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Role of Procalcitonin in Managing
Adult Patients With Respiratory
Tract Infections

Philipp Schuetz, MD, MPH; Devendra N. Amin, MD, FCCP;
and Jeffrey L. Greenwald, MD

Respiratory infections remain the most common reason why patients seek medical care in
ambulatory and hospital settings, and they are the most frequent precursor of sepsis. In light of
the limitations of clinical signs and symptoms and traditional microbiologic diagnostics for respi-
ratory infections, blood biomarkers that correlate with the presence and extent of bacterial infec-
tions may provide additional useful information to improve diagnostic and prognostic efforts and
help with therapeutic decisions in individual patients. A growing body of evidence supports the
use of procalcitonin (PCT) to differentiate bacterial from viral respiratory diagnoses, to help risk
stratify patients, and to guide antibiotic therapy decisions about initial need for, and optimal
duration of, therapy. Although still relatively new on the clinical frontier, a series of randomized
controlled trials have evaluated PCT protocols for antibiotic-related decision making and have
included patients from different clinical settings and with different severities of respiratory infec-
tion. In these trials, initial PCT levels were effective in guiding decisions about the initiation of
antibiotic therapy in lower-acuity patients, and subsequent measurements were effective for
guiding duration of therapy in higher-acuity patients, without apparent harmful effects. Recent
European respiratory infection guidelines now also recognize this concept. As with any other
laboratory test, PCT should not be used on a stand-alone basis. Rather, it must be integrated into
clinical protocols, together with clinical, microbiologic data and with results from clinical risk
scores. The aim of this review is to summarize recent evidence about the usefulness of PCT in
patients with lower respiratory tract infections and to discuss the potential benefits and limita-
tions of this marker when used for clinical decision making. CHEST 2012; 141(4):1063-1073

Abbreviations: AUC = area under the receiver operating curve; CAP = community—acquired pneumonia; PCT = pro-
calcitonin; VAP = ventilator-associated pneumonia

Respiratory infections remain the most common
illness in humans, the most prevalent reason why
patients seek acute medical care, and the most fre-
quent and prevalent source of sepsis.}? Despite
advances in medical science, respiratory infections
cause more disease and death than any other infec-
tion, with only little change in mortality rates over the
past few decades.? Although mortality is attributable
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primarily to bacterial pneumonia and severe influ-
enza infections, most patients with respiratory infec-
tions tend to have mild viral disease.* Importantly,
around 75% of all antibiotic doses are prescribed for
acute respiratory tract infections; of these, most are
caused by viruses, not bacteria.? Early differentiation
of severe cases from milder infections is essential and
a major challenge when managing patients with respi-
ratory infections. This fact is of particular importance
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in light of studies demonstrating the benefit of early
and appropriate antibiotic courses in cases of bac-
terial pneumonia,® and, at the same time, the need
to reduce unnecessary antibiotic overuse to prevent
bacterial resistance™ and other complications of anti-
biotics, such as Clostridium difficile infection. In addi-
tion, accurate prognostication of patients improves
initial triage and site-of-care decisions that have impor-
tant health and financial implications.?

Reliable clinical signs and rapid microbiologic
tests to diagnose bacterial infections confidently and
to identify other, nonbacterial, causes not in need of
antibiotic therapy are largely lacking.!® Time-related
delays inherent in culture methods, low sensitivity of
blood cultures, and low specificity of sputum cultures
due to quality of samples, colonization, or contamina-
tion are major limitations of these methods for every-
day practice.’’ A novel approach to estimate the
likelihood of bacterial infections and the severity of
disease is the use of blood biomarkers mirroring the
host response to infection, and indirectly, the severity
of infection. Although an enormous number of dif-
ferent mediators and markers have been suggested as
promising candidates, only a few of them have been
tested rigorously in clinical outcome studies and have
found their way into clinical practice.

