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ABSTRACT: The prognostic value of procalcitonin (PCT) levels to predict mortality and other

adverse events in community-acquired pneumonia (CAP) remains undefined.

We assessed the performance of PCT overall, stratified into four predefined procalcitonin tiers

(,0.1, 0.1–0.25, .0.25–0.5, .0.5 mg?L-1) and stratified by Pneumonia Severity Index (PSI) and

CURB-65 (confusion, urea .7 mmol?L-1, respiratory frequency o30 breaths?min-1, systolic blood

pressure ,90 mmHg or diastolic blood pressure f60 mmHg, and age o65 yrs) risk classes to

predict all-cause mortality and adverse events within 30 days follow-up in 925 CAP patients.

In receiver operating characteristic curves, initial PCT levels performed only moderately for

mortality prediction (area under the curve (AUC) 0.60) and did not improve clinical risk scores.

Follow-up measurements on days 3, 5 and 7 showed better prognostic performance (AUCs 0.61,

0.68 and 0.73). For prediction of adverse events, the AUC was 0.66 and PCT significantly improved

the PSI (from 0.67 to 0.71) and the CURB-65 (from 0.64 to 0.70). In Kaplan–Meier curves, PCT tiers

significantly separated patients within PSI and CURB-65 risk classes for adverse events

prediction, but not for mortality. Reclassification analysis confirmed the added value of PCT for

adverse event prediction, but not mortality.

Initial PCT levels provide only moderate prognostic information concerning mortality risk and

did not improve clinical risk scores. However, PCT was helpful during follow-up and for prediction

of adverse events and, thereby, improved the PSI and CURB65 scores.
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A
ssessment of disease severity and predic-
tion of outcome are prerequisites for
adequate allocation of healthcare resources

and therapeutic options in the management
of community-acquired pneumonia (CAP). This
includes decisions regarding hospital or intensive
care admission, diagnostic work-up, route of anti-
microbial therapy and evaluation for early dis-
charge. To optimise and to reduce unnecessary
hospital admission rates, professional organisations
have developed prediction rules and propagated
guidelines to stratify patients with CAP based on
predicted risk for mortality [1, 2]. The Pneumonia
Severity Index (PSI) is a well-validated scoring
system that assesses the risk of death in a two-step
algorithm [3]. The tool was developed to identify
patient at low risk for mortality [3]. However, it is
complex and strongly dependent on age, limiting
its general implementation in routine care. The less
complex CURB65 (confusion, urea .7 mmol?L-1,
respiratory frequency o30 breaths?min-1, low blood

pressure (systolic value ,90 mmHg or diastolic
value f60 mmHg) and age o65 yrs) score,
focuses on five predictors [4]. This score is easier
to calculate, but has a slightly inferior prognostic
accuracy. Both risk scores were validated for the
prediction of mortality only, and their ability to
predict other CAP-associated adverse outcomes is
not validated. Both scores have limitations for
clinical use, including practicability, risk of mis-
calibration, and only moderate sensitivity and
specificity, which leads to hospitalisation of
patients where outpatient treatment would have
been preferable [5]. Thus, additional risk factors
and prognostic biomarkers potentially enhance
the prognostic performance of these established
risk scores in CAP patients.

Previous studies investigated the prognostic
potential of procalcitonin (PCT) for mortality
prediction [6]. While studies in the intensive care
unit (ICU) setting [7, 8] and in high-risk patients
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[9] have demonstrated a high prognostic accuracy of PCT,
results from studies in the emergency department (ED) with
lower severity patients did not show consistent results [9–11].
A study from the German Community-Acquired pneumonia
Competence Network (CAPNETZ) recently found that PCT
levels on admission improve the prognostic performance of the
CRB-65 (confusion, respiratory rate o30 breaths?min-1, low
blood pressure (systolic value ,90 mmHg or diastolic value
f60 mmHg) and age o65 yrs) score [11]. However, a large
USA-based CAP study found only a moderate additive value
of PCT when compared to the PSI and CURB-65 scores [12].

