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Background: Biomarkers like procalcitonin (PCT) are an important antimicrobial stewardship tool for critically ill
patients. There is little evidence regarding the use of PCT-guided antibiotic algorithms in developing countries. Evidence
is also lacking for PCT-based antibiotic algorithms in surgical trauma patients admitted to the intensive care unit (ICU).
Methods: A prospective, two period cross-over study was conducted in a surgical trauma intensive care unit in South
Africa. In the first period, 40 patients were recruited into the control group and antibiotics were discontinued as per standard
of care. In the second period, 40 patients were recruited into the procalcitonin group and antibiotics were discontinued if
the PCT decreased by > 80% from the peak PCT level, or to an absolute value of less than 0.5 pg/L. Antibiotic duration
of treatment was the primary outcome. Patients were followed up for 28 days from the first sepsis event.

Results: For the first sepsis event the PCT group had a mean antibiotic duration of 9.3 days while the control group had a
mean duration of 10.9 days (p = 0.10). Patients in the intervention group had higher mean (SD) antibiotic free days alive
of 7.7 (6.57) days compared to the control group mean (SD) of 3.8 (5.22) days, (p = 0.004). In-hospital mortality rate was
lower in the intervention group (15%) compared to the control group (30%) and was statistically significant (p = 0.045).
Conclusion: There was no significant difference in duration of antibiotic treatment between the two groups. However, the
PCT group had more antibiotic free days alive and lower in-hospital mortality compared to the control group.
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Introduction

The world is facing increasing rates of multidrug resistant
bacteria in all hospitals, predominantly in intensive care
units (ICUs). Over-use of antibiotics is a major factor driving
antibiotic resistance. There is an urgent need to implement
antibiotic stewardship in ICUs to reduce antibiotic overuse.
The role of biomarkers, especially procalcitonin (PCT), as
antibiotic stewardship tools has been investigated in several
trials.!* PCT levels are usually low in normal conditions but
increase in severe infections and inflammatory conditions.
However, the highest levels are found in septic patients.
Procalcitonin rises within a few hours of infection with
bacteria but reduces with appropriate antibiotic therapy.*
PCT has been used in clinical trials as a tool for monitoring
clinical response to antibiotic treatment. Antibiotics are
discontinued once the PCT drops to a predetermined
level.2*5 Antibiotic protocols can prevent antibiotic misuse
by guiding safe discontinuation in patients who have had
adequate antimicrobial therapy.

143 SAJS VOL.58 NO.3

SEPTEMBER 2020

Early studies on PCT-guided antibiotic treatment were
mostly in primary care patients with pneumonia.>¢ In
the ICU setting PCT has been used mainly as part of an
algorithm to discontinue antibiotics.">” Studies have proven
the efficacy of PCT algorithms in reducing antibiotic du-
ration of treatment and achieving significant cost savings
without an increase in adverse outcomes.® !

Studies on PCT-guided antibiotic therapy are mainly from
Europe. There are few studies from developing countries on
the use of PCT-based algorithms for antibiotic stewardship.
Most ICU studies contain relatively few numbers of surgical
patients with inconclusive evidence in trauma patients but a
recent study from South Africa investigated the diagnostic
role of PCT in predicting bacteraemia in trauma ICU
patients.!! The aim of our study was to determine if a PCT-
based clinical algorithm would decrease total antibiotic
days compared to standard antibiotic treatment in surgical
trauma patients in an ICU setting. It was useful to perform
a study to analyse the use of PCT algorithms specifically
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in surgical trauma patients in South Africa, where antibiotic
stewardship programs are not yet well established.

Methods

We conducted a prospective, two-period cross-over case-
controlled, interventional study in the trauma ICU at
Charlotte Maxeke Hospital, Johannesburg, South Africa.
Eighty patients were recruited from April 2014 to July 2015.
Adult patients in the trauma ICU with suspected sepsis
that were either not on antibiotics or had been on antibiotic
therapy for less than 48 hours were approached for consent.
Patients were recruited consecutively until the sample size
was achieved.

All patients in the PCT group had a serum PCT done at
study recruitment and then every 48 hours until antibiotics
were discontinued. PCT was not used to guide antibiotic
treatment in the control group.

Inclusion criteria

Patients above the age of 18 years admitted to the trauma
ICU with suspected or confirmed bacterial sepsis with writ-
ten consent and who survived more than 48 hours after study
inclusion.

