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DNA complementary to mRNA extracted from the thyroid glands of patients suffering from medullary 
carcinoma of the thyroid (MCT), a calcitonin-producing tumour, was inserted in the Pst site of pBR 322 
by G-C tailing. The recombinant plasmids were used to transform Escherichia cob DP 50. Ampicillin- 
resistant clones were screened using a ‘*P-labelled cDNA to mRNA extracted from a case of MCT 
particularly rich in calcitonin (CT) mRNA. Positive clones were subsequently rescreened using a 32P 
poly(T) probe. Eighty clones were thus purified, and the inserts obtained by digestion with PstI were 
subjected to positive hybridization selection with subsequent translation in vitro. An insert stimulating 
synthesis of the protein and containing restriction sites compatible with the previously published complete 
sequence of calcitonin mRNA from rat was sequenced. This cDNA insert contained the entire coding 
region of 426 bp, 70 bp at the .5’-end, and 295 bp upstream from the poly(A) tail. The complete amino 

acid sequence of human preprocalcitonin could thus be deduced. 

Preprocalcitonin mRNA Medullary carcinoma of the thyroid 
N-terminal peptide 

Cloning Complete sequence 

1. INTRODUCTION 

Calcitonin (CT), the hypocalcemic hypophos- 
phatemic hormone [1,2], is the specific marker for 
medullary carcinoma of the thyroid (MCT) [3] a 
tumor existing either in sporadic or familial 
(autosomal dominant) form. The hormone is also 
produced ectopically by a large number of tumors 
thought to arise from cells sharing either common 
histochemical characteristics, the Apud concept 
[4], or the same embryological origin, the neural 
crest [5]. Establishing the structure of the calci- 
tonin gene in normal and pathological conditions 
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Abbreviations: CT, calcitonin; mRNA, messenger 
RNA; MCT, medullary carcinoma of the thyroid; 
cDNA, complementary DNA; sscDNA, single-stranded 
ONA; dscDNA, double-stranded cDNA; bp, base pairs 

and producing specific probes are of importance for 
studying the different forms of MCT, sporadic or 
hereditary, and in demonstrating the ectopic pro- 
duction of the hormone in other types of cancer. 
The presence of a prohormone with an approx- 
imate M, of 11800 has been reported [6]. Transla- 
tion of mRNA extracted from MCT in cell-free 
systems has resulted in the synthesis of primary 
translation products of similar M,, 15000 [7] and 
14500 [8], or in products with higher M,, 21000 
[9]. An M, of 55 000 was initially reported in [lo] 
using an intact cell for translation, the frog pocyte. 
A partial nucleotide sequence of human CT 
mRNA, extracted from a case of familial MCT 
and coding for a 21 kDa translation product, has 
recently been reported [ll]. We report here the 
complete nucleotide sequence of cDNA to human 
calcitonin mRNA extracted from a case of spor- 
adic MCT. This mRNA directs the translation of 
14.5 kDa preprocalcitonin. 
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chills, fever, rigors and myalgia within 1–3 hours. PCT
concentrations started to rise at 4 hours, peaked at 6 hours
and then plateaued at 8–24 hours.7 In comparison with
other inflammatory markers, PCT peaked after TNF-a (90
minutes) and IL-6 (3 hours). However, these cytokines
returned to baseline after only 6 and 8 hours, respectively,
giving them a relatively narrow testing window to be useful.
C-reactive protein (CRP), which takes 12–24 hours to rise
and 20–72 hours to plateau, remains elevated for 3–7 days.
This is longer than the 2–3 days it takes PCT concentra-
tions to normalise, offering PCT a natural advantage in
monitoring disease.8

BACTERIAL SPECIFICITY
Early after its discovery, it was thought that PCT increased
exclusively in bacterial sepsis, as opposed to non-bacterial
causes of SIRS or localised bacterial infections, however
elevations have been documented in autoimmune disease,
severe trauma, surgery, heat stroke, and cardiogenic shock5

as well as fungal and parasitic infections.2 Emphasis is now
placed on the level of PCT elevation, rather than the
elevation itself as this may provide some discrimination
between different causes.

The highest concentrations (those greater than or equal
to 10mg/L) are seen in systemic bacterial infections9 but
have also been reported in multi-organ dysfunction as seen
following trauma.10 PCT concentrations between 2 and
10mg/L are suggestive of sepsis while levels between 0.5 and
2mg/L make sepsis possible but are also seen in other
conditions. Although sepsis is unlikely with concentrations
less than 0.5mg/L, such levels may still be consistent with
localised infections. In lower respiratory tract infections,
PCT concentrations between 0.25 and 0.5mg/L may be seen
and would warrant antibiotic treatment.11 Importantly, low
concentrations of PCT may also be seen in those with
sepsis, prompting some authors to caution that concentra-
tions must always be evaluated in the context of a full
clinical assessment.2,12

A PATHOGENETIC ROLE FOR PCT
Although no clear biological role for PCT has been
elucidated, it has been suggested that it plays a harmful

role in the pathogenesis of sepsis. Evidence for this exists in
the form of experiments where the administration of PCT
to septic hamsters with peritonitis doubled their death rate
while treatment with PCT-reactive antiserum increased
survival.13 A possible role for PCT in the pathogenesis of
septic injury strengthens the argument for its diagnostic
role in sepsis.

MEASUREMENT
A number of quantitative and qualitative (semi-quantita-
tive) assays for PCT are available from BRAHMS
(Germany). Each assay relies on a combination of the
same monoclonal mouse anti-katacalcin antibodies and
monoclonal or polyclonal sheep anti-calcitonin antibodies
(different among the assays). Serum and plasma (EDTA/
heparin) are both suitable specimen types.

The PCT-Q (Rapid) is a test strip utilising immunochro-
matographic technology designed with the anti-katacalcin
antibody conjugated to a colloidal gold tracer and the anti-
calcitonin antibody to the solid phase. A coloured band
appears 30 minutes after application of the patient’s serum/
plasma and its intensity is read against a reference card.
Haemolysed specimens are best avoided as they can affect
interpretation. PCT concentrations are reported as ,0.5,
>0.5, >2 or >10mg/L.

The attractiveness of a simple assay for rapid decision-
making is apparent but those wanting to use this in an
emergency setting must be reminded to factor in the time
required to centrifuge samples. This assay would suit
laboratories unable to house the instrumentation required
for quantitative analysis. The test is said to be simple to read
and highly correlated to quantitative PCT measurements,14

but for the purpose of monitoring of daily concentrations,
the quantitative assays remain the preferred option.

Quantitative PCT measurement is available using the
batch assays BRAHMS PCT LIA (previously marketed as
the LUMItest PCT) and BRAHMS PCT LIA Sensitive on
a dedicated luminometer, and also on the random access
automated platforms, Kryptor and Liaison (BRAHMS).
Benefits offered by the automated assays include less
manual handling and quicker incubation times (19 minutes
for Kryptor Sensitive, and 30 minutes for Liaison;
compared with 1 hour for LIA, and 2.5 hours for LIA
Sensitive).

Unlike the PCT-Q (Rapid), all quantitative assays
(except the Kryptor Sensitive PCT, described below)
incorporate a monoclonal anti-katacalcin antibody in their
solid phase and use either a monoclonal or polyclonal anti-
calcitonin antibody as their detection antibody.

Both the LIA and LIA Sensitive are 2-step ‘sandwich’
luminescence immunoassays using coated tubes and an
acridine derived label that emits light in direct proportion
to the PCT concentration. Due to time restrictions on the
completion of certain steps, and also the need to set up
standard/master curves, run quality controls and test
specimens in duplicate, there is a limit to the number of
patient samples that can be analysed in one run. In our
experience, one PCT LIA kit allows for analysis of 46
patient samples in one run. These assays are probably best
suited to some research situations where time from sample
collection to reported result is not critical.

Fig. 1 Processing of the procalcitonin molecule. The commercially
available assays utilise antibodies against calcitonin and the CCP-1
peptides and recognise the forms highlighted with *.
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CLINICAL REVIEWPROCALCITONIN-GUIDED ANTIMICROBIAL THERAPY

kinetics were compared in patients 
with normal renal function (de!ned as 
a creatinine clearance of "98#mL/min 
in men and "95# mL/min in women) 
and those with severe renal dysfunc-
tion (de!ned as a creatinine clear-
ance of <30# mL/min). Procalcitonin 
half-life was not signi!cantly di$erent 
between the groups (28.9 and 33.1 
hours, respectively; P# =# 0.262).18 In 
a subsequent larger study, however, 
urinary elimination of PCT was sig-
ni!cantly reduced in patients with se-
vere renal dysfunction relative to those 
with normal renal function (median 
half-life, 30.0 vs 44.7 hours, P#=#0.0003) 
and was weakly correlated with cre-
atinine clearance (R#=#0.24, P#=#0.036).17 
Although PCT elimination is predom-
inantly nonrenal, the renal component 
of elimination plays a signi!cant role in 
patients with renal dysfunction, which 
is demonstrated by the higher PCT 

levels observed in patients with chronic 
kidney disease (CKD).19-23 Additionally, 
PCT has a moderate molecular weight 
(~13#kDa) and is removed by renal re-
placement therapy (RRT) to di$ering 
degrees based on speci!c RRT mo-
dalities and settings.20,24 %us, special 
consideration must be given when 
assessing PCT levels in patients with 
varying degrees and types of renal 
dysfunction.

Chronic kidney disease.! %e 
association between CKD and eleva-
tions in PCT levels has been reported 
inconsistently.20,25,26 In the absence of 
infection, baseline PCT concentra-
tions in patients with CKD may vary 
based on the degree of renal impair-
ment, with baseline levels founds to 
be 0.1#ng/mL in patients with less ad-
vanced CKD compared to 1.82#ng/mL 
in patients with stage 5 CKD prior to 
initiation of hemodialysis (HD).20,26 It 

is hypothesized that PCT is elevated 
in patients with CKD due to an in-
creased presence of proin&ammatory 
metabolites that stimulate the indirect 
nonneuroendocrine pathway of PCT 
production.19 Despite variations in 
baseline PCT values in patients with 
CKD, PCT concentrations increase 
signi!cantly during acute bacterial 
infection.26 %us, PCT assessment is 
recommended in combination with 
clinical criteria for ruling in bacterial in-
fection in patients with varying degrees 
of CKD.21,25-27 If PCT is used during rou-
tine care in this way, it is recommended 
to obtain baseline PCT values for each 
patient due to large interpatient vari-
ability in PCT levels based on renal 
function, in&ammatory processes, and 
other factors.

Acute kidney injury.! %e diag-
nostic utility of PCT for detecting bac-
terial infection in patients with acute 

Figure 1:!Procalcitonin (PCT) regulation during physiologic and pathophysiologic conditions. Under physiologic con-
ditions, expression of PCT by the calcitonin 1 (CALC-1) gene in thyroid C-cells is induced by several stimuli, including 
elevated calcium levels, glucocorticoid, calcitonin gene–related peptide (CGRP), glucagon, gastrin, and !-adrenergic 
stimulation. Procalcitonin is enzymatically cleaved to calcitonin prior to secretion from thyroid C-cells into the systemic 
circulation. During acute bacterial infection, PCT production is stimulated in nonneuroendocrine tissues by both direct 
and indirect pathways. These tissues lack the enzymatic activity to cleave PCT to calcitonin; thus PCT is released into the 
circulation, resulting in elevated levels. During viral infections, however, interferon-" (IFN-") inhibits the expression of the 
CALC-1 gene. Thus, serum PCT levels are not found to be elevated during acute viral infections. IL-1! indicates inter-
leukin-1!!; IL-6, interleukin-6; TNF-#, tumor necrosis factor #.
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(TNF-alfadan 90 dk ; IL-6’dan en az 3 saat sonra pik yapar) 

3-6 saatte yükselir / 6-13.5 saatte pik

Yarılanma ömrü 22-36 saat



Doku inflamasyonuna
neden olan her durumda

PCT yükselebilir



https://www.fda.gov/NewsEvents/Newsroom/ PressAnnouncements/ucm543160.htm.
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Vidas Brahms PCT testi kullanım onayı

ü Alt solunum yolu infeksiyonlarında antibiyotik gereksinimi ??

ü Sepsisli hastalarda antibiyotik tedavisinin kesilmesi ??



YBÜ dışı - Prokalsitonin

1. Acil servis (Travma)

2. Cerrahi bölümler
Akut apendisit, Cerrahi sonrası bakteriyel menenjit, SOT

3. Dahili bilimler
Gögüs hastalıkları (Pnömoni, KOAH alevlenme) 
Organ yetmezlikleri (Kalp / Karaciğer /Böbrek yetmezliği) 
Febril nötropeni
COVİD-19



Page 1 of 17

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(9):610 | http://dx.doi.org/10.21037/atm-20-1855

A 2020 review on the role of procalcitonin in different clinical 
settings: an update conducted with the tools of the Evidence 
Based Laboratory Medicine

Anna Maria Azzini1, Romolo Marco Dorizzi2, Piersandro Sette3, Marta Vecchi1, Ilaria Coledan1,  
Elda Righi1, Evelina Tacconelli1,4 

1Section of Infectious Disease, Department of Diagnostics and Public Health, University of Verona, Verona, Italy; 2Clinical Pathology Unit, Department 

of Pathology, Transfusion and Laboratory Medicine, Ravenna, Italy; 3Hospital Management and Organization Department, Hospital of San Bonifacio, 

San Bonifacio, VR, Italy; 4Division of Infectious Diseases, Department of Internal Medicine I, University Hospital Tubingen, Tubingen, Germany 

Contributions: (I) Conception and design: AM Azzini, RM Dorizzi; (II) Administrative support: None; (III) Provision of study materials or patients: 

All authors; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: RM Dorizzi; (VI) Manuscript writing: All authors; 

(VII) Final approval of manuscript: All authors.

Correspondence to: Anna Maria Azzini. Section of Infectious Disease, Department of Diagnostics and Public Health, University of Verona, Verona, 

Italy. Email: annamaria.azzini@univr.it.

Abstract: Biomarkers to guide antibiotic treatment decisions have been proposed as an effective way to 
enhancing a more appropriate use of antibiotics. As a biomarker, procalcitonin (PCT) has been found to have 
good specificity to distinguish bacterial from non-bacterial inflammations. Decisions regarding antibiotic use 
in an individual patient are complex and should be based on the pre-test probability for bacterial infection, 
the severity of presentation and the results of PCT serum concentration. In the context of a high pre-test 
probability for bacterial infections and/or a high-risk patient with sepsis, monitoring of PCT over time helps 
to track the resolution of infection and decisions regarding early stop of antibiotic treatment. As outlined 
by the Evidence Based Laboratory Medicine (EBLM), not only the pre-test probability but also the positive 
likelihood ratio influence the performance of a test do be really diagnostic. This aspect should be taken into 
account in the interpretation of the results of clinical trials evaluating the performance of PCT in guiding 
antibiotic therapy.
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In the bid towards a more appropriate use of antibiotics, 
biomarkers have been found to be an effective support 
to clinicians in their antibiotic treatment decisions. 
As a biomarker, procalcitonin (PCT) is valued for its 
specificity in differentiating between bacterial and non-
bacterial inflammation and is considered of utility to avoid 
unnecessary antibiotic prescriptions as well as to reduce 
the duration of antibiotic therapy (1). The aim of this 
paper is to review PCT use in different clinical settings and 
patient populations with a focus on trials and meta-analysis 
published between 2010 and 2019, in order to consider 

reagents and analyzers that are still used in laboratories 
and interpreting the collected data with the Evidence 
Laboratory Medicine tools (2-4).

PCT in infected critically ill patient

The use and usefulness of PCT as a biomarker is covered 
extensively in literature in two main areas: as an early 
marker of sepsis (differentiating bacterial and non bacterial 
etiologies) and as a guide to the management of antibiotic 
therapy (5-20). In recent decades, there has been a shift 
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The prognostic value of serum
procalcitonin measurements in critically
injured patients: a systematic review
Aziza N. AlRawahi1* , Fatma A. AlHinai1, Christopher J. Doig2, Chad G. Ball1,3, Elijah Dixon1, Zhengwen Xiao3 and
Andrew W. Kirkpatrick1,2,3

Abstract

Background: Major trauma is associated with high incidence of septic complications and multiple organ
dysfunction (MOD), which markedly influence the outcome of injured patients. Early identification of patients at risk
of developing posttraumatic complications is crucial to provide early treatment and improve outcomes. We sought
to evaluate the prognostic value of serum procalcitonin (PCT) levels after trauma as related to severity of injury,
sepsis, organ dysfunction, and mortality.

Methods: We searched PubMed, MEDLINE, EMBASE, the Cochrane Database, and references of included articles.
Two investigators independently identified eligible studies and extracted data. We included original studies that
assessed the prognostic value of serum PCT levels in predicting severity of injury, sepsis, organ dysfunction, and
mortality among critically injured adult patients.

Results: Among 2015 citations, 19 studies (17 prospective; 2 retrospective) met inclusion criteria. Methodological
quality of included studies was moderate. All studies showed a strong correlation between initial PCT levels and
Injury Severity Score (ISS). Twelve out of 16 studies demonstrated significant elevation of initial PCT levels in
patients who later developed sepsis after trauma. PCT level appeared a strong predictor of MOD in seven out of
nine studies. While two studies did not show association between PCT levels and mortality, four studies
demonstrated significant elevation of PCT levels in non-survivors versus survivors. One study reported that the PCT
level of ! 5 ng/mL was associated with significantly increased mortality (OR 3.65; 95% CI 1.03–12.9; p = 0.04).

Conclusion: PCT appears promising as a surrogate biomarker for trauma. Initial peak PCT level may be used as an
early predictor of sepsis, MOD, and mortality in trauma population.

Keywords: Procalcitonin, Prognosis, Trauma, Injuries, Critical care, Intensive care unit

Introduction
Trauma is the leading cause of death during the first four
decades of life and the third leading cause of death overall,
across all age groups [1, 2]. Each year, trauma accounts for
41 million emergency department visits and 2.3 million
hospital admissions in the USA. Of these, 192,000 die as a
result of their injuries [2]. The triphasic peaks of death
after injury have long been described epidemiologically.

Essentially, catastrophic non-survivable injuries occur at
the time of injury, with subsequent airway obstruction, re-
spiratory failure, and especially hemorrhage predominating
as the second peak. The recognition of non-recoverable
head injury and especially sepsis/systemic inflammatory
response syndrome-related deaths constitute the third [3,
4]. Although the global burden of traumatic death is omin-
ous in its predicted future increase as the developing world
mechanizes, great strides have recently been made in ad-
dressing both the primary peak with injury prevention and
safety conscious designs, and in the second peak related to
dramatic advances in resuscitation for hemorrhage, among
other interventions [5, 6]. Progress in improving the
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International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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spiratory failure, and especially hemorrhage predominating
as the second peak. The recognition of non-recoverable
head injury and especially sepsis/systemic inflammatory
response syndrome-related deaths constitute the third [3,
4]. Although the global burden of traumatic death is omin-
ous in its predicted future increase as the developing world
mechanizes, great strides have recently been made in ad-
dressing both the primary peak with injury prevention and
safety conscious designs, and in the second peak related to
dramatic advances in resuscitation for hemorrhage, among
other interventions [5, 6]. Progress in improving the

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: aziza.alrawahi@gmail.com
1Department of Surgery, University of Calgary and the Foothills Medical
Centre, North Tower 10th Floor, 1403-29th St. NW, Calgary, Alberta T2N 2T9,
Canada
Full list of author information is available at the end of the article

AlRawahi et al. Critical Care          (2019) 23:390 
https://doi.org/10.1186/s13054-019-2669-1

Kritik olarak yaralanmış yetişkin hastalarda;
ü Yaralanma şiddeti
ü Sepsis 
ü Organ disfonksiyonu
ü Mortaliteyi öngörmede

Serum PCT düzeylerinin prognostik değeri ?
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Background: Major trauma is associated with high incidence of septic complications and multiple organ
dysfunction (MOD), which markedly influence the outcome of injured patients. Early identification of patients at risk
of developing posttraumatic complications is crucial to provide early treatment and improve outcomes. We sought
to evaluate the prognostic value of serum procalcitonin (PCT) levels after trauma as related to severity of injury,
sepsis, organ dysfunction, and mortality.

Methods: We searched PubMed, MEDLINE, EMBASE, the Cochrane Database, and references of included articles.
Two investigators independently identified eligible studies and extracted data. We included original studies that
assessed the prognostic value of serum PCT levels in predicting severity of injury, sepsis, organ dysfunction, and
mortality among critically injured adult patients.

Results: Among 2015 citations, 19 studies (17 prospective; 2 retrospective) met inclusion criteria. Methodological
quality of included studies was moderate. All studies showed a strong correlation between initial PCT levels and
Injury Severity Score (ISS). Twelve out of 16 studies demonstrated significant elevation of initial PCT levels in
patients who later developed sepsis after trauma. PCT level appeared a strong predictor of MOD in seven out of
nine studies. While two studies did not show association between PCT levels and mortality, four studies
demonstrated significant elevation of PCT levels in non-survivors versus survivors. One study reported that the PCT
level of ! 5 ng/mL was associated with significantly increased mortality (OR 3.65; 95% CI 1.03–12.9; p = 0.04).

Conclusion: PCT appears promising as a surrogate biomarker for trauma. Initial peak PCT level may be used as an
early predictor of sepsis, MOD, and mortality in trauma population.
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ü 16 yaş üzeri travmalı erişkinler
üTek/seri PCT bakılanlar
üPCT ile diğer biyobelirteç sonuçları
üTravmanın ciddiyeti ile PCT korelasyonu

veya mortalite, sepsis, MOD sonuçları
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• 1998-2016  ; 13  (% 68.4) çalışma 2006 sonrası

• 16 (% 84.2) Avrupa 2 (% 10.5) Asya,  1 (% 5.2) ABD kaynaklı

• Tüm çalışmalar gözlemsel ve müdahalesiz

• Yedi çalışma prospektif kohort
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were used to predict posttraumatic complications. The
mean age ranged between 34 and 49 years. The mean in-
jury severity score ranged from 21 to 32. The mechan-
ism of injury was blunt and/or penetrating trauma. All
studies were civilian, with none comprising military pop-
ulations or combat injuries.

Risk of bias assessment
Figure 3 summarizes the risk of bias assessment for all
included studies. Most studies were assessed to be of
low to moderate risk of bias. Nine studies demonstrated
high risk of bias in at least one domain [33–35, 37, 39,
41, 42, 44, 46]. Study confounding domain was deemed
to be at moderate to high risk of bias in 14 studies
(73.7%) [33–35, 37–46, 51]. The majority did not ac-
count for potential confounding factors in the study de-
signs and/or made adjustment for the effects of the
confounders in the analysis, while 21.1% of these studies
did not name any confounder [35, 43, 44, 46]. The risk
of bias was moderate to high in the domain of statistical
analysis in 10 studies (52.6%) [33–35, 37, 39, 41, 42, 44,
46, 51]. Only 7 studies used statistical models to assess
prognostic relationships [36, 37, 40–42, 45, 47]. In one
study, mortality data were presented in graph only [34].

Kinetics of PCT
PCT levels were measured from the serum sample in all
studies, using immunoluminometric assay (LUMItest) in
11 studies (57.8%) [38, 40, 42–45, 47–51] and Kryptor
Assay in 3 studies (15.7%) [36, 37, 41]. Other techniques
used to determine PCT levels were Roche Cobas e 411
[33], VIDAS system [35], enzyme-linked fluorescent im-
munoassay (ELFA) [34], and chemiluminescence analyzer

[39]. Most studies showed rapid kinetics of PCT levels
with peak levels reached on day 1 post trauma [33, 36,
38–43, 45, 47–51], and to a lesser extent on day 2 [34, 37].
PCT levels declined rapidly thereafter towards the normal
range. Sakran et al. [36] and Haasper et al. [37] demon-
strated that a biphasic rise in PCT after day 7 was associ-
ated with development of sepsis.

Correlation between PCT levels and injury severity and
injury pattern
Nine studies (47.4%) [33, 39, 41, 42, 45–47, 50, 51]
assessed the correlation between initial PCT level and
the severity of injury using Injury Severity Score (ISS)
[52]. All studies showed a correlation between initial
PCT levels and ISS. When patients were categorized into
those with severe trauma (ISS > 20) or moderate trauma
(ISS < 20), the initial PCT was significantly higher in pa-
tients with severe trauma [41, 42, 45, 50].
Four studies assessed the association between PCT level

and injury pattern, three of which showed that serum
levels of PCT were higher among patients with abdominal
injury [35, 41, 45], whereas one study showed no correl-
ation between PCT level and injury pattern [50].

The value of serum PCT levels in differentiating sepsis
from non-infectious systemic inflammation in injured
patients
Sixteen studies (84.2%) assessed the utility of serum PCT
level as a marker for sepsis [33, 35–40, 42–50]. In patients
who developed systemic or septic complications, the kin-
etic of PCT was similar to those without complications.
After reaching the peak level on day 1 after trauma, an im-
mediate decline was observed towards normal range [36,

Fig. 2 Studies evaluated the role of procalcitonin levels in predicting clinical outcomes following trauma
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• Ciddi travma (ISS ≥ 20) / Moderate travma (ISS > 20)

• Ciddi travmalı hastalarda başlangıçta (1./2. gün)  PCT daha yüksek

(Abdominal travmalı hastalarda daha yüksek)

• Bifazik artış (1/2. gün ve 7. gün) = sepsis gelişimi ile ilişkili



RESEARCH Open Access

The prognostic value of serum
procalcitonin measurements in critically
injured patients: a systematic review
Aziza N. AlRawahi1* , Fatma A. AlHinai1, Christopher J. Doig2, Chad G. Ball1,3, Elijah Dixon1, Zhengwen Xiao3 and
Andrew W. Kirkpatrick1,2,3

Abstract

Background: Major trauma is associated with high incidence of septic complications and multiple organ
dysfunction (MOD), which markedly influence the outcome of injured patients. Early identification of patients at risk
of developing posttraumatic complications is crucial to provide early treatment and improve outcomes. We sought
to evaluate the prognostic value of serum procalcitonin (PCT) levels after trauma as related to severity of injury,
sepsis, organ dysfunction, and mortality.

Methods: We searched PubMed, MEDLINE, EMBASE, the Cochrane Database, and references of included articles.
Two investigators independently identified eligible studies and extracted data. We included original studies that
assessed the prognostic value of serum PCT levels in predicting severity of injury, sepsis, organ dysfunction, and
mortality among critically injured adult patients.

Results: Among 2015 citations, 19 studies (17 prospective; 2 retrospective) met inclusion criteria. Methodological
quality of included studies was moderate. All studies showed a strong correlation between initial PCT levels and
Injury Severity Score (ISS). Twelve out of 16 studies demonstrated significant elevation of initial PCT levels in
patients who later developed sepsis after trauma. PCT level appeared a strong predictor of MOD in seven out of
nine studies. While two studies did not show association between PCT levels and mortality, four studies
demonstrated significant elevation of PCT levels in non-survivors versus survivors. One study reported that the PCT
level of ! 5 ng/mL was associated with significantly increased mortality (OR 3.65; 95% CI 1.03–12.9; p = 0.04).

Conclusion: PCT appears promising as a surrogate biomarker for trauma. Initial peak PCT level may be used as an
early predictor of sepsis, MOD, and mortality in trauma population.

Keywords: Procalcitonin, Prognosis, Trauma, Injuries, Critical care, Intensive care unit

Introduction
Trauma is the leading cause of death during the first four
decades of life and the third leading cause of death overall,
across all age groups [1, 2]. Each year, trauma accounts for
41 million emergency department visits and 2.3 million
hospital admissions in the USA. Of these, 192,000 die as a
result of their injuries [2]. The triphasic peaks of death
after injury have long been described epidemiologically.

Essentially, catastrophic non-survivable injuries occur at
the time of injury, with subsequent airway obstruction, re-
spiratory failure, and especially hemorrhage predominating
as the second peak. The recognition of non-recoverable
head injury and especially sepsis/systemic inflammatory
response syndrome-related deaths constitute the third [3,
4]. Although the global burden of traumatic death is omin-
ous in its predicted future increase as the developing world
mechanizes, great strides have recently been made in ad-
dressing both the primary peak with injury prevention and
safety conscious designs, and in the second peak related to
dramatic advances in resuscitation for hemorrhage, among
other interventions [5, 6]. Progress in improving the

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: aziza.alrawahi@gmail.com
1Department of Surgery, University of Calgary and the Foothills Medical
Centre, North Tower 10th Floor, 1403-29th St. NW, Calgary, Alberta T2N 2T9,
Canada
Full list of author information is available at the end of the article

AlRawahi et al. Critical Care          (2019) 23:390 
https://doi.org/10.1186/s13054-019-2669-1

• Wanner et al. Sepsiste başlangıç PCT 3.9 kat fazla

• Rajkumari et al.   Travma sonrası İnf. (+) PCT > 2 ng/mL

Cut-off point 1.5 ng/ mL (sensitivite % 42- 76, spesifite % 73-77)

• MODS ; 7 çalışma başlangıçta PCT yüksek
2 çalışma korelasyon yok

• Fatalite ;  15 kat fark /  PCT ≥ 5 ng/mL / 2 çalışma ilişki yok.  

