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Abstract

Purpose In critically ill patients, length of antibiotic treatment
can be effectively guided by procalcitonin (PCT) protocols.
International sepsis guidelines and guidelines on antibiotic
stewardship strategies recommend PCT as helpful laboratory
marker for a rational use of antibiotics. A number of studies
and meta-analyses have confirmed the effectiveness of PCT-
protocols for shortening antibiotic treatment without
compromising clinical outcome in critically ill patients. But
in clinical practice, there is still uncertainty how to interpret
PCT levels and how to adjust antibiotic treatment in various
infectious situations, especially in the perioperative period.
Methods This narrative review gives an overview on the ap-
plication of PCT-protocols in critically ill patients with severe
bacterial infections on the basis of 5 case reports and the avail-
able literature. Beside strengths and limitations of this bio-
marker, also varying kinetics and different maximum values
with regard to the infectious focus and pathogens are
discussed.

Results PCT-guided antibiotic treatment appears to be safe
and effective. Most of the studies revealed a shorter antibiotic
treatment without negative clinical outcomes. Cost
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effectiveness is still a matter of debate and effects on bacterial
resistance due to shorter treatments, possible lower rates of
drug-related adverse events, or decreased rates of
Clostridium difficile infections are not yet evaluated.
Conclusion Guidance of antibiotic treatment can effectively
be supported by PCT-protocols. However, it is important to
consider the limitations of this biomarker and to use PCT
protocols along with antibiotic stewardship programmes and
regular clinical rounds together with infectious diseases
specialists.

Keywords Procalcitonin - Sepsis - Antibiotic treatment -
Antibiotic stewardship

Introduction

Initiation of antibiotic treatment in critically ill patients
should be based on clinical signs and symptoms, because
currently no biochemical test allows a reliable diagnosis of
infections or indicates the development of severe sepsis or
septic shock early enough for timely therapeutic interven-
tion. Once antibiotic treatment has been started, there is
often uncertainty about the length of antibiotic therapy
and, therefore, treatment is frequently extended beyond
the international guideline recommendations of 7—10 days
in patients with severe sepsis [1]. However, studies in pa-
tients with ventilator-associated pneumonia have clearly
shown that a restricted antibiotic regimen of 7-8 days is safe
and effective as long as infections caused by specific bacte-
ria such as Pseudomonas spp. or Acinetobacter spp. are
absent [2]. A recent study in septic patients with complicat-
ed intraabdominal infections who had undergone an ade-
quate source-control procedure, the outcomes after fixed-
duration antibiotic therapy (approximately 4 days) were
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similar to those after a longer course of antibiotics of
aproximately 8 days that extended until after the resolution
of physiological abnormalities [3].

Prolonged antibiotic therapy is associated with drug-
related side effects, increased bacterial resistances, and
escalating costs [4]. In this context, highly sensitive
PCT tests have proven as a helpful marker for decision-
making on when to stop antibiotic treatment in critically
ill patients with bacterial sepsis leading to shorter antibi-
otic exposure without negative impact on further clinical
course and outcome [5, 6], and a very recent large multi-
center study has shown a decreased mortality in a mixed
ICU population in the PCT-guided group [7]. However, it
is important to adhere to established protocols with daily
PCT monitoring to assess the dynamics of this biomarker
[8]. Clinical studies in various diseases have shown that
PCT-guided algorithms result in positive long-term effects
with respect to frequency and length of antibiotic treat-
ment in intensive care patients [9, 10]. Clinicians have to
keep in mind that trauma, surgical interventions, or multi-
organ failure may lead to increased PCT levels in the
absence of underlying infections [11, 12]. In addition,
the degree of systemic PCT release may vary depending
on the site of the infectious focus and the type of bacteria
[13, 14].

