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Prognostic value of serum 
procalcitonin and C-reactive protein 
levels in critically ill patients who 
developed ventilator-associated 
pneumonia
Hakan Tanrıverdi, Müge Meltem Tor, Levent Kart1, Remzi Altın2, Figen Atalay, 
Vildan Sümbüloğlu3

Abstract:
INTRODUCTION: Ventilator-associated pneumonia (VAP) is an important cause of mortality and morbidity in 
critically ill patients. We sought to determine the prognostic value of procalcitonin (PCT) and C-reactive protein 
(CRP) kinetics in critically ill patients who developed VAP.

METHODS: Patients who were admitted to the intensive care unit (ICU) and developed VAP were eligible. 
Patients were followed for 28 days after the pneumonia diagnosis and blood samples for PCT and CRP were 
collected on the day of the pneumonia diagnosis (D0), and days 3 (D3) and 7 (D7) after the diagnosis. Patients 
were grouped as survivors and non-survivors, and the mean PCT and CRP values and their kinetics were 
assessed.

RESULTS: In total, 45 patients were enrolled. Of them, 22 (48.8%) died before day 28 after the pneumonia 
diagnosis. There was no significant difference between the survivor and non-survivor groups in terms of PCT on the 
day of pneumonia diagnosis or CRP levels at any point. However, the PCT levels days 3 and 7 were significantly 
higher in the non-survivor group than the survivor group. Whereas PCT levels decreased significantly from D0 
to D7 in the survivor group, CRP did not. A PCT level above 1 ng/mL on day 3 was the strongest predictor of 
mortality, with an odds ratio of 22.6.

CONCLUSION: Serum PCT was found to be a superior prognostic marker compared to CRP in terms of 
predicting mortality in critically ill patients who developed VAP. The PCT level on D3 was the strongest predictor 
of mortality in VAP.
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Ventilator-associated pneumonia (VAP) is 
defined as pneumonia that occurs more 

than 48 hours after initiation of mechanical 
ventilation.[1] The mortality rate for VAP ranges 
from 30% to 70%.[2] For the prediction of outcomes 
in sepsis and VAP various substances, including 
procalcitonin (PCT) and C-reactive protein 
(CRP), have been evaluated as biomarkers of the 
prognosis and treatment response in patients with 
VAP.[3-6] Severe generalised bacterial infections 
with systemic manifestations are associated 
with increased serum levels of PCT. In contrast, 
viral infections, localized bacterial infections, or 
inflammatory reactions of non-infectious origin 
do not, or only moderately, increase PCT levels.[7,8] 
Some studies have described PCT as a predictor 
of severity in sepsis, antimicrobial efficacy, 
and hospital mortality.[2,9] In a prospective 
observational study, Luyt et al.,[10] investigated 
the prognostic value of PCT kinetics in patients 

with VAP and found that elevated serum levels 
of PCT on days 1, 3, and 7 of VAP were strong 
predictors of unfavourable outcomes. Another 
prospective observational study demonstrated 
that decreasing PCT and CRP values from VAP 
onset to day 4 of treatment were independent 
predictors of survival in patients with VAP.[11] 
In this study, we sought to assess the prognostic 
value of the kinetics of serum PCT and CRP levels 
in patients with VAP.

Methods

The study was performed in the respiratory, 
internal, and surgical intensive care units (ICUs) 
of Bulent Ecevit University Hospital, Zonguldak, 
Turkey, from November 2007 to December 2008.

All patients provided written informed consent. 
The study protocol was approved by the Local 
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Ethics Committee of the university hospital. All patients who 
were admitted to the respiratory, internal, surgical ICUs with 
a diagnosis of other than pneumonia and then developed 
VAP during their ICU stay were eligible for this prospective 
observational study. Patients who were at least 18 years 
old and developed pneumonia at least 48 hours after ICU 
admission were included in the study. Patients who had an 
extrapulmonary infection focus and died before day 3 after 
the pneumonia diagnosis were excluded. Pneumonia was 
suspected when a patient developed a new or persistent 
radiographic infiltrate plus two of the following criteria: 
1. Body temperature more than 38°C or less than 36°C, 
2. White blood cell counts of >11.000 or <4.000/mm³, or 
3. Macroscopically purulent tracheal aspirate. 

