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Background: This review study aimed to investigate the role of PCT in the 
prognosis of mortality among patients admitted to the intensive care units 
(ICU). Procalcitonin (PCT) is a polypeptide and prohormone of calcitonin. This 
prohormone is secreted by thyroid gland C cells in response to hypercalcemia, 
and Its elevated level indicates infection, especially bacterial infections, in 
which there is a systematic response to infection. 
Materials and Methods: This narrative review study was performed based on 
Cochrane collaboration recommendations for reviews. We reviewed all the 
titles and abstracts of published research articles with the following inclusion 
criteria studies aimed to confirm the function of a prognostic model in 
predicting mortality or survival, (b) mortality or survival of a specific endpoint 
(for example, 30 days), (c) patients admitted to intensive care units, and d) the 
articles written in English. The exclusion criteria of the current review included: 
(a) articles whose data were not specifically focused on prognosis of patients in 
ICU, (b) articles that did not provide sufficient information on the cause of 
death of patients in ICU, and (c) articles focusing on the treatment of comorbid 
patients with infections in ICU. The search was conducted on Google Scholar, 
PubMed, Magiran, ScienceDirect, and SID. Also, to search Iranian databases, 
including SID and Magiran, the same terms and expressions were searched. 
Results: Based on the findings of this review, serum levels of PCT were 
reported within the range of at least 5 to more than 16 ng/ml in patients 
admitted to ICU. The mortality rate was estimated at 5.7% to 79% in these 
patients. Moreover, the incidence of sepsis was reported from 13% to 77.6%. 
Conclusion: Serum levels of PCT as a prognostic factor may help early 
detection, and better classification of the poor prognoses sepsis patients and 
more invasive treatment of patients admitted to ICU and are at risk for 
mortality. 
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INTRODUCTION 

Procalcitonin (PCT), a 116 amino acid polypeptide with 

a molecular weight of about 14.5 kDa, is a prohormone 

belonging to the calcitonin family. This prohormone is 

secreted by thyroid gland C cells in response to 

hypercalcemia (1). PCT structure is composed of three 

parts: end-part amino acids, immature calcitonin, and 

terminal-carboxyl calcitonin peptide. This prohormone is 

converted to active intracellular hormone by proteolytic 

enzymes (2).  
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In normal physiological conditions, in a healthy person, 

the PCT level in the systemic circulation is very low (<0.05 

ng/mL) (3). During systemic inflammation, especially 

bacterial infections, PCT is produced by macrophages and 

monocytes of various organs and is released into blood 

circulation, which increases the PCT concentration. Studies 

have shown that PCT is an essential marker for the 

diagnosis of bacterial infections and also has a direct 

relationship with the severity of the infection (4-6). 

Therefore, PCT is an appropriate biomarker for diagnosing 

bacterial or fungal infections and sepsis (7). 

Prognostic estimation methods in the intensive care 

unit (ICU) have different goals. Initially, prognostic models 

might be used to detect the poor prognosis cases by 

comparing the results of cases of other care units. Also, the 

next step is to identify high-risk subgroups and 

classification of patients based on their paraclinical 

findings (8). As a result, prognostic models can be 

implemented to support decision-making (including 

estimating the prognosis and informing the patients and 

their families). Also, these models can be used to predict 

the mortality rate in the ICU (9). 

The prevalence of severe sepsis and septic shock has 

been increasing in recent years, especially in the ICUs (10). 

Sepsis and septic shock are also the most common 

mortality causes in the ICU (11). Subsequently, early 

diagnosis of infection in ICU patients and the rapid onset 

of proper treatment are the most critical factors affecting 

the clinical decision-making and reducing mortality in 

these patients. Therefore, accurate diagnosis and proper 

antibiotic treatment can increase these patients' survival 

rates (5). However, blood cultures detect only about 30% of 

bacterial infections, and positive blood cultures may not be 

detected within 48-48 hours (12). Various studies have 

indicated a direct relationship between serum levels of 

PCT and mortality rates (3, 13-15); therefore, PCT levels 

can be helpful for early classification, and better treatment 

of the patients admitted to the ICT and are at risk of death. 

