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1. Deutsche Zusammenfassung

Entwicklung der antibiotischen Therapiedauer bei Patienten mit schwerer Sepsis und
septischen Schock nach Implementierung eines Procalcitonin-basierten Algorithmus

Einleitung

Wahrend der frihzeitige Beginn einer antibiotischen Therapie bei schwerer Sepsis unbestritten
ist (Kumar et al., 2006), ist die Dauer der antimikrobiellen Therapie in der klinischen Praxis
jedoch weniger genau definiert und wird haufig nach den Erfahrungswerten der behandelnden
Arzte durchgefiihrt.

Dabei scheint aber die Verkirzung der antibiotischen Therapie eine wichtige MaRhahme zur
Reduzierung von Antibiotikaresistenzen zu sein (Rice 2008), und in verschiedenen Arbeiten
konnte gezeigt werden, dass eine solche Verklrzung bei schweren Atemwegsinfektionen sicher
und effektiv durchgefiihrt werden konnte (Chastre et al., 2003; Micek et al., 2004; Singh et al.,
2000). In diesem Zusammenhang bestehen zunehmende Hinweise, dass der Biomarker
Procalcitonin (PCT) die klinische Entscheidung zur Beendigung einer Antibiotikatherapie bei
unterschiedlichen Patientenkollektiven unterstitzen kann (Bouadma et al., 2010; Briel et al.,
2008; Christ-Crain et al., 2006; Hochreiter et al., 2009; Nobre et al., 2008; Schroeder et al.,
2009; Schuetz et al., 2009; Stolz et al., 2009). Kirzlich erschienene Metaanalysen kamen zu
dem Schluss, dass solche Algorithmen sicher sind, den Antibiotikaverbrauch senken und
moglicherweise das Outcome verbessern konnen (Kopterides et al., 2010; Schuetz et al., 20123;
Tang et al., 2009). Fur Patienten mit tiefen Atemwegsinfektionen zeigte eine aktuelle Chochrane-
Analyse, dass unter PCT-Algorithmen eine signifikante Verklirzung der antibiotischen
Therapiedauer ohne negative klinische Effekte erreicht werden konnte (Schuetz et al., 2012b).
Zwei Arbeiten bei Nicht-Intensivpatienten mit Atemwegsinfektionen konnten zeigen, dass die
Anwendung einer PCT-gesteuerten antibiotischen Therapie auch aullerhalb von
Studienbedingungen effektiv ist (Albrich et al., 2012; Schuetz et al., 2010), jedoch liegen bisher
keine Daten zur Anwendung an kritisch kranken Intensivpatienten unter Alltagsbedingungen vor.
In der vorliegenden Arbeit analysierten wir daher die Entwicklung der antibiotischen
Therapiedauer bei chirurgischen Intensivpatienten mit schwerer Sepsis bzw. septischen Schock
nach Einflihrung eines PCT-basierten Algorithmus in die klinische Praxis Gber einen flnfjahrigen
Zeitraum.



Patienten und Methoden
Die vorliegende Studie wurde von der Ethik-Kommission der Christian-Albrechts-Universitat in
Kiel begutachtet (D409/10). Aufgrund der retrospektiven Auswertung von klinischen,
pseudonymisierten Routinedaten war keine Patienteneinwilligung erforderlich.
Im Jahr 2005 wurde auf der operativen Intensivstation im Westkistenklinikum Heide ein PCT-
Algorithmus in die klinische Praxis implementiert.
Die PCT Messung erfolgte mit der taglichen Routine-Blutabnahme und die Antibiotikatherapie
wurde dem Algorithmus folgend beendet, wenn:
1. die klinischen Zeichen einer Infektion abgeklungen waren und der PCT-Wert auf 1 ng/ml
oder darunter abgefallen war, oder
2. bei einem PCT-Wert Gber 1 ng/ml ein Abfall auf 25 bis 35% des Ausgangswertes Uber drei
Tage zu verzeichnen war.
Wir fihrten flr erwachsene chirurgische Intensivpatienten zwischen 2005 und 2009 eine
retrospektive Datenbankanalyse nach den Kriterien a) Sepsis und b) Organdysfunktion geman
der Kriterien der ACCP/ SCCM (Bone et al.,, 1992) durch, so dass in unsere Analyse
definitionsgemall Patienten mit schwerer Sepsis und septischem Schock eingeschlossen
wurden. Es wurden Daten fur Alter, Geschlecht, Simplified Acute Physiology Score (SAPS) II,
Acute Physiology And Chronic Health Evaluation (APACHE) Score Il, Infektionsorte und
Effektives Relativgewicht sowie fir die primaren Ergebnisparameter, Dauer der
Antibiotikatherapie auf der Intensivstation, Re-Infektionsrate, Beatmungsdauer,
Intensivaufenthaltsdauer, 28 Tage-Mortalitdt und Antibiotikakosten ausgewertet. Die
Jahreswerte aus den demographischen und klinischen Daten wurden zundchst fir stetige
Merkmale mittels Varianzanalyse (ANOVA) und fir kategoriale Merkmale mit logistischer
Regression auf Unterschiede getestet. AnschlieBend erfolgte durch polynominale
Kontrastanalyse (bei stetigen Parametern) oder Cochran-Armitage Tests (bei kategorialen
Parametern) eine Uberpriifung auf lineare Trends Uber den Studienzeitraum. Im letzten
Schritt wurden die priméaren Ergebnisparameter in einer Kovarianzanalyse (ANCOVA) bzw.
logistischer Regression adjustiert fur die Kovariaten, Alter, Geschlecht, SAPS II, APACHE Il und
effektives Relativgewicht auf lineare Trends getestet. Ein p-Wert kleiner 0,05 wurde hierbei als
signifikant betrachtet.

