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Abstract Introduction: Patients in
the intensive care unit (ICU) fre-
quently receive prolonged or even
unnecessary antibiotic therapy, which
selects for antibiotic-resistant bacte-
ria. Over the last decade there has
been great interest in biomarkers,
particularly procalcitonin, to reduce
antibiotic exposure. Methods: In
this narrative review, we discuss the
value of biomarkers and provide
additional information beyond clini-
cal evaluation in order to be clinically
useful and review the literature on
sepsis biomarkers outside the neona-
tal period. Both benefits and
limitations of biomarkers for clinical
decision-making are reviewed. Re-
sults: Several randomized
controlled trials (RCTs) have shown
the safety and efficacy of procalci-
tonin to discontinue antibiotic therapy
in patients with severe sepsis or septic
shock. In contrast, there is limited
utility of procalcitonin for treatment
initiation or withholding therapy ini-
tially. In addition, an algorithm using
procalcitonin for treatment escalation
has been ineffective and is probably
associated with poorer outcomes.
Little data from interventional studies

are available for other biomarkers for
antibiotic stewardship, except for
C-reactive protein (CRP), which was
recently found to be similarly effec-
tive and safe as procalcitonin in a
randomized controlled trial. We
finally briefly discuss biomarker-un-
related approaches to reduce
antibiotic duration in the ICU, which
have shown that even without bio-
marker guidance, most patients with
sepsis can be treated with relatively
short antibiotic courses of approxi-
mately 7 days. Conclusions: In
summary, there is an ongoing unmet
need for biomarkers which can reli-
ably and early on identify patients
who require antibiotic therapy, dis-
tinguish between responders and non-
responders and help to optimize
antibiotic treatment decisions among
critically ill patients. Available evi-
dence needs to be better incorporated
in clinical decision-making.

Keywords Procalcitonin � CRP �
Antibiotic stewardship �
Short-course therapy � Sepsis �
Respiratory tract infections

Introduction

Patients in intensive care units (ICUs) are prone to
numerous infectious complications. In a large multina-
tional point prevalence study, 51 % of ICU patients were

considered infected and the prevalence of multidrug
resistance was positively correlated with length of ICU
stay [1]. Multiple factors contribute to this predisposition
including the nature of patients’ severe illness, underlying
or ICU-acquired organ dysfunction, and local or systemic
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immune dysfunction [1]. Breeches in natural barriers due
to invasive diagnostic and therapeutic procedures and
catheters and tubes are frequent entry points or sources of
life-threatening infections (Fig. 1). Frequently, clinicians
face uncertainty in the early diagnosis and severity
assessment of infections in the ICU caused by limited
utility of the clinical examination, conventional radiol-
ogy, or routine laboratory tests. Nevertheless, clinical
judgement has been reported to have reasonable diag-
nostic accuracy (AUC = 0.77) for blood-culture-proven
sepsis among pediatric ICU physicians in Boston and
Zurich [2]. As a result of the lack of clear guidance in
difficult clinical situations dealing with critically ill
patients there is an inherent tendency for antibiotic
overuse in the ICU setting. In the multicenter point
prevalence EPIC II surveillance study, 71 % of patients
were receiving antibiotics at the time of study [1]. This
tendency is further supported by data indicating a sig-
nificantly increased mortality if there was a delay of
appropriate antibiotic initiation beyond 1 h after triage
(33.2 vs. 10.5 %, p = 0.02) or after qualification for early
goal-directed therapy (38.5 vs. 25.0 %, p = 0.03) in
patients with severe sepsis or septic shock [3, 4].
Accordingly the most recent Surviving Sepsis Campaign
guidelines strongly recommend initiation of antibiotics
within 1 h of recognition of severe sepsis and septic shock
[5]. Perhaps the most pressing reason for the frequent
use of antibiotics in the ICU is the overarching fear of
missing a life-threatening infection. In addition to their
recommendation of timely initiation of appropriate
antimicrobial therapy, the Surviving Sepsis Campaign
guidelines state that antimicrobial regimens should be
reassessed daily for potential de-escalation and suggest
that low levels of procalcitonin or similar biomarkers
might be used as one of several pieces of information to

help to discontinue empiric antibiotics if there is no more
evidence of infection [5].

