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According to the Third International Consensus Defini-
tions for Sepsis and Septic Shock [1], sepsis is currently
defined as severe organ dysfunction caused by a dysreg-
ulated host response to infection associated with severe
injuries to tissues and organs, up to septic shock, multi-
organ failure (MOF) and death. Sepsis is a major public
healthcare issue, being now considered as the leading
cause of mortality from infections, accounting for more
than 20 billion US $ hospital costs each year in the US [1].
Recent statistics shows that the actual prevalence of
sepsis is as high as 6% in hospitalized adults [2], whilst
reliable predictions suggest that its future incidence may
nearly double in the next 30 years [3]. The cumulative in-
hospital mortality is approximately 15% [2], whereas a
much higher death rate is observed in intensive care units
(ICUs), typically comprised between 20% and 45% [4].
Although both Gram-positive and -negative bacteria may
trigger sepsis, the most frequent of which are Staphylococ-
cus aureus (20.5% of cases), Pseudomonas species (19.9%),
Escherichia coli (16.0%), Klebsiella species (12.7%), Ente-
rococcus (10.9%) and Staphylococcus epidermidis (10.8%),
sepsis can also be frequently develop in patients infected
by Candida (17.0%) and other microorganisms [5]. The
lungs (36%—42%) are the more frequent infection sites
in patients with severe sepsis, followed by genitourinary
tract (10%-18%), abdomen (8%-9%) and wounds or soft
tissues (7%-9%), whilst no precise source of bacteremia
can be identified is as many as 20% of patients [5].
Irrespective of the fact that a timely and accurate diag-
nosis of sepsis is essential to reverse its otherwise unfa-
vorable clinical course, the diagnostic approach remains
challenging. Some scoring systems have been developed
in recent years, including the host systemic inflamma-
tory response syndrome (SIRS) criteria, the sequential
[sepsis-related] organ failure assessment (SOFA) and the
quick SOFA (qSOFA) scores [6]. Nevertheless, all these
tools are primarily intended for predicting outcomes,
especially death, whilst their early diagnostic efficiency
remains unsatisfactory [7]. Even if the Sepsis-3 Task Force
reiterates the concept that sepsis shall be identified using
clinical criteria for life-threatening organ dysfunction and
blood culture [1], both these approaches would only be

efficient for delayed diagnosis and thus partially unable
to substantially ameliorate an unfavorable prognosis.

For a long time, standard blood culture techniques
have represented the only reliable means for diagnosing
sepsis, and are still regarded as the gold standard ref-
erence methods for detecting and isolating pathogenic
organisms from sterile body fluid specimens [8]. Unfor-
tunately, however, blood culture has many drawbacks
such as a long turnaround time (TAT) (i.e. 6 h to 5 days are
needed for microorganisms to grow to detectable levels,
with an additional 24-48 h needed for testing antibiotic
susceptibility), low sensitivity, large sample volume, fre-
quent need for repeated testing, risk of false negative test
results after initiation of antibiotic therapy (between 30%
and 63% of cases) and preanalytical variables (e.g. 2%-4%
sample contamination due to non-observance of standard
antiseptic procedures during blood drawing) (Figure 1).
Finally, albeit that automated approaches have been devel-
oped [9], blood culture remains a labor-intensive and time-
consuming procedure in many clinical laboratories.

Due to these inherent limitations, a large armamen-
tarium of serum (or plasma) sepsis biomarkers has been
commercialized over the past decades. These typically
include C-reactive protein (CRP), procalcitonin, prese-
psin, interleukin 6 (IL-6), lipopolysaccharide-binding
protein (LBP), neutrophil CD64 (nCD64), soluble trigger-
ing receptor expressed on myeloid cells-1 (sSTREM-1) and
the serum soluble urokinase-type plasminogen activator
receptor (suPAR), among others. Although none of these
biomarkers would thoughtfully fulfil all the ideal features
of a sepsis biomarker, as briefly summarized in Table 1,
stronger clinical evidence of clinical usefulness has
emerged for procalcitonin, presepsin and CRP from many
published studies and meta-analyses. Both procalcitonin
and presepsin now appear to be the most promising tests,
not only for early diagnosis of sepsis, but also for gar-
nering valuable prognostic information and for guiding
therapeutic decision-making (i.e. antibiotic stewardship)
[7, 10-11]. Nonetheless, their measurement is also plagued
by some important drawbacks, such as insufficient
standardization [12], the inability to provide information
on causative microorganism and suboptimal diagnos-
tic accuracy. Regarding this last aspect, a recent study
published by Brodska et al. showed that the diagnostic
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Diagnostic features Blood culture Serum biomarkers

Molecular biology

Etiological diagnosis Yes No
Standardization Acceptable Limited
Rapidity Limited High
Accuracy Partial Partial
Predictiveness No Yes
Antibiotic resistance Yes No
Preanalytical issues Yes Limited

Yes

Limited

Limited

Partial

No

No

Yes

Figure 1: Diagnostic features of past, present and future sepsis biomarkers.