As shown in a recent multi-center study, PCT-guided
escalation of antibiotic treatment along with extended di-
agnostic measures leads to higher complication rates, in-
creased use of broad-spectrum antibiotics, and prolonged
ICU stay [15]. Surgical patients enrolled in this study
might have shown unspeficic high PCT levels not neces-
sarily pointing to postoperative infections. For the daily
clinical use, it is therefore essential to be aware of the
kinetics and limitations of this biomarker. Any PCT mea-
surement needs close correlation with the patients’ clinical
presentation. The aim of this article is to give the reader a
practical overview on the use of PCT-guided antibiotic
treatment in critically ill patients based on five character-
istic clinical examples together with a critical review of
the available literature on PCT-guided antibiotic decision-
making in the ICU.

Methods

In this study, we report on the effectiveness of PCT-
guided antibiotic treatment in intensive care medicine
based on five cases. Ethics approval was waived by the
local ethics committee of the Landesédrztekammer
Nordrhein (LAK Nordrhein 240-2015) due to retrospec-
tive and anonymous nature of the analysis. Based on five
case reports and the available literature, PCT-guided
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antibiotic treatment in critically ill patients is discussed
in this narrative review.

The PCT-protocol used in our ICU is shown in Fig. 1. Key
elements of this algorithm are the following:

—  Start of antibiotic treatment in critically ill patients is
based on a clinical decision, e. g., clinical signs of sepsis.

—  The protocol should be used to support the clinician’s
decision to continue or stop antibiotic treatment in septic
patients in which appropriate source control had been
achieved.

— Antibiotic treatment should be discontinued when PCT
levels decrease to at least 20 % of peak level or below
0.5 ng/ml together with a clinical improvement.

— If PCT levels do not decrease adequately in a recovering
patient, look for conditions which may rise PCT unrelated
to bacterial infections (e.g. surgical procedures or renal
replacement therapy).

Clinical cases
Case 1

A 75-year-old multimorbid female patient (arterial hyper-
tension, coronary artery disease (CAD), congestive heart
failure NYHA II, atrial fibrillation, chronic renal failure
stage II KDIGO) presented with clinical signs of severe
urosepsis due to right-sided hydronephrosis. Following
insertion of a ureter stent, she remained intubated, venti-
lated, and analgosedated, and was transferred to the inten-
sive care unit. Septic shock treatment was initiated with
fluid replacement and vasopressors, mechanical ventila-
tion had to be continued due to pulmonary failure.
Empiric i.v. antibiotics were started preoperatively with
piperacillin/tazobactam (3 x 4/0.5 g/day). Urinary cultures
revealed Escherichia coli, blood cultures were sterile.
According to the bacterial resistogram, antibiotic treat-
ment with piperacillin/tazobactam was continued. Initial
PCT concentration was 48.9 ng/ml and decreased to
6.2 ng/ml within 5 days which is 80 % less compared to
the initial peak value. Along with a substantial clinical
improvement and complete resolution of organ dysfunc-
tion, antibiotic therapy was discontinued after 5 days. The
patient was discharged from the intensive care unit on day
6 (Fig. 2).

Case 2
A 63-year-old male patient was admitted to hospital by

his house practitioner with persisting urinary tract infec-
tion despite treatment with levofloxacin (500 mg/day) per
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Fig. 1 PCT protocol used in our ICU. Start of antibiotic treatment is
based on a clinical decision. According to this algorithm, antibiotics
should be discontinued when clinical improvement goes along with
decreasing PCT levels. The protocol can be overruled by the means of

0s. On emergency room admission, the patient presented
with signs of circulatory failure due to severe sepsis and
had to be transferred to the intensive care unit. Due to
pretreatment with fluorochinolones, the risk of infection
with extended-spectrum beta-lactamases (ESBLs)-produc-
ing bacteria was high. PCT concentration was 196.0 ng/ml,
and antibiotic treatment was empirically escalated to in-
travenous meropenen (1000 mg t. i. d.). While ureter
stenting was performed under general anaesthesia, the pa-
tient’s vasopressors were required due to marked hypoten-
sion. Cardiocirculatory failure was responsive to contin-
ued fluid replacement and vasopressors, so that extubation
was possible soon after re-transfer to the intensive care
unit. Blood cultures revealed a cefuroxime-sensitive
E. coli, and antibiotic treatment was de-escalated to intra-
venous cefuroxime (1500 mg t. i. d.). Repeated blood
cultures on day 4 and 8, respectively, were negative, and
antibiotic therapy was discontinued on day 10 after the