Ergebnisse

Zwischen 2005 und 2009 wurden 146 Patienten mit schwerer Sepsis, bzw. septischem Schock
identifiziert. Funf Patienten mussten bei unvollstindigem Datensatz aus der Analyse
ausgeschlossen werden, sodass die Auswertung fir 141 Patienten erfolgte.

Fir die Merkmale Alter, Geschlecht, SAPS I, Effektives Relativgewicht und die Verteilung der
Infektionsorte konnten Uber die Jahre keine signifikanten Unterschiede gefunden werden.



Lediglich fir den APACHE Il Score zeigte sich ein signifikanter Trend zu niedrigeren Werten
Uber die Jahre (Tabelle 1). Ein ebenfalls signifikanter Trend war fir eine Zunahme der PCT-
Messungen pro Patient im Jahresvergleich zu erkennen.

Bei den Ergebnissen fur die adjustierten Ergebnisparameter zeigte sich fur die Dauer der
Antibiotikatherapie eine durchschnittliche jahrliche Abnahme um 1 Tag pro Jahr (p = 0,02) von
14,3 £1,2 Tagen in 2005 auf 9,0 +1,7 Tage in 2009. Die Re-Infektionsrate war durchschnittlich
um 35,1% jahrlich ricklaufig (p = 0,014) und die Liegedauer durchschnittlich um 2,7 Tage pro
Jahr regredient (p < 0,001). Ebenso war die Beatmungsdauer durchschnittlich um 42 Stunden
jahrlich Uber den Untersuchungszeitraum verkirzt (p = 0,008). Trends fir eine reduzierte 28
Tage-Mortalitat (22,4% pro Jahr) und geringere Kosten flr Antibiotika (durchschnittlich 14,3 Euro
jahrlich) waren statistisch nicht signifikant (Tabelle 1).

Tab. 1: Demographische und klinische Daten, Primdre Ergebnisparameter
Jahr 2005 2006 2007 2008 2009 p-Wert$ p-Wert Trend*
Patienten (n) 38 31 27 27 18
Geschlecht (m/w) 20/18 16/15 14/13 18/9 11/7 0,728 0,289
73,8
Alter (Jahre)* 68,6 £15,9 195 68,0 +13,5|67,5 +13,9|65,4 +11,6 0,196 0,125
SAPS Il * 45,0 +17,7(43,4 £17,9142,5 +19,8(44,3 £19,0|37,0 +10,9 0,603 0,177
20,0 20,5 18,2 17,9 15,6
Apache Il * +8.8 +8.8 +8.7 +97 +7.2 0,327 0,041
148 13,3 +11,4(17,2 +14,0|14,5 £13.6 19,2 0,623 0,256
Eff. Relativgewicht* +1,6 o e e +18,5 ’ ’
Durchschnittliche jahrliche Anderung
Mittelwert 95% CI p-Wert
- 26,0 19,5 18,5 16,3 15,8 .
Intensivliegedauer (Tage) +19 +22 +23 +23 +28 -2,7 -4,1 bis -1,3 <0,001
Beatmungsdauer 571,4 455,0 £ 4041 362,0 467,9 .
(Stunden) +415 47,3 +49,2 +49,9 +60,9 42,0 -72,6 bis 11,4 | 0,008
I . 14,3 12,0 13,8 12,1 9,0 .
IAntibiotikatherapie (Tage) +1.2 +1.3 +1.4 +14 +1.7 -1,0 -1,9 bis -0,2 0,020
IAntibiotikakosten (Euro/ 407,6 420,7 426,6 393,2 373,9 .
Patient) +572 | 667 | 677 | 685 | 837 -14,3 -55,7 bis 27,1 | 0,495
Reinfektionsrate 0,31 0,37 0,13 0,12 0,08 .
(anteilig) +007 | 008 | 006 | 006 | 006 | -351% |-53.9%bis-85%| 0,014
28-Tage Mortalitat 0,54 0,51 0,55 0,48 0,34 .
(anteilig) 1006 | 007 | 008 | 007 | 1001 | 224% |-443%bis81% | 0,133
Demographische und klinische Daten (oberer Teil):
[ Mittelwert + Standardabweichung.
S F-Test aus einer ANOVA oder Wald Chi2-Test aus logistischer Regression.
# Lineare polynome Kontraste oder Cochran-Armitage Trend-Test.
SAPS Il, Simplified Acute Physiology Score Il
IAPACHE I, Acute Physiology And Chronic Health Evaluation Score I
Primére Ergebnisparameter (unterer Teil): )
Adjustierte arithmetische Mittelwerte + Standardfehler und jahrliche Anderung der Ergebnisparameter mit 95-
Konzfidenzbereichsgrenzen (Cl) und p-Werten aus den Trend-Tests aus Kovarianzanalysen (ANCOVA) oder logistischen
Regressionsmodellen mit den Kovariaten Geschlecht, Alter, SAPS 1l, APACHE Il, Effektives Relativgewicht




Diskussion

Die Ergebnisse unserer Arbeit zeigen, dass nach Einfuhrung eines PCT-Algorithmus in die
klinische Praxis, die Antibiotikatherapiedauer bei Patienten mit schwerer Sepsis und septischem
Schock aulderhalb von Studienbedingungen zwischen 2005 und 2009 durchschnittlich um einen
Tag pro Jahr von 14,3 £1,2 Tagen auf 9,0 £1,7 Tage reduziert werden konnte. Diese Reduktion
hatte keine negativen Einflusse auf das klinische und 6konomische Outcome.