Several strategies effectively reduce antibiotic con-
sumption in the ICU through antibiotic stewardship
programs, which consist mainly of restriction of antibiotic
indications (i.e., withholding antibiotics), reducing dura-
tion of antibiotic therapy by effective source control,
short-course therapy, individualization of treatment
duration according to individual response, improved
accuracy and shorter turnaround time of diagnostic tests
(i.e., discontinuation of antibiotic therapy) and computer-
based stop orders or checklists including criteria for the
maintenance of antibiotic therapy [6]. In particular,
treatment duration is largely based on expert opinion.
Assessment of the treatment response remains challeng-
ing in septic ICU patients because of the poor diagnostic
accuracy of clinical examination and poor correlation of
microbiological eradication with clinical response [7],
which is also affected by the immune response, underly-
ing diseases, and other concomitant infectious or non-
infectious complications [8]. Therefore, treatment dura-
tion should not be guided by success of pathogen
eradication alone [7]. Not surprisingly, there are large
variations in treatment duration, e.g., for ICU patients
with bacteremia. For all of these challenges, biomarkers
may be beneficial adjunctive tools and have shown
promising results. However, sepsis is a highly complex
pathophysiologic process in response to an infectious
stimulus rather than a single disease: The host response
involves such different pathways and cascades such as the
complement system, coagulation system, pathways of
leukocyte activation, and damage-associated molecular
patterns all leading to a proinflammatory state while there
are simultaneously signs of an anti-inflammatory response
mediated by neuroendocrine regulation, impairment, and

Fig. 1 Causes and
consequences of heavy
antibiotic use in the intensive
care unit. ID infectious diseases
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apoptosis of immune cells. All this leads to the question
whether the sepsis syndrome is not too complex to be
reflected by individual biomarkers. The aim of this nar-
rative review was to summarize the scientific literature on
advantages and disadvantages of biomarker-guided deci-
sion-making regarding initiation and discontinuation of
antibiotic therapy in critically ill patients in the ICU and
to highlight some alternative approaches. We used the
following search terms without language restriction
in PubMed until January 2015 and searched personal
files and references in identified articles: biomarker*,
antibiotic*, ‘‘stewardship’’, guid*, ‘‘initiation’’, ‘‘discon-
tinuation’’, ‘‘ICU’’, ‘‘intensive’’, critical*. Neonatal
infections were excluded.

What to expect from a biomarker?

The World Health Organization (WHO) defines a bio-
marker as an objectively measured characteristic used as
an indicator of a normal or pathologic biologic process or
a pharmacological response. It has been suggested that
biomarkers should be sensitive and specific, measurable
with good precision and reproducibility, readily available,
affordable, responsive to minor changes, and provide
timely results [9]. Ideally biomarkers should be inde-
pendent of comorbidities such as renal or hepatic
dysfunction, should not be modified by renal replacement
therapy or other medications (such as anti-inflammatory
drugs), and the biomarker should not demonstrate an
exhaustion or fatigue phenomenon in prolonged or suc-
cessive infections. In addition, biomarkers are considered
clinically useful if they provide additional information
beyond the clinical evaluation, if they shorten the time to
diagnosis or treatment decision, and show a large ampli-
tude of variation [10].

Specificity challenges

There is a great overlap of biomarker values between
different infectious (bacterial, viral, parasitic) and non-
infectious etiologies in patients with the systemic
inflammatory response syndrome (SIRS). This has been
shown both for commonly used and widely available
‘‘sepsis biomarkers’’ (procalcitonin (PCT), C-reactive
protein (CRP), white blood cell or neutrophil count) and
for ‘‘sepsis biomarkers’’ that are still experimental and not
commercially available in most settings [soluble uroki-
nase-type plasminogen activator receptor (suPAR),
soluble triggering receptor expressed on myeloid cells-1
(sTREM-1), and macrophage inhibitory factor (MIF)]
[11]. PCT is a hormokine within the family of calcitonin
gene-related peptides, which is hyperexpressed in

