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Does Measuring Serum Concentration
of Procalcitonin in Critically lll Patients
Assist in Stopping Antibiotic Therapy?

THE “PRO" SIDE

Most successtul debates start with a good understanding of the
question at hand. We would like to begin the “pro” side of this debate
by examining the question in detail. Like most diagnostic tests, the
procalcitonin (PCT) test itself serves little purpose if not acted upon.
In other words, for PCT monitoring to be helpful, it must possess
characteristics that make it actionable. In addition, for the purpose
of this debate, we will consider critically ill patients to be those
who are treated in the intensive care unit and will ignore use of PCT
measurement in the emergency department or other inpatient or
outpatient settings. Lastly, reference to “stopping antibiotic therapy”
signifies that an antibiotic has already been started. Simply put, the
initial decision to start antibiotics has passed (independent of any
quantification of PCT), and the decision now is whether the anti-
biotics can be de-escalated or discontinued. Such a change might
occur because new clinical information and/or the PCT result has
rendered obsolete the original decision to start antibiotics, or because
the original infection has been adequately treated. In the remainder
of this article, we will discuss in more detail the use of PCT measure-
ment within the context of this question and provide recommenda-

tions on its most appropriate use. .

Is PCT Actionable?
More than a decade ago, PCT was deemed to be a “SMART”

biomarker (specific and sensitive, measurable with precision,
available and affordable, responsive and reproducible, and timely).!
Today, PCT remains a SMART biomarker, with newer amplified
cryptate emission assays having even greater sensitivity. The PCT
concentration in serum is normally below 0.1 pg/L, but rises
substantially in response to bacterial infections, endotoxins, and
inflammatory cytokine.! Because the concentration peaks
between 8 and 24 h after an insult and because PCT has an
elimination half-life between 22 and 35 h, determining PCT
concentration strikes the balance between having a measurable
clinical window and ensuring responsiveness to treatments
and disease progression.' At a cost of about Can$50 per assay,
PCT measurement is less expensive than the daily charges for
most antibiotics,” and is therefore a potentially cost-effective
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antimicrobial stewardship tool. For centres that have the platform
to run PCT assays, the results can be readily available and
actionable within several hours of sampling.

Many different PCT-guided treatment algorithms for
stopping antibiotics exist. In a recent study by de Jong and
colleagues,® patients admitted to the intensive care unit (ICU)
with initiation of empiric antibiotics were randomly assigned to
either PCT-guided treatment or usual care. For those in the PCT
guidance group, PCT levels were obtained at baseline (within
24 h of antibiotic initiation) and daily until discharge from the
ICU or 3 days after systemic antibiotics were stopped. The study
protocol recommended that antibiotics be stopped if PCT
concentration decreased by more than 80% from baseline or
when the absolute value was less than 0.5 pg/L. This algorithm is
straightforward and led to significant decreases in the duration of
antibiotic therapy and also mortality at 28 days.?

Does PCT Monitoring Help in Stopping Antibiotics?

The short answer to the question in this heading is “yes”! At
least 8 meta-analyses specifically evaluating critically ill patients
have concluded that utilization of PCT monitoring is associated
with shorter duration of antimicrobial therapy.>+® However, there
are certain scenarios in which reliance on PCT values is not ideal.
For example, use of elevated PCT level to justify initiation of
antimicrobials or escalation of the antimicrobial spectrum of
activity leads to overuse of antibiotics and potentially more
end-organ dysfunction.'™"2 Hence, using PCT as a screening tool
to initiate antibiotics or to broaden antibiotic coverage in the
absence of signs and symptoms of infection cannot be recom-
mended. Furthermore, in the initiation phase of antimicrobials,
clinicians may not be inclined to withhold initial antibiotics. This
was evident in a study by Layios and others,'* in which samples
for measurement of PCT were drawn when clinicians suspected
infection. In that study, for cases in which baseline PCT was
normal, only 36% of physicians were compliant with withholding
antibiotics; in contrast, for patients with elevated baseline PCT,
86% of clinicians were compliant with continuing antibiotics.
Hence, sampling PCT in the initiation phase is unlikely to
overrule clinical judgment regarding antibiotics and may be more
useful in the de-escalation phase of antimicrobial management.
In fact, a recent meta-analysis specifically evaluated studies of PCT
during the de-escalation phase, and concluded that both duration
of antibiotic therapy (days) and short-term mortality were
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significantly lower with PCT guidance when used for de-
escalation purposes, but not when used for initiation of therapy
or a mixture of the 2 approaches.”

