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Introduction 

 

One of the most challenging tasks in critical care medicine 

is the treatment of serious infection related multiple organ 

dysfunction, termed in general as sepsis, severe sepsis, and 

septic shock. Despite improved awareness of critical care 

practitioners and the implementation of international guidelines, 

the mortality ranges between 28-41% in North America and 

Europe alike and still the leading cause of death among critically 

ill patients worldwide. However, sepsis means a very 

heterogeneous patient population, which varies in etiology and 

severity; therefore, universally applicable diagnostic criteria and 

treatment algorhythms are difficult to be defined. This 

heterogeneity proved to be one of the most difficult hurdles that 

most prospective randomized trials could not concur; hence, 

they failed to show either clear survival benefit or positive 

results of single center studies that were later contradicted by 

large multicenter trials. Nevertheless, sepsis has become a very 

important health economic issue all around the world. 

Furthermore, treating sepsis is a multidisciplinary task. 

Early recognition and immediate start of initial steps which 
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stand on three main pillars of: resuscitation parallel with source 

control and adequate antimicrobial therapy undoubtedly are 

inevitable to give the best possible chance for survival, received 

strong recommendation by the Surviving Sepsis Campaign 

guidelines, which has to be started on the primary care level: 

outside the hospital, in the emergency department or on the 

wards. In the absence of adequate initial management, providing 

even the highest level of intensive care would be in vain. There 

is firm evidence that delaying appropriate antibiotic treatment 

increases mortality regardless from the severity of organ 

dysfunction. 

However, in almost 30% of cases empirical antibiotics 

proved to be inadequate in the hospitals in general and on 

intensive care units (ICU) as well. To improve efficacy, 

empirical antibiotic therapy is guided by local protocols based 

on international guidelines in most centers. For microbiological 

proof of infection, although the gold standard of the diagnosis, 

unfortunately results often only become available 24–48 hours 

at the earliest after sending the specimen to the laboratory, and 

negative result do not necessarily rule out infection. So until 

then there is very little to help the clinician whether the 

administered empirical antibiotic treatment is effective or not. 



4 

 

However, while recognizing organ failure via objective 

signs is relatively easy, diagnosing infection as possible 

underlying cause remains a challenge. Due to the non-specific 

properties of conventional signs of infection, such as body 

temperature and white blood cell count, biomarkers have been 

searched to aid diagnosis for decades. 

One of the most studied biomarker is procalcitonin (PCT). 

Its role in assisting antibiotic therapy has been studied 

extensively. with contradicting results. There are positive studies 

showing that a PCT-guided patient management reduced 

antibiotic exposure and length of antibiotic therapy without 

affecting patient outcomes. There are also negative studies, 

which could not show this benefit at all. However the fact that 

PCT is a reliable sepsis marker with short half life but its role in 

predicting bacterial infection and early decision making in 

assisting antibiotic therapy is undiscovered. 
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Aims 

 

There are three fundamental questions to be answered when 

treating patients with suspected or proven infections: 1) is there 

infection, should we start empirical antibiotic therapy; 2) is the 

commenced antibiotic effective; and finally 3) when should we 

stop antibiotic treatment? We decided to give exact answers to 

these questions with the help of PCT as it is a fundamental 

problem in our daily practice in the ICU. 

As this has not been investigated before, we performed a 

prospective observational study with 3 goals: a) to describe early 

kinetics of PCT measured 8 hourly after starting empirical 

antibiotic therapy within the first 24 hours, b) to investigate if 

the observed kinetics shows any difference in patients in whom 

the antibiotic treatment eventually proved to be appropriate 

versus those in whom it proved to be inappropriate, and c) to 

determine the cut-off value of PCT with highest discriminatory 

power. 

As a spin off study, in a post hoc analysis those patients in 

whom PCT values were available from the previous day we 

investigated whether the absolute value or the change in PCT 

was a better indicator of infection. 
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Materials and methods 

 

All patients over 18 years with suspected infection on 

admission or during their stay on the ICU were screened for 

eligibility. Patients were enrolled when the attending intensive 

care specialist suspected infection, decided to send 

microbiological tests and start empirical antibiotic therapy. 

We recorded the value of PCT levels and changes from the 

day before (t-1) to the day when infection was suspected (t0), and 

after starting empirical antibiotic therapy 8 hourly (t8, t16, t24) 

then daily (day2-5). Demographic, outcome data, parameters of 

vital organ function and choice of antimicrobials were also 

registered. 