The aim of the present study was to validate these previous
findings in a large, well-defined cohort of CAP patients
enrolled in the multicentre Procalcitonin-Guided Antibiotic
Therapy and Hospitalisation in Patients with Lower Respira-
tory Tract Infections (ProHOSP) study [13], and to evaluate the
prognostic potential of initial and serial PCT levels for
prediction of mortality and other adverse events.

METHODS

Study design and setting
As a predefined ancillary project, we used clinical data and
PCT levels from all patients with CAP enrolled in the
multicenter ProHOSP study [13]. The design of the ProHOSP
study has been reported in detail elsewhere [13]. Briefly, from
October 2006 to March 2008, a total of 1,359 consecutive
patients with presumed lower respiratory tract infection (LRTI)
from six different hospitals located in the northern part of
Switzerland were included; 925 patients had a definite
diagnosis of CAP, and the remaining patients suffered from
chronic obstructive pulmonary disease exacerbation and acute
bronchitis. Patients were randomly assigned to an intervention
group, where guidance of antibiotic therapy was based on PCT
cut-off ranges, or a standard group, where guidance of
antibiotic therapy was based on enforced guideline recom-
mendations without knowledge of PCT. The primary end-
point of the study was to compare the risk for adverse medical
outcomes within 30 days following the ED admission by PCT
guidance when compared with standard recommended guide-
lines. A predefined secondary end-point was to investigate the
prognostic potential of PCT in CAP patients.

Selection of participants
Patients .18 yrs of age with a suspected LRTI as their
principal diagnosis on admission were eligible for the
ProHOSP study. In accordance with guidelines, LRTI was
defined by the presence of at least one respiratory symptom
(cough, sputum production, dyspnoea, tachypnoea or pleuritic
pain) plus at least one finding during auscultation (rales or
crepitation), or one sign of infection (core body temperature
.38.0uC, shivering, leukocyte count .161010 cells?L-1 or
,46109 cells?L-1) independent of antibiotic pre-treatment.
CAP was defined as a new infiltrate on chest radiograph [1,
14]. Patients were examined on admission to the ED by a
resident physician supervised by a board-certified specialist in
internal medicine. The standardised baseline assessment
included medical history, clinical examination, lab tests and
chest radiography. For all patients with CAP, the PSI and the
CURB-65 score were calculated on admission as described
elsewhere [3, 4]. The study protocol was approved by all local

ethical committees, and written informed consent was
obtained from all participants.

PCT measurement
PCT was measured with a highly sensitive, time-resolved
amplified cryptate emission technology assay (PCT Kryptor1;
BRAHMS AG, Hennigsdorf, Germany). The assay has a
detection limit of 0.02 mg?L-1 and functional assay sensitivity
of 0.06 mg?L-1, i.e. 3–10-fold over normal mean values.

Study end-points
The primary end-point for this analysis was all-cause mortality
within 30 days following randomisation; the secondary end-
points were adverse events, defined as death, ICU admission
or any disease-specific complications (including empyema,
abscess and acute respiratory distress syndrome) within

TABLE 1 Baseline characteristics and outcomes of
community-acquired pneumonia patients#

Characteristic Baseline value

Demographic characteristics

Age yrs 73 (58–82)

Males 544 (59)

Coexisting illnesses

Chronic heart failure 159 (17)

Renal failure 206 (22)

COPD 282 (30)

Clinical findings

Confusion 74 (9)

Respiratory rate breaths?min-1 20 (16–25)

Systolic blood pressure mmHg 132 (119–148)

Heart rate beats?min-1 95 (82–108)

Body temperature uC 38.1 (37.2–38.9)

PSI points 92 (68–116)

PSI class

I–III 452 (49)

IV 349 (38)

V 124 (13)

CURB-65 points 2 (1–2)

CURB class

0–1 459 (50)

2 306 (33)

3–5 160 (17)

Follow-up

Outpatient treatment 52 (6)

Length of stay in hospitalised patients days 8 (5–13)