One such blood marker, procalcitonin (PCT), has been
evaluated in a number of clinical research studies and
has been shown to be a more specific marker for bac-
terial infections compared with more traditional mark-
ers such as C-reactive protein and WBC.!* PCT is
released in multiple tissues in response to bacterial
infections via a direct stimulation of cytokines, such
as IL-1pB, tumor necrosis factor-a,, and IL-6. The upreg-
ulation of PCT correlates with the severity'®1214 and
extent!11516 of bacterial infections.

Conversely, interferon-v, a cytokine released in
response to viral infections, blocks the upregulation of
PCT, resulting in a higher specificity of PCT toward
bacterial infections.!™ Quantitatively, PCT may help
distinguish severe bacterial infections from milder
viral illnesses.2!

In addition, PCT shows an interesting kinetic profile
over time, with a prompt increase within 6 to 12 h upon
stimulation and a daily decrease of around 50% in the
event that the infection is controlled by the immune
system supported by effective antibiotic therapy.??
Another favorable characteristic of PCT is that it
appears not to be influenced by corticosteroid treat-
ments. Two studies found similar PCT levels in patients
with and without corticosteroid treatment; one study
included critically ill patients taking high doses of sys-
temic corticosteroids (20-1,500 mg prednisone/d),
whereas the other focused on biomarker levels of
healthy volunteers after endotoxin injection treated
with lower doses of prednisolone (30 mg/d).22*
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Based on these characteristics, many researchers
have evaluated the usefulness of PCT in improving
the clinical management of patients. The aim of this
review, focusing on respiratory infections, is to give
physicians an overview of the potential usefulness
and limitations of PCT in diagnosing bacterial infec-
tions, differentiating bacterial from viral diseases,
prognosticating regarding the severity of a patient’s
condition, and guiding clinical decisions about when
to initiate antibiotic therapy and when it can be safely
discontinued.

PCT FOR THE DIAGNOSIS OF
RESPIRATORY INFECTIONS

Identifying a true “gold standard” for the diagnosis
of respiratory infections is often problematic. The
use of blood and sputum cultures have significant
limitations?>26 because of the duration of time required
to obtain positive cultures and issues of coloniza-
tion and contamination. Additionally, the inability to
grow certain bacteria in standard cultures, as evi-
denced by the fact that causative microorganisms
can be detected in only 10% to 20% of patients with
respiratory infections, further confounds the diag-
nostic process.®!! Research on the diagnosis of respi-
ratory infections is hampered by this lack of a gold
standard and, therefore, may be difficult to interpret.
Because of these limitations, previous studies and
meta-analyses evaluating diagnostic markers that rely
on observational studies have produced contradictory
conclusions 2725

In the clinical setting, one potential option for
improving the diagnosis of bacterial infections is
biomarkers that rise selectively in response to bacte-
rial infection. To investigate this function of PCT,
researchers have investigated a number of different
clinical conditions to identify whether PCT has helped
differentiate bacterial from other infections.

In one study, Miiller et al'' evaluated PCT in
925 patients with community-acquired pneumonia
(CAP). In this cohort, 7.9% of subjects had bacteremic
CAP with typical pathogens, mostly Streptococcus
pneumoniae. PCT was increased significantly in bac-
teremic patients compared with patients without
an identified bacterial pathogen with an area under
the receiver operating curve (AUC) of 0.82. Less
than 1% of patients had a positive blood culture
when their initial PCT level was < 0.25 pg/L, which
increased to > 20% in patients with PCT > 2.5 pg/L.
Similar results concerning bacteremia have been
reported in other CAP cohorts (AUC, 0.85),1 for
patients with pyelonephritis'é and patients in the ED
with fever.2

Another study focused on the potential of PCT to
differentiate patients with a viral respiratory infection
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with or without bacterial superinfection. This was
investigated in 103 patients with confirmed 2009
influenza A(HIN1) pneumonia in a critical care
setting in France.?! PCT had an AUC of 0.90 for dif-
ferentiating the 48 patients with bacterial superin-
fection from patients with viral pneumonia only. At a
PCT cutoff of 0.8 wg/L, the negative predictive value
was 91% to exclude bacterial superinfection. Similar
results were reported from other studies in Korea®
and Spain.?!