‘ bacterial infections which may
rise inflammation and increase

PCT > 0.5 ng/ml
or
No PCT decrease to
10-20% from peak level
or
Increase of PCT

Conditions unrelated to

PCT levels (e. g. surgery, RRT
etc.)

the attending physician due to clinical reasons or when conditions are
present which require a prolonged antibiotic treatment (e.g.
endocarditis, osteomyelitis, S. aureus sepsis etc)

patient was transferred to the regular ward on day 5
(Fig. 3).

Case 3

A 43-year-old male patient was admitted to the intensive care
unit with a clinical presentation of severe sepsis on the third
postoperative day after laparoscopic adhaesiolysis due to
adhaesions after open appendectomy 25 years ago.
Hemodynamic stabilization was initiated, blood cultures were
drawn, and empiric intravenous antibiosis with piperacillin/
tazobactam (4000 mg/ 500 mg q. i. d.) was started.
Emergency surgery with laparotomy revealed a small bowel
lesion, intraoperative smears were taken, and a small bowel
resection with anastomosis and intraoperative lavage was per-
formed. Postoperatively, the patient returned intubated, venti-
lated, and analgosedated to the intensive care unit. Persistent
cardocirculatory failure was treated with fluid replacement
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Fig. 2 Course of biomarkers, antibiotic treatment, and microbiological
findings in a 75-year-old multimorbid female patient with septic shock
due to urosepsis. The initial SOFA-Score was 13 and the SAPS II was 45.
pip/tazo, piperacillin/tazobactam. SOFA Sequential Organ Failure

and vasopressors, mechanical ventilation had to be continued
for respiratory failure. Intraabdominal smears grew
Enterobacter cloacae, resistograms confirmed aedequate an-
tibiotic treatment with piperacillin/tazobactam. Blood cultures
remained sterile throughout the clinical course. Antibiotic
treatment was discontinued on day 6 after clinical improve-
ment and resolution of organ failure. Simultaneously, PCT
concentrations decreased from 29.2 to 2.6 ng/ml. The patient
was discharged from the intensive care unit on day 8 (Fig. 4).

Case 4

A 59-year-old male patient was readmitted to the surgical
intensive care unit with signs of sepsis on postoperative
day 6 after a pylorus-preserving duodenopancreatectomy
due to a neuroendocrine tumour. So far, the patient had
taken an uneventful course, he had been monitored at the
intensive care unit for the first two postoperative days. An
empiric antibiotic therapy with intravenous piperacillin/
tazobactam (4000 mg/500 mg q. i. d.) was started. Prior
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Assessment Score. SAPS II Simplified Acute Physiology Score II. PCT
procalcitonin (0-0.5 ng/ml). CRP C-reactive protein (< 0.5 mg/dl). WBC
white blood cell count (3.5-9.8/nl).

to this, blood cultures were taken peripherally and from a
central-venous line which revealed local signs of infec-
tion. In the absence of other possible infectious sources,
a catheter-related sepsis was diagnosed. After blood cul-
tures grew, Staphylococci species i. v. vancomycin
(1000 mg b. i. d.) was added on day 3. After antibiograms
and resistograms were available Staphylococcus aureus
was identified and the antibiotic regimen was de-
escalated to i.v. Flucloxacillin (6 x 2 g /day) on day 4.
In the presence of a proven S. aureus sepsis, flucloxacillin
treatment was intended for 14 days after a negative con-
trol blood culture. Aedequate clinical improvement and a
PCT-decrease from 1.8 ng/ml on day 2 to 0.2 ng/ml on
day 6 allowed a discharge from the intensive care unit to
the regular ward on day 7 (Fig. 5).