Unsere Daten bestatigen somit die Ergebnisse aus verschiedenen Metaanalysen zur PCT-
gesteuerten Antibiotikatherapie (Kopterides et al., 2010; Schuetz et al., 2012a; Tang et al.,
2009). Die einzigen bisher auch auf3erhalb von Studienbedingungen vorliegenden Ergebnisse -
allerdings bei Nicht-Intensivpatienten mit Atemwegsinfektionen - zeigen ebenfalls die Effektivitat
und Sicherheit einer antibiotischen Therapiesteuerung durch PCT-Algorithmen in der klinischen
Routine unter Alltagsbedingungen (Albrich et al., 2012; Schuetz et al., 2010).

Die Einfihrung und vor allem die konsequente Umsetzung von standardisierten Abldufen und
Algorithmen in der Intensivmedizin ist komplex, zeitaufwendig und bedarf multiprofessioneller
Teamarbeit. In einer groRen deutschen Querschnittserhebung konnte die Diskrepanz zwischen
der Selbsteinschatzung und der tatsachlichen Umsetzung von Leitlinien demonstriert werden
(Brunkhorst et al., 2008). Selbst in verschiedenen randomisierten kontrollierten Studien konnte
gezeigt werden, dass die Studienteilnehmer bei 16 bis 53% der Patienten entgegen dem PCT-
Algorithmus die antibiotische Therapie fortsetzten (Bouadma et al., 2010; Nobre et al., 2008;
Stolz et al., 2009). Und auch unter realen klinischen Bedingungen nahm die Anwendungstreue
mit zunehmender Krankheitsschwere ab (Albrich et al., 2012). In unserer Arbeit wurden zwar
keine Daten zur Anwendungstreue des Algorithmus erhoben, aber méglicherweise deutet eine
zunehmende Anzahl von PCT-Messungen pro Patient Uber die Jahre auf eine wachsende
Akzeptanz des Algorithmus hin. Weitere Untersuchungen sollten die Anwendungstreue von
solchen Algorithmen bei kritisch kranken Patienten auflerhalb von Studienbedingungen
untersuchen.

Die deutliche Senkung der Mortalitdt und die Reduktion der Beatmungsdauer oder der
Ruckgang der Re-Infektionsrate kénnen nicht ausschlie3lich durch Implementierung des PCT-
Algorithmus erklart werden. Moglicherweise hatten die zunehmende Umsetzung der in 2004
publizierten Sepsis-Leitlinien (Dellinger et al., 2004) oder die Umsetzung eines lokalen Antibiotic-
Stewardship-Programms positive Effekte auf die primaren Ergebnisparameter. Die Einflisse
dieser oder anderer wahrend der Studienphase umgesetzter MaRnahmen kdnnen trotz einer
Adjustierung der Daten statisch nicht ausgeschlossen werden.

Eine endglltige Bewertung der Kosteneffektivitat einer antibiotischen Therapiedauersteuerung
durch einen PCT-Algorithmus ist mit dem vorliegenden Studiendesign nicht mdglich. Wir
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konnten zwar einen nicht signifikanten Trend zu geringeren Antibiotikakosten zeigen, jedoch ist
die Betrachtung der Kosteneffektivitdt eines neu eingeflihrten Prozesses deutlich komplexer.
Neben den Kosten fur die zusatzlichen Laboruntersuchungen musste beispielsweise auch ein
Mehraufwand fur Schulungsmalinahmen bertcksichtigt werden. Und neben einer potentiellen
Einsparung von Antibiotika sind mogliche Reduktionen von Arzneimittel-induzierten
Nebenwirkungen oder rucklaufige Resistenzraten deutlich schwieriger zu quantifizieren. Auch
eine eventuelle Kapazitatserhéhung mit vermehrter Intensivbelegung durch eine Verklirzung der
Liegedauer spielt eine wichtige Rolle bei der Abschatzung der Kosteneffektivitat. Auch hier sind

weitere Untersuchungen notwendig.

Eine wesentliche Limitation unserer Untersuchung ist das Fehlen einer klassischen
Kontrollgruppe. Somit kann der Umfang des Einflusses des implementierten Algorithmus auf die
antibiotische Therapiedauer und die anderen Ergebnisparameter nicht abschlieRend bewertet
werden. Dennoch kénnen die Daten aus 2005, als der Algorithmus in die klinische Praxis
eingefiihrt wurde und die Anzahl der PCT-Bestimmungen pro Patient noch gering war, als eine
Art Kontrollgruppe betrachtet werden.

