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Abstract Where to treat patients is probably the single most
important decision in the management of community-
acquired pneumonia (CAP), with a substantial impact on
both patients’ outcomes and health-care costs. Several fac-
tors can contribute to the decision of the site of care for CAP
patients, including physicians’ experience and clinical judg-
ment and severity scores developed to predict mortality, as
well as social and health-care-related issues. The recogni-
tion, both in the community and in the emergency department,
of the presence of severe sepsis and acute respiratory failure
and the coexistence with unstable comorbidities other than
CAP are indications for hospital admission. In all the other
cases, physician’s choice to admit CAP patients should be
validated against at least one objective tool of risk assessment,
with a clear understanding of each score’s limitations.
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Introduction

In the U.S., community-acquired pneumonia (CAP) accounts
for 4 million episodes of illness each year and represents the
most common lethal infectious disease. More than one million
people require hospital admission annually because of CAP,
with health-care costs up to $10 billion. The vast majority of
the latter is due to hospitalization, and the total fixed inpatient
costs are calculated at $8.6 billion per year [1].

The site of care (home, hospital ward, or intensive care unit
[ICU]) is probably the single most important decision in the
management of patients with CAP, having a substantial im-
pact on both patient’s outcomes and health-care costs. Nation-
al and international guidelines agree that the assessment of
severity represents the first step in the management algorithm
of a CAP patient [2–4]. Several factors contribute to the
evaluation of the severity of disease and to the decision as to
the site of care of CAP patients. These include the physician’s
clinical judgment and severity scores able to predict mortality,
as well as social and health-care-related issues. The aim of the
following review is to evaluate some critical aspects related to
hospital admission decisions in CAP patients and to give some
new perspectives on this topic.

Patients with Severe CAP Need to Be Hospitalized

There is no doubt that a patient with a severe CAP requires
hospitalization. The question is, what is severe CAP, and can
we use scores to define a severe CAP. So far, there is no
generally accepted definition for severe CAP. The most wide-
ly used surrogate for high-risk prediction is the admission to
an ICU, and several authors have independently described, in
large databases, scoring systems to predict this outcome.
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The tool currently recommended by guidelines in deciding
ICU admission is the Infectious Diseases Society of Amer-
ica/American Thoracic Society score that includes major and
minor criteria [2].While the major criteria include the need for
mechanical ventilation or the presence of septic shock requir-
ing vasopressors, the minor criteria consist of nine physiolog-
ical and laboratory parameters, with three or more among
those indicating severe CAP requiring ICU admission [5, 6].
Other physiological scoring systems have been proposed dur-
ing the past decade, primarily aimed to improve the prediction
of ICU admission, such as the PIRO [7], SMART-COP [8],
ADROP [9], CORB [10], the REAICU-rule [11], and SCAP
[12, 13] scores. Most of these prediction rules vary in com-
plexity and suffer from specific limitations or the absence of
additional validation; thus, further research is needed before
they should be used in clinical practice.

The abundance of these severity criteria reveals a lack of
consensus over which patients should be initially managed in
the ICU and what a severe CAP is. The use of ICU admission
as a marker of severe CAP is vulnerable to several biases.
Rates and criteria for admission to ICU vary widely across
units and different health-care systems, and they are highly
dependent on individual physician decisions [14].

Although mortality and ICU admission are the main out-
comes in the majority of studies on CAP, it seems that the
presence of severe sepsis (with or without the need for
vasopressor support) and/or the presence of acute respirato-
ry failure (with or without the need for mechanical ventila-
tion) are simple and useful outcomes for identifying the
most acutely ill patients who require hospitalization. From
a pathophysiological point of view, the presence of at least
one of these two conditions or other unstable comorbidities
during the evaluation of a CAP patient in the community
setting, or in an emergency department, can lead directly to
hospital admission.