How Should PCT Be Used?

No biomarker should be used in isolation for decision-
making. Among critically ill patients, PCT monitoring should be
part of a comprehensive antimicrobial stewardship program, with
clinician guidance on how to interpret the test results. If the
decision is made to initiate antibiotics and it is anticipated that
PCT will be used for cessation decision-making, sampling for
PCT should be completed at baseline purely for trending
purposes. PCT level can be checked again on day 3 if clinicians
are questioning the initial decision to initiate antibiotics (i.c.,
whether antibiotics should be continued). Beyond day 3, for
patients whose condition is improving, PCT can be checked to
determine whether the infection has been adequately treated.
In both scenarios, the algorithm described by de Jong and
others? is a reasonable approach, with recommendations to stop
or de-escalate antibiotics when the absolute value of PCT is less
than 0.5 pg/L or the PCT value has decreased at least 80% from
baseline. When used for the de-escalation of antibiotics, PCT is
consistently associated with reductions in antibiotic usage and
may improve short-term mortality.
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THE “CON” SIDE

Procalcitonin (PCT) has grown in popularity recently as a
surrogate marker for bacterial infection in patients with sepsis. After
all, who would not want a test to guide the decision to stop or
continue antibiotics in complex critically ill patients? The US Food
and Drug Administradon (FDA) approved PCT monitoring in 2017
to aid in the discontinuation of antibiotics in sepsis.! Despite this
approval, the role of PCT monitoring has been under continued
passionate debate. The mixed results of multiple meta-analyses
assessing the outcomes of PCT monitoring are reflected in a weak
recommendation from the Infectious Diseases Society of America,
which lists serial PCT measurement as a tool to support discontinu-
ation of antibiotics.” This situation has led to doubt about the
preference for a surrogate marker over clinical judgment in critically
ill patients.

The only predictable characteristic of PCT is its pharmaco-
kinetics. Although it is believed that PCT can differentiate between
bacterial and viral causes of systemic infection, a recent publication
casts doubt.? In that study, higher PCT levels were correlated with
the increased probability of a bacterial infection, but no PCT
threshold was identified that reliably distinguished between a bacterial
and a viral infection.? Overall, PCT is closely associated with, but is
not specific for, infection; in essence, then, PCT measurement is
similar to determining white blood cell concentration, but at much
greater cost. Similar to the white blood cell count, PCT can be falsely
elevated in padents with cardiogenic shock or a systemic inflamma-
tory response to surgery, trauma, or burns. Falsely low values may
be seen in localized infections and subacute endocarditis, or may
occur if PCT is measured too early in the course of a systemic
infection.? These limitations may affect the udility of PCT measure-
ment in critically ill patients, whose antibiotic therapy may be started
or stopped inappropriately.