Quantitative endotracheal aspirate (QEA) was obtained 
on the first day and was considered positive upon culture 
of >100.000 cfu/mL. We recorded the demographic and 
clinical data of the patients, such as age, gender, cause of 
ICU admission, comorbidities, and duration of mechanical 
ventilation before developing VAP. Chest X-ray, arterial blood 
gases, complete blood count, and CRP were obtained at the 
time that pneumonia was diagnosed (D0) and repeated on 
days 3 (D3) and 7 (D7). Acute Physiology and Chronic Health 
Evaluation II (APACHE II), Simplified Acute Physiology 
score II (SAPS II), and Sequential Organ Failure Assessment 
(SOFA) scores were calculated during the first 24 hours of 
ICU admission. Blood samples were collected for PCT on D0, 
D3 and D7. CRP was measured using a nephelometric assay. 
Serum samples were prepared after centrifugation and stored 
at −40°C. PCT was determined by an immunoluminometric 
assay (Brahms PCT Sensitive Cryptor, Brahms Diagnostika, 
Berlin, Germany) with an analytical sensitivity of 0.05 ng/mL. 
Patients were followed until day 28 after the diagnosis of 
pneumonia. Patients who died before day 28 were grouped 
as non-survivors and those who lived for at least 28 days after 
the pneumonia diagnosis or were discharged from the ICU 
were considered survivors. Empirical antibiotic treatment was 
started after samples were obtained and modified as necessary 
after the results of QEA became available.

Statistical analysis
The statistical package of social sciences (SPSS) software (ver. 
18.0 for Windows) was used for all statistical analyses. PCT 
and CRP kinetics were analysed by using the non parametric 
Mann-Whitney U-test. Descriptive statistics of variables were 
given as means ± standard deviation (SD). The intergroup 
comparisons of frequencies and percentages were made using 
the chi-square test and Fisher’s exact test. A receiver operator 
characteristic (ROC) curve analysis was used to evaluate the 
predictive performance of PCT and CRP for mortality, providing 
the best cut-off value and the areaunder the ROC curve (AUC) 
values for mortality as well as sensitivity and specificity values. 
Binarylogistic regression analysis with enter method was 
performed to determine for risk factors of mortality. Results 
are given with 95% confidence intervals (CI) and P values <0.05 
were considered to indicate statistical significance.

Results

In total, 45 patients with a mean age of 65.2 ± 16.1 (range, 
19-87) years were included. Of them, 22 (48.8%) died before 

day 28 after pneumonia diagnosis. Five patients (11%) died 
before 7th day; thus, we could not obtained blood samples for 
PCT and CRP from these patients on D7. Demographic and 
descriptive data of patients at ICU admission were grouped 
according to survivors or non-survivors and are shown in 
Table 1. The most frequent cause of ICU admission was acute 
exacerbation of chronic obstructive pulmonary disease. Other 
causes of ICU admission included congestive heart failure, 
trauma, postoperative respiratory failure, and cerebrovascular 
diseases. The mean duration of mechanical ventilation was 
8.5 ± 6.0 days in patients who developed VAP. The most 
frequently isolated microorganisms were Acinetobacter spp. 
(48.8%), followed by Pseudomonas aeruginosa (21%), methicillin-
resistant Staphylococcus aureus (17%), and Gram-negative 
enteric bacteria (13%). Mean serum PCT levels on D3 and 
D7 were significantly higher in non-survivors than survivors 
(P < 0.001 and 0.002, respectively). However, there was no 
significant difference between the groups in mean serum PCT 
levels on D0 or CRP levels on D0, D3, or D7 [Table 2]. PCT 
kinetics differed significantly between the survivor and non-
survivor groups from D0 to D3 (Δ1) and D0 to D7 [Δ2; P = 0.005 