Table 1: Ideal features of sepsis biomarkers.

Being present at symptoms onset (or even earlier), to allow for
an early diagnosis

Being highly sensitive and specific for infections, to allow

for an accurate differential diagnosis between infectious and
non-infectious diseases

Being capable of identifying the causative microorganism
Being informative on the clinical course

Providing valuable information on the prognosis

Guiding therapeutic decisions (e.g. antibiotic stewardship)

accuracy of some of the currently available biomarkers
remains limited (i.e. <80%), and that presepsin even
failed to outstrip more conventional sepsis biomarkers
such as procalcitonin and CRP for both diagnosing sepsis
and prognosticating death in critically ill patients [13].
Nucleic acid amplification is one of the most promising
perspectives in sepsis diagnostics. The current techniques
are essentially based on rapid amplification of DNA or RNA
of pathogen origin, up to obtaining detectable levels which
can then be assayed using mass spectrometry (MS), high-
resolution melting or sequencing. Several commercial
methods have been commercialized and cleared by many
regulatory agencies worldwide, as is thoughtfully reviewed
elsewhere [8]. Albeit recent evidence suggests that the diag-
nostic performance of these assays is comprised between
70% and 90%, the ability to accurately detect pathogens
is still limited by some preanalytical issues, the need for
effective lysis across a broad range of bacteria, interference
from host DNA or other inhibitory substances, off-target
interactions and amplification bias [8]. Moreover, anti-
microbial stewardship may remain virtually unchanged

even after molecular biology detection, so that clinical effi-
ciency and cost-effectiveness of these techniques remain
largely untested [14]. Hence, further refinements of mole-
cular assays would be needed to overcome the current
limitations in their diagnostic performance.

Early diagnosis of sepsis remains crucial for the
managed care of patients with severe infections, who
need timely treatment much earlier than after any signs
and symptoms of organ failure have appeared. Prompt
pathogen identification would also be highly effective for
limiting inappropriate antibiotics usage, thus lowering
the risk of antimicrobial resistance, which is one of the
biggest threats to global health according to the World
Health Organization (WHO). As previous work suggested,
neither the past, present or future tests would fulfil all
the features of an ideal sepsis biomarker and thus being
considered the panacea that clinicians are expecting
(Table 1). On the other hand, the integration of these
existing technologies would probably be effective for
counterweighing individual drawbacks but will exponen-
tially increase the healthcare expenditure. Future cost-
effectiveness studies aimed at comparing and validating
their diagnostic usage, alone or in combination, will thus
be necessary.

The most reliable strategy for early diagnosis of
sepsis appears to be that suggested by Schuetz et al. in
this issue of the journal [15], relying on diagnostic algo-
rithms integrating the pretest probability of infection,
clinical features and results of in vitro diagnostic testing
(e.g. procalcitonin). This approach, entailing close col-
laboration and cooperation between laboratory profes-
sionals and clinicians, reflects the current value of the
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so-called “clinical laboratory stewardship” [16], which
must be seen as an essential step forward for improving
the appropriateness of laboratory test ordering and the
accuracy of interpretation of test results. Nonetheless,
additional practical issues should be addressed, such
as the current lack of standardization of procalcitonin
immunoassays, as is also highlighted in another interest-
ing article published by Chambliss et al. in this issue of
the journal [17].
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Abstract

Background: Procalcitonin (PCT)-guided antibiotic stew-
ardship (ABS) has been shown to reduce antibiotics
(ABxs), with lower side-effects and an improvement in
clinical outcomes. The aim of this experts workshop was
to derive a PCT algorithm ABS for easier implementation
into clinical routine across different clinical settings.