There are several published systematic reviews about 

the role of PCT in appropriate management of critically ill 

patients, but neither of them has considered the role of 

PCT in ICU patients. Hence, this review study was 

performed with the aim of investigating the role of PCT in 

the prognosis of death in patients admitted to the ICU.   

 

MATERIALS AND METHODS 
This narrative review study was performed based on 

Cochrane collaboration recommendations for reviews. For 

this purpose, the seven steps, including the designing 

question, selection of eligibility criteria, literature review, 

selection and deletion of articles, evaluation of the quality 

of papers, extraction of the necessary information, and 

presenting were followed.  

Eligibility criteria 
We reviewed all the titles and abstracts of published 

research articles with the following inclusion criteria: (a) 

studies aimed to confirm the function of a prognostic 

model in predicting mortality or survival, (b) mortality or 

survival of a specific endpoint (for example, 30 days), (c) 

patients admitted to intensive care units, and d) the articles 

written in English. 

The exclusion criteria of the current review included: 

(a) articles whose data were not specifically focused on 

prognosis of patients in ICU, (b) articles that did not 

provide sufficient information on the cause of death of 

patients in ICU, and (c) articles focusing on the treatment 

of comorbid patients with infections in ICU. Also, all 

papers published in non-English or Persian languages, the 

study of animal models, the lack of presented data or poor 

description of applied methods, non-clinical studies, 

experimental studies, experts' opinion, letter to editor, 

review articles, systematic reviews, meta-analyses, case 

reports, case reports, comparative studies, and the studies 

on children were excluded from this study. The study type 

was limited to clinical trials, cohort, and prospective cross-

sectional studies. 

The literature review 
In this study, the literature review was carried out by 

two specialized researchers who consistently 

communicated with each other to calibrate their search 
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strategies. The search was conducted on Google Scholar, 

PubMed, Magiran, ScienceDirect, and SID. The initial 

search was performed in December 2018 and updated in 

March 2019. The following keywords were searched: ICU 

and Procalcitonin, in combination with Prognostic Value, 

Mortality, Sepsis, and Bacterial Infection, and the articles 

published until 2019 were retrieved. Also, to search Iranian 

databases, including SID and Magiran, the same terms and 

expressions were searched. Search on these databases was 

done without any limitation or filtering. The appropriate 

BOOLEANs and wild cards were applied to reach the best 

results. 

Study selection and data extraction 
At first, titles and summaries of all articles were 

reviewed, and the articles related to study objectives were 

selected. Then, the full text of selected articles was 

obtained, and the articles which were consistent with 

inclusion criteria were evaluated. The data of included 

studies were recorded in data extraction forms by both 

authors to determine whether the articles met the inclusion 

criteria. Articles related to our goals were entered, and 

other articles were removed. Data were reviewed 

separately by two authors. In the next step, the two authors 

consulted, removed the unrelated articles, carefully 

evaluated the remaining studies, and extracted the 

necessary information. The process and counts of selected 

articles are shown in the PRISMA diagram (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. PRISMA chart of the systematic review of the articles searched using 

Google scholar, PubMed, ScienceDirect, SID, and Magiran databases 

Study designs 
At first, the summary of related articles was explored. 

The articles which met the inclusion criteria entered the 
study for further review and evaluation. After removing 
the unrelated articles, the full text of all articles was 
extracted and carefully studied. A standard form was used 
for collecting data. The first author did the assessment, and 
in case of doubt, the co-author was consulted. From each 
selected study, we extracted the following data: size and 
nature of the sample, geographical location of the plan, rate 
of admission, duration of follow-up in the ICU, time of 
data collection, and mortality rate in the ICU.  

 
RESULTS 

After searching Google Scholar, PubMed, and 
ScienceDirect databases, 2675 articles were obtained. We 
found 1836 articles in primary search in Google Scholar, 
918 articles in PubMed, and 921 in ScienceDirect. Also, 20 
articles were found in Magiran and 15 in SID databases. 
After screening the titles and abstracts of these articles, 
2197 articles were excluded from the study due to not 
providing the same purpose as the current study, and the 
unrelated studies were also excluded, and 478 articles 
remained. Also, 1417 articles were excluded due to the 
repetition of the project. The full text of 96 articles was 
evaluated in terms of inclusion criteria.  

