR) and 95% conﬁdence intervals
(CI) of all selected variables. No assumptions were made in relation
to missing values.
We also estimated the same parameters for other prediction rules
(m-ATS, CURB-65, and PSI) as applied to the three cohorts. All effects
were considered signiﬁcant at p ⬍ 0.05, unless otherwise noted. (Additional details are available in the online supplement.)

RESULTS
A total of 1,940 episodes of CAP diagnosis were recorded in
the ED; 1,776 satisﬁed all criteria for inclusion in the outcome
analysis (Figure 1). Of these, 46 episodes were classiﬁed as an
expected terminal event at the time of diagnosis. A total of 1,057
patients were randomly assigned to the derivation cohort and
719 to the internal validation cohort. The external validation
cohort was formed by 1,121 patients admitted to four other
hospitals. The sociodemographic features of the derivation, internal validation, and external validation cohorts are described
in Table 1. The average age was 64.7 yr (SD, 19.7 yr). Some
variables were missing in the external validation cohort, although
only respiratory rate, arterial pH, and PaO2/FiO2 ⬍ 250 mm Hg
showed missing percentages higher than 5%. Patients in the
derivation and internal validation cohorts were managed following a clinical guideline, so they did not show any missing values.
Pulse oximetry was performed on 4.1% of patients, whereas the
rest underwent blood gas analysis. The rate of SCAP among
admitted patients was 11.5% in the derivation cohort, 9.8% in

Figure 1. Cohort distribution in the prediction rule. Patients assigned to the derivation and validation cohorts are shown
together with the flow used for establishing the rule. *Excluded patients were
known to be positive for the human immunodeficiency virus, chronically immunosuppressed, or hospitalized during the
previous 14 d.
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TABLE 1. SOCIODEMOGRAPHIC CHARACTERISTICS IN THE DERIVATION AND
VALIDATION COHORTS
Characteristics
Demographic factors
Age ⭓ 80 yr
Women
Nursing home
Prior antibiotic treatment
Comorbidity
Neoplastic disease
Liver disease
Congestive heart failure
Cerebrovascular disease
Renal disease
Chronic obstructive lung disease
Physical exam
Altered mental status
Pulse ⬎ 125/min
Respiratory rate ⬎ 30 breaths/min
Systolic blood pressure ⬍ 90 mm Hg
Temperature ⬍ 35⬚C or ⬎ 40⬚C
Laboratory and X-ray findings
Blood urea nitrogen ⬎ 30 mg/dl
Glucose ⬎ 250 mg/dl
Hematocrit ⬍ 30%
Sodium ⬍ 130 mmol/L
PaO2/FIO2 ⬍ 250 mg/dl
Arterial pH ⬍ 7.30
Pleural effusion
Multilobar/bilateral X-ray
SCAP criteria*
In-hospital death
Mechanical ventilation
Shock
ICU†

Derivation
(n ⫽ 1,057 ) (% )

Internal Validation
(n ⫽ 719) (% )

External Validation‡
(n ⫽ 1,121) (% )

25.0
35.6
6.8
19.5

22.3
38.4
4.2
20.2

31.3
37.4
6.9
22.8

4.4
4.0
5.1
7.6
6.4
21.3

3.6
2.8
6.5
8.9
6.5
18.8

7.1
3.9
12.9
14.0
4.4
29.1

11.1
6.7
11.7
3.2
3.0

8.8
7.4
10.7
3.2
2.8

9.4
8.4
28.0
3.4
4.1

19.2
5.8
0.4
4.0
16.7
2.3
10.0
17.2
11.5
9.1
1.5
2.3
3.9

19.2
6.3
0.3
4.9
15.2
2.1
8.1
18.6
9.8
8.2
1.8
1.6
4.4

24.9
7.9
0.9
4.4
25.6
3.2
7.6
24.1
12.0
9.7
2.0
2.3
3.4

Missing§
(% )

3.5
39.7
2.0
1.6
3.4
2.8
2.8
3.9
17.1
16.9

Definition of abbreviations: ICU ⫽ intensive care unit; SCAP ⫽ severe community-acquired pneumonia.
* Defined as in-hospital death, septic shock, and/or need for mechanical ventilation.
†
Only for admitted patients.
‡
External validation cohort included only admitted patient.
§
Missing percentage is calculated on the total n ⫽ 1,121.