Insgesamt scheint die Anzahl an Patienten mit schwerer Sepsis (3,4%) in unserer Arbeit im
Vergleich zu der Pravalenzstudie, die fur deutsche Intensivstationen eine Pravalenz von etwa
11% angibt, eher gering (Engel et al., 2007). Der hohe Anteil an postoperativen
Uberwachungspatienten auf der untersuchten Intensivstation kénnte eventuell die Pravalenz
gesenkt haben. Zudem hangt eine retrospektive Datenerhebung immer von der Qualitdt der
primaren Dokumentation ab, so dass hierdurch méglicherweise nicht alle Patienten mit schwerer
Sepsis oder septischem Schock identifiziert wurden und einer Auswertung entgangen sind. Eine
héhere Anzahl an Patienten in der Auswertung hatte die Aussagekraft der Studie méglicherweise
erhoht.

Schlussfolgerung

Dies ist die erste Studie, die die Effekte der Implementierung eines PCT-Algorithmus auf den
Antibiotikaverbrauch unter klinischen Alltagsbedingungen bei septischen Intensivpatienten
untersucht hat. Die Einfuhrung des PCT-Protokolls war in dem untersuchten Funfjahreszeitraum
mit einer signifikanten Verkurzung der Antibiotikatherapiedauer assoziiert. Diese Verkirzung
hatte keinen negativen Einfluss auf klinische (Mortalitdt, Beatmungsdauer, Intensivliegedauer
und Re-Infektionsrate) oder 6konomische (Antibiotikakosten) Parameter. Diese Daten bestatigen
die Ergebnisse aus prospektiven randomisierten Untersuchungen an kritisch Kranken und aus
retrospektiven Erhebungen bei Nicht-Intensivpatienten. Weitere Studien zur Anwendungstreue
von PCT-Protokollen unter klinischen Alltagsbedingungen und zum Einfluss auf Resistenzraten
sowie zur Kosteneffektivitat sollten folgen.
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Abstract

Background: Procalcitonin (PCT)-protocols to guide antibiotic treatment in severe infections are known to be
effective. But less is known about the long-term effects of such protocols on antibiotic consumption under real life
conditions. This retrospective study analyses the effects on antibiotic use in patients with severe sepsis and septic
shock after implementation of a PCT-protocol.

Methods: We conducted a retrospective ICU-database search for adult patients between 2005 and 2009 with
sepsis and organ dysfunction who where treated accordingly to a PCT-guided algorithm as follows: Daily
measurements of PCT (BRAHMS PCT LIA®; BRAHMS Aktiengesellschaft, Hennigsdorf, Germany). Antibiotic therapy
was discontinued if 1) clinical signs and symptoms of infection improved and PCT decreased to <1 ng/ml, or 2) if
the PCT value was >1 ng/ml, but had dropped to 25-35% of the initial value within three days. The primary
outcome parameters were: antibiotic days on ICU, ICU re-infection rate, 28-day mortality rate, length of stay (LOS)
in ICU, mean antibiotic costs (per patient) and ventilation hours. Data from 141 patients were included in our
study. Primary outcome parameters were analysed using covariance analyses (ANCOVA) to control for effects by
gender, age, SAPS II, APACHE Il and effective cost weight.

Results: From baseline data of 2005, duration of antibiotic therapy was reduced by an average of 1.0 day per year
from 14.3 £1.2 t0 9.0 £1.7 days in 2009 (p=0.02). ICU re-infection rate was decreased by yearly 35.1% (95% Cl —53
to —8.5; p=0.014) just as ventilation hours by 42 hours per year (95% Cl —72.6 to —11.4; p=0.008). ICU-LOS was
reduced by 2.7 days per year (p<0.001). Trends towards an average yearly reduction of 28-day mortality by —22.4%
(95% Cl —44.3 to 8.1; p=0.133) and mean cost for antibiotic therapy/ patient by —14.3 Euro (95% Cl —55.7 to 27.1)
did not reach statistical significance.

Conclusions: In a real-life clinical setting, implementation of a PCT-protocol was associated with a reduced
duration of antibiotic therapy in septic ICU patients without compromising clinical or economical outcomes.
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Background

There is a dramatic increase in antibiotic-resistant infec-
tions [1-3], leading to higher mortality, longer hospital
or intensive care unit (ICU) stays, and increased hospital
costs [3,4]. While timely initiation of antibiotic therapy
in patients with severe sepsis and septic shock is crucial
and has been proven [5], length of antibiotic treatment
in clinical practice often is decided by the attending
clinician by means of his experience.

But, shortening the length of antibiotic courses seems to
play an important role in reducing antibiotic resistance [6]
and its effectiveness has been shown in several studies
[7-9]. In this context, there is rising evidence that a
procalcitonin (PCT)- based algorithm is a useful tool to
support clinical decision when tailoring antibiotic therapy.
Several randomised controlled trials in a variety of settings
showed a reduction in antibiotic duration or an increase
in antibiotic-free days. Clinical outcome either remained
unaffected [10-15] or even was improved, as two studies
revealed a reduction of length of stay (LOS) in the ICU
[16,17]. Furthermore, recent meta-analyses concluded that
PCT-guided antibiotic treatment appears to be safe, re-
duces antibiotic consumption and may also improve out-
come [18-20]. In patients with acute respiratory infections,
a current systematic Cochrane review revealed a signifi-
cant reduction in duration of antibiotic treatment without
negative effects on clinical outcome parameters [21].