Methods: Clinical evidence and practical experience with
PCT-guided ABS was analyzed and discussed, with a focus
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on optimal PCT use in the clinical context and increased
adherence to PCT protocols. Using a Dethi process, the
experts group reached consensus on |different PCT algo-

rithms‘based on clinicalseverity of the patient and [prob-
I |

ability of bacterial infection.

Results: The group agreed that there is strong evidence

that [PCEguided ABS supports individual |decisions on
| |

initiation and duration of ABx treatment in patients with
I | I I

acute respiratory infections and sepsis| from any source,
thereby reducing overall ABx exposure and associated
side effects, and improving clinical outcomes. To simplify
practical application, the expert group irefined the estab-
lished PCT algorithms by incorporatingseverity of illness
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and probability of bacterial infection and the
fixe to onl for mild to and one
for disease respectively).
Further, guidance on interpretation of PCT results to initi-

ate, withhold or discontinue ABx treatment was included.

Conclusions: A-of clinical patient assessment
with.levels in well-defined ABSh in context

with continuous education and regular feedback to all ABS
stakeholders, has the potential to improve the diagnostic
and therapeutic management of patients suspected of bac-
terial infection, thereby improving ABS effectiveness.

Keywords: ABx stewardship; bacterial infection; bio-
marker; procalcitonin; respiratory tract infections; sepsis.

Introduction

Increasing emergence of multi-drug resistant patho-
gens is considered to be one of the most urgent threats to
global health and is directly linked to antibiotic overuse
1]. Patients presenting with symptoms of
and systemic inflammatory response
are often prescribed
nan 0 hespta

[2, 3]. For example, in

syndrome

antibiotics by default, although

recent a large Center for Disease Control study,
of patients presenting with had a or

identified [3]. Despite the wider availability of
[4], antibiotics are fre-

quently over-prescribed in patients with acute respiratory
illnesses on a * ” basis, primarily due to physi-
cian about and thus about
the safety of withholding antibiotics. In addition, physi-
cians often use antibiotic courses because there

of illness. Unnecessarily long treatment durations may
further result from the use of fixed antibiotic regimens as
advocated by current International and local guidelines,
although patients may show variable treatment responses.
A diagnostic marker providing information about the
probability of bacterial infection and the resolution of
disease therefore has high potential to improve the clinical
assessment of patients, aid clinicians to improved antibi-
otic decision-making and potentially improve clinical out-
comes. In this context, the use of the host-response marker
procalcitonin (PCT) has gained much attention lately as
adjunct to clinical judgement. Levels o can-toi
disease and have been shown
safely

expression

to lead to

Schuetz et al.: Procalcitonin-guided antibiotic stewardship =—— 1309

is in cells which encounter
and thus provides information about the risk
for bacterial infection upon initial patient assessment [8].
Conversely, expression is in patients
with infections [9].

infection is and thus provides information

about the of illness. Integration of PCT into the

parameters and information from other diagnostic and
microbiological tests and inform treatment decisions in
patients with suspicion of bacterial infection [10].

Using a biomarker, such as PCT, may help to person-
alize treatment decisions. Such a strate
otic exposure and may also
antibiotic associated and by reducing the risk
for as shown in More-
over, several reports have found positive effects of antibi-

otic stewardship (ABS) protocols on outcomes in patients
g e i recommend.

to implement strategies to reduce antibiotic exiosure

also provides
which may hto obtain

further samples for diagnostic testing or pursue other
therapeutic strategies and the timing of patient discharge
[14]. Based on the current body of evidence, the US Food
and Drug Administration recently approved the
use ofhto guide antibiotic use in the context of
acute respiratory illnesses and sepsis in the US.

Still, one barrier to the more wide-spread routine use
of PCT is the regarding the
because previous somewhat

PCT depending on (primary care
settings, emergenci departments [ED] and intensive care

by decreasing

units [ICU]) and of infection e.g. community-acquired
pneumonia (CAP), bronchitis, chronic obstructive pulmo-
nary disease (COPD) or asthma exacerbation, sepsis and
post-operative sepsis [8]. Algorithm recommendations dif-
fered in regard to timing of follow-up PCT measurement
and siecific treatment recommendation. The several PCT

points used for the recommendation to discontinue
antibiotics further to of PCT algo-
rithm adherence (range of cut-offs for antibiotic discontinu-
ation as <0.25/<0.1 ug/L in ED and medical ward patients;
<0.5/<0.25 pg/L in ICU patients; reduction by >80% from
peak levels in sepsis patients). Additionally, there is a lack
of guidance on how to best integrate PCT test results into
the clinical management of patients and decision-makin
for antibiotic therapy. Thus, deriving a‘
for use in patients with suspicion of bacterial infection
which considers these aspects may improve the effective
and safe use of PCT in routine clinical settings.
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The objective of the international experts consen-
sus meeting was therefore to close this gap, discuss the
optimal use of PCT in clinical routine, including prerequi-
sites for implementation into clinical protocols and work
flow and to find a consensus on these aspects.