parenchymatous organs in response to endotoxin or
cytokines. In several head-to-head studies PCT has been
found to have greater diagnostic accuracy than CRP, IL-6,
IL-8, or lactate in adults to distinguish between bacterial
sepsis and non-infectious etiologies of SIRS [12–14],
whereas other studies have found greater utility of CRP
than PCT [11, 15]. PCT allows one to distinguish bacte-
rial superinfections in patients with viral pneumonia such
as influenza [16]. PCT does not usually increase in fungal
infections [17]. Therefore fungal etiologies should be
considered in special patient populations with suspected
sepsis and low PCT values, but at high risk of fungal
superinfection. Common to all observational studies is the
difficulty to define the etiology with certainty. Potential
advantages of PCT over CRP include a more rapid
increase within 3–12 h and an earlier peak within 24 h
[18–20]. Despite a longer half-life of PCT (22–35 h) [19]
than CRP (19 h) [21], PCT levels decrease faster than
CRP when the infection resolves [17]. However, several
relevant causes of false-positive and false-negative results
have to be considered for both PCT and CRP [22]. For
instance, the CRP response is blunted in fulminant hepatic
failure, but overall the clinical relevance of renal dys-
function, chronic liver insufficiency, and corticosteroid
treatment on PCT and CRP seems to be negligible [23].
As recently summarized, patients with chronic kidney
disease and active infection have higher levels than those
without infections [24]. PCT levels in the absence of
bacterial infections are higher in patients with chronic
kidney dysfunction than in those without and levels
decrease after renal replacement therapy while the mag-
nitude of these differences depends on the method used
[24]. The increased PCT levels are likely primarily due to
increased proinflammatory cytokines as a consequence of
renal insufficiency and only slight changes in PCT
clearance. However, the clinical relevance of this increase
remains questionable [23] as patients with acute or
chronic renal failure and patients requiring dialysis were
included in randomized controlled trials (RCTs) without
adaption of cutoff levels. For instance, 22.2 and 17.6 % of
patients in the ProHOSP and the ProRATA RCTs had
renal failure, respectively [23, 25], but chronic renal
failure resulted in only 1.2 % higher PCT values in the
ProHOSP study [23]. These results suggested that in at
least this large RCT of 925 patients with community-
acquired pneumonia (CAP) no adjustment of PCT cutoff
values was necessary [23]. Other authors proposed dif-
ferent PCT cutoff values for patients with chronic kidney
disease but these have not been prospectively tested [24].
Both CRP and PCT kinetics are independent of neu-
tropenia [26, 27].

In a review of 178 sepsis biomarkers Pierrakos and
Vincent found none of them specific or sensitive
enough for diagnosis or prognosis in routine clinical
practice with too much of an overlap between infec-
tious and inflammatory conditions [28]. Therefore,
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multimarker algorithms were recommended for sepsis
diagnosis [11], but even those face specificity or sen-
sitivity problems in addition to cost and increased
complexity in the analysis and incorporation into clin-
ical algorithms.

There is great controversy in the literature on the
utility of PCT in the diagnosis of sepsis. Several meta-
analyses arrive at different conclusions, which can be at
least partly attributed to inclusion of studies with different
assays yielding different functional sensitivities, different
settings, quality of study design, and different and
sometimes poorly chosen control groups [29–32].

Handling uncertainty in clinical decision-making

Knowledge of the medical literature has to be applied to
the unique clinical situation for clinical decision-mak-
ing. However, clinicians have to deal with varying
levels of uncertainty since published data frequently
does not correspond exactly to the clinical scenario.
Therefore ‘‘gut feeling’’ and previous experience play
important roles in clinical decision-making but are dif-
ficult to quantify. Classical biomarker studies
evaluated—typically in case-control study designs—the
values of biomarkers in cases with proven (i.e., culture-
confirmed) sepsis and controls without signs of sepsis.
However, the situations most in need of biomarker
guidance such as patients with probable but not con-
firmed sepsis, localized infections without signs of
systemic infection, or patients with unclassifiable syn-
dromes were typically excluded from these studies [2].
Therefore, this data is frequently not applicable to real-
life situations, which suffer from lack of diagnostic gold
standards for sepsis [28]. Thus, the real impact of a
diagnostic test should be evaluated on the basis on how
it will change the pretest probability and reclassify
‘‘uncertain’’ situations using Bayes computations or if
multiple tests are used multivariable logistic regression
analysis (Fig. 2) [33]. The additional value of
biomarkers was studied in patients with CAP, where
addition of either PCT, high-sensitivity CRP, or both
improved the diagnostic ability of clinical parameters
[34]. In ICU patients with SIRS, the addition of PCT
significantly increased diagnostic accuracy of a clinical
diagnosis of sepsis (from AUC = 0.77 to 0.94,
p = 0.001) even though it used an early-generation and
relatively insensitive PCT assay [12] and excluded
patients with SIRS-negative sepsis, who are increasingly
recognized to represent a small proportion of patients
with sepsis [35]. In contrast, despite reasonably good
diagnostic accuracy of 0.85, PCT seems to lead to only
modest improvements of post-test probabilities in those
patients with unclear clinical status [30, 31].