Although the effectiveness of PCT-guided antibiotic
therapy has been proven in several randomised clinical
trials, so far less is known about implementation and
effects of such protocols under out-of-study conditions.
For patients with respiratory infections outside the ICU,
two studies demonstrated that following a PCT algo-
rithm significantly reduces antibiotic use without in-
creasing the risk of complications [22,23]. But so far
there is no study that evaluates the long-term effects of
such an algorithm on antibiotic consumption in surgical
ICU patients. Thus, in the present study we analyse the
development of duration of antibiotic treatment in
patients with severe sepsis in a surgical intensive care
unit (ICU) over a five years period after implementation
of a PCT-guided algorithm.

Methods
Patients and data collection
Ethics commission approval was obtained from the
Medical Faculty at Christian Albrecht University of Kiel
(D409/10) for our trial in the surgical intensive care
ward at the West Coast Hospital in Heide. The informed
consent was waived in view of the retrospective and
anonymous nature of the study.

In 2005 we introduced a PCT-guided algorithm as fol-
lows: Daily measurements of PCT (BRAHMS PCT LIA®,
BRAHMS Aktiengesellschaft, Hennigsdorf, Germany) with
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the daily routine blood samples. Antibiotic therapy was
discontinued if 1) clinical signs and symptoms of infection
improved and PCT decreased to <1 ng/ml, or 2) if the
PCT value was >1 ng/ml, but had dropped to 25-35% of
the initial value within three days (Figure 1).

We conducted a retrospective ICU-database search
for adult patients from our surgical ICU between 2005
and 2009 with a) sepsis and b) organ dysfunction on
presentation as defined by the ACCP/SCCM Consensus
Conference Committee [24] (i.e. gas exchange impair-
ment (partial pressure of arterial oxygen (PaO,)/fraction
of inspired oxygen (FiO,) < 300 mmHg), acute renal
dysfunction (2-fold baseline creatinine increase or urine
output < 0.5 ml/kg for at least two hours), platelet count
below 100,000 cells/mm?, lactate blood concentration
above 2 mmol/l or sepsis induced impaired mental sta-
tus. Patients with sepsis induced mean arterial pressure
below 65 mmHg for > 1 hour despite adequate fluid
resuscitation were classified as having septic shock).

Exclusion criteria were: age under 18 years; known preg-
nancy; bone-marrow transplant or patient undergoing
chemotherapy; infections for which long-term antibiotic
treatment is strongly recommended (e.g. infective endo-
carditis, tuberculosis, anterior mediastinitis after cardiac
surgery) and do-not-resuscitate orders. Also, patients with
an incomplete data set were excluded.

Data were collected for gender, age, Simplified Acute
Physiology Score (SAPS) II, Acute Physiology And
Chronic Health Evaluation (APACHE) Score II, German
Diagnosis Related Groups (G-DRG)-effective cost weight
and for the primary outcome parameters: antibiotic days
on ICU, ICU re-infection rate, LOS in ICU, ventilation
hours, 28-day mortality, and antibiotic costs per patient.
Re-infection was defined as the growth of the initial causa-
tive bacterial strains, taken from the same infection site
after > 48 h of stopping antibiotics, in addition to clinical
signs or symptoms of infection. Mean antibiotic costs per
patient (Euro) were calculated by means of the hospital’s
wholesale prices without costs of administration.

Data analysis

Descriptive statistics are mean + standard deviation for
patient characteristics or mean + standard error or 95%
confidence intervals (CI) for outcome. Chi-squared test
was employed for comparison of infection sites over the
years. Number of PCT-measurements per patient for
trend significance over the years was analysed with
Kruskal-Wallis test. Annual means/ percentages of pa-
tient characteristics were first compared for any differ-
ence by analysis of variance (ANOVA) for continuous
characteristics and by logistic regression for categorical
characteristics. P values of the corresponding F tests
and Wald chi-square tests are reported. In a second
step, polynomial contrasts and Cochran-Armitage tests
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Figure 1 PCT-algorithm. PCT-algorithm used in clinical practice during the study period. PCT, procalcitonin. CPR, cardiopulmonary resuscitation. RRT, renal
replacement therapy. * Clinical stabilisation: Haemodynamic stability, improvement of respiratory and renal function,stable metabolic state, improvement of

lactat acidosis, stabilisation of mental state etc.

were applied to test whether linear trends were to be
observed in patient characteristics over the total study
period. Since in observational studies of moderate size
even non-significant imbalances may bias the results to
a relevant extent, outcome analysis was exclusively
performed by statistical control of the baseline characteris-
tics. Thus, outcome parameters were tested for linear
trends by analysis of covariance (ANCOVA) or logistic re-
gression models with adjustment for the covariates gender,
age, SAPS II, APACHE II and effective G-DRG cost
weight. A p < 0.05 was considered statistically significant.

This method proves to be useful when a retrospective
comparison between different treatment groups is
performed as it compensates for imbalances in important
prognostic variables, which may lead to biases in treatment
effect, and additionally reduces the residual variability in
the statistical models, thus increasing the precision of the
estimates and the power of the applied statistical tests.

The statistical software package SPSS 15.0 (SPSS Inc.,
Chicago, IL, USA) and STATA 11.0 (STATACorp LP,

College Station, TX, USA) were used for statistical
analysis.