Other researchers have investigated whether PCT
can predict the specific pathogens causing respira-
tory infections. Whereas patients with severe infec-
tions caused by Legionella species have shown high
PCT levels,? other atypical pathogens such as myco-
plasma do not appear to induce a strong PCT response
in patients.® A large German CAP cohort found that
PCT was highest in patients with typical bacterial
causation, but did not allow prediction of specific
cause in individual patients.?

For other respiratory infections, such as ventilator-
associated pneumonia (VAP)* or TB,* clinical studies
have produced mixed results and the clinical usefulness
of PCT as a diagnostic test has not been established
conclusively. For VAP, recent studies suggested that
serial measurements may be the preferred approach,
but at additional cost.3637

These data show that PCT should not be used as a
traditional diagnostic test because it does not clearly
identify specific pathogens. Yet its impact may be
more pronounced in identifying the higher likelihood
of a relevant bacterial infection that increases with
increasing PCT concentrations and, conversely, falls
if the PCT level is low. Optimal “diagnostic cutoffs”
are different according to the severity of presentation
and clinical setting (eg, primary care or ICU), and
may also depend on pathogen characteristics and
antibiotic pretreatment (Fig 1).3

PCT FOR PROGNOSTICATION IN
RESPIRATORY INFECTIONS

Accurate assessment of disease severity and predic-
tions regarding a patient’s clinical course assist patients,
families, and caregivers with setting appropriate expec-
tations regarding the illness. These assessments and
predictions are also prerequisites for the adequate
allocation of health-care resources and therapeutic
options in the management of respiratory infections.?
This includes decisions regarding the need for regular
hospital or ICU admission, diagnostic evaluation, and
assessment for appropriate early discharge.

The role of prognostication is acknowledged by
respiratory infection guidelines, which recommend
stratifying patients with CAP based on predicted risk
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of mortality using validated risk scores (ie, the pneu-
monia severity index or the CURB-65 [confusion,
urea, respiratory rate, BP] score).?% Clinical risk
scores are somewhat limited by practicality and risk
of miscalibration due to different patient popula-
tions and, therefore, have only moderate operational
characteristics.#! Thus, there is interest in additional
prognosticating mechanisms, using newly available
biomarkers that are objectively and rapidly measur-
able and responsive to clinical recovery and that add
relevant, reliable, and real-time information.

Different studies have evaluated the prognostic
potential of PCT in patients with respiratory infec-
tions, mainly in patients with CAP (Table 1). Most
studies have found that PCT levels were increased
in patients not surviving their disease compared with
survivors with moderate prognostic accuracy. In a
large CAP cohort in the United States,* the greatest
benefit of PCT was found in patients classified as
high risk by the pneumonia severity index score.
Having a PCT < 0.1 pg/L virtually excluded mortality
in these high-risk patients. A Swiss study found that
initial PCT levels did not improve clinical risk scores
for mortality prediction*; subsequent repeated mea-
surements of PCT in this population demonstrated
improved clinical outcomes with falling PCT levels.
In addition, the study found that PCT was more help-
ful in predicting serious adverse events other than
mortality, such as ICU admission or CAP-related
complications. For these outcomes, PCT significantly
improved clinical risk scores. Another large CAP
study from Germany, which included mostly low-
risk patients, found that PCT was an accurate pre-
dictor of mortality and significantly improved clinical
risk scores.42

