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Abstract. – OBJECTIVE: Due to significant 
mortality and morbidity which may be reduced 
by prompts treatment, there is great interest in 
determining an ideal biomarker for the diagno-
sis of sepsis upon presentation to the Emergen-
cy Department. The most specific test is a posi-
tive blood culture, but its sensitivity is very low, 
and the results are usually available 2 days af-
ter sampling. For this reason, research is con-
ducted into serum biomarkers with greater sen-
sitivity for which results can be available within 
hours of presentation. High initial procalcitonin 
levels are a sensitive marker of bacterial infec-
tion, and the degree of procalcitonin elevation 
may determine which patients are at greater risk 
for adverse outcomes (mortality or ICU admis-
sion). The purpose of this narrative review is to 
evaluate the utility of procalcitonin as a diagnos-
tic marker of sepsis in the emergency depart-
ment and the use of procalcitonin-guided man-
agement algorithms.

MATERIALS AND METHODS: A PubMed 
search was conducted in June 2020 for procal-
citonin, resulting in the retrieval of 371 articles 
which were screened for relevance. 48 articles 
were included in the review.

CONCLUSIONS: Procalcitonin elevation may 
be used as an indication for initiation of antibi-
otic treatment, and antibiotics may be discon-
tinued once procalcitonin normalizes. This ap-
proach leads to reduced antibiotic consump-
tion, but it is not yet clear whether it ensures 
better outcomes for patients. Procalcitonin in 
centers where it is available could be a use-
ful diagnostic and prognostic biomarker for pa-
tients presenting to the Emergency Department 
with symptoms suggestive of sepsis. Further re-
search is however required to determine wheth-
er the use of procalcitonin measurements in 
management algorithms leads to improved pa-
tient outcomes.

Key Words:
Sepsis Syndrome, Biomarker, Procalcitonin, Presep-

sin, Emergency department.

Introduction

Sepsis syndrome has a complex underlying 
pathophysiology and despite extensive research, 
the ideal biomarker for the clinical decision-mak-
ing, diagnosis and prognosis of the syndrome has 
yet to be identified. Several biomarkers have been 
used to facilitate improved monitoring, manage-
ment and risk stratification of the sepsis syn-
drome, but none of them is sufficiently sensitive 
and specific to be regarded as a gold standard. 
Especially in the Emergency Department setting 
where patients may present in critical condition 
with symptomatology suggestive of sepsis, a bio-
marker which can aid in the differential diagno-
sis between disseminated bacterial infection and 
non-infectious causes of severe systemic inflam-
matory response syndrome (SIRS) would be par-
ticularly useful1. Procalcitonin has been used as 
a possible marker of the systemic inflammatory 
response to infection and numerous studies have 
proved its efficacy as a marker of critical illness 
and sepsis. This study aimed to summarize the 
existed literature regarding the role of procalci-
tonin in the assessment of patients with sepsis in 
the emergency department setting, and its pre-
dictive value as a prognostic factor of the sepsis 
syndrome and its various stages2. 

Procalcitonin is a protein produced by the 
parafollicular cells of the thyroid gland, which is 
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cleaved to produce calcitonin, a hormone which 
regulates calcium homeostasis. Calcitonin in-
creases calcium deposition in bones and reduces 
serum calcium levels. It can be used therapeuti-
cally in the management of severe hypercalcemia. 
Aside from its physiological function, procalci-
tonin gene expression is induced by lipopolysac-
charide and systemic inflammatory mediators, 
such as interleukin 6 and tumor necrosis factor, 
so the serum concentration of procalcitonin in-
creases dramatically during systemic bacterial 
infections and levels appear to normalize just as 
rapidly once the infection is cleared. It is consid-
ered an acute phase reactant and for this reason 
serum procalcitonin may be a useful biomarker 
for sepsis. The test is not routinely available at 
all hospitals, but it is not particularly expensive 
and its widespread use may lead to improved pa-
tient outcomes3. Most promising clinical applica-
tions for the measurement of serum procalcitonin 
in the Emergency Department are to determine 
which patients have a disseminated bacterial in-
fection and when antibiotics should be initiated. 
The degree of procalcitonin elevation may mirror 
disease severity and it could be used to identify 
those at higher risk of mortality, and those most 
likely to require admission to the intensive care 
unit (ICU)4. The purpose of this article is to re-
view the diagnostic and prognostic significance 
of procalcitonin measurement upon presentation 
in the emergency department and to review the 
literature on procalcitonin guided management 
algorithms based on these results, which have the 
potential of reducing healthcare related costs and 
leading to improved patient outcomes. 