the internal validation cohort, and 12% in the external cohort,
whereas in-hospital mortality was 9.1, 8.2, and 9.7%, respectively.
Of the total number of patients evaluated at the ED, 3% were
admitted to the ICU; among inpatients, 4% were admitted to
the ED. The sociodemographic characteristics of admitted patients in the derivation and validation cohorts are described in
Table E1 in the online supplement.
Table 2 shows the 14 variables analyzed in the derivation
cohort associated with SCAP in the univariate analysis. Of those,
two were sociodemographic, one was comorbidity, ﬁve involved
the physical exam, four were analytical, and two were related
to X-ray results.
In the multivariate analyses, eight independent predictive
factors were correlated with SCAP: systolic blood pressure ⬍
90 mm Hg, arterial pH ⬍ 7.30, respiratory rate ⬎ 30 breaths/min,
blood urea nitrogen (BUN) ⬎ 30 mg/dl, oxygen arterial pressure ⬍
54 mm Hg or PaO2/FiO2 ⬍ 250 mm Hg, altered mental status,
age ⭓ 80 yr, and multilobar/bilateral lung affectation in X-rays.
Although living in a nursing home was also correlated with
SCAP (OR, 2.4; 95% CI, 1.1–5.5), it was not included in the
predictive model. Results from the multivariate analyses were
used to develop a clinical prediction rule. From the ␤ parameter
obtained in the multivariate model, a score was assigned to each
predictive variable (Table 3). By adding up the points assigned
to each predictive variable, a score was given to each patient,
with a higher score corresponding to a higher likelihood of

SCAP. This enabled us to group patients in different risk categories (Figure 2). The prediction rule showed good discriminating
power, as measured by the AUC of 0.92. Applying this prediction
rule to the cohorts yielded an AUC of 0.92 for the internal
cohort and 0.80 for the external validation cohort. The prediction
rule also showed good discriminating power when applied to inhospital mortality (see Figure E2).
When applying a cutoff point of 10 or greater, our prediction
rule showed an AUC of 0.83 for the derivation cohort, 0.86 for
the internal validation cohort, and 0.72 for the external validation
cohort. Values of sensitivity, speciﬁcity, and positive and negative predictive values for our rule and three other predictive
rules are shown in Table 4. Both m-ATS and CURB-65 had low
sensitivity (51.3 and 68.4%, respectively), whereas PSI risk class
IV–V and adjusted PSI demonstrated poor speciﬁcity (68.1 and
57.5%) for the derivation cohort, a trend lessened in the validation cohorts. The performance of the different rules was consistent across cohorts.
When applied to the entire prospective cohort (derivation
and internal validation cohorts), our prediction rule did not
detect eight false negatives out of 1,250 patients. All eight died,
although only one patient with a history of congestive heart
failure was admitted to the ICU on the third day after admission,
requiring mechanical ventilation and vasopressors. Another patient died of complications from lung thromboembolism, diagnosed via computerized axial tomography, without requiring
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TABLE 2. VARIABLES ASSOCIATED WITH SEVERE COMMUNITY-ACQUIRED PNEUMONIA IN THE
DERIVATION COHORT*
Variables
Age ⭓ 80 yr
Nursing home resident
Cerebrovascular disease
Altered mental status
Pulse ⬎ 125/min
Respiratory rate ⬎ 30 breaths/min
Systolic pressure ⬍ 90 mm Hg
Temperature ⬍ 35C⬚ or ⬎ 40C⬚
Blood urea nitrogen ⬎ 30 mg/dl
Glucose ⬎ 250 mg/dl
PaO2/FIO2 ⬍ 250 mm Hg
Arterial pH ⬍ 7.30
Pleural effusion
Multilobar/bilateral X-ray

Presence SCAP
(n ⫽ 76) (% )

Nonpresence SCAP
(n ⫽ 981) (% )

63.2
26.3
21.0
43.4
15.8
54.0
19.7
7.9
59.2
11.8
51.3
17.1
23.7
47.4

22.0
5.3
6.5
8.6
6.0
8.5
1.9
2.7
16.1
5.3
14.0
1.1
9.0
14.9

p Value
⬍
⬍
⬍
⬍
⬍
⬍
⬍
⬍
⬍
⬍
⬍
⬍
⬍
⬍

OR (95% CI )