ü PCT ümit verici bir biyobelirteç

ü Başlangıç pik PCT düzeyi;
Travmanın ciddiyeti, sepsis, MODS, mortalite

ü Prospektif randomize kontrollü çalışma gereksinimi(+)
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non-response for the whole group, and therefore did not
contribute at all in the prediction of antibiotic response.

PCT in prediction of antibiotic response
after initiation of therapy

The ability of PCT to predict antibiotic response, when
analyzed 4–24h after initiation of therapy, is shown in Table 3B.
For low cut-off values, the PPV of PCT was over 85%, which
was slightly higher than for the whole patient group (antibi-
otic response, 79%). For high cut-off values, the NPV of PCT
was above 30%, somewhat higher than for the whole patient
group (non-response, 21%).

Inflammatory parameters in prediction
of antibiotic response

The ability to predict antibiotic response by relative changes
in levels of PCT, CRP, and WCC (instead of absolute values)
after initiation of therapy is shown in Table 3C. Patients with
decreased or unchanged PCT after 4–24 h of antibiotic ther-
apy had an antibiotic response rate of 91%, compared with
79% for the whole group. The PPV for decreased or un-
changed CRP was even higher (94%). However, the NPV
remained low for both PCT and CRP.

Discussion

During the past decade, there has been a great deal of
interest for PCT as a diagnostic and prognostic biomarker of
bacterial infection and antibiotic therapy. There is good ev-
idence to use PCT algorithms to make decisions about ap-
propriate and effective antibiotic therapy in patients with
severe sepsis in critical care settings, as well as in patients
with respiratory tract infections [13,15–19]. Sequential
measurements of PCT in particular may reflect the efficiency
of various antibiotic therapies. The mortality for patients with
severe sepsis has been reported to improve when serum PCT
concentrations decrease more than 50% within 72 h after
institution of therapy [21], whereas a decline in PCT values
was more important than the absolute values. Furthermore,
PCT cut-off concentrations within 24 h of the onset in sepsis
could reflect outcome and mortality [22]. Procalcitonin also

FIG. 2. Time course changes of C-reactive protein in antibiotic responders (Ab) versus non-responders (Ab to Op). 1 is
before administration of antibiotics and 2 and 3 are values at subsequent occasions after 4 - 24 h of therapy. Time course of
changes of white blood cell count as described in the legend to Figure 2A. (Mean; SD = standard deviation.)

Table 3a. PCT as a Pre-Treatment Predictor
of Antibiotic Response

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

PCT £ 0.05 33 69 80 22
PCT £ 0.1 70 36 80 24
PCT £ 0.5 92 10 79 25
PCT £ 1.0 93 7 79 23

PCT= procalcitonin [ng/mL]; PPV = positive predictive value;
NPV = negative predictive value.

Table 3b. PCT as a Predictor of Antibiotic
Response 4 - 24h after Initiation of Therapy

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

PCT £ 0.05 31 79 87 20
PCT £ 0.1 67 52 86 25
PCT £ 0.5 91 23 84 34
PCT £ 1.0 92 17 84 32

PCT= procalcitonin [ng/mL]; PPV = positive predictive value;
NPV = negative predictive value.

Table 3c. Prediction of Antibiotic Response
by Decreasing or Unchanged Levels of PCT, CRP,

and WBC Measured 4 - 24h after Initiation
of Antibiotic Therapy

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

PCT Œ/- 63 71 91 29
CRP Œ/- 37 89 94 24
WCC Œ/- 90 35 86 45

PCT= procalcitonin; CRP =C-reactive protein; WBC =white
blood cell count; PPV = positive predictive value; NPV= negative
predictive value.
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Evaluation of Procalcitonin as a Marker To Predict Antibiotic
Response in Adult Patients with Acute Appendicitis:

A Prospective Observational Study

Jeanette Assarsson, Ulla Körner, and Kent Lundholm

Abstract

Background: The aim of the study was to investigate the value of serum procalcitonin (PCT) as a predictor of
early antibiotic treatment response in patients with acute appendicitis. Procalcitonin is a biochemical marker
that increases rapidly in cases of bacterial infection and sepsis; however, the benefit of PCT as a diagnostic tool
in acute appendicitis has not been confirmed.
Methods: Observations of PCT dynamics were conducted as part of a prospective clinical trial at Sahlgrenska
University Hospital between May 2009 and February 2010 on adult patients with acute appendicitis treated with
antibiotics as first-line therapy. Procalcitonin, C-reactive protein (CRP), and white blood cell count (WBC)
were measured before administration of antibiotics and subsequently between 4–24 h following treatment.
Results: Three hundred sixteen patients were included in the study. Almost 80% recovered on antibiotics
without the need of surgery. Serum PCT concentrations before initiation of antibiotic therapy and during
treatment did not differ significantly between antibiotic responders and non-responders (p< 0.94). However,
differences were observed for CRP (p< 0.04) and WBC (p< 0.001), with a trend for body temperature (p< 0.06).
Conclusion: Procalcitonin has limited additional value, compared with standard laboratory tests as CRP, WBC,
and body temperature to predict antibiotic treatment response in adult patients with acute appendicitis.

Appendectomy, as treatment of acute appendicitis, has
been the gold standard during the last century [1] and a

recent Cochrane Report supported surgical therapy [2].
However, it is also known that a majority of unselected pa-
tients with acute appendicitis will recover on antibiotics
alone without surgery [3–4]. Several trials, both randomized
and observational, support this statement [5–9], as do newly-
published meta-analyses [10–12]. The antibiotic recovery
rate in the trials has varied between 77% and 95%. A diag-
nostic tool for selection of patients with high probability of
responding to antibiotic treatment is warranted.

Procalcitonin (PCT) is a precursor of calcitonin and a
sensitive laboratory indicator of severe bacterial infection
and sepsis. However, the role of PCT, in relationship to tra-
ditional inflammatory markers such as C-reactive protein
(CRP), white blood cell count (WBC), and body temperature
is not yet defined. Procalcitonin correlates closely to bacterial
infections and may have faster dynamics, compared with
CRP and WBC [13], with evidence of benefit in patients with
severe sepsis and patients with respiratory tract infections to
support decisions regarding initiation and termination of

antibiotic therapy [14–19]. The diagnostic role of PCT re-
garding acute appendicitis is not elucidated fully, although a
recently-published meta-analysis concluded that PCT has
little value in diagnosing acute appendicitis in general but
may be of greater value in identifying advanced appendicitis
[20]. In the present study, we investigated whether PCT could
predict antibiotic response early on in adult patients with
acute appendicitis.

Patients and Methods

Procalcitonin patterns in patients with acute appendicitis
were observed prospectively during treatment with antibiot-
ics as sole therapy. The study was conducted as a parallel part
of a prospective non-randomized clinical trial of adult pa-
tients with acute appendicitis offered antibiotics as first-line
therapy instead of traditional appendectomy [9]. The study
took place at the surgical clinics of Sahlgrenska University
Hospital in Gothenburg, Sweden between May 2009 and
February 2010 and was approved by the regional Committee
of Ethics in Gothenburg, Sweden (367-08).

Department of Surgery, Sahlgrenska University Hospital, Gothenburg, Sweden.
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non-response for the whole group, and therefore did not
contribute at all in the prediction of antibiotic response.

PCT in prediction of antibiotic response
after initiation of therapy

The ability of PCT to predict antibiotic response, when
analyzed 4–24h after initiation of therapy, is shown in Table 3B.
For low cut-off values, the PPV of PCT was over 85%, which
was slightly higher than for the whole patient group (antibi-
otic response, 79%). For high cut-off values, the NPV of PCT
was above 30%, somewhat higher than for the whole patient
group (non-response, 21%).

Inflammatory parameters in prediction
of antibiotic response

The ability to predict antibiotic response by relative changes
in levels of PCT, CRP, and WCC (instead of absolute values)
after initiation of therapy is shown in Table 3C. Patients with
decreased or unchanged PCT after 4–24 h of antibiotic ther-
apy had an antibiotic response rate of 91%, compared with
79% for the whole group. The PPV for decreased or un-
changed CRP was even higher (94%). However, the NPV
remained low for both PCT and CRP.

Discussion

During the past decade, there has been a great deal of
interest for PCT as a diagnostic and prognostic biomarker of
bacterial infection and antibiotic therapy. There is good ev-
idence to use PCT algorithms to make decisions about ap-
propriate and effective antibiotic therapy in patients with
severe sepsis in critical care settings, as well as in patients
with respiratory tract infections [13,15–19]. Sequential
measurements of PCT in particular may reflect the efficiency
of various antibiotic therapies. The mortality for patients with
severe sepsis has been reported to improve when serum PCT
concentrations decrease more than 50% within 72 h after
institution of therapy [21], whereas a decline in PCT values
was more important than the absolute values. Furthermore,
PCT cut-off concentrations within 24 h of the onset in sepsis
could reflect outcome and mortality [22]. Procalcitonin also

FIG. 2. Time course changes of C-reactive protein in antibiotic responders (Ab) versus non-responders (Ab to Op). 1 is
before administration of antibiotics and 2 and 3 are values at subsequent occasions after 4 - 24 h of therapy. Time course of
changes of white blood cell count as described in the legend to Figure 2A. (Mean; SD = standard deviation.)

Table 3a. PCT as a Pre-Treatment Predictor
of Antibiotic Response

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

PCT £ 0.05 33 69 80 22
PCT £ 0.1 70 36 80 24
PCT £ 0.5 92 10 79 25
PCT £ 1.0 93 7 79 23

PCT= procalcitonin [ng/mL]; PPV = positive predictive value;
NPV = negative predictive value.

Table 3b. PCT as a Predictor of Antibiotic
Response 4 - 24h after Initiation of Therapy

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

PCT £ 0.05 31 79 87 20
PCT £ 0.1 67 52 86 25
PCT £ 0.5 91 23 84 34
PCT £ 1.0 92 17 84 32

PCT= procalcitonin [ng/mL]; PPV = positive predictive value;
NPV = negative predictive value.

Table 3c. Prediction of Antibiotic Response
by Decreasing or Unchanged Levels of PCT, CRP,

and WBC Measured 4 - 24h after Initiation
of Antibiotic Therapy

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

PCT Œ/- 63 71 91 29
CRP Œ/- 37 89 94 24
WCC Œ/- 90 35 86 45

PCT= procalcitonin; CRP =C-reactive protein; WBC =white
blood cell count; PPV = positive predictive value; NPV= negative
predictive value.
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has proved to be substantially elevated among adult patients
with perforated or gangrenous appendix, but with poor sen-
sitivity that limits its routine use in diagnosis of acute ap-
pendicitis [20,23]. In children with acute appendicitis, PCT
concentrations of more than 0.5 ng/mL have been associated
with perforation or gangrene of the appendix [24].

Our present analyses showed no significant difference in
pre-treatment PCT between antibiotic responders and non-
responders with acute appendicitis (Table 2). Pre-treatment
predictions of antibiotic response, based on serum PCT con-
centrations, did not exceed treatment prediction by chance
(Table 3A), and PCT concentrations across the entire initial
treatment period did not differ between responders and non-
responders (Table 2). The predictive values of PCT also were
too low to be used to identify antibiotic non-responders at an
early stage of treatment (Table 3B). The probability of re-
covery on antibiotics was 91% in analyses of results based on
relative changes in serum PCT concentrations, instead of ab-
solute concentrations, when PCT remained unchanged or de-
creased (Table 3C); however, CRP showed a numerically
higher degree of prediction. Thus, for patients with acute ap-
pendicitis treated with antibiotics as their first-line therapy, our
analyses demonstrate that PCT has limited value, compared
with traditional laboratory tests and clinical assessments in
prediction of antibiotic efficiency, either before provision of
antibiotics or early on following the start of antibiotic therapy
[25]. In conclusion, PCT is of little value in use of antibiotic
selection and prediction of response to antibiotics, compared to
CRP, WCC, and body temperature, during acute appendicitis
based on analyses of more than 300 treated patients.
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Statistical analysis

Chi-square Testing was used to check for differences be-
tween proportions. Independent sample student t-test was
used for comparison of continuous variables between groups,
as well as paired sample student t-test when appropriate.
Non-parametric tests were used for PCT, because of a lack of
normal distribution. A p value of less than 0.05 was consid-
ered significant in two-tailed tests. The statistical calculations
were performed with SPSS! version 19.0 (SPSS, Inc., Chi-
cago, IL). Analysis of variance for repeated measures were
used to compare differences before and during antibiotic
treatment among responders and non-responders.

Results

During the study period, 558 consecutive adult patients
were diagnosed with presumed acute appendicitis (Fig. 1).
Subsequently, 442 patients actually received antibiotic ther-
apy as primary therapy, whereas 111 patients had primary
surgery according to their own choice or the decisions of
surgeons. Procalcitonin analyses were performed in 316 of
the 442 patients on antibiotic treatment, and these 316 patients
were thus included in the present study.

A total of 249 patients (79%) recovered on antibiotics
(‘‘responders’’) and 67 (21%) did not improve and therefore
had subsequent rescue appendectomy (‘‘non-responders’’;
Fig. 1). The outcome of antibiotic treatment for included
patients was similar to outcomes of 442 patients as reported
elsewhere [9].

Baseline characteristics

Clinical and laboratory parameters at diagnosis of acute
appendicitis before administration of antibiotics are shown in
Table 1. Pre-treatment mean concentration of PCT did not
differ significantly between responders and non-responders
(p < 0.52), whereas WCC and body temperature showed
lower mean concentrations among responders (p< 0.01).

Inflammatory parameters before and after
administration of antibiotics

Table 2 shows laboratory parameters and body tempera-
ture assessed before the administration of intravenous anti-

biotic and subsequently across 4–24 h after the start of
therapy. Procalcitonin serum concentrations did not differ
among responders and non-responders during 4–24 h on an-
tibiotic treatment (p < 0.94; Table. 2). Mean concentrations
of CRP (p < 0.01), WBC (p< 0.01), and body temperature
(p< 0.01) were significantly higher during antibiotic therapy
in non-responders, compared with responders (Table 2; Fig.
2A and 2B). However, only CRP (p < 0.04) and WBC (p <
0.001) were different between responders and non-responders
when considering all serum parameters over time (‘‘before
treatment’’ and ‘‘during treatment’’), and with a trend for
body temperature (p < 0.06; Table 2).

Procalcitonin in pre-treatment prediction
of antibiotic response

The ability of PCT to predict antibiotic response before the
start of therapy is shown in Table 3A. For low cut-off values
the sensitivity was poor, and vice versa. The specificity was
especially low for high cut-off values. Hence, the positive
predictive value (PPV; probability for antibiotic response
if the test is positive) were approximately 80% and the neg-
ative predictive values (NPV; probability for non-response
if the test is negative) were only 20–25%. These predic-
tive values were the same as the proportions of response and

Table 1. Patient Characteristics at Diagnosis
of Acute Appendicitis

before Administration of Antibiotic

Responders
(n = 249)

Non-responders
(n = 67)

p
value

Sex [M:F] 124:125 38:29 0.32
Age [y] 32 – 1 35 – 2 0.14
CRP [mg/L] 50 – 4 60 – 8 0.28
WBC [ · 109 cells/L] 12.2 – 0.3 14.7 – 0.5 0.001
PCT [ng/mL] 0.76 – 0.27 1.21 – 0.91 0.52
Body temperature

["C]
37.1 – 0.04 37.3 – 0.08 0.005

Localized peritonitis 58 (23) 20 (30) 0.27

Mean – standard error of the mean
Values within parentheses are percentages
M=male; F = female; CRP=C-reactive protein; WBC=white

blood cell count; PCT= procalcitonin.

Table 2. Laboratory Parameters and Body
Temperature Before Provision of Antibiotic
and during 4- 24h following Treatment

in Patients with Acute Appendicitis

Before
treatment

During 4–24 h
of treatmentc)

ANOVAd)

p

PCT [ng/mL]
respondersa) 0.76 – 0.27 1.06 – 0.27

(n = 478)
< 0.94

non-respondersb) 1.21 – 0.91 1.01 – 0.53
(n = 115)

CRP[mg/L]
respondersa) 50 – 4 70 – 3

(n = 363)
< 0.04

non-respondersb) 60 – 8 117 – 10
(n = 68)
p< 0.01

WBC [ · 109]
respondersa) 12.2 – 0.3 8.4 – 0.2

(n = 361)
< 0.001

non-respondersb) 14.7 – 0.5 12.8 – 0.5
(n = 69)

p< 0.01 p< 0.01
Body temp ["C]
respondersa) 37.1 – 0.04 37.0 – 0.03

(n = 314)
< 0.06

non-respondersb) 37.3 – 0.08 37.4 – 0.09
(n = 61)

p< 0.01 p< 0.01

Mean – standard error of the mean
a) 249 patients
b) 67 patients
c) Number of observations during the first 24 h following the

administration of antibiotic infusion
d) Interaction over time between responders and non-responders
ANOVA = analysis of variance; PCT= procalcitonin; CRP=C-

reactive protein; WBC =white blood cell count; temp = temperature.

PROCALCITONIN AND ANTIBIOTIC RESPONSE IN APPENDICITIS 603

D
ow

nl
oa

de
d 

by
 D

ok
uz

 E
yl

ul
 U

ni
ve

rs
ity

 A
N

K
O

S 
fro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
1/

25
/2

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



Surg Infect 2017;31:1022-1031  

REVIEW

Biomarkers of acute appendicitis: systematic review
and cost–benefit trade-off analysis

Amish Acharya1 • Sheraz R. Markar1 • Melody Ni1 • George B. Hanna1

Received: 17 March 2016 / Accepted: 9 July 2016 / Published online: 5 August 2016
! The Author(s) 2016. This article is published with open access at Springerlink.com

Abstract
Background Acute appendicitis is the most common sur-

gical emergency and can represent a challenging diagnosis,

with a negative appendectomy rate as high as 20 %. This
review aimed to evaluate the clinical utility of individual

biomarkers in the diagnosis of appendicitis and appraise

the quality of these studies.
Methods A systematic review of the literature between

January 2000 and September 2015 using of PubMed,

OvidMedline, EMBASE and Google Scholar was con-
ducted. Studies in which the diagnostic accuracy, statistical

heterogeneity and predictive ability for severity of several

biomarkers could be elicited were included. Information
regarding costs and process times was retrieved from the

regional laboratory. European surgeons blinded to these

reviews were independently asked to rank which charac-
teristics of biomarkers were most important in acute

appendicitis to inform a cost–benefit trade-off. Sensitivity

testing and the QUADAS-2 tool were used to assess the
robustness of the analysis and study quality, respectively.

Results Sixty-two studies met the inclusion criteria and
were assessed. Traditional biomarkers (such as white cell

count) were found to have a moderate diagnostic accuracy

(0.75) but lower costs in the diagnosis of acute appen-
dicitis. Conversely, novel markers (pro-calcitonin, IL 6 and

urinary 5-HIAA) were found to have high process-related
costs including analytical times, but improved diagnostic

accuracy. QUADAS-2 analysis revealed significant poten-

tial biases in the literature.
Conclusion When assessing biomarkers, an appreciation of

the trade-offs between the costs and benefits of individual

biomarkers is needed. Further studies should seek to
investigate new biomarkers and address concerns over bias,

in order to improve the diagnosis of acute appendicitis.

Keywords Acute appendicitis ! Biomarkers ! Cost–benefit
trade-off

Acute appendicitis is the most common surgical emer-
gency, with an annual incidence in the USA of 9.38 per

100,000 [1]. Cases are characterized by an acute inflam-

matory process, but in approximately 16.5 % the appendix
has perforated and become gangrenous or there is overt

peritonitis, termed ‘complicated appendicitis’ [2]. Whilst in

rare special circumstances management may differ, the
mainstay of treatment for the majority of patients remains

surgery either by an open or by laparoscopic approach.

With 326,000 appendectomies performed in the USA
during 2007, at an average estimated cost of $6242 [3],

appendicitis represents a highly prevalent condition with

significant expenditure associated with its treatment.
Despite the frequency of appendicitis, accurate diagno-

sis remains difficult. The National Surgical Research Col-

laborative in the UK has estimated that the negative
appendectomy rate is as high as 20.6 % [2]. The use of

ultrasound and computerized tomography (CT) has in some

cases been shown to improve appendicitis diagnostic
accuracy and reduce the number of negative appendec-

tomies [7], with the latter shown to decrease rates to less

Electronic supplementary material The online version of this
article (doi:10.1007/s00464-016-5109-1) contains supplementary
material, which is available to authorized users.
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histopathological confirmation of acute appendicitis, toge-

ther with hierarchical summary receiver operating charac-
teristic (ROC) curves. The software used for this analysis

was the custom-designed statistical package MIDAS [8].

Areas under the hierarchical summary ROC curves, and I2

statistics, were obtained directly from the MIDAS output.

See Zhou and Tu [9] for an in-depth description of the

statistical methods used.

Cost–benefit trade-off analysis

To evaluate the biomarkers, we applied decision analysis

methodology, employing multi-criteria decision analysis
(MCDA) [10] to assess trade-offs between cost (both time

and financial) and benefit amongst the biomarkers, in terms

of their performance characteristics (Table 2). The list of
performance characteristics was grouped into three areas,

namely monetary costs, time to results and benefits,

encompassing all the remaining characteristics that were
neither costs nor time. Through the literature review and

expert survey, we determined the mean level of perfor-

mance of the biomarkers on each of the characteristics.
Criteria on which all biomarkers had identical perfor-

mance, such as patient acceptability, were removed. The

performance level was converted to a score by assigning a
value of 0 to represent the worst performance (e.g., the

highest unit price or worst sensitivity) and a value of 100 to

represent the highest performance (e.g., lowest unit price or
highest sensitivity). We assumed linearity between per-

formance and value, such that for any intermediate level
the corresponding value was interpolated from the worst

and best performances on that criterion (valued 0 and 100,

respectively).
Criteria weightings were derived from the rankings

assigned by the European surgeons. The highest ranked

criterion was given a weighting of 100, the second highest
ranked criterion was given a weighting of 90, and so forth.

The weightings were normalized so that they totaled 1, for

each performance area. We applied a weighted average
rule to combine the value scores across criteria as in:

Table 1 Definitions of the characteristics of biomarkers the consultants were asked to rank

Definitions Outcome utilized

Sensitivity Result of pooled sensitivity for diagnosis of acute appendicitis

Specificity Results of pooled specificity for diagnosis of acute appendicitis

Predictive of perforation Area under the curve of summary ROC for diagnosis of perforated appendicitis

Cost Cost of investigation from Imperial College NHS Trust

East of testing Level of invasiveness of testing

Acceptability The impression of patient acceptability

Time for result Time from sample being taken to result being available for clinician
interpretation as described by Imperial College NHS Trust

Reproducibility I2 statistic for heterogeneity: increasing value indicates LESS consistency

Table 2 Performance of various biomarkers with respect to the surgeon rankings

Biomarker Sens. (%) Spec. (%) Ease
of test

Predictive of
perforation (%)

Cost (£) Time for
result (h)

Acceptability Reproducibility

WCC 79 55 Easy 69 2.5 1 Good 92

CRP 76 50 Easy 78 30 1 Good 81

Bilirubin 51 78 Easy 71 2 1 Good 98

Pro-calcitonin 36 88 Easy 83 17.42 12 Good 96

IL-6 73 72 Easy 84 15.5 168 Good 91

5-HIAA 72 86 Easy 0 21 240 Good 93

Surgeon rank 1 2 3 4 5 6 7 8

Acceptability considered ‘good’ as all can be done routinely. Ease of testing all considered ‘easy’ as all are noninvasive

WCC White cell count, CRP C-reactive protein, IL-6 Interleukin 6, 5-HIAA Urinary serotonin, Sens Sensitivity, Spec Specificity

1024 Surg Endosc (2017) 31:1022–1031
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Abstract
Objectives: Bacterial meningitis is a severe but treatable condition. Clinical symptoms 
may be ambiguous and current diagnostics lack sensitivity and specificity, complicat-
ing diagnosis. Procalcitonin (PCT) is a protein that is elevated in serum in bacterial 
infection. We aimed to assess the value of PCT in cerebrospinal fluid (CSF) in the 
diagnosis of bacterial meningitis.
Methods: We included patients with bacterial meningitis, both community acquired 
and post neurosurgery. We included two comparison groups: patients with viral men-
ingitis and patients who underwent lumbar punctures for noninfectious indications. 
We calculated mean differences and 95% confidence intervals of procalcitonin in CSF 
and plasma in patients with and without bacterial meningitis.
Results: Average PCT concentrations in CSF were 0.60 ng mL−1 (95% CI: 0.29–0.92) 
in the bacterial meningitis group (n = 26), 0.81 (95% CI: 0.33–1.28) in community- 
acquired meningitis (n = 16) and 0.28 (95% CI: 0.10–0.45) in postneurosurgical menin-
gitis (n = 10), 0.10 ng mL−1 (95% CI: 0.08–0.12) in the viral meningitis group (n = 14) 
and 0.08 ng mL−1 (95% CI: 0.06–0.09) in the noninfectious group (n = 14). Mean dif-
ference of PCT- CSF between patients with community- acquired bacterial meningitis 
and with viral meningitis was 0.71 ng mL−1 (95% CI: 0.17–1.25) and 0.73 ng mL−1 
(95% CI: 0.19–1.27) for community- acquired bacterial meningitis versus the noninfec-
tious group. The median PCT CSF: plasma ratio was 5.18 in postneurosurgical and 
0.18 in community- acquired meningitis (IQR 4.69 vs. 0.28).
Conclusion: Procalcitonin in CSF was significantly higher in patients with bacterial 
meningitis when compared with patients with viral or no meningitis. PCT in CSF may 
be a valuable marker in diagnosing bacterial meningitis, and could become especially 
useful in patients after neurosurgery.
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We collected data on clinical characteristics, such as presence of 
headache, fever, depressed level of consciousness, nuchal rigidity, and 
whether bacterial cultures were positive and with which pathogen.

2.2 | Sample handling and assays

Lumbar punctures were performed and plasma was obtained before 
the start of treatment. PCT was determined from the same CSF that 
prompted a diagnosis of bacterial meningitis or not. The PCT results 
were not visible for clinicians during diagnosis or treatment. CSF sam-
ples obtained from the lumbar puncture were taken to the in- house 
clinical laboratory within 20 min. The least blood- stained specimens 
were used for analysis. After a visual inspection and cell- count, sam-
ples were centrifuged for 5 min at 1,250 g, within 1 hr after lumbar 
puncture. Total protein in CSF was measured turbidimetrically after 
adding benzethoniumchloride, glucose levels were determined with 
the hexokinase method, and CRP by immunoturbidimetry. Plasma and 
CSF procalcitonin were measured with the BRAHMS Elecsys two- step 
immunoassay. If direct measurement of PCT was not possible, samples 
(CSF and/or plasma) were stored at −20°C within 24 hr. The function-
al sensitivity of the PCT assay was <0.06 ng mL−1, with an analytical 
sensitivity of <0.02 ng mL−1. There is a reported variation coefficient 
of <10% at a concentration of 0.04 ng mL−1 in plasma (Lloyd & Kuyl, 
2012). All automated immunochemistry assays were done on a Modular 
analyser (Roche, Almere, The Netherlands). Standard CSF chemistry 
and PCT determination were evaluated by the hospital clinical chemist.

Reported reference plasma PCT concentration in healthy adults is 
<0.10 ng mL−1. Reference values for PCT in CSF are unknown (Lloyd 
& Kuyl, 2012). Plasma PCT was not determined in the two comparison 
groups.

2.3 | Statistical analysis

We calculated the mean differences in PCT levels between patients 
with and without bacterial meningitis, as well as accompanying 95% 
confidence intervals (CI). If the 95% confidence interval for the dif-
ference does not contain the value 0, the difference is statistically 

significant and p < .05. For comparison of PCT in plasma and PCT 
ratios in CSF versus plasma between groups, we used the Mann–
Whitney U test because the data of these variables were not normally 
distributed. For these data, we gave medians and interquartile rang-
es (IQR’s). To assess the discriminative property for PCT in CSF, we 
made ROC curves and calculated the area under the curve comparing 
patient groups with an infection (bacterial meningitis, both CAM and 
PNM, and viral meningitis) with the patients without an infection.

