
Editorials

Plasma Procalcitonin: Another Arrow in Our Quiver?

One of the key issues in the management of intensive
care unit (ICU) patients suspected of having developed
nosocomial pneumonia is to distinguish patients with true
pneumonia from those with only proximal airways colo-
nization.1,2 Prompt and specific identification of patients
with true pulmonary bacterial infection might enable an-
tibiotics to be initiated rapidly while avoiding their over-
use. Concern about the inaccuracy of conventional ap-
proaches to hospital-acquired pneumonia (HAP) and
ventilator-associated pneumonia (VAP) recognition and the
impossibility of using such strategies to avoid over-pre-
scription of antibiotics has led some investigators to pos-
tulate that use of biological markers, such as procalcitonin,
might improve identification of patients with true VAP
and facilitate the decision about whether to treat.
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Procalcitonin is a 116-amino-acid peptide devoid of
known hormonal activity, and is one of the precursors of
the hormone calcitonin. After translation from calcitonin
mRNA, procalcitonin is cleaved into 3 distinct molecules:
calcitonin, katacalcin, and an N-terminal fragment. Pro-
calcitonin is normally produced in the C cells of the thy-
roid and immediately cleaved, with only a very small frac-
tion being released into the bloodstream. Blood
procalcitonin levels in healthy individuals are therefore
very low (� 0.1 ng/mL).3,4 However, via microbial toxins
and certain bacterium-specific pro-inflammatory cytokines,
such as interleukin-1b, tumor necrosis factor-�, and inter-
leukin-6, microbial infections induce a ubiquitous increase
of calcitonin gene expression and a constitutive release of
procalcitonin from all parenchymal tissues and differenti-
ated cell types throughout the body.3,4 Under these condi-
tions, the procalcitonin level may rise to � 100 ng/mL,
without any increase of calcitonin level, because enzy-
matic cleavage of calcitonin is bypassed. Its precise role
during sepsis is not fully understood, but it has been shown,
in animal models of sepsis, that procalcitonin administra-
tion increased mortality and that antibody neutralization of
procalcitonin improved survival.5-7

Numerous studies have evaluated the accuracy of de-
termination of procalcitonin compared to C-reactive pro-
tein for the diagnosis of bacterial infection. In a meta-
analysis that included published studies that evaluated these

markers for the diagnosis of bacterial infections in hospi-
talized patients, procalcitonin level was more sensitive
(88% [95% CI 80–93%] vs 75% [95% CI 62–84%]) and
more specific (81% [95% CI 67–90%] vs 67% [95% CI 56–
77%]) than C-reactive protein level for differentiating bac-
terial from noninfectious causes of inflammation.8 These
findings were confirmed and extended in a more recent
meta-analysis, based on 25 studies that evaluated the di-
agnostic accuracy of this marker in the ICU.9 However,
procalcitonin has also been reported to be increased in
different non-septic conditions, such as major trauma, sur-
gery, acute respiratory distress syndrome, rejection after
transplantation, cardiogenic shock, severe burns, and heat-
stroke.10 In such cases, circulating levels of several calci-
tonin precursors, including procalcitonin, can also increase
up to several hundred-fold. Follow-up and re-evaluation of
procalcitonin in clinical suspicion of infection is therefore
pivotal to any management strategy based on such a marker.

A paper by Dallas et al in this issue of RESPIRATORY

CARE presents important information about the potential
usefulness of this marker for diagnosing nosocomial pneu-
monia in the ICU and provides simultaneously sobering
and encouraging insights into strategies to improve the
conduct of antimicrobial therapy in patients with HAP/
VAP.11 In this very well done study, which enrolled a
large number of consecutive ICU patients with a clinical
suspicion of HAP/VAP, Dallas et al clearly demonstrate
that the measurement of plasma procalcitonin has minimal
diagnostic value. Although the mean procalcitonin con-
centration was somewhat greater in patients with definite
nosocomial pneumonia than in those with definite absence
of pneumonia (18.3 � 99.1 ng/mL vs 1.7 � 2.0 ng/mL,
respectively, difference not significant), the receiver oper-
ating characteristic curve and multivariate logistic regres-
sion analyses showed that measurement of procalcitonin
was inferior to clinical variables for diagnosing nosoco-
mial pneumonia. Using a cutoff value for the procalcitonin
concentration of 1 ng/mL, at the time pneumonia was
clinically suspected, yielded a diagnostic sensitivity of 50%,
specificity of 49%, positive predictive value of 64%, and
negative predictive value of 35% for definite pneumonia.