0.001
0.001
0.001
0.001
0.01
0.001
0.001
0.05
0.001
0.05
0.001
0.001
0.001
0.001

6.1
6.4
3.8
8.2
2.9
12.7
12.5
3.1
7.6
2.4
6.5
18.2
3.1
5.1

(3.7–9.9)
(3.6–11.4)
(2.1–7.0)
(4.9–13.6)
(1.5–5.7)
(7.7–21.0)
(6.0–25.7)
(1.3–7.9)
(4.6–12.3)
(1.1–5.1)
(4.0–10.5)
(7.8–42.3)
(1.8–5.6)
(3.2–8.3)

Definition of abbreviations: CI ⫽confidence interval; OR ⫽ odds ratio; SCAP ⫽ severe community-acquired pneumonia.
* n ⫽ 1,057 patients.

any modiﬁcation of the antibiotic treatment. Another patient
suffered from neurologic degenerative disease and was treated
with home-administered noninvasive mechanical ventilation;
this patient presented with a pH of 7.35 and a Pco2 of 69 mm
Hg at the time of admission. Three patients were between 76
and 80 yrs of age, and fulﬁlled, in addition, one of the other
criteria in the rule (either Po2 or BUN). The other two were 80 yr
or older. One of these patients had advanced-stage neoplastic
disease and the other presented with three criteria (BUN of
29 mg/dl, Po2 of 59 mm Hg, and respiratory rate of 30 breaths/min,
just under the limit of the cutoff for this variable) at the time
of diagnosis (see Table E2). Of the 526 patients positively identiﬁed as having SCAP by the prediction rule, there were 414 false
positives. Fourteen required admission to the ICU for monitoring. The contributors to the false positives were systolic blood
pressure ⬍ 90 mm Hg (32 cases), arterial pH ⬍ 7.30 (21 cases),
BUN ⬎ 30 mg/dl (204 cases), respiratory rate ⬎ 30 breaths/min
(121 cases), PaO2/FiO2 ⬍ 250 mm Hg (162 cases), altered mental
status (102 cases), multilobar/bilateral lung affectation in X-rays
(157 cases), and age ⬎ 80 yr (262 cases). Of the 414 patients
with false-positive results, 82% presented with severe sepsis early
in the hospital course, deﬁned as infection plus new-onset acute
organ dysfunction using consensus criteria. Among the 80 patients without severe sepsis, the relevant variables were age,
BUN, multilobar lung affectation, and respiratory rate.
After excluding patients with expected terminal events, who
were more likely to receive aggressive treatment, we evaluated
the rule for predicting SCAP in the entire prospective cohort.

The AUC was 0.92; when a cutoff of 10 or greater was used,
the AUC was 0.84.

DISCUSSION
Our ﬁndings suggest that a simple model that uses only eight
variables, which are easily accessible and interpretable at the
time of ED presentation, can identify seriously ill patients with
CAP who are at risk for an adverse outcome and can provide
a practical diagnostic decision aid. Using data initially collected
in the ED, our rule can identify at admission patients developing
SCAP within and beyond the ﬁrst 24 h. To our knowledge, this
is the ﬁrst such prediction rule that achieves this goal.
This rule achieved high sensitivity and high AUC, which
were maintained in validation samples. It was derived from a
signiﬁcant number of consecutive patients from the ED of a
single hospital and validated in two cohorts with a wide sample
of patients, thus suggesting that such a rule could be applied with
some conﬁdence in medical practice while undergoing future
prospective evaluations. The model has a higher discriminatory
power for predicting SCAP than do the m-ATS, CURB-65, and
PSI.
Instead of using ICU admission, which is highly variable according to individual ICU admission practices (3–8), as a criterion for determining SCAP, we considered in-hospital death,
mechanical ventilation, and/or septic shock as endpoints, given
their more objective nature as variables (11).

TABLE 3. MULTIVARIATE ANALYSIS IN DERIVATION COHORT AND POINTS ASSIGNED
Variables
Intercept
pH ⬍ 7.30
Systolic pressure ⬍ 90 mm Hg
Respiratory rate ⬎ 30 breaths/min
Blood urea nitrogen ⬎ 30 mg/dl
Altered mental status
PaO2/FIO2 ⬍ 250 mm Hg
Age ⭓ 80 yr
Multilobar/bilateral X-ray

␤ Parameter
⫺4.79
2.38
2.19
1.83
0.92
0.87
1.12
0.86
0.68

Definition of abbreviations: CI ⫽ confidence interval; OR ⫽ odds ratio.
The model has an area under the curve of 0.92.

