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Sažetak. Antibitska terapija je mač sa dve oštri-
ce: sa jedne strane, u teškoj sepsi i septičnom šoku, 
svaki sat odlaganja započinjanja antibiotske terapije 
značajno redukuje šanse bolesnika za preživljavanje, 
dok, sa druge strane, primena antibiotika onda kada 
nisu neophodni, dovodi do prekomernog rasta mul-
ti-rezistentnih patogena. Zbog toga je razlikovanje 
sistemskog inflamatornog odgovora od infekcije od 
osnovnog značaja, iako to nije uvek lako. Zbog svo-
je senzitivnosti i specifičnosti, izgleda da je serumski 
prokalcitonin najbolji marker sepse danas, koji ta-
kođe pomaže kao vodič za antibiotsku terapiju. Cilj 
ovog revijalnog pregleda je da sumira poruke najvaž-
nijih članaka koji su nedavno objavljeni iz ove obla-
sti.

Summary. Antibiotic therapy is a double edge 
sword: on one hand in severe sepsis and septic shock 
each hour of delay in starting adequate antibiotic tre-
atment will significantly reduce the patient chances 
for survival, while on the other hand unnecessary 
antibiotic administration will inevitably lead to the 
excessive growth of multi-resistant pathogens. There-
fore, differentiating systemic inflammatory response 
from infection would be of pivotal importance, altho-
ugh it is not always easy. According to its sensitivity 
and specificity, serum procalcitonin seems to be the 
best sepsis marker to date, which could also help in 
guiding antibiotic therapy. The purpose of the current 
review is to summarise the messages of the most im-
portant papers published recently in this field.
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Introduction

Severe sepsis and septic shock are the greatest 
challenges in intensive care medicine. Its in-

cidence is growing, millions of cases are recogni-
sed worldwide, its treatment is costly, and more 
patients are dying because of septic complications 
than from breast and colorectal cancer together.1,2,3 
Despite its importance its diagnosis is not easy be-
cause it is not a definitive disease. We have been 
using the criteria defined by a consensus confe-
rence back in 1991: infection, bacteremia, systemic 
inflammatory response syndrome (SIRS), sepsis, 
severe sepsis, septic shock and multiple system or

gan failure.3 Using these criteria many studies have 
been performed over the years, but differentiating 
SIRS from sepsis remained as difficult as ever.

Markers and mediators in sepsis
A fundamental diagnostic problem in the criti-

cally ill is that they show almost identical symptoms 
in the case of non-bacterial SIRS (such as: polytra-
uma, acute necrotising pancreatitis, etc), as in the 
case of bacterial sepsis. The requirement of organ 
support (ie: mechanical ventilation, haemodyna-
mic support, etc) is also similar. However, it is of 
utmost importance to differentiate between them as 
in the case of sepsis we should and may commence
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expensive and potentially dangerous treatment mo-
dalities such as: antibiotics, immunoglobulins, or 
up to now activated protein-C.

The question raises: do we have a marker, which 
gives us a signal only if there is bacterial infection? 
From the historical point of view cytokines are the 
most important markers of inflammation. Their di-
sadvantage is that their half-life is short and the-
se are expensive tests, so it has never become an 
everyday practice by the bedside.4 The two most 
often used markers of infection/sepsis are the C-re-
active protein (CRP), and the procalcitonin (PCT). 
The disadvantage of CRP is that its level increase in 
most critically ill scenarios such as trauma, major 
surgery, and in autoimmune conditions alike.5 For 
more than 15 years PCT has been regarded the most 
sensitive marker of bacterial sepsis,6,7 although it is 
clear that due to complicated cellular mechanisms 
not only endotoxins but certain tissue injury may 
also result in elevated PCT levels but to lesser extent 
than in the case of sepsis.8-11

The first meta-analysis published in 2004 repor-
ted that in diagnosing infection PCT vs. CRP has a 
significantly better sensitivity 88% vs. 75%, p< 0.05, 
and specificity 81% vs. 67%, p< 0.05.12 Another 
advantage of PCT over CRP is that it shows better 
correlation with organ dysfunction, and progno-
sis.13 A study by Jensen et al., found that PCT levels 
should be measured daily and one should look at 
the kinetics, rather than the absolute values, and 
then PCT is a very good prognostic marker. 14

Based on these results one may ask whether 
PCT could be used as an additional help in indica-
ting antibiotic treatment on the intensive care unit?

One of the first prospective randomised studies 
in this field was done on patients admitted to the 
accident and emergency department with query 
chest infection.17 Patients were randomised into a 
PCT-group and into a control-group. In the PCT-
group antibiotic therapy was commenced based on 
the PCT values, while in the control-group patients 
received antibiotics based on conventional clinical 
and laboratory signs. The protocol suggested infec-
tion if the PCT≥0.5 ng/ml and recommended anti-
biotics. If the patient has already been on antibiotics 
but the PCT≤0.25 ng/ml, then stopping antibiotics 
was recommended. There was no change in outco-
me but there was a 50% less antibiotics exposure in 
the PCT-group. Cultures of sputum and bronchial 
secretions gave positive results in only 21% provi-
ding evidence that in most cases of suspected acute 
chest infections may not be of bacterial origin but 
viral or other, which makes ex juvantibus antibiotic 
therapy unjustified most of the time.17