Diagnosis of infection and appropriateness of the empirical 

antimicrobials were established as a retrospective analysis 

evaluated by two experts blinded for the PCT. Based on these 

results, patients were then grouped into Infectious (I) -, and 

Noninfectious (NI) - groups. Patients who had infection were 

further divided into Appropriate (A) - and Inappropriate (IA) - 

antimicrobial treatment groups. 
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Results 

 

Over the study period 209 patients were enrolled of whom 

76% had proven infection. PCT at t0 was significantly higher in 

the I- compared to NI-group (p=0.024), respectively. In the I-

group 23% of the patients antimicrobials proved to be 

inappropriate. 

Regarding demographics there were no differences between 

the A-, and IA-groups but ICU-, and hospital-survival was 

significantly higher in the A-group. These patients also required 

less vasopressors and renal replacement therapy.  

In both groups the increase in PCT levels continued after 

the initiation of empirical antimicrobial treatment (t0) until 16 

hours (t16). In the IA-group there was a significant increase from 

t16 to t24, while in the A-group there was a significant decrease. 

By t24 the PCT reached significantly higher levels in the IA-

group and remained higher the following day compared to the A 

group. In the A-group PCT levels peaked at t16, while in the IA-

group the peak was at t24. From t24 until the 5th day PCT levels 

decreased in both groups. 

The Receiver operating characteristic (ROC) analysis 

revealed that a PCT elevation from t0 to t16 had an Area Under 

the Curve (AUC) of 0.73 (95% Confidence Interval (CI) 0.63-
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0.83; p<0.001), from t0 to t24 0.86 (95% CI 0.77-0.94; p<0.001). 

According to the Youden index, the best cut off for PCT 

increase from t0 to t16 was 69.2%, and from t0 to t24 it was 

73.5%. 

Out of the 209 patients 114 cases were included in the post 

hoc analysis, of whom 75% were identified as having proven 

infection the others had highly unlikely. 

PCT absolute values were similar at t-1, but by t0 in the I-

group levels were significantly higher compared to the NI-group 

and there was also a significant increase from t-1, while there 

was no such change in the NI-group. 

PCT had a significant predictive value, but with a poor 

AUC. However, PCT’s AUC for both percentage and delta 

changes had a significantly better performance for predicting 

infection.  

The best cut-off values for the PCT absolute value it was 

0.84 ng/ml with a sensitivity of 61 % (95% CI 50-72) and 

specificity 72 % (95% CI 53-87) to indicate infection in the 

ICU. Regarding the percentage change a PCT increase of >88% 

from t-1 to t0 had a sensitivity of 75% (95% CI 65-84) and 

specificity of 79% (95% CI 60-92) and a PCT delta change of 

>0.76 ng/ml had a sensitivity of 80% (95% CI 70-88) and 

specificity of 86% (95% CI 68-96) to indicate infection. 
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Discussion 

 

The most important finding of the current study is to show 

the superiority of PCT kinetics over the absolute values to 

indicate new onset infection on the ICU. We observed 

significant difference in the PCT levels between patients with 

and without proven infection in contrast to C-reactive protein 

and temperature, suggesting that PCT is superior as a marker for 

initiating antibiotic treatment in the critically ill. However, the 

interpretation of PCT measurements, especially the absolute 

values on their own may be misleading. Therefore, evaluating 

PCT kinetics and an aetiology-based approach may prove more 

appropriate. 

Early identification and adequate antibiotic treatment of 

septic patients is of pivotal importance as any delay in starting 

effective antibiotic therapy is associated with increased in-

hospital mortality although such therapy is a common feature in 

the ICU, reportedly as high as 25-30%. The main reason for this 

high rate of inadequacy may be due to the fact that reliable 

clinical and biochemical signs of bacterial infections are lacking, 

and the microbiological proof becomes available well after the 

antibiotic therapy was commenced. Once inappropriate 

antimicrobials are initiated, it often takes days (until organism 
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isolation and sensitivities are produced) to correct them. In our 

study 23% of patients received inappropriate antimicrobials. 

This high incidence may be due to the lack of fast and reliable 

diagnostic tests for bacterial infections, and to the subsequent 

delay in microbiological results. Earlier recognition of potential 

inappropriate microbial therapy may allow an opportunity to 

substantially improve outcome. 

To our knowledge, this is the first study to show that the 

early kinetics of PCT measured within the first 24 hours may 

help clinicians to evaluate the appropriateness of empirical 

antimicrobial therapy in critically ill patients. The rationale for 

measuring successive PCT levels within this timeframe came 

from the assumption that by giving appropriate antibiotics this 

may slow the inflammatory response within hours, and that this 

could be detected by serial measurements of PCT. 