OR (95% CI )
10.8
8.9
6.3
2.5
2.4
3.1
2.4
2.0

(3.5–34.0)
(3.2–25.2)
(3.4–11.7)
(1.4–4.7)
(1.2–4.6)
(1.7–5.7)
(1.3–4.4)
(1.1–3.7)

Points

Criteria

13
11
9
5
5
6
5
5

Major
Major
Minor
Minor
Minor
Minor
Minor
Minor
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Figure 2. Severe community-acquired
pneumonia (SCAP) prediction rule behavior in the derivation and validation cohorts. Percentage of SCAP for each cohort
according to the cutoff intervals of the
rule.

The main value of this prediction rule is its ability to identify
patients who need additional monitoring and more aggressive
treatment after the ﬁrst evaluation in the ED either at the ICU
or other alternative settings, such as intermediate care units or
a specialized regular ward, depending on the severity of the
patient’s condition.

Multiple logistic regression results identiﬁed eight independent predictive factors that correlated with SCAP. As stated
earlier, the “nursing home” variable, although signiﬁcantly associated with SCAP, was excluded from the prediction rule because
cultural and social differences regarding the use of nursing homes
could affect the rule’s generalizability.

TABLE 4. CHARACTERISTICS OF DIFFERENT CLINICAL PREDICTION RULES FOR SEVERE
COMMUNITY-ACQUIRED PNEUMONIA
Rule
SCAP prediction rule
Derivation
Internal validation
External validation
m-ATS*
Derivation
Internal validation
External validation
CURB-65 (3–5)†
Derivation
Internal validation
External validation
PSI (IV-V)‡
Derivation
Internal validation
External validation
Adjusted PSI§
Derivation
Internal validation
External validation

Sensitivity (% )

Specificity (% )

PPV (% )

NPV (% )

AUC (% )

p Value

92.1
95.5
84.3

73.8
76.7
60.3

21.4
21.1
22.0

99.2
99.6
96.7

0.83
0.86
0.72

51.3
61.4
50.4

95.9
96.7
91.9

49.4
55.1
47.2

96.2
97.5
92.8

0.74
0.79
0.71

⬍0.01
0.07
0.37

68.4
63.6
60.3

86.8
87.3
78.4

28.6
24.6
26.7

97.3
97.4
93.8

0.78
0.75
0.69

⬍0.05
⬍0.01
0.17

94.7
88.6
91.4

68.1
69.3
50.7

18.7
15.9
19.8

99.4
98.9
97.8

0.81
0.79
0.71

0.24
⬍0.01
0.32

97.4
95.5
95.7

57.5
61.2
36.4

15.1
13.8
16.7

99.7
99.5
98.5

0.77
0.78
0.66

⬍0.01
⬍0.01
⬍0.05

Definition of abbreviations: AUC ⫽ area under the curve; m-ATS ⫽ modified American Thoracic Society; NPV ⫽ negative predictive
value; PPV ⫽ positive predictive value; PSI ⫽ Pneumonia Severity Index; SCAP ⫽ severe community-acquired pneumonia.
The p values refer to the comparison of each rule’s AUC with the SCAP prediction rule, in each cohort.
* m-ATS criteria for severe community-acquired pneumonia.
†
CURB-65: British Thoracic Society criteria for severe community-acquired pneumonia (risk class ⭓ 3).
‡
PSI risk class IV or V.
§
Adjusted PSI: risk class IV or V and class I–III with oxygen desaturation.
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The strongest clinical predictors of SCAP were pH ⬍ 7.30
and systolic pressure ⬍ 90 mm Hg. A depressed pH, which is
likely a side effect of metabolic acidosis derived from sepsis (17),
is not included in other prediction rules such as CURB-65 or
m-ATS (3, 9). On the other hand, it is given the highest score
in the PSI (4) and also appears as a clinical characteristic associated with mortality in patients with SCAP admitted to the ICU
(18).
All of the variables used to create our score are included
in the PSI, except for multilobar/bilateral lung affectation in
X-rays, which has recently been related to treatment failure and
poor prognosis (7). Our rule presents a simpliﬁed and reweighted
PSI with a different cutoff for pH, Po2, and age. Dealing with
only eight variables instead of 20 offers greater simplicity and
applicability. The covariates in our rule are readily obtainable
in the normal course of a patient’s ED work-up. An overall
score was computed from the scores assigned to each of the
eight predictive variables. It must be noted that having eight
variables with different scores makes memorization difﬁcult. For
this reason, the score may be used as a continuous variable or
with a cutoff of 10 or greater, with easy-to-use major and minor
criteria that do not require any tool. Thus, our score includes
variables present in other well-known prediction rules, such as
the CURB and PSI, and recalculates the relative weight of these
variables and comes up with a simple, easy-to-memorize algorithm that can easily identify patients at risk of an adverse evolution. Our rule is less complicated than the PSI; it adds variables
to the CURB-65 that have been demonstrated to improve the
ability to predict severity; and it is more useful than the m-ATS
for patients in the ED. It was not our goal to prove or disprove
the validity of these rules when they are applied in a way consistent with their original purposes.
The variables we used are also included in the CURB-65,
although this rule uses an age cutoff of 65 yr, which is lower
than our cutoff of 80 yr. In addition, we included three more
variables—pH, PaO2/FiO2, and multilobar/bilateral lung affectation in X-rays—that the authors of the CURB-65 had pointed
out would likely be necessary to consider (19). Hypoxemia has

