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SUMMARY - Sepsis as a consequence of infection is a frequent cause of death among critically
ill patients. The most common sites of infection are lover respiratory tract, abdominal, urinary tract and
catheter-associated blood stream infections. Early empiric, broad-spectrum therapy in those with severe
sepsis and/or shock with the aim of reducing mortality may lead to antibiotic overuse, resistance and
increased costs. Among numerous serum biomarkers, procalcitonin (PCT) has proved to be one of the
most reliable ones in the diagnosis of sepsis. An important means of limiting antibiotic resistance is the
antibiotic stewardship program, especially in intensive care units with critically ill patients and prev-
alence of multiple drug-resistant pathogens. The PCT-guided antibiotic stewardship was first started
in Western Europe and Asia-Pacific countries, as well as in the United States. Considering that this
method has proven to be effective in reducing antibiotic consumption while improving clinical outcome,
a group of experts from the Balkan region decided to make their own recommendations and PCT
protocol. When creating this protocol for initiation and duration of antibiotic treatment, they especially
reviewed the literature for lower respiratory tract infection and sepsis. In the protocol, they have included
the severity of illness, clinical assessment, and PCT levels. Developing a consensus on the clinical algo-
rithm by eminent experts/specialists in various fields of medicine should enable clinicians to use PCT
for initiation of antibiotic therapy and monitoring PCT to stop antibiotics earlier. It is crucial that the
PCT-guided algorithm becomes an integral part of institutional stewardship program.
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Introduction tance™?, especially in moderately developed countries’.

Today, a significant problem around the world is It is generally accepted that antibiotics are often pre-

the burden of infectious disease, as well as unjustified
prescribing of antibiotics that lead to antibiotic resis-

scribed empirically and without confirmation of bac-
terial infection, when the cause most often are other
pathogens*. Overusing and misusing of antibiotics also

— may have a significant negative impact on the eco-
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Nic. Serbia nomic aspect of the healthcare system®®. When there
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One of the standard approaches to assess the pos-
sible presence of bacterial infection is monitoring clin-
ical signs and symptoms, but the additional approach
is to measure serum markers of infection”!°. Since the
laboratory parameters such as white blood cell (WBC)
count, C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR), and clinical signs and symp-
toms are insufficient for treatment and decision on an-

Since 2016, the World Health Organization
(WHO) has advocated setting up a surveillance sys-
tem that would include data on antibiotic consump-
tion globally, and guidelines for establishing a system
for antibiotic consumption at the national level. In
generally, each country should have its own surveil-
lance system which can be used nationally and inter-
nationally.

tibiotic initiation in febrile patients, there was a need

to identify markers with greater specificity and sensi-
tivity. One of the promising markers is procalcitonin
(PCT) synthesized in different tissues in response to
invasion of bacteria, fungi and some parasites. In vi-
ral infection, interferon gamma blocks upregulation of
PCT, thus indicating that PCT, unlike CRP, can be
used to differentiate bacterial from viral infections’.
Its plasma concentration increases within 6-12 h, in
contrast to CRP and ESR rise after 24 h'?, and de-
creases approximately at a 50% day rate in patients
adequately responding to therapy™. Although certain
markers such as CRP, leukocyte count and PCT may
be used to guide the initiation of antibiotic treatment,
PCT can also serve as a marker for reducing antibiotic
treatment, shorten intensive care unit (ICU) length of
stay and decrease costs!’. Some of the advantages in
relation to CRP and WBC are specificity for bacte-
rial infection, the rapidity of rise, a rapid decline with
control of infection, and correlation with the severity

of disease.

Table 1. List of participating experts

Materials and Methods

The consensus on the clinical use of PCT took
place during 1-day workshop in Belgrade on July 3,
2021. It was developed by a multidisciplinary team of
8 experts from 8 Balkan countries, including anesthe-
siologists particularly involved in ICU work and or-
ganization in adults, with one of them being pediatric
anesthesiologist (Table 1).