Among the included studies, 60 articles were excluded 
due to insufficient data, and 36 articles entered the study 
for data extraction (Figure 1). The reasons for removing 
these articles in detail were as follows: no access to the full 
text of the article (n=10), articles published in non-English 
or Persian languages (n=12), no data or poor description of 
applied methods (n=12), study types of letters to the editor 
(n=5) and review, systematic review, and meta-analysis 
articles (n=47).  

In total, 36 articles were included in the data extraction 
phase after evaluation of the full text of retrieved articles. 
In these studies, PCT levels of about 17080 ICU-admitted 
patients had been evaluated. Due to varied study types of 
included studies and high potential heterogeneity. Thus, 
just a simple report of data was performed in this study. 

Regarding study locations, most of these studies had 
been conducted in different areas across the Europe and 
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Asia, and some in the United States. About 6 studies (8.3%) 
had been conducted in Spain and India, six studies (5.5%) 
in France, Australia, Germany, Greece, Malaysia, and Italy, 
and one article (2.7%) in other countries. Totally, 16 studies 
(44.4%) had been done in Europe, 17 studies (47.2%) in 
Asia, and three studies (8.3%) in the US and Australia. In 
total, one study (2.7%) had been conducted in Iran.  

The duration of the study was 1 to 10 years. In various 
studies, the duration of follow-up of PCT levels in patients 
admitted to ICU was reported from one day to 30 days 
after admission. The mortality rate in these patients was 
reported between 5.7% and 79%. The highest mortality rate 
was reported in the studies conducted in India and 

Pakistan. In different studies, serum levels of PCT had 
been reported from at least 5ng/dL to more than 16ng/dL 
in patients admitted to ICU, which was >10ng/dL in most 
studies. The prevalence of sepsis had been reported 
between 13% and 77.6%. Table 1 shows some of the 
relevant variables, including size and nature of the sample, 
the geographical location of the study, the acceptance rate, 
follow-up time in the ICU, mortality rate, mean serum 
level of PCT, and serum concentration of C-reactive 
protein (CRP). These studies had been conducted in 21 
countries around the world. The articles were evaluated by 
quality assessment, which is presented in Table 2. 

 
Table 1. Frequency and serum level of PCT in patients admitted to ICU 
 

Authors   Year Country 
Study 
design 

Number 
of 

sample 
ICU 

Follow-
up (day) 

Mortality 
rate (%) 

PCT test 
Mean serum 
level of PCT 

ng/mL 

concentration 
of CRP 
mg/dL 

Rate of sepsis 
(%) 

Other 
bacterial 

infections (%) 
Adamik et al (16) 2000 Poland prospective 41 heart 5 61 Lumitest PCT ≤10 Not reported 61 32 
Clec’h et al (17) 2004 France prospective 75 heart 10 66.7 Not reported ≤14 ≤12 65 77 
Clec’h et al (18) 2006 France prospective 36 Multi-sections 1 69.4 KRYPTOR-PCT ≤10 ≤10 36 Not reported 
Dahaba et al (19) 2006 Australia prospective 69 surgery 28 26.1 Lumitest PCT ≤9 ≤10 100 25 
Meng et al (20) 2009 China prospective 86 Multi-sections 28 37 PCT-Q ≤10 ≤10 76 Not reported 
Karlsson et al (21) 2010 فنلاند prospective 242 Multi-sections 2 24.2 Cobas PCT ≤12 Not reported 50 28.5 

Jensen et al (22) 2011 Denmark 
Randomized 

controlled 
1200 Multi-sections 28 31 PCT-Q ≤10 ≤10 40.9 Not reported 

Tschaikowsky et al (23) 2011 Germany prospective 51 Multi-sections 28 31.3 KRYPTOR-PCT ≤5 ≤2.5 35 Not reported 
Savva et al (24) 2011 Greece prospective 206 emergency 28 9.7 PCT-Q ≤12.9 Not reported 77.6 Not reported 
Giamarellos-Bourboulis 
et al (25) 

2011 Greece prospective 922 Multi-sections 1 17 KRYPTOR-PCT ≤12 Not reported 25.6 Not reported 

Guan et al (26) 2011 China prospective 37 Multi-sections 28 32.4 Lumitest PCT ≤10 ≤10 100 Not reported 