Case 5

A 76-year-old male was admitted to the emergency
room with acute respiratory failure due to infectious
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Fig. 3 Course of biomarkers, antibiotic treatment, and microbiological
findings in a 63-year-old male patient with severe sepsis caused by
ascending urinary tract infection and E. coli-bacteraemia. Initial SOFA-
Score was 10 and SAPS II was 53. SOFA Sequential Organ Failure

chronic obstructive pulmonary disease (COPD) exacer-
bation and immediately transferred to the intensive care
unit. After intubation, a bronchoscopy was performed,
bronchoalveolar fluid samples were collected, and blood
cultures were drawn. According to guideline recommen-
dations, an intravenous antibiotic therapy with
piperacillin/tazobactam (4000 mg/500 mg q. i. d.) and
clarithromycin (500 mg b. i. d.) was immediately initi-
ated. Concomitant septic shock required fluid replace-
ment and vasopressors. Bronchoalveolar fluid samples
grew Klebsiella pneumoniae, and antibiotic treatment
was de-escalated to intravenous ampicillin/sulbactam
(2000/1000 mg t. i. d.) on day 4 after clinical improve-
ment. PCT concentrations decreased from 0.8 ng/ml on
day 1 to 0.2 ng/ml on day 4. Along with complete
resolution of organ failure and extubation, antibiotic
treatment was discontinued on day 5. The patient was
discharged from the intensive care unit on day 7
(Fig. 6).

Assessment Score. SAPS II Simplified Acute Physiology Score II. PCT
procalcitonin (0-0.5 ng/ml). CRP C-reactive protein (< 0.5 mg/dl). WBC
white blood cell count (3.5-9.8/nl)

Discussion

Severe systemic inflammatory response as well as se-
vere non-septic diseases may lead to high PCT levels.
Despite well-defined PCT cut-off levels, therapeutic
decision-making requires assessment of clinical signs
and symptoms. For clinically stable patients presenting
to the emergency room with respiratory infections, PCT
values <0.25 ng/ml could be shown to exclude severe
bacterial infections. In these patients, decision making
for or against antibiotic treatment can be safely made
on the basis of a single PCT measurement [16]. In the
intensive care setting, the situation is more complex.
Antibiotic treatment is generally recommended at PCT
cut-off levels >0.5 ng/ml; however, it has to be
emphasised that infection must be suspected on the ba-
sis of both clinical signs and a potential septic focus.
This is frequently a problem in the early postoperative
period when PCT levels may be elevated in the absence
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Fig. 4 Course of biomarkers, antibiotic treatment, and microbiological
findings in a 43-year-old male patient with severe sepsis caused by
peritonitis due to small bowel perforation. Initial SOFA-Score was 11
and SAPS II was 54. pip/tazo, piperacillin/tazobactam. SOFA

of an infectious focus. The degree of PCT release usu- a
ally correlates with the extent of the surgical procedure
[17]. .
Kinetics of procalcitonin and limitations of clinical
use PCT can be detected in circulation within 2 to 6 h after
an adequate infectious or inflammatory stimulus, and signifi-
cant plasma concentrations are reached after about 6 h with
peak levels after 12 to 48 h. Half-life of PCT is about 24 to
35 h, and daily measurements are sufficient to reflect the
changes of plasma levels. Usually, a daily decrease of more
than 30 % from the previous day’s value indicates a successful

treatment in the ICU [18].
Not only infections but also other inflammatory conditions
may trigger PCT, and several situations have been described
where PCT can be elevated by non-bacterial causes. These

include, but are not limited to the following:

the early period after a major trauma, major surgical inter-
vention, severe burns, treatment with OKT3 antibodies,

@ Springer

protein (< 0.5 mg/dl). WBC white blood cell count (3.5-9.8/nl)

nd other drugs stimulating the release of pro-

inflammatory cytokines
patients with invasive fungal infections, acute attacks of

plasmodium falciparum malaria
patients with prolonged or severe cardiogenic shock,

prolonged severe organ perfusion anomalies, small-cell
lung cancer, and medullary C-cell carcinoma of the thy-