Randomized controlled trials of biomarker-guided
antibiotic stewardship

Several RCTs have been performed on antibiotic guid-
ance in ICU patients using different PCT algorithms
based on currently used sensitive assays [25, 36–40].
Nobre et al. demonstrated that an algorithm consisting of
absolute PCT values and relative PCT decreases was able
to decrease antibiotic duration for the first episode of
severe sepsis and septic shock from 10 to 6 days [hazard
ratio (HR) 1.9, 95 % CI 1.2–3.1; p = 0.009] and ICU
length of stay from 5 to 3 days (p = 0.03) [38]. All
patients received antibiotics initially. In the French five-
center, seven-ICU ProRATA RCT of 621 non-surgical
patients with suspected bacterial infection (73 % with a
respiratory infection source), PCT-guided treatment ini-
tiation and discontinuation led to 23 % more antibiotic-
free days alive (14.3 vs. 11.6 days, p\ 0.0001) [25]. The
algorithm reached non-inferiority regarding 28-day (21.2
vs. 20.4 %, aHR 0.89, 90 % CI 0.62–1.28) and 60-day
mortality (30.0 vs. 26.1 %, aHR 1.09, 90 % CI
0.79–1.51). A limitation of this otherwise impressive
study was the poor algorithm compliance of 53 % and
exclusion of 52 % of screened patients. The non-signifi-
cantly increased 60-day mortality was extensively
discussed but several lines of reasoning argue against
biological plausibility (late deaths were all non-infection
related) and suggest rather a random effect as neither the
slightly lower 28-day mortality in the PCT group nor the
slightly higher 60-day mortality in the PCT group reached
statistical significance. In general, adherence rates in
RCTs were relatively low (47–84 %) and rates of exclu-
sions prior to randomization high (38–84 %) [25, 37, 38,
40–43]. None of the many secondary outcomes in the
ProRATA study (relapse, superinfection; ventilation days,
SOFA score, length of stay, emergence of antibiotic
resistance) were significantly different except from a
higher SOFA score at day 28 (difference 0.6, 95 % CI
0.0–1.1) while there were slight baseline imbalances with
a trend for sicker patients in the PCT group.

In a two-center RCT of 101 patients with ventilator-
associated pneumonia (VAP), daily measurement of PCT
and guidance of antibiotic initiation and discontinuation
resulted in a reduction of overall antibiotic duration from
15 to 10 days (p = 0.038) and significantly more antibi-
otic-free days alive (13 vs. 9.5 days; p = 0.049) [40]. A
major criticism was the duration of antibiotic therapy in
the control group, which was almost twice as long as
currently recommended (15 vs. 8 days) [44, 45]. However,
it may also be argued that in real life many patients still
receive longer antibiotic courses than recommended by
guidelines, which would again strengthen the utility of
PCT as it increases the confidence in stopping antibiotics
outside of study conditions [46]. In contrast, during two
recent multicenter studies on CAP (one evaluating the
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effectiveness of antibiotic combination therapy [47], the
other the efficacy and safety of prednisone [48]), the
median antibiotic durations were longer than recom-
mended by recent guidelines (10.0 and 9.0 days,
respectively) even in Swiss centers which have had
extensive training and experience with PCT. Recently, an
Australian multicenter RCT tested very low PCT cutoffs
of 0.1 lg/l to discontinue antibiotics for patients with
suspected bacterial infection or sepsis [39]. The lack of
effect in this study is not unexpected as the applied cutoff
was much lower than cutoffs typically used in RCTs in
critically ill patients, who have a high ‘‘background noise’’
of PCT irrespective of infections [12, 13, 49]. Based on
previous observations that increasing PCT values pre-
dicted increased mortality [50], a PCT-guided antibiotic
escalation algorithm was tested in a Danish randomized
multicenter study against standard of care [36]. However,
this algorithm resulted in a higher consumption of broad-
spectrum antibiotics and a longer duration of antibiotic
therapy (6 vs. 4 days) without improving survival. It rather
led to longer stay in the ICU (by 1 day), 4.9 % per day
more mechanical ventilation, and 21 % more renal failure,
likely driven by more aminoglycoside use [36].