Materials and Methods

We conducted a PubMed search on June 2020 
using the terms ‘procalcitonin’ as “Title/Abstract” 
or as “MeSH Terms”. The structure of the search 
in the “Search details” window of the PubMed 
website was emergency service; hospital; procal-
citonin; sepsis. We also reviewed the references 
of all identified manuscripts to identify addition-
al relevant publications. All observational studies 
and randomized trials on the sensitivity, specificity 
negative and positive predictive value on the use 
of procalcitonin for the diagnosis of sepsis in the 
emergency department were included, as were 
observational studies on the association of pro-
calcitonin levels on ED presentation with patient 
outcomes. Case reports, case series, studies not 

in adults, and studies not requiring procalcitonin 
measurement upon initial presentation were ex-
cluded. Only publications in English were includ-
ed. Though this is a narrative review, we opted 
to include a PRISMA flowchart and use a search 
methodology consistent with systematic reviews.

Results

The initial search gave 371 results, which were 
screened for relevance based on the title and ab-
stract. The full text of articles which were deemed 
relevant was accessed and the most important in-
formation is presented in the tables of this review. 
The search process and results are presented in 
detail in the PRISMA flow chart, although this is 
not a systematic review (Figure 1). Research con-
ducted on the role of procalcitonin measurements 
in the Emergency Department can be grouped in 
to 3 categories with minimal overlap: studies on 
the use of procalcitonin as a diagnostic marker 
to rule out (or in some cases rule in) sepsis (26 
articles), those on its use as a predictive factor 
of severe outcomes (18 articles) and those on the 
utility of procalcitonin measurements to guide 
management decisions (4 articles). The findings 
of the review are presented and discussed in the 
following sections.

Procalcitonin May Aid in the Prompt 
Identification of Sepsis Due to Bacterial 
Infection in the Emergency Department

Sepsis is usually diagnosed clinically when 
systemic signs of inflammation are present along 
with an identifiable focus of infection. The gold 
standard for the diagnosis is the isolation of the 
causative pathogen in blood cultures. Blood cul-
tures are however highly likely to be negative 
even in the presence of sepsis, and while a posi-
tive culture provides a definitive diagnosis, nega-
tive results have no predictive value. Depending 
on the focus of the infection, the causative or-
ganism can also be isolated from other clinical 
samples, such as urine in the case or urinary tract 
infections, sputum in the case of pneumonia, 
pleural fluid in the case of pleural empyema and 
ascitic fluid in the case of bacterial peritonitis. 
In elderly patients who are typically disoriented 
and unable to provide an accurate history or to 
comply with a physical exam, identification of the 
focus of infection is even more challenging. For 
this reason, biomarkers may be used to either rule 
in or rule out sepsis or to estimate its severity. 
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Some studies5,6 have been published regarding 
the value of procalcitonin as a diagnostic marker 
for sepsis and as an indicator of its severity, both 
alone and in comparison with other putative 
biomarkers of sepsis. Compared to lactate, pro-
calcitonin may be more sensitive for mild cases 
of sepsis (suggesting it is more useful to rule out 
sepsis), whereas lactate has a stronger correla-
tion with severe sepsis and septic shock. The 
association of lactate with more severe disease 
was also noted in other studies7, but it is less 
specific, especially in patients with advanced 
cancer8. It also appears to be more sensitive for 
bacteremia due to gram – organisms compared 
to gram + baceteremia6,9. C-reactive protein (the 
term refers to the fact that it interacts with pro-
tein C produced by Streptococcus pneumoniae) 
is another ubiquitous acute phase reactant which 
is greatly elevated in bacterial infections. It is 
unclear which biomarker is preferable, as certain 
studies10-13 suggest that procalcitonin is more 
accurate than CRP for the diagnosis of sepsis, 
whereas other studies14,15, though comparatively 
fewer and of lower quality would suggest the 
opposite. According to a Spanish cohort study 
of 653 patients, procalcitonin with a cutoff of 
2.54 ng/ml had an AUC of 0.705 with a 95% 
confidence interval of [0.653-0.758] compared 
to 0.654 [0.604-0.705] for 4.1 mmol/L for lac-