been associated with impending respiratory failure, subsequent
ICU admission (4), and mortality (20) in patients with CAP,
reﬂecting the severity of primary organ impairment in this illness.
Furthermore, the identiﬁcation of arterial hypoxemia has direct
treatment implications, which include the delivery of supplemental oxygen, ventilatory support (21), as well as hospitalization for
more intensive clinical observation. Arterial blood gas provides
useful information about arterial pH and PaO2, although in patients with hemodynamic stability, it could be avoided with a
pulse oximetry ﬁnding of greater than 90%. With respect to the
m-ATS criteria, our score shares some variables with this system.
In our score, however, the two major m-ATS criteria, septic
shock and mechanical ventilation, were deﬁned as endpoints
because they are potentially evolutionary criteria. Consequently,
they are not applicable to early hospital admission.
The variables can be grouped into major (pH ⬍ 7.30 and
systolic pressure ⬍ 90 mm Hg) and minor (respiratory rate ⭓
30 breaths/min, confusion, BUN ⬎ 30 mg/dl, PaO2 ⬍ 54 mm Hg
or PaO2/FiO2 ⬍ 250 mm Hg, age ⭓ 80 yr, and multilobar/bilateral
lung affectation in X-rays). If we apply the score with a cutoff
of 10 or greater, the evaluation of SCAP is based on the presence
of one major criterion, or two or more minor criteria (see Table
3 and Figure 3).
At a cutoff of 10 or greater, the prediction rule showed 92.1%
sensitivity and 73.8% speciﬁcity, which proved superior when
compared with the application of m-ATS or CURB-65 with
three or more factors, although it showed less sensitivity than
PSI classes IV and V and the adjusted PSI. The speciﬁcity ﬁndings suggest that our rule has the potential to identify a larger
proportion of patients as low risk than the PSI. We chose a
cutoff of 10 or more because it presented good sensitivity while
showing the best balance between sensitivity and speciﬁcity. The
low sensitivity of m-ATS is probably due to the use of data
available at initial evaluation. On the other hand, the low sensitivity of CURB-65 may be due to the fact that the class with
two factors had a 7% mortality rate and that the cutoff for this
rule is established with three or more factors.
Due to the substantial proportion of outpatients included in