Of note, most algorithms excluded infections which
require long-term antibiotic therapy including endo-
carditis, osteoarticular infections, abscesses, or empyema
[25, 38].

PCT for initiation or discontinuation of antibiotics

In two RCTs initiation of antibiotics was determined on
the basis of a PCT algorithm. In the ProRATA study,
30 % of patients in the PCT group had an initial PCT
value less than 0.5 lg/l but antimicrobials were withheld
in only 9 % as recommended by their algorithm [25]. In
another multicenter open RCT in five Belgian ICUs,
15 % of episodes which ultimately were considered an
infection had an initial PCT less than 0.25 lg/l and
34 % of episodes which were ultimately determined to
be non-infectious had an initial PCT greater than 1 lg/l
suggesting both limitations in sensitivity and specificity
of their cutoffs, respectively. In turn, 18 % of episodes
with an initial PCT greater than 1 lg/l were later clas-
sified as non-infectious and 54 % of episodes with an
initial PCT less than 0.25 lg/l were treated with
antibiotics (despite their recommendation) resulting both
in overtreatment and low compliance, respectively. In
this study, which exclusively guided antibiotic initiation
and not discontinuation, the proportion of ICU days on
antibiotics was not different between the PCT and the
control group (63 vs. 58 %, p = 0.11) [37]. On the basis
of these two studies, a single PCT measurement seems
to be ineffective to withhold antimicrobial therapy in
critically ill patients with a high pre-test probability of
sepsis.

Fig. 2 The impact of test results on diagnostic certainty and
treatment decisions. The post-test probability is a combined result
of the pre-test probability and the test result. Four hypothetical
scenarios are illustrated. A1 The pre-test probability is already
above the treatment threshold. The test result further increases the
post-test probability, which should lead to start of antibiotic therapy
as soon as possible. A2 The pre-test probability is higher than the
testing threshold but lower than the treatment threshold. Therefore
further testing is indicated but no antibiotic therapy. The test result
increases the post-test probability above the treatment threshold
leading to immediate initiation of antibiotic therapy. B1 The pre-test

probability is higher than the testing threshold but lower than the
treatment threshold. Therefore further testing is indicated but no
antibiotic therapy. The test result lowers the post-test probability
even more, but being still above the testing threshold further testing
is required before a decision regarding antibiotics can be made. B2

The pre-test probability is higher than the testing threshold but
lower than the treatment threshold. Therefore further testing is
indicated but no antibiotic therapy. The test result lowers the post-
test probability below the testing threshold. No antibiotic therapy is
given, no further testing warranted. (Modified with permission from
[33])
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In contrast, in all five studies in which antibiotic dis-
continuation was guided by PCT, antibiotic duration was
significantly shorter in the PCT groups [25, 38, 40–43],
for days alive off antibiotics, duration of first antimicro-
bial course, and total duration of antimicrobial
administration (Table 1). Importantly, none of the studies
reported any adverse outcomes as mortality, relapse rate,
length of stay (LOS), and length of mechanical ventilation
were similar between the groups. However, adherence
rates to the algorithms varied between 47 and 84 % and
there were relatively high proportions of eligible patients
who were excluded prior to randomization.