3  | RESULTS

We included 26 patients with bacterial meningitis; 16 patients with 
community- acquired and 10 patients with bacterial meningitis after 
neurosurgical intervention. We excluded four patients with bacterial 
meningitis who clinically were treated as such, but did not meet the cri-
teria set in advance for CSF diagnosis. Of the PNM patients, four had an 
EVD and six a craniotomy. There were 13 positive CSF cultures among 
the 26 patients; three Pneumococcus pneumonia, three Staphylococcus 
epidermidis, two Neisseria meningitides, one Heamophilus influenza, one 
Escherichia coli, one Streptoccus mitis, one Streptococcus pneumoni-
ae, and one Listeria monocytogenes. The CSF cultures of the remain-
ing patients were negative. In the comparison groups, we included 
14 patients with viral meningitis and 14 patients without infection. 
In patients with viral meningitis, PCR was positive for enterovirus in 
three cases, herpes simplex- 2 in one case, and varicella- zoster in the 
last case. In these groups, no patients were excluded. Patient charac-
teristics and results are shown in Tables 1 and 2.

The average PCT in CSF in the group of bacterial meningitis 
patients was 0.61 ng mL−1 (95% CI: 0.27–0.93). The PCT in CSF in 
the group of patients with bacterial meningitis was significantly high-
er when compared with viral meningitis and the group without infec-
tion PCT in CSF (Table 2). PCT in CSF was not significantly different 
between CAM or PNM patients (mean difference 0.53 ng mL−1; 95% 
CI: −0.13 to 1.19). The PCT in CSF of the PNM patients was signifi-
cantly higher than the viral meningitis group and the group without 
infection (Fig. 1, Table 2).

TABLE  1 Patient characteristics

Bacterial meningitis 
Entire group (n = 26)

Bacterial CAM 
(n = 16)

Bacterial PNM 
(n = 10)

Viral meningitis 
(n = 14)

Noninfectious 
(n = 14)

Age (years) 62 (SD 16) 60 (SD 18.6) 64 (SD 12) 34 (SD 9) 44 (SD 14)

Range 20–84 20–84 51–83 20–50 22–71

Sex (male) 19 (73%) 12 (75%) 7 (70%) 6 (43%) 4 (29%)

Fever 18 (69%) 12 (75%) 6 (60%) 6 (43%) 0

Ave CRP mg L−1 (SD) 121 (102) 178 (88) 36 (44) 14 (28) 1.5 (1.2)

Nuchal rigidity 14 (50%) 10 (63%) 4 (40%) 3 (21%) 0

Glasgow coma score ave 11 11 12 15 15

Headache 19 (73%) 12 (75%) 7(70%) 14 (100%) 11 (78%)

Culture positive 13 (50%) 10 (63%) 3 (33%) 5 (36%) 0

CAM, community- acquired meningitis; PNM, postneurosurgical meningitis.
Alons IM et al. Brain and Behavipor 2016; 6: e00545
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We also compared PCT levels in patients diagnosed with bacterial 
meningitis with and without positive bacterial CSF cultures. The aver-
age PCT in CSF of patients with a positive culture was 0.82 ng mL−1 
(SD 1.03, N = 13). The average PCT in CSF of patients with a nega-
tive culture was 0.41 ng mL−1 (SD 0.35, N = 13). The difference 
between these levels was not statistically significant (mean difference 
0.41 ng mL−1; 95% CI: −0.18 to 1.00). In the PNM group, four patients 

received an external ventricular drain and six underwent a craniotomy. 
Statistical analysis showed no effect of type of neurological surgery on 
PCT values (mean difference 0.06; 95% CI: −0.39 to 0.51). PCT in plas-
ma was not significantly lower in patients after EVD than in patients 
after craniotomy (mean difference 0.16; 95% CI: −0.06 to 0.38). 
However, the confidence interval is wide due to the small patient sub-
group. In PNM, three CSF cultures were positive which were all found 
in the craniotomy group.

The receiver–operator curve (ROC) for PCT in CSF of patients with 
bacterial meningitis versus the patients without an infection had an 
area under the curve (AUC) of 0.93 (95% CI: 0.86–1.00). The AUC of 
the ROC for the CAM versus the group of patients without an infec-
tion was 0.90 (95% CI: 0.78–1.00) and PNM versus group of patients 
without an infection was 0.99 (95% CI: 0.96–1.00). The AUC of the 
ROC for viral meningitis versus the group of patients without an infec-
tion was 0.67 (95% CI: 0.47–0.87) (Fig. 4).

In order to be able to calculate sensitivity specificity and pos-
itive and predictive value, we chose a cutoff value for PCT in CSF 
based on our reference groups. We arbitrarily chose a cutoff val-
ue for PCT in CSF of >0.9 ng mL−1. This is the upper limit of the 
95% CI of PCT in CSF in the noninfectious group. With this cutoff 
value, we found a sensitivity of 92% (95% CI: 75%–99%) and a 
specificity of 68% (95% CI: 48%–84%). Positive predictive value 
is 73% (95% CI: 55%–87%) and negative predictive value is 90% 
(95% CI: 70%–99%).

F IGURE  3 Scatter plots of procalcitonin plasma: cerebrospinal 
fluid ratio. Horizontal bar represents the mean value of a group, 
logarithmic scale

F IGURE  4 Receiver–operator curves 
for Procalcitonin in cerebrospinal fluid 
compared to noninfectious patients for (A) 
all bacterial meningitis patients, AUC 0.93, 
(B) community- acquired meningitis. AUC 
0.90, (C) post neurosurgical meningitis, 
AUC 0.98, (D) viral meningitis, AUC 0.67

(A) (B)

(C) (D)
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4  | DISCUSSION

Our results show that in our patient population, PCT in CSF is sig-
nificantly higher in patients with bacterial meningitis when compared 
to patients from the two comparison groups: viral meningitis and the 
group of patients without an infection. This counts for patients with 
community- acquired meningitis as well as patients with meningitis 
after a neurosurgical procedure.

Procalcitonin in plasma of patients with bacterial meningitis was 
significantly higher than that of patients with viral meningitis. But, PCT 
in plasma of the PNM group was not significantly higher than in the 
viral meningitis comparison group. For this subgroup, PCT in plasma 
seems less sensitive than PCT in CSF. This finding corresponds with 
an earlier study that evaluated the use of PCT in serum of postneu-
rosurgical patients and found that serum sensitivity of PCT is low for 
diagnosing bacterial meningitis (Choi & Choi, 2013).

The findings above raise the question whether there is intrathecal 
production of PCT. Due to its large molecular structure (13 kDa) and 
being a protein, it is unlikely that PCT passes the blood–brain barrier 
in healthy adults (Maruna, Nedelníková, & Gürlich, 2000). However, in 
meningitis, the blood–brain barrier may be compromised due to infec-
tious processes. Similarly, traumatic lumbar puncture may confound 
results by plasma leakage. Most of our bacterial meningitis samples 
had high erythrocyte counts (see Table 2). However, when patients 
with low or high erythrocyte counts with CAM and PNM were grouped 
and compared, PCT ratios were the same irrespective of erythrocyte 
count. This makes it highly unlikely that the elevated PCT in CSF orig-
inates from leakage of PCT plasma through the blood–brain barrier or 
traumatic lumbar puncture.

Strikingly, the CSF:plasma ratio of PCT was significantly higher 
in the PNM group compared with the CAM patients. This indicates 
a much stronger increase of PCT in CSF than in plasma in the PNM 
group. Moreover, most plasma PCT levels in the PNM group were 
within the reported reference range of <0.10 ng mL−1. We hypothe-
size this skewed distribution in favor of PCT in CSF in the PNM group 
may be due to a direct bacterial port of entry after neurosurgery and 
the lower level of systemic infection in these patients. We surmise 
PCT levels may only become raised in blood if bacterial meningitis is 
accompanied by systemic infection or sepsis, as is the case in most 
CAM patients. For patients with PNM determining PCT in CSF may 
become useful as a diagnostic marker.

Our study has limitations. First, study size is relatively small, lim-
iting the power of the study. However, despite the small number of 
patients, we still found a significant difference between groups, with 
confidence intervals that are sufficiently narrow to allow precise deter-
mination of between group differences. Second, we could not prove 
the presence of meningitis in all patients by means of a positive CSF 
culture, resulting in potential bias due to misclassification. Since only 
44% of patients have all characteristics of bacterial meningitis (van de 
Beek et al., 2010), we may have included patients in the wrong group. 
To diminish this possibly important methodological shortcoming, we 
used international CSF diagnostic values which are individual positive 

predictors in 88%–99% (van de Beek et al., 2010, 2004). In choosing 
these parameters, we also hoped to bypass the chance of diagnos-
ing aseptic meningitis as bacterial meningitis. The downside of using 
these set parameters was that we could not calculate the added value 
of PCT against the conventional diagnostic markers. The calculation of 
an ROC curve of PCT in CSF versus leukocyte count for instance was 
not possible.

We calculated whether there was a difference in PCT levels in CSF 
in patients diagnosed with bacterial meningitis with a positive and 
negative bacterial CSF culture and found that the difference is not sta-
tistically significant. This supports our correct selection of patients for 
the bacterial meningitis group based on CSF chemistry.

Finally, there are no reference values for PCT in CSF available. 
By including a group with major headache as complaint and no CSF 
abnormalities, we aimed to include a “best- available” reference group 
for CSF PCT. We arbitrarily determined a theoretical reference value 
based on the upper limit of the 95% CI of PCT in CSF for the noninfec-
tious group. With this value, we calculated sensitivity, specificity, neg-
ative predictive, and positive predictive value for PCT in CST. These 
results show a good sensitivity and negative predictive value, but need 
to been seen only as a measure for easier interpretation of the out-
comes; they cannot be extrapolated for clinical use. Future research 
will be needed to determine validated reference values.

As we have measured PCT in CSF at one point in time only, we do 
not know at what moment after infection peak levels are reached or 
when PCT levels start to decrease again. This is a highly interesting 
and clinically relevant issue and we are presently performing a follow- 
up study in which daily PCT levels are measured in patients with an 
external ventricular drain.

Our results show that PCT in CSF could become a useful marker in 
diagnosing bacterial meningitis. This may in particular be the case in 
patients with suspected meningitis after neurosurgical intervention (in 
contrast to plasma PCT). However, as the PNM group was limited, this 
conclusion must be tentative. To the best of our knowledge, this is the 
first article including results of procalcitonin both in plasma and in CSF 
in a varied range of patients groups. An evaluation of PCT CSF:plasma 
ratios in patients with bacterial meningitis has not been done before. A 
recent study confirmed our results in CSF, but plasma levels were not 
included and therefore a direct comparison of PCT in CSF and plas-
ma was lacking (Konstantinidis et al., 2015). The use of PCT in CSF in 
determining the need for and possibly duration of antibiotic treatment 
was beyond the scope of this study, but we hope our data will open 
the path to research in that direction. Further research on this subject 
is needed to assess the usefulness of this marker in clinical practice.

We found that PCT is significantly raised in CSF in patients with 
bacterial meningitis when compared to patients with viral or no men-
ingitis. PCT in CSF may become a useful biomarker in this patient 
group and especially in patient after neurosurgery.
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Table 1 Study design; sample size; manufacturers; principal diagnosis; cut-off; sensitivity; specificity; positive and negative likelihood ratio, diagnostic odds ratio; number need to 
diagnose of PCT in different clinical settings (details in text)

Study design Sample size Manufacturer Analyzer Diagnosis
Cut-off, 
ng/mL

Sens. 
%

Spec. 
%

LR+ LR! DOR NND Ref.

Infectious complications of burns

Meta-analysis 830 Roche, Brahms. 
Biomerieux

PCT-Q, Vidas, 
E411 Lumitest

Suspected sepsis 1.47 77 65 2.2 0.5 6.2 2.4 (147)

Retrospective 150 (102 septic; 48 not-septic) Brahms Kryptor TBSA "15% 0.5 71 62 1.9 0.5 4.0 3.0 (136)

1.0 52 77 2.3 0.4 3.6 3.4 (136)

1.5 43 83 2.5 0.4 3.7 3.8 (136)

Prospective 43 Brahms Lumitest Sepsis 1.50 88 92 11 0.1 84.3 1.3 (129)

Respiratory infection 0.52 77 88 6.4 0.2 24.6 1.5 (129)

Wound infection 0.56 76 80 3.8 0.3 12.7 1.8 (129)

Prospective 121 (44 septic; 77 not septic) Brahms Lumitest Sepsis in burn 0.69 89 85 5.9 0.2 45.8 1.4 (135)

Retrospective 38 Brahms Cobas Sepsis in burn 10.3 44 90 4.4 0.2 7.1 2.9 (148)

2.0 67 64 1.9 0.5 3.6 3.2 (148)

2.4 75 70 2.5 0.4 7.0 2.2 (148)

Prospective 37 (26 septic; 11 not septic) Brahms Cobas Suspected sepsis in 
burn patients

0.76 75.7 78.6 3.5 0.3 11.4 1.8 (149)

Prospective 175 (24 survivors: no infection;  
93 survivors: infection; 58 non-survivors)

Brahms Vidas Sepsis in burn 1.7 77.6 82.1 4.3 0.2 15.9 1.7 (150)

Prospective 60 (30 septic; 30 not septic) Brahms PCT-Q Sepsis in burn 0.5 100 89.3 9.3 0.1 1.1 (127)

Prospective 25 Brahms Lumitest 
PCT-Q1

Sepsis in burn 0.534 42.4 88.8 3.8 0.3 5.8 3.2 (128)

Infectious complications of polytrauma

Prospective 80 (23 neither; 24 SIRS; 33 sepsis) Brahms Kryptor Sepsis in post-trauma 0.8 87 82 4.8 0.2 30.5 1.4 (98)

Prospective 275 (200 not septic; 75 septic) Biomerieux Vidas Sepsis in post-trauma 2 91 66 2.7 0.4 19.6 1.8 (116)

Central nervous system infections

Prospective 50 (20 bacterial meningitis; 20 viral 
meningitis; 10 controls)

Brahms Lumitest Bacterial meningitis 2.0 100 60 2.5 0.4 1.7 (55)

Prospective 48 bacterial meningitis Brahms Kryptor Bacterial meningitis 0.28 97 100 0.0 1.0 (59)

Prospective 98 acute meningitis Brahms Elecsys Bacterial meningitis 0.74 95 100 0.0 1.1 (67)

Retrospective 63 (20 bacterial meningitis; 43 non 
bacterial meningitis)

Brahms Vidas Bacterial meningitis 1 90 100 0.0 1.1 (66)

Prospective 50 (19 bacterial meningitis; 31 non 
bacterial meningitis)

Brahms Vidas Bacterial meningitis 0.5 100 87.09 7.7 0.1 1.1 (65)

Table 1 (continued)
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Table 1 Study design; sample size; manufacturers; principal diagnosis; cut-off; sensitivity; specificity; positive and negative likelihood ratio, diagnostic odds ratio; number need to 
diagnose of PCT in different clinical settings (details in text)

Study design Sample size Manufacturer Analyzer Diagnosis
Cut-off, 
ng/mL

Sens. 
%

Spec. 
%

LR+ LR! DOR NND Ref.

Infectious complications of burns

Meta-analysis 830 Roche, Brahms. 
Biomerieux

PCT-Q, Vidas, 
E411 Lumitest

Suspected sepsis 1.47 77 65 2.2 0.5 6.2 2.4 (147)

Retrospective 150 (102 septic; 48 not-septic) Brahms Kryptor TBSA "15% 0.5 71 62 1.9 0.5 4.0 3.0 (136)

1.0 52 77 2.3 0.4 3.6 3.4 (136)

1.5 43 83 2.5 0.4 3.7 3.8 (136)

Prospective 43 Brahms Lumitest Sepsis 1.50 88 92 11 0.1 84.3 1.3 (129)

Respiratory infection 0.52 77 88 6.4 0.2 24.6 1.5 (129)

Wound infection 0.56 76 80 3.8 0.3 12.7 1.8 (129)

Prospective 121 (44 septic; 77 not septic) Brahms Lumitest Sepsis in burn 0.69 89 85 5.9 0.2 45.8 1.4 (135)

Retrospective 38 Brahms Cobas Sepsis in burn 10.3 44 90 4.4 0.2 7.1 2.9 (148)

2.0 67 64 1.9 0.5 3.6 3.2 (148)

2.4 75 70 2.5 0.4 7.0 2.2 (148)

Prospective 37 (26 septic; 11 not septic) Brahms Cobas Suspected sepsis in 
burn patients

0.76 75.7 78.6 3.5 0.3 11.4 1.8 (149)

Prospective 175 (24 survivors: no infection;  
93 survivors: infection; 58 non-survivors)

Brahms Vidas Sepsis in burn 1.7 77.6 82.1 4.3 0.2 15.9 1.7 (150)

Prospective 60 (30 septic; 30 not septic) Brahms PCT-Q Sepsis in burn 0.5 100 89.3 9.3 0.1 1.1 (127)

Prospective 25 Brahms Lumitest 
PCT-Q1

Sepsis in burn 0.534 42.4 88.8 3.8 0.3 5.8 3.2 (128)

Infectious complications of polytrauma

Prospective 80 (23 neither; 24 SIRS; 33 sepsis) Brahms Kryptor Sepsis in post-trauma 0.8 87 82 4.8 0.2 30.5 1.4 (98)

Prospective 275 (200 not septic; 75 septic) Biomerieux Vidas Sepsis in post-trauma 2 91 66 2.7 0.4 19.6 1.8 (116)

Central nervous system infections

Prospective 50 (20 bacterial meningitis; 20 viral 
meningitis; 10 controls)

Brahms Lumitest Bacterial meningitis 2.0 100 60 2.5 0.4 1.7 (55)

Prospective 48 bacterial meningitis Brahms Kryptor Bacterial meningitis 0.28 97 100 0.0 1.0 (59)

Prospective 98 acute meningitis Brahms Elecsys Bacterial meningitis 0.74 95 100 0.0 1.1 (67)

Retrospective 63 (20 bacterial meningitis; 43 non 
bacterial meningitis)

Brahms Vidas Bacterial meningitis 1 90 100 0.0 1.1 (66)

Prospective 50 (19 bacterial meningitis; 31 non 
bacterial meningitis)

Brahms Vidas Bacterial meningitis 0.5 100 87.09 7.7 0.1 1.1 (65)
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In the bid towards a more appropriate use of antibiotics, 
biomarkers have been found to be an effective support 
to clinicians in their antibiotic treatment decisions. 
As a biomarker, procalcitonin (PCT) is valued for its 
specificity in differentiating between bacterial and non-
bacterial inflammation and is considered of utility to avoid 
unnecessary antibiotic prescriptions as well as to reduce 
the duration of antibiotic therapy (1). The aim of this 
paper is to review PCT use in different clinical settings and 
patient populations with a focus on trials and meta-analysis 
published between 2010 and 2019, in order to consider 

reagents and analyzers that are still used in laboratories 
and interpreting the collected data with the Evidence 
Laboratory Medicine tools (2-4).

PCT in infected critically ill patient

The use and usefulness of PCT as a biomarker is covered 
extensively in literature in two main areas: as an early 
marker of sepsis (differentiating bacterial and non bacterial 
etiologies) and as a guide to the management of antibiotic 
therapy (5-20). In recent decades, there has been a shift 
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Table 1 (continued)

Study design Sample size Manufacturer Analyzer Diagnosis
Cut-off, 
ng/mL

Sens. 
%

Spec. 
%

LR+ LR! DOR NND Ref.

Prospective 50 (16 bacterial meningitis; 24 non 
bacterial meningitis; 10 controls)

RayBioHuman ELISA Kit Bacterial meningitis 1.2 68.8 83.3 4.1 0.2 11.0 1.9 (62)

Prospective 38 (18 bacterial meningitis; 20 non 
bacterial meningitis)

Brahms Lumitest Bacterial meningitis 0.5 95 94 15.8 0.1 297.7 1.1 (75)

Prospective 78 (14 bacterial meningitis; 64 non 
bacterial meningitis)

Brahms Vidas Bacterial meningitis 0.15 50 80 2.5 0.4 4.0 3.3 (76)

Prospective 70 (40 septic meningitis; 15 aseptic 
meningitis; 15 controls)

Raybiotech ELISA Bacterial meningitis 15 92 67 2.8 0.4 23.3 1.7 (77)

Prospective 45 (26 bacterial meningitis; 19 non 
bacterial meningitis)

NA ELIZA M6 Bacterial meningitis 0.05 79 81 4.2 0.2 16.0 1.7 (80)

Prospective 120 (45 bacterial meningitis; 75 non 
bacterial meningitis)

Brahms Lumitest Bacterial meningitis 0.5 98 65 2.8 0.4 91.0 1.6 (82)

Prospective 50 (12 bacterial meningitis; 38 non 
bacterial meningitis)

NR ELISA Bacterial meningitis 0.6 66.7 59.3 1.6 0.6 2.9 3.8 (83)

Critically ill patient

Prospective 551 Brahms Elecsys Sepsis 0.5 52 73 1.9 0.5 2.9 4.0 (7)

Retrospective 192 (64 candidaemia; 128 bacterial 
sepsis)

Brahms Vidas Candida spp. infection 2.5 78 72 2.8 0.4 9.1 2.0 (20)

Prospective 76 (33 SIRS with infection; 18 SIRS 
without infection; 25 controls)

Boditech Med 
Inc.

Ichroma PCT 
test

Sepsis 0.85 61 89 5.5 0.2 12.7 2.0 (151)

Prospective 219 (120 septic; 99 not septic) Brahms Kryptor Sepsis 0.74 73 74 2.8 0.4 7.7 2.1 (152)

Prospective 207 (38 systemic bacterial infection; 
77 localized bacterial infection; 22 

suspected bacterial infection; 70 non 
infectious disease)

Brahms Elecsys Sepsis 0.5 86 79 4.1 0.2 23.1 1.5 (153)

Prospective 388 (246 septic; 142 controls) Brahms Lumitest Sepsis 0.28 92 96 23.0 0.0 276.0 1.1 (154)

Prospective 144 (44 severe sepsis; 56 septic shock; 
44 not septic)

Thermofisher Kryptor Sepsis 0.5 80 59 2.0 0.5 5.8 2.6 (155)

Prospective 92 Brahams Vidas Sepsis 4.4 84 84 5.3 0.2 27.6 1.5 (156)

Prospective 145 (42 SIRS; 70 bacterial sepsis; 33 
systemic candidiasis)

Brahms Lumitest Candida spp. infection 0.88 86 83 5.1 0.2 30.0 1.4 (157)

Prospective 100 (85 infected; 15 not infected) Roche PCT-Q Septic shock 0.85 79 73 2.9 0.3 10.2 1.9 (158)

Prospective 301 (149 no infection; 91 infection 
without bloodstream involvement;  

61 bloodstream infection)

Brahms Lumitest Sepsis 1.41 65 66 1.9 0.5 3.6 3.2 (159)

Table 1 (continued)

Page 1 of 17
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In the bid towards a more appropriate use of antibiotics, 
biomarkers have been found to be an effective support 
to clinicians in their antibiotic treatment decisions. 
As a biomarker, procalcitonin (PCT) is valued for its 
specificity in differentiating between bacterial and non-
bacterial inflammation and is considered of utility to avoid 
unnecessary antibiotic prescriptions as well as to reduce 
the duration of antibiotic therapy (1). The aim of this 
paper is to review PCT use in different clinical settings and 
patient populations with a focus on trials and meta-analysis 
published between 2010 and 2019, in order to consider 

reagents and analyzers that are still used in laboratories 
and interpreting the collected data with the Evidence 
Laboratory Medicine tools (2-4).

PCT in infected critically ill patient

The use and usefulness of PCT as a biomarker is covered 
extensively in literature in two main areas: as an early 
marker of sepsis (differentiating bacterial and non bacterial 
etiologies) and as a guide to the management of antibiotic 
therapy (5-20). In recent decades, there has been a shift 
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Purpose. Procalcitonin (PCT) is an endogenous hormone that increases 
reliably in response to bacterial infection, and measurement of serum PCT 
levels is recommended to help guide antimicrobial therapy. The utility of 
PCT assessment in special patient populations (eg, patients with renal 
dysfunction, cardiac compromise, or immunocompromised states and 
those undergoing acute care surgery) is less clear. The evidence for PCT-
guided antimicrobial therapy in special populations is reviewed.

Summary. In the presence of bacterial infection, nonneuroendocrine PCT 
is produced in response to bacterial toxins and in!ammatory cytokines, 
resulting in markedly elevated levels of serum PCT. Cytokine induction in 
nonbacterial in!ammatory processes activated by acute care surgery may 
alter the interpretation of PCT levels. The reliability of PCT assessment 
has also been questioned in patients with renal dysfunction, cardiac com-
promise, or immunosuppression. In many special populations, serum PCT 
may be elevated at baseline and increase further in the presence of in-
fection; thus, higher thresholds for diagnosing infection or de-escalating 
therapy should be considered, although the optimal threshold to use in a 
speci"c population is unclear. Procalcitonin-guided antimicrobial therapy 
may be recommended in certain clinical situations.

Conclusion. Procalcitonin may be a reliable marker of infection even in 
special populations with baseline elevations in serum PCT. However, due 
to unclear threshold values and the limited inclusion of special populations 
in relevant clinical trials, PCT levels should be considered along with clin-
ical criteria, and antibiotics should never be initiated or withheld based on 
PCT values alone. Procalcitonin measurement may have a role in guiding 
de-escalation of antibiotic therapy in special populations; however, the 
clinician should be aware of disease states and concomitant therapies that 
may affect interpretation of results.

Keywords:  cardiology; immunosuppression; procalcitonin; renal insuf"-
ciency; trauma; surgical procedures, operative

Am J Health-Syst Pharm. 2020;77:745-758

Procalcitonin (PCT) is an endogenous 
hormone that is produced by a 

neuroendocrine pathway in healthy in-
dividuals. It is the precursor to calci-
tonin, which is involved in the regulation 
of calcium and phosphate homeostasis 
(Figure! 1).1-4 Under normal physiologic 
conditions, expression of PCT by the 
calcitonin 1 (CALC-1) gene in thyroid 
C-cells is induced by several stimuli. 
Nearly all of the PCT produced in thy-
roid C-cells is enzymatically cleaved 
to calcitonin prior to secretion into the 

circulation. "us, extremely low levels 
of PCT (<0.02! ng/mL) are detected in 
healthy individuals.