Clinical Judgment Alone Could Not Be Enough
in Nonsevere CAP

A wide variation in the management of patients with CAP
has been identified among different hospital settings [15].
Dean and coworkers found individual emergency physician
admission rates for CAP patients ranging from 38 % to
79 %, and this variability was not explained by objective
data [16]. It seems that when relying on clinical judgment
alone, clinicians may over- or underestimate the severity of
CAP, leading to potentially inappropriate treatment deci-
sions. In one experience, 292 physicians were asked to
estimate the risk of mortality for CAP patients, all of whom
had an estimated mortality <4 % and were potentially suit-
able for outpatient care according to objective parameters. A
total of 41 % of the inpatients included in the study were

judged by physicians to have a risk of mortality >5 % and to
require admission [17]. In another study, only 7 % of physi-
cians had correct assessments of pneumonia severity similar
to those assigned by the objective parameters [18].

This evidence supports recommendations by the majority
of guidelines on the use of severity assessment tools as
objective methods for complementing clinical judgment in
the evaluation of the severity of disease in CAP patients
[2–4]. These scoring systems have been developed and
validated with mortality as the main outcome, but also
length of stay and time to clinical stability [19–21]. The
scoring systems have been shown to assist physicians in
stratifying patients into useful groups, such as low, interme-
diate, and high risk for death.

The Ability of the Severity Scores to Predict Mortality
in CAP Patients

The Severity Scores

The most rigorous studied and established severity pre-
diction tool in CAP is the Pneumonia Severity Index
(PSI), which stratifies patients with CAP on the basis of
the risk of death within 30 days [19]. This score is
based on 20 different variables from data validated on
more than 40,000 inpatients (see Table 1). It categorizes
patients into five risk classes: classes I and II are at low
risk of mortality (0.1 %–0.7 %), patients in class III are
also at relatively low risk of death (0.9 %–2.8 %),
patients in class IV have an increased risk (4 %–
10 %), and class V patients are at the highest risk of
30-day mortality (27 %).

The British Thoracic Society established a severity score
composed of four variables that were shown to be predictive
of death from pneumonia: the presence of confusion on
admission (C) respiratory rate (R) ≥30/min, diastolic blood
pressure (B) ≤60 mmHg, and a blood urea nitrogen
(U) >20 mg/dL [20]. A modified 6-point CURB-65 score
(as above, plus age ≥65 years) was derived on the basis
of a multivariate analysis of 1,068 patients and exten-
sively validated in over 15,000 subjects [22] and divides
patients into three broad risk groups: scores 0–1 at low
risk (0.7 %–3.2 %), score 2 at intermediate risk (13 %),
and scores 3–5 at high risk of 30-day mortality (17 %–
57 %) (see Table 2). A CRB-65 score has been devel-
oped as a simplified modification of this severity scor-
ing system with the omission of blood urea testing. It
demonstrated equivalence in risk stratification, as com-
pared with both the PSI and CURB-65, and it has been
suggested as a tool in the offices of primary care
physicians to determine whether severity is high enough
to warrant hospital admission [23, 24].
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Can Severity Scores Predict Mortality?

In a recent systematic review, Chalmers and coworkers
compared the performance characteristics of the PSI,

CURB-65, and CRB-65 scores for predicting 30-day mor-
tality in CAP patients, and they found moderate to good
accuracy [25••]. No significant differences were identified in
overall test performance between these scores for predicting

Table 1 The pneumonia severity index

Step 1

Is the patient more than 50 years of age? No/Yes

Does the patient have any of the following coexisting conditions? (neoplastic disease, active or within the last year-; congestive
heart failure; cerebrovascular disease; renal disease)

No/Yes

Does the patient have any of the following abnormalities on physical examination? (altered mental status; pulse ≥125/min;
respiratory rate ≥30/min; systolic blood pressure <90 mmHg; temperature <35 °C or ≥40 °C