30-day outcomes

Any adverse events 134 (14.5)

All-cause mortality 50 (5.4)

ICU admission 83 (9.0)

Disease-specific complications 31 (3.4)

Data are presented as median (interquartile range) or n (%). COPD: chronic

obstructive pulmonary disease; PSI: Pneumonia Severity Index; CURB-65:

confusion, urea .7 mmol?L-1, respiratory frequency o30 breaths?min-1, low

blood pressure (systolic value ,90 mmHg or diastolic value f60 mmHg) and

age o65 yrs; ICU: intensive care unit. #: n5925.
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30 days. Outcome assessment was standardised and moni-
tored by an independent Safety and Monitoring Board, con-
sisting of three specialists in pneumology, infectious diseases
and intensive care medicine as part of the ProHOSP protocol
[13]. Outcome was assessed during hospital stay at days 3, 5
and 7, at hospital discharge, and by structured telephone
interviews at days 30 by blinded medical students. In the case
that the patient indicated any complication during or following
hospital discharge or was unable to give adequate information,
the interviewer was obliged to contact the treating general
practitioner or hospital to receive notification of the prescrip-
tion, or a copy of the hospital transfer or discharge letter.

Statistical analysis
First, we assessed the prognostic accuracy of initial PCT levels to
predict primary and secondary end-points by plotting receiver
operating characterstic (ROC) curves. The area under the ROC
curve (AUC) is a summary measure of criteria and cut-off point
choices. We report sensitivity, specificity, and positive and
negative likelihood ratios at different cut-off points. We then
assessed whether PCT significantly increased within four PCT
cut-off ranges (,0.1, 0.1–0.25, .0.25–0.50 and .0.50 mg?L-1) with
Kruskal–Wallis one-way ANOVA for multigroup comparisons.
These cut-offs were chosen because they are the basis of the
clinical algorithm for antibiotic stewardship [15].

Secondly, we tested whether PCT improves the performance of
the PSI and CURB-65 scores by comparing ROC curves of the
joint logistic regression of PCT and each of the risk scores to
ROC curves limited to the scores only. Thereby, the scores
were included as PSI classes (1–5) and CURB-65 classes (1–5)
into the model. We also plotted Kaplan–Meier survival curves,
and stratified patients by PCT cut-off points overall and in a
priori PSI and CURB-65 risk categories; thereby, low-risk
patients were defined as PSI classes I–III and CURB65 classes
0–1, and high-risk patients were defined as PSI classes IV–V
and CURB-65 classes 2–5. We tested for differences between
PCT tiers with log rank trend tests.

To investigate the potential clinical usefulness of adding PCT
to clinical risk scores, we further calculated reclassification
tables as proposed by PENCINA et al. [16]. For estimating
meaningful a priori risk categories, we used predicted pro-
babilities for 30-day mortality from the original PSI and CURB-
65 cohorts [3, 4, 17]. For prediction of adverse events, we used
the predicted risks, as found in the present study, for the PSI
and CURB-65 classes.

Finally, we analysed follow-up PCT measurement by plotting
crude values, and the difference between initial levels on
admission, and day-3, -5 and -7 values in survivors and
nonsurvivors.
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FIGURE 1. Risk of a) any adverse event (p,0.001), b) intensive care unit (ICU) admission (p,0.001), c) overall mortality (p50.15) and d) complications (p50.06) in

different procalcitonin (PCT) cut-offs.
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All testing was two-tailed and p-values ,0.05 were considered
to indicate statistical significance. All calculations were
performed using STATA 9.2 (StataCorp, College Station, TX,
USA).

RESULTS
Patient population
A total of 925 persons with a definite diagnosis of CAP were
included in the analysis. In one patient, initial PCT was not
available. The median age of patients at the time of study
enrolment was 73 yrs and 41% were females. The number of
patients with CAP in the six participating centres ranged 122–
210. Around 50% of patients were classified as high-risk by PSI
score (classes IV–V) and CURB-65 score (classes 2–5).