Based on these studies, the prognostic usefulness
of PCT in patients with respiratory infections who
have had their clinical risk assessed (eg, using clin-
ical risk scores) may be summarized as follows: (1) in
low-risk patients with respiratory infections, PCT
levels <0.25 pg/L identify patients at lower risk of
a bacterial cause and CAP and thus low mortality;
(2) in low-risk patients with respiratory infections,
PCT levels >0.25 pg/L identify patients at higher
risk of a bacterial cause and CAP and, perhaps,
higher mortality; (3) in a high-risk population, PCT
levels <0.1 pg/L effectively decrease the likelihood
of mortality from a bacterial cause, and other non-
bacterial pathologies should be aggressively sought;
(4) more helpful than initial values is the assessment
of PCT kinetics over time in moderate and high-
risk patients. Levels failing to decline during initial
follow-up identify patients not responding to therapy.
This last conclusion is also in accordance with ICU
studies focusing on patients with sepsis®*> and patients
with VAP that demonstrated that a decreasing PCT
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Table 1—Prognostic Accuracy of PCT to Predict Adverse Outcome in Selected Studies

Optimal
Patient No. PCT Cutoff,
Study/Year Population Patients Outcome(s) AUC wg/L Main Finding
Kriiger et al/2010 ~ CAP 1,671 30-d mortality 0.8 0.23 Initial PCT values were significant
mortality predictors and improved
clinical risk scores.
Haeuptle et al*/2009 Legionella 29  Mortality, ICU 0.78 1.5 Initial PCT values were independent
CAP admission markers for adverse outcomes.
Huang et al*¥/2008 ~ CAP 1,651  30-d mortality NA 0.09 Overall, PCT showed a low performance
for mortality prediction. The best
performance was found in high-risk
patients according to clinical scores.
Schuetz et al*/2011  CAP 925  30-d mortality and 0.60 (mortality); 0.25 Initial PCT values provided only
combined treatment 0.66 (treatment moderate prognostic information
failure (mortality, failure) for mortality but were good markers
ICU, complications) for other adverse outcomes.
Repeated measurements provided
additional information.
Claessens et al*/2010 CAP 549  28-d mortality 0.65 NA PCT values had a moderate prognostic
performance in predicting mortality.
Luyt et al*/2005 VAP 63  Unfavorable outcome  NA 1.0 PCT values on days 1, 3, and 7 were
(death, VAP strong predictors of unfavorable
recurrence, or outcome.
extrapulmonary
infection) at 28 d
Seligman et al*’/2006 VAP 75 28-d mortality NA NA Initial values and a decrease in
PCT from baseline to day 4
predicted survival.
Bloos et al*$/2011 CAP, HAP, 175 28-d mortality 0.74 (CAP), 1.1 PCT was associated with the
VAP 0.70 (HAP), severity of illness similar to

0.69 (VAP)

APACHE II score.

APACHE = Acute Physiology and Chronic Health Evaluation; AUC = area under the receiver operating curve; CAP = community-acquired
pneumonia; HAP = hospital-acquired pneumonia; NA = not available PCT = procalcitonin; VAP = ventilator-associated pneumonia.

level over time is a more sensitive outcome predictor
than is the initial PCT level.

Importantly, prognostic outcome studies are largely
lacking, and it remains unclear whether an improved
initial prognostic assessment and later monitoring
of patients with PCT translate into better triage deci-
sions and/or outcomes in patients. Of note, a recent
large sepsis trial with >50% of patients having respi-
ratory infections found that PCT-guided escalation
of diagnostic procedures and antimicrobial therapy
in the ICU did not improve survival. Instead, the
algorithm used led to increased risk of renal failure
and prolonged ICU stays.” From the study it remains
unclear, however, if it was primarily a failure of the
PCT protocol to identify high-risk patients or if the
therapeutic and diagnostic strategies were insuffi-
cient, similar to other interventions that have failed
to improve outcomes in patients with severe sepsis.”
Importantly, the study provided further convinc-
ing evidence that increased antibiotic exposure has
potentially harmful effects in patients and should
be avoided where possible. Similar outcome studies
need to be done for patients with respiratory infec-
tions in and outside the ICU to investigate whether
PCT adds useful prognostic information and thereby
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improves the daily clinical management and outcomes
of patients.