In contrast, PCT levels up to 
1,000!ng/mL have been documented in 
the context of bacterial infections.3 In 
animal studies, PCT was found almost 
exclusively in thyroid tissue in healthy 
animals. In animals with a bacterial in-
fection, however, PCT was recovered 
from all tissues examined, including 
white blood cells, adipocytes, and the 
spleen, kidneys, pancreas, colon, and 

Procalcitonin in special patient populations: Guidance 
for antimicrobial therapy
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Table 1.!Recommendations for Procalcitonin Use in Special Populations

Clinical 
Condition Effect on PCT Recommendation(s)a

PCT 
Threshold Level of Evidence

Chronic 
kidney  
disease

•  Inconsistent increase in 
PCT reported  

•  Proposed hypoth-
esis: proin!ammatory 
metabolites stimulate 
nonneuroendocrine 
pathway of PCT pro-
duction

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.85-1.5"ng/mL24,25 •  Single-center, pro-
spective, observa-
tional studies24,25

Acute kidney 
injury

•  Inconsistent increase in 
PCT reported  

•  PCT levels also asso-
ciated with disease 
severity in patients with 
AKI

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.42-2"ng/mL28,29  
•  7.13"ng/mL with failure 

per RIFLE criteria29

•  Retrospective, 
observational 
studies28,29

Chronic RRT 
(HD or PD)

•  Baseline PCT levels 
higher in ESRD but 
increase reliably with 
infection  

•  PCT levels high prior to 
each HD or PD session 
and PCT cleared to 
varying degrees

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection  

•  Measure PCT level prior 
to HD

•  >1.5"ng/mL in detecting 
severe infection or 
sepsis20

•  Single-center, 
prospective, ob-
servational study20; 
meta-analysis26

Continuous 
RRT

•  PCT removed by con-
vection (primarily) and 
adsorption  

•  Effect on plasma PCT 
levels is limited with 
conventional modes of 
CRRT  

•  Signi#cant PCT clear-
ance with high-cutoff 
CRRT membranes

•  Must be aware of spe-
ci#c CRRT parameters to 
assess potential impact 
on PCT utility  

•  With conventional CRRT, 
PCT may remain a useful 
diagnostic marker

•  No speci#c threshold 
recommended23,35-37

•  Single-center, pro-
spective, observa-
tional studies23,35-37

Cardiac  
arrest

•   PCT is higher in cardiac 
arrest; PCT correlates 
to survival and neuro-
logical outcomes

•  Consider measuring PCT 
for predicting survival 
and neurological out-
comes

•  0.291-1.36"µg/L for 
12-month outcome39  

•  0.5"ng/mL for poor out-
comes41  

•  0.05"ng/mL for mortality43  
•  1"ng/mL for ventilator-

associated pneumonia48 
and neurological out-
come42

•  Subcohort analysis 
of prospective, 
observational 
multicenter study39  

•  Retrospective 
study42,43  

•  Prospective obser-
vational study41,48

Cardiogenic 
shock 

•   Elevated PCT is asso-
ciated with infection, 
sepsis, and mortality 

•  Consider measuring 
PCT to predict infection, 
sepsis, and mortality

•  $2"ng/mL for infection50  
•  >10"ng/mL for sepsis52  
•  >10"ng/mL for mortality 

in patients receiving 
ECMO53

•  Prospective obser-
vational50  

•  Retrospective52, 53

Cardiac  
surgery 

•   Elevated PCT is associ-
ated with infection and 
postoperative compli-
cations

•  Consider measuring PCT 
to predict infection and 
postoperative compli-
cations

•  1-9.4"ng/mL for infec-
tion54,55,57,60,66,67  

•  2.95-5"ng/mL for compli-
cations56,58

•  Retrospective54  
•  Prospective obser-

vational55-58,66,67   
•  Systematic re-

view60

Heart failure •   Elevated PCT is as-
sociated with death, 
rehospitalization, and 
infection

•  Consider measuring 
PCT to predict death, 
rehospitalization, and 
infection

•  $0.2"ng/mL for death and 
rehospitalization71  

•  0.086-0.657"ng/mL for 
infection75

•  Multicenter ran-
domized, double-
blind placebo 
controlled71  

•  Retrospective75
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CLINICAL REVIEW PROCALCITONIN-GUIDED ANTIMICROBIAL THERAPY

Clinical 
Condition Effect on PCT Recommendation(s)a

PCT 
Threshold Level of Evidence

Surgery •  Elevated PCT is associ-
ated with infection and 
mortality  

•  PCT-guided antibiotic 
therapy led to shorter 
duration of antibiotic 
therapy and reduced 
antibiotic costs without 
increase in negative 
outcomes 

•  Consider measuring PCT 
to predict infection and 
mortality  

•  Consider using PCT-
guided antibiotic therapy

•  >1.5!ng/mL for 
postoperative infection55  

•  1.44!ng/mL for mortality; 
0.75!ng/mL for morbidity 
and mortality77  

•  PCT-guided antibiotic 
treatment resulted in 
shorter length of treat-
ment and reduced costs 
without increase in nega-
tive outcomes78

•  Prospective obser-
vational55  

•  Retrospective77  
•  Prospective ran-

domized78

Burns •  Elevated PCT is associ-
ated with infection and 
sepsis

•  Consider measuring PCT 
to predict infection and 
sepsis 

•  Variable (0.5-3!ng/mL) 
for sepsis and infec-
tion79,81,82,84,85-89,91  

•  5.12!ng/mL for blood-
stream infection90

•  Retrospective ob-
servational79,81,90  

•  Small, prospective 
observational82-86,91  

•  Meta-analyses88,89

Trauma •  Elevated PCT is as-
sociated with sepsis, 
complications, and poor 
outcomes

•  Consider using PCT as 
a marker for infection, 
sepsis, and risk for com-
plications

•  0.1-0.2029!ng/mL for 
sepsis and infection103,104  

•  1-2!ng/mL for complica-
tions and poor out-
comes96,98  

•  >5!ng/mL for increased 
mortality95  

•  0.6-5!ng/mL107

•  Retrospective95  
•  Prospective obser-

vational96, 98,103,104  
•  Meta-analysis107

Hematologic 
malignancy

•  PCT level not expected 
to be signi"cantly af-
fected by malignancy  

•  Elevations with engraft-
ment syndrome and 
GVHD after HSCT, T 
cell–directed therapies

•  Avoid using PCT for man-
agement of antimicrobials 
if a confounding condition/
medication is present  

•  Consider using along 
with clinical criteria to 
facilitate antimicrobial 
discontinuation during 
febrile neutropenia 

•  >0.5!ng/mL for bacterial 
infection in febrile neutro-
penia115  

•  >2!ng/mL for risk of 
severe sepsis or septic 
shock117

•  Prospective 
observational 
studies and meta-
analysis115  

•  Single-center 
randomized con-
trolled trial120

Solid tumors •  Elevations with me-
dullary thyroid cancer, 
small cell lung cancer

•  Avoid using PCT 
for management of 
antimicrobials if a con-
founding oncologic con-
dition is present  

•  Consider using along 
with clinical criteria to 
facilitate antimicrobial 
discontinuation during 
febrile neutropenia 

•  >0.5!ng/mL for bacterial 
infection in febrile neutro-
penia115

•  Prospective 
observational 
studies and meta-
analysis115

Solid organ 
transplanta-
tion

•  Elevations with T cell–
directed therapies

•  Avoid using PCT early after 
receipt of alemtuzumab or 
antithymocyte globulin  

•  Consider using along with 
clinical criteria to facilitate 
antimicrobial discontinu-
ation in the setting of 
suspected infection 

•  Variable cutoffs for bac-
terial infection (0.14-
8.18!ng/mL)119

•  Prospective obser-
vational studies and 
meta-analysis119

Abbreviations: AKI, acute kidney injury; CRRT, continuous renal replacement therapy; ESRD, end-stage renal disease; GVHD, graft-versus-host 
disease; HD, hemodialysis; HSCT, hematopoietic stem cell transplant; PCT, procalcitonin; PD, peritoneal dialysis; RIFLE, risk, injury, failure, loss of 
kidney function, end-stage kidney disease; RCT, randomized controlled trial; RRT, renal replacement therapy.
aAll recommendations are based on the literature cited in this review. In many cases, the available evidence consists of small and/or observational 
studies. The reader should be aware of the level of evidence in support of these recommendations and should apply the recommendations 
accordingly.
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Background: Adding procalcitonin (PCT) to antibiotic stewardship algorithms may improve antibiotic
use. However, PCT protocols need to be adapted to clinical settings and patient populations.
Objectives: To review PCT use in different medical settings and patient populations.
Sources: Most recent trials and meta-analyses investigating PCT for antibiotic stewardship were
reviewed.
Content: Several trials found PCT-guided antibiotic stewardship to reduce antibiotic exposure and
associated side-effects among patients with respiratory infection and sepsis. Decisions regarding anti-
biotic use in an individual patient are complex and should be based on the pre-test probability for
bacterial infection, the severity of presentation and the results of PCT. In the context of a low pre-test
probability for bacterial infections and a low-risk patient, a low PCT level helps to rule out bacterial
infection and empiric antibiotic therapy can be avoided. In the context of a high pre-test probability for
bacterial infections and/or a high-risk patient with sepsis, monitoring of PCT over time helps to track the
resolution of infection and decisions regarding early stop of antibiotic treatment. Although these con-
cepts have been successful in several respiratory infection and sepsis trials, some studies failed to show
an added bene!t of PCT due to factors such as low protocol adherence and relying on single rather than
repeat PCT measurements.
Implication: As an adjunct to other clinical and laboratory parameters, PCT provides information about
risk for bacterial infection and resolution of infection, and improves antibiotic stewardship decisions,
thereby offering more individualized treatment courses with overall reduced antibiotic exposure.
O. Neeser, Clin Microbiol Infect 2019;25:1226
© 2019 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.

Introduction

Acute respiratory tract illnesses and suspected sepsis often
prompt the initiation of empiric antibiotic treatment. Yet, in many
cases a bacterial pathogen cannot be detected and viruses may
indeed account for a large proportion of respiratory illnesses [1,2].
The same is true in patients presenting with a systemic in"am-
matory response syndrome and possible sepsis, where other in-
"ammatory or viral illnesses may account for a signi!cant
proportion of cases. Despite technological advances and the wider
availability of rapid molecular diagnostics [3], antibiotics are often

over-prescribed due to concerns about bacterial co-infections and
hence about the safety of withholding antibiotics. Once started,
physicians frequently use prolonged antibiotic courses due to the
lack of well-validated clinical parameters providing proof that the
infection has resolved and antibiotics no longer provide bene!t.
Additionally, unnecessarily long treatment durations often result
from the use of !xed antibiotic regimens advocated by practice
guidelines. Individualizing antibiotic treatment therefore has the
potential to improve antibiotic stewardship efforts to encourage
judicious and correct usage of these agents and mitigate the
emergence of multidrug-resistant pathogens, one of the most ur-
gent threats to global health and directly linked to antibiotic
overuse [4].

Integration of host response markers, which correlate with
bacterial infection, into the clinical care of patients with acute
respiratory illnesses and sepsis has high potential to improve
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Emergency department

Several trials have investigated the role of PCT in patients in the
emergency department. The majority of research focused on pa-
tients with respiratory infection, where a PCT level !0.25 mg/L was
found to be helpful to rule out bacterial infection in patients pre-
senting with bronchitis and chronic obstructive pulmonary disease
exacerbation (Fig. 1). A pool analysis based on more than 500 pa-
tients with bronchitis found signi!cant reductions in the initiation
of antibiotics in these patients (26% versus 66%) when PCTwas used
to guide antibiotic treatment [10]. Similarly, for chronic obstructive
pulmonary disease exacerbation, the analysis of >1200 individuals
found strong reductions in the use of antibiotics with PCT-guided
care (43% versus 72%).

Several studies suggested that PCT may be helpful in the
discrimination of patients with acute heart failure without infec-
tion and those with heart failure and a concomitant bacterial
infection where symptoms and radiological !ndings may overlap,
but treatment strategies are quite divergent [19,20]. For patients
with pneumonia or more severe systemic infections, baseline PCT
levels drawn in the emergency department may be the starting
point for kinetic assessments to guide the duration of antibiotic
therapy. However, excluding individuals presenting with a clear
respiratory illness or sepsis, the clinical utility of PCT for in-
dividuals presenting to the emergency department with fever of
unclear aetiology remains unclear. In a recent study the inclusion
of a single initial PCT test in individuals with undifferentiated
febrile illnesses did not result in lower exposure to antibiotic use,
although repeat measurements may offer some bene!t to this
patient population [21].

Medical ward

For patients admitted to the medical ward with pneumonia,
several trials have found that obtaining serial PCT measurements
and stopping antibiotics when PCT has dropped by "80%, or to
<0.25 mg/L, resulted in shorter treatment durations, lower risk of
adverse drug events and improved survival [22]. A meta-analysis of
more than 3000 pneumonia patients reported a reduction in
antibiotic treatment from 10.4 to 7.5 days, with a reduction in
treatment failure (26% versus 22%) and mortality (14% versus 12%)
[10]. These positive effects of PCT-guided antibiotic management
on mortality may be explained by different factors, including a
reduction in direct toxic effects of antibiotics, lower risk for
antibiotic-related Clostridium dif!cile infections, and the prognostic
information derived from PCT monitoring leading to changes in
diagnostic and therapeutic management [23]. Still, a recent large
US trial was not able to validate these promising !ndings [24].
Because low protocol adherence may have accounted for this lack

of effect, continuous education about the clinical utility of PCT and
multidisciplinary consensus among pharmacy teams, medical
practitioners on the ward and in the emergency department and
antibiotic stewardship groups seems important to achieve the best
results.

Surgical department

There are fewer trial data regarding the use of PCT in surgical
patients. It is important to understand, that surgery leads to an
in"ammatory stress-induced increase in PCT concentrations, which
correlates with the extent of surgery [7]. In one study, PCT was
highest on the second postoperative day and typically declined
thereafter in patients with an uncomplicated postoperative course.
Persistently elevated PCT levels have conversely been associated
with the development of postsurgical infection [25,26]. In studies of
cardiothoracic, hip replacement and liver transplantation surgeries,
PCT has demonstrated prognostic value for surgical outcomes
[26e31]. However, some studies did not show an added value of
PCT, particularly in patients with periprosthetic joint infection [32]
and in those with chronic osteomyelitis [33]. Before widespread
implementation of PCT to assist in themanagement of post-surgical
complications, the acquisition of more data seems mandatory.

Intensive care units

Another important setting, where clinical trial data have
demonstrated the usefulness of PCT for guiding antibiotic decisions
is intensive care units admitting patients with sepsis. Unlike pri-
mary care and the emergency department, PCT-guided care for ICU
patients is focused not on the initiation of antibiotics but on
determining clinical response to treatment and guiding early
discontinuation of therapy. This approach has been recommended
by current sepsis guidelines but requires the implementation of an
antibiotic stewardship protocol and consensus among multidisci-
plinary teams to be effective [34].

Several large, multicentre trials have found PCT to be helpful in
reducing antibiotic exposure, including the PRORATA trial [35] and
the Stop Antibiotics on Procalcitonin Guidance Study (SAPS) [36].
Both trials used stopping rules for antibiotic treatment when PCT
decreased by"80% from its peak value, or to a level of !0.5 mg/L. In
a recent meta-analysis not only was the use of PCT to guide anti-
biotic treatment durations in patients with sepsis demonstrated to
be safe, but also a reduction in mortality was observed for PCT-
guided patients (Fig. 2) [9]. These positive effects may be
explained by lower risk for antibiotic side effects with PCT-guided
care and the prognostic information derived from PCT kinetics,
which may in"uence therapeutic decisions and prompt additional
diagnostic assessment [23].

Fig. 1. Suggested procalcitonin protocol in primary care and emergency department/medical ward.
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BACKGROUND—The effect of procalcitonin-guided use of antibiotics on treatment for 
suspected lower respiratory tract infection is unclear.
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METHODS—In 14 U.S. hospitals with high adherence to quality measures for the treatment of 
pneumonia, we provided guidance for clinicians about national clinical practice recommendations 
for the treatment of lower respiratory tract infections and the interpretation of procalcitonin assays. 
We then randomly assigned patients who presented to the emergency department with a suspected 
lower respiratory tract infection and for whom the treating physician was uncertain whether 
antibiotic therapy was indicated to one of two groups: the procalcitonin group, in which the 
treating clinicians were provided with real-time initial (and serial, if the patient was hospitalized) 
procalcitonin assay results and an antibiotic use guideline with graded recommendations based on 
four tiers of procalcitonin levels, or the usual-care group. We hypothesized that within 30 days 
after enrollment the total antibiotic-days would be lower — and the percentage of patients with 
adverse outcomes would not be more than 4.5 percentage points higher — in the procalcitonin 
group than in the usual-care group.

RESULTS—A total of 1656 patients were included in the final analysis cohort (826 randomly 
assigned to the procalcitonin group and 830 to the usual-care group), of whom 782 (47.2%) were 
hospitalized and 984 (59.4%) received antibiotics within 30 days. The treating clinician received 
procalcitonin assay results for 792 of 826 patients (95.9%) in the procalcitonin group (median time 
from sample collection to assay result, 77 minutes) and for 18 of 830 patients (2.2%) in the usual-
care group. In both groups, the procalcitonin-level tier was associated with the decision to 
prescribe antibiotics in the emergency department. There was no significant difference between the 
procalcitonin group and the usual-care group in antibiotic-days (mean, 4.2 and 4.3 days, 
respectively; difference, −0.05 day; 95% confidence interval [CI], −0.6 to 0.5; P = 0.87) or the 
proportion of patients with adverse outcomes (11.7% [96 patients] and 13.1% [109 patients]; 
difference, −1.5 percentage points; 95% CI, −4.6 to 1.7; P<0.001 for noninferiority) within 30 
days.

CONCLUSIONS—The provision of procalcitonin assay results, along with instructions on their 
interpretation, to emergency department and hospital-based clinicians did not result in less use of 
antibiotics than did usual care among patients with suspected lower respiratory tract infection. 
(Funded by the National Institute of General Medical Sciences; ProACT ClinicalTrials.gov 
number, NCT02130986.)

The overuse of antibiotic agents is a public health problem1 associated with increased health 
care costs and antibiotic resistance.2 Overuse of antibiotics is common in infections of the 
lower respiratory tract, where bacterial and viral infections manifest similarly.3–5 

Procalcitonin is a peptide with levels that are more typically elevated in bacterial than in 
viral infections6,7; the magnitude of the elevation correlates with the severity of infection,8,9 

and decreasing levels over time correlate with the resolution of infection.10 Several 
European trials have tested whether procalcitonin assay results, folded into an antibiotic 
prescription guideline, curbed the use of antibiotics in suspected lower respiratory tract 
infection.11–14 These trials showed that procalcitonin-based guidance reduced the use of 
antibiotics with no apparent harm, and in February 2017, on the basis of a meta-analysis of 
these and other trials, the Food and Drug Administration (FDA) approved a procalcitonin 
assay to help guide the starting or stopping of antibiotic treatment in suspected lower 
respiratory tract infection in the emergency department or hospital.15,16
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Table 2.

Antibiotic Exposure.*

Outcome Procalcitonin (N = 
826)

Usual Care (N = 
830)

Difference (95% or 
99.86% CI)†

Intention-to-treat population‡

    Antibiotic-days by day 30§ 4.2±5.8 4.3±5.6 −0.05 (−0.6 to 0.5)

    Received any antibiotics by day 30 — estimated no. (%)¶ 471 (57.0) 513 (61.8) −4.8 (−12.7 to 3.0)

    Antibiotic prescription in ED — estimated no. (%)¶‖ 282 (34.1) 321 (38.7) −4.6 (−12.2 to 3.0)

    Antibiotic-days during hospital stay 2.6±3.3 2.7±3.0 −0.1 (−0.8 to 0.6)

    Hospital length of stay — days 5.0±4.4 4.7±3.5 0.3 (−0.2 to 0.9)

Per-protocol population**

    No. of patients 696 830

    Antibiotic-days by day 30 4.2±5.7 4.3±5.7 −0.1 (−0.7 to 0.6)

Per-guideline population††

    No. of patients 513 830

    Antibiotic-days by day 30 4.2±5.7 4.3±5.7 −0.1 (−1.0 to 0.8)

Complete-case population‡‡

    No. of patients 658 645

    Antibiotic-days by day 30 4.5±5.8 4.6±5.7 −0.1 (−0.7 to 0.5)

Missing-not-at-random population‡‡

    No. of patients 826 830

    Antibiotic-days by day 30§ 4.3±5.8 4.4±5.7 −0.1 (−0.7 to 0.5)

Patients with final diagnosis of asthma

    No. of patients 310 336

    Antibiotic-days by day 30 3.7±5.2 3.6±4.9 0.1 (−1.2 to 1.4)

    Received any antibiotics by day 30 — estimated no./total no. (%)¶ 169/310 (54.6) 182/336 (54.1) 0.5 (−12.3 to 13.3)

    Antibiotic prescription in ED — estimated no./total no. (%)¶‖ 90/310 (28.9) 104/336 (30.8) −1.9 (−13.5 to 9.6)

    Antibiotic-days during hospital stay 1.8±2.4 2.3±2.9 −0.4 (−1.4 to 0.6)

    Hospital length of stay — days 4.0±3.0 4.2±3.0 −0.1 (−0.8 to 0.6)

Patients with final diagnosis of COPD

    No. of patients 265 259

    Antibiotic-days by day 30 5.3±6.1 5.2±5.3 0.1 (−1.6 to 1.7)

    Received any antibiotics by day 30 — estimated no./total no. (%)¶ 191/265 (71.9) 200/259 (77.4) −5.5 (−17.7 to 6.8)

    Antibiotic prescription in ED — estimated no./total no. (%)¶‖ 108/265 (40.6) 115/259 (44.3) −3.7 (−17.5 to 10.1)

    Antibiotic-days during hospital stay 3.0±3.9 2.8±2.4 0.2 (−0.8 to 1.3)

    Hospital length of stay — days 5.4±4.8 4.6±3.1 0.8 (−0.0 to 1.6)

Patients with final diagnosis of acute bronchitis

    No. of patients 208 190

    Antibiotic-days by day 30 2.7±5.1 3.6±5.5 −0.9 (−2.6 to 0.9)

    Received any antibiotics by day 30 — estimated no./total no. (%)¶ 77/208 (37.0) 100/190 (52.8) −15.8 (−31.9 to 0.4)
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Abstract
BACKGROUND—The effect of procalcitonin-guided use of antibiotics on treatment for 
suspected lower respiratory tract infection is unclear.
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Figure 2. Antibiotic-Days by Day 30 after Enrollment.
Violin plots for the primary outcome of antibiotic-days by day 30 are shown. The width of 
the colored shape indicates the probability density of patients with a given result. The gray 
notched box plots represent the median (yellow horizontal line), 95% confidence interval of 
the median (notch), interquartile range (25th to 75th percentile) (box), and the upper 1.5 
times the interquartile range (solid vertical line).
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Procalcitonin-guided antibiotic therapy in acute
exacerbation of chronic obstructive pulmonary
disease
An updated meta-analysis
Zhuying Li, MDa, Xingxing Yuan, MDb,c, Ling Yu, MDd, Bingyu Wang, MMedb, Fengli Gao, MDa,!, Jian Ma, MDe,!

Abstract
Background: The bene!t of a procalcitonin (PCT)-guided antibiotic strategy in acute exacerbation of chronic obstructive
pulmonary disease (AECOPD) remains uncertain.

Objectives: This updated meta-analysis was performed to reevaluate the therapeutic potential of PCT-guided antibiotic therapy in
AECOPD.

Data sources: We searched PubMed, Embase, Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov up to
February 2019 to identify randomized controlled trials (RCTs) investigating the role of PCT-guided antibiotic strategies in treating adult
patients with AECOPD. Relative risk (RR) or mean differences (MD) with accompanying 95% con!dence intervals (CIs) were
calculated with a random-effects model.

Results: Eight RCTs with a total of 1376 participants were included. The results suggested that a PCT-guided antibiotic strategy
reduced antibiotic prescriptions (RR: 0.55; 95% CI: 0.39–0.76; P= .0003). However, antibiotic exposure duration (MD: !1.34; 95%
CI: !2.83–0.16; P= .08), antibiotic use after discharge (RR: 1.61; 95% CI: 0.61–4.23; P= .34), clinical success (RR: 1.02; 95% CI:
0.96–1.08; P= .47), all-cause mortality (RR: 1.05; 95% CI: 0.72–1.55; P= .79), exacerbation at follow-up (RR: 0.97; 95% CI: 0.80–
1.18; P= .78), readmission at follow-up (RR: 1.12; 95% CI: 0.82–1.53; P= .49), length of hospital stay (MD: !0.36; 95% CI: !1.36–
0.64; P= .48), and adverse events (RR: 1.33; 95% CI: 0.79–2.23; P= .28) were similar in both groups.

Implicationsof key!ndings:A PCT-guided antibiotic strategy is associated with fewer antibiotic prescriptions, and has similar
ef!cacy and safety compared with standard antibiotic therapy in AECOPD patients.

Abbreviations: AECOPD = acute exacerbation of chronic obstructive pulmonary disease, CIs = con!dence intervals, COPD =
chronic obstructive pulmonary disease, ICU = intensive care unit, MD =mean differences, PCT = procalcitonin, PRISMA = Preferred
Reporting Items for Systematic Reviews and Meta-Analyses, PROSPERO = International Prospective Register of Systematic
Reviews, RCTs = randomized controlled trials, RR = relative risk.

Keywords: acute exacerbation of chronic obstructive pulmonary disease, antibiotic therapy, meta-analysis, procalcitonin

1. Introduction
Chronic obstructive pulmonary disease (COPD) is a common,
preventable, and treatable disease. COPD is characterized by
persistent air!ow limitation and respiratory symptoms due to
airway and/or alveolar abnormalities, and is associated with

increasing morbidity and mortality worldwide.[1] Exacerbations
of COPD are one of the most common causes of acute medical
hospital admissions and death in patients suffering from this
clinical condition. Such exacerbations, which represent a
signi"cant direct healthcare cost associated with COPD, can
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Abstract: Biomarkers to guide antibiotic treatment decisions have been proposed as an effective way to 
enhancing a more appropriate use of antibiotics. As a biomarker, procalcitonin (PCT) has been found to have 
good specificity to distinguish bacterial from non-bacterial inflammations. Decisions regarding antibiotic use 
in an individual patient are complex and should be based on the pre-test probability for bacterial infection, 
the severity of presentation and the results of PCT serum concentration. In the context of a high pre-test 
probability for bacterial infections and/or a high-risk patient with sepsis, monitoring of PCT over time helps 
to track the resolution of infection and decisions regarding early stop of antibiotic treatment. As outlined 
by the Evidence Based Laboratory Medicine (EBLM), not only the pre-test probability but also the positive 
likelihood ratio influence the performance of a test do be really diagnostic. This aspect should be taken into 
account in the interpretation of the results of clinical trials evaluating the performance of PCT in guiding 
antibiotic therapy.
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In the bid towards a more appropriate use of antibiotics, 
biomarkers have been found to be an effective support 
to clinicians in their antibiotic treatment decisions. 
As a biomarker, procalcitonin (PCT) is valued for its 
specificity in differentiating between bacterial and non-
bacterial inflammation and is considered of utility to avoid 
unnecessary antibiotic prescriptions as well as to reduce 
the duration of antibiotic therapy (1). The aim of this 
paper is to review PCT use in different clinical settings and 
patient populations with a focus on trials and meta-analysis 
published between 2010 and 2019, in order to consider 

reagents and analyzers that are still used in laboratories 
and interpreting the collected data with the Evidence 
Laboratory Medicine tools (2-4).

PCT in infected critically ill patient

The use and usefulness of PCT as a biomarker is covered 
extensively in literature in two main areas: as an early 
marker of sepsis (differentiating bacterial and non bacterial 
etiologies) and as a guide to the management of antibiotic 
therapy (5-20). In recent decades, there has been a shift 
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Abstract
Sputum procalcitonin is elevated in exacerbations of bronchiectasis. The primary aim of this study was to
investigate whether sputum procalcitonin levels are higher in patients with stable bronchiectasis than in
healthy controls. We also assessed differences in procalcitonin levels in spontaneously expectorated and
induced sputum samples and their repeatability 1 week later.

Participants included were aged over 18 years and either had radiologically confirmed bronchiectasis or
were healthy controls. Patients with bronchiectasis were clinically stable for at least 6 weeks and had
spontaneous and induced sputum collected at visit 1 and again 7 days later. Only induced sputum samples
were collected from healthy controls during visit 1. Sputum procalcitonin concentrations in sputum were
measured.

In total, 30 patients with bronchiectasis and 15 healthy controls were enrolled in this observational
study. In the pooled data from visit 1 and 2, the geometric mean procalcitonin level in induced sputum was
significantly higher in the bronchiectasis group than in the healthy control group (1.5 ng·mL!1, 95% CI
1.0–2.1 ng·mL!1 versus 0.4 ng·mL!1, 95% CI 0.2–0.9 ng·mL!1; mean ratio 3.6, 95% CI 1.5–8.6;
p=0.006). Mean procalcitonin level was higher in spontaneous sputum than in induced sputum at visit 1
(1.8 ng·mL!1, 95% CI 1.2–2.7 ng·mL!1 versus 1.1 ng·mL!1, 95% CI 0.7–1.8 ng·mL!1) and visit 2
(1.5 ng·mL!1, 95% CI 1.0–2.5 ng·mL!1 versus 1.2 ng·mL!1, 95% CI 0.8–1.6 ng·mL!1; p=0.001).
Repeating spontaneous and induced sputum procalcitonin levels 1 week later produced similar
concentrations (p=0.29, intraclass correlation coefficient (ICC)=0.76 and p=0.72, ICC=0.70, respectively).

Sputum procalcitonin is increased in patients with stable bronchiectasis and has potential as a biomarker
of airway inflammation and infection in bronchiectasis.

Introduction
Bronchiectasis is a chronic, debilitating disease characterised by productive cough, dyspnoea and repeated
respiratory infections [1]. Exacerbations often require admission to hospital and prolonged courses of
intravenous and oral antibiotics [2]. These factors adversely impact on quality of life and survival [3–6].

Procalcitonin is a prohormone for calcitonin that is normally secreted by cells in the thyroid [7]. Bacterial
infection induces gene expression and release of procalcitonin from many tissues throughout the body,
including the lungs [8, 9]. Previous studies have demonstrated that procalcitonin is not dependent on
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respiratory infections [1]. Exacerbations often require admission to hospital and prolonged courses of
intravenous and oral antibiotics [2]. These factors adversely impact on quality of life and survival [3–6].
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Discussion
Our study demonstrated that sputum procalcitonin levels were higher in patients with stable bronchiectasis
than in healthy controls. We have shown that sputum procalcitonin measurement is repeatable, which is an
important characteristic of an effective biomarker [25]. These findings suggest that sputum procalcitonin
may be a useful biomarker of the local inflammatory response to infection in the airways of patients with
bronchiectasis.