Materials and methods

The consensus process took place during a 1-day work-
shop in Berlin in late September 2018. The consensus was
developed by a multidisciplinary team of 19 experts on
PCT use in clinical practice, from 12 countries mirroring
the different functional stakeholders in hospital ABS pro-
grams, such as critical care medicine (both medical and
surgical intensive care), emergency medicine, respiratory
medicine, clinical microbiology and infectious diseases,
pharmacy, patient safety and laboratory medicine (see
Table 1).

Consensus process

The expert group reviewed the current evidence from
interventional trials on PCT-guided ABS and discussed
the different approaches and algorithms that were used,
including those that did not lead to reduced antibiotic
exposure. The experts also discussed the clinical evi-
dence for different patient populations such as primary
care [15], ED [16], ICU [7, 17] or geriatrics and exchanged
practical experience from own experience in routine clini-
cal practice. In addition, experience on the process and
the impact of clinical implementation was shared and
discussed. Based on the discussions, three modified PCT
algorithms were proposed for patients with mild, moder-
ate and severe illness.

The controversial issues were openly discussed,
debated and the algorithms were further edited during
several feedback rounds by incorporating adjustments
until consensus was found. All delegates who attended
the meeting then voted to: 1) agree, 2) disagree or 3)
abstain, on each algorithm on the same day. For the voting
a modified Delphi process was used [18].

Results

The experts voted on algorithms 1, 2, 3 with unanimous
agreement during voting on all three final algorithms
(Figures 1-3).

DE GRUYTER

P i s used in clinical trials on ABS
in infections

The concept of PCT-guided ABS was first tested in .
patients with infection of the
Considering that
and
algorithm recommended
the use of
ug/L, respectively. The algorithm also included some over-
ruling criteria, so patients at very high risk would still be
treated empirically despite low PCT levels. Accordingly, a
two-level recommendation was given also for the initia-
tion of antibiotic treatment for patients with PCT higher
than 0.25 ug/L (antibiotic recommended) and PCT higher
than 0.5 pg/L (antibiotic strongly recommended). The
study demonstrated significant reduction in antibiotic
prescription rates, particularly in patients with bronchitis
and COPD exacerbation.

Later studies not only investigated PCT for the ini-
tiation of empirical antibiotic therapy, but also used
PCT to monitor the response to therapy and to decide on
discontinuation of antibiotic therapy on an individual
basis [19, 20]. The

from the was used as
rule thresholds. This approach further decreased anti-
biotic exposure by shortening the duration of thera

articularly in patients with CAP. Subsequently a
i non-inferiority trial found this
approach to be in -

exposure by with no increase in the risk
for adverse outcome

Today, several similar trials have been conducted
in different countries and different clinical settings (i.e.
from primary care to emergency departments and medical
wards, to intensive care). A recent
individual patient data from

performed in 12 different countries
investigated the effects of PCT-guided antibiotic decision
making in the context of respiratory infections
compared to aggregate data meta-analysis, patient-level
data meta-analysis permitted standardization of outcome
definitions and subgroup analyses by type of infection
and clinical setting. The study showed that

(initiation of antibiotics from and a reduction

days to

Results were for the different clinical settings
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Table 1: List of participating experts.

Name Affiliation Field of expertise

Albertus Intensive Care Center, Medisch Spectrum Twente, Intensive Care Medicine
Beishuizen Enschede, The Netherlands

Michael Clinical Pharmacy and Laboratory Services, Five Rivers Clinical Pharmacy and Laboratory

Richard Broyles
Ricard Ferrer

Gaetan Gavazzi
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test within 24 h
to stop Abx if PCT
still <0.25 pg/L

Use PCT every 24—
48 h for monitoring
and discontinuation
of Abx if PCT <0.25
ug/L or drop by 80%

* Caution in patients with immuno-suppression (including HIV), CF, pancreatitis, trauma, pregnancy, high volume transfusion, malaria;
PCT-guided stewardship should not be applied to patients with chronic infections (e.g. abscess, osteomyelitis, endocarditis)

Figure 1: PCT use in patients with/mild illness outside the ICU.