PCT FOR THERAPEUTIC DECISION ABOUT
INITIATION AND DURATION OF ANTIBIOTICS

Although timely use of antibiotics is the most
effective measure of preventing mortality and mor-
bidity from bacterial respiratory infections, overuse
of antibiotics causes considerable harm by expos-
ing individual patients to adverse events including
Clostridium difficile infection, by increasing the devel-
opment of bacterial resistance, and by generating
high costs.” Because of the limitations of traditional
signs and symptoms in differentiating viral from bac-
terial disease, overuse of antibiotics in respiratory
infections is a major challenge. Overuse may result
from both overprescribing in low-acuity patients®
and unnecessarily prolonged duration of antibiotic
therapy in higher-acuity patients in the hospital and
ICU setting.” To limit antibiotic overuse, rapid and
accurate differentiation of clinically relevant bac-
terial infection from other causes is essential, as is
closely monitoring patients” clinical recovery to dis-
continue antibiotics at the earliest safe point in their

Recent Advances in Chest Medicine



Low acuity patients
(upper respiratory infection, bronchitis, primary care)
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Bacterial infection Bacterial infection
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’ D Iag nosis ‘ -> consider alternative -> consider alternative likely highly likely
diagnosis diagnosis
H Very low risk for sepsis Low risk for sepsis High risk for High risk for
’ Prog nosis ‘ related complication related complication bacteremic infection adverse outcome
Start AB Start AB
Th Withhold initial Consider withholding AB -> monitor PCT for -> monitor PCT for
era py - recheck PCT stopping AB treatment if stopping AB treatment if
PCT <0.25ug/L PCT <0.25ug/L

Moderate and high acuity patients
(CAP patients in ED, hospital ward or ICU setting)
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rognosis despite high clinical e hap 5 adverse outcome
g risk score related complication bacteremic infection _> monitor PCT for
treatment response
Consider AB treatment Consider AB treatment Start AB Start AB
if high clinical suspicion if high clinical suspicion -> monitor PCT for stopping |{-> monitor PCT for stopping
Th era py of infection (“overruling”) of infection (“overruling”) AB treatment if decrease AB treatment if decrease
-> monitor PCT for early -> monitor PCT for early >80-90% or PCT <0.25ug/L || >80-90% or PCT <0.25ug/L
stopping AB treatment stopping AB treatment (ward) or <0.5ug/L (ICU) (ward) or <0.5ug/L (ICU)

FIGURE 1. Use of PCT. A, In low-acuity patients. B, In moderate- and high-acuity patients. AB = antibi-
otics; CAP = community-acquired pneumonia; PCT = procalcitonin.

recovery. Because PCT becomes upregulated during
bacterial infections and decreases upon recovery of
patients, it may help determine the necessity and
optimal duration of antibiotic therapy.?>3*

Today, a total of 14 randomized controlled trials
have evaluated the efficacy and safety of using PCT
for antibiotic decisions (see an overview of the dif-
ferent trials in Table 2).67 All studies used somewhat
similar protocols, which recommended initiation
or discontinuation of antibiotic therapy based on
PCT levels.5” Several PCT cutoff ranges were used,
mirroring the increase in likelihood of bacterial
disease with higher PCT levels. The protocols further
adapted cutoffs to the clinical setting or the acuity of
patients. In lower-acuity settings (primary care) or
lower-acuity conditions (eg, bronchitis), PCT was

www.chestpubs.org

used mainly to assist in the decision to prescribe
or withhold antibiotic therapy. Conversely, in more
severe respiratory infections (ie, pneumonia requir-
ing hospitalization) or in the highest-acuity care set-
tings (ie, sepsis or septic shock in the ICU), PCT was
used not to determine whether antibiotics should
be initiated, but rather when to discontinue them. All
patients were reassessed in case antibiotics were
withheld initially or if the clinical condition did not
improve spontaneously over a day or two.