Results
Data of 4212 ICU-patients from 2005 to 2009 were
screened. Through our data filter, we identified 146
patients with severe sepsis or septic shock. Of these, 5
patients were excluded from the study because of incom-
plete data set. In total, 141 patients were included in the
final analysis set (Figure 2). Comparing the five years of
study period, the number of patients, gender, age, SAPS II,
APACHE II and effective cost weight fluctuated. However,
no significant differences were observed (p > 0.05) with
the exception of a linear trend in APACHE II towards
lower means (p = 0.041) (Table 1). Over the years there
was no significant difference between the infection sites
(Table 2). For number of PCT measurements per patient,
there was significant increasing trend from 2005 to 2009.
The adjusted analysis of 6 outcome parameters from
baseline of 2005 revealed significant average yearly
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4212 patients screened for eligibility

4066 patients excluded who did not meet
inclusion criteria

146 patients with severe sepsis or septic
shock included

5 patients excluded due to incomplete data

set
141 patients included in the final data analysis

Figure 2 Screening and inclusion process. )
Table 1 Demographic, clinical data and primary outcome parameters
Year 2005 2006 2007 2008 2009 ps p-value trend*
Patient (n) 38 31 27 27 18
Gender (m/f) 20/18 16/15 14/13 18/9 1/7 0.728 0.289
Age (years)* 68.6 £15.9 73.8 £9.5 68.0 £13.5 675 %139 654 £11.6 0.196 0.125
SAPS Il * 450 +£17.7 434 £179 425 %198 443 £190 370 £109 0.603 0.177
Apache Il * 200 88 205 +838 182 +87 179 £9.7 156 £7.2 0327 0.041
Effective cost weight * 14.8 £13.6 133 £114 17.2 £140 145 £13.6 192185 0.623 0.256

Average change per year
Mean 95% ClI p

ICU stay (days) 260+ 19 195+22 185+23 163 £23 158 £28 =27 -4.11t0-13 < 0.001
Ventilation (hours) 5714 +£415 4550 +473 4041 +£492 3620%£499 4679609 420 —726to =114 0.008
Antibiotic use (days) 143 +12 120+ 13 138+ 14 121+ 14 90+ 17 =10 -19to0 -02 0.02
Antibiotic costs (EUR/patient) 4076 £ 572 4207 £667 4266+677 3932+685 3739+837 -143 —55.7 to 27.1 0.495
ICU reinfection rate (proportion) 031 + 0.07 0.37 + 0.08 0.13 + 0.06 0.12 + 0.06 008 +006 —351% —53.9% to —8.5% 0.014
28-day mortality (proportion) 054 + 0.06 051+ 0.07 0.55 £ 0.08 048 + 0.07 034 +£001 -224% —443% 10 8.1% 0.133

Demographic and clinical data:

* Mean + standard deviation.

S F test of ANOVA (continuous characteristic) or Wald chi square test (categorical characteristic) of logistic regression model.

# Linear polynomial contrasts (continuous characteristic) or Cochran-Armitage trend tests (categorical characteristic).

SAPS II, Simplified Acute Physiology Score II.

APACHE II, Acute Physiology And Chronic Health Evaluation Score II.

Primary outcome parameters:

Adjusted Means * standard error and average yearly change of outcome parameters, with 95 confidence limits (Cl) and p values of trend tests from ANCOVA or
logistic regression models with covariates gender, age, SAPS Il, APACHE Il and effective cost weight.
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Table 2 Sites of infection
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2005 2006 2007 2008 2009 p-value
Number of patients 38 31 27 27 18
Pneumonia 21,1% (8) 12,9% (4) 29,6% (8) 22,2% (6) 33,3% (6) n.s.
Abdominal 57,9% (22) 58,1% (18) 63,0% (17) 53,6% (15) 38,9% (7) n.s.
Urogenital 2,6% (1) 3,2% (1) 3,7% (1) 3,7% (1) - n.s.
Soft tissue - 6,5% (2) - - 11,1% (2) n.s.
Others/ unknown 18,4% (7) 19,4% (6) 3,7% (1) 18,5% (5) 16,7% (3) n.s.

n. s., not significant.

reductions in days on antibiotic therapy (1.0 day per
year, p = 0.02) from 14.3 +1.2 to 9.0 +1.7 days, rate of
re-infection on ICU (35.1% per year, p = 0.014), ICU-
LOS (2.7 days per year, p < 0.001) and ventilation time
(42 hours per year, p = 0.008). Trends towards reduction
of 28-day mortality by 22.4% per year (95% confidence
interval: -44.3% to 8.1%; p = 0.133) and total cost for

antibiotic therapy (14.3 Euro per patient and year, p =
0.495) per patient did not reach statistical significance
(Table 1, Figure 3). Of the controlled covariates, effective
cost weight had significant impact on all primary outcome
parameters (p < 0.001). Effective cost weight represents
the amount of reimbursement for the respective payment
in the German Diagnosis Related Groups (G-DRG)

Adjusted means with 95% confidence intervals

Antibiotic use (days)
15 20

10

2005 2006 2007 2008 2009

year

Days of antibiotic use

Adjusted means with 95% confidence intervals

4 ] 8

28-day mortality (proportion)