Overall, 14.5% of patients experienced an adverse event within
30 days following inclusion, including death (5.4%) and ICU
admission (9.0%). Disease-specific complications occurred in
3.4% and all were empyema. Notably, 30 patients had more
than one adverse event, particularly ICU admission and
empyema (n512), and ICU admission and subsequent death
(n515). Baseline characteristics in all CAP patients are
presented in table 1.

Prognostic accuracy of PCT to predict outcome
Nonsurvivors had significantly increased median PCT levels
on admission compared to survivors (0.83 mg?L-1 (interquartile
range (IQR) 0.30–5.67 mg?L-1) versus 0.44 mg?L-1 (IQR 0.15–
2.63 mg?L-1); p50.02). This was also true for patients with
adverse events compared to patients without adverse events
(1.30 mg?L-1 (IQR 0.38–7.47 mg?L-1) versus 0.39 mg?L-1 (0.14–
2.2 mg?L-1); p,0.001). When stratifying patients according to
initial PCT levels, 12.7, 24.2, 14.6 and 48.5% were in PCT tiers
,0.1, 0.1–0.25, .0.25–0.5 and .0.5 mg?L-1. The risk of any
adverse event and ICU admission strongly increased with
higher PCT tiers (fig. 1); the increase was not significant for
death and disease-related complications.

In ROC curve analysis for prediction of 30-day mortality, initial
PCT had an AUC of 0.60, which was significantly lower
compared to the PSI and CURB-65 scores (table 2). When
combining PCT and each one of the two risk scores in a logistic
regression model, PCT did not significantly improve either of
the two scores for mortality prediction. For prediction of
adverse events, initial PCT levels had an AUC of 0.66, which
was in the range of the PSI (AUC 0.67) and the CURB-65 (AUC
0.64) score. Combination of PCT to each of the scores
significantly improved their prognostic ability to predict
adverse events. For prediction of ICU admission, PCT was in
the range of both scores and improved their prognostic ability
significantly. The peak PCT level had significantly higher
AUCs for ICU prediction compared to both scores. For
prediction of disease-specific complications, initial and peak
PCT had a significantly higher accuracy as compared to the PSI
and CURB-65 score, and initial PCT levels significantly
improved both scores.

Table 3 shows sensitivity, specificity, and positive and nega-
tive likelihood ratios for different PCT cut-off values overall,
and in low- and high-risk PSI patients. Notably, in high-risk
patients, PCT had lower sensitivity and specificity at all
different cut-offs for mortality prediction compared with
prediction of adverse outcomes.
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Death and adverse events in different PCT cut-off ranges
Figure 2 shows the Kaplan–Meier curves according to the
different PCT tiers overall (upper panel), and in PSI low-
(middle panel) and high-risk patients (lower panel). Overall,
patients in the lowest two PCT tiers had lower mortality rates
as compared to the higher tiers (p50.05). However, in a
subgroup of PSI low- and high-risk patients, PCT tiers did
not significantly separate patients. Concerning adverse events
overall, the risk significantly increased about three-fold, from
6% in the lowest PCT tier to 19% in the highest tier (p,0.001).
PCT tiers adequately separated patients with and without
adverse events in low risk patients (p50.01), but not in high
risk patients (p50.07).

The same analysis for low- and high-risk CURB-65 categories
showed that PCT significantly separated patients with and
without adverse events in low- (p,0.001) and high-risk
(p50.006) CURB-65 classes; however, there was no significant
separation for mortality (p50.27 and 0.79) (see online
supplementary Figure 1).

Net reclassification improvement
We calculated in-sample reclassification behaviour for survi-
vors and nonsurvivors, and for patients who did or did not
experience an adverse event. For mortality prediction, reclas-
sification tables showed that addition of PCT improved risk
prediction of the PSI for only one nonsurvivor. For adverse
events prediction, 12 patients with adverse events were
classified more accurately with the combined model of PCT
and the PSI compared with the PSI alone. Table 4 shows the
reclassification table for adverse events of patients classified
with the PSI score (vertical) compared with the combined
model of PSI score and PCT level (horizontal).