Mobaien et al (27) 2011 Iran descriptive 35 Multi-sections 3 51.4 PCT-Q ≤10 Not reported 100 Not reported 

Feng et al (28) 2012 China prospective 102 Multi-sections 28 43 VIDAS ≤10 ≤11 100 Not reported 
Kenzaka et al (29) 2012 Japan prospective 206 emergency 28 9.7 PCT-Q ≤10 ≤10 13 Not reported 
Ruiz-Rodriguez et al (30) 2012 Spain prospective 27 Multi-sections 2 66.7 Lumitest PCT ≤10 Not reported 100 Not reported 
Yin et al (31) 2013 China prospective 680 emergency 30 33.1 VIDAS ≤11 Not reported 56 44 
Suberviola et al (32) 2013 Spain prospective 137 Multi-sections 1 29.9 KRYPTOR-PCT ≤13 ≤21 29 Not reported 
Yaroustovsky et al (33) 2013 Russia prospective 81 heart 28 45.7 VIDAS ≤16 Not reported 59 Not reported 
Schuetz et al (34) 2013 America prospective 154 Multi-sections 3 29.2 VIDAS ≤10 Not reported 18 Not reported 

Mat-Nor et al (35) 2014 Malaysia prospective 67 Multi-sections 2 40.3 KRYPTOR-PCT ≤8 Not reported 71 Not reported 

Lin et al (5) 2014 China prospective 102 Multi-sections 28 42.2 VIDAS ≤11 ≤8 54.8 19 
Masson et al (36) 2014 Italy prospective 100 Multi-sections 28 50 Cobas PCT ≤11 Not reported 38 10 
Jain et al (37) 2014 India prospective 54 Multi-sections 28 50.9 Not reported ≤13 ≤21 71 25 
Mat-Nor et al (38) 2015 Malaysia prospective 239 Multi-sections 3 28.5 KRYPTOR-PCT ≤10 Not reported 68.6 Not reported 
Zhou et al (39) 2015 Australia prospective 71 Multi-sections 28 17 BRAHMS PCT ECLIA ≤10 ≤10 Not reported Not reported 

Bloos et al (40) 2016 Germany Clinical trial 8174 Multi-sections 28 28.3 PCT-Q ≤10 ≤12 13.3 Not reported 

Huang et al (41) 2016 Taiwane prospective 48 Multi-sections 5 16.7 PCT-Q ≤11 Not reported 41.1 14.3 

Schuetz et al (42) 2017 Sweden prospective 646 Multi-sections 28 22 KRYPTOR-PCT ≤10 Not reported 54 Not reported 

Surti et al (43) 2018 India prospective 300 heart 3 8 Not reported ≤11 Not reported 14 47 
Aygun et al (44) 2018 Turkey prospective 417 Multi-sections 28 3.1 KRYPTOR-PCT ≤10 ≤10 36.8 Not reported 
Demirdal et al (45) 2018 India prospective 156 Multi-sections 1 60.3 PCT-Q ≤10 ≤14 44.2 41 
Ahmed at al (46) 2018 Pakistan prospective 103 Multi-sections 5 79 Not reported ≤10 Not reported Not reported 41.7 
Mazo et al (47) 2018 Spain prospective 100 Multi-sections 3 22.2 PCT-Q ≤10 Not reported Not reported Not reported 
Hu et al (48) 2018 China prospective 141 Multi-sections 28 28.8 VIDAS ≤10 ≤10 100 - 
Clementi et al (49) 2019 Italy prospective 122 Heart surgery 30 5.7 KRYPTOR-PCT ≤10 Not reported 37.7 Not reported 
Ryoo et al (50) 2019 South Korea prospective 1772 Multi-sections 28 20.7 Not reported ≤14 ≤12 100 Not reported 
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Table 2. Quality assessment of the studies 
 

Reference  
Measuring interventional 

variables 
How to properly measure the 

sample 
Precise explanation of 
intervention method 

Departing from main 
purpose of intervention 

Lost data 
Bias in reporting the 

final results 
Without bias 

 