No/Yes

If answer to question A, B, C are all “no”, the patient belongs to Risk Class I

If answer to A, B, or C is “yes” → Step 2

Step 2

Age [men = actual age; women = age−10 years] years

Neoplastic disease +30

Liver disease +20

Congestive heart failure +10

Cerebrovascular disease +10

Renal disease +10

Altered mental status +20

Respiratory rate >30/min +20

Systolic blood pressure <90 mmHg +20

Temperature <35 °C or ≥40 °C +15

Pulse ≥125/min +10

Nursing home resident +10

Arterial pH <7.35 +30

Urea ≥30 mg/dL +20

Sodium <130 mmol/L +20

Glucose ≥250 mg/dL +10

Hematocrit <30 % +10

PaO2 <60 mmHg +10

Pleural effusion +10

Risk Classes

Risk Class I NA

Risk Class II ≤70 points

Risk Class III 71–90
points

Risk Class IV 91–130
points

Risk Class V >130 points

Table 2 CURB-65 score
CURB-65 score

Confusion (new disorientation in person, place or time) 1 point

Urea >7 mmol/L 1 point

Respiratory rate ≥30/min 1 point

Diastolic blood pressure ≤60 mmHg or systolic blood pressure <90 mmHg 1 point

Age ≥65 years old 1 point
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mortality, and their performance characteristics were similar
across comparable cutoffs for low, intermediate, and high
risk for each score (see Fig. 1). However, in identifying low-
risk patients, the PSI (groups I and II) had the best negative
likelihood ratio, as compared with CURB-65 and CRB-65,
suggesting that the PSI may be superior at identifying low-
risk patients, while a higher positive predictive value sug-
gested that CURB-65/CRB-65 may be superior for identi-
fying high-risk patients. The strengths and weaknesses of
these scores with respect to predicting pneumonia-related
mortality have been recently evaluated [26].

Severity Scores in Special Populations

Severity scoring systems may not identify all patients at
risk, and a recalibration of these scores may be needed when
transporting them across special populations.

A recent paper demonstrated that females have worse
outcomes for CAP than do males [27]. Particularly, females
are more likely to take longer to reach clinical stability, have
longer hospital stays, and are 15 % more likely to be dead
after 28 days. In view of these data, current pneumonia
scoring systems may need to be revised regarding female
mortality risk.

Age-related alterations in the clinical characteristics and
performance of severity scoring systems for CAP are

important. It is not surprising that because of the high
incidence of comorbidities and poor functional status,
these patients show a high mortality rate. Some studies
have been specifically designed to evaluate severity
scores in elderly patients with CAP [28, 29]. An inter-
esting analysis was conducted in order to compare the
predictive value of CURB-65 and PSI in adult (18–65),
elderly (65–84), and very elderly (85+) patients [30].
Both PSI and CURB-65 performed relatively well in the
first two cohorts but poorly in the very elderly. More-
over, both PSI and CURB-65 seem to have no prognos-
tic value in geriatric patients who are hospitalized with
aspiration pneumonia [31].

The role of the severity scores in patients with
health-care-associated pneumonia (HCAP) is currently
uncertain, mainly because these patients are at high risk
of death and a large proportion are likely to require
hospitalization [32]. In a multicenter, prospective, obser-
vational study, Falcone and coworkers showed that PSI
and CURB-65 have a good performance in patients with
CAP but are less useful in those with HCAP, in view of
the fact that “low-risk” patients with HCAP seem to
have a relatively high mortality [33].

Current pneumonia severity scores have been recently
evaluated during pandemic influenza. Data from both retro-
spective and prospective trials demonstrated that they have
insufficient predictive ability to safely identify low-risk
patients with pandemic (H1N1) 2009 influenza and often
fail to predict CAP severity or the need for ICU admission
[34–38]. More than 300 H1N1 patients were evaluated by
Bjarnason et al. in a prospective, population-based study in
Iceland. These patients showed significantly lower severity
scores than did CAP patients and were more likely to require
intensive care admission (41 % vs. 5 %) and receive me-
chanical ventilation (14 % vs. 2 %) [35]. A similar experi-
ence has been conducted in Australia showing that the PSI
and CURB-65 cannot provide good discrimination of low-
risk patients, with 19 % and 21 %, respectively, of H1N1
2009 influenza patients requiring ICU admission as pre-
dicted by the scores [37].