tate and 0.579 [0.527-0.631] for 156 mg/L for 
CRP. Procalcitonin at a cutoff value of 2.54 ng/
mL was clearly superior to CRP and lactate at 
their respective cutoffs in this cohort, with a 
specificity and sensitivity of 60.3% [52.3-67.7] 
and specificity of 70.5% [65.2-75.2]. It should 
however be noted that sensitivity and specificity 
vary greatly depending on the cutoff value, with 
lower cutoff values being characterized by high-
er sensitivity and greater cutoff values having 
better specificity9. The available data does in-
deed suggest that procalcitonin is a superior bio-
marker of sepsis compared to CRP, but this has 
not been conclusively proven and it may in fact 
not be relevant, as composite biomarkers may 
be more relevant to clinical practice. Composite 
scores utilizing more than one biomarker may be 
superior than any single test used in isolation16, 
and one such promising composite marker is the 
combination of procalcitonin with soluble phos-
pholipase A2 group IIA17. Procalcitonin may 
also be comparable in accuracy or even supe-
rior compared to another promising biomarker, 
presepsin, especially in patients with acute renal 
failure18. The accuracy of procalcitonin as a 
biomarker may differ based on chronic comor-
bidities, especially renal failure. Procalcitonin 
is cleared by the kidneys and is also removed 
by dialysis, rendering its use unreliable in pa-

Figure 1. PRISMA flow chart detailing the article selection process for this review.
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tients presenting with severe renal impairment19. 
Apart from culture, Polymerase Chain Reaction 
assays for the detection of common pathogens 
may also be used for the diagnosis of sepsis, 
and procalcitonin elevation may have a stronger 
correlation with positive PCR as compared to 
blood cultures20. Other studies21,22 also favored 
the assumption that it is more strongly correlat-
ed with clinical sepsis as opposed to blood cul-
ture positivity. Procalcitonin appears to be more 
useful for ruling out sepsis compared to ruling 
it in, a fact which underlies its usefulness to aid 
in the decision whether to initiate or withhold 
antibiotics23-27. In the case of urinary tract infec-
tions, procalcitonin may aid in the identification 
of acute pyelonephritis and may also suggest the 
need for drainage procedures in pyelonephritis 
due to urinary calculi28,29. In the case of acute 
prostatitis, procalcitonin may be less accurate 
as a biomarker compared to the prostate specific 
antigen30. The studies examining the use of pro-
calcitonin as a diagnostic marker for sepsis are 
presented in Table I.

Procalcitonin in the Emergency 
Department as a Predictor of Adverse 
Outcomes Including Mortality  

While the evidence regarding the utility of 
procalcitonin as a diagnostic marker for sepsis 
remains inconclusive, it may be more valuable 
as a predictive factor for adverse outcomes 
in patients presenting to the ED with clinical 
features typical of sepsis. Different procalci-
tonin cut-off value may be used to differentiate 
between sepsis, severe sepsis and septic shock, 
with more severe conditions being associated 
with higher quantitative procalcitonin levels31. 
Extremely high procalcitonin levels (>32.5 ng/
mL) on admission may be a sensitive and in-
dependent predictor of mortality32. Lee at al33 
with a smaller sample found as association be-
tween procalcitonin elevation and risk of ICU 
admission but no association with mortality, 
which could be an error due to the small sample 
size.  Low procalcitonin levels on admission 
may be associated with better outcomes34. The 
association with mortality may be corroborated 
by other biomarkers typically associated with 
negative outcomes, such as brain natriuretic 
peptide35, MR-proADM36,37, pentraxin 3, inter-
leukin 638 and lactate39,40.  Procalcitonin levels 
fall rapidly once infections is cleared, and sus-
tained elevation 4 days after admission appears 
to be an accurate predictor of mortality41,42. 

MR-proADM may in fact be a more accurate 
predictor than procalcitonin and clinical scores, 
such as CRB-65, MEDS and SOFA according 
to Saeed et al43.

Procalcitonin elevation as a predictive factor 
for mortality may be comparable in accuracy to 
clinical scores, such as the MEDS score, with 
a composite biomarker integrating procalcitonin 
into the MEDS score may be more accurate 
than either index alone44. Combination of the 
MEDS score with procalcitonin measurement 
may enable better evaluation and prognostic 
stratification of patients presenting to the ED 
with clinical features typical of sepsis45, and this 
composite marker may also retain its accuracy in 
patients admitted for severe influenza (in which 
bacterial superinfection is common)46. Though 
procalcitonin and the MEDS score appear to be 
preferable to the SOFA and aSOFA score as pre-
dictive factors of mortality, one group suggested 
a modification of the qSOFA score to include an 
ordinal scale of procalcitonin with a score of 0-2 
(<0.25 ng/mL, 0.25-2 ng/mL, >2 ng/mL) in order 
to increase its sensitivity and specificity for pre-
dicting 30 day mortality47. The studies relevant to 
the prognostic value of procalcitonin in patients 
presenting to the ED with suspected sepsis are 
presented in Table II.