Table 1: Descriptive data of the patients 
with VAP patients at the time of ICU admission 
and microbiological  specification
Characteristic Survivor Non-survivor Total P
No. of subjects (%) 23 (51.1) 22 (48.9) 45
Age (years)* 59.8±19.5 70.7±8.9 65.2±16.1 0.038
Gender (male/
female)

14/9 14/8 28/17 0.12

APACHE II 
baseline*

20.3±6.9 21.1±5.9 20.7±4.4 0.28

SAPS II baseline* 39.7±14.3 45.3±13.8 42.2±14.2 0.15
SOFA baseline* 5.2±2.0 5.64±2.6 5.42±2.2 0.36
Early onset no (%) 8 (36.3) 8 (34.7) 16 (36.1) 0.61
Late onset no (%) 14 (63.7) 15 (65.3) 29 (63.9) 0.58
Comorbidity no. (%)

OPD 10 (43.4) 9 (41) 19 (42.2) 0.55
Acute renal failure 6 (26) 2 (9) 8 (17.7) 0.49
Cardivascular 
disease

8 (4.7) 3 (13.6) 11 (24.4) 0.07

Diabetes Mellitus 10 (43.4) 12 (54.5) 22 (48.8) 0.33
Serebrovascular 
diseases

0 1 (4.5) 1 (2.2) 0.48

None
Micro-organism 
no. (%)

Acinetobacter 
species

11 (47) 11 (50.1) 22 (48.8) N/A

Pseudomonas 
aeruginosa

3 (13) 5 (22.7) 8 (17.7) N/A

MRSA 4 (17.4) 2 (9.1) 6 (13.4) N/A
MRSE 2 (8.7) 1 (4.5) 3 (6.7) N/A
Klebsiella 
pneumonia 

2 (8.7) 1 (4.5) 3 (6.7) N/A

Escherichia 
coli

1 (4.4) 2 (9.1) 3 (6.7) N/A

*Values are given as mean ± SD, MRSA = Methicillin-resistant 
Staphylococcus aureus, MRSE = Methicillin-resistant Staphylococcus 
epidermidis, APACHE II = Acute Physiology and Chronic Health Evaluation II, 
SAPS II = Simplified Acute Physiology score II, SOFA = Sequential Organ 
Failure Assessment
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and 0.049, respectively; Table 3]. However, the difference 
between D3 and D7 was not significant (P = 0.842). Mean CRP 
levels decreased in both survivors and non-survivors from 
D0 to D7, but there was no statistically significant difference 
between the groups (P = 0.583). Mean APACHE II, SAPS 
II, and SOFA scores calculated at ICU admission were not 
statistically significantly different between the survivor and 
non-survivor groups. The “best” cut-off values for serum PCT 
levels for mortality, obtained from ROC curves [Figure 1], are 
shown in Table 4. A PCT level greater than 1 ng/mL on D3 
was the strongest predictor of mortality, with an odds ratio of 
22.6. Also different cut-off values, sensitivity and specificity 
values of PCT for mortality were calculated [Table 5]. After 
the multivariate regression analyse both PCT levels on D3 
[Table 6] and PCT kinetics from D0 to D3 (data not shown) 
still remained independent risk factors for mortality with 
odds ratios 5.9 and 2.6, respectively.

Discussion

In the present study, no statistically significant difference 
was found between survivor and non-survivor VAP patients 
in mean serum PCT levels on the day that pneumonia was 
diagnosed. However, serum PCT levels on D3 and D7 were 
significantly higher in the non-survivor group than the 
survivor group. A PCT level greater than 1 ng/mL at D3 was 
the strongest predictor of mortality, with an odds ratio of 22.6. 
Mean CRP levels were not significantly different between 
survivors and non-survivors, and there was no significant 
correlation between CRP and mortality.