16 Yes No Yes No Yes Yes No 
17 yes No No No yes yes No 
18 yes yes yes No unknown yes No 
19 yes No yes No yes yes No 
21 yes yes yes No yes yes No 
21 No yes yes No yes yes No 
22 No yes yes No yes yes No 
23 No yes yes No yes yes No 
24 No No yes yes unknown yes No 
25 No yes yes No yes yes No 
26 No yes yes No yes yes yes 
27 yes yes yes No yes No No 
28 yes yes yes No yes yes No 
29 yes No yes No yes yes yes 
30 No yes yes No yes No No 
31 yes No yes No yes No No 
32 yes yes yes No yes No No 
33 yes No yes No unclear No No 
34 yes yes yes No yes No No 
35 yes yes yes No yes No No 
5 yes yes yes No yes yes No 
36 yes yes yes No yes yes No 
37 yes yes No unknown yes yes No 
38 yes yes yes No unknown yes No 
39 yes yes yes No yes No yes 
40 yes yes yes No yes yes No 
41 No yes yes No yes yes No 
42 yes yes yes No yes yes yes 
43 yes No No No yes yes No 
44 yes yes yes No yes yes yes 
45 yes yes yes No unknown yes No 
46 yes yes No unknown yes yes No 
47 No yes yes No yes yes yes 
48 yes yes yes unknown yes unknown No 
49 yes No yes No yes yes yes 
50 yes yes No No yes yes yes 

 
 

DISCUSSION 
According to the findings of this study, the serum level 

of PCT is one of the most important prognostic factors in 

ICUs, which is more rapid and easier than other tests 

indicating infection. Also, sepsis is one of the most 

important mortality causes among these patients, which 

can lead to death in the absence of timely ICU admission 

and lack of proper treatment. 

Serum level of procalcitonin 
Plasma PCT as a precursor of calcitonin has a half-life 

of about 25 to 30 hours. Its value increases over 3 to 6 hours 

from the time of the initial stimulation, and the higher 

value is accompanied by a poorer prognosis (45). Increased 

rate suggests the presence of more severe infection, 

especially bacterial infections, due to the systemic response 

to it (46). A review of the studies shows a significant 
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relationship between mortality rate in patients admitted to 

ICU and different types of infections caused by hospital 

admission (6, 51, 52). Therefore, owning appropriate 

diagnostic methods is necessary to provide a proper 

estimation of prognosis for identification of these infections 

in hospitalized patients for the treatment team in order to 

reduce mortality rates. The highest amount of PCT is 

found in severe infections, such as septic shock; thus, early 

diagnosis can provide appropriate therapeutic 

interventions (37). 

The serum level of PCT is very low (less than 0.05 

ng/ml) in the absence of infection in the blood (3). 

However, serum level of PCT increases with infection, and 

in most studies, it has been reported that PCT level in dead 

patients was > 10 ng/ml (11, 53). PCT significantly 

decreases in the serum of patients in response to 

appropriate treatment (3, 11). Following the reduced level 

of serum PCT, the survival rate of patients increases (54). 

Therefore, monitoring of serum level of PCT might be an 

indicator of survival due to appropriate response to 

treatment during the disease.  

Charles et al. studied the reduction of PCT in patients 

admitted to ICU and compared the clinical outcomes of the 

patients, and reported that increased survival rate has a 

close relationship with decreased serum PCT levels (55). It 

was also reported that serum PCT levels was much less 

than 10 ng/ml in patients who had no infection during 

ICU hospitalization and also in patients who survived (9, 

41). 

Generally, serum PCT level seems a sensitive criterion 

for differentiation between non-microbial and microbial 

infections and determining its activity and prediction of 

response to treatment. However, one of the limitations of 

PCT in the diagnosis of infectious diseases is that in some 

cases, serum PCT levels have also been reported to increase 

in noninfectious conditions (56, 57). In this regard, some 

studies also have shown no significant relationship 

between serum PCT levels and prediction of bacterial 

infection (7, 51). It has also been reported in some studies 

that no increment was observed in serum PCT levels 

despite infection in ICU patients (30, 34, 35). Similarly, 

according to various studies carried out in this field, more 

studies are needed to evaluate the diagnostic value of PCT 

in the prediction of bacterial infection in patients admitted 

to the ICU. 