First, the expert group reviewed current evidence
from previous trials on PCT-guided stewardship and
discussed different approaches and algorithms, those
which did and did not lead to reduce antibiotic use'>-
17. A systematic review of the available literature using
PubMed/MEDLINE was performed during the first
half of 2021. Key words (English) used in researching
were “procalcitonin, infection, sepsis, lower respiratory
tract infection, bacterial infection, antimicrobial stew-
ardship”. Only available literature with recommenda-
tions in adult patients was used. The cut-off values are
proposed as in Berlin algorithms, considering that it
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has been proved to be effective in reducing antibiotic
consumption, while improving clinical outcome, and
appeared to be most appropriate for application in
Balkan countries'. Considering that the largest num-
ber of patients in our ICUs are those with sepsis, septic
shock and lower respiratory tract infections (LRTI), a
special review of the literature addressed these fields
of interest. They also represent the groups of patients
who are given antibiotics by default and for unjustifi-
ably long time.

As the leader of the group, Prof. Radmilo Jankovi¢
gathered eminent experts with whom he had previous-
ly cooperated, who have experience in ICU protocols.
They exchanged their experience in everyday clinical
practice and at the end voted to 1) agree, 2) disagree,
or 3) abstain on each algorithm. For this purpose, the
modified Delphi process was used'®.

Results

In patients with mild illness outside the ICU, be-
fore determining PCT levels, the initial test based on
clinical assessment is crucial. If a mild disease is pres-
ent, along with diagnostic uncertainty about bacterial
infection and PCT <0.25 pg/L, there is a low probabil-
ity of bacterial infection, with the recommendation to
withhold antibiotics and repeat PCT test within 6-12
h. If the value is >0.25 pg/L, the presence of bacterial
infection is more likely, so the recommendation is to
initiate antibiotics. Also, there is need to re-evaluate
PCT every 24-48 h for monitoring and discontinua-
tion of antibiotics if PCT is <0.25 pg/L or there is a
drop by 80%. In patients with mild disease and high-
ly suspected bacterial infection, if PCT is <0.25 pg/L
antibiotics can be started based on clinical judgment.

Also. repeat PCT should be considered within 24 h

Patient with mild illness outside ICU
(Defined by setting specific scores, e. g. qSOFA, MEDS,
NEWS)
Initial clinical
assessment Bacterial infection Bacterial infection
(Including uncertain highly suspected
microbiology)
PCT result (ug/L) | | <0.25 | | 20.25 | | <0.25 | | 20.25 |
Probability of
bacterial Low High Low High
Infection based on PCT probability probability probability probability
level?
Bacterial Bacterial Bacterial
Overall s e infecti v
interpretation unlikely likely possible
Use empiric
Without Abx, Abx based on
. Use Abx . o
Antibiotic consider other based on clinical Use Abx based
diagnostic tests I-' ical judgement, on clinical
management to establish | climiea consider other judgement
. yy judgement . N
diagnosis diagnostic
tests
Use PCT
every 24-48 h Use PCT every
for Consider 2°¢ 24-48 h for
Recommendations Consider 274 monitoring PCT test monitoring
. PCT test within and within 24 h to and
for,fono“ up of 6-24 h before discontintinu stop Abx if discontinuatio
patients sending home ation of Abx if PCT still <0.25 n of Abx if PCT
PCT <o0.25 ug/L <0.25 pg/Lor
pg/L or drop drop by 80%
by 80%

Fig. 1. Patient with mild illness outside the intensive care unit.
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to stop antibiotics if PCT is still <0.25 pg/L. If the
value is >0.25 pg/L, bacterial infection is highly likely,
so antibiotics should be initiated, with the recommen-
dation to use PCT every 24-48 h for monitoring and
discontinuation of antibiotics if PCT is <0.25 pg/L or
there is a drop by 80% (Fig. 1).