Patient with moderate iliness outside ICU
(Defined by setting specific scores, e.g. gSOFA, MEDS, NEWS)

Initial clinical assessment
(Including microbiology)
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of Abx if PCT <0.25
ug/L or drop by 80%
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test within 24 h
to stop Abx if PCT
still <0.25 ng/L

Use PCT every 24—
48 h for monitoring
and discontinuation
of Abx if PCT <0.25
ug/L or/drop by 80%

* Caution in patients with immuno-suppression (including HIV), CF, pancreatitis, trauma, pregnancy, high volume transfusion, malaria;
PCT-guided stewardship should not be applied to patients with chronic infections (e.g. abscess, osteomyelitis, lendocarditis)

Figure 2: PCT use in patients with/moderate illness outside the ICU.

of antibiotics were adapted to the severity of the patient.
Thus, for patients with mild or moderate disease treated
in primary care or the ED, a PCT cut-off of 0.25 ug/L was
used, whereas for patients with severe disease (e.g. those

(i.e. primary care, ED or critical care) and types of infec-
tions (pneumonia, bronchitis, COPD exacerbation).

The secondary analysis of PCT cut-offs used in the
trials revealed that the main cut-offs used for initiation
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illness in ICU

Initial clinical assessment
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of Abx if PCT still
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Use PCT every 24—
48 h for monitoring
and discontinuation
of Abx if PCT <0.5

ug/L or drop by 80%

Consider 2nd PCT
test
to Abx if PCT

still

* Caution in patients with immuno-suppression (including HIV), CF, trauma, pregnancy, high volume transfusion,
PCT-guided stewardship should not be applied to patients with infections (e.g. ﬂ osteomyelitis, lendocarditis)

Figure 3: PCT use in patients with-illnesslthe ICU.

requiring ICU admission)
for antibiotic

were mainly

were used for
illness, respectively, or when PCT
from the [8].

ﬁnd algorithms for PCT-guided ABS in

The mentioned concept of using PCT to individualize anti-
biotic therapy is also appealing in patients with
Yet, initially, there were concerns about safety of
this approach in the sickest patients as too short courses of
antibiotics could possibly result in the recurrence of infec-
tion and higher mortality. The first proof-of-concept study
looking at ICU patients with sepsis [14] found a reduction
of antibiotics exposure without obvious negative impact
on outcome. The trial used the higher PCT cut-offs for
sepsis patients (0.5-1 ug/L) and also used the PCT kinet-
ics (decline by >90% from the peak level) to recommend
cessation of antibiotic. This concept was later
in the non-inferiorit 17
where PCT use was when used in
atients. Because sepsis patients in have an

and time to treatment is crucial, was used
for early of treatment, but for
guiding empiric [25]. This concept was later also

tested in the on guidance of Procalcitonin
where antibiotics were started in all patients
with clinical suspicion of sepsis, but were recommended
when either the PCT level by

level and/or when the PCT fell

vival better
A patient-level of
PCT-guided ABS in ill patients with [26]
also found that was significantly in the
2252 PCT-guided patients compared with the 2230 control
roup patients /0 VS. 0%). This finding was .
HF;H analyses stratified byi of infec-
tion (respiratory, urinary tract, abdominal, skin or central
nervous system), sepsis-3 definition or of sepsis

(defined by either the sequential organ failure assessment
[SOFA] score, the presence of septicp-or

on

or the need for vasopressor or ventilatory support). The
study also revealed that in sepsis patients?iuse results
in h_ of antibiotics with a reduction
in treatment duration from

seen in patients with

revealed, that
algorithm for whereas for
ipatients a

algorithm for antibiotic ora
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mixed approach did

Beside the studies mentioned already which showed effi-
cacy and safety of PCT

ided ABS, there have also been

First, the was an interventional study with
the rational to improve survival by early antibiotic interven-
tion and escalation any time when PCT is rising. However,
although diagnostic and therapeutic measures were esca-
lated in the PCT-guided intervention group, there was
. The lack of effect may be explained by
treatment with side
treatment [29, 30].

which studied the effects of in
tract infection (LRTI) in . hospitals, [31]
demonstrate anyﬁ of PCT guidance despite the fact
that a similar algorithm was applied as already
-used inistudies [24]. Several factors may
have contributed to this result. Inclusion of patients with

of disease and
(extremely

values, pri-
marily
patients), to algorithms and study proto-
cols, both for patients admitted and those discharged to
primary care, lack of physician with PCT,
and use in both the

and

overall
arms [24]. The low experience to PCT use of inves-
tigators and a low inclusion rate for the intervention arm
(26-111 patients in 2.5 year/center) provided the clinicians
with little opportunity to get practical experience with the
roach.