Procalcitonin serum level and prognosis 
PCT is useful for predicting the risk of short-term 

mortality. Demirdal et al. performed 3642 PCT tests on 156 

patients admitted to the ICU and concluded that the 

maximum increase in PCT levels is within the first day to a 

90-day period, which is an independent predictor of 

mortality in these patients (7). However, another study 

reported that PCT has poor diagnostic value in predicting 

mortality at early admission in ICU (44). The findings of 

studies reported in Table 1 show that PCT can differentiate 

noninfectious from infectious patients, and its effect on 

mortality prediction can be attributed to the patient's 

characteristics, clinical symptoms, number and time of PCT 

measurements, and sensitivity of the method used for PCT 

measurement (58). However, PCT in different clinical 

conditions can be useful for the prognosis of patient's 

status, and it is suggested that in malignancies, in addition 

to routine laboratory tests, serum PCT levels be evaluated 

because this method might predict the risk of different 

infections in these patients; thus, treatment procedures can 

be done as soon as possible, and mortality rates will be 

reduced in patients admitted to the ICU. 

Procalcitonin serum level and sepsis 
Sepsis is a critical clinical condition caused by bacterial 

infection and leads to acute disorder in the functioning of 

vital organs (54). This condition is one of the main life-

threatening causes in patients admitted to the ICU, and 

better results can be expected by timely and appropriate 

treatment with antibiotics (36). Laboratory methods, 

including blood cell count and immunological tests, have 

lower sensitivity and specificity in the diagnosis of sepsis 

in comparison with blood culture (15). Therefore, 

researchers and physicians have tested other blood 

biochemical markers to seek the possibility of accurate 

diagnosis of sepsis in a shorter time (41). 
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Nowadays, PCT is widely accepted in the clinical 

diagnosis of sepsis before blood culture (37). Several 

studies have reported that the severity of sepsis has a 

direct relationship with PCT levels (30, 41, 47, 50). In this 

regard, PCT is considered as one of the markers of 

bacteremia and sepsis, like as cytokines, interleukins, and 

CRP (7, 48, 50). In addition, it has been reported that PCT 

can differentiate bacterial infections from inflammatory 

sepsis in 77% of cases according to other clinical 

parameters (59).  

PCT concentration in blood is related to the mortality 

rate of patients with sepsis (27, 30, 48, 50). Generally, PCT 

can diagnose a significant proportion of patients with 

sepsis, and, given that sepsis is one of the acute conditions 

among patients admitted to ICU, it has a direct effect on 

the mortality rate of these patients. Therefore, the 

diagnostic tests of this health condition should have high 

sensitivity. PCT cannot be used as the only diagnostic 

indicator of sepsis, but given the ease and speed of the test, 

it can be used as part of the sepsis screening tool. PCT has 

a relative value for the protective diagnosis of sepsis; 

further studies are recommended in order to reach more 

definitive results in this field. 

Serum C Reactive Protein vs. procalcitonin 
CRP is one of the acute phase reactants, which is made 

during inflammatory processes. The systemic activation of 

the inflammatory process is the body's proper response to 

the disease process (50). The emergence, increase, or 

decrease in the amount of each acute-phase protein during 

an infection is different and independent of others. For 

example, CRP appears 6 to 8 hours after infection in the 

serum and reaches its maximum level after 48 to 72 hours.  

On the other hand, CRP levels remain high during 

infection, and studies have shown that during treatment 

with antibiotics, the amount of this protein decreases in 

less than 24 hours (60). Comparison of PCT and CRP 

markers in the diagnosis of bacterial infections in systemic 

inflammatory patients indicates that PCT measurement has 

higher sensitivity and specificity than CRP measurement in 

detecting bacterial infections (61). Accordingly, it is 

suggested that both PCT and CRP markers be used 

simultaneously to detect bacterial infections for suitable 

prognosis of patients in ICU and to reduce the mortality 

rate in these patients. 

   

CONCLUSION 
Increased PCT can indicate a risk of infection in 

patients admitted to the ICU and also has a relationship 

with mortality due to infection in these patients. However, 

this sensitivity is not observed for CRP. PCT is 

recommended as a daily test for these patients, which can 

improve the ability of ICU physicians for timely diagnosis 

and appropriate treatment at an early stage of infectious 

disease. According to the studies conducted in this regard, 

serum PCT levels can provide a good prognosis of 

mortality rate in the ICU. 
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