PCT-guided antibiotic therapy: data from meta-
analyses

Several meta-analyses and systematic reviews have
recently been performed on the effectiveness of PCT in
the ICU setting [29, 30, 32, 43, 51]. In an individual
patient data meta-analysis, the PCT -algorithm led to
shorter total antibiotic exposure compared with the con-
trol group in the subgroup of patients with acute
respiratory infections in the ICU (8 vs. 12 days;
p\ 0.001) with no difference in mortality (PCT group
19.9 %; control group 23.8 %; aHR 0.84, 95 % CI
0.54–1.31) [51]. In a meta-analysis of seven RCTs with
different PCT algorithms among ICU patients with severe
sepsis and septic shock (regardless of source), three RCTs
had a primary goal of antibiotic de-escalation, two had a
goal of both de-escalation and escalation, and two had a
primary goal of escalation [32]. Overall, there was a
significantly increased antibiotic duration in the control
groups (aHR 1.27, 95 % CI 1.01–1.53) without differ-
ences in mortality (hospital mortality: RR 0.91, 95 % CI
0.61–1.36; 28-day mortality: RR 1.02, 95 % CI
0.85–1.23) or LOS [32]. Another meta-analysis of ICU
trials confirmed no difference in mortality in PCT-guided
treatment versus controls (RR 0.95, 95 % CI 0.83–1.09)
[30, 31].

The consistency of effectiveness and safety in indi-
vidual studies and in meta-analyses suggests that these
effects are true despite the considerable exclusion rates in
some of these RCTs.

PCT in bacteremic and immunosuppressed patients

Data on bacteremic patients is rarely reported separately in
RCTs on PCT guidance in the ICU. In the ProRATA
study, the number of days without antibiotics was 2.9 and
2.8 days higher in the PCT groups compared to the control
group for patients with and patients without bacteremia,
respectively. The difference between bacteremic andT
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non-bacteremic patients was not significant (p = 0.94).
Similarly, the effect was similar between patients with and
patients without a microbiologically confirmed episode
(2.8 vs. 2.4 days, p = 0.78). Mortality was not different
depending on positivity of blood cultures (p = 0.97) [25].

The ProRATA study also assessed immunosuppressed
patients in a subgroup analysis. The effect of more days
without antibiotics was similar in immunosuppressed and
non-immunosuppressed patients (3.6 vs. 2.5 days,
p = 0.48). Again the difference in mortality was not
significant between the study arms.

Pathogens with low virulence such as Enterococcus
faecium, Acinetobacter baumannii, or coagulase-negative
staphylococci, which frequently cause nosocomial infec-
tions and elicit only little systemic inflammatory
responses, are associated with smaller increases of PCT
levels [20, 52]. This has to be taken into account for
decision-making and might explain the limited usefulness
of PCT in patients with VAP [49]. No RCTs are available
yet specifically for patients with postoperative meningitis
or catheter-associated bloodstream infections [20] who
probably require lower PCT cutoffs.

An economic analysis is beyond the scope of this
review and is associated with many shortcomings as the
cost of antibiotic resistance, which is possibly reduced in
biomarker guidance owing to shorter treatment courses, is
difficult to estimate. However, costs must not be restricted
to assay procurement costs. It was estimated that a PCT-
guided algorithm would lead to cost savings in patients
with lower respiratory tract infections, including those
who require ICU care [53].

Other biomarkers for antibiotic stewardship

Despite widespread and long-lasting use of C-reactive
protein (CRP) in many ICUs throughout the world, until
recently there were no prospectively tested cutoff values
and no interventional data regarding safety and usefulness
of CRP-based algorithms. In an open RCT in two
Brazilian ICUs in patients with severe sepsis and septic
shock, a CRP-based algorithm was compared to a PCT-
guided algorithm, which was similar to a successfully
tested algorithm [38, 54]. In analogy to the PCT group,
the recommendations regarding discontinuation of
antibiotic therapy in the CRP group were based on
absolute CRP values (if initial CRP was less than 100 mg/
l, antibiotic stop was recommended if CRP was less than
25 mg/L on day 4) or relative CRP changes (if initial
CRP was at least 100 mg/l, antibiotic stop was recom-
mended if CRP decreased by at least 50 % on day 5).
Importantly, in patients in whom the infection had clini-
cally resolved, antibiotics were discontinued in both
groups regardless of CRP and PCT values by day 7 at the