CRP is a highly sensitive biomarker of inflammation but it is not 
specific to infection. Its serum levels increase in both infectious 
and non-infectious causes of inflammation. Although we found 
that in VAP patients mean CRP levels on D0, D3, and D7 were 
higher in both survivors and non-survivors, no statistically 
significant difference was found between the groups. There was 
also no significant correlation between mortality and mean CRP 
levels. Many studies have reported that CRP levels increase to 
high levels from the beginning of an infection and remain high 
after the infection is controlled.[10,12-14]

PCT is known as a specific biomarker for bacterial 
infections and sepsis and its kinetics have been shown to 

be related to mortality in VAP and sepsis. In the literature, 
a wide range of cut-off values for PCT have been reported 
(0.463.9 ng/mL) for bacterial infections and sepsis.[12,15-20] 
Schuetz et al.,[21] investigated 14 randomized controlled 
trials and 4211 patients with respiratory tract infections 
including upper respiratory tract infections, bronchitis, 
exacerbation of chronic obstructive pulmonary disease 
(COPD), community-acquired pneumonia (CAP), and 
VAP, and reported that measurement of procalcitonin to 
guide antibiotic therapy was not associated with increased 
mortality or treatment failure. Based on the results they 
suggested that using procalcitonin to guide antibiotic 
therapy is associated with fewer antibiotic prescriptions 
in primary care settings and in patients with less severe 
infections, and with shorter courses of antibiotics for 
patients evaluated in the emergency department or the 
critical care setting.

Duflo et al.,[19] reported that PCT measurements were useful for 
the early diagnosis of VAP and that an increased serum level 
of PCT was a prognostic marker of VAP. Another study[22] 
showed that in microbiologically confirmed VAP patients, the 
mean PCT level was 3.86 ng/mL (2.99-11.30) and the cut-off 
value of PCT for VAP diagnosis was 2.99 ng/mL (sensitivity 
78%, specificity 97%, AUC 0.87).

Table 2: Descriptive group statistics of PCT and CRP variablesin patients with VAP
Variables D0 D3 D7

Survivor Non-
survivor

Survivor Non-survivor Survivor Non-
survivor*

PCT ng/ml
Mean±SD (95% CI) 2.5±3.9  

(0.8-4.1)
4.6±8.3  

(0.7-10.3)
0.6±0.7  
(0.3-1.0)

5.7±5.1  
(2.7-7.3)

0.6±1.3  
(0.1-1.26)

8.4±11.3 
(2.5-13.8)

Median (IQR) 0.7 (1.8) 1.7 (4.7) 0.4 (0.5) 4.7 (7.5) 0.2 (0.4) 3.9 (11.6)
P 0.78 .000 0.004

CRP mg/dl
Mean±SD (95% CI) 142.5±48.2  

(120-168)
146.3±50.2  
(121-163)

119.9±52.2  
(117-157)

156.6±32.1 
(130-112)

108.4±49.5 
(95-142)

120.3±46.9 
(89-130)

Median (IQR) 150 (70) 159 (76) 111 (54)  145 (60) 112 (65) 123 (71)
P 0.84 0.47 0.83

SD = Standard deviation, IQR = Interquartile range, 95% CI = Confidence intervals of 95%, PCT = Procalcitonin (normal range <0.05 ng/ml), CRP = C- reactive 
protein (normal range 0-8 mg/dl), *n: 17 (Five patients died before 7th day)

Table 3: Relationship between prognosis and kinetics 
of PCT and CRP levels
Variables Δ1 (P value) Δ2 (P value) Δ3 (P value)
PCT 0.005 0.049 0.842
CRP 0.247 0.579 0.859
PCT = Procalcitonin, CRP = C- reacive protein *Δ1 = Difference between D0-
D3, Δ2 = Difference between D0-D7, Δ3 = Difference between D3-D7