2

2005 2008 2007 2008 2009

year

ICU mortality (28 days)

Adjusted means with 95% confidence intervals

4 ] 8
i Il i

ICU reinfection rate (proportion)
2
A

2005 2006 2007 2008

year

2009

ICU reinfection rate

Adjusted means with 95% confidence intervals

| 1

15 20 25 30 35
L :

L

ICU stay (days)

10
L

5
1

2005 2006 2007 2008 2000

year

Length of stay in the ICU

Figure 3 Primary outcome parameters, graphical presentation. Annual number of days of antibiotic use, ICU re-infection rate, 28-day
mortality and length of ICU stay: means with 95% confidence intervals, adjusted for gender, age, SAPS Il, APACHE Il and effective cost weight.
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system. It reflects resource consumption and clinical com-
plexity of the hospital patient population. Furthermore,
case mix index (i. e. the total cost weights of all inpatients
per a defined time period divided by the number of admis-
sions) is a surrogate marker for average patients’ clinical
complexity and is correlated with antibiotic use in hospi-
tals [25]. Age had significant impact on 28-day mortality
(p < 0.001) whereas, for gender, SAPS II and APACHE II
we found no significant impact on the primary outcome
parameters.

Discussion

Antibiotic treatment

The results of the present study show that after imple-
mentation of a PCT-guided algorithm in 2005 length of
antibiotic therapy in surgical patients with severe sepsis
or septic shock was reduced by an average of 1.0 day
per year from 14.3 + 1.2 (2005) to 9.0 + 1.7 days (2009).
This reduction was associated with a significant reduc-
tion in ICU re-infection rate, ICU-LOS and ventilation
hours and non-significant reduction of 28-day mortality
and mean costs of antibiotics per patient. Thus, short-
ening antibiotic therapy did not have negative effects on
clinical or economical outcome.

The length of antibiotic therapy was effectively reduced
in several randomised controlled trials using PCT-guided
algorithms. Thus, it was concluded that implementation
of a PCT-based algorithm may reduce antibiotic exposure
in critically ill, septic patients without compromising clin-
ical outcomes [19]. Hence, our findings are in accordance
with results from randomised controlled trials and further
expand previous studies which confirmed the effectiveness
of PCT-guided antibiotic treatment for non-ICU patients
outside study conditions [22,23].

Algorithm adherence

However, little is known about transfer of such proto-
cols into clinical practice and development of antibiotic
use after implementation of a PCT-guided algorithm.
Implementation of new protocols in an ICU is complex,
multi-professional, and transfer to clinical practice and
optimisation of adherence is time-consuming and
develops over a long period. For example, variability
in compliance with sepsis resuscitation bundles has
recently been shown [26]. And in a large one-day cross-
sectional survey in German ICUs a great discrepancy
between perception of guideline-adherence and clinical
practice was found [27]. Two studies outside the ICU
revealed a high adherence to the PCT algorithm and
confirmed results from RCTs with a shortened duration
of antibiotic treatment [22,23]. But in one study, a
decreased compliance to the algorithm with increasing
severity of illness was found [22]. This is consistent with
RCTs in ICU patients where physicians refused to stop
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antibiotics despite the opposite suggestion of the PCT-
algorithm in 16-53% [10,15,17]. In our analysis, adher-
ence to the PCT-algorithm was not evaluated over the
study period. But increasing average number of PCT-
measurements per patient from 1.6 +4.5 in 2005 to
18.6 £16.4 in 2009, possibly indicates more acceptance
of the PCT-protocol. Further studies are required to
evaluate protocol-adherence in critically ill patients
outside study conditions.

Re-infection rate

Interestingly, we found a yearly reduction of 35.1% in
ICU re-infection rate. To our knowledge, so far, six
randomised controlled trials assessed the utility of PCT
in tailoring antibiotic therapy in septic ICU individuals
[10,13,15-17,28]. Only Nobre and Bouadma provided
data of the re-infection rate [10,17]. Nobre and col-
leagues included only a small number of patients (n=79)
of a mixed ICU population and it remains unclear how
many surgical patients were included. However, no dif-
ferences in terms of re-infection rate in the PCT-group
compared to the control group were found. Bouadma
and colleagues showed in 621 septic ICU patients that a
PCT-guided algorithm can reduce the days on antibiotic
therapy. Shortening the therapy did not affect the re-
infection rate. However, less than 10% of the population
were surgical ICU patients. Our findings probably may
be associated with effects from an antimicrobial stew-
ardship program with local guidelines for initial empir-
ical antibiotic treatment and routinely clinical rounds
with an infectious diseases (ID) fellow.