In patients with moderate disease outside the ICU,
if initial clinical assessment indicates that bacterial in-
fection is uncertain and PCT is <0.25 pg/L, the prob-
ability of bacterial infection is low. Antibiotic initia-
tion could be considered based on clinical judgment or
other diagnostic tests. Repeat PCT test within 6-24 h
to early stop antibiotics if PCT is still <0.25 pg/L. If
PCT is »0.25 pg/L and bacterial infection is uncertain,
there is high probability of bacterial infection, so an-
tibiotic treatment should be started. Re-evaluate PCT
every 24-48 h for monitoring and discontinuation of

antibiotic therapy if <0.25 pg/L or there is a drop by
80%.

If bacterial infection is highly suspected based on
clinical assessment and PCT is <0.25 pg/L, the pres-
ence of bacterial infection is possible. The recommen-
dation is to use antibiotics based on clinical judgment
or use another diagnostic test and consider repeat
PCT test within 24 h to stop antibiotics if PCT is still
<0.25 pg/L. If initial clinical assessment suggests that
bacterial infection is highly suspected and PCT level is
>0.25 pg/L, the overall interpretation is that bacterial
infection is highly likely. Antibiotics should be initiat-
ed. Consider PCT every 24-48 h for monitoring and
discontinuation of antibiotics if PCT is <0.25 pg/L or
there is a drop by 80% (Fig. 2).

In patients with severe disease in ICU if initial
clinical assessment suggests that bacterial infection

Patient with moderate illness outside
ICU
(Defined by setting specific scores, e. g. qSOFA, MEDS,
NEWS)
Initial clinical
assessment Bacterial infection Bacterial infection
(Including uncertain highly suspected
microbiology)
PCT result (ug/L) | | <0.25 | | 20.25 I I <0.25 | | 20.25 |
Probability of
bacterial Low High Low High
Infection based on PCT probability probability probability probability
level?
Overall Bacterial Bacterial Bacterial
N N infection infecti
interpretation unlikely likely possible
Use empiric Use empiric
Abx based on Use Abx Abx lb“Edl on Use Abx based
Antibiotic clinical based on | chmiea se Abx has
management judgement, clinical )ndgemem, on clinical
8 consider other judgement coll.slder “Aher judgement
diagnostic tests diagnostic
tests
Use PCT
every 24-48 h Use PCT every
Use repeated for Consider 20¢ 24-48 h for
Recommendations PCT test within monitoring PCT test monitoring
for follow- £ 6-24 h to early and within 24 hto and
or, ollow-up o stop Abx to if discontinuati stop Abx if discontinuatio
patients PCT still <0.25 on of Abx if PCT still <0.25 1 of Abx if PCT
pug/L PCT <o0.25 ug/L <0.25 pg/Lor
pg/L or drop drop by 80%
by 80%

Fig. 2. Patient with moderate illness outside the intensive care unit.
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is uncertain and PCT is <0.5 pg/L, the probability
of bacterial infection is low. The recommendation is
that antibiotic therapy should be initiated based on
clinical judgment or other diagnostic tests. Use PCT
within 24-48 h for monitoring or discontinuation of
antibiotics if PCT is still <0.5 pg/L. If clinical judg-
ment is that bacterial infection is uncertain and PCT
is >0.5 pg/L, bacterial infection is likely. Use PCT
every 24-48 h for discontinuation of antibiotic treat-
ment if PCT is <0.5 pg/L or there is a drop by 80%.
If based on clinical assessment bacterial infection is
highly suspected and PCT is <0.5 pg/L there is still
low probability of bacterial infection. The recommen-
dation is to use antibiotic therapy based on clinical
judgment or use another diagnostic test. Consider
repeat PCT test within 24 h to stop antibiotics if
PCT is still <0.5 pg/L. If bacterial infection is highlv

suspected and PCT is >0.5 pg/L, bacterial infection
is highly likely. Use antibiotics based on clinical judg-
ment. Consider PCT every 24-48 h for monitoring
and discontinuation of antibiotics if PCT is <0.25
pg/L or there is a drop by 80% (Fig. 3).