latest; only bacteremic and severely ill patients with ini-
tial SOFA scores above 10 were allowed to receive longer
antibiotic courses. All primary (duration of antibiotic
therapy; mean [median] 8.1 [7] days in PCT group vs. 7.2
[6] days in CRP group; p = 0.25 [0.06]) and secondary
outcomes including total antibiotic exposure, clinical
cure, mortality, and length of ICU and hospital stay were
similar in both groups. In addition, these results support
the hypothesis that 7 days represents a feasible and safe
maximum antibiotic duration in recovering patients [54].
Important exclusions to this general rule still have to be
clearly defined but bacteremia due to Staphylococcus
aureus, deep-seated infections such as endocarditis,
mediastinitis, empyema, bone and joint infections, and
foreign-body-related infections should be treated accord-
ing to generally accepted longer antibiotic courses. These
infections are usually excluded from biomarker-guided
algorithms. Despite the relatively small sample size of 94
patients, which requires replication in larger clinical tri-
als, and a large number of prescreened but excluded
patients, this is an important proof-of-concept study
extending strategies developed with PCT to the less
expensive and more widely available CRP. By discon-
tinuing antibiotics on day 7 irrespective of biomarker
levels in those patients who clinically responded and had
no contraindications, this study successfully introduced a
novel concept and should be considered a landmark trial
shaking traditional practices. Based on this study, alter-
native algorithms for PCT and CRP have been published
(Fig. 3, reprinted from [55]).

To the best of our knowledge, no other RCTs have
been published on CRP or other biomarkers for antibiotic
guidance in septic adult patients in the ICU.

Alternative approaches to biomarkers: clinical
assessment and protocolized care

Surprisingly little systematically collected data is avail-
able regarding treatment duration for patients with
bacteremia (as a general surrogate of sepsis) in the ICU.
This is likely attributable to the heterogeneous group of
diseases and syndromes, which results in a large variation
of treatment durations [56]. Among 713 ICU patients with
bacteremia identified in a prospective observational study
over 6 months at a single London ICU, a satisfactory
response was reported with short-course monotherapy
(5–6 days, based on clinical response), which was
employed routinely except for infections which specifi-
cally require longer treatment such as endocarditis or
osteomyelitis [8]. The observed mortality (crude 45 %
and attributable 24 %) did not differ from the expected
mortality based on severity of illness. No long-term
complications were seen and there were six relapses, all
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due to Gram-negative pathogens, four of which were
treated with combination therapy. In a systematic review
and meta-analysis from 1947 to 2010 of antibiotic dura-
tion for patients with bacteremia, Havey et al. identified
24 RCTs, only one specific for bacteremia, and in total
227 patients with bacteremia [57]. Short therapy
(5–7 days) resulted in similar clinical cure (risk ratio 0.88,
95 % CI 0.77–1.01), microbiological cure (risk ratio 1.05,
95 % CI 0.91–1.21), and survival (risk ratio 0.97, 95 %
CI 0.76–1.23) as long antibiotic therapy (7–21 days). A
preplanned subgroup analysis of S. aureus bloodstream
infections was limited by small numbers, but demon-
strated lower success with short course therapy (3/7,

42.9 %) compared to longer therapy (7/7, 100 %,
p = 0.02) [57].

Even without the use of biomarkers, antibiotic dura-
tion for many infectious syndromes has been
progressively shortened during recent years [45]. A recent
RCT of patients with complicated intra-abdominal
infections and adequate source control demonstrated
similar success rates of a fixed duration of 4 ± 1 days of
antibiotic therapy compared with continuing antibiotic
therapy for 2 days after resolution of fever, leukocytosis,
and ileus, which resulted in a median of 8 days [58].
Additional examples include current recommendations
for duration of therapy for community-acquired

Fig. 3 Algorithms for CRP-
and PCT-guided antibiotic
therapy in critically ill patients
(reprinted with permission from
[55]). SOFA sequential organ
failure assessment. £In critically
ill patients, antibiotic
discontinuation has been
repeatedly shown to be safe and
effective on the basis of
biomarker levels (particularly
PCT). Effectiveness and safety
to initiate antibiotic is less well
established in critically ill
patients and should only be
done if clinical status permits
withholding antibiotics, i.e., in
rare instances only. }In patients
without signs of active infection
and alternative explanations for
increased biomarker levels and/
or negative cultures, consider
stopping antibiotics
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pneumonia (at most 7 days [59]), pyelonephritis
(5–7 days [60]), and VAP (8 days except for non-fer-
menters [44]). For VAP, several strategies have been
proposed to reduce antibiotic duration, including use of
the clinical pulmonary infection score (CPIS) [61],
application of routine bronchoscopy and microbiologic
specimen collection [62], or a simple clinical decision
rule (consisting of normalization of temperature, leuko-
cyte count, radiology, sputum purulence, and
oxygenation), which further reduced treatment duration
from 8 to 6 days [63]. Interestingly, this is approximately
the same mean duration of therapy as achieved with PCT
guidance [40], while challenges remain for the diagnosis
of VAP, which make comparisons between different
studies problematic. A strength of biomarker-guided
algorithms might be the individualization of therapy.