PCT concept and develop trust in the a

Third, the recently published investi-
gated the value of PCT to guide antibiotic therapy in
patients with in regard to rates of antibiotic pre-
scri]ﬁn, clinical outcomes and costs [32]. Investigators

did find any added of PCT, demonstrating
that while PCT-guided therapy was

of safety, it did-the of

There are several important lessons learned also from this
study, which may help to better understand the use of
PCT in clinical practice and should be considered when

designing future trials [33]. The trial included
with including patients with

in terms

DE GRUYTER

nd soft tissue, intra-
tract infections).

to judgement,
as the decision to initiate antibiotics has already been
made. The investigators used only a
upon admission with a
ug/L). As the osition in patients with a
pre-test infection is generally to
prescribe antibiotics, a
mandatory, and ug/L o
ug/L may have been to allow safe withhold-

ing of antibiotics. While previous - relied on
iPCT measurements for early discontinuation of
therapy, this trial only used

ﬂto the study PCT protocol was with half of

patients receiving antibiotics despite low PCT levels illus-
trating again the need for provider education and feed-

back when implementing PCT-guided care.

Fourth, the ﬁuinvestigated a PCT algo-
rithm to guide antibiotic treatment for patients
admitted to the for [34]. Although
the 28-day was for both the PCT and

standard of care iroup, a

abdominal and urina

observed for the group. The increase in mortality was
e did ot immediatey gel

based on the protocol. For patients
who received antibiotics theiof the

to the standard of care group.

These data

to improve

safety of PCT use.

Fdata on clinical integration into
programs

It has been shown that the successful implementation of
ABS programs requires a-across the hos-
pital, with education of all stakeholders as a key element.
This educational process ideally includes
measuring of the success based on
and feedback to all involved parties to increase
trust, confidence and eventually adherence, and achieve
the desired effect to reduce antibiotic use and thus antibi-
otic resistance [35].

This holds true also for an integration of PCT to guide
the judicious use of antibiotics in patients suspected of
bacterial infection. The low adherence rates observed in
some interventional studies such as proACT [31], reflect
missing experience with PCT and its interpretation in
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the clinical context as well as lack of trust in the effi-
roach. In contrast, successful

cacy and safety of this a

rates and was associated with improved clinical outcomes
like difficile
infections and without any nega-
tive impact on survival [35]. Thus, education may result
in increased physician confidence and, when combined
with better communication with patients on the risks
associated with inappropriate antibiotic therapy, lead to
improved algorithm adherence and decreased antibiotic
overuse [10, 36].

The results of both, the clinical trials as well as the
implementation studies, support the view that the

f the patient to secure effective and safe
use and that education, auditing and continuous feed-
back are required to develop trust and increase adherence
to PCT algorithms.

Discussion

Derivation of a consensus-for

PCT use

Based on the analysis of trials, the group agreed that for

recommendations. We thus derived different
based on of illness (i.e. mild, moderate
and severe illness) and stratified patients according to the
should then

While in patients with mild disease and low probability

of bacterial infection a low PCT level should advise physi-

cians against the use of antibiotic, for patients with mod-
may still be

for antibiotic therapy. Further, for patients where

antibiotic therapy was of PCT levels
is recommended to to antibiotic
therapy and control of infection. A in PCT from the
peak by was taken
as a strong of illness and earlier

Schuetz et al.: Procalcitonin-guided antibiotic stewardship = 1315

_ of antibiotics is recommended when a

patient is clinically stable.
shows the proposed algorithm for patients
with disease (e.g. patients seen in primary care or

patients in the ). The initial stei is to

evaluate the
based on the
and, if indicated,
with disease and

before discharging the patient. If

antibiotics when the level falls
by at least
In patients with disease and
bacterial infection based on the clinical, radiological and
microbiological assessment, a PC g/L still argues
infection, but may be started
based on Again, the indication for
antibiotic use should be whe with
a second PCT test and results of additional microbiologi-
cal tests. If PCT ug/L a infection is very
and empiric antibiotics should be started immedi-
ately. The PCT level should be to
assess and control of infectious focus.
With PCT decline by
ug/L, the antibiotics can be
clinically stable.