Our previous research showed that sputum procalcitonin levels were increased in patients with bronchiectasis
requiring hospitalisation for an infective exacerbation of their airway disease [15]. Procalcitonin levels during
these exacerbations were much higher than in this stability study and we hypothesise that procalcitonin
levels may increase and decrease depending on clinical stability. This is the case with neutrophil elastase,
which is an important marker of airway inflammation in bronchiectasis [26]. Identifying changes in sputum
procalcitonin between stable and exacerbation states may provide clearer evidence of the presence of an
infective exacerbation of bronchiectasis and help to guide antibiotic treatment [5, 27].

Our study also assessed whether the sampling method affects the procalcitonin concentration [28]. Sputum
was initially collected spontaneously and then induced during the same visit. We demonstrated that the
sputum procalcitonin concentrations were significantly higher in spontaneous samples than induced
samples. This was the case for both visit 1 and visit 2 and indicates a diluting effect of hypertonic saline.
A key reason why this may have occurred relates to the sputum processing that was undertaken. In our
study, we analysed whole sputum samples (sputum and saliva) rather than selecting sputum “plugs”.
Previous research has shown that using unselected samples can lead to a “dilution effect” resulting from
the associated salivary component [29, 30], and this can be augmented by the use of hypertonic saline
during induction. Sputum plug selection is now the preferred technique to mitigate this issue [20]. Despite
the variation, spontaneous sputum samples demonstrated elevated procalcitonin levels and this approach is
appealing given the ease of sampling and minimal risks associated.

Our study also found that there was a gender difference in sputum procalcitonin levels, with males having
significantly higher concentrations. This difference was present even after controlling for radiological score,
BSI severity and age. We are unable to explain this sputum procalcitonin gender difference but the small
size of our study and low percentage of male participants could have resulted in a type 1 error. Serum
procalcitonin has been extensively investigated and no previous studies have demonstrated a gender
difference [31]. Similarly, the major airway inflammatory marker in bronchiectasis, neutrophil elastase, has
no gender variation [26]. Despite this, there is increasing interest in gender differences evident in
bronchiectasis. Females more commonly have bronchiectasis and typically have worse disease with poorer
clinical outcomes [32]. Additionally, an oestrogen-regulated anti-proteinase hormone has recently been
identified and correlates with airway inflammatory markers [33].

This study has several limitations. This was a small study, with only 30 participants with bronchiectasis
and 15 healthy controls. Larger studies are clearly important in the validation of this biomarker. The
control group was also not well matched with regards to age and ethnicity and we are therefore unable to
confidently rule out any effect of age or ethnicity on sputum procalcitonin levels. There are other
well-established airway inflammatory biomarkers, including neutrophil elastase and cytokines such as IL-8.
Assessing the relationship of sputum procalcitonin with these biomarkers warrants further study. The
processing of the whole sputum specimen in our study highlights the issue of dilution when sputum is
induced. The exclusion of P. aeruginosa infection in the bronchiectasis group also limits the
generalisability of our study to some extent and further studies assessing the impact of different bacteria on
sputum procalcitonin would be useful. Finally, a longitudinal study investigating the changes of sputum
procalcitonin could be undertaken to see if sputum procalcitonin levels do in fact increase and decrease
during periods of infection and stability.

Conclusion
Sputum procalcitonin is elevated in patients with stable bronchiectasis compared to healthy controls and is
a repeatable measurement in both spontaneous and induced sputum specimens. Sputum procalcitonin has
the potential to be a biomarker of airway inflammation and infection in bronchiectasis, and future studies
assessing dynamic changes with exacerbations and the relationship with other airway inflammatory
markers are now needed.
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The role of serum procalcitonin in the differential
diagnosis of pneumonia from pulmonary edema
among the patients with pulmonary in!ltrates on
chest radiography
Young Kyung Yoon, MD, PhDa, Min Ja Kim, MD, PhDa, Kyung Sook Yang, PhDb, Soo-Youn Ham, MD, PhDc,!

Abstract
The aim of this study is to evaluate the usefulness of serum procalcitonin (PCT) as a diagnostic biomarker for distinguishing
pneumonia from pulmonary edema in patients presenting with pulmonary in!ltrates on chest radiography.
A comparative study was performed retrospectively in a university-af!liated hospital, from May, 2013 to April, 2015. Adult patients

("18 years) who showed pulmonary in!ltrates on chest radiography and had blood tests with C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), PCT, and N-terminal pro-b-type natriuretic peptide (NT-proBNP) on admission were included in the study.
Clinical parameters collected on admission were compared between the case group (n=143) with pneumonia and the control group
(n=88) with pulmonary edema alone.
During the study period, a total of 1217 patients were identi!ed. Of them, a total of 231 patients were included in analyses based on

exclusion criteria. In the multivariate logistic regression analysis, PCT "0.25ng/mL, ESR "35mm/h, CRP "18mg/L, NT-proBNP
!200pg/mL, underlying neurologic diseases, fever, sputum, absence of cardiomegaly, and a low Charlson comorbidity index
were independently associated with pneumonia. For this model, the sensitivity, speci!city, positive predictive value, and negative
predictive value in distinguishing between the 2 groups were 90.2%, 79.6%, 87.8%, and 83.3%, respectively, with an area under the
curve of 0.93.
This study suggests that the practical use of PCT in conjunction with clinical data can be valuable in the differential diagnosis of

pulmonary in!ltrates and guidance for clinicians to prevent antibiotic misuse.

Abbreviations: AP = anterior-posterior, AUC = area under the curve, BACH = Biomarkers in Acute Heart Failure, BT = body
temperature, CI = con!dence interval, CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, IQR = interquartile range,
LOOCV = leave-one-out cross-validation, NPV = negative predictive value, NT-proBNP = N-terminal pro-b-type natriuretic peptide,
OR = odds ratio, PA = posterior-anterior, PCT = procalcitonin, PACS = picture archiving and communication system, PPV= positive
predictive value, ROC = receiver-operating characteristic, WBC, white blood cell.

Keywords: pneumonia, procalcitonin, pulmonary edema

1. Introduction

Although antibiotic therapy can lead to dramatic reduction in
mortality and morbidity rates in the case of bacterial infection, the
overuse of antibiotics contributes greatly to the development and
spread of multidrug-resistant microorganisms. Selective antibiotic
pressure and insuf!cient measures for infection control and
prevention are 2 key factors associated with the development of
multidrug-resistant pathogens.[1] Previous studies have suggested
that tailoring antibiotics based on the evidence of clinical
symptoms and signs augmentedby biomarker grounds of infection
may be helpful for curtailing antibiotic consumption.[2–4]

Establishing a true “gold standard” for the diagnosis of
pneumonia is often troublesome.[5] The practical use of sputum
and blood cultures has a signi!cant limitation due to the delay in
reporting of culture results and issues with colonization and
contamination, and also the inability to grow atypical pathogens
in standard cultures. In current practice, the rate of microbiolog-
ical diagnosis of pneumonia is at most 40%.[6,7] Meanwhile,
!nding new in!ltrates on chest x-ray is regarded as the diagnostic
cornerstone for the diagnosis of pneumonia. However, the
interpretation of chest radiography has wide variations even
among radiologists.[8] Therefore, for the differential diagnosis of
pulmonary in!ltrates on chest radiography, clinicians should try
to integrate clinical, laboratory, and radiological data.
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analysis using backward stepwise variable selection based on the
Wald statistic was used. In multivariate logistic regression
analysis, variables were evaluated if they had at least 10%
signi!cance as predictors of pneumonia in univariate analysis.
The models were evaluated using Hosmer–Lemeshow goodness-
of-!t tests. To evaluate the performance of the !nal logistic
regression model, the predictive accuracy was calculated using
leave-one-out cross-validation. The optimal cut-off values for
individual biomarkers such as CRP, ESR, PCT, and NT-proBNP
levels were determined at the points showing the best sensitivity
and speci!city. As these are not necessarily optimal in
multivariate logistic regression analysis, a threshold analysis
was performed in which all possible combinations of cut-off

values were examined. Two-sided P values<.05 were considered
statistically signi!cant.

3. Results

3.1. Patient characteristics

During the study period, in all, 1217 patients were identi!ed
initially. Of these, 231 patients were included in analyses based
on exclusion criteria. Patients were diagnosed with pneumonia
(n=143) or pulmonary edema alone (n=88).
Demographic andbaseline characteristics of the 231patients are

summarized in Table 1. Of these, 132 patients (57.1%) were men.
The median age was 76 years (IQR 69–82 years). Univariate
analyses showed no signi!cant age difference between the 2 groups
(Table 1).
The median Charlson comorbidity index was 2 (IQR 1–4), and

univariate analyses revealed that patients with pulmonary edema
alone had signi!cantly higher indices than those with pneumonia.
Underlying cardiovascular or renal diseases and diabetes mellitus
were signi!cantly more common in patients with pulmonary
edema, while neurologic diseases were signi!cantly less common
in the same patients (Table 1).

3.2. Clinical characteristics

A fever exceeding 38.0°C, cough, and purulent sputum were
more common in patients with pneumonia compared with those
with pulmonary edema (Table 1). Between the 2 groups, there
were no statistically signi!cant differences in clinical severity
based on frequency of shock, application of mechanical
ventilation, or intensive care unit care stay. Seventeen patients
(17.0%) showed mortality, without a signi!cant difference in
frequency between the 2 groups (Table 1).
Of the 88 patients with pulmonary edema alone, 56 (63.6%)

received antibiotic therapy on admission.

3.3. Radiologic !ndings and laboratory data

On radiologic !nding, cardiomegaly and pleural effusion were
more common in patients with pulmonary edema alone
compared with those with pneumonia. Table 2 demonstrates

Table 1
Comparison of demographic and baseline characteristics of 231
patients with pulmonary in!ltration on chest x-ray.

Variablesa
All

(n=231)

Pneumonia
(n=143,
61.9%)

Pulmonary
edema (n=88,

38.1%) Pb

Male sex, n (%) 132 (57.1) 80 (55.9) 52 (59.1) .639
Age (y), median (IQR) 76 (69–82) 77 (69–83) 75 (69–82) .424
Comorbidity, n (%)
Cardiovascular 176 (76.2) 93 (65.0) 83 (94.3) <.001
Cerebrovascular 64 (27.7) 51 (35.7) 13 (14.8) .001
Diabetes mellitus 93 (40.3) 45 (31.5) 48 (54.4) .001
Renal 48 (20.8) 17 (11.9) 31 (35.2) <.001
Charlson comorbidity Index,
median (IQR)

2 (1–4) 2 (1–3) 3 (2–6) <.001

Symptoms, n (%)
Fever 101 (43.7) 88 (61.5) 13 (14.8) <.001
Cough 93 (40.3) 79 (55.2) 14 (15.9) <.001
Sputum 98 (42.4) 83 (58.0) 15 (17.0) <.001
Chest pain 35 (15.2) 20 (14.0) 15 (17.0) .529
Dyspnea 160 (69.3) 93 (65.0) 67 (76.1) .076

Clinical severity, n (%)
Shock 51 (22.1) 35 (24.5) 16 (18.2) .263
ICU care 75 (32.5) 48 (33.6) 27 (30.7) .649
Mechanical ventilation 50 (21.6) 33 (23.1) 17 (19.3) .501
Antibiotic therapy, n (%) 197 (85.3) 141 (98.6) 56 (63.6) <.001

Outcome
Morbidity, median (IQR) 9 (6–17) 9 (5–18) 9 (6–17) .745
In-hospital mortality, n (%) 17 (7.4) 10 (7.0) 7 (8.0) .800

ICU= intensive care unit, IQR= interquartile range.
a Values represent the number of subjects (%) or median (interquartile range).
b P values were obtained using Student t test, Mann–Whitney U test, or chi-square test as appropriate.

Table 2
Comparison of radiologic and laboratory characteristics of 231 patients with pulmonary in!ltration on chest x-ray.
Variablesa All (n=231) Pneumonia (n=143, 61.9%) Pulmonary edema (n=88, 38.1%) Pb

Pathogens isolated from sputum, n (%) 92 (39.8) 71 (49.7) 21 (23.9) <.001
Laboratory results, median (IQR)

WBC (!103/mL) 7.8 (6.0–10.3) 7.6 (5.9–10.6) 8.2 (6.1–10.3) .501
CRP (mg/dL) 15.0 (6.5–38.8) 18.8 (7.6–40.6) 11.8 (4.9–36.3) .018
CRP !18.0mg/dL, n (%) 105 (45.5) 75 (52.4) 30 (34.1) .007
ESR (mm/h) 31 (20–46) 35 (23–50.5) 29 (13–39) .003
ESR !35.0mm/h, n (%) 94 (40.7) 72 (50.3) 22 (25.0) <.001
PCT (ng/mL) 0.27 (0.09–1.03) 0.40 (0.14–1.91) 0.15 (0.07–0.49) <.001
PCT !0.25ng/mL, n (%) 118 (51.1) 89 (62.2) 29 (33.0) <.001
PCT !0.50ng/mL, n (%) 81 (35.1) 60 (42.0) 21 (23.9) <.001
Platelets (!103/mL) 194 (154–270) 198 (160–270) 186 (148–261) .158
Albumin (mg/dL) 3.3 (2.9–3.7) 3.2 (2.8–3.5) 3.5 (3.1–3.8) .001
Albumin "3.0mg/dL, n (%) 172 (74.5) 100 (69.9) 72 (81.8) .044
NT-proBNP (pg/mL) 1930 (458–5574) 861 (280–3326) 4549 (1603–11901) <.001
NT-proBNP !200pg/mL 201 (87.0) 117 (81.8) 84 (95.5) .003
Creatinine (mg/dL) 0.95 (0.72–1.43) 0.81 (0.67–1.11) 1.27 (0.92–2.23) <.001

Chest x-ray, n (%)
Cardiomegaly 159 (68.8) 79 (55.2) 80 (90.9) <.001
Pleural effusion 103 (44.6) 51 (35.7) 52 (59.1) .001

CRP=C-reactive protein, ESR=erythrocyte sedimentation rate, IQR= interquartile range, NT-proBNP=N-terminal pro-b-type natriuretic peptide, PCT=procalcitonin, WBC=white blood cell.
a Values represent the number of subjects (%) or median (interquartile range).
b P values were obtained using Student t test, Mann–Whitney U test, or chi-square test as appropriate.
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Abstract
The aim of this study is to evaluate the usefulness of serum procalcitonin (PCT) as a diagnostic biomarker for distinguishing
pneumonia from pulmonary edema in patients presenting with pulmonary in!ltrates on chest radiography.
A comparative study was performed retrospectively in a university-af!liated hospital, from May, 2013 to April, 2015. Adult patients

("18 years) who showed pulmonary in!ltrates on chest radiography and had blood tests with C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), PCT, and N-terminal pro-b-type natriuretic peptide (NT-proBNP) on admission were included in the study.
Clinical parameters collected on admission were compared between the case group (n=143) with pneumonia and the control group
(n=88) with pulmonary edema alone.
During the study period, a total of 1217 patients were identi!ed. Of them, a total of 231 patients were included in analyses based on

exclusion criteria. In the multivariate logistic regression analysis, PCT "0.25ng/mL, ESR "35mm/h, CRP "18mg/L, NT-proBNP
!200pg/mL, underlying neurologic diseases, fever, sputum, absence of cardiomegaly, and a low Charlson comorbidity index
were independently associated with pneumonia. For this model, the sensitivity, speci!city, positive predictive value, and negative
predictive value in distinguishing between the 2 groups were 90.2%, 79.6%, 87.8%, and 83.3%, respectively, with an area under the
curve of 0.93.
This study suggests that the practical use of PCT in conjunction with clinical data can be valuable in the differential diagnosis of

pulmonary in!ltrates and guidance for clinicians to prevent antibiotic misuse.

Abbreviations: AP = anterior-posterior, AUC = area under the curve, BACH = Biomarkers in Acute Heart Failure, BT = body
temperature, CI = con!dence interval, CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, IQR = interquartile range,
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1. Introduction

Although antibiotic therapy can lead to dramatic reduction in
mortality and morbidity rates in the case of bacterial infection, the
overuse of antibiotics contributes greatly to the development and
spread of multidrug-resistant microorganisms. Selective antibiotic
pressure and insuf!cient measures for infection control and
prevention are 2 key factors associated with the development of
multidrug-resistant pathogens.[1] Previous studies have suggested
that tailoring antibiotics based on the evidence of clinical
symptoms and signs augmentedby biomarker grounds of infection
may be helpful for curtailing antibiotic consumption.[2–4]

Establishing a true “gold standard” for the diagnosis of
pneumonia is often troublesome.[5] The practical use of sputum
and blood cultures has a signi!cant limitation due to the delay in
reporting of culture results and issues with colonization and
contamination, and also the inability to grow atypical pathogens
in standard cultures. In current practice, the rate of microbiolog-
ical diagnosis of pneumonia is at most 40%.[6,7] Meanwhile,
!nding new in!ltrates on chest x-ray is regarded as the diagnostic
cornerstone for the diagnosis of pneumonia. However, the
interpretation of chest radiography has wide variations even
among radiologists.[8] Therefore, for the differential diagnosis of
pulmonary in!ltrates on chest radiography, clinicians should try
to integrate clinical, laboratory, and radiological data.
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laboratory !ndings for both groups. Compared with those with
pulmonary edema alone, patients with pneumonia were more
frequently associated with CRP !18.0mg/dL, ESR !35.0mm/h,
PCT !0.25ng/mL, and NT-proBNP <200pg/mL (Table 2).
Figure 1 represents the differential diagnostic accuracy of each

biomarker for patients with pneumonia, estimated with the area
under the curve (AUC) according to the cut-off values of the
single biomarkers.
Overall, cultures from sputum yielded pathogenic bacteria in

71 patients (49.7%) with pneumonia. The most frequently
isolated microorganisms were Streptococcus pneumoniae (n=
17), Staphylococcus aureus (n=16), andHaemophilus in!uenzae
(n=11).

3.4. Factors for differential diagnosis between groups

Multiple logistic regression modeling revealed that the statisti-
cally signi!cant factors associated with pneumonia were fever
(body temperature!38°C, odds ratio [OR] 5.89, 95% con!dence
interval [CI] 2.23–15.59), purulent sputum (OR 3.80, 95% CI
1.45–9.97), underlying cerebrovascular disease (OR 4.01, 95%
CI 1.44–11.16), PCT level !0.25ng/mL (OR 3.96, 95%CI 1.66–
9.45), CRP level !18.0mg/dL (OR 2.68, 95% CI 1.07– 6.67),
ESR level !35.0mm/hr (OR 3.66, 95% CI 1.46–9.17),

cardiomegaly on chest X-ray (OR 0.24, 95% CI 0.08–0.73),
Charlson comorbidity index (per 1-point increment; OR 0.65,
95% CI 0.53–0.81), and NT-proBNP level !200pg/mL (OR
0.17, 95% CI 0.04–0.73; Table 3). The P value for the Hosmer–
Lemeshow goodness-of-!t test was 0.641, greater than the 0.05
signi!cance threshold; therefore, there was no signi!cant
evidence for lack of !t in any of the !nal models.
Leave-one-out cross-validation was performed to assess the

predictive accuracy of each !nal model. The AUCs for the clinical
failure model were about 0.93 for both raw data and leave-one-
out cross-validation. For this model, the sensitivity, speci!city,
PPV, and NPV obtained with an optimal cut-off point are
described in Fig. 2.

4. Discussion

This study demonstrated that PCT is a useful biomarker for
discriminating pneumonia from pulmonary edema alone in
patients presenting with pulmonary in!ltrates on chest x-ray.
Our !ndings also suggest that it was not unusual to prescribe
antibiotics for patients with pulmonary edema alone that was
mistaken for pneumonia. This study indicated the necessity of
antibiotic stewardship by the practical use of PCT in conjunction
with clinical data to avoid misuse of antibiotic therapy.
Conventionally, chest radiography was the most common

primary tool in the diagnosis and evaluation of therapeutic
response according to the clinical guidelines for patients with
pneumonia.[24] Although the most frequent etiology of pulmo-
nary in!ltrates is pneumonia, it also has variable causes such as
alveolar edema, atelectasis, and even consolidative neoplastic
lesions. Other criteria for the radiologic diagnosis of pulmonary
edema include cardiomegaly, pleural effusion, and septal lines.
However, despite these efforts to !nd differential points in the
radiologic !ndings, the differential diagnosis of pulmonary
in!ltrates on initial chest radiographs can be convoluted.
Sometimes, serial follow-up chest radiographs are helpful
because pulmonary edema shows a quicker change of pace
compared with pneumonia. Nevertheless, among the diverse
causes, pneumonia can be challenging to diagnose based on
clinical and radiological !ndings alone. Moreover, when there is
concurrent acute heart failure, it is more dif!cult to diagnose
pneumonia due to the insensitive feature of chest x-ray and

Figure 1. Receiver-operating characteristic curve of C-reactive protein (CRP) level, erythrocyte sedimentation rate (ESR), and N-terminal pro-b-type natriuretic
peptide (NT-proBNP) and procalcitonin (PCT) levels to differentiate patients with pneumonia or pulmonary edema.

Table 3
Multivariate logistic regression analysis for diagnosis of pneumo-
nia among patients with pulmonary in!ltration on chest x-ray.

Independent variable OR (95% CI for OR) P

Fever (BT !38°C) 5.89 (2.23–15.59) <.001
Purulent sputum 3.80 (1.45–9.97) .007
Cardiomegaly on chest x-ray 0.24 (0.08–0.73) .012
Underlying cerebrovascular diseases 4.01 (1.44–11.16) .008
Charlson comorbidity index (per 1-point increment) 0.65 (0.53–0.81) <.001
PCT !0.25ng/mL 3.96 (1.66–9.45) .002
CRP !18.0mg/dL 2.68 (1.07–6.67) .035
ESR !35.0mm/h 3.66 (1.46–9.17) .006
NT-proBNP !200pg/mL 0.17 (0.04–0.73) .017

BT=body temperature, CI=con!dence interval, CRP=C-reactive protein, ESR= erythrocyte
sedimentation rate, NT-proBNP=N-terminal pro-b-type natriuretic peptide, PCT=procalcitonin,
OR= odds ratio.
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Procalcitonin testing for diagnosis and short-term
prognosis in bacterial infection complicated by
congestive heart failure: a multicenter analysis of
4,698 cases
Weijia Wang1†, Xiuming Zhang1*†, Na Ge2, Jing Liu1, Huimin Yuan3, Peng Zhang4, Wei Liu5 and Dongmei Wen1

Abstract

Introduction: Procalcitonin (PCT) is a biomarker for the clinical diagnosis of bacterial infection that is more
specific and earlier than fever, changes in white blood cell count, and blood cultures. Congestive heart failure
is an important cause of endotoxin resorption from the intestine, which significantly increases PCT expression
in noninfected patients with heart failure. The diagnostic performance and cut-off value of PCT in patients with
bacterial infection complicated by congestive heart failure needs to be confirmed.

Methods: A total of 4,698 cases from different cities in China, including those with different classes of congestive
heart failure, bacterial infection, bacterial infection complicated by heart failure and healthy individuals, were chosen
for the diagnostic value analysis of PCT and screening candidate predictors of mortality in subjects with bacterial
infection complicated by congestive heart failure.

Results: Patients with simple heart failure had significantly higher PCT levels than normal controls (P < 0.01),
whereas patients with bacterial infection complicated by congestive heart failure had significantly higher PCT levels
than those with simple infection (P < 0.01). Although it was useful for the diagnosis of infection (area under the
receiver operating characteristic curve >80%), the positive predictive value of PCT decreased significantly with
increasing severity of heart failure (P < 0.05), and the cut-off value of PCT concentrations for infection complicated
by classes II, III and IV heart failure were 0.086, 0.192 and 0.657 !g/L, respectively. Heart failure degree, PCT level,
and age were the candidate predictors of mortality in patients with bacterial infection complicated by congestive
heart failure.

Conclusions: These data suggest that complicated heart failure elevates the PCT level in patients with bacterial
infection. Thus, the results of the PCT test must be analyzed correctly in consideration of the severity of heart
failure. Close attention should be paid to cardiac function and PCT expression in aged patients with infection
complicated by congestive heart failure.

Introduction
The differential diagnosis between sepsis and noninfec-
tious systemic inflammatory response syndrome is of
great importance in the treatment of acutely ill patients
because there might be an urgent need to change the
antimicrobial regimens already administered or surgical

eradication of the septic foci. The difficulty is aggravated
further by the ambiguous results of the cultures of
different biological fluids and by the rapid progression to
multiple organ dysfunction [1]. Various serological indices
have been applied to help this situation. Limited specificity
has been demonstrated for C-reactive protein (CRP)
and interleukin 6 (IL-6), for example, because their
biosynthesis is triggered in infectious and noninfectious
processes [2,3].
Procalcitonin (PCT) is a novel inflammatory marker of

nonthyroid origin consisting of 116 amino acid residues.
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been confirmed to meet the requirements of the ex-
periment (Additional file 1). The calibration solution
(batch numbers 167488 and 16fq0068), analytical reagent
(00162192) and quality control materials (16195300 and
16195400) were purchased from Roche.

Comparative analysis of procalcitonin expression in
different population groups
PCT levels of the specimens obtained from the healthy
controls and patient populations with simple infection,
simple heart failure and infection complicated by heart
failure were compared and analyzed to identify the vari-
ation patterns of PCT expression in different populations.
We examined the differential expression of PCT in pa-
tients with simple heart failure relative to the controls and
that in patients with bacterial infection complicated by
heart failure relative to simple infection.

Comparative analysis of diagnostic performance of
procalcitonin using receiver operating characteristic
curves
A comprehensive analysis was conducted on the results of
PCT detection with specimens from patients with simple
bacterial infections and those with infections complicated
by heart failure. The true-positive diagnostic cutoff of
PCT was set to 1.0, and the true-negative diagnostic cutoff
was set to 0.0 with 95% CI. The diagnostic performance
of PCT for simple bacterial infections and infections

complicated by heart failure was evaluated, and the
cutoffs were determined.

Short-term prognosis for patients with bacterial infections
complicated by congestive heart failure
Of 1,182 patients with infections complicated by con-
gestive heart failure, 134 died in the hospital or in other
medical centers within 22 days. The candidate predictors
of mortality in patients with bacterial infections compli-
cated by heart failure were screened by Cox regression
analysis using sex, age, class of cardiac function, body
temperature and commonly used hematological parame-
ters (for example, levels of PCT, WBC count, CRP and
IL-6) as independent variables. Although BNP and NT-
proBNP are biomarkers widely used in making a heart
failure diagnosis, we found in our earlier work that they
are confounded by ischemic diseases, such as cerebral
infarction [17]. So, BNP and NT-proBNP were excluded
as variables in this study.

Statistical analysis
Data analyses were carried out using SPSS version 19.0
software (SPSS, Chicago, IL, USA). A test for normal
distribution was done using the Kolmogorov–Smirnov
method. Mean values that did not follow a normal distri-
bution were compared using the Kruskal–Wallis H stat-
istic. For pairwise comparisons, the level of significance
was adjusted using the Bonferroni method. Diagnostic

Table 1 Baseline demographics, results of physical examinations and laboratory tests and clinical diagnoses of the
4,698 study participants categorized with respect to population centera

Characteristics Infection only Heart failure only Infection complicated by
congestive heart failure

Healthy controls

(n = 1,703) (n = 1,364) (n = 1,183) (n = 448)

Physical examination

Age (mean ± SD) 51.1 ± 10.3 57.9 ± 14.7 58.5 ± 11.4 57.1 ± 18.3

Males (%) 51.7 48.3 49.4 50.0

Hypertension (%) 3.9 30.8 11.7 0

Chest pain (%) 2.4 33.7 18.6 0

Orthopnea (%) 0 13.9 29.7 0

Cough (%) 41.6 7.8 23.3 0

Fever (%) 84.6 0.4 77.1 0

Laboratory tests

GFR (ml/min/1.73 m2), mean ± SD 71.7 ± 14.3 61.4 ± 18.2 64.1 ± 17.7 98.4 ± 5.5

WBC count (109/L) 17.3 ± 9.7 7.4 ± 2.1 15.7 ± 8.0 7.8 ± 1.3

CRP (mg/L) 33.7 ± 19.6 11.7 ± 6.8 39.1 ± 18.4 4.7 ± 2.5

Positive blood culture (%) 39.3 0 22.7 0

Positive secretion/hydrothorax culture (%) 60.7 0 77.3 0

NT-proBNP, mean ± SD 196 ± 127 8,946 ± 4,969 5,116 ± 3,777 45 ± 11

IL-6, mean ± SD 21.3 ± 15.1 7.3 ± 3.5 19.4 ± 11.9 2.6 ± 0.9
aCRP, C-reactive protein; GFR, glomerular filtration rate; IL, interleukin; NT-proBNP, N-terminal pro-brain natriuretic peptide; WBC, white blood cell.
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Abstract

Introduction: Procalcitonin (PCT) is a biomarker for the clinical diagnosis of bacterial infection that is more
specific and earlier than fever, changes in white blood cell count, and blood cultures. Congestive heart failure
is an important cause of endotoxin resorption from the intestine, which significantly increases PCT expression
in noninfected patients with heart failure. The diagnostic performance and cut-off value of PCT in patients with
bacterial infection complicated by congestive heart failure needs to be confirmed.