Within all trials, these strategies proved to be highly
effective in terms of reductions of antibiotic expo-
sure. In low-acuity patients, PCT guidance resulted
in lower prescription rates by 40% to 75% in pri-
mary care patients with upper and lower respiratory
infections,’%* by 60% to 75% in patients with acute
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bronchitis,>% and by 30% to 45% in patients with
exacerbation of COPD.?%% In higher-acuity patients,
PCT guidance resulted in reduced duration of therapy
by approximately 35% to 55% in CAP'3% and by
around 35% in VAP Importantly, there was no
increase in either mortality or any other adverse out-
come tracked in any of the individual trials. Similarly,
neither mortality nor other adverse events surfaced
when pooling the data in different aggregate-data
meta-analyses.67657 Still, particularly for ICU trials,
lower adherence rates to the PCT protocol and the
remaining uncertainty about safety relating to rela-
tively large CIs calls for future trials in the ICU to
validate these findings.

An individual patient data meta-analysis focusing on
different patient-relevant outcomes and using stan-
dardized outcome definitions across trials, and pre-
defined sensitivity and subgroup analyses is currently
under way and should shed more light on these
issues.”72 In addition to the randomized trials men-
tioned here, different studies evaluating PCT in “real
life” and outside of study conditions found reductions
in antibiotic usage without an apparent increase in
adverse outcomes.™7

IMPLEMENTATION OF PCT IN THE WORK-UP OF
PATIENTS WITH RESPIRATORY INFECTIONS

Although further study of PCT in respiratory infec-
tions is warranted, it seems reasonable to begin using
it clinically, based on the more robust areas of data
summarized here. As previously reported, a number
of protocols using PCT measurements can now be
recommended that consider both clinical severity
(based on patient characteristics or level of acuity of
care site) and clinical entity (ie, which type of respira-
tory infection is being considered) to help physicians
consider questions of initiation and duration of anti-
biotic therapy (Fig 1).67

(1) In patients with a low pretest probability for a
bacterial infection (eg, a primary care or ED
patient with suspected nonpneumonic respira-
tory infection), a single PCT measurement and
a cutoff of <0.25 pg/L or certainly <0.1 pg/L
appears to be safe to exclude a relevant bac-
terial infection and the need to initiate anti-
biotic therapy (Fig 1A). Clinical follow-up with
remeasurement of PCT within 6 to 24 h should
be considered in all patients in whom anti-
biotics are withheld but who show clinical
deterioration. If PCT is > 0.25 wg/L, and par-
ticularly > 0.5 pg/L, a bacterial infection becomes
more likely and physicians should consider
expanding their diagnostic assessment, offering
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antibiotic therapy, and monitoring the patient
more closely.

For patients who are clinically stable and pre-
sent to the ED or are hospitalized with pneu-
monia, a PCT level =0.25 wg/L strongly suggests
that a bacterial infection is likely, and antibiotic
therapy should be initiated expeditiously. In
some settings, rapid results of PCT testing
may be available (<1-2 h). In these settings,
the decision to initiate antibiotics may be
assisted by the initial level. In other settings, in
which the PCT test may be delayed, initiation
of antibiotics should be based on clinical suspi-
cion, with the decision to discontinue antibi-
otics dependent on the PCT level. In patients
in whom antibiotics are initiated, PCT should
be reassessed every 2 days. Antibiotics may be
discontinued if a patient shows clinical recov-
ery and PCT decreases to < 0.25 pg/L (or by at
least 80% to 90% from the peak level). Highly
elevated PCT levels in this situation make
bacteremic disease more likely and suggest that
the infection may be more severe than expected
based on clinical signs and symptoms. In patients
suspected of having a pneumonia based on the
presence of infiltrates, a persistent (>24-48 h)
PCT level of <0.1 pg/L or even 0.1 pg/L
to <0.25 wg/L argues against a typical bacte-
rial infection, and physicians should consider
sooner rather than later including entities such
as pulmonary embolism, acute heart failure,
bronchiolitis obliterans organizing pneumonia,
Pneumocystis jiroveci pneumonia, and viral
pneumonia in their differential diagnoses. Par-
ticularly during flu season, influenza may be an
important diagnosis to consider. If antibiotics
are withheld initially, PCT should be rechecked
after 6 to 24 h. If PCT levels are <0.25 pg/L
but bacterial infection is still highly suspected
based on the clinical presentation or microbio-
logic results, antibiotic therapy may still be con-
sidered, particularly in patients at higher risk of
adverse outcome. If PCT remains low during
follow-up, early discontinuation of antibiotics
should be considered, as well as an aggressive
diagnostic workup for other causes.