roid [18].
Persistently, high or even increasing PCT levels indicate an

ongoing inflammatory reaction and are often associated with

an unfavourable clinical outcome [18].
Patients with renal insufficiency can have slightly elevated
baseline PCT levels, and some authors suggest the use of an
adjusted reference range from 0.5 to 1.5 ng/ml in patients with
severe renal insufficiency [19, 20]. Furthermore, renal re-
placement therapy (RRT) can alter PCT concentrations by
elimination from the plasma but on the contrary haemodialysis

per se can lead to elevated PCT levels even in the outpatient
setting [21]. In critically ill patients, PCT is removed from the
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Fig. 5 Course of biomarkers, antibiotic treatment, and microbiological
findings in a 59-year-old male patient with central venous catheter related
sepsis. Initial SOFA-Score was 7 and SAPS II 25. pip/tazo, piperacillin/
tazobactam. Vanco vancomycin. Fluc flucloxacillin. SOFA Sequential

plasma during continuous veno-venous haemofiltration
(CVVH), but plasma PCT levels remain unchanged [22]. In
summary, the situation in patients with renal failure with or
without RRT appears to be complex, but the clinical relevance
remains questionable [23]. Randomised controlled PCT trials
included patients with acute or chronic renal failure and pa-
tients requiring RRT without adaption of cut-off levels [24].

PCT is not a specific marker for fungal diseases but
elevated PCT levels can be found in severe fungal in-
fections. Fungal infections should be considered in crit-
ically ill patients with persistently elevated or even in-
creasing PCT levels despite of approriate source control
and antibiotic treatment [18].

Equally, PCT is not a specific marker for viral infections.
The strength of PCT in this context is to rule out bacterial
causes in patients presenting with clinically mild to moderate
acute respiratory infections in the emergency room or in the
outpatient setting [25].

Severe infections may be associated with falsely low PCT
concentrations, especially during the very early stages.

Organ Failure Assessment Score. SAPS /I Simplified Acute Physiology
Score II. PCT procalcitonin (0-0.5 ng/ml). CRP, C-reactive protein
(< 0.5 mg/dl). WBC white blood cell count (3.5-9.8 /nl)

Furthermore, in a critically ill patient with blood stream infec-
tions, PCT elevation and diagnosis accuracy could be lower if
sepsis is secondary than in those with a first episode of infec-
tion [26].

As a consequence, necessary antibiotic treatment could be
withheld if therapeutic decision-making is based on PCT
values alone. It is therefore essential that decision-making
for initiating antibiotic treatment in critically ill patients is
always based on clinical criteria. If repeated PCT assessment
reveals concentrations <0.5 ng/ml, severe bacterial infection
can be excluded with high likelihood.

Clinical studies on PCT-guided treatment in the ICU The
length of antibiotic therapy in critically ill patients can be
safely guided by PCT-guided protocols. Several reviews and
meta-analyses demonstrated that implementation of PCT-
guided algorithms led to a significant reduction of antibiotic
exposure of 2 to 3.5 days [5-7, 25, 27, 28]. Shorter antibiotic
treatment was safe and not associated with adverse effects on
overall clinical outcome. Moreover, in some studies, even a
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Fig. 6 Course of PCT, antibiotic treatment, and microbiological findings
in a 76 year old patient with severe sepsis caused by infectious
exacerbation of COPD. Initial SOFA-Score was 9 and SAPS II was 47
(not shown). pip/tazo, piperacillin/tazobactam. Amp/sulbact, ampicillin/
sulbactam. Clari clarithromycin. SOFA Sequential Organ Failure

reduced length of intensive care unit stay was reported [29,
30]. In a very recent large multi-center study in 1575 critically
ill patients, median duration of antibiotic treatment was 5 days
in the PCT group versus 7 days in the standard-of-care group.
One-year mortality was significantly lower in the PCT group
(36 %) than in the control group (43 %). The authors
hypothesised that the adequacy of the antibiotics, a more time-
ly recognition of alternative diagnoses and a lower toxicity of
antibiotics might have contributed to a lower mortality in the
PCT group [7].