Doubts in the predictability of the most important score
systems for CAP have also been raised in other populations,
such as cancer patients [39], those with a non-HIV P. jir-
oveci pneumonia [40], or young patients with community-
acquired methicillin-resistant S. aureus [41].

Implementing Severity Scores with Biomarkers

Several efforts have recently been made to incorporate
different biomarkers with clinical criteria in order to
improve the prediction of mortality for CAP patients
[42]. The rationale is mainly based on the theoretical
capability of these biomarkers to detect underlying

Fig. 1 Receiver operator characteristic curves for the Pneumonia
Severity Index (PSI), CURB65, and CRB65 with respect to mortality
[25••]. AUC, area under the curve
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mechanisms of CAP progression more accurately and in
a more timely fashion. Procalcitonin (PCT) levels on
admission seem to predict the severity and outcome of
CAP with a prognostic accuracy similar to the CURB-
65 score [43], and adding PCT for patients assessed to
be at high risk on the basis of the PSI score signifi-
cantly improved the ability to rule out the likelihood of
death [44]. Proadrenomedullin (proADM) has been
shown to perform better than PCT and to correlate with
increasing severity of illness and short-term mortality, as
well as long-term outcomes [45, 46•]. Combination of
the PSI and proADM allows a better risk assessment
than PSI alone [47]. Finally, a composite score
(CURB65-A) has been proposed combining CURB-65
classes with proADM cutoffs in patients with CAP and
non-CAP lower respiratory tract infections [48]. The
predictive value of other biomarkers, such as proatrial
natriuretic peptide, provasopressin, and cortisol, has re-
cently been investigated in CAP [49–51].

The full clinical value of these biomarkers still remains
uncertain, and they are currently limited by the absence of a
rapid availability, high cost, and problems identifying cutoff
points for different clinical settings/populations. Further-
more, additional prospective cohort and clinical intervention
trials are required to confirm any additional benefit of bio-
markers in the clinical management of CAP patients.

The Relation Between the Risk of Death and the Need
for Hospitalization in CAP Patients

The PSI and the CURB-65 score have been shown to
separate patients into clinically useful subgroups for predic-
tion of mortality, and national and international guidelines
suggest that these tools aid clinical judgment in site-of-care
decision [3, 4]. The PSI risk classes I and II were recom-
mended for outpatient treatment, as well as class III without
evidence of oxygen desaturation. Patients in classes IV and
V were recommended to be managed as inpatients in the
majority of cases. Although the CURB-65 score was not
developed to identify patients suitable for discharge, it has
been suggested that patients with a score of 0 or 1 may be
treated as outpatients, and patients with a score of 2 require a
short hospitalization, while patients with a score of 3 require
hospitalization [4].

During the past decade, several studies wherein the PSI
score was incorporated into a clinical pathway for the man-
agement of CAP demonstrated a reduction in hospitaliza-
tions for CAP patients in the “low-risk” classes.
Interventional trials evaluating accurate identification of
low-risk patients suitable for ambulatory treatment without
compromising their safety have been performed only for the
PSI score [52–55]. A prospective, observational, controlled

cohort study of 925 CAP patients was performed in France
by Renaud and coworkers in eight emergency departments
(EDs) that used the PSI and eight EDs that did not use the
PSI [56]. The authors found that routine use of the PSI
was associated with a larger proportion of CAP patients
with a PSI risk class of I or II, who were safely treated
in the outpatient environment. The implementation of the
PSI seems to result in a significant increase in patients man-
aged in the community, without an increase in mortality or
hospital readmissions or any change in the proportion of
patients satisfied with their care [57, 58].

Moving from clinical trials to clinical practice, there still
remains the question of how to appropriately use these
severity scores, which were primarily validated to predict
mortality rather than hospital discharge. Mortality has been
applied as a surrogate for deciding the initial site of care, and
recommendations made by national and international socie-
ties are based on the assumption that there is a linear
relationship between the risk of death and the need for
hospitalization. However, hospital discharge is a more dif-
ficult end point to study, since it is highly dependent on
physician practice and local health-care policies.