For high-risk or patients in the ICU with severe
respiratory infection (Fig 1B), empiric antibiotic
therapy should not be delayed for PCT mea-
surement. Still, an initial PCT level of <0.5 pg/L
argues against a typical bacterial infection, and
other diagnoses should be considered, including
viral causes. Because the development of infec-
tion is a dynamic process and often progresses
for the first 24 to 48 h despite starting appro-
priate antibiotics, repeating the PCT level at
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6 to 24 h in high-risk patients may be important
0 as not to miss the evolution of the inflamma-
tory cascade, similar to the strategy used for
serial troponins in monitoring cardiac ischemia.
Failure to catch the peak PCT level may result
in underestimation of the severity of the infec-
tion. A careful clinical evaluation and periodic
monitoring of PCT levels after antibiotic initi-
ation appears to be an appropriate strategy in
these patients. A drop of PCT to <0.5 pg/L
or by at least 80% to 90% from peak values
is a reasonably conservative threshold for stop-
ping antibiotic therapy in this fragile popula-
tion, assuming patients also show a favorable
clinical response. If PCT levels do not decrease
by about 50% every 1 to 2 days, treatment
failure should be considered and reassessment
of patients is recommended.

(4) For patients with suspicion of respiratory
infection after major surgery,™ trauma, or car-
diac shock, PCT levels may reflect the cytokine
response to the injury and may not necessarily
point to a respiratory infection. Monitoring of
PCT during follow-up may facilitate early dis-
continuation of antibiotics in this situation in
patients showing a clear and favorable clinical
response.® The same may be true for patients
with VAP, in whom monitoring of PCT helps
reduce length of antibiotic treatment.5! A spike
in PCT levels 3 to 4 days postoperatively or
following trauma can indicate a secondary bac-
terial infection. It should be noted, however,
that data in these clinical situations is less robust
than in CAP, COPD, and bronchitis.

Importantly, these recommendations may be true
only when highly sensitive PCT assays are used and
may not be applied unconditionally to specific patient
populations that have not been adequately studied,
such as immune-compromised patients, neonates, and
pregnant women.

CosTS AND COST-EFFECTIVENESS

An important consideration when using a new
diagnostic test is the cost associated with the test with
respect to the potential for producing a cost saving
(the current cost of a PCT test in the United States
varies from about $25 to $30). A recent meta-analysis
concluded that PCT in the critical care setting may
be cost effective because of the high antibiotic costs
in critically ill patients.” Although the same may not
necessarily be true for general hospital inpatients
with less expensive antibiotics, secondary costs due
to side effects and the emergence of antibiotic resis-
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tance should also be considered. In addition, some
studies have suggested that PCT measurement may
help improve the use of other costly diagnostic tests,
such as blood cultures, by focusing these tests
on patients with higher PCT levels and, hence, a
higher likelihood of positive results. A previous study
calculated that if blood culture collection were
limited to patients with CAP and an initial PCT level
of >0.25 pg/L, blood cultures could be reduced by
almost 40%. The number needed to screen to have
one positive culture would decrease from 13 to eight,
whereas total patient costs (including PCT measure-
ment costs) would decrease by almost 20%, with only
4% of positive cultures being missed.!