Exclusion criteria

Exclusions included patients in whom consent could not
be obtained, pregnancy, patients requiring prolonged an-
tibiotic therapy and those who had severe comorbidities,
e.g. congestive cardiac failure, cirrhosis, insulin dependent
diabetes, renal failure requiring dialysis, and advanced
human immunodeficiency virus (HIV) infection with CD4
< 100 cells/uL. Patients who had received more than 48
hours of antibiotics before study enrolment and those with
poor chance of survival, e.g. injury severity score (ISS) > 45,
critical or untreatable injury at screening were also excluded.

Control period

Prior to the study antibiotics were given empirically ac-
cording to the site-specific ICU algorithm and always
covering at least the spectrum of previously prescribed
antimicrobials as well as expected organisms. The normal
duration of antibiotics was usually 7 days but could be
prolonged to 14 days depending on the cultured organism
and site of infection. Piperacillin-tazobactam was commonly
used as empiric treatment for nosocomial sepsis while
amoxicillin-clavulanate was usual for community acquired
infections. Antibiotics were changed to cover the spectrum
of organisms cultured from the site of sepsis. The control
period was between April 2014 and January 2015. Forty
patients with suspected or confirmed sepsis were recruited
consecutively into the control group. Antibiotics were given
as per the ICU protocol above. Decisions regarding dis-
continuation of antibiotic treatment were left at the attending
doctor’s discretion.

Intervention period

In the intervention period, forty patients with confirmed or
suspected sepsis were recruited consecutively into the in-
tervention group between February 2015 and July 2015.
The PCT level was measured at study recruitment and
then on alternate days. Antibiotics were given as per the
ICU protocol discussed above. If the PCT decreased to an
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absolute value of less than 0.5 pg/L or by > 80% from the
peak PCT concentration, clinicians were encouraged to
stop antibiotics. This algorithm was based on pre-existing
interventional PCT studies. Antibiotics were not stopped
if there were ongoing signs of sepsis (e.g. temperature
> 38.3 °C) with an obvious source of sepsis. The PCT
complemented but did not replace clinical decision making
and clinicians were able to deviate from the PCT algorithm
if the need arose. Although clinicians were encouraged to
stop antibiotics according to this PCT algorithm the decision
to stop was at the discretion of the attending clinician. This
was due to patient safety concerns as no clinical study has
based antibiotic discontinuation exclusively on a biomarker.

Laboratory methods

The PCT in patient serum was measured on the ADVIA
Centaur® BRAHMS PCT assay (Siemens Healthcare
Diagnostics Inc., Muenchen, Germany). The assay has
a measurement range of 0.02-75 ug/L and analytical
sensitivity of 0.02 pg/L.

Microbiological specimens were processed according
to standard microbiological procedures. Identification
and antimicrobial susceptibility testing (AST) of cultured
organisms was performed on the Vitek®2 instrument
(bioMérieux Inc., Durham, NC, USA). Alternatively,
AST was performed by disc diffusion or E-test® strips
(bioMérieux S.A., Marcy I’Etoile, France). All AST results
were interpreted according to the Clinical and Laboratory
Standards Institute guidelines (CLSI, Wayne, PA, USA)
current at the time.

Study outcomes

The primary outcome was to determine if a PCT-based
antibiotic algorithm would decrease total antibiotic days
compared to standard antibiotic treatment in surgical trauma
patients in an ICU setting. Secondary outcomes included
antibiotic free days alive at 28 days from study inclusion,
in-hospital mortality (death from any cause), ICU length of
stay and recurrence or relapse of infection.

Statistical analysis

In calculating the sample size, a difference of 2 days’
antibiotic duration between the mean in one group and
the mean in the other group (p,-p,) of 2 days would be
significant. It was determined that 40 patients were needed
in each group to detect a significant difference.

Comparisons were made between the two groups using
mean (standard deviation) and t-test for continuous
variables. The p-value was determined by a chi-square
but if the number of items constituting a variable was less
than 10 then the p-value was calculated using the Fisher’s
exact test. Statistical significance was considered for two-
sided p < 0.05. Categorical variables were compared using
percentages.

Diversity between study groups was determined using
chi-square test and Fisher’s exact test as appropriate. Risk
ratio for death and infectious complications (relapse)
were calculated at the 95% confidence interval. Kaplan-
Meier survival curves were evaluated by the log-rank test.
A multivariate analysis was not undertaken due to the
small number of study subjects. Data was analysed using
Statistica™ version 13.2 (TIBCO software Inc., Palo Alto,
CA, USA).