of disease as assessed b
of PCT in this situation isi

-- treatment in patients with diagnostic
uncertainty may still be_PCT levels to
increase safety and adherence of physicians.

hows the proposed algorithm for
with a recommendation for

ug/L or declines

testing should be
of the clinical s
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For all proposed algorithms
mended for patients with

was recom-
(includ-

leading to a potential of infec-
tious complications. For measurements of PCT it should
be secured that only with suf-

ficient precision in the relevant cut-off ranges are used for
optimal safety. Most trials today have used the highly sen-
Hennigsdorf,

sitive KRYPTOR immunoassa
Germany) which has a
[38, 39]. Thus, the analytical sensitivity, as expressed by
the functional sensitivity should be in this range to assure
the accuracy of measurement at low PCT levels. In addi-

tion, the validation of the assa should-that the

[34, 35].

Conclusions and outlook

As a marker with both diagnostic and prognostic impact,
PCT has demonstrated promising results to tailor antibi-
otic treatment to the individual patient, thereby reducing
antibiotic exposure and improving clinical outcomes for
patients with acute respiratory infections and sepsis [6,
23, 40, 41]. Respective clinical algorithms have been vali-
dated in interventional trials demonstrating the efficacy
and safety of PCT-guided ABS. Adherence to the PCT algo-
rithm was frequently shown to be a challenging issue both
in trials and in real life, which is due to low experience and
thus insecurity about interpretation and follow-up meas-
ures. Furthermore, the

trials have included
patients with therefore limiting
the generalization of the findings for these patients [42].
These aspects were considered in the refinement of the
algorithms, which is now based on clinical assessment of
disease severity and probability of bacterial infection and
using only one severity-specific PCT cut-off to rerate the
infection probability.

Consensus on clinical algorithms are often developed
by the respective specialist groups of scientific societies

for specific indications. A strength of our approach is
that this_ consisted of special-

ists that represent the different functions involved in ABS

DE GRUYTER

programs in a hospital and that all have profound scien-
tific, clinical and practical experience with PCT (Table 1).
Consensus on the refined algorithms were developed
based on a thorough analysis and discussion of the cur-
rently available clinical evidence and the different PCT
algorithms used, including critical appraisal of studies
with ‘negative’ outcome as well as own practical experi-
ence from different specialists’ points of view involved
in ABS. Based on this, the challenges of the practical
use of PCT in clinical routine and adherence to current
protocols were identified and discussed to adjust the
algorithms for ABS and provide a clear guidance on the

process, interpretation of PCT result and follow-up meas-

patients with
patients to monitor PCT to
In patients, the algo
of treatment in the case of i
infection. The specification of one cut-off for
mild-to-moderately severe and severe patients (0.25 ug/L
and 0.5 ug/L, respectively) facilitates the ease of practical
implementation.

Still, there are residual limitations to our approach.
Although the consensus algorithms are based on the
clinical evidence and cut-offs and algorithms principally
have been proven for efficacy and safety in interventional
trials, the proposed algorithm modification is based on
expert opinion of this group and the postulated advantage
for practical implementation should still be demonstrated
in clinical practice.

The herein proposed modified algorithm should
enable easier clinical adoption across departments as it
includes also recommendation for the follow-up meas-
ures. Still, experience with PCT and education about
its correct use remain essential prerequisites to lever-
age the benefits of PCT-guided treatment [35]. A broader
knowledge of real world data, e.g. from registries, would
be of interest to assess clinical and health economic
impact in the different countries. Additional research
should consider both less understood indications or
patient groups as well as patients in primary care and/
or nursing homes where a major proportions of antibiot-
ics are prescribed.

In conclusion, integration of PCT into ABS algorithms
has the potential to improve the diagnostic and therapeu-
tic management of patients presenting with respiratory

Unauthenticated
Download Date | 8/4/19 11:23 PM


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



DE GRUYTER Schuetz et al.: Procalcitonin-guided antibiotic stewardship =— 1317

illnesses and sepsis, and holds great promise to mitigate
the global bacterial resistance crisis and move from a
default position of standardized care to more personalized
treatment decisions.
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