Mortality and mechanical ventilation

Furthermore, an average yearly mortality reduction of
22.4% and decreased ventilation hours cannot be solely
explained by implementation of a PCT algorithm. In 2004,
sepsis guidelines for management of severe sepsis and
septic shock were published and extensively implemented
in clinical practice [29]. Impact of interventions from these
guidelines or other implemented strategies during the
study period cannot entirely be excluded in an observa-
tional study of such a long period, even if an extensive
adjustment for covariates took place. However, although
these international guidelines recommend a length of 7 to
10 days for antibiotic therapy in patients with severe
sepsis, in two recent German multi-center studies,
duration of antibiotic treatment was quite longer. In the
VISEP study (2003 — 2005) [30], patients in the different
study groups with a median stay of 13.5 to 16.0 days in the
ICU had a median of zero antibiotic-free days. Similarly,
also a median of zero antibiotic-free days was found in the
MAXSEP study (2007 — 2010) [31] where patients had a
median ICU-LOS of 12 days.
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Antimicrobial stewardship

PCT-algorithms for guidance of antibiotic treatment
may enhance adherence to guidelines since clinicians
may be reassured in their decision to discontinue antibi-
otics by an objective parameter. It must be emphasised
that PCT-algorithms are only a single component in
strategies for optimising antibiotic treatment. Antimicro-
bial stewardship programs are important concepts for a
more rational utilisation of antibiotics [32]. Most ele-
ments of antimicrobial stewardship programs focus on
structural and professional improvements: educational
programs, local guidelines for an appropriate initial
choice of antibiotics, resistance statistics and strategies
(e.g. clinical rounds with infectious diseases fellow) for
streamlining and de-escalating antimicrobial therapy. In
this context, integration of biomarker-guided antibiotic
treatment into antibiotic stewardship programs appears
to be essential [33].

Cost effectiveness

Our study revealed no significant antibiotic cost reduction.
But there seems to be a trend to lower costs over the
years. In our hospital, cost amounted to 14 Euros per
PCT-test. But, a final assessment of cost effectiveness of a
PCT-guided antibiotic therapy cannot be made with the
present study design since there are numerous variables
influencing clinical processes of care, many of which are
difficult to quantify. For example, multi-resistant microor-
ganisms significantly increase treatment expenses due to
requirement of isolation procedures and use of costly
reserve antibiotics. Shortening antibiotic treatment may
have potential to reduce the incidence of multi-resistant
microorganisms and therefore consequential costs. Also,
possibly reduced incremental cost of antibiotic related
adverse effects were not considered in our study. Further-
more, in times of shortage of ICU beds, a reduction in
ICU-LOS leads to economical advantages. An average
yearly reduction of 2.7 days in ICU-LOS like in our study
has potential to conserve resources and enhance ICU
capacity and thus may increase the hospital’s refund. A
previous study confirmed that under certain, assumptions
managing antibiotic treatment with PCT-guided algo-
rithms may reduce overall cost of care [34] and a data
modelling analysis calculated possibly savings of € 1,163
for ICU-patients in the G-DRG system by guiding anti-
biotic treatment with a PCT-algorithm [35]. Nonethe-
less, the cost effectiveness of PCT-guided strategies
needs to be fully evaluated in randomised controlled
trials.

Antimicrobial resistance

Although antibiotic use has been reduced by PCT-guided
strategies, a corresponding reduction in isolation of
antibiotic-resistant  organisms has not yet been
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demonstrated [33]. Data for correlation between the re-
duced use of antibiotics and impact on a decrease in
multi-resistant organisms were not obtained in our ana-
lysis and further studies are required to answer this
question.

PCT algorithms

Numerous PCT-algorithms with different cut-off values
for starting or discontinuing antibiotic therapy have been
evaluated [10-12,14,16,17,28,36-39]. Most of these trials
have shown the effectiveness of standardised algorithms
to guide antibiotic therapy, even if the same algorithm
was used for different causes of infection. In future,
further studies are required to answer the question
whether we need specific PCT-algorithms for numerous
different causes of severe infection in surgical patients or
whether it suffices to use a general PCT-algorithm to
achieve a more judicious use of antibiotics.

Nonetheless, our data and the results of several studies
and meta-analyses provide that PCT-guided algorithms
seem to be a useful and safe tool in clinical practice to
discontinue antibiotic treatment without negative effects
on clinical or economical outcomes.

Limitations

The main shortcoming of our study is that we did not
compare our results with data from a historical control
group. Thus, it remains unclear to which extent reduc-
tions in antibiotic consumption and improvements in
outcomes are exactly related to the PCT protocol. How-
ever, data from 2005, when the PCT-algorithm was
implemented and number of PCT-measurements per
patient was low, were used as baseline, showing how
antibiotic use improved over the years when the
program was transferred into clinical practice.

In our study 3.4% of all patients were reported to have
severe sepsis whereas prevalence for severe sepsis
including septic shock in Germany’s ICUs is about 11%
[40]. A retrospective search for patients with severe sep-
sis in our ICU database depends on quality of primary
documentation and possibly not all eligible patients
could be identified and included. This may explain the
seemingly low number of patients detected with severe
sepsis in our study. In addition, our ICU was also used
for short-term postoperative and intermediate care and
therefore the rate of patients with the highest risk for
infections was probably low. Nevertheless, a higher total
number of patients with severe sepsis probably would
have increased the validity of our study.

Conclusions

This is the first study that analyses the long-term effects
on antibiotic consumption after implementation of a
PCT-guided algorithm to discontinue antibiotic treatment
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under real-life clinical conditions in ICU-patients. In a
real-life clinical setting, implementation of a PCT-protocol
was associated with a reduced duration of antibiotic
therapy in septic ICU patients without compromising
clinical or economical outcomes. Further studies to as-
sess the impact of PCT-protocols on reduction of resist-
ant organisms are required. Also, algorithm-adherence
and cost-effectiveness of a procalcitonin-guided strategy
should be fully evaluated in a real-life setting of an ICU.
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