The worldwide crisis of antibiotic resistance led to the
recommendation that all ICUs incorporate an antibiotic
stewardship (ABS) program as a multidisciplinary
approach to improve outcome and limit emergence of
resistance [64]. Key elements include aggressive micro-
biologic testing, rapid identification of patients requiring
antimicrobials, optimal selection of antimicrobial agents
and dosing based on pharmacokinetics and pharmacody-
namics, antibiotic de-escalation and early discontinuation
together with provider education, auditing, and feedback
[64]. Various tools such as computerized decision support
systems, biomarkers, antibiotic restriction and availability
of infectious disease experts are applied as part of ABS
[65]. Utilization of rapid testing such as MALDI-TOF
significantly reduced time to optimal therapy in bac-
teremia and candidemia from 90 to 47 h [66]. Recent
reviews showed success of at least one targeted outcome

in 81 % of studies evaluating ABS in ICUs [65] and a
reduction in antibiotic exposure and lower antibiotic costs
[67]. In a mathematical model the impact on colonization
rates with resistant Pseudomonas aeruginosa was highest
with restricting treatment indications and optimizing
antibiotic choices rather than shortening antibiotic courses
[68].

Recently, the safety of antibiotic de-escalation,
defined as discontinuation of antibiotics or change to an
antibiotic with a narrower spectrum, was prospectively
confirmed in a Spanish ICU in patients with severe sepsis
or septic shock using both logistic regression analysis and
propensity score matching. De-escalation, which was
performed in 34.9 % of patients, was protective against
hospital mortality (propensity score adjusted OR 0.55,
95 % CI 0.32–0.98, p = 0.022) [69]. In contrast, a con-
troversial multicenter study from nine French ICUs raised
concern about potential harm of antibiotic de-escalation
despite non-inferiority of the primary outcome (median
ICU LOS 9 [interquartile range (IQR) 5–22] in the de-
escalation group vs. 8 days [IQR 4–15] in the standard
group, mean difference 3.4 days [95 % CI -1.7 to 8.5])
and similar mortality, as there were more superinfections
in the de-escalation group (27 vs. 11 %, p = 0.03) [70].
Despite some concerns [71], the necessity of de-escala-
tion to combat antibiotic resistance while allowing early
and appropriate broad-spectrum therapy even in neu-
tropenic patients [72] has been emphasized [73–75]. An
integral but not always explicitly emphasized part of
antibiotic de-escalation is to early discontinue antibiotics,
either when there is no evidence of infection or once the
infection has resolved clinically or according to bio-
marker levels (Fig. 4) [73, 75].

Fig. 4 Algorithm combining
antibiotic de-escalation with
biomarker guidance in critically
ill patients with suspected
infection
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Conclusion

The available literature on several RCTs confirms the
safety and efficacy of PCT guidance, particularly for
antibiotic withdrawal decisions, but probably not for
guiding treatment initiation in critically ill patients. While
serial PCT values provide prognostic information, it was
detrimental when used as an escalation strategy. Limita-
tions are currently high assay costs and the still limited
diagnostic accuracy with too many false-positive and
false-negative results. A head-to-head comparison RCT
suggested that CRP, which is less expensive and more
widely available, might be similarly effective and safe for
antibiotic discontinuation as PCT. Further RCTs on CRP
or other biomarkers are needed but might suffer from
lack of industry interest in sponsoring such complicated
studies. The results of the randomized SISPCT trial
(https://clinicaltrials.gov/ct2/show/NCT00832039), which
evaluates both selenium supplementation and PCT guid-
ance for antibiotic duration in severe sepsis or septic

shock, are awaited with interest. Biomarkers should never
be used alone but always in addition to microbiological
information and clinical assessment over time, which by
itself might be able to considerably reduce antibiotic
duration. It is time to implement these concepts into
clinical routine.
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