Most of the high-quality studies in ICU patients which
analysed the impact of PCT-guided therapy enrolled a large
number (59-97 %) of medical patients [15, 31, 32], whereas
only three studies included exclusively patients with a surgical
diagnosis [30, 33, 34]. Two of these surgical studies reported
on a shorter antibiotic treatment [30, 33], and one study even
revealed a shorter ICU stay in the PCT group [30]. The study
by Svoboda and colleagues focused more on PCT-triggered
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Assessment Score. SAPS II Simplified Acute Physiology Score II.
COPD chronic obstructive pulmonary disease. PCT procalcitonin (0—
0.5 ng/ml). CRP C-reactive protein (< 0.5 mg/dl). WBC white blood cell
count (3.5-9.8/nl)

diagnostic procedures (computertomography, sonography)
and surgical interventions [34].

In the intensive care setting, the strength of PCT is clearly
to support decision-making for discontinuing antibiotic treat-
ment. In the individual patient, the course of PCT concentra-
tions over time is definitely more important than absolute
values (especially in the postoperative period) as reliable in-
dicator of successful treatment. It is therefore not surprising
that studies using PCT cut-off values pro or contra escalating
antibiotic regimen did not observe favourable effects on the
use of antibiotics, but even reported increasing treatment rates
and prolonged mechanical ventilation [15].

In septic patients, source control within the first 12 h should
be achieved [1]. Inappropriate source control for example is an
independent determinant of mortality in septic patients with
intra-abominal infections [35]. However, both of the PCT
studies in surgical ICU patients [30, 33] and two of the
RCTs in a mixed ICU population [15, 31] did not exclusively
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exclude patients with inappropriate source control or the need
for a long-term anti-infective treatment. The studies by
Bouadma and Nobre in contrast excluded patients with a
strong need for long-term antibiotics (i.e., infective endocar-
ditis, osteoarticular infections, mediastinitis, hepatic or cere-
bral abscesses) and severely immunocompromised patients or
patients on immunosuppressive therapy. Thus, for patients in
which appropriate source control cannot be achieved, deci-
sions on antibiotic treatment should rather be based on an
individual approach. Biomarkers such as PCT can probably
support deccision making even in these situations but further
data are warranted to evaluate the role of PCT in septic pa-
tients with inappropriate source control.

Altough meta-analyses outline the potential of PCT in re-
ducing the length of antibiotic treatment, there are several
limitations in the prospective studies such as prolonged anti-
biotic treatment in the control groups as well as high drop-out
rates due to non adherence to the PCT-algorithm in up to 50 %
of patients which question the benefits of PCT-guided proto-
cols for directing antibiotic treatment in the daily routine in-
tensive care setting [29, 32, 36]. Unfortunately, robust clinical
data on this topic are still scarce. Two publications in respira-
tory tract infections in the outpatient setting could show a
sigificant reduction of antibiotic use if a PCT-guided algo-
rithm was employed [37, 38]. In septic intensive care patients,
a retrospective study demonstrated that implementation of a
PCT-based algorithm was associated with a significantly
shortened length of antibiotic treatment over a 5-year obser-
vation period [10]. As already well documented by prospec-
tive randomised studies, no negative effects on overall clinical
outcome were observed despite the reduced antibiotic
exposure.

Alternative biomarkers for guiding antibiotic treat-
ment in the ICU Despite of the widespread use of C-
reactive protein (CRP), until recently, there were no prospec-
tively tested cut-off values for guiding antibiotic treatment in
the ICU. A recent Brazilian two-center RCT showed that a
CRP-guided protocol was as effective as PCT-guided antibi-
otic treatment in 94 critically ill patients [39]. In this study,
antibiotic treatment was discontinued in both groups by day 7
at the latest when infection had resolved regardless of bio-
marker levels. Median duration of antibiotic treatment was 7
(PCT), respectively, 6 days (CRP) and did not differ
siginificantly in this study. By the restriction of antibiotic treat-
ment to 7 days, the study impressively supports recommenda-
tions from guidelines that in a clinically recovering septic
patient, 7 days of antibiotic treatment appears to be safe [1]
rather than providing evidence that CRP-guided treament is as
effective as PCT. Furthermore, the patient population in this
study was not representative for a surgical ICU, as patients
who suffered multiple trauma, burns, or major surgery in the
previous 5 days were excluded.