Table 4: Best cut-off values of PCT that were obtained 
from ROC curves for mortality
Variables Cut-off  

ng/ml
AUC OR Sensitivity 

(%)
Specificity 

(%)
PPV 
(%)

NPV 
(%)

PCT0 0.92 0.64 4.9 81.8 52.0 62.1 75.0

PCT3 1.00 0.88 22.6 77.3 87.0 85.0 80.0

PCT7 0.58 0.83 16.8 82.4 78.3 73.7 78.3
OR = Odds ratio, AUC = Area under the curve, PPV = Positive predictive 
value, NPV = Negative predictive value, PCT = Procalcitonin, ROC = Receiver 
operator characteristic
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In a recent study, Zhydkov et al.,[23] have investigated 
the prognostic accuracy of initial and follow-up levels of 
inflammatory biomarkers, such as PCT, CRP, and white 
blood cells (WBC) in predicting death and adverse clinical 
outcomes in a large cohort of community-acquired pneumonia 
(CAP) patients and reported that admission PCT levels 
were significant predictors of 30-day mortality in univariate 
analysis however the association was no longer significant 
in multivaraite analysis after adjustment for the CURB-65 
score. But they did not found significant association between 
admission CRP levels or WBC counts with outcome. They 
demonstrated that PCT, and to a lesser degree CRP, provide 
prognostic information on CAP outcomes particularly when 
their kinetics are taken into consideration and when adverse 
clinical outcomes are also considered instead of mortality alone. 
The most important improvements were found on days 5 and 
7 for prediction of both survival and adverse clinical outcomes.

In the present study, neither the PCT nor CRP level on D0 
differed between the survivor and non-survivor groups; 
however, PCT levels on D3 and D7 were significantly higher 
in the non-survivor than the survivor group. Similar to our 
study, Meisner et al.,[13] reported no statistically significant 
difference between survivor and non-survivor VAP patients 
in terms of mean serum PCT or CRP level at ICU admission. 
After the multivariate logistic regression analysis only PCT3 
was significantly different so we suggest that PCT levels on 
day 3 is an independent predictor of mortality in patients with 
VAP [Table 6].

Luyt et al.,[10] reported that VAP patients who responded to 
therapy and survived had lower PCT levels than did patients 
with unfavourable outcomes, such as recurrent infection, 
relapse, and death. However, in contrast to our results, they 
reported a significant difference in PCT values at D0 between 
the groups. This may be due to differences in the patients: they 
grouped patients as favorable and unfavourable outcomes; the 
death rate was only 58% in the unfavourable group. Consistent 
with our study, Duflo et al.,[19] reported that PCT levels on 
D3 and D6 were significantly higher in the non-survivor 
group than in the survivor group and there was a significant 
correlation between prognosis and PCT concentration. This 
relationship was explained by the fact that control of the 
infection by appropriate antibiotic therapy resulted in PCT 
levels decreasing to normal even if they were high at the time 
of pneumonia diagnosis. Moreover, if the PCT values continued 
to increase or remained high despite therapy, this indicated that 
the therapy was ineffective and the prognosis was poor.[13] In 
contrast to our findings, Zielinska-Borkowska et al.,[24] reported 
that in patients with VAP, although PCT levels were higher in 
non-survivors and those who developed septic shock, PCT was 

not a strong predictor of these outcomes. In a logistic regression 
analysis, they found that PCT did not correlate significantly 
with a poor outcome.[24]

In the present study, both CRP and PCT levels decreased from 
D0 to D7 in the survivor group, but only the kinetics of PCT 
were statistically significant. Seligman et al.,[11] assessed PCT 
and CRP kinetics in VAP patients and found that PCT levels 
were lower in survivors on D0 (P = 0.003) and D4 (P = 0.001). 
They reported that PCT levels increased in non-survivors 
but not in survivors and CRP levels did not differ between 
survivors and non-survivors on D0 (P = 0.77) or D4. In their 
study,[11] using a multivariate logistic regression analysis, only 
decreasing ΔPCT and decreasing ΔCRP remained significantly 
associated with (Odds ratio = 4.43 (1.08–18.18), P = 0.04, and 
odds ratio = 7.40 (1.58–34.73), P = 0.01, respectively).[11] Also 
we calculated different cut-off values of PCT for mortality and 
found that whilethe lower levels of PCT had higher sensitivity, 
the higher values were more specific mortality in patients with 
VAP [Table 5].