Repeating the analysis with the CURB-65 score instead of PSI
showed similar results. For only one nonsurvivor and 21
patients with an adverse event, reclassification was more
accurate when the model with PCT was used.

Follow-up PCT measurements
Figure 3 shows absolute PCT levels and relative changes on
admission and at days 3, 5 and 7, comparing survivors and
nonsurvivors. Nonsurvivors had significantly increased PCT
concentrations on each of the follow-up days compared with
survivors. When analysing relative changes in PCT concentra-
tions between admission and days 3, 5 and 7, nonsurvivors
had a small relative increase on day 3, while survivors had a
decrease from admission to day 3. Similarly, nonsurvivors had
a significantly less pronounced decrease on days 5 and 7
compared to nonsurvivors. ROC analysis revealed AUCs of
PCT for discrimination of survivors from nonsurvivors on
days 3, 5 and 7 of 0.61 (95% CI 0.51–0.70), 0.68 (95% CI 0.59–
0.77) and 0.73 (95% CI 0.64–0.84), respectively.

In patients with adverse events, PCT was significantly
increased on all follow-up days (p,0.01 for each comparison)
compared to patients without adverse events. AUCs for
discrimination of patients with and without adverse events
on days 3, 5 and 7 were 0.67 (95% CI 0.61–0.72), 0.71 (95% CI
0.65–0.76) and 0.68 (95% CI 0.62–0.74), respectively.

DISCUSSION
Within this large-scale, multicentre study of well-defined CAP
patients, PCT levels on admission had an only moderate
prognostic ability to predict 30-day mortality, and did not
significantly improve the PSI and CURB-65 scores in combined

TABLE 3 Sensitivity, specificity, and positive and negative likelihood ratio (LR) of different procalcitonin (PCT) cut-offs for
mortality and adverse event prediction

Mortality prediction Adverse event prediction

Sensitivity % Specificity % Positive LR Negative LR Sensitivity % Specificity % Positive LR Negative LR

All CAP patients#

PCT .0.1 mg?L-1 94.00 12.70 1.08 0.47 95.52 13.67 1.11 0.33

PCT .0.25 mg?L-1 78.00 37.76 1.25 0.58 81.34 40.00 1.36 0.47

PCT .0.5 mg?L-1 58.00 51.95 1.21 0.81 64.93 54.18 1.42 0.65

PCT .1.0 mg?L-1 48.00 61.10 1.23 0.85 55.22 63.29 1.50 0.71

PCT .5.0 mg?L-1 26.00 83.75 1.60 0.88 31.34 85.70 2.19 0.80

PSI low risk"

PCT .0.1 mg?L-1 100.00 19.11 1.24 0.00 94.12 20.10 1.18 0.29

PCT .0.25 mg?L-1 50.00 46.67 0.94 1.07 79.41 48.80 1.55 0.42

PCT .0.5 mg?L-1 0.00 58.44 0.00 1.71 64.71 60.53 1.64 0.58

PCT .1.0 mg?L-1 0.00 66.22 0.00 1.51 52.94 67.94 1.65 0.69

PCT .5.0 mg?L-1 0.00 84.89 0.00 1.18 29.41 86.12 2.12 0.82

PSI high risk+

PCT .0.1 mg?L-1 93.75 5.90 1.00 1.06 96.00 6.45 1.03 0.62

PCT .0.25 mg?L-1 79.17 28.30 1.10 0.74 82.00 30.11 1.17 0.60

PCT .0.5 mg?L-1 60.42 45.05 1.10 0.88 65.00 47.04 1.23 0.74

PCT .1.0 mg?L-1 50.00 55.66 1.13 0.90 56.00 58.06 1.34 0.76

PCT .5.0 mg?L-1 27.08 82.55 1.55 0.88 32.00 85.22 2.16 0.80

CAP: community-acquired pneumonia; PSI: Pneumonia Severity Index; PCT: procalcitonin. #: n5924; ": PSI I–III, n5452; +: PSI IV–V, n5472.
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logistic regression analysis and reclassification tables. How-
ever, follow up PCT measurements showed a better prognostic
performance. In addition, we found that PCT was a significant
predictor for serious CAP-associated adverse events and,
thereby, improved the accuracy of the PSI as well as the
CURB-65 scores.