Methods: A total of 4,698 cases from different cities in China, including those with different classes of congestive
heart failure, bacterial infection, bacterial infection complicated by heart failure and healthy individuals, were chosen
for the diagnostic value analysis of PCT and screening candidate predictors of mortality in subjects with bacterial
infection complicated by congestive heart failure.

Results: Patients with simple heart failure had significantly higher PCT levels than normal controls (P < 0.01),
whereas patients with bacterial infection complicated by congestive heart failure had significantly higher PCT levels
than those with simple infection (P < 0.01). Although it was useful for the diagnosis of infection (area under the
receiver operating characteristic curve >80%), the positive predictive value of PCT decreased significantly with
increasing severity of heart failure (P < 0.05), and the cut-off value of PCT concentrations for infection complicated
by classes II, III and IV heart failure were 0.086, 0.192 and 0.657 !g/L, respectively. Heart failure degree, PCT level,
and age were the candidate predictors of mortality in patients with bacterial infection complicated by congestive
heart failure.

Conclusions: These data suggest that complicated heart failure elevates the PCT level in patients with bacterial
infection. Thus, the results of the PCT test must be analyzed correctly in consideration of the severity of heart
failure. Close attention should be paid to cardiac function and PCT expression in aged patients with infection
complicated by congestive heart failure.

Introduction
The differential diagnosis between sepsis and noninfec-
tious systemic inflammatory response syndrome is of
great importance in the treatment of acutely ill patients
because there might be an urgent need to change the
antimicrobial regimens already administered or surgical

eradication of the septic foci. The difficulty is aggravated
further by the ambiguous results of the cultures of
different biological fluids and by the rapid progression to
multiple organ dysfunction [1]. Various serological indices
have been applied to help this situation. Limited specificity
has been demonstrated for C-reactive protein (CRP)
and interleukin 6 (IL-6), for example, because their
biosynthesis is triggered in infectious and noninfectious
processes [2,3].
Procalcitonin (PCT) is a novel inflammatory marker of

nonthyroid origin consisting of 116 amino acid residues.
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tests were assessed by receiver operating characteristic
(ROC) curve analyses. Predictors of mortality were
screened out by Cox regression analysis using a forward
stepwise conditional method. P < 0.05 was considered
significant.

Results
Expression patterns of procalcitonin in different
populations
PCT expression showed significant differences among
the four population groups (P < 0.05) (Table 2). PCT
levels were significantly higher in patients with simple
heat failure than in those in the control group (P < 0.05),
verifying the notion that heart failure can elevate PCT
levels [13]. Patients with bacterial infections complicated
by congestive heart failure had significantly higher PCT
levels than those with simple bacterial infections, sug-
gesting that heart failure may influence a PCT-based
diagnosis of infection, as shown in Figure 1.

Diagnostic performance of procalcitonin for simple
bacterial infections and infections complicated by
congestive heart failure
In accordance with the manufacturer’s instructions (electro-
chemiluminescence immunoassay analyzer, Roche Cobas
E601, Basel, Switzerland) and data previously published in
the literature [5], we chose 0.1 !g/L as the cutoff for com-
paring the diagnostic value of PCT among different popula-
tions. PCT was used for the diagnosis of infections, so a
comparative analysis was undertaken between patients with
simple bacterial infections and those with infections com-
plicated by congestive heart failure. At the fixed PCT level
of 0.1 !g/L, the diagnostic sensitivity of PCT was signifi-
cantly higher for infections complicated by heart failure
than for simple infections, whereas the corresponding posi-
tive predictive value of PCT was significantly lower for
the former than the latter population (Table 3). The
positive predictive value of PCT decreased significantly
with increasing severity of heart failure (P < 0.05). Never-
theless, PCT has a certain diagnostic value for simple

bacterial infections and infections complicated by heart
failure (NYHA classes II to IV) (area under the ROC
curve (AUC) >80%) (Figure 2). The diagnostic cutoffs of
PCT for patients with class II, III, or IV heart failure in-
creased significantly with the severity of heart failure
(0.086, 0.192 and 0.657 !g/L, respectively) (Figure 3).

Short-term prognosis in patients with infections
complicated by congestive heart failure
Sex, age, body temperature; PCT, WBC, CRP and IL-6
levels; and class of cardiac function were used as the
independent variables for Cox regression analyses and were
screened using the conditional forward stepwise method.
Three factors were screened and included in the equation:
age, PCT level and class of cardiac function. The "2 test of
the model produced "2 = 73.393 (P < 0.01), which means
there were statistical differences in this model. The impact
factors included in the equation are shown in Table 4. Age,
PCT level and cardiac function were the candidate predic-
tors of mortality, with relative risk (RR) of 1.061 times
(1.006 to 1.119), 1.110 times (1.053 to 1.170) and 2.719
times (1.319 to 5.605), respectively. The cumulative survival
function at the mean of covariates is shown in Figure 4.

Discussion
PCT is a peptide precursor of calcitonin which has com-
monly been used for the early diagnosis of sepsis, for the
differential diagnosis between bacterial and viral infec-
tions and as a guide for the use of antibiotics in clinical
treatment [18]. However, the results of our retrospective
analysis show that patients with simple heart failure had
significantly higher levels of PCT than the controls,
whereas patients with bacterial infections complicated
by heart failure had significantly higher levels of PCT
than those with simple bacterial infections. The diag-
nostic performance of PCT in patients with bacterial
infections complicated by heart failure needs to be recon-
sidered, and the cutoff value should be confirmed.
Sandek et al. [13] found that heart failure interferes

with the PCT-based diagnosis of infection. They stated

Table 2 Comparison of procalcitonin expression according to populationa

Group PCT

Median Interquartile range Mean rank !2 (overall) P (overall) !2 (group) P (group)

Simple infection (1) 0.28 0.06 to 0.49 1,661.01 446.9 0.00 (12) 52.7 (12) 0.00

(13) 233.8 (13) 0.00

(14) 77.6 (14) 0.00

Simple heart failure (2) 0.13 0.05 to 0.22 1,288.63 (23) 252.9 (23) 0.00

(24) 9.10 (24) 0.00

(34) 205.7 (34) 0.00Infection complicated by congestive heart failure (3) 0.45 0.12 to 2.59 2,232.60

Healthy control (4) 0.04 0.05 to 0.12 996.42
aPCT, Procalcitonin.
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Purpose. Procalcitonin (PCT) is an endogenous hormone that increases 
reliably in response to bacterial infection, and measurement of serum PCT 
levels is recommended to help guide antimicrobial therapy. The utility of 
PCT assessment in special patient populations (eg, patients with renal 
dysfunction, cardiac compromise, or immunocompromised states and 
those undergoing acute care surgery) is less clear. The evidence for PCT-
guided antimicrobial therapy in special populations is reviewed.

Summary. In the presence of bacterial infection, nonneuroendocrine PCT 
is produced in response to bacterial toxins and in!ammatory cytokines, 
resulting in markedly elevated levels of serum PCT. Cytokine induction in 
nonbacterial in!ammatory processes activated by acute care surgery may 
alter the interpretation of PCT levels. The reliability of PCT assessment 
has also been questioned in patients with renal dysfunction, cardiac com-
promise, or immunosuppression. In many special populations, serum PCT 
may be elevated at baseline and increase further in the presence of in-
fection; thus, higher thresholds for diagnosing infection or de-escalating 
therapy should be considered, although the optimal threshold to use in a 
speci"c population is unclear. Procalcitonin-guided antimicrobial therapy 
may be recommended in certain clinical situations.

Conclusion. Procalcitonin may be a reliable marker of infection even in 
special populations with baseline elevations in serum PCT. However, due 
to unclear threshold values and the limited inclusion of special populations 
in relevant clinical trials, PCT levels should be considered along with clin-
ical criteria, and antibiotics should never be initiated or withheld based on 
PCT values alone. Procalcitonin measurement may have a role in guiding 
de-escalation of antibiotic therapy in special populations; however, the 
clinician should be aware of disease states and concomitant therapies that 
may affect interpretation of results.

Keywords:  cardiology; immunosuppression; procalcitonin; renal insuf"-
ciency; trauma; surgical procedures, operative
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Procalcitonin (PCT) is an endogenous 
hormone that is produced by a 

neuroendocrine pathway in healthy in-
dividuals. It is the precursor to calci-
tonin, which is involved in the regulation 
of calcium and phosphate homeostasis 
(Figure! 1).1-4 Under normal physiologic 
conditions, expression of PCT by the 
calcitonin 1 (CALC-1) gene in thyroid 
C-cells is induced by several stimuli. 
Nearly all of the PCT produced in thy-
roid C-cells is enzymatically cleaved 
to calcitonin prior to secretion into the 

circulation. "us, extremely low levels 
of PCT (<0.02! ng/mL) are detected in 
healthy individuals.

In contrast, PCT levels up to 
1,000!ng/mL have been documented in 
the context of bacterial infections.3 In 
animal studies, PCT was found almost 
exclusively in thyroid tissue in healthy 
animals. In animals with a bacterial in-
fection, however, PCT was recovered 
from all tissues examined, including 
white blood cells, adipocytes, and the 
spleen, kidneys, pancreas, colon, and 

Procalcitonin in special patient populations: Guidance 
for antimicrobial therapy
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Table 1.!Recommendations for Procalcitonin Use in Special Populations

Clinical 
Condition Effect on PCT Recommendation(s)a

PCT 
Threshold Level of Evidence

Chronic 
kidney  
disease

•  Inconsistent increase in 
PCT reported  

•  Proposed hypoth-
esis: proin!ammatory 
metabolites stimulate 
nonneuroendocrine 
pathway of PCT pro-
duction

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.85-1.5"ng/mL24,25 •  Single-center, pro-
spective, observa-
tional studies24,25

Acute kidney 
injury

•  Inconsistent increase in 
PCT reported  

•  PCT levels also asso-
ciated with disease 
severity in patients with 
AKI

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.42-2"ng/mL28,29  
•  7.13"ng/mL with failure 

per RIFLE criteria29

•  Retrospective, 
observational 
studies28,29

Chronic RRT 
(HD or PD)

•  Baseline PCT levels 
higher in ESRD but 
increase reliably with 
infection  

•  PCT levels high prior to 
each HD or PD session 
and PCT cleared to 
varying degrees

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection  

•  Measure PCT level prior 
to HD

•  >1.5"ng/mL in detecting 
severe infection or 
sepsis20

•  Single-center, 
prospective, ob-
servational study20; 
meta-analysis26

Continuous 
RRT

•  PCT removed by con-
vection (primarily) and 
adsorption  

•  Effect on plasma PCT 
levels is limited with 
conventional modes of 
CRRT  

•  Signi#cant PCT clear-
ance with high-cutoff 
CRRT membranes

•  Must be aware of spe-
ci#c CRRT parameters to 
assess potential impact 
on PCT utility  

•  With conventional CRRT, 
PCT may remain a useful 
diagnostic marker

•  No speci#c threshold 
recommended23,35-37

•  Single-center, pro-
spective, observa-
tional studies23,35-37

Cardiac  
arrest

•   PCT is higher in cardiac 
arrest; PCT correlates 
to survival and neuro-
logical outcomes

•  Consider measuring PCT 
for predicting survival 
and neurological out-
comes

•  0.291-1.36"µg/L for 
12-month outcome39  

•  0.5"ng/mL for poor out-
comes41  

•  0.05"ng/mL for mortality43  
•  1"ng/mL for ventilator-

associated pneumonia48 
and neurological out-
come42

•  Subcohort analysis 
of prospective, 
observational 
multicenter study39  

•  Retrospective 
study42,43  

•  Prospective obser-
vational study41,48

Cardiogenic 
shock 

•   Elevated PCT is asso-
ciated with infection, 
sepsis, and mortality 

•  Consider measuring 
PCT to predict infection, 
sepsis, and mortality

•  $2"ng/mL for infection50  
•  >10"ng/mL for sepsis52  
•  >10"ng/mL for mortality 

in patients receiving 
ECMO53

•  Prospective obser-
vational50  

•  Retrospective52, 53

Cardiac  
surgery 

•   Elevated PCT is associ-
ated with infection and 
postoperative compli-
cations

•  Consider measuring PCT 
to predict infection and 
postoperative compli-
cations

•  1-9.4"ng/mL for infec-
tion54,55,57,60,66,67  

•  2.95-5"ng/mL for compli-
cations56,58

•  Retrospective54  
•  Prospective obser-

vational55-58,66,67   
•  Systematic re-

view60

Heart failure •   Elevated PCT is as-
sociated with death, 
rehospitalization, and 
infection

•  Consider measuring 
PCT to predict death, 
rehospitalization, and 
infection

•  $0.2"ng/mL for death and 
rehospitalization71  

•  0.086-0.657"ng/mL for 
infection75

•  Multicenter ran-
domized, double-
blind placebo 
controlled71  

•  Retrospective75
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Table 1.!Recommendations for Procalcitonin Use in Special Populations

Clinical 
Condition Effect on PCT Recommendation(s)a
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Threshold Level of Evidence

Chronic 
kidney  
disease

•  Inconsistent increase in 
PCT reported  

•  Proposed hypoth-
esis: proin!ammatory 
metabolites stimulate 
nonneuroendocrine 
pathway of PCT pro-
duction

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.85-1.5"ng/mL24,25 •  Single-center, pro-
spective, observa-
tional studies24,25
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•  Inconsistent increase in 
PCT reported  

•  PCT levels also asso-
ciated with disease 
severity in patients with 
AKI

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.42-2"ng/mL28,29  
•  7.13"ng/mL with failure 

per RIFLE criteria29

•  Retrospective, 
observational 
studies28,29

Chronic RRT 
(HD or PD)

•  Baseline PCT levels 
higher in ESRD but 
increase reliably with 
infection  

•  PCT levels high prior to 
each HD or PD session 
and PCT cleared to 
varying degrees

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection  

•  Measure PCT level prior 
to HD

•  >1.5"ng/mL in detecting 
severe infection or 
sepsis20

•  Single-center, 
prospective, ob-
servational study20; 
meta-analysis26
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RRT

•  PCT removed by con-
vection (primarily) and 
adsorption  

•  Effect on plasma PCT 
levels is limited with 
conventional modes of 
CRRT  

•  Signi#cant PCT clear-
ance with high-cutoff 
CRRT membranes

•  Must be aware of spe-
ci#c CRRT parameters to 
assess potential impact 
on PCT utility  

•  With conventional CRRT, 
PCT may remain a useful 
diagnostic marker

•  No speci#c threshold 
recommended23,35-37

•  Single-center, pro-
spective, observa-
tional studies23,35-37

Cardiac  
arrest

•   PCT is higher in cardiac 
arrest; PCT correlates 
to survival and neuro-
logical outcomes

•  Consider measuring PCT 
for predicting survival 
and neurological out-
comes

•  0.291-1.36"µg/L for 
12-month outcome39  

•  0.5"ng/mL for poor out-
comes41  

•  0.05"ng/mL for mortality43  
•  1"ng/mL for ventilator-

associated pneumonia48 
and neurological out-
come42

•  Subcohort analysis 
of prospective, 
observational 
multicenter study39  

•  Retrospective 
study42,43  

•  Prospective obser-
vational study41,48

Cardiogenic 
shock 

•   Elevated PCT is asso-
ciated with infection, 
sepsis, and mortality 

•  Consider measuring 
PCT to predict infection, 
sepsis, and mortality

•  $2"ng/mL for infection50  
•  >10"ng/mL for sepsis52  
•  >10"ng/mL for mortality 

in patients receiving 
ECMO53

•  Prospective obser-
vational50  

•  Retrospective52, 53

Cardiac  
surgery 

•   Elevated PCT is associ-
ated with infection and 
postoperative compli-
cations

•  Consider measuring PCT 
to predict infection and 
postoperative compli-
cations

•  1-9.4"ng/mL for infec-
tion54,55,57,60,66,67  

•  2.95-5"ng/mL for compli-
cations56,58

•  Retrospective54  
•  Prospective obser-

vational55-58,66,67   
•  Systematic re-

view60

Heart failure •   Elevated PCT is as-
sociated with death, 
rehospitalization, and 
infection

•  Consider measuring 
PCT to predict death, 
rehospitalization, and 
infection

•  $0.2"ng/mL for death and 
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domized, double-
blind placebo 
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Purpose. Procalcitonin (PCT) is an endogenous hormone that increases 
reliably in response to bacterial infection, and measurement of serum PCT 
levels is recommended to help guide antimicrobial therapy. The utility of 
PCT assessment in special patient populations (eg, patients with renal 
dysfunction, cardiac compromise, or immunocompromised states and 
those undergoing acute care surgery) is less clear. The evidence for PCT-
guided antimicrobial therapy in special populations is reviewed.

Summary. In the presence of bacterial infection, nonneuroendocrine PCT 
is produced in response to bacterial toxins and in!ammatory cytokines, 
resulting in markedly elevated levels of serum PCT. Cytokine induction in 
nonbacterial in!ammatory processes activated by acute care surgery may 
alter the interpretation of PCT levels. The reliability of PCT assessment 
has also been questioned in patients with renal dysfunction, cardiac com-
promise, or immunosuppression. In many special populations, serum PCT 
may be elevated at baseline and increase further in the presence of in-
fection; thus, higher thresholds for diagnosing infection or de-escalating 
therapy should be considered, although the optimal threshold to use in a 
speci"c population is unclear. Procalcitonin-guided antimicrobial therapy 
may be recommended in certain clinical situations.

Conclusion. Procalcitonin may be a reliable marker of infection even in 
special populations with baseline elevations in serum PCT. However, due 
to unclear threshold values and the limited inclusion of special populations 
in relevant clinical trials, PCT levels should be considered along with clin-
ical criteria, and antibiotics should never be initiated or withheld based on 
PCT values alone. Procalcitonin measurement may have a role in guiding 
de-escalation of antibiotic therapy in special populations; however, the 
clinician should be aware of disease states and concomitant therapies that 
may affect interpretation of results.
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In contrast, PCT levels up to 
1,000!ng/mL have been documented in 
the context of bacterial infections.3 In 
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Condition Effect on PCT Recommendation(s)a

PCT 
Threshold Level of Evidence

Chronic 
kidney  
disease

•  Inconsistent increase in 
PCT reported  

•  Proposed hypoth-
esis: proin!ammatory 
metabolites stimulate 
nonneuroendocrine 
pathway of PCT pro-
duction

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.85-1.5"ng/mL24,25 •  Single-center, pro-
spective, observa-
tional studies24,25

Acute kidney 
injury

•  Inconsistent increase in 
PCT reported  

•  PCT levels also asso-
ciated with disease 
severity in patients with 
AKI

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.42-2"ng/mL28,29  
•  7.13"ng/mL with failure 

per RIFLE criteria29

•  Retrospective, 
observational 
studies28,29

Chronic RRT 
(HD or PD)

•  Baseline PCT levels 
higher in ESRD but 
increase reliably with 
infection  

•  PCT levels high prior to 
each HD or PD session 
and PCT cleared to 
varying degrees

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection  

•  Measure PCT level prior 
to HD

•  >1.5"ng/mL in detecting 
severe infection or 
sepsis20

•  Single-center, 
prospective, ob-
servational study20; 
meta-analysis26

Continuous 
RRT

•  PCT removed by con-
vection (primarily) and 
adsorption  

•  Effect on plasma PCT 
levels is limited with 
conventional modes of 
CRRT  

•  Signi#cant PCT clear-
ance with high-cutoff 
CRRT membranes

•  Must be aware of spe-
ci#c CRRT parameters to 
assess potential impact 
on PCT utility  

•  With conventional CRRT, 
PCT may remain a useful 
diagnostic marker

•  No speci#c threshold 
recommended23,35-37

•  Single-center, pro-
spective, observa-
tional studies23,35-37

Cardiac  
arrest

•   PCT is higher in cardiac 
arrest; PCT correlates 
to survival and neuro-
logical outcomes

•  Consider measuring PCT 
for predicting survival 
and neurological out-
comes

•  0.291-1.36"µg/L for 
12-month outcome39  

•  0.5"ng/mL for poor out-
comes41  

•  0.05"ng/mL for mortality43  
•  1"ng/mL for ventilator-

associated pneumonia48 
and neurological out-
come42

•  Subcohort analysis 
of prospective, 
observational 
multicenter study39  

•  Retrospective 
study42,43  

•  Prospective obser-
vational study41,48

Cardiogenic 
shock 

•   Elevated PCT is asso-
ciated with infection, 
sepsis, and mortality 

•  Consider measuring 
PCT to predict infection, 
sepsis, and mortality

•  $2"ng/mL for infection50  
•  >10"ng/mL for sepsis52  
•  >10"ng/mL for mortality 

in patients receiving 
ECMO53

•  Prospective obser-
vational50  

•  Retrospective52, 53

Cardiac  
surgery 

•   Elevated PCT is associ-
ated with infection and 
postoperative compli-
cations

•  Consider measuring PCT 
to predict infection and 
postoperative compli-
cations

•  1-9.4"ng/mL for infec-
tion54,55,57,60,66,67  

•  2.95-5"ng/mL for compli-
cations56,58

•  Retrospective54  
•  Prospective obser-

vational55-58,66,67   
•  Systematic re-

view60

Heart failure •   Elevated PCT is as-
sociated with death, 
rehospitalization, and 
infection

•  Consider measuring 
PCT to predict death, 
rehospitalization, and 
infection

•  $0.2"ng/mL for death and 
rehospitalization71  

•  0.086-0.657"ng/mL for 
infection75

•  Multicenter ran-
domized, double-
blind placebo 
controlled71  

•  Retrospective75
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Purpose. Procalcitonin (PCT) is an endogenous hormone that increases 
reliably in response to bacterial infection, and measurement of serum PCT 
levels is recommended to help guide antimicrobial therapy. The utility of 
PCT assessment in special patient populations (eg, patients with renal 
dysfunction, cardiac compromise, or immunocompromised states and 
those undergoing acute care surgery) is less clear. The evidence for PCT-
guided antimicrobial therapy in special populations is reviewed.

Summary. In the presence of bacterial infection, nonneuroendocrine PCT 
is produced in response to bacterial toxins and in!ammatory cytokines, 
resulting in markedly elevated levels of serum PCT. Cytokine induction in 
nonbacterial in!ammatory processes activated by acute care surgery may 
alter the interpretation of PCT levels. The reliability of PCT assessment 
has also been questioned in patients with renal dysfunction, cardiac com-
promise, or immunosuppression. In many special populations, serum PCT 
may be elevated at baseline and increase further in the presence of in-
fection; thus, higher thresholds for diagnosing infection or de-escalating 
therapy should be considered, although the optimal threshold to use in a 
speci"c population is unclear. Procalcitonin-guided antimicrobial therapy 
may be recommended in certain clinical situations.

Conclusion. Procalcitonin may be a reliable marker of infection even in 
special populations with baseline elevations in serum PCT. However, due 
to unclear threshold values and the limited inclusion of special populations 
in relevant clinical trials, PCT levels should be considered along with clin-
ical criteria, and antibiotics should never be initiated or withheld based on 
PCT values alone. Procalcitonin measurement may have a role in guiding 
de-escalation of antibiotic therapy in special populations; however, the 
clinician should be aware of disease states and concomitant therapies that 
may affect interpretation of results.

Keywords:  cardiology; immunosuppression; procalcitonin; renal insuf"-
ciency; trauma; surgical procedures, operative
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Procalcitonin (PCT) is an endogenous 
hormone that is produced by a 

neuroendocrine pathway in healthy in-
dividuals. It is the precursor to calci-
tonin, which is involved in the regulation 
of calcium and phosphate homeostasis 
(Figure! 1).1-4 Under normal physiologic 
conditions, expression of PCT by the 
calcitonin 1 (CALC-1) gene in thyroid 
C-cells is induced by several stimuli. 
Nearly all of the PCT produced in thy-
roid C-cells is enzymatically cleaved 
to calcitonin prior to secretion into the 

circulation. "us, extremely low levels 
of PCT (<0.02! ng/mL) are detected in 
healthy individuals.

In contrast, PCT levels up to 
1,000!ng/mL have been documented in 
the context of bacterial infections.3 In 
animal studies, PCT was found almost 
exclusively in thyroid tissue in healthy 
animals. In animals with a bacterial in-
fection, however, PCT was recovered 
from all tissues examined, including 
white blood cells, adipocytes, and the 
spleen, kidneys, pancreas, colon, and 

Procalcitonin in special patient populations: Guidance 
for antimicrobial therapy
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ü Kronik böbrek yetmezliği (KBY) olan hastalarda ; çalışmalar tutarsız

ü Bazal düzey yüksektir.

ü PCT düzeyi yetmezlik derecesine göre değişir
(0.1 ng /mL – 1.82 ng /mL)

ü KBY + Bakteriyel infeksiyon süreci ?? 
PCT yüksektir ancak hastayı her yönüyle değerlendirilmeli
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Table 1.!Recommendations for Procalcitonin Use in Special Populations

Clinical 
Condition Effect on PCT Recommendation(s)a

PCT 
Threshold Level of Evidence

Chronic 
kidney  
disease

•  Inconsistent increase in 
PCT reported  

•  Proposed hypoth-
esis: proin!ammatory 
metabolites stimulate 
nonneuroendocrine 
pathway of PCT pro-
duction

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.85-1.5"ng/mL24,25 •  Single-center, pro-
spective, observa-
tional studies24,25

Acute kidney 
injury

•  Inconsistent increase in 
PCT reported  

•  PCT levels also asso-
ciated with disease 
severity in patients with 
AKI

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.42-2"ng/mL28,29  
•  7.13"ng/mL with failure 

per RIFLE criteria29

•  Retrospective, 
observational 
studies28,29

Chronic RRT 
(HD or PD)

•  Baseline PCT levels 
higher in ESRD but 
increase reliably with 
infection  

•  PCT levels high prior to 
each HD or PD session 
and PCT cleared to 
varying degrees

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection  

•  Measure PCT level prior 
to HD

•  >1.5"ng/mL in detecting 
severe infection or 
sepsis20

•  Single-center, 
prospective, ob-
servational study20; 
meta-analysis26

Continuous 
RRT

•  PCT removed by con-
vection (primarily) and 
adsorption  

•  Effect on plasma PCT 
levels is limited with 
conventional modes of 
CRRT  

•  Signi#cant PCT clear-
ance with high-cutoff 
CRRT membranes

•  Must be aware of spe-
ci#c CRRT parameters to 
assess potential impact 
on PCT utility  

•  With conventional CRRT, 
PCT may remain a useful 
diagnostic marker

•  No speci#c threshold 
recommended23,35-37

•  Single-center, pro-
spective, observa-
tional studies23,35-37

Cardiac  
arrest

•   PCT is higher in cardiac 
arrest; PCT correlates 
to survival and neuro-
logical outcomes

•  Consider measuring PCT 
for predicting survival 
and neurological out-
comes

•  0.291-1.36"µg/L for 
12-month outcome39  

•  0.5"ng/mL for poor out-
comes41  

•  0.05"ng/mL for mortality43  
•  1"ng/mL for ventilator-

associated pneumonia48 
and neurological out-
come42

•  Subcohort analysis 
of prospective, 
observational 
multicenter study39  

•  Retrospective 
study42,43  

•  Prospective obser-
vational study41,48

Cardiogenic 
shock 

•   Elevated PCT is asso-
ciated with infection, 
sepsis, and mortality 

•  Consider measuring 
PCT to predict infection, 
sepsis, and mortality

•  $2"ng/mL for infection50  
•  >10"ng/mL for sepsis52  
•  >10"ng/mL for mortality 

in patients receiving 
ECMO53

•  Prospective obser-
vational50  

•  Retrospective52, 53

Cardiac  
surgery 

•   Elevated PCT is associ-
ated with infection and 
postoperative compli-
cations

•  Consider measuring PCT 
to predict infection and 
postoperative compli-
cations

•  1-9.4"ng/mL for infec-
tion54,55,57,60,66,67  

•  2.95-5"ng/mL for compli-
cations56,58

•  Retrospective54  
•  Prospective obser-

vational55-58,66,67   
•  Systematic re-

view60

Heart failure •   Elevated PCT is as-
sociated with death, 
rehospitalization, and 
infection

•  Consider measuring 
PCT to predict death, 
rehospitalization, and 
infection

•  $0.2"ng/mL for death and 
rehospitalization71  

•  0.086-0.657"ng/mL for 
infection75

•  Multicenter ran-
domized, double-
blind placebo 
controlled71  

•  Retrospective75
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fection; thus, higher thresholds for diagnosing infection or de-escalating 
therapy should be considered, although the optimal threshold to use in a 
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may be recommended in certain clinical situations.