A PCT increase of ≥69.2% during the first 16 hours or a 

PCT increase ≥73.5% during the first 24 hours were the best cut 

off values to indicate inappropriate antimicrobial treatment. It is 

known that PCT increases within hours after an infectious insult 

and levels halve daily once the infection is controlled by the host 

immune system and/or by appropriate antibiotic therapy. This 

feature explains the significant difference found in the PCT 

kinetics between the A-, and IA-groups during the first 24 hours. 
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Measuring PCT on commencement of antimicrobials (t0) 

and then at 16 and 24 hours, by evaluating the percentage 

change rather than the absolute values the clinicians may have 

some additional early help when there is nothing else to follow 

but the clinical picture. In those cases where there is a “large” 

increase within the first 16-24 hours, may indicate inappropriate 

antimicrobial therapy, while a lower grade increase or a 

decreasing tendency after 16 hours would support appropriate 

antimicrobial therapy. Within the first 16 hours, followed by 

further increase after that indicates that antibiotic therapy may 

need adjusting; in the case of a lower grade increase till 16 hours 

followed by a decreasing tendency may mean adequate 

empirical antibiotic therapy. However, it is important to note, 

that one should never treat one single parameter, and PCT also 

has to be dealt with in the context of the full clinical picture and 

other biochemical and microbiological results. The clinical 

importance of our findings is emphasized by the significant 

difference in hospital mortality between the A-group and the IA-

group (37% versus 61%). 
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Conclusion 

 

In our study PCT kinetics within the first 24 hours after 

commencing empirical antimicrobial therapy showed a 

significant increase in patients in whom therapy proved to be 

inappropriate, while in the appropriate group, after a brief 

increase at 16 hours, there was a significant decrease by 24 

hours. Applying this approach may be helpful in quickly 

tailoring antimicrobial therapy for the patient’s specific needs.  

The main finding of the spinoff study was that an increase 

in PCT levels from the day before (t-1) to the day when infection 

was suspected (t0) predicted infection, while in patients with no 

proven infection PCT remained unchanged. Based on the data 

presented spot PCT may not be adequate to differentiate 

infection from non-infectious inflammatory response. The 

clinical implication of these results are that daily PCT 

measurements in patients with high risk of infection would give 

the opportunity to evaluate PCT kinetics, which may improve 

our diagnostic accuracy and rationalize antibiotic therapy on the 

ICU. 
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Summary 

 

In this deadly battle of fighting the burden of serious 

infections on the ICU, we often keep missing the point. 

Although sepsis exists, just like critical illness, but precisely 

defining it is probably impossible due its diversity in etiology, 

pathomechanism and clinical manifestation. PCT is definitely 

one of the most reliable inflammatory markers in the critically 

ill to date, and there is also convincing evidence that its use to 

guide antibiotic therapy can rationalize starting, escalating and 

stopping antibiotic therapy. Furthermore, PCT may also become 

cost effective, by not starting at all, or stopping antibiotic 

therapy early. However, starting or stopping antibiotic treatment 

is more complex than just treating one single figure or even the 

kinetics of PCT values. A multimodal, individualized concept, 

consisting of: recognizing organ dysfunction, identifying the 

possible source, following the clinical picture and taking PCT 

and PCT-kinetics into account, is necessary to make the most 

out of your PCT and to do the best of your patients in your 

everyday practice. 
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Key message of the study 

 

�  Early PCT kinetics within the first 24 hours after commencing 

empirical antimicrobials are different in patients receiving 

appropriate as compared to patients on inappropriate 

antimicrobial therapy. 

�  In case of appropriate therapy PCT peaks around 16 hours after 

commencing empirical antimicrobials and by 24 hours it already 

shows a decline. 

� In patients on inappropriate antimicrobials PCT levels show a 

continuous increase within the first 24 hours during empirical 

antimicrobial therapy. 

� Although absolute values showed several fold difference in 

medical as compared to surgical patients with suspected 

infection, but kinetics in those receiving appropriate as 

compared to those who received inappropriate antimicrobials 

were similar to that of reported in the whole sample. 
 

Key message of the spin off study 

 

� Kinetics of PCT values based on daily measurement are superior 

to absolute values only in diagnosing infection on the ICU. 

� Absolute values of PCT may be of limited use in diagnosing 

infection on the ICU. 

� Both absolute values and kinetics of C-reactive protein and body 

temperature are poor indicators of infection on the ICU. 
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