PCT has emerged as a diagnostic biomarker for estimating the
likelihood of a bacterial infection requiring immediate anti-
biotic therapy in CAP and suspected sepsis. Clinical trials from

different settings and different countries have established that
PCT can be safely used to decide upon initiation and duration
of antibiotic therapy and, thereby, counteract antibiotic over-
use and the resulting risks of side effects and emerging
bacterial multi-resistance [18–22]. The prognostic value of PCT,
however, is less clear. JENSEN et al. [7] found that, in the ICU
setting, a high maximum PCT level and a PCT increase for
1 day were independent predictors of 90-day all-cause
mortality. We recently found a high prognostic accuracy of
initial and serial PCT levels in patients with Legionella CAP for
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FIGURE 2. Kaplan–Meier plots of a, b) overall, and c, d) low- (Pneumonia Severity Index (PSI) class I–III) and e, f) high-risk (PSI class IV–V) patients stratified by

procalcitonin (PCT) cut-offs (—: ,0.1 ng?mL-1; – – –: 0.1–0.25 ng?mL-1; ---: .0.25–0.5 ng?mL-1; ..........: .0.5 ng?mL-1) for a, c, e) 30-day all-cause mortality and b, d, f)

adverse events. Log rank p-values were a) 0.05, b) ,0.0001, c) 0.25, d) 0.01, e) 0.42 and f) 0.07.
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prediction of mortality and need for ICU admission [9]. A
study from the German CAPNETZ reported a high prognostic
accuracy of PCT to predict mortality with a AUC of 0.80 in a
mixed in- and outpatient setting [11]. In contrast to these
findings, a secondary analysis of the Genetic and Inflammatory
Markers of Sepsis (GenIMS) cohort reported an only moderate
additional value of PCT when compared to the PSI and CURB-
65 scores [12]. Within this study, low PCT levels of ,0.1 mg?L-1

ruled out mortality even in high-risk CAP patients, as assessed
by clinical scores. Finally, a Spanish study found that C-
reactive protein, but not PCT or interleukins, improved clinical
scores for mortality prediction [23]. Our data do not support
the use of admission PCT for mortality prediction in CAP,
because initial PCT per se had an only moderate prognostic
value and did not improve the PSI and CURB-65 scores. The
fact that patients with low PCT levels still had fatal outcomes
within our study may have many different reasons. First, we
assessed all-cause mortality, and some patients may have died
in the absence of severe infection because of advanced age and
severe comorbidities. The PSI score is largely age-driven and
incorporates comorbidities, which increases its performance to
predict all cause mortality within a 30 days follow-up.
Secondly, death occurred equally within the 30 days follow-
up. Thus it is possible that secondary complications or
aggravation of initially uncomplicated CAP may be missed
by initial PCT measurement. It has previously been suggested
that serial PCT measurement may help to assess resolution of
CAP. MENENDEZ et al. [24] reported that decreasing PCT levels
at 72 h in addition to clinical criteria improved the prediction
of absence of severe complications. Similarly, another Spanish
study found that higher follow-up PCT concentrations were
associated with development of complications and death [25].
Our trial confirms these findings and showed that follow-up
measurements of PCT improved its prognostic accuracy,
particularly for prediction of mortality: nonsurvivors showed
a different kinetic compared with survivors, with a relative
increase of PCT levels from day 0 to day 3, and a less
pronounced PCT decrease thereafter. Thus, based on our findings
and these previous studies, it is more helpful to consider the
dynamics of PCT levels in CAP and not rely on initial levels.