In our clinical examples, the varying kinetics of CRP and
white cell blood count (WBC), particularly in case 1,3, and 4,
impressively show that decisions on discontinuation or de-
escalation cannot be made based on these biomarkers
(Figs. 2, 4, and 5). To our knowledge, no other biomarkers
for guiding antibiotic treatment in critically ill septic patients
have been evaluated in RCTSs so far.

PCT in current guidelines The favourable results of various
prospective randomised studies have made PCT-guided pro-
tocols for antibiotic therapy integral part of different guideline
recommendations such as the current international guideline
for the treatment of sepsis [1]. Accordingly, the German
2013S3-guideline emphasises the role of PCT in hospitalised
patients as a valid strategy to assure a rational use of antibi-
otics [40]. However, both the grade of recommendation and
the evidence for the use of PCT in the current guidelines is still
low; however, this is also true for several measures recom-
mended in international sepsis guidelines.

Cut-off levels It has, however, to be mentioned that in some of
these studies, strikingly different PCT cut-off values ranging
from <1.0 ng/ml over <0.5 ng/ml to even <0.25 ng/ml were
used at which discontinuation of antibiotic treatment was rec-
ommended. In a French multicenter study, the cut-off level for
discontinuing antibiotic treatment was different for surgical
and medical patients. In surgical patients, the cut-off level
was <4 ng/ml, whereas in medical patients considerably lower
concentrations were suggested [31]. Antibiotic treatment
should also be stopped, if PCT levels decline to a specific
percentage of the peak value, even if the abovementioned
absolute concentrations are not yet reached. These percent-
ages were ranging from 70 to 90 % in most of the studies.
The algorithm for PCT-guided antibiotic treatment used in our
ICU is shown in Fig. 1.

The variable cut-off levels clearly demonstrate that no gen-
eral guideline can ever meet the disease complexity of criti-
cally ill patients in intensive care units. Any biomarker needs
to be interpreted in the clinical course and context. For exam-
ple, if organ dysfunction such as neurologic disturbance or
vasopressor support resolves and, thus, indicates clinical
stabilisation along with a decrease of PCT concentrations be-
low the abovementioned cut-off levels or PCT levels decrease
to 10-20 % of the peak value, antibiotic treatment can be
safely discontinued.

PCT in different septic conditions Case 1 is a very good
example for the application of a PCT-guided antibiotic treat-
ment: in the multimorbid female patient with clinical signs of
a severe urosepsis due to hydronephrosis focus control by
ureter stenting, empiric antibiosis, and intensive care support
of organ failure was performed. After 5 days of treatment and
marked clinical improvement, antibiosis was discontinued at a
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PCT level of 6.2 ng/ml equaling a decrease of 80 % compared
to the initial peak concentration. Case 2 suffered from
urosepsis as well. In this patient, an E. coli sepsis was diag-
nosed and antibiotic treatment was continued for until day 10
despite clinical improvement and an aedequate PCT decrease.
The two respective cases also demonstrate that patients
with urosepsis caused by E. coli present with overall
higher PCT concentrations than patient 3 with peritonitis
and proven Enterobacter cloacae intraabdominally, pa-
tient 5 with pneumonia and proven Klebsiella
pneumoniae in bronchoalveolar fluid or patient 4 with
catheter related sepsis by S. aureus. Our clinical cases
impressively show that the degree of systemic PCT re-
lease is highly dependent on the site of infection and
the type of bacteria. In a critically ill patient with clin-
ical sepsis, Gram-negative bacteraemia seems to be as-
sociated with higher PCT levels than Gram-positive
bacteraemia [14]. Although the mechanism underlying
different PCT production in response to different bacte-
rial pathogens is not completely clear, it could possibly
be explained by the different interactions of Gram-
positive or Gram-negative bacteria with host’s cells
and different pathogen-associated molecular patterns
[41]. E. coli bacteraemia/sepsis usually triggers an ex-
tremely high, S. aureus bacteraemia/sepsis only a mod-
erate rise of PCT levels.