Treatment Decisions Guided by 
Procalcitonin Elevation in the 
Emergency Department

A Cochrane review conducted in 2017 sum-
marized the empirical evidence regarding the 
use of procalcitonin algorithms for the initiation 
and discontinuation of antibiotic treatment, as 
well as the effect of the use of such algorithms 
on patient outcomes. The review included 6708 
patients from 26 different trials. The use of 
algorithms guided by serum procalcitonin mea-
surements (with an initial measurement during 
the evaluation of the patient in the emergency 
department) were associated with reduced mor-
tality and reduced total antibiotic exposure. The 
algorithms used were not identical between the 
trials, but in most cases antibiotics would be ini-
tiated after an initial measurement above a preset 
cutoff value (above 0.25 or 0.5 ug/L), and serial 
procalcitonin measurements would be obtained 
daily, with discontinuation of antibiotics after a 
90% reduction from the peak measurement, or 
with normalization of serum procalcitonin (< 0.1 
ug/L). The data presented in the review suggests 
that the use of procalcitonin algorithms may lead 
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to improved outcomes, but does not enable the 
comparison between different algorithms, and 
it is still unclear what the ideal cutoff value for 
the initiation of antibiotics is, and what criterion 
should be used to discontinue treatment. It should 
be noted that antibiotic treatment duration should 
be the shortest possible, to reduce adverse events 
from drug toxicity and to prevent the selection of 
resistant strains48. Gille-Johnson49, however, sug-
gested that procalcitonin could in fact be inferior 
to other commonly used markers of severe sepsis, 
thus undermining is value to aid the decision 
whether to initiate antibiotic treatment (Figure 2). 

In the case of acute cholangitis, procalcitonin 
elevation may correlate with positive blood cul-
tures and serum procalcitonin may be increased 
prior to the emergence of severe disease, func-
tioning as a predictive factor of a complicated 
disease course. Thus, it was suggested that pro-
calcitonin elevation in cholangitis could suggest 
the need for urgent biliary decompression before 
it was clinically evident50,51. The studies relevant 
to the use of procalcitonin measurements in the 
emergency department to reach management de-
cisions are summarized in Table III.

Conclusions

Serum procalcitonin (PCT) has emerged as 
a highly accurate biomarker for differentiating 
sepsis from other non-infectious triggers, as PCT 
increases earlier, better differentiates infective 
from non-infective causes of inflammation, more 
closely correlates with sepsis severity in terms of 
shock and organ dysfunction and better predicts 
outcome when followed in time. However, PCT 
measurement is more costly, time-consuming, 
and not ubiquitously available, especially when 
compared with biomarkers, such as lactate and 
CRP. 

It has been shown that PCT is a valuable tool 
to guide antibiotic treatment in patients with bac-
terial infections. However, PCT is also less than 
a universal and perfect biomarker, and its physio-
logic role remains unknown. An increase in PCT 
is associated not only with disseminated bacterial 
infection, but also with non-infectious disease 
or other microbial infections. In the emergency 
department, an initial elevated PCT level could 
be used as a cue for the initiation of antibiotics, 
whereas the absence of PCT elevation could 

Figure 2. Procalcitonin cut-off values used to rule out sepsis are typically < 0.5 ng/mL, with 0.25 and 0.1 ng/mL used in cer-
tain studies. An initial measurement under this value can be used a criterion to withhold empirical antibiotic treatment. Levels 
above this value suggest that antibiotics may be required. During follow-up, antibiotics may be discontinued if levels fall below 
these values during the course of the hospitalization. Lower cut-off values lead to increased sensitivity but decreased speci-
ficity. Procalcitonin values associated with severe disease and adverse outcomes are > 2 ng/mL, with increasing procalcitonin 
levels reflecting more severe disease. A common procalcitonin guided algorithm is presented in this figure.
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prompt clinicians to withhold antibiotics in pa-
tients in whom an infection was initially suspect-
ed and pursue further diagnostic investigations. 
Future studies should focus on PCT kinetics, and 
the possible role of serial PCT measurements to 
assess the need for continued antibiotic treatment. 
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