Conclusion. Procalcitonin may be a reliable marker of infection even in 
special populations with baseline elevations in serum PCT. However, due 
to unclear threshold values and the limited inclusion of special populations 
in relevant clinical trials, PCT levels should be considered along with clin-
ical criteria, and antibiotics should never be initiated or withheld based on 
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de-escalation of antibiotic therapy in special populations; however, the 
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•  Consider a higher PCT 
threshold for ruling in 
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severity in patients with 
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•  7.13"ng/mL with failure 
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Chronic RRT 
(HD or PD)
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higher in ESRD but 
increase reliably with 
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•  PCT levels high prior to 
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and PCT cleared to 
varying degrees

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection  

•  Measure PCT level prior 
to HD

•  >1.5"ng/mL in detecting 
severe infection or 
sepsis20

•  Single-center, 
prospective, ob-
servational study20; 
meta-analysis26

Continuous 
RRT

•  PCT removed by con-
vection (primarily) and 
adsorption  

•  Effect on plasma PCT 
levels is limited with 
conventional modes of 
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•  Signi#cant PCT clear-
ance with high-cutoff 
CRRT membranes

•  Must be aware of spe-
ci#c CRRT parameters to 
assess potential impact 
on PCT utility  

•  With conventional CRRT, 
PCT may remain a useful 
diagnostic marker

•  No speci#c threshold 
recommended23,35-37

•  Single-center, pro-
spective, observa-
tional studies23,35-37

Cardiac  
arrest

•   PCT is higher in cardiac 
arrest; PCT correlates 
to survival and neuro-
logical outcomes

•  Consider measuring PCT 
for predicting survival 
and neurological out-
comes

•  0.291-1.36"µg/L for 
12-month outcome39  

•  0.5"ng/mL for poor out-
comes41  

•  0.05"ng/mL for mortality43  
•  1"ng/mL for ventilator-

associated pneumonia48 
and neurological out-
come42

•  Subcohort analysis 
of prospective, 
observational 
multicenter study39  

•  Retrospective 
study42,43  

•  Prospective obser-
vational study41,48

Cardiogenic 
shock 

•   Elevated PCT is asso-
ciated with infection, 
sepsis, and mortality 

•  Consider measuring 
PCT to predict infection, 
sepsis, and mortality

•  $2"ng/mL for infection50  
•  >10"ng/mL for sepsis52  
•  >10"ng/mL for mortality 

in patients receiving 
ECMO53

•  Prospective obser-
vational50  

•  Retrospective52, 53

Cardiac  
surgery 

•   Elevated PCT is associ-
ated with infection and 
postoperative compli-
cations

•  Consider measuring PCT 
to predict infection and 
postoperative compli-
cations

•  1-9.4"ng/mL for infec-
tion54,55,57,60,66,67  

•  2.95-5"ng/mL for compli-
cations56,58

•  Retrospective54  
•  Prospective obser-

vational55-58,66,67   
•  Systematic re-

view60

Heart failure •   Elevated PCT is as-
sociated with death, 
rehospitalization, and 
infection

•  Consider measuring 
PCT to predict death, 
rehospitalization, and 
infection

•  $0.2"ng/mL for death and 
rehospitalization71  

•  0.086-0.657"ng/mL for 
infection75

•  Multicenter ran-
domized, double-
blind placebo 
controlled71  

•  Retrospective75
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Purpose. Procalcitonin (PCT) is an endogenous hormone that increases 
reliably in response to bacterial infection, and measurement of serum PCT 
levels is recommended to help guide antimicrobial therapy. The utility of 
PCT assessment in special patient populations (eg, patients with renal 
dysfunction, cardiac compromise, or immunocompromised states and 
those undergoing acute care surgery) is less clear. The evidence for PCT-
guided antimicrobial therapy in special populations is reviewed.

Summary. In the presence of bacterial infection, nonneuroendocrine PCT 
is produced in response to bacterial toxins and in!ammatory cytokines, 
resulting in markedly elevated levels of serum PCT. Cytokine induction in 
nonbacterial in!ammatory processes activated by acute care surgery may 
alter the interpretation of PCT levels. The reliability of PCT assessment 
has also been questioned in patients with renal dysfunction, cardiac com-
promise, or immunosuppression. In many special populations, serum PCT 
may be elevated at baseline and increase further in the presence of in-
fection; thus, higher thresholds for diagnosing infection or de-escalating 
therapy should be considered, although the optimal threshold to use in a 
speci"c population is unclear. Procalcitonin-guided antimicrobial therapy 
may be recommended in certain clinical situations.

Conclusion. Procalcitonin may be a reliable marker of infection even in 
special populations with baseline elevations in serum PCT. However, due 
to unclear threshold values and the limited inclusion of special populations 
in relevant clinical trials, PCT levels should be considered along with clin-
ical criteria, and antibiotics should never be initiated or withheld based on 
PCT values alone. Procalcitonin measurement may have a role in guiding 
de-escalation of antibiotic therapy in special populations; however, the 
clinician should be aware of disease states and concomitant therapies that 
may affect interpretation of results.

Keywords:  cardiology; immunosuppression; procalcitonin; renal insuf"-
ciency; trauma; surgical procedures, operative
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Procalcitonin (PCT) is an endogenous 
hormone that is produced by a 

neuroendocrine pathway in healthy in-
dividuals. It is the precursor to calci-
tonin, which is involved in the regulation 
of calcium and phosphate homeostasis 
(Figure! 1).1-4 Under normal physiologic 
conditions, expression of PCT by the 
calcitonin 1 (CALC-1) gene in thyroid 
C-cells is induced by several stimuli. 
Nearly all of the PCT produced in thy-
roid C-cells is enzymatically cleaved 
to calcitonin prior to secretion into the 

circulation. "us, extremely low levels 
of PCT (<0.02! ng/mL) are detected in 
healthy individuals.

In contrast, PCT levels up to 
1,000!ng/mL have been documented in 
the context of bacterial infections.3 In 
animal studies, PCT was found almost 
exclusively in thyroid tissue in healthy 
animals. In animals with a bacterial in-
fection, however, PCT was recovered 
from all tissues examined, including 
white blood cells, adipocytes, and the 
spleen, kidneys, pancreas, colon, and 

Procalcitonin in special patient populations: Guidance 
for antimicrobial therapy
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Table 1.!Recommendations for Procalcitonin Use in Special Populations

Clinical 
Condition Effect on PCT Recommendation(s)a

PCT 
Threshold Level of Evidence

Chronic 
kidney  
disease

•  Inconsistent increase in 
PCT reported  

•  Proposed hypoth-
esis: proin!ammatory 
metabolites stimulate 
nonneuroendocrine 
pathway of PCT pro-
duction

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.85-1.5"ng/mL24,25 •  Single-center, pro-
spective, observa-
tional studies24,25

Acute kidney 
injury

•  Inconsistent increase in 
PCT reported  

•  PCT levels also asso-
ciated with disease 
severity in patients with 
AKI

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.42-2"ng/mL28,29  
•  7.13"ng/mL with failure 

per RIFLE criteria29

•  Retrospective, 
observational 
studies28,29

Chronic RRT 
(HD or PD)

•  Baseline PCT levels 
higher in ESRD but 
increase reliably with 
infection  

•  PCT levels high prior to 
each HD or PD session 
and PCT cleared to 
varying degrees

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection  

•  Measure PCT level prior 
to HD

•  >1.5"ng/mL in detecting 
severe infection or 
sepsis20

•  Single-center, 
prospective, ob-
servational study20; 
meta-analysis26

Continuous 
RRT

•  PCT removed by con-
vection (primarily) and 
adsorption  

•  Effect on plasma PCT 
levels is limited with 
conventional modes of 
CRRT  

•  Signi#cant PCT clear-
ance with high-cutoff 
CRRT membranes

•  Must be aware of spe-
ci#c CRRT parameters to 
assess potential impact 
on PCT utility  

•  With conventional CRRT, 
PCT may remain a useful 
diagnostic marker

•  No speci#c threshold 
recommended23,35-37

•  Single-center, pro-
spective, observa-
tional studies23,35-37

Cardiac  
arrest

•   PCT is higher in cardiac 
arrest; PCT correlates 
to survival and neuro-
logical outcomes

•  Consider measuring PCT 
for predicting survival 
and neurological out-
comes

•  0.291-1.36"µg/L for 
12-month outcome39  

•  0.5"ng/mL for poor out-
comes41  

•  0.05"ng/mL for mortality43  
•  1"ng/mL for ventilator-

associated pneumonia48 
and neurological out-
come42

•  Subcohort analysis 
of prospective, 
observational 
multicenter study39  

•  Retrospective 
study42,43  

•  Prospective obser-
vational study41,48

Cardiogenic 
shock 

•   Elevated PCT is asso-
ciated with infection, 
sepsis, and mortality 

•  Consider measuring 
PCT to predict infection, 
sepsis, and mortality

•  $2"ng/mL for infection50  
•  >10"ng/mL for sepsis52  
•  >10"ng/mL for mortality 

in patients receiving 
ECMO53

•  Prospective obser-
vational50  

•  Retrospective52, 53

Cardiac  
surgery 

•   Elevated PCT is associ-
ated with infection and 
postoperative compli-
cations

•  Consider measuring PCT 
to predict infection and 
postoperative compli-
cations

•  1-9.4"ng/mL for infec-
tion54,55,57,60,66,67  

•  2.95-5"ng/mL for compli-
cations56,58

•  Retrospective54  
•  Prospective obser-

vational55-58,66,67   
•  Systematic re-

view60

Heart failure •   Elevated PCT is as-
sociated with death, 
rehospitalization, and 
infection

•  Consider measuring 
PCT to predict death, 
rehospitalization, and 
infection

•  $0.2"ng/mL for death and 
rehospitalization71  

•  0.086-0.657"ng/mL for 
infection75

•  Multicenter ran-
domized, double-
blind placebo 
controlled71  

•  Retrospective75
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Table 1.!Recommendations for Procalcitonin Use in Special Populations

Clinical 
Condition Effect on PCT Recommendation(s)a

PCT 
Threshold Level of Evidence

Chronic 
kidney  
disease

•  Inconsistent increase in 
PCT reported  

•  Proposed hypoth-
esis: proin!ammatory 
metabolites stimulate 
nonneuroendocrine 
pathway of PCT pro-
duction

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.85-1.5"ng/mL24,25 •  Single-center, pro-
spective, observa-
tional studies24,25

Acute kidney 
injury

•  Inconsistent increase in 
PCT reported  

•  PCT levels also asso-
ciated with disease 
severity in patients with 
AKI

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.42-2"ng/mL28,29  
•  7.13"ng/mL with failure 

per RIFLE criteria29

•  Retrospective, 
observational 
studies28,29

Chronic RRT 
(HD or PD)

•  Baseline PCT levels 
higher in ESRD but 
increase reliably with 
infection  

•  PCT levels high prior to 
each HD or PD session 
and PCT cleared to 
varying degrees

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection  

•  Measure PCT level prior 
to HD

•  >1.5"ng/mL in detecting 
severe infection or 
sepsis20

•  Single-center, 
prospective, ob-
servational study20; 
meta-analysis26

Continuous 
RRT

•  PCT removed by con-
vection (primarily) and 
adsorption  

•  Effect on plasma PCT 
levels is limited with 
conventional modes of 
CRRT  

•  Signi#cant PCT clear-
ance with high-cutoff 
CRRT membranes

•  Must be aware of spe-
ci#c CRRT parameters to 
assess potential impact 
on PCT utility  

•  With conventional CRRT, 
PCT may remain a useful 
diagnostic marker

•  No speci#c threshold 
recommended23,35-37

•  Single-center, pro-
spective, observa-
tional studies23,35-37

Cardiac  
arrest

•   PCT is higher in cardiac 
arrest; PCT correlates 
to survival and neuro-
logical outcomes

•  Consider measuring PCT 
for predicting survival 
and neurological out-
comes

•  0.291-1.36"µg/L for 
12-month outcome39  

•  0.5"ng/mL for poor out-
comes41  

•  0.05"ng/mL for mortality43  
•  1"ng/mL for ventilator-

associated pneumonia48 
and neurological out-
come42

•  Subcohort analysis 
of prospective, 
observational 
multicenter study39  

•  Retrospective 
study42,43  

•  Prospective obser-
vational study41,48

Cardiogenic 
shock 

•   Elevated PCT is asso-
ciated with infection, 
sepsis, and mortality 

•  Consider measuring 
PCT to predict infection, 
sepsis, and mortality

•  $2"ng/mL for infection50  
•  >10"ng/mL for sepsis52  
•  >10"ng/mL for mortality 

in patients receiving 
ECMO53

•  Prospective obser-
vational50  

•  Retrospective52, 53

Cardiac  
surgery 

•   Elevated PCT is associ-
ated with infection and 
postoperative compli-
cations

•  Consider measuring PCT 
to predict infection and 
postoperative compli-
cations

•  1-9.4"ng/mL for infec-
tion54,55,57,60,66,67  

•  2.95-5"ng/mL for compli-
cations56,58

•  Retrospective54  
•  Prospective obser-

vational55-58,66,67   
•  Systematic re-

view60

Heart failure •   Elevated PCT is as-
sociated with death, 
rehospitalization, and 
infection

•  Consider measuring 
PCT to predict death, 
rehospitalization, and 
infection

•  $0.2"ng/mL for death and 
rehospitalization71  

•  0.086-0.657"ng/mL for 
infection75

•  Multicenter ran-
domized, double-
blind placebo 
controlled71  

•  Retrospective75

 AM J HEALTH-SYST PHARM | VOLUME 77 | NUMBER 10 | MAY 15, 2020  749

D
ow

nloaded from
 https://academ

ic.oup.com
/ajhp/article/77/10/745/5825792 by guest on 15 D

ecem
ber 2021



Smith SE, et al. Am J Health-Syst Pharm 2020;77:745-758

 CLINICAL REVIEW

Address correspondence to Dr. Smith 
(susan.smith@uga.edu).

© American Society of Health-System 
Pharmacists 2020. All rights reserved. 
For permissions, please e-mail: journals.
permissions@oup.com.

DOI 10.1093/ajhp/zxaa089

Susan!E. Smith, PharmD, BCPS, 
BCCCP, Department of Clinical and 
Administrative Pharmacy, University of 
Georgia College of Pharmacy, Athens, GA

Justin Muir, PharmD, BCCCP, 
Department of Pharmacy, NewYork-
Presbyterian Hospital, Columbia 
University Irving Medical Center, New 
York, NY

Julie Kalabalik-Hoganson, PharmD, 
BCPS, BCCCP, Fairleigh Dickinson 
University School of Pharmacy and 
Health Sciences, Florham Park, NJ

Purpose. Procalcitonin (PCT) is an endogenous hormone that increases 
reliably in response to bacterial infection, and measurement of serum PCT 
levels is recommended to help guide antimicrobial therapy. The utility of 
PCT assessment in special patient populations (eg, patients with renal 
dysfunction, cardiac compromise, or immunocompromised states and 
those undergoing acute care surgery) is less clear. The evidence for PCT-
guided antimicrobial therapy in special populations is reviewed.

Summary. In the presence of bacterial infection, nonneuroendocrine PCT 
is produced in response to bacterial toxins and in!ammatory cytokines, 
resulting in markedly elevated levels of serum PCT. Cytokine induction in 
nonbacterial in!ammatory processes activated by acute care surgery may 
alter the interpretation of PCT levels. The reliability of PCT assessment 
has also been questioned in patients with renal dysfunction, cardiac com-
promise, or immunosuppression. In many special populations, serum PCT 
may be elevated at baseline and increase further in the presence of in-
fection; thus, higher thresholds for diagnosing infection or de-escalating 
therapy should be considered, although the optimal threshold to use in a 
speci"c population is unclear. Procalcitonin-guided antimicrobial therapy 
may be recommended in certain clinical situations.

Conclusion. Procalcitonin may be a reliable marker of infection even in 
special populations with baseline elevations in serum PCT. However, due 
to unclear threshold values and the limited inclusion of special populations 
in relevant clinical trials, PCT levels should be considered along with clin-
ical criteria, and antibiotics should never be initiated or withheld based on 
PCT values alone. Procalcitonin measurement may have a role in guiding 
de-escalation of antibiotic therapy in special populations; however, the 
clinician should be aware of disease states and concomitant therapies that 
may affect interpretation of results.

Keywords:  cardiology; immunosuppression; procalcitonin; renal insuf"-
ciency; trauma; surgical procedures, operative
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Procalcitonin (PCT) is an endogenous 
hormone that is produced by a 

neuroendocrine pathway in healthy in-
dividuals. It is the precursor to calci-
tonin, which is involved in the regulation 
of calcium and phosphate homeostasis 
(Figure! 1).1-4 Under normal physiologic 
conditions, expression of PCT by the 
calcitonin 1 (CALC-1) gene in thyroid 
C-cells is induced by several stimuli. 
Nearly all of the PCT produced in thy-
roid C-cells is enzymatically cleaved 
to calcitonin prior to secretion into the 

circulation. "us, extremely low levels 
of PCT (<0.02! ng/mL) are detected in 
healthy individuals.

In contrast, PCT levels up to 
1,000!ng/mL have been documented in 
the context of bacterial infections.3 In 
animal studies, PCT was found almost 
exclusively in thyroid tissue in healthy 
animals. In animals with a bacterial in-
fection, however, PCT was recovered 
from all tissues examined, including 
white blood cells, adipocytes, and the 
spleen, kidneys, pancreas, colon, and 

Procalcitonin in special patient populations: Guidance 
for antimicrobial therapy
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Table 1.!Recommendations for Procalcitonin Use in Special Populations

Clinical 
Condition Effect on PCT Recommendation(s)a

PCT 
Threshold Level of Evidence

Chronic 
kidney  
disease

•  Inconsistent increase in 
PCT reported  

•  Proposed hypoth-
esis: proin!ammatory 
metabolites stimulate 
nonneuroendocrine 
pathway of PCT pro-
duction

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.85-1.5"ng/mL24,25 •  Single-center, pro-
spective, observa-
tional studies24,25

Acute kidney 
injury

•  Inconsistent increase in 
PCT reported  

•  PCT levels also asso-
ciated with disease 
severity in patients with 
AKI

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.42-2"ng/mL28,29  
•  7.13"ng/mL with failure 

per RIFLE criteria29

•  Retrospective, 
observational 
studies28,29

Chronic RRT 
(HD or PD)

•  Baseline PCT levels 
higher in ESRD but 
increase reliably with 
infection  

•  PCT levels high prior to 
each HD or PD session 
and PCT cleared to 
varying degrees

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection  

•  Measure PCT level prior 
to HD

•  >1.5"ng/mL in detecting 
severe infection or 
sepsis20

•  Single-center, 
prospective, ob-
servational study20; 
meta-analysis26

Continuous 
RRT

•  PCT removed by con-
vection (primarily) and 
adsorption  

•  Effect on plasma PCT 
levels is limited with 
conventional modes of 
CRRT  

•  Signi#cant PCT clear-
ance with high-cutoff 
CRRT membranes

•  Must be aware of spe-
ci#c CRRT parameters to 
assess potential impact 
on PCT utility  

•  With conventional CRRT, 
PCT may remain a useful 
diagnostic marker

•  No speci#c threshold 
recommended23,35-37

•  Single-center, pro-
spective, observa-
tional studies23,35-37

Cardiac  
arrest

•   PCT is higher in cardiac 
arrest; PCT correlates 
to survival and neuro-
logical outcomes

•  Consider measuring PCT 
for predicting survival 
and neurological out-
comes

•  0.291-1.36"µg/L for 
12-month outcome39  

•  0.5"ng/mL for poor out-
comes41  

•  0.05"ng/mL for mortality43  
•  1"ng/mL for ventilator-

associated pneumonia48 
and neurological out-
come42

•  Subcohort analysis 
of prospective, 
observational 
multicenter study39  

•  Retrospective 
study42,43  

•  Prospective obser-
vational study41,48

Cardiogenic 
shock 

•   Elevated PCT is asso-
ciated with infection, 
sepsis, and mortality 

•  Consider measuring 
PCT to predict infection, 
sepsis, and mortality

•  $2"ng/mL for infection50  
•  >10"ng/mL for sepsis52  
•  >10"ng/mL for mortality 

in patients receiving 
ECMO53

•  Prospective obser-
vational50  

•  Retrospective52, 53

Cardiac  
surgery 

•   Elevated PCT is associ-
ated with infection and 
postoperative compli-
cations

•  Consider measuring PCT 
to predict infection and 
postoperative compli-
cations

•  1-9.4"ng/mL for infec-
tion54,55,57,60,66,67  

•  2.95-5"ng/mL for compli-
cations56,58

•  Retrospective54  
•  Prospective obser-

vational55-58,66,67   
•  Systematic re-

view60

Heart failure •   Elevated PCT is as-
sociated with death, 
rehospitalization, and 
infection

•  Consider measuring 
PCT to predict death, 
rehospitalization, and 
infection

•  $0.2"ng/mL for death and 
rehospitalization71  

•  0.086-0.657"ng/mL for 
infection75

•  Multicenter ran-
domized, double-
blind placebo 
controlled71  

•  Retrospective75
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Clinical 
Condition Effect on PCT Recommendation(s)a

PCT 
Threshold Level of Evidence

Surgery •  Elevated PCT is associ-
ated with infection and 
mortality  

•  PCT-guided antibiotic 
therapy led to shorter 
duration of antibiotic 
therapy and reduced 
antibiotic costs without 
increase in negative 
outcomes 

•  Consider measuring PCT 
to predict infection and 
mortality  

•  Consider using PCT-
guided antibiotic therapy

•  >1.5!ng/mL for 
postoperative infection55  

•  1.44!ng/mL for mortality; 
0.75!ng/mL for morbidity 
and mortality77  

•  PCT-guided antibiotic 
treatment resulted in 
shorter length of treat-
ment and reduced costs 
without increase in nega-
tive outcomes78

•  Prospective obser-
vational55  

•  Retrospective77  
•  Prospective ran-

domized78

Burns •  Elevated PCT is associ-
ated with infection and 
sepsis

•  Consider measuring PCT 
to predict infection and 
sepsis 

•  Variable (0.5-3!ng/mL) 
for sepsis and infec-
tion79,81,82,84,85-89,91  

•  5.12!ng/mL for blood-
stream infection90

•  Retrospective ob-
servational79,81,90  

•  Small, prospective 
observational82-86,91  

•  Meta-analyses88,89

Trauma •  Elevated PCT is as-
sociated with sepsis, 
complications, and poor 
outcomes

•  Consider using PCT as 
a marker for infection, 
sepsis, and risk for com-
plications

•  0.1-0.2029!ng/mL for 
sepsis and infection103,104  

•  1-2!ng/mL for complica-
tions and poor out-
comes96,98  

•  >5!ng/mL for increased 
mortality95  

•  0.6-5!ng/mL107

•  Retrospective95  
•  Prospective obser-

vational96, 98,103,104  
•  Meta-analysis107

Hematologic 
malignancy

•  PCT level not expected 
to be signi"cantly af-
fected by malignancy  

•  Elevations with engraft-
ment syndrome and 
GVHD after HSCT, T 
cell–directed therapies

•  Avoid using PCT for man-
agement of antimicrobials 
if a confounding condition/
medication is present  

•  Consider using along 
with clinical criteria to 
facilitate antimicrobial 
discontinuation during 
febrile neutropenia 

•  >0.5!ng/mL for bacterial 
infection in febrile neutro-
penia115  

•  >2!ng/mL for risk of 
severe sepsis or septic 
shock117

•  Prospective 
observational 
studies and meta-
analysis115  

•  Single-center 
randomized con-
trolled trial120

Solid tumors •  Elevations with me-
dullary thyroid cancer, 
small cell lung cancer

•  Avoid using PCT 
for management of 
antimicrobials if a con-
founding oncologic con-
dition is present  

•  Consider using along 
with clinical criteria to 
facilitate antimicrobial 
discontinuation during 
febrile neutropenia 

•  >0.5!ng/mL for bacterial 
infection in febrile neutro-
penia115

•  Prospective 
observational 
studies and meta-
analysis115

Solid organ 
transplanta-
tion

•  Elevations with T cell–
directed therapies

•  Avoid using PCT early after 
receipt of alemtuzumab or 
antithymocyte globulin  

•  Consider using along with 
clinical criteria to facilitate 
antimicrobial discontinu-
ation in the setting of 
suspected infection 

•  Variable cutoffs for bac-
terial infection (0.14-
8.18!ng/mL)119

•  Prospective obser-
vational studies and 
meta-analysis119

Abbreviations: AKI, acute kidney injury; CRRT, continuous renal replacement therapy; ESRD, end-stage renal disease; GVHD, graft-versus-host 
disease; HD, hemodialysis; HSCT, hematopoietic stem cell transplant; PCT, procalcitonin; PD, peritoneal dialysis; RIFLE, risk, injury, failure, loss of 
kidney function, end-stage kidney disease; RCT, randomized controlled trial; RRT, renal replacement therapy.
aAll recommendations are based on the literature cited in this review. In many cases, the available evidence consists of small and/or observational 
studies. The reader should be aware of the level of evidence in support of these recommendations and should apply the recommendations 
accordingly.
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Purpose. Procalcitonin (PCT) is an endogenous hormone that increases 
reliably in response to bacterial infection, and measurement of serum PCT 
levels is recommended to help guide antimicrobial therapy. The utility of 
PCT assessment in special patient populations (eg, patients with renal 
dysfunction, cardiac compromise, or immunocompromised states and 
those undergoing acute care surgery) is less clear. The evidence for PCT-
guided antimicrobial therapy in special populations is reviewed.

Summary. In the presence of bacterial infection, nonneuroendocrine PCT 
is produced in response to bacterial toxins and in!ammatory cytokines, 
resulting in markedly elevated levels of serum PCT. Cytokine induction in 
nonbacterial in!ammatory processes activated by acute care surgery may 
alter the interpretation of PCT levels. The reliability of PCT assessment 
has also been questioned in patients with renal dysfunction, cardiac com-
promise, or immunosuppression. In many special populations, serum PCT 
may be elevated at baseline and increase further in the presence of in-
fection; thus, higher thresholds for diagnosing infection or de-escalating 
therapy should be considered, although the optimal threshold to use in a 
speci"c population is unclear. Procalcitonin-guided antimicrobial therapy 
may be recommended in certain clinical situations.

Conclusion. Procalcitonin may be a reliable marker of infection even in 
special populations with baseline elevations in serum PCT. However, due 
to unclear threshold values and the limited inclusion of special populations 
in relevant clinical trials, PCT levels should be considered along with clin-
ical criteria, and antibiotics should never be initiated or withheld based on 
PCT values alone. Procalcitonin measurement may have a role in guiding 
de-escalation of antibiotic therapy in special populations; however, the 
clinician should be aware of disease states and concomitant therapies that 
may affect interpretation of results.

Keywords:  cardiology; immunosuppression; procalcitonin; renal insuf"-
ciency; trauma; surgical procedures, operative

Am J Health-Syst Pharm. 2020;77:745-758

Procalcitonin (PCT) is an endogenous 
hormone that is produced by a 

neuroendocrine pathway in healthy in-
dividuals. It is the precursor to calci-
tonin, which is involved in the regulation 
of calcium and phosphate homeostasis 
(Figure! 1).1-4 Under normal physiologic 
conditions, expression of PCT by the 
calcitonin 1 (CALC-1) gene in thyroid 
C-cells is induced by several stimuli. 
Nearly all of the PCT produced in thy-
roid C-cells is enzymatically cleaved 
to calcitonin prior to secretion into the 

circulation. "us, extremely low levels 
of PCT (<0.02! ng/mL) are detected in 
healthy individuals.