Results

General characteristics of the study population

The two groups were well matched in terms of baseline
demographics as shown in Table I. There was no significant
difference in other markers of sepsis severity, e.g. the
sequential organ failure assessment (SOFA) score, baseline
temperature and white cell counts. The PCT group, however,
had a worse injury severity score (ISS) than the control
group. A baseline PCT was considered unnecessary in the
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control group, hence only 10 patients in the control group
had a baseline PCT done (p = 0.04).

There were 8 patients (20%) in the control group who
needed inotrope support for the first episode of sepsis
compared to 5 patients (12.5%) in the intervention group.
The main source of sepsis in both groups was pulmonary
(Table I).

Microbiology culture findings

The most commonly isolated organism in both groups of
patients was extended spectrum beta lactamase (ESBL)
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Figure 1: Primary bacterial isolates from culture

producing Klebsiella pneumoniae (Figure 1). The control
group had more patients with negative cultures compared
to the PCT group (6 patients vs 2 patients). The PCT group
had a slightly higher number of Pseudomonas aeruginosa
infections (3 patients vs 8 patients).

The most commonly used empiric antibiotic was
piperacillin-tazobactam (PT). There were 16 patients in the
control group and 36 patients in the PCT group who received
PT as empiric therapy. Carbapenems were more likely to be
given empirically in the control group (9 patients) compared
to the PCT group (1 patient).

When empiric antibiotics were assessed in terms of
appropriateness to the cultured organism, it was found that
an equal number of patients in each group (n = 16) received
appropriate empiric treatment. There were more patients
in the PCT group who received inappropriate empiric
antibiotics (22 patients) compared to the control group (17
patients) but the difference was not statistically significant

(» = 0.59).

Primary outcome

When duration of therapy for the first sepsis episode was
compared between groups, the PCT group had a shorter
mean (SD) duration of treatment 0f 9.3 (5.67) days compared
to the control group mean (SD) of 10.9 (2.62) days. This
difference, however, did not reach statistical significance
(»=0.10).

There were an almost equal number of patients in both
groups who were treated for a second episode of sepsis (14
patients in PCT group vs 15 patients in the control group).
The mean (SD) duration of treatment for the second episode
of sepsis was shorter in the PCT group 9.6 (2.61) days
compared to the control group mean (SD) of 12.0 (4.62)
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days but the difference did not reach statistical significance
(p =0.09).

Clinician compliance to the PCT algorithm, i.e. antibiotics
stopped within 24 hours of reaching the stopping criteria,
was 62.5%. In those who were non-compliant 8§0% of
patients had their antibiotics stopped within 3 days of
reaching the stopping criteria.

Secondary outcomes

Patients in the PCT group had more antibiotic free days
alive with mean (SD) of 7.7 (6.57) days compared to the
control group mean (SD) of 3.8 (5.22) days (p = 0.004).
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Figure 2: Kaplan-Meier survival curve



Only 2 patients (5%) in the intervention group had a relapse
of infection compared to 9 patients (22.5%) in the control
group (p =0.02).

There was no difference in mean (SD) length of ICU stay
in the PCT group compared to the control group, 16.1 (8.31)
days vs 17.6 (13.84) days (p = 0.5). The PCT group had a
slightly longer mean (SD) hospital stay of 25.4 (8.32) days
compared to the control group mean of 24.5 (17.03) days.
The difference was not statistically significant (p = 0.76).

The PCT group had fewer in-hospital deaths (6 patients,
15%) compared to the control group (12 patients, 30%).
Survival between the two groups was compared using
Kaplan-Meier analysis as shown in Figure 2. The PCT
group had improved survival compared to the control group
(Wilcoxon log rank analysis p = 0.045).

Discussion

In this single centre study, a PCT based algorithm failed to
demonstrate a reduction in duration of antibiotic treatment
in surgical trauma patients. The PCT group had shorter
duration of treatment for both the first and second episode
of sepsis compared to the control group, but this did not
translate into a statistically significant difference. This is
in contrast to other studies which found that use of a PCT
based antibiotic algorithm reduced duration of antibiotics in
critically ill septic patients.>”!? This difference is possibly
due to poor clinician compliance with a PCT algorithm. Due
to safety concerns, experts agree that the decision to stop
antibiotics based on a PCT algorithm cannot be enforced and
should be supported by clinical judgement.?'?