Discussion

In the Balkan study group perspective, one of the
reasons and the need for implementation of the al-
ready existing algorithms was the increase of bacterial
resistance and antibiotic consumption, and their toxic
effects. Therefore, some Balkan countries participated
in the Central Asian and European Surveillance of
Antimicrobial Resistance (CAESAR) network with
the aim to set up national antimicrobial resistance sur-
veillance system and in the future PCT-guided antibi-
otic theraov algorithms for Balkan countries®.

Patient with severe illness in ICU
(Defined by setting specific scores, e. g. gSOFA, SOFA,
APACHE)
Initial clinical
assessment Bacterial infection Bacterial infection
(Including uncertain highly suspected
microbiology)
PCT result (1g/L) | I <0.5 | | 20.5 | | <0.5 | | 20.5 |
Probability of
bacterial Low High Low High
Infection based on PCT probability probability probability probability
level?
Bacterial .. ,. 1 B: ial
S)verall . infection infection infection
interpretation unlikely likely possible
Use empiric Use empiric
Abx based on Use Abx Abxl!)a_s«: on Use Abx based
Antibiotic clinical based on . ‘cilmca t se I.x ical
management judgement, clinical Ju gemenl ! P
consider other jude co;n;:dor other judgement
diagnostic tests b
tests
Use PCT
every24-48 h Use PCT every
wi l:‘]:;(—:s h for Consider 274 24-48 h for
Recommendations for monitoring monitoring PCT test monitoring
for follow £ and and within24 hto and
or_ OLIOW-Up O discontinuatio discontinuati stop Abx if discontinuatio
patients S of Abx if PCT on of Abx if PCT still <0.5 1 of Abx if PCT
still <0.5 pg/L PCT <0.5 ng/L <0.5 pg/Lor
: ug/L or drop drop by 80%
by 80%

Fig. 3. Patient with severe illness in the intensive care unit.
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Considering the widespread and often unjustified
use/overuse of antibiotics accompanied by the high
cost and development of resistance, there is no doubt
that with the WHO support, the national guide for
antibiotic use, or antibiotic stewardship, should be an
integral part of treatment of patients with suspect-
ed infection”?. One study from Serbia once more
showed that the increase of antimicrobial resistance
and hospital acquired infections can be particular-
ly worrying in ICUs. Compared to European Union
countries, study data showed an increase in resistance
of the most common pathogens responsible for hospi-
tal acquired infections. This could be due to the lack of
antimicrobial stewardship®.

There are PCT algorithms for LRTI and sepsis.
For primary care and emergency department, in pa-
tients with LRTI it can be summarized as follows:
PCT <0.25 ng/mL bacterial infection is unlikely or
very unlikely and without recommendations for anti-
biotic initiation/continuation. If PCT value is >0.25
ng/mL, bacterial infection is likely or highly likely
with recommendation to consider antibiotic usage or
to continue®. For sepsis and critically ill patients in
ICU, the cut-off values are a little higher. Antibiotic
therapy should be encouraged if the value is >0.5 ng/
mL and discouraged if it is <0.5 ng/mL*.

It may be most difficult to decide if antibiotic ther-
apy is justified in patients with low respiratory tract
infection. It is because most signs and symptoms of
bacterial and viral infections overlap. Even when bac-
teria are isolated from sputum, it cannot be known for
sure whether it is colonization or infection. Based on
several trials, in 2017, the Food and Drug Adminis-
tration allowed using PCT-based guidance on mak-
ing decision to start or stop antibiotic treatment in
patients with suspected lower respiratory tract infec-
tion®?. Considering that the diagnosis is most often
made on the basis of clinical signs and symptoms, as
well as radiographic findings without identifying the
bacterial cause, it is reasonable that the use of PCT
may be beneficial in these patients? 2.