We found a high prognostic accuracy of PCT for prediction of
CAP-associated serious adverse events, particularly the need

for ICU admission and disease-related complications. Thereby,
PCT had a similar prognostic accuracy compared to the PSI
and CURB-65 scores, and improved their discriminatory ability
in logistic regression models and in clinical reclassification

TABLE 4 Reclassification of Pneumonia Severity Index (PSI) for prediction of adverse events

PSI

class

Model with

PSI only

Model with PSI and PCT

Patients who do experience an adverse event Patients who do not experience an adverse event

Risk % ,5.3 5.3–8.9 8.9–14.6 14.6–23 .23 Total ,5.3 5.3–8.9 8.9–14.6 14.6–23 .23 Total

I ,5.3 3 (100) 0 (0) 1 (6) 0 (0) 0 (0) 4 82 (100) 2 (1) 1 (1) 1 (0) 0 (0) 86

II 5.3–8.9 0 (0) 11 (100) 3 (18) 0 (0) 0 (0) 14 0 (0) 155 (99) 3 (2) 1 (0) 0 (0) 159

III 8.9–14.6 0 (0) 0 (0) 13 (76) 1 (2) 2 (5) 16 0 (0) 0 (0) 166 (98) 7 (2) 0 (0) 173

IV 14.6–23 0 (0) 0 (0) 0 (0) 59 (98) 5 (12) 64 0 (0) 0 (0) 0 (0) 273 (97) 11 (11) 284

V .23 0 (0) 0 (0) 0 (0) 0 (0) 36 (83.72) 36 0 (0) 0 (0) 0 (0) 0 (0) 88 (89) 88

Total 3 11 17 60 43 134 82 157 170 282 99 790

Data are presented as n (%).
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analysis. ICU admission in CAP patients is mostly related to
either severe sepsis and need for early resuscitation or
respiratory failure due to severe CAP. One may argue that
mortality is a more objective outcome and outcomes like ICU
admission or disease-specific complications are prone to
interobserver variability. However, within the ProHOSP study,
we provided guidelines [13] for ICU admission and for
diagnosis of empyema, and all outcomes were assessed by
an independent monitoring board. Nonmortality endpoints
may be of particular importance in CAP when evaluating tools
for guiding site-of-care decisions. PSI and CURB-65 scores
were developed to predict short-term mortality, and their
lower prognostic accuracy for nonmortality end-points is, thus,
not surprising. The scores may underestimate the risk for
complications, especially in younger patients with severe
illness. HUANG et al. [12] reported that adding PCT to the
assessment of high-risk patients significantly improved the
ability to rule out the likelihood of death. We found this to be
true for other CAP-associated complications. Conversely, we
found that high PCT levels point to higher risk for adverse
events within low-risk PSI or CURB-65 patients.

This study has limitations. Exclusion of patients with demen-
tia, immunosuppression, concomitant infections and active
intravenous drug abuse limits its generalisability. We used 30-
day all-cause mortality, in line with the original PSI and CURB-
65 reports [3, 4], and it is possible that PCT would perform
better if only sepsis-related mortality was considered. We
previously found a high positive correlation of PCT and
positive blood culture results [26], but because of limited
sample size, we did not assess how PCT performs in
subgroups of microbiologically confirmed CAP patients. We
used ICU admission as part of our combined end-point and
indications for ICU admission may vary between physicians,
hospitals and countries. Importantly, with an observational
design, this study can not address whether PCT measurement
will improve risk scores for adverse event prediction in clinical
practice and also whether adding PCT to clinical scores would
be cost-effective. Some patients with uncomplicated resolution
of CAP in the hospital setting could develop complications if
outpatient treatment would have been chosen. Therefore,
prospective intervention studies need to be conducted to
investigate whether PCT really adds useful prognostic infor-
mation and, thereby, improves the daily clinical management
of patients with CAP.

In conclusion, this study confirms the predictive value of PCT
in combination with PSI or CURB-65 in regard to serious
adverse events in adult CAP patients, and much less for
mortality prediction. Future studies must address whether
adding PCT to risk scores can increase their safe implementa-
tion in clinical practice.
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