Several studies have shown that despite intense
efforts to implement a severity score-based guideline
to identify low-risk patients with CAP for outpatient
treatment, physicians tend to use their clinical judgment
to hospitalize patients with a PSI risk class I or II
19 %–84 % of the time [52, 54–56, 59]. There are
justified reasons for admitting patients with low PSI
risk classes. A relevant percentage of these patients
may suffer one or more complications, while 4 %–
5 % may require ICU admission or die [60–62]. First
of all, a major limitation of the PSI is the unbalanced
impact of age on the score, resulting in a potential
underestimation of severe pneumonia, particularly in
younger, otherwise healthy individuals [63]. Severely
ill younger patients may not receive a high score and
may be inappropriately managed as outpatients. Other
problems, such as the presence of medical conditions other
than CAP, failure of outpatient therapy, inability to take oral
medication, noncompliance, hypoxemia with the need for
oxygen therapy, psychiatric comorbidities, social circumstan-
ces, or inadequate home support, are not fully captured by the
PSI, and these patients may require hospitalization regardless
of their prediction of mortality [23, 59, 61, 63–66, 67•]. On
the other hand, some experience has shown that physi-
cians tend to discharge 3 %–13 % of higher risk
patients on the basis of the PSI, and the most common
explanations are patient or family preferences, despite
the primary care or consulting physician's recommenda-
tion for admission [52, 54, 56, 67•, 68].

If CURB-65 is used as an aid to clinical judgment in the
site-of-care decision, several limitations should also be kept
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in mind, especially the fact that this score underestimates
severity in young patients [69–71]. Two recent studies
found reasons that justified hospitalization in more than
80 % of patients with a CURB-65 score of 0 or 1 [72, 73].
In an observational, retrospective study of consecutive CAP
patients, the main reasons for hospitalization of patients with a
CURB-65 score of 0 or 1 included the presence of hypoxemia
on admission (35 %), failure of outpatient therapy (14 %), and
the presence of cardiovascular events on admission (9.7 %)
[72]. The importance of hypoxemia on admission in
CAP patients with a CURB-65 score of 0 or 1 has been
recently pointed out in a multicenter prospective cohort
study showing that hypoxemia is independently associ-
ated with several adverse clinical and radiological vari-
ables [74]. Therefore, additional attention should be
paid to the presence of hypoxemia, regardless of a
low CURB-65 score.

An effort has been recently made to develop a better
algorithm to guide the site-of-care decision on the basis of
the evaluation of critical organ dysfunction as a consequence
of respiratory, cardiocirculatory, or comorbidity-related dete-
rioration [75••]. A proposal of an integrated, two-step ap-
proach is depicted in Fig. 2. The first step is focused on a
rapid rule-out of the presence of acute respiratory failure,
severe sepsis, and/or unstable conditions that would require
hospitalization for CAP patients. In the absence of these
conditions, clinical judgment should be validated against
at least one objective tool of risk assessment, having
clearly in mind each score’s limitations. Once the deci-
sion to hospitalize a CAP patient has been made, the presence
and the severity of both acute respiratory failure and severe
sepsis could also be used for the site-of-care decision among
different hospital units (general ward vs. high dependence unit
vs. intensive care unit).

Fig. 2 Proposed algorithm for hospital admission in patients with community-acquired pneumonia [modified after 75••]
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Do Physicians Use Severity Scores in Clinical Practice
in the Site-of-Care Decision for CAP Patients?

Reports of the use of severity criteria to guide site-of-care
decisions in clinical practice are few, but they suggest that
scoring systems are underutilized. The pneumonia severity
index is relatively complex, requiring 20 different parame-
ters with different weights. As a consequence, emergency
departments that have implemented the PSI reported diffi-
culties with encouraging staff to use it. In an audit by Lee et
al., in a PSI user department in Australia, this score was
used in only one third of cases and, when used, was calcu-
lated incorrectly in 42 % of cases [76]. When junior doctors
were interviewed on the role of severity scores in a hospital,
only 4 % named the CURB-65 score when asked to name
the top criteria used to assess severity in CAP patients, and
only 7 % were able to recall the score from memory and
apply this to different scenarios [18]. Similar data have also
been reported in two other studies [77, 78]. Serisier et al.
recently submitted a survey of respiratory and emergency
medicine physicians and specialist registrar members of their
Royal Australasian Colleges in order to assess the use of the
PSI and CURB-65 scores [79]. Only 12 % of respiratory and
35 % of emergency physicians reported using the PSI always
or frequently. The majority of them were unable to accurately
approximate the PSI score, with significantly fewer respirato-
ry than emergency physicians recording accurate severity
classes. On the other hand, significantly more respiratory
physicians were able to accurately calculate the CURB-65
score. Implementation studies aimed to evaluate the use of
severity scores in clinical practice are required.