PCT and antimicrobial stewardship In patients with infec-
tions such as bacterial endocarditis, mediastinitis, cerebral ab-
scess or osteomyelitis, S. aureus or E. coli bacteraemia/sepsis
generally requires a prolonged antibiotic regimen and, thus,
we disregarded our PCT-protocol in patient 5 with S. aureus-
sepsis. In these patients, specific guideline recommendations
for antibiotic therapy rather than PCT-guided algorithms
should be considered. Thus, it is important to use PCT-
protocols in conjunction with local antibiotic stewardship
measures, such as regular clinical rounds together with infec-
tious diseases specialists. Antimicrobial stewardship includes
not only limiting inappropriate use but also optimising anti-
microbial selection, dosing, route, and duration of therapy to
maximise clinical cure or prevention of infection while limit-
ing the unintended consequences, such as the emergence of
resistance, adverse drug events, and cost [42].

Core strategies of hospital antimicrobial stewardship
programmes (ASP) are [40] the following:

» Application of local treatment guidelines/pathways,
hospital antiinfective formulary, formulary restric-
tions and approval requirements

* Design and implementation of education, training
and information

* Conducting proactive audits of antiinfective use

e Quality indicators.

@ Springer

Retrospective data from a surgical ICU showed a
marked reduction (—21.2 %) of antibiotic use density
after implementation of a local antibiotic stewardship
programm in conjunction with a PCT protocol [9].

Further effects of PCT-guided antibiotic treatment
Shortening antibiotic exposure may have additional positive
effects such as a reduction of drug-related side effects, the
development of fewer bacterial resistances or a lower inci-
dence of Clostridium difficile infections. So far, the question
as to what extent PCT-guided antibiotic protocols may con-
tribute to these issues remains unanswered. In addition, cost
effectiveness of PCT-driven antibiotic regimen is still a matter
of debate. While some calculations have shown that the use of
PCT is cost effective under specific circumstances [43, 44],
most prospective randomised studies did not address this is-
sue. For any valid cost-effectiveness calculation, it is not suf-
ficient to compare cost savings due to shortened antibiotic
treatment with increased expenses caused by PCT measure-
ments alone. This would furthermore require to include pos-
sible savings in terms of treatment expenses for drug-related
side effets or Clostridium difficile infections. In addition, a
potential reduction of mutli-resistant bacteria could save both
staff and logistic requirements and, thus, may further enhance
the economic benefit. Calculation of cost-effectiveness is fur-
thermore hampered by the fact that no uniform PCT algorithm
exists for the use in the intensive care setting. As already
mentioned, the available studies report extremely variable
PCT cut-off values. On the other hand, the exact number of
PCT measurements and the time intervals between has not
been clarified yet. While some studies performed PCT
measuremets daily, intervals of 2 to 3 days are usually the rule
in routine clinical care which further adds to cost savings.
Finally, it should be mentioned that different assays are avail-
able for PCT measurements: a regular immunoassay, a highly
sensitive immunoassay and a semiquantitative bedside-test.
For guided treatment protocols, it is important to use highly
sensitive assays which have a functional assay sensitivity of
<0.1 ng/ml, especially with regard to indications like respira-
tory tract infections. Semiquantitative tests or tests with a low
sensitivity are not suitable for PCT-guided antibiotic treatment
and have not been evaluated in high-quality clinical studies.

Conclusions

In summary, the indication for antibiotic treatment in
intensive care medicine is a clinical decicion. PCT pro-
tocols are a helpful and safe guide without negative
effects on overall clinical outcome to discontinue anti-
biotic therapy in the ICU. Herein, a decrease of PCT
along with clinical improvement is more important than
the absolute concentration or any defined cut-off value.
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According to the current literature, antibiotic treatment
can be discontinued, if PCT drops below a range of
<0.25 or <0.5 ng/ml or decreases to at least 20 % of
its peak level in the course of the disease along with
clinical improvement of the patient. Regarding the lim-
itations of PCT and due to the complexity of infections
in critically ill patients, such protocols should be imple-
mented in antibiotic stewardship programmes.
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