These results are well in accordance with several other
investigations that also failed to show any real clinical
utility of procalcitonin blood level for diagnosing HAP/
VAP.12-15 In the only study in which procalcitonin was
found to be a good diagnostic marker for VAP, only 20
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patients were included and those with a previous infection
during the same hospitalization were excluded, limiting
the potential value of this marker to a very limited subset
of ICU patients.16 Several factors could explain these re-
sults. First, pneumonia may be a localized infection, within
which procalcitonin can be synthesized locally without
systemic release (as in other such compartmentalized in-
fections), thereby explaining its low serum level or appar-
ent decline in patients with true pulmonary infections. Sec-
ond, during the same hospitalization, ICU patients may
suffer from previous severe sepsis or septic shock, multi-
organ failure, or may have developed a systemic inflam-
mation response syndrome after surgery or trauma, con-
ditions known to increase circulating levels of biomarkers,
including procalcitonin, in the absence of infection, as
indicated above. Thus, a high procalcitonin concentration
the day VAP is suspected is not useful, because it is not
possible to distinguish an elevation attributable to a prior
non-infectious condition from one due to an active infec-
tion. Third, it is known that a time lag of 24–48 hours can
exist between bacterial infection onset and peak procalci-
tonin release, and that might also explain the apparently
low procalcitonin level the day of VAP onset.17

Although the value of procalcitonin for establishing the
diagnosis of HAP/VAP is poor, some results of the study
by Dallas et al11 pinpoint the potential interest of this
molecule for improving the conduct of antimicrobial ther-
apy in the ICU. Compared to patients with an initial pro-
calcitonin value � 1 ng/mL, those with lower procalci-
tonin values had fewer total antibiotic days (13.0 � 10.3 d
vs 19.7 � 12.0 d, P � .001) and a lower hospital mortality
(31% vs 16%, P � .07). Furthermore, when the procalci-
tonin declined to a low level after 48 hours of treatment,
the prognosis was improved and the mortality was signif-
icantly decreased, compared to patients with a persistently
high (� 1 ng/mL) concentration (37% vs 10%, P � .002).
This is well in accordance with other investigations that
documented the prognosis value of elevated procalcitonin
concentration at baseline and of its kinetic during the first
days of treatment.13,14 For example, in a series of 63 con-
secutive patients with microbiologically proven VAP, a
rapid decrease in procalcitonin serum level was associated
with good outcome, whereas an increase or no decrease
was associated with poor outcome.13 Thus, serum procal-
citonin level may provide an opportunity to change the
treatment strategy early in the course of patients who de-
velop VAP: either to intensify treatment when the procal-
citonin level stays “high” or to avoid unnecessary pro-
longed antibiotics when procalcitonin level rapidly
decreases.

Two randomized controlled studies have already been
performed to evaluate the potential utility of a procalci-
tonin-guided strategy to reduce antibiotic duration in pa-
tients with VAP.18,19 Stolz et al randomized 101 patients

with VAP to be managed with an antibiotic discontinua-
tion strategy according to guidelines (control group) or to
serum procalcitonin concentration. In patients randomized
in the procalcitonin group, attending physicians were rec-
ommended to stop antibiotics when the procalcitonin con-
centration was below 0.5 ng/mL or had decreased by more
than 80% from the baseline value. Using this algorithm,
the number of antibiotic-free days alive within 28 days
after VAP diagnosis was significantly higher in the pro-
calcitonin group than in the control group (median 13 d
[IQR 2–21 d] vs 9.5 d [IQR 1.5–17 d]). This reduction in
antibiotic administration was not associated with a worse
outcome, since ventilator-free days, ICU-free days, hospi-
tal stay, 28-day mortality, and hospital mortality rate were
similar in the 2 groups.18 Similar results were observed by
Bouadma et al in the Use of Procalcitonin to Reduce Pa-
tients’ Exposure to Antibiotics in Intensive Care Units
(PRORATA) trial, a randomized trial that included 621
ICU patients, of whom 141 had microbiologically proven
VAP. Using predefined algorithms to initiate or discon-
tinue antibiotics according to serum procalcitonin level,
the duration of antibiotic treatment for the first episode
was also significantly decreased in the 75 patients random-
ized in the procalcitonin-guided group, compared to the
control group managed using international and local guide-
lines (7.3 � 5.3 d vs 9.4 � 5.7 d, respectively, P � .02),
with no detrimental effects on patient outcomes.19

Although additional studies will be needed to confirm
whether procalcitonin guidance can help reduce antibiotic
use in ICU patients with HAP/VAP, the paper by Dallas
et al11 should provide encouragement to continue to eval-
uate such a strategy and convince ICU doctors that it is
possible to reduce antibiotic use in the ICU.
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