CONCLUSIONS AND FUTURE DIRECTIONS

It is clear that the use of PCT is not a stand-alone
test and will not replace clinical intuition or thorough
clinical evaluations of patients.”” PCT needs to be
interpreted within the context of the clinical setting
and the patient’s situation because the correct under-
standing of PCT levels is predicated on the physician’s
pretest probability. In this way, it is similar to other
markers such as the cardiac troponin or D-dimer. If
PCT is embedded in clinical protocols adapted to the
type of infection and clinical context, it clearly has
the potential to improve clinical decision making in
patients with respiratory infections.

Traditional culture methods, such as blood cultures,
focus on identification and characterization of patho-
gens. Yet they have low sensitivity and thus, if negative,
hardly influence clinical decision making in patients
with respiratory infections. A blood marker, such as
PCT, mirrors the patient’s response to infection and
thus, indirectly, the extent and severity of infection.
The marker may not be able to identify the specific
cause of infection, but the likelihood of a relevant
bacterial pathogen increases with increasing marker
levels. The marker may then help rule out infection
and provide information about patient recovery. With
new microbiologic methods becoming available that
rapidly identify microorganisms with higher sensi-
tivity, PCT may help increase specificity by providing
information about the severity and “relevance” of cul-
ture results in individual patients.

Although the moderate prognostic value of initial
PCT levels and further enhancement by considering
its kinetics over time have been found in multiple
observational studies, results from longer-term inter-
vention studies evaluating the usefulness of clinical
decision making concerning triage decisions based
on PCT levels are largely lacking. The only interven-
tion study available today, to our knowledge, that has
evaluated the prognostic potential of PCT in patients
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with sepsis in the ICU has been disappointing.™ Sim-
ilar types of studies should be conducted to see
whether PCT measurement has the ability to improve
triage decisions in patients, thereby safely reducing
the costs of inpatient treatment.

Emerging bacterial resistance to antimicrobial
agents and the huge increase in Clostridium difficile
infections call for more effective efforts to reduce
the unnecessary and prolonged use of antibiotics in
self-limiting, nonbacterial, and resolving bacterial
infections.” Randomized controlled studies have
shown the efficacy of using PCT protocols to guide
antibiotic decisions in patients with upper and lower
respiratory infections. Even though previous meta-
analyses consistently found no evidence for safety
concerns with PCT-based algorithms for antibiotic
therapy decisions, the remaining uncertainty associ-
ated with the relatively large CIs for mortality, par-
ticularly in patients in the ICU,™ calls for further
research in this high-risk patient population. In addi-
tion, most intervention studies today have been
conducted in Europe and China; validation of PCT
protocols and cutoffs in other countries is, therefore,
warranted.

PCT-guided decision making is an innovative
approach to managing patients with respiratory infec-
tions. It adds useful information about the patient’s
response to the infection and clinical recovery,
thereby complementing a thorough clinical assessment
and clinical intuition. Recent lower respiratory tract
infection guidelines emphasize this concept and
mention that “biomarkers can guide treatment dura-
tion by the application of predefined stopping rules
for antibiotics. It has been shown that such rules work
even in most severe cases, including pneumonia with
septic shock....”® Instead of further observational
studies reporting the accuracy of PCT in different
clinical settings and situations, future intervention
studies should propose PCT protocols with specific
cutoffs and evaluate their impact on patient-relevant
outcomes to tackle the existing vicious cycle of diag-
nostic uncertainty, overuse of antibiotics, and expand-
ing use of hospital resources. The evidence suggests
that using PCT for patients with respiratory infec-
tions can lead to more parsimonious antibiotic use
and de-escalation, without safety concerns. Further
studies are needed to illuminate whether PCT has a
role in microbiologic diagnostic strategies and clin-
ical prognostication.
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