However, an important finding of this study was a
significant increase in antibiotic-free days alive at 28 days
in the PCT group compared to controls. Other researchers
have reported similar findings. In one such study, 101
patients were randomised to either a PCT group or a control
group. The PCT group had more antibiotic-free days alive
(13 days) compared to the control group (9.5 days).'* In one
systematic review of six ICU studies, there was a 23-37%
increase in antibiotic-free days alive in the PCT group
compared to the control group.!> Our results show that the
PCT group had lower in-hospital mortality compared to
controls. Similarly, other authors report reduced mortality in
the PCT group compared to the control group.'>!¢ A recent
meta-analysis however, failed to demonstrate reduction
in mortality in critically ill septic patients using PCT-
guided antibiotic therapy.!” The reduction in mortality and
increased antibiotic-free days alive in our study may be due
to improved management of septic episodes. Use of a PCT
algorithm facilitates decisions around antimicrobial therapy,
whereby initiation of antibiotics and evaluation of treatment
response is guided not only by clinical judgement but also
by an objective laboratory biomarker.

Our study found a small but insignificant reduction in ICU
stay in the PCT group. The effects of a PCT-based algorithm
on length of ICU stay are not very clear when compared
across different studies. One study found a significantly
shortened ICU stay in the PCT group compared to the
control group.” Another study however, found that length of
ICU stay was one day longer in patients in the PCT arm
compared to the standard-of-care arm.'® That particular
study differs from other studies because it used an algorithm
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of PCT-guided antibiotic escalation which prolonged ICU
admission without improving survival. A meta-analysis of
seven studies comprising 1 075 patients with septic shock
or severe sepsis compared PCT-guided antibiotic treatment
to standard of care.! It reported no appreciable difference in
ICU length of stay between the PCT and the control groups.
The effect of a PCT-based antibiotic algorithm on length of
ICU stay is therefore still open to debate.

Our results showed no difference in hospital stay between
the PCT and control groups. Other authors have similarly
found no difference in duration of hospital stay when
comparing PCT-guided strategies to standard of care.!-3!%20

A major concern whilst using a PCT algorithm to dis-
continue antibiotics is the potential for relapse if infections
are inadequately treated. Our study showed a lower relapse
rate in the PCT group compared to the control group.
Patients in the PCT group may have benefited from a more
focused assessment and vigorous source control leading to
the lower relapse rate, which again highlights the potential
of a PCT algorithm in management of septic patients. A
meta-analysis of 14 trials where patients were assigned
to receive antibiotics based on a PCT algorithm similarly
found decreased risk of treatment failure in patients assigned
to the PCT group.?' Some authors report no difference in
relapse rates when comparing PCT group to controls.” One
study, however, found that re-institution of antibiotics for
relapse was more common in the PCT group than in the
control group but the numbers were small in both instances
(5% vs 3%).3

To our knowledge, this is the first prospective study
evaluating the value of a PCT-based algorithm in reducing
antibiotic duration of treatment in surgical trauma ICU
patients.

Our study had several limitations; firstly, it was a single
centre, non-randomised study. The results of this study may
be biased by non-randomisation and may not be extrapolated
to patients with a different background. Since this was a
single centre study, a crossover design was best suited to
the study aims. Secondly, the sample size was calculated to
have sufficient power to detect a between-group difference
of at least two days in antibiotic duration of treatment. It
is likely that a larger sample size would have detected a
statistically significant difference between groups with the
results that we obtained. The small sample also precluded a
multivariate analysis. Thirdly, poor compliance by clinicians
to a PCT algorithm may have resulted in a conservative
bias and reduced the potential benefits of a PCT-guided
algorithm. Fourthly, our definition of relapse was defined
using microbiologic criteria. Patients who were discharged
home or transferred out may have suffered a late relapse that
was underestimated in our study. Finally, our study did not
measure the actual reduction in antibiotic costs associated
with a PCT algorithm. Other studies have reported a decline
in antibiotic costs using PCT algorithms, without any
associated adverse outcomes.'%??

Conclusion

Our study showed that PCT has the potential to reduce the
duration of antibiotics for surgical trauma patients with
suspected and confirmed sepsis. Although not reaching
statistical significance, the PCT group had reduced duration



of antibiotic treatment for both the first and the second
episode of sepsis. We observed a significant increase in
antibiotic free days alive, improved hospital survival and a
lower infection relapse rate for patients managed according
to a PCT algorithm. This reduction in antibiotic usage has
the added potential benefit of reducing antibiotic costs. PCT
can be measured on alternate days or at longer intervals in
resource limited settings to reduce costs while still retaining
the observed benefits. The potential of PCT-guided regimens
to reduce mortality and increase survival is difficult to
quantify in terms of cost benefit and needs to be explored in
further studies.
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