Different results were published on patients 
admitted to hospital due to acute exacerbation of 
COPD.18 They found that in 58% of patients there 
bacteria could be identified, while PCT was low in 
75% of the cases (median=0.06 ng/ml), while CRP 
median=30 mg/L. Presence of bacteria was also 
better predicted by CRP (PCTAUC=0.540, CRPA-
UC=0.609, p=0.19). However, the study has seve-
ral limitations. First of all the study was designed 
to investigate the effect of steroids and antibiotics, 
therefore neither the sample size, nor the methods 
could be considered as appropriate for concluding 
these results. Furthermore, physicians were not 
aware of the PCT but only the CRP results. Most 
importantly, CRP was elevated in almost every pa-
tient, therefore its clinical use remains unjustified. 
In the very same year another paper was published 
in Chest by Muller et al., in which the authors fo-
und that PCT was signifantly better in predicting 
positive blood culture results as compared to CRP 
and other conventional clinical markers.19 Using 
different cut-off values (0,1; 0,25; 0,5 ng/ml) sensi-
tivity was 99, 96 and 88% respectively for predicting 
positive microbiology, which result contradicts the 
previous study’s conclusion.

A few years ago Nobre et al., reported their 
results on 79 septic patients.20  In the PCT-group 
antibiotics were stopped if the PCT levels decrea-
sed by 90% as compared to the admission values 
but not sooner did they stop antibiotics than 3 days 
after commencement if the initial PCT<1ng/ml;
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Antibiotic therapy is a double edge sword. On 
one hand in severe sepsis and septic shock each hour 
of delay in starting adequate antibiotic treatment af-
ter the occurrence of hypotension will significantly 
reduce the patient chances for survival. 15,3 On the 
other hand unnecessary antibiotic administration 
will inevitably lead to the excessive growth of mul-
ti-resistant pathogens, therefore we may do harm. 16

Due to its high sensitivity, specificity and fast 
reaction (12-24 hours) to an infectious insult, PCT 
seems to be a useful signal for proving or excluding 
infection behind SIRS, hence it may be a good gu-
ide to start, withhold or stop antibiotics in the cri-
tically ill.
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and not sooner than 5 days if the initial PCT≥1ng/
ml. In the control-group decisions were based on 
conventional signs. Patients in the PCT-group re-
ceived antibiotics for a significantly shorter peri-
od during their first infection: median=6 (min: 4 
- max:16) vs 10 (3-33) days, p=0.003. The overall 
antibiotic exposure was also significantly shorter 
in the PCT-group: 504 vs. 655 days, p=0.0002. Fi-
nally, the alive days without antibiotics were also 
significantly higher in the PCT-group: 17.4±7.6 vs. 
13.3±7.6 days, p=0.04. The conclusion of this pa-
per was that antibiotic treatment algorhythm based 
on PCT kinetics significantly shortens antibiotic 
treatment without affecting chances for survival of 
patients in severe sepsis and septic shock.

A larger prospective trial was recently published 
on intensive care patients, the PRORATA-study 
(PROcalcitonin to Reduce Antibiotic Treatments in

Acutely ill patients). In this multi-centre trial 630 
critically ill patients were randomised into PCT-
guided, and control-groups. The decisions were 
based on different PCT cut-off values as shown in 
Fig. 1. 21 In this study not only the commencement, 
but the continuation also was determined on PCT 
values and its kinetics. Antibiotic exposure was 2.7 
days shorter, and 23% less as in the control group, 
with no difference in outcome. Although antibiotic 
exposure was less than what we saw previously, but 
it is important to note that in 219 cases clinicians 
did not follow the protocol, which was allowed for 
ethical reasons. The question inevitably comes up: 
what would have happened if the protocol had been 
followed in all cases? Another limitation of the stu-
dy is, that only 10% of the study population was 
surgical, which is normally on a multidisciplinary 
intensive care unit is around 50-60%.
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intervene. In summary, the results of the PASS-stu-
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In our everyday practice PCT is measured daily 
in almost every critically ill patient with quantita-
tive assays, and results have major contribution in 
our antibiotic treatment policy. The following po-
ints highlight the core of our decision algorhythm. 

1. On appearance of SIRS:
a. PCT high or increaseng = antibiotics are 

encouraged
b. PCT high or increasing, and the patient is 

already on antibiotics = change of antibiotics
c. PCT low, there is no proven focus of infec-

tion = microbiology + observe
2. Patient’s condition improves after starting an-

tibiotics by day 3:
a. Focus proven, or strong suspicion for the 

focus, and PCT decreases = continue antibiotics
b. Focus is not proven, cultures negative, PCT 

low = stop antibiotics
3. Clinical signs of severe sepsis/septic shock = 

broad spectrum antibiotic therapy commenced (in-
dependent of the PCT level, but PCT is measured 
daily to help decisions in the future)
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The above strategy is a very broad and short 
summary of our policy but it could serve as a ma-
instream to design your own protocol. Practicing 
PCT-guided, or rather PCT-supported treatment 
algorhythms may help in rationalising antibiotic 
therapy.

Conclusion

Based on recently published research PCT 
seems to be the most sensitive and specific mar-
ker of sepsis to date and its kinetics correlates well 
with the progression of the patient’s condition. It 
may also serve as a useful help in guiding antibiotic 
treatment, especially if it is measured daily and the 
kinetics is evaluated. Further research is required 
to determine what cut-off values should be consi-
dered as pathologic in different patient groups and 
different severity of sepsis, and also to determine 
the daily change of PCT what we should consider 
clinically significant.
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