Figure 3. The variables of score grouped in
major and minor criteria. The evaluation of
SCAP is based on the presence of one major
criterion or two or more minor criteria. P ⫽
arterial pH; S ⫽ systolic pressure; C ⫽ confusion; U ⫽ blood urea nitrogen; R ⫽ respiratory rate; X ⫽ X-ray; O ⫽ PaO2; 80 ⫽ Age ⭓
80 years.
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our study, the prevalence of SCAP in the prospective cohort
was lower than in the external derivation cohort and in other
studies primarily focused on inpatients (3, 5, 8–11). This explains
why the negative predictive values for all prediction rules were
uniformly high, whereas the positive predictive values were generally low in our study cohort. The low positive predictive value
of the rules often failed to select the patients at risk for subsequent SCAP. Therefore, its best use as a stratiﬁcation tool may
be as an adjunct to clinical judgment. The negative predictive
value was excellent for all rules, which means that all patients
who do not fulﬁll the criteria could be safely managed without
intensive care.
Approximately 80% of the patients with false-positive results
presented with severe sepsis. Severe sepsis is common in CAP,
occurring in approximately one-half of all hospitalized patients
with CAP and early in the course of the hospital stay (22). It
has been shown that early intervention in subjects with incipient
severe sepsis may improve outcome (23). Our rule did not detect
a small population of eight patients who developed SCAP, only
one of whom required admission to the ICU. This patient was
admitted with associated comorbidity and evolved to shock and
respiratory failure on the third day after admission, thus underscoring the importance of evolution during the ﬁrst hours of
acute-onset diseases such as CAP. Given that pneumonia is a
dynamic process, a small yet important number of patients who
might not fulﬁll severity criteria on hospital admission may nevertheless be at risk of developing SCAP in the following days.
In connection with this, Ewig and colleagues (5) observed that
the m-ATS rule predicted 100% of ICU admissions later in the
course of hospitalization (within 48–72 h).
Although the aforementioned prediction rules currently established by scientiﬁc societies (24–28), such as CURB-65 and
PSI, adequately predict the risk of death and therefore the decision for hospital admission, they do not specify the level of care
most likely required. In an effort to ﬁll that gap, our study focused
on the identiﬁcation of patients whose disease can suddenly
take a turn for the worse, and thus who may require additional
monitoring and care (hemodynamic monitoring, ventilatory support, and nursing observation). For that reason, despite the high
number of false positives, our rule is adequate for identifying
seriously ill patients with CAP at the time of ED evaluation
who are at risk for an adverse outcome, which is a more efﬁcient
tool from a clinical point of view. It is important to increase the
degree of awareness about signs of severity in CAP, because it
has been demonstrated that treatment for patients with obvious
signs of severity, such as confusion and hypotension, often does
not measure up to treatment guidelines (29).
Exclusion from the derivation and internal validation cohorts
of the 46 patients considered to be having terminal events maintained the model’s predictive capability. It is difﬁcult to predict
the terminal phase of many diseases (30), which is why these
patients were not excluded initially. In either case, this rule is
valid for identifying all at-risk patients in the ED as well as those
suitable for more aggressive treatment.
This study has four main limitations:
1. The rule was derived from patients from a single hospital
and validated with an external cohort in which some data
were missing due to the retrospective manner of their
collection. To evaluate whether our ﬁndings could be generalized to other populations, we compared our patients
with other populations of hospitalized patients with CAP
described in the literature (3, 31). Using a well-established
prediction rule for risk of death and other adverse outcomes, the data indicate that the population of patients
with pneumonia in our hospital is similar to the populations
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of patients admitted to other hospitals. In addition, our
score was validated in an external cohort of patients from
four other hospitals. Still, a prospective validation is required to assess the generalizability of these ﬁndings.
2. The external validation cohort does not include outpatients, because it involved a retrospective analysis of the
clinical history of admitted patients.
3. Our data suggest underuse of the ICU in our center. It is
possible that older age was used as a restrictive criterion
for ICU admission even though there is evidence to justify
care given to critically ill, elderly patients in units with
closer monitoring (32, 33).
4. Our prediction rule did not take into account the potential
diagnostic utility of new investigative techniques, such as
markers of inﬂammatory response (34–38). However,
these markers are not necessarily available outside tertiary
centers and may not yield immediate results at the time
of ED consultation.
The clinical heterogeneity of CAP is a global limitation when
attempting to create a scoring system capable of separating patients into appropriate management groups. This limitation compels the notion that clinical judgment, which is difﬁcult to deﬁne
in objective terms, must remain an indispensable part of decision
making. Our proposed score aims to identify as early as possible
patients at increased risk of complicated CAP evolution. The
use of this score in EDs may help in triage decisions. It may
also be used to design future studies and health care strategies
aimed at reducing CAP mortality. We suggest that patients
scored as high risk (score ⭓ 10) should receive closer monitoring
than low-risk patients.
In summary, a prediction rule based on eight variables that
are easily accessible at the time of ED admission is able to
identify patients whose CAP may substantially worsen. The similarity of these prognostic variables to those of previously published models suggests that the results could be generalized to
other institutions. The value of this rule is supported by the
small number of false negatives and the fact that it can be used
in any type of population visiting an ED.
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