The study by Christ-Crain e a/ unequivocally
demonstrated the advantage of PCT guidance for safe
reduction of antibiotic overuse in patients with respi-
ratory tract infection. Second, withholding antibiotics
was safe in patients included in the study®. Also, the
Stop Antibiotics on Procalcitonin Guidance Study
was performed in the Netherlands in 15 ICUs and
showed that adherence to the PCT algorithm result-
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ed in less antibiotic use and reduction in 1-year mor-
tality®®. Townsend ez a/'* compared the PCT-guided
antibiotic therapy group and the usual standard of
care group. They came to a conclusion that median
antibiotic duration in PCT group was shorter (5 ws.
6 days) and overall time of antibiotic therapy was sig-
nificantly lower. Also, significantly fewer patients were
discharged on antibiotics (37.4% ws. 55.5%). There
was no statistically significant difference in terms of
side effects. Physicians often do not follow the pro-
tocol even when the institution has one, which makes
implementation of the process of protocolization and
PCT-guided algorithm more difficult.

Huang ez a/. and Van der Does ez al. show that use
of PCT-guided therapy in suspected lower respiratory
tract infection in patients with fever did not show any
additional benefit in Emergency Medicine patients
and that it was not non-inferior to standard care in
terms of safety®"*2.

It is known that the sepsis treatment guidelines
change over time because sepsis is one of the most
common causes of death in the intensive care unit.
One of the ways of treatment is to start adequate an-
tibiotic therapy as early as possible®. In terms of sep-
sis, it is considered that antibiotics are not necessary
in 30%-50% of cases because patients do not have
proven bacterial infection. Blood cultures have some
limitations; they are rarely positive and are negative in
40%-90% of patients with suspected systemic infec-
tion. Early empiric therapy in septic patients reduc-
es morbidity and mortality, but too long exposure to
antibiotics can lead to adverse drug reaction without
therapeutic benefit*™.

The study by Nobre ez al. showed a significant re-
duction in antibiotic use, without harm in patients
with severe sepsis and septic shock based on serial
PCT measurements. These patients also had a signifi-
cantly shorter length of ICU stay. This study supports
the concept that PCT guidance may reduce antibiotic
exposure, and that it is related to reduced costs and not
to worse outcome®,

In ICU patients with sepsis or septic shock, studies
have found that monitoring of PCT kinetics over time
can optimize therapeutic approach, while stopping an-
tibiotics once the PCT level has dropped to <0.5 ng/
mL or by at least 80%-90% of the peak?.

A meta-analysis by Tang ez al. in 2007 (2097 pa-
tients) showed that median sensitivity of PCT was
74%, thus indicating that PCT cannot make a differ-
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ence between infectious and non-infectious systemic
inflammatory response syndrome (SIRS)*. Converse-
ly, a more recent meta-analysis (3244 patients) showed
that PCT may with high certainty differentiate be-
tween sepsis and SIRS of non-infectious origin®.

A study by Hohn ez al. showed that in postsurgical
patients with sepsis, the length of antibiotic treatment
was shorter by 1 day per year after implementation of
the PCT-guided algorithm in 2005. A significant re-
duction was also recorded in ventilation hours, ICU
re-infection rate, ICU length of stay, nonsignificant
reduction of 28-day mortality and mean costs per pa-
tient™.

With the aim to release some recommendations,
the decision to use PCT and its management during
further therapy must be considered taking account the
clinical status and severity of illness. The algorithm
recommends that determining the severity of illness
(mild, moderate or severe) and with initial clinical as-
sessment, the presence of a bacterial infection can be
assumed. Based on the value of PCT, a decision can be
made to start or withhold antibiotic therapy.