The Site-of-Care Decision for CAP Patients
in the Community

The recognition of the presence of acute respiratory failure,
early signs/symptoms of severe sepsis, and the presence of
unstable conditions other than CAP is a crucial step in the
decision to send a CAP patient from the community to the
hospital. In other circumstances, a tool that aids clinical
judgment in the evaluation of the severity of the disease in
an outpatient with CAP is required. The majority of the data
focused on severity scores were derived and validated in terms
of prognostic accuracy in hospitalized patients, and there are
relatively few data on the use of scoring systems in outpatient
settings [80]. Although, the CRB-65 score was originally
recommended for outpatient use, only one validation study
has been published, and it is limited to patients aged >65 years
[81]. In a recent meta-analysis, CRB-65 and PSI seem to be
good in identifying patients who are at a low risk of death and,
therefore, may be confidently managed as outpatients, while
neither the PSI nor the CRB-65 score shows superiority in this

regard [80]. On the other hand, another systematic review and
meta-analysis of validation studies of CRB-65 conducted in
community settings pointed out that the CRB-65 seems to
overpredict the probability of 30-daymortality across all strata
of predicted risk [82]. The authors concluded that caution is
needed when applying CRB-65 to patients in general practice.

Moving from clinical research to clinical practice, an
interesting study has recently been published by Francis et
al. among primary care clinicians in 13 European countries,
including more than 3,300 subjects, to assess compliance of
clinicians with the CRB-65 [83]. Primary care clinicians
recorded the components required to calculate a CRB-65
prediction score in only a minority of patients; the respira-
tory rate and blood pressure were recorded in fewer than a
quarter and in fewer than a third of the subjects, respective-
ly. The CRB-65 also suffers from all the limitations previ-
ously discussed regarding the CURB-65, and more research
is needed to confirm whether this score has value in man-
aging CAP in the community.

The Use of Severity Scores in Clinical Research

Severity scores for CAP are currently used in clinical
research in order to adjust data on the basis of patients’
characteristics that may influence clinical outcomes. In a
prospective study, Silber and coworkers sought to deter-
mine the time to clinical stability in CAP patients on
the basis of how quickly they received antibiotics [84].
Three groups of patients were developed on the basis of when
antibiotics were given, and time to clinical stability and length
of hospital stay were selected as outcomes for each group. To
adjust for patient characteristics that may have influenced
study outcomes, the mean PSI was reported for each group
with statistical values that showed no significant difference.

Several other studies also used PSI and CURB-65 as
indicators of severity of the disease on admission in CAP
patients to adjust predictive variables with respect to late
clinical outcomes in multivariable logistic regression analy-
sis and propensity-weighted adjusted models [85–87].

Conclusions

The decision to hospitalize a patient with CAP is mostly
determined from a clinical perspective. The recognition in
the community, clinics, or emergency department of the
presence of severe sepsis and acute respiratory failure or
the coexistence with other unstable comorbidities is an
indication for hospital admission. Once the decision to hos-
pitalize a CAP patient is taken, the site of care (general
ward, high dependency units, or ICU) should be based on
the number, type, and degree of organ failures. In all other
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patients, the choice to admit a CAP patient should be vali-
dated against at least one objective tool of risk assessment,
having clearly in mind each score’s limitations. Finally,
different centers should consider different pathways in de-
ciding hospital admission for a CAP patient on the basis of
local health-care setting and resources.
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