In another study, Schuetz et al.,[25] assessed the discrimination 
provided by 72-hour PCT change as a mortality predictor in 
ICU patients with sepsis. They showed that, monitoring PCT 
kinetics in the first 72 hours of critical care provides information 
that may potentially help improve early transfer and therapy 
intensification decisions. Particularly, a PCT decrease >80% 
may help to identify individuals at reduced mortality risk 
who, therefore, are good early ICU discharge candidates. 
Conversely, a non-decrease or increase of PCT within this time 
frame may help to flag patients who are at high mortality risk 
and, therefore, are likely to require treatment escalation. A PCT 
decrease of > 80% had a high negative predictive value of 90% 
for ICU mortality with a sensitivity of 91%, while the positive 
predictive value when PCT did not decrease or increased was 
48%, with a specificity of 89%.

In the present study, there was no significant correlation 
between PCT levels on D0 and mortality, but serum PCT 
levels greater than 1 ng/mL on D3 and 0.58 on D7 were the 

Table 5: Different  cut-off  values,  sensititivity,  and specificity of PCT  for mortality
Cut-off (ng/ml) PCT0 PCT3 PCT7

Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)
0.25 87 18 87 35 75 61
0.5 75 40 75 61 75 74
1 75 61 77 87 62 87

2 50 74 56 91 56 92
PCT = Procalcitonin 

Table 6: Multivariable logistic regression analysis 
of variables for mortality
Variable OR 95% Confidence Interval P

Lower Upper
PCT3 5.95 1.58 22.32 0.004
APACHEII 1.012 0.98 1.66 0.789
SAPS II 1.006 0.92 1.29 0.874
Age 1.063 1.007 1.52 0.069
APACHE II = Acute Physiology and Chronic Health Evaluation II, SAPS II = 
Simplified Acute Physiology score II, OR = Odds ratio, PCT = Procalcitonin
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strongest predictors of mortality, with odds ratios of 22.6 
and 16.8, respectively. Similarly, Luyt et al., reported that[10] 
a serum PCT level of more than 0.5 ng/mL on D7 was the 
strongest predictor of an unfavorable outcome, with an OR of 
64 (sensitivity 90%, specificity 88%). Seligman et al.,[6] reported 
recently that in VAP patients, PCT levels on D0 and D4 
showed the largest AUC for prognosis. On D4, the sensitivity 
and specificity of PCT for predicting mortality were 90% and 
74%, respectively.[6]

Our study had several limitations. First, the patient population 
was small and it limits the strength of the conclusion thus 
the results should be verified by larger scale studies. We did 
not obtain baseline PCT and CRP levels of patients at ICU 
admission and no control group was included. PCT, CRP, and 
other variables were assessed only on D0, D3, and D7 with 
reference to the time of pneumonia diagnosis. We suggest that 
determining these variables either daily or more frequently 
would be more useful.

Conclusions

Serum PCT levels on D3 and D7 were correlated with prognosis 
in ICU patients who developed VAP. Moreover, serum PCT 
level was found to be superior biomarker than CRP in terms 
of predicting prognosis. PCT levels that increase or remain 
high despite application of therapy may be predictive of a 
poor prognosis.

The English in this document has been checked by at least 
two professional editors, both native speakers of English. 
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Figure 1: Receiver operator characteristic (ROC) curve analysis and 
sensitivity, specificity of procalcitonin (PCT) for mortality in patients 

with ventilatory associated pneumonia
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