Conclusion

It is important to note that for middle-income
countries, introducing the PCT-algorithm in everyday
clinical practice may have cost-saving effects reducing
the antibiotic exposure. Determination and moni-
toring of PCT values are an integral part of decision
making for initiation and duration of antibiotic thera-
py and may help personalize the treatment. Also, it can
be useful to differentiate infective from non-infective
cause of severe inflammation, and the severity of sys-
temic inflammation caused by bacteria and infection.
It should not be forgotten that the interpretation of
biomarkers, as in other settings*, should be carried
out in the context with clinical presentation, medical
history, physical examination, and microbiological as-
sessment.

Adoption of PCT monitoring and institution of
PCT-driven antibiotic therapies are challenging due
to the lack of PCT algorithm at the national level, as
well as antibiotic consumption surveillance policies.

In addition to clinical assessment, the introduction
of PCT algorithm along with effective education of
clinicians may improve antibiotic management and
reduce the occurrence of their side effects. Developing
a consensus on clinical algorithm by eminent experts/
specialists in various fields of medicine should enable
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clinicians to use PCT for initiation of antibiotic thera-
py and monitoring PCT to stop antibiotics earlier. It is
crucial that PCT-guided algorithm becomes an inte-
gral part of institutional stewardship program.
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Sazetak

UPRAVLJANJE ANTIBIOTICIMA VODENO PROKALCITONINOM: KONSENZUS EKSPERATA 17
BALKANSKIH ZEMALJA

R. Jankovic, M. Stojanovié, H. Bozov, R. Domi, V. Ivancan, M. Karisik, M. Mojsova Mijovska, J. Jakupovic Smajici M. Sostaric

Sepsa kao posljedica infekcije jedan je od Cestih uzroka smrti medu kriticno oboljelim pacijentima. Najces¢a mjesta
infekcije su donji respiracijski putovi, abdomen, mokraéni sustav i infekcije krvi povezane s centralnim vesnkim kateterima.
Rana empirijska upotreba antibiotika §irokog spektra kod onih s teskom sepsom/septi¢nim $okom radi smanjivanja smrt-
nosti moze voditi prekomjernoj upotrebi antibiotika, bakterijskoj rezistenciji i povecanju troskova. Medu mnogobrojnim
serumskim bioloskim biljezima prokalcitonin se pokazao kao jedan od najpouzdanijih u dijagnosticiranju sepse. Jedan od
bitnih nacina za smanjenje bakterijske rezistencije predstavlja uvodenje protokola o upotrebi antibiotika, naro¢ito medu
kriti¢no oboljelima u jedinicama intezivnog lije¢enja gdje su prisutni multirezistentni patogeni. Prokalcitoninom vodeni pro-
tokoli za upotrebu antibiotika prvo su uvedeni u Zapadnoj Europi i Azijsko-pacifickim zemljama, kao i u Americi. S obzirom
na to da se ovakav program pokazao ulinkovitim u pogledu potro$nje antibiotika, a ujedno i u poboljsanju ishoda lijecenja,
grupa eksperata s Balkana odludila je napraviti svoje vlastite preporuke. Tijekom izrade ovog protokola za uvodenje i duzinu
trajanja antibiotskog lijeenja autori su se uglavnom usredoto¢ili na pretragu literature koja se ti¢e donjeg respiracijskog sus-
tava i sepse. Protokol ukljucuje tezinu bolesti, klini¢ku procjenu i razine prokalcitonina. Razvijanje konsenzusa o klinickom
algoritmu od strane eminentnih stru¢njaka iz razli¢itih podrué¢ja medicine trebalo bi omoguditi klini¢arima da prokalcitonin
koriste pri donosenju odluke o zapo€injanju i ranijem prestanku terapije antibioticima. Neophodno je da prokalcitoninom
voden algoritam postane sastavni dio institucionalnog protokola o upotrebi antibiotika.

Kljuéne rije¢i: Upravljanje antibioticima; Prokalcitonin; Infekcije disnog sustava; Sepsa
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