In contrast, PCT levels up to 
1,000!ng/mL have been documented in 
the context of bacterial infections.3 In 
animal studies, PCT was found almost 
exclusively in thyroid tissue in healthy 
animals. In animals with a bacterial in-
fection, however, PCT was recovered 
from all tissues examined, including 
white blood cells, adipocytes, and the 
spleen, kidneys, pancreas, colon, and 

Procalcitonin in special patient populations: Guidance 
for antimicrobial therapy

applyparastyle “!g//caption/p[1]” parastyle “FigCapt”
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Table 1.!Recommendations for Procalcitonin Use in Special Populations

Clinical 
Condition Effect on PCT Recommendation(s)a

PCT 
Threshold Level of Evidence

Chronic 
kidney  
disease

•  Inconsistent increase in 
PCT reported  

•  Proposed hypoth-
esis: proin!ammatory 
metabolites stimulate 
nonneuroendocrine 
pathway of PCT pro-
duction

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.85-1.5"ng/mL24,25 •  Single-center, pro-
spective, observa-
tional studies24,25

Acute kidney 
injury

•  Inconsistent increase in 
PCT reported  

•  PCT levels also asso-
ciated with disease 
severity in patients with 
AKI

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection

•  >0.42-2"ng/mL28,29  
•  7.13"ng/mL with failure 

per RIFLE criteria29

•  Retrospective, 
observational 
studies28,29

Chronic RRT 
(HD or PD)

•  Baseline PCT levels 
higher in ESRD but 
increase reliably with 
infection  

•  PCT levels high prior to 
each HD or PD session 
and PCT cleared to 
varying degrees

•  Consider a higher PCT 
threshold for ruling in 
bacterial infection  

•  Measure PCT level prior 
to HD

•  >1.5"ng/mL in detecting 
severe infection or 
sepsis20

•  Single-center, 
prospective, ob-
servational study20; 
meta-analysis26

Continuous 
RRT

•  PCT removed by con-
vection (primarily) and 
adsorption  

•  Effect on plasma PCT 
levels is limited with 
conventional modes of 
CRRT  

•  Signi#cant PCT clear-
ance with high-cutoff 
CRRT membranes

•  Must be aware of spe-
ci#c CRRT parameters to 
assess potential impact 
on PCT utility  

•  With conventional CRRT, 
PCT may remain a useful 
diagnostic marker

•  No speci#c threshold 
recommended23,35-37

•  Single-center, pro-
spective, observa-
tional studies23,35-37

Cardiac  
arrest

•   PCT is higher in cardiac 
arrest; PCT correlates 
to survival and neuro-
logical outcomes

•  Consider measuring PCT 
for predicting survival 
and neurological out-
comes

•  0.291-1.36"µg/L for 
12-month outcome39  

•  0.5"ng/mL for poor out-
comes41  

•  0.05"ng/mL for mortality43  
•  1"ng/mL for ventilator-

associated pneumonia48 
and neurological out-
come42

•  Subcohort analysis 
of prospective, 
observational 
multicenter study39  

•  Retrospective 
study42,43  

•  Prospective obser-
vational study41,48

Cardiogenic 
shock 

•   Elevated PCT is asso-
ciated with infection, 
sepsis, and mortality 

•  Consider measuring 
PCT to predict infection, 
sepsis, and mortality

•  $2"ng/mL for infection50  
•  >10"ng/mL for sepsis52  
•  >10"ng/mL for mortality 

in patients receiving 
ECMO53

•  Prospective obser-
vational50  

•  Retrospective52, 53

Cardiac  
surgery 

•   Elevated PCT is associ-
ated with infection and 
postoperative compli-
cations

•  Consider measuring PCT 
to predict infection and 
postoperative compli-
cations

•  1-9.4"ng/mL for infec-
tion54,55,57,60,66,67  

•  2.95-5"ng/mL for compli-
cations56,58

•  Retrospective54  
•  Prospective obser-

vational55-58,66,67   
•  Systematic re-

view60

Heart failure •   Elevated PCT is as-
sociated with death, 
rehospitalization, and 
infection

•  Consider measuring 
PCT to predict death, 
rehospitalization, and 
infection

•  $0.2"ng/mL for death and 
rehospitalization71  

•  0.086-0.657"ng/mL for 
infection75

•  Multicenter ran-
domized, double-
blind placebo 
controlled71  

•  Retrospective75
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Clinical 
Condition Effect on PCT Recommendation(s)a

PCT 
Threshold Level of Evidence

Surgery •  Elevated PCT is associ-
ated with infection and 
mortality  

•  PCT-guided antibiotic 
therapy led to shorter 
duration of antibiotic 
therapy and reduced 
antibiotic costs without 
increase in negative 
outcomes 

•  Consider measuring PCT 
to predict infection and 
mortality  

•  Consider using PCT-
guided antibiotic therapy

•  >1.5!ng/mL for 
postoperative infection55  

•  1.44!ng/mL for mortality; 
0.75!ng/mL for morbidity 
and mortality77  

•  PCT-guided antibiotic 
treatment resulted in 
shorter length of treat-
ment and reduced costs 
without increase in nega-
tive outcomes78

•  Prospective obser-
vational55  

•  Retrospective77  
•  Prospective ran-

domized78

Burns •  Elevated PCT is associ-
ated with infection and 
sepsis

•  Consider measuring PCT 
to predict infection and 
sepsis 

•  Variable (0.5-3!ng/mL) 
for sepsis and infec-
tion79,81,82,84,85-89,91  

•  5.12!ng/mL for blood-
stream infection90

•  Retrospective ob-
servational79,81,90  

•  Small, prospective 
observational82-86,91  

•  Meta-analyses88,89

Trauma •  Elevated PCT is as-
sociated with sepsis, 
complications, and poor 
outcomes

•  Consider using PCT as 
a marker for infection, 
sepsis, and risk for com-
plications

•  0.1-0.2029!ng/mL for 
sepsis and infection103,104  

•  1-2!ng/mL for complica-
tions and poor out-
comes96,98  

•  >5!ng/mL for increased 
mortality95  

•  0.6-5!ng/mL107

•  Retrospective95  
•  Prospective obser-

vational96, 98,103,104  
•  Meta-analysis107

Hematologic 
malignancy

•  PCT level not expected 
to be signi"cantly af-
fected by malignancy  

•  Elevations with engraft-
ment syndrome and 
GVHD after HSCT, T 
cell–directed therapies

•  Avoid using PCT for man-
agement of antimicrobials 
if a confounding condition/
medication is present  

•  Consider using along 
with clinical criteria to 
facilitate antimicrobial 
discontinuation during 
febrile neutropenia 

•  >0.5!ng/mL for bacterial 
infection in febrile neutro-
penia115  

•  >2!ng/mL for risk of 
severe sepsis or septic 
shock117

•  Prospective 
observational 
studies and meta-
analysis115  

•  Single-center 
randomized con-
trolled trial120

Solid tumors •  Elevations with me-
dullary thyroid cancer, 
small cell lung cancer

•  Avoid using PCT 
for management of 
antimicrobials if a con-
founding oncologic con-
dition is present  

•  Consider using along 
with clinical criteria to 
facilitate antimicrobial 
discontinuation during 
febrile neutropenia 

•  >0.5!ng/mL for bacterial 
infection in febrile neutro-
penia115

•  Prospective 
observational 
studies and meta-
analysis115

Solid organ 
transplanta-
tion

•  Elevations with T cell–
directed therapies

•  Avoid using PCT early after 
receipt of alemtuzumab or 
antithymocyte globulin  

•  Consider using along with 
clinical criteria to facilitate 
antimicrobial discontinu-
ation in the setting of 
suspected infection 

•  Variable cutoffs for bac-
terial infection (0.14-
8.18!ng/mL)119

•  Prospective obser-
vational studies and 
meta-analysis119

Abbreviations: AKI, acute kidney injury; CRRT, continuous renal replacement therapy; ESRD, end-stage renal disease; GVHD, graft-versus-host 
disease; HD, hemodialysis; HSCT, hematopoietic stem cell transplant; PCT, procalcitonin; PD, peritoneal dialysis; RIFLE, risk, injury, failure, loss of 
kidney function, end-stage kidney disease; RCT, randomized controlled trial; RRT, renal replacement therapy.
aAll recommendations are based on the literature cited in this review. In many cases, the available evidence consists of small and/or observational 
studies. The reader should be aware of the level of evidence in support of these recommendations and should apply the recommendations 
accordingly.
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Procalcitonin for individualizing antibiotic treatment: an update with a focus
on COVID-19
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ABSTRACT
Procalcitonin (PCT) is useful for differentiating between viral and bacterial infections and for
reducing the unnecessary use of antibiotics. As the rise of antimicrobial resistance reaches
“alarming” levels according to the World Health Organization, the importance of using bio-
markers, such as PCT to limit unnecessary antibiotic exposure has further increased. Randomized
trials in patients with respiratory tract infections have shown that PCT has prognostic implica-
tions and its use, embedded in stewardship protocols, leads to reductions in the use of antibiot-
ics in different clinical settings without compromising clinical outcomes. However, available data
are heterogeneous and recent trials found no significant benefit. Still, from these trials, we have
learned several key considerations for the optimal use of PCT, which depend on the clinical set-
ting, severity of presentation, and pretest probability for bacterial infection. For patients with
respiratory infections and sepsis, PCT can be used to determine whether to initiate antimicrobial
therapy in low-risk settings and, together with clinical data, whether to discontinue antimicrobial
therapy in certain high-risk settings. There is also increasing evidence regarding PCT-guided ther-
apy in patients with coronavirus disease 2019 (COVID-19). This review provides an up-to-date
overview of the use of PCT in different clinical settings and diseases, including a discussion about
its potential to improve the care of patients with COVID-19.

Abbreviations: CAP: community-acquired pneumonia; COVID-19: coronavirus disease 2019; CRP:
C-reactive protein; DIC: disseminated intravascular coagulation; ED: emergency department;
ECOPD: exacerbated chronic obstructive pulmonary disease; HAP: hospital-acquired pneumonia;
ICU: intensive care unit; LOS: length of stay; MR-proADM: mid-regional pro-adrenomedullin; PCT:
procalcitonin; SOFA: sequential organ failure assessment; SARS-CoV-2: severe acute respiratory
syndrome coronavirus type 2; VAP: ventilator-associated pneumonia; WHO: World Health
Organization
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Introduction

Almost ten years after its initial description in humans
[1], the possible diagnostic, prognostic, and therapeutic
qualities of the biomarker procalcitonin (PCT) were first
discussed by Assicot et al. who found a correlation
between elevated PCT levels and bacterial infection,
with higher levels in severe cases as well as decreasing
levels of PCT under antibiotic therapy [2]. PCT is the
116-amino-acid precursor of calcitonin [1], which is syn-
thesized in the C cells of the thyroid in healthy individu-
als [3], resulting in PCT levels <0.1 lg/L [4]. In cases of
bacterial infection, PCT is produced ubiquitously by
organs, such as the lung, liver, kidney, brain, pancreas,
small intestine, and heart with values increasing up to
1000-fold, as has been shown in experiments with ani-
mals [3]. A few hours after stimulation through

endotoxins, including interleukin-1 (IL-1) and interleu-
kin-6 (IL-6) or tumor necrosis factor a (TNFa), PCT levels
start to rise and reach their peak at around 12 to 24 h
and can persist for several days [4–6]. Other conditions
that may also lead to increased PCT levels are other sys-
temic infections (e.g. fungal-, parasitic-, but not auto-
immune-mediated inflammation) [5,7,8], trauma [9],
major surgery [10], severe burns [11], liver cirrhosis [12],
acute pancreatitis [13], or aspiration pneumonitis [14],
and they are physiologically increased in neonates dur-
ing their first days of life [15,16]. Elevated PCT levels
have also been found in patients with renal dysfunc-
tion [5].

In contrast, the expression of CALC-I, the gene
responsible for calcitonin synthesis, was shown to be
suppressed in viral infections through the release of
cytokines, such as interferon-c, leading to lower levels

CONTACT Philipp Schuetz schuetzph@gmail.com Department of Medicine, Kantonsspital Aarau Tellstrasse, Medical University, Aarau, CH-5001,
Switzerland
! 2021 Informa UK Limited, trading as Taylor & Francis Group
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Table 1. Overview of discussed COVID-19 studies, including population descriptions, outcomes, and conclusions.

Reference
Place, time of
data collection Design No. of patients Severity Cutoff Outcome(s) Conclusion

Zhou et al. China, Dec
2019–Feb 2020

n.a. 70 COVID-19,
70 CAP

All n.a. COVID-19 compared
to CAP

PCT higher in COVID-19

Bacterial coinfection, mortality
Vaughn et al. United States,

Mar–Jun 2020
Retrospective 1705 All >0.5lg/L,

<0.1lg/L
Bacterial coinfection Positive predictive value 9.3%,

Negative predictive
value 98.3%

Dolci et al. Italy, Feb–Mar 2020 Retrospective 83 All (1) <0.25 mg/L
(2) >6.7 mg/L

Bacterial
coinfection,
mortality

Bacterial infection:
(1) 92% negative predictive

value, 93% sensitivity
Mortality:
(2) 92% positive predictive

value, 27% sensitivity
Van Berkel et al. Netherlands, n.a. n.a. 66 Severe (ICU) >1lg/L,

<0.25lg/L
Bacterial coinfection Positive predictive value 93%,

Negative predictive
value 81%

Vanhomwegen
et al.

Belgium,
Mar–Jun 2020

Retrospective 66 Severe (ICU) (1) >0.5lg/L
(2) >2.5lg/L

Bacterial coinfection
(within 48 h after
ICU admission), 30
days mortality

Bacterial infection:
(1) 80% sensitivity, 48%

specificity; (2) 65%
sensitivity, 85% specificity

Mortality:
0.77 AUC

Antibiotic prescription, exposure
Peters et al. United Kingdom,

Apr 2020
Retrospective 118 Low/moderate

(no ICU)
<0.25lg/L AB prescribed or

stopped
within 48 h

AB never started or stopped
within 48 h in 72%

Pulia et al. United States,
Mar–May 2020

Retrospective 73 All >0.25lg/L AB prescription Reduced AB prescription in
high PCT group

Williams et al. United Kingdom,
Mar–Apr 2020

Retrospective 368 All !0.25lg/L AB prescription,
mortality,
ICU admission

Reduced AB prescription
(without increasing
mortality); higher mortality
and ICU admittance in high
PCT group

Heesom et al. United Kingdom,
Apr–May 2020

Prospective 52 Severe (ICU) >0.5 mg/L AB duration, ICU LOS AB duration and ICU LOS
longer in high PCT group

Other outcomes
Garrido et al. Spain,

Mar–May 2020
Retrospective 56 All n.a. ICU admission,

mortality
PCT higher in patients admitted

to ICU and non-survivors
Aso!glu et al. Turkey,

Apr–Jun 2020
Retrospective 71 Severe (ICU) n.a. DIC PCT higher in patients with DIC

Krause et al. United States,
Mar–Apr 2020

Mixed (retrospective
and prospective)

93 Severe (invasive
mechanical
ventilation)

>0.1 mg/L Intubation duration,
28 days mortality

Intubation duration longer in
high PCT group, no
difference in mortality

AB: antibiotics; AUC: area under the curve; CAP: community-acquired pneumonia; COVID-19: coronavirus disease 2019; DIC: disseminated intravascular coagulation; ICU: intensive care unit; LOS: length of stay; n.a.:
not available; PCT: procalcitonin.
Sorted by outcome and severity.
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PCT düzeyleri hastalığın ciddiyeti, 
komplikasyonlarve klinik sonuç ile uyumlu

Bakteriyel koinfeksiyonda PCT  ??
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capturing plasmonic images with an inverted optical microscope. Image
processing algorithms were used to track the binding and unbinding
events of individual AuNP in real-time from raw images. Bound AuNP vs
time graph was plotted, and the calibration curve was obtained from that
for different PCT concentrations (Fig. 4). The detection limit was 2.8 pg/
mL, the linear range was from 4.2 pg/mL to 12.5 ng/mL, while the time
required for detection was only 25min [33].

Fernandez et al. developed a micromotor based !uorescent immu-
noassay for procalcitonin detection in the plasma of very low birth
weight infants, considering the scarcity of sample in this group who are
also more susceptible to the development of sepsis. Micromotors are
micron-scale objects that can utilise external stimulus for self-
propagation. In this study, the micromotors were synthesised from
three different conductive monomers [pyrrole-3-carboxylic acid, 3-ami-
nobenzoic acid (3-ABA), and 3,4-ethylene dioxythiophene (EDOT)]. A
Ni layer was incorporated on the micromotors' inner side for magnetic
control. Platinum nanoparticles responsible for catalytic propulsion were
deposited further inside it by amperometry of H2PtCl6 in 0.5M boric acid
at !0.4 V for 750 s. The micromotors were functionalised with strepta-
vidin, biotinylated anti-PCT antibodies (Ab1) were immobilised, and
non-speci"c sites were blocked with 5% BSA. The micromotor batches

were incubated with a biotin !uorophore labelled reagent for 15min.
Next, the PCT and Ab2 were added to form sandwich immunocomplex.
H2O2 catalysis was used for propulsion in a test tube, which was stopped
after requisite time by dilution, and the supernatant was discarded. Due
to Ni's magnetic effect, the micromotors were retained, which were
resuspended using PBS, and the !uorescence at 490 nm and 520 nmwere
measured. LOD was 0.07 ng/mL, and the linear range was between 0.5
and 150 ng/mL. The sample volume required was only 25 !L [34].

Wang et al. developed another simple one-step sandwich chem-
iluminescence immunoassay. In a test tube, acridine ester labelled anti-
PCT antibodies, PCT, and anti-calcitonin antibody-coated magnetic
beads were mixed for the sandwich composite to form. The bound
complexes were kept in place at the test tube's side by a magnet while
washing off the unbound substances. Alkaline H2O2 was added to the
bound fraction resulting in the emission of photons by the acridine ester.
The signals were recorded after 30min. LOD was 0.0075 ng/mL, linear
range obtained between 0.01 and 110 ng/mL, and the sample volume
required was only 50 !L [35].

Chiang et al. developed a "bre optic sandwich immunoassay by the
use of nano-plasmonic absorption of evanescent waves. The Ab1 was
attached using the EDC-NHS bioconjugation system over the mixed self-

Fig. 2. (A) The setup of imaging ellipsometer with Xenon lamp as the incident light source, the conventional Polariser-Compensator-Sample-Analyser
con!guration, and charge-coupled device (CCD) sensor for receiving the emergent light signal. (B) Surface modi!cations on polished silicon wafers
comparing direct and sandwich immunoassay, the latter preventing non-speci!c signals from serum components other than the target analyte. cAb:
Capture antibody, dAb: detection antibody. (Reprinted from Li et al. [29]. Copyright (2018), with permission from American Chemical Society). (For interpretation
of the references to colour in this "gure legend, the reader is referred to the Web version of this article.)
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non-speci!c binding sites. The anti-PCT secondary nanobodies were
immobilised on CdTe@SiO2 nanoparticles using glutaraldehyde solu-
tion, and a sandwich assay was designed (Fig. 5). Electro-
chemiluminescence emission intensity was measured at !1.68 V (vs Ag/
AgCl) for different concentrations of PCT. The limit of detection (LOD)
obtained was 3.4 pg/mL [39].

A high-af!nity peptide against PCT synthesised using phage display
technique was used as the biorecognition element by Lim et al. Peptides
have signi!cant advantages as they are small, cost-effective, and more
stable than antibodies, making them ideal for integration into point of
care sensors. A series of such peptides were synthesised, the C-terminal
containing cysteine to generate a self-assembled monolayer (SAM)
comprising thiol groups. A linker (–GGGGS–) was also used for molecular
"exibility, and the peptide with the best binding af!nity was selected
using CV and EIS studies. The selected peptide (Kd: 0.39" 0.11 nM) was
immobilised on the gold electrode, and EIS studies were performed for
different PCT concentrations. The limit of detection was 12.5 ng/mL, and
linearity was observed between 0.0125 and 0.25 !g/mL, which are

unsuitable for clinical use [40].

3.2.2. Antibody-based electrochemical sensors
An antibody-based sandwich assay on glassy carbon electrode (GCE)

was established by Liu et al. for which reduced graphene oxide (rGO) and
gold nanoparticles were co-deposited on polished GCE. The deposition
was carried out electrochemically by cyclic voltammetry of 100.00 !mol/
L chloroauric acid and 1.00mg/mL rGO solution in carbonate buffer of
pH 9 for 30 cycles at 50mV/s. The rGO helps in the binding of a large
number of primary antibodies (Ab1) on the sensor surface. PCT was
added to this modi!ed surface after blocking by BSA. Secondary antibody
(Ab2) was activated with EDC-NHS and thionine to prepare thiolated
antibodies. The thiolated antibodies were mixed with already syn-
thesised single-walled carbon nanohorns/hollow Pt chains complex
(SWCNH/HPtCs), which acted as signal tags, followed by the addition of
HRP to bind Ab2 and to block excess hollow Pt. The Pt nanoparticles and
HRP were responsible for the catalysis of H2O2. The surface modi!ca-
tions were con!rmed using CV and EIS studies, augmented by SEM

Fig. 4. Schematics of the time-resolved digital immunoassay (a) Modi!cations over the gold-coated glass chip for sandwich immunoassay and recording
technique using an inverted optical microscope and charge-coupled device (CCD) camera (b) Image processing to track real-time binding and unbinding of
AuNPs (GNPs) (representative of PCT concentration) (Reprinted from Jing et al. [33] Copyright (2019), with permission from American Chemical Society). (For
interpretation of the references to colour in this !gure legend, the reader is referred to the Web version of this article.)
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K E Y  P O I N T S

•  In a review of 9,385 inpatient 
encounters, 32.5% of antibiotic 
decisions did not align with the 
procalcitonin (PCT) value. Passive 
clinical decision support did not 
impact prescribing behavior.

•  Passive clinical decision support 
did not impact prescribing 
behavior.

•  Overuse of PCT represents an 
opportunity to improve high-value 
laboratory utilization. More rational 
clinical testing may strengthen its 
impact on stewardship.
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A B S T R A C T

Objectives: Despite multiple trials demonstrating that procalcitonin (PCT) is an effective 
tool for antibiotic stewardship, inconsistent application in real-world settings continues to 
fuel controversy regarding its clinical utility. We sought to determine rates of concordance 
between PCT results and antibiotic prescribing in hospitalized patients.

Methods: We performed a retrospective review of all inpatient encounters at an aca-
demic tertiary care health system with a PCT result between February 2017 and October 
2019. Concordant prescribing was defined as starting or continuing antibiotics following an 
elevated PCT (>0.5 ng/mL) finding and withholding or stopping antibiotics following a low 
PCT (< 0.1 ng/mL) finding.

Results: Antibiotic prescribing decisions were discordant from the PCT level in 32.5% 
of our sample. Among patients not receiving antibiotics at the time of testing, 25.9% (430 
of 1,662) were prescribed antibiotics despite a low PCT result. Among patients already 
receiving antibiotics, treatment was continued despite a low PCT level in 80.4% (728 of 
906) of cases. Enhanced decision support tools introduced during the study period had no 
impact on PCT use for antibiotic decisions.

Conclusions: Overall concordance between PCT results and antibiotic use is relatively 
low in a real-world setting. The potential value of PCT for antibiotic stewardship may not 
be fully realized.

I N T R O D U C T I O N

The Centers for Disease Control and Prevention estimates that over half of antibiotic prescrip-
tions in US hospitals are inappropriate or altogether unnecessary1,2; such overprescribing 
contributes to increasing rates of multidrug-resistant bacterial and Clostridioides difficile 
infections. Antibiotic stewardship programs are currently required for hospital accreditation 
by The Joint Commission.

Procalcitonin (PCT) is a biomarker whose use has been shown in multiple studies to be 
safe and effective for reducing antibiotic exposure in patients with respiratory infections 
and sepsis.3,4 In 2017 the US Federal Drug Administration (FDA) approved its use to guide 
antibiotic stewardship efforts in patients with these conditions.5
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PCT düzeyi düşük olmasına karşın

Antibiyotik almayan hastalarda ;antibiyotik kullanımı % 25.9

Antibiyotik alan hastalarda ; antibiyotik devam edilen % 80.4
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A B S T R A C T

The menace of antibiotic resistance is on the rise, and one critical reason for that is the inappropriate use of
antibiotics. Detection, severity assessment, and differentiation of bacterial infection from other causes of similar
symptoms remain the key to guide antibiotic therapy. Unlike other acute phase reactants, procalcitonin (PCT) has
evolved as a promising biomarker that can help distinguish between bacterial infections and other infections
caused by virus, fungus or any other in!ammatory condition. In the normal physiological state, it is produced
mainly from parafollicular C cells of the thyroid gland and in minute quantities from the neuroendocrine cells of
the lungs and the intestine and gets converted to calcitonin, the calcium regulating hormone. It is produced from
extra thyroid tissues during bacterial infections, mediated by interleukin 6 (IL-6) and tumour necrosis factor-alpha
(TNF-!). PCT is an excellent biomarker for sepsis detection in an institutional setting and has been included in
many diagnostic algorithms and scoring systems. Apart from that, it is used for the monitoring of response and
discontinuation time of antimicrobial agents. Recent evidence supports the use of procalcitonin estimation in
primary care settings and monitoring of COVID-19 cases also. A low cost, rapid, quantitative point of care sensor
with desired sensitivity is needed for that to be possible. Several sensitive optical and electrochemical biosensors
have been designed to quantify serum PCT. Some have been translated to laboratory settings, but not much
progress has happened in terms of rapid point-of-care detection, which is essential considering the clinical
relevance. In this article, the progress in the last decade has been reviewed, both in terms of clinical evidence and
the sensor development for procalcitonin. Discussion regarding possible advancements has also been carried out.

1. Introduction

Antibiotic or antimicrobial resistance is one of the biggest threat to
public health in this 21st century, as it renders the available antimicro-
bials to combat deadly infections ineffective. Every year 2.8 million pa-
tients suffer from drug-resistant infections and 35,000 patients succumb
to death in the USA itself [1]. The primary reasons for the development of
antibiotic resistance are overuse and inappropriate prescribing of anti-
biotics, apart from extensive agricultural and animal use [2]. A signi"-
cant fraction of antibiotic use happens in primary care setup (about
80–90%), half of that solely used for respiratory tract infections. The
decision to initiate antibiotic therapy is usually subjective, primarily
based upon the treating physician's judgement, and hence it's

overprescribed due to concern of aggravation of the illness [3]. Pro-
calcitonin (PCT) estimation in the primary and secondary care settings
can confer some objectivity to this decision making process.

1.1. Procalcitonin as a biomarker

Procalcitonin (PCT) is a polypeptide containing 116 amino acids,
encoded by the CALC-1 gene located on chromosome 11 in humans. It is
the precursor form of calcitonin, the serum calcium regulating hormone.
Usually, it is produced from the thyroidal parafollicular C cells and the
intestinal and pulmonary neuroendocrine cells. In healthy individuals>3
days of age, the procalcitonin level in the blood usually remains<0.1 ng/
mL [4,5].

Serum procalcitonin level increases mildly in localised bacterial

* Corresponding author.
E-mail address: g.dutta@smst.iitkgp.ac.in (G. Dutta).

Production and hosting by Elsevier

Contents lists available at ScienceDirect

Sensors International

journal homepage: www.keaipublishing.com/en/journals/sensors-international

https://doi.org/10.1016/j.sintl.2021.100107
Received 7 April 2021; Received in revised form 1 June 2021; Accepted 4 June 2021
Available online 11 June 2021
2666-3511/© 2021 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Sensors International 2 (2021) 100107

A low cost, rapid, quantitative point of care sensor with desired sensitivity is needed
for that to be possible. Several sensitive optical and electrochemical biosensors have
been designed to quantify serum PCT. Some have been translated to laboratory
settings, but not much progress has happened in terms of rapid point-of-care
detection, which is essential considering the clinical relevance. In this article, the
progress in the last decade has been reviewed, both in terms of clinical evidence
and the sensor development for procalcitonin. Discussion regarding possible

advancements has also been carried out.



Sonuç

• PCT; diagnostik, prognostik ve terapötik bir biyobelirteçtir

• YBÜ dışında bakteriyel infeksiyon tanı ve tedavi izlemi ? 

• Bazal PCT düzeyi konak özelliklerinden etkilenir.

• PCT de-eskalasyon tedavisinde yönlendirici – birden fazla PCT
(Sadece PCT düzeyi ile hasta izlenmemeli)



Sonuç

• Farklı teknikler ve cut-off değerleri dikkate alınmalı

• Serum/plazma dışı örneklerde PCT izlemi umut verici olabilir

• İnfeksiyon dışı hastalıkların teşhisine ve prognozuna rehberlik
etmek ??