Death is the most important outcome of any diagnostic or
therapeutic strategy, but multiple meta-analyses of PCT monitoring
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have reported mixed outcomes regarding the mortality benefit,
depending on the design of the meta-analysis, the patient population
assessed, and the role of PCT (for initiation or discontinuation of
antibiotics, or both). This topic has been so popular that 5 meta-
analyses of patients with sepsis in the intensive care unit (ICU) were
published in 2017 and 2018.> Andriolo and others’ limited their
assessment to trials using strict definitions of sepsis, severe sepsis, or
septic shock. They found no mortality difference at 28 days (risk ratio
[RR] 0.89, 95% confidence interval [CI] 0.61-1.31) or at longest
follow-up (RR 0.81, 95% CI 0.65-1.01), not even when less
stringent trial criteria were used as part of the sensitivity analysis.” Two
meta-analyses limited their analysis to trials assessing PCT evaluation
for the purpose of cessation of antibiotics in critically ill patients.
In both, there was a decrease in mortality: RR 0.86 (95%
CI0.76-0.98)° and RR 0.87 (95% CI 0.77-0.98).” The decrease in
mortality may be due to their inclusion of a large randomized
controlled trial (RCT) by de Jong and others.’* Of the numerous
RCTs evaluating PCT, this was the only RCT to show a mortality
benefit (absolute difference 6.6%, 95% CI 1.3%-11.9%). The
authors proposed that this benefit might be due to earlier
identification of an alternative diagnosis.’* However, the same reduced
mortality was not seen in a meta-analysis created as part of a regulatory
submission to the FDA,? despite inclusion of the de Jong trial. That
meta-analysis assessed both patient- and study-level data, but did
not show a reduction in mortality for either.® In a subsequent meta-
analysis, Wirz and others’ used only patient-level data and found a
reduction in mortality (adjusted odds ratio 0.89, 95% CI 0.8-0.99).
The bottom line is that most of these meta-analyses were analyzing
the same RCTs, with outcomes that varied depending on how the
analyses were structured. From these discordant mortality results,
itis difficult to understand the true effect of the intervention. At most,
we can say that the PCT-guided therapy did no worse than standard
of care. However, given that there have been more meta-analyses
published recently on this topic than RCTs, we must ask whether the
answer is hidden in the data, or are we simply looking for an effect
where none exists?

If a reduction in mortality cannot be found, then what about
other outcomes? The biggest push for PCT monitoring has been
based on reducing exposure to antibiotics as a means of reducing the
potential for antimicrobial resistance. The meta-analyses cited above,
regardless of design, all showed a decrease in duration of antibiotic
use (by 1 or 2 days).”® These results are not surprising, given the
open-label trial designs and close assessment of patients in the
intervention arms. Despite the positive results from individual RCTs
and meta-analyses, real-world outcomes have been suboptimal. In a
retrospective cohort study of 107 ICUs in the United States with
PCT monitoring available, PCT-guided therapy led to an increase in
antibiotic use (adjusted relative risk 1.1, 95% CI 1.15-1.18) with
no difference in mortality (hazard rado 1.05, 95% CI
0.93-1.19)." These results are concerning because of potential
increases in costs and adverse effects.

If we just ignore the conflicting data and assume that the benefits
of PCT monitoring outweigh its risks, one question remains: Will
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clinicians use PCT monitoring in their practice? The retrospective
ICU cohort showed that PCT monitoring was ordered for only 18%
of patients upon initiation of antibiotics for sepsis, and only 29.4%
of these patients underwent subsequent measurement of PCT level."!
Clinicians participating in RCTs were only slightly better in terms of
their adherence to protocols: when compliance was measured, it was
generally poor.!®?' Even in the largest trial, almost half of the
clinicians chose to overrule the discontinuation guidelines unless the
patient was clinically stable.'® Perhaps noncompliance is due to
the lack of validation of clinical decision algorithms for use of PCT
monitoring to discontinue antibiotics in sepsis. PCT thresholds in
sepsis trials have been heterogeneous with respect to cut-off values,
percent changes from baseline, and monitoring strategies. Before PCT
monitoring can be confidently implemented and interpreted by
clinicians, further studies are needed to prospectively validate cut-off
thresholds. After all, why order a test if you do not know what to do
with the results?

Although there is no perfect biomarker for sepsis, it is unclear
what value monitoring PCT adds to clinical judgment that
would offset the cost of this expensive test. It has the potendal for
overutilization and increased costs, and is limited by inadequate
clinician response or acceptance of results. The proposed mortality
benefit is cause for excitement, but should be interpreted cautiously,
given that it has been observed in only one clinical trial. Overall,
although the intentions of using PCT monitoring are generally
favourable, the evidence has remained controversial and the jury is
still out on the benefits. Next time you want to order a PCT
monitoring test ... just look at the white blood cell count instead and
use your clinical judgment.
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Grace Lin took the cover photo while attending the CSHP
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