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Purpose. Procalcitonin (PCT) is an endogenous hormone that increases
reliably in response to bacterial infection, and measurement of serum PCT
levels is recommended to help guide antimicrobial therapy. The utility of
PCT assessment in special patient populations (eg, patients with renal
dysfunction, cardiac compromise, or immunocompromised states and
those undergoing acute care surgery) is less clear. The evidence for PCT-
guided antimicrobial therapy in special populations is reviewed.

Summary. In the presence of bacterial infection, nonneuroendocrine PCT
is produced in response to bacterial toxins and inflammatory cytokines,
resulting in markedly elevated levels of serum PCT. Cytokine induction in
nonbacterial inflammatory processes activated by acute care surgery may
alter the interpretation of PCT levels. The reliability of PCT assessment
has also been questioned in patients with renal dysfunction, cardiac com-
promise, or immunosuppression. In many special populations, serum PCT
may be elevated at baseline and increase further in the presence of in-
fection; thus, higher thresholds for diagnosing infection or de-escalating
therapy should be considered, although the optimal threshold to use in a
specific population is unclear. Procalcitonin-guided antimicrobial therapy
may be recommended in certain clinical situations.

Conclusion. Procalcitonin may be a reliable marker of infection even in
special populations with baseline elevations in serum PCT. However, due
to unclear threshold values and the limited inclusion of special populations
in relevant clinical trials, PCT levels should be considered along with clin-
ical criteria, and antibiotics should never be initiated or withheld based on
PCT values alone. Procalcitonin measurement may have a role in guiding
de-escalation of antibiotic therapy in special populations; however, the
clinician should be aware of disease states and concomitant therapies that
may affect interpretation of results.

Keywords: cardiology; immunosuppression; procalcitonin; renal insuffi-
ciency; trauma; surgical procedures, operative
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rocalcitonin (PCT) is an endogenous

hormone that is produced by a
neuroendocrine pathway in healthy in-
dividuals. It is the precursor to calci-
tonin, which is involved in the regulation
of calcium and phosphate homeostasis
(Figure 1).** Under normal physiologic
conditions, expression of PCT by the
calcitonin 1 (CALC-1) gene in thyroid
C-cells is induced by several stimuli.
Nearly all of the PCT produced in thy-
roid C-cells is enzymatically cleaved
to calcitonin prior to secretion into the

circulation. Thus, extremely low levels
of PCT (<0.02 ng/mL) are detected in
healthy individuals.

In contrast, PCT levels up to
1,000 ng/mL have been documented in
the context of bacterial infections.® In
animal studies, PCT was found almost
exclusively in thyroid tissue in healthy
animals. In animals with a bacterial in-
fection, however, PCT was recovered
from all tissues examined, including
white blood cells, adipocytes, and the
spleen, kidneys, pancreas, colon, and
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brain.® These nonendocrine tissues lack
the enzymatic pathway to cleave PCT to
calcitonin. Thus, PCT is released into
the circulation, resulting in elevated
levels. This nonneuroendocine PCT is
genetically identical to PCT but is pro-
duced through 2 nonneuroendocrine
pathways: (1) a direct pathway induced
bylipopolysaccharide or other bacterial
toxins and (2) an indirect pathway in-
duced by inflammatory cytokines such
as interleukin-1 f, interleukin-6 (IL-6),
and tumor necrosis factor o (TNF-a)
(Figure 1).2°

After a host is exposed to bacteria,
PCT levels increase quickly over 3 to
6 hours, peak at 6 to 13.5 hours, and
have a half-life of 22 to 36 hours.>*%”
Other biomarkers such as IL-6 and
TNF-a increase faster than PCT but
return to baseline in as little as 6
to 8 hours, limiting their utility for
tracking resolution of infection.® Use of
C-reactive protein as a biomarker of in-
fection is similarly limited by its slower
increase and faster recovery relative to
PCT, as well as its lack of specificity to
bacterial infections. As a result, PCT
can be used as a reliable marker of
some bacterial infections, with a poten-
tial role in tracking clinical resolution
and de-escalation of antimicrobials.?
Procalcitonin has also been investi-
gated as a diagnostic tool for bacterial
infection, with conflicting results.®
When used as a screening assessment
for suspected sepsis, PCT levels of
<0.5 ng/mL are associated with a low
risk of progression to sepsis, and levels
of >2 ng/mL are associated with a high
risk of progression to sepsis or septic
shock.'

Procalcitonin hasbeeninvestigated
in a number of different populations
and infectious conditions. Respiratory
tract infections represent the primary
target of many randomized controlled
trials (RCTs) in this area, ranging from
studies in primary care settings and
emergency departments to studies
in general inpatient wards and inten-
sive care units (ICUs). Procalcitonin
has gained recognition as a reliable
biomarker, and multiple clinical prac-
tice guidelines, including those of the

KEY POINTS

e In special populations,
including patients with renal
insufficiency, cardiac com-
promise, or immunosuppres-
sion and those undergoing
acute care surgery, serum
procalcitonin may be ele-
vated at baseline and increase
further in the presence of
infection.

¢ In those populations, as-
sessment for procalcitonin
threshold values may be
useful in combination with
clinical criteria for diagnosing
infection.

¢ Procalcitonin may have a role
in guiding de-escalation of anti-
biotic therapy in special popu-
lations; however, the effect of
disease states and concomitant
therapies on procalcitonin val-
ues should be considered.

Surviving Sepsis Campaign, recom-
mend its use to help guide antimicro-
bial therapy.!*** Use of PCT-guided
algorithms has been associated with
reductions in antimicrobial initiation
and duration and with patient out-
comes similar to or improved relative
to outcomes without PCT use.*
Consequently, in 2017 the US Food
and Drug Administration approved the
expanded use of a PCT assay (Vidas
Brahms PCT, bioMérieux, Durham,
NC) to guide the initiation and discon-
tinuation of antibiotics for suspected
lower respiratory tract infections and
the discontinuation of antibiotics in pa-
tients with sepsis.' The manufacturer’s
labeling includes antibiotic recom-
mendations based on PCT level and
clinical stability. For example, in pa-
tients with sepsis it is recommended to
discontinue antibiotics if the PCT level
is less than 0.5 ng/mL or has decreased
at least 80% from baseline; in patients
with lower respiratory tract infections
without sepsis, it is recommended to
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discontinue antibiotics if the PCT level
is less than 0.25 ng/mL.

Procalcitonin in special
populations

The utility of PCT for guiding anti-
microbial therapy may be limited
in certain populations. The indirect
pathway for nonneuroendocrine PCT
production is thought to be driven
by cytokines (Figure 1). Cytokine in-
duction is present in nonbacterial in-
flammatory processes such as trauma,
burns, and major surgery, and PCT
levels may be altered as a result. The
reliability of PCT has also been ques-
tioned in other populations, including
patients with renal dysfunction or im-
munosuppression. Large, prospective
studies evaluating PCT monitoring
often exclude patients with specific
infections that require prolonged anti-
biotic courses, patients with severe
immunosuppression, and patients re-
ceiving high doses of corticosteroids
or other immunosuppressing medica-
tions, as well as patients who are preg-
nant, have short ICU stays, have a low
chance of survival, are undergoing car-
diac surgery, or have trauma or heat
stroke.'>® Extrapolation to excluded
patient populations is challenging, and
subgroups who make up a very low
proportion of included patients may
not have experienced the same out-
comes as the entire population. Here
we review the literature relating to PCT
for guiding antimicrobial therapy in
special patient populations, namely
those with renal dysfunction, cardiac
compromise, and immunocomprom-
ised states and those undergoing acute
care surgery. These specific popula-
tions were chosen by consensus of the
authors based on prevalence in crit-
ical care practice and the quantity and
quality of published literature.

Renal dysfunction

With normal renal function, nearly
one-third of plasma PCT is elimin-
ated renally.'” Additionally, the plasma
elimination rate of PCT is weakly cor-
related with renal function. In one
study of critically ill patients, PCT
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Figure 1: Procalcitonin (PCT) regulation during physiologic and pathophysiologic conditions. Under physiologic con-
ditions, expression of PCT by the calcitonin 1 (CALC-1) gene in thyroid C-cells is induced by several stimuli, including
elevated calcium levels, glucocorticoid, calcitonin gene-related peptide (CGRP), glucagon, gastrin, and 3-adrenergic
stimulation. Procalcitonin is enzymatically cleaved to calcitonin prior to secretion from thyroid C-cells into the systemic
circulation. During acute bacterial infection, PCT production is stimulated in nonneuroendocrine tissues by both direct
and indirect pathways. These tissues lack the enzymatic activity to cleave PCT to calcitonin; thus PCT is released into the
circulation, resulting in elevated levels. During viral infections, however, interferon-y (IFN-v) inhibits the expression of the
CALC-1 gene. Thus, serum PCT levels are not found to be elevated during acute viral infections. IL-1f indicates inter-
leukin-1 f; IL-6, interleukin-6; TNF-a, tumor necrosis factor a.
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kinetics were compared in patients
with normal renal function (defined as
a creatinine clearance of 298 mL/min
in men and >95 mL/min in women)
and those with severe renal dysfunc-
tion (defined as a creatinine clear-
ance of <30 mL/min). Procalcitonin
half-life was not significantly different
between the groups (28.9 and 33.1
hours, respectively; P = 0.262).'® In
a subsequent larger study, however,
urinary elimination of PCT was sig-
nificantly reduced in patients with se-
vere renal dysfunction relative to those
with normal renal function (median
half-life, 30.0 vs 44.7 hours, P = 0.0003)
and was weakly correlated with cre-
atinine clearance (R = 0.24, P =0.036).""
Although PCT elimination is predom-
inantly nonrenal, the renal component
of elimination plays a significant role in
patients with renal dysfunction, which
is demonstrated by the higher PCT

levels observed in patients with chronic
kidney disease (CKD).!*?* Additionally,
PCT has a moderate molecular weight
(~13 kDa) and is removed by renal re-
placement therapy (RRT) to differing
degrees based on specific RRT mo-
dalities and settings.?>** Thus, special
consideration must be given when
assessing PCT levels in patients with
varying degrees and types of renal
dysfunction.

Chronic kidney disease. The
association between CKD and eleva-
tions in PCT levels has been reported
inconsistently.?**#¢ In the absence of
infection, baseline PCT concentra-
tions in patients with CKD may vary
based on the degree of renal impair-
ment, with baseline levels founds to
be 0.1 ng/mL in patients with less ad-
vanced CKD compared to 1.82 ng/mL
in patients with stage 5 CKD prior to
initiation of hemodialysis (HD).2% It
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is hypothesized that PCT is elevated
in patients with CKD due to an in-
creased presence of proinflammatory
metabolites that stimulate the indirect
nonneuroendocrine pathway of PCT
production.’ Despite variations in
baseline PCT values in patients with
CKD, PCT concentrations
significantly during acute bacterial

increase

infection.?® Thus, PCT assessment is
recommended in combination with
clinical criteria for ruling in bacterial in-
fection in patients with varying degrees
of CKD.?**#7If PCT is used during rou-
tine care in this way, it is recommended
to obtain baseline PCT values for each
patient due to large interpatient vari-
ability in PCT levels based on renal
function, inflammatory processes, and
other factors.

Acute kidney injury. The diag-
nostic utility of PCT for detecting bac-
terial infection in patients with acute
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kidney injury (AKI) has been ques-
tioned.?® Others have found the diag-
nostic accuracy of PCT to be at least as
good in patients with AKI as in patients
without AKI; however, the cutoff values
were increased in patients with AKIL.*
In a retrospective study of 393 patients
with varying degrees of AKI, PCT was
significantly higher in septic patients
than in nonseptic patients for each AKI
category. The baseline PCT increased
with increasing degrees of renal dys-
function, as did the optimal cutoff value
for diagnosing sepsis.*

Additionally, PCT appears to be as-
sociated with disease severity during
AKI. Nakamura et al** found PCT levels
to increase significantly with increasing
severity of sepsis. Others have found
PCT to be significantly associated with
APACHE 1I scoring in patients with
AKI.* Since PCT elimination is thought
to occur partially through nonrenal
mechanisms, sepsis severity may be
at least partially responsible for the
rising levels of PCT in septic patients
with AKI*® This hypothesis is sup-
ported by several other investigations
using PCT as a predictive marker for
sepsis-induced AKI in patients with
infection.’'%

Renal replacement therapy.
Procalcitonin levels are higher before
HD, before peritoneal dialysis (PD),
and before initiation of continuous
renal replacement therapy (CRRT)
and are cleared to varying degrees by
each mechanism of RRT.” Patients on
chronic RRT may have chronic systemic
inflammation associated with uremia
or stimulated by incompatibility of
the biomaterial of the dialysis proced-
ures.” In patients who have end-stage
renal disease (ESRD) but no infection,
baseline PCT levels are often above
the standard cutoff of 0.5 ng/mL. In a
meta-analysis of data on 803 patients
who were receiving PD or HD or had
renal insufficiency and were treated for
infection in ambulatory care, inpatient,
or ICU settings, PCT assessment was
demonstrated to have diagnostic ac-
curacy similar to its accuracy in pa-
tients without renal dysfunction, with
sensitivity and specificity of 73% and

88%, respectively.” As in other types of
renal dysfunction, PCT concentrations
in patients with ESRD are higher at
baseline and increase reliably with in-
fection, suggesting a higher cutoff value
for diagnosing acute bacterial infection
in patients with ESRD.**

With PCT’s moderate molecular
weight, the effect of CRRT on plasma
PCT concentrations may not be ap-
parent. Multiple studies have con-
firmed that PCT is removed by CRRT
primarily by convection, with addi-
tional removal by adsorption during the
first hours of therapy.**** Some investi-
gators concluded that PCT is a useful
diagnostic marker in septic patients
requiring CRRT due to minimal PCT re-
moval during conventional CRRT with
a low ultrafiltration rate.>****” Others
have demonstrated 50% removal
of PCT by continuous venovenous
hemodiafiltration with a high cutoff
membrane.*® Ultimately, it seems that
PCT removal is dependent on specific
CRRT parameters, including mode,
membrane size, and effluent rate.

While some contend that PCT can
be used for initiating antibiotic therapy
in patients with renal dysfunction, the
optimal cutoff value is unclear and
likely varies based on the degree of
renal impairment (Table 1). Nonrenal
mechanisms account for about two-
thirds of PCT elimination; thus, down-
trending PCT values could theoretically
be used to guide discontinuation of
therapy in patients with renal dysfunc-
tion not requiring RRT. Declines in
PCT levels, however, will be slower and
based on the degree of renal impair-
ment. Removal of PCT by RRT compli-
cates the picture, and PCT should likely
not be used independently to guide
duration of therapy in this population.

Cardiac compromise

Cardiac arrest. Several studies
evaluating PCT levels to predict neuro-
logical outcomes in cardiac arrest
suggest that high PCT levels after resus-
citation are common and are associ-
ated with poor outcomes. Procalcitonin
levels are highest on the first day fol-
lowing hypothermia and gradually
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decrease, regardless of the presence of
infection.*® In a subcohort analysis of
the FINNRESUSCI study, PCT levels
had good predictive value for hemo-
dynamic instability over 48 hours and
for poor outcomes at 12 months in pa-
tients with out-of-hospital cardiac ar-
rest.* Several studies have confirmed
this correlation between elevated PCT
levels and mortality and poor neuro-
logical outcomes.**® In one study, PCT
sensitivity and specificity in predict-
ing neurological outcome in patients
who survived at least 24 hours after
cardiopulmonary resuscitation (CPR)
were 94.7% and 50%, respectively.**
PCT levels was significantly higher in
patients who had CPR durations of
10 minutes or longer.

While PCT is elevated following
cardiac arrest, it is further elevated in
the presence of infection. In one study,
PCT levels were elevated in patients
with return of spontaneous circulation
(ROSC) who had ventilator-associated
pneumonia (VAP) compared to those
without VAP (6 ng/mL vs 0.5 ng/mL,
P < 0.001). Procalcitonin had a sensi-
tivity of 100% and specificity of 75%
for detecting VAP in the first 7 days fol-
lowing ROSC.* Another study demon-
strated that PCT levels may be elevated
due to acute inflammation in the ab-
sence of infection.*

Cardiogenic shock. PCT levels
may be elevated in the setting of car-
diogenic shock without infection.’***
In one study, PCT levels were higher
in patients with cardiogenic shock
than in healthy controls but were lower
than in patients with septic shock.
Patients with cardiogenic shock who
had multiorgan failure had higher
PCT levels than patients without organ
failure. This study demonstrated that
patients with cardiogenic shock who
have multiorgan failure may have high
PCT concentrations in the absence of
infection.®® In patients with cardioge-
nic shock undergoing extracorporeal
membrane oxygenation (ECMO), a
PCT level greater than 10 ng/mL in the
first week of ECMO was associated with
mortality, and higher PCT levels were
associated with higher mortality.>*
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Table 1. Recommendations for Procalcitonin Use in Special Populations

Clinical
Condition

Effect on PCT

Recommendation(s)?

PCT
Threshold

Level of Evidence

Chronic
kidney
disease

¢ |nconsistent increase in
PCT reported

e Proposed hypoth-
esis: proinflammatory
metabolites stimulate
nonneuroendocrine
pathway of PCT pro-
duction

Consider a higher PCT
threshold for ruling in
bacterial infection

>0.85-1.5 ng/mL?2425

¢ Single-center, pro-
spective, observa-
tional studies?*

Acute kidney

e |nconsistent increase in

Consider a higher PCT

>0.42-2 ng/mL?282°

e Retrospective,

sociated with death,
rehospitalization, and
infection

PCT to predict death,
rehospitalization, and
infection

rehospitalization”
0.086-0.657 ng/mL for
infection”™

injury PCT reported threshold for ruling in e 7.13 ng/mL with failure observational
e PCT levels also asso- bacterial infection per RIFLE criteria®® studies?®2°
ciated with disease
severity in patients with
AKI
Chronic RRT e Baseline PCT levels e Consider a higher PCT e >1.5 ng/mL in detecting e Single-center,

(HD or PD) higher in ESRD but threshold for ruling in severe infection or prospective, ob-
increase reliably with bacterial infection sepsis®® servational study?®’;
infection e Measure PCT level prior meta-analysis?®

e PCT levels high prior to to HD
each HD or PD session
and PCT cleared to
varying degrees
Continuous e PCT removed by con- * Must be aware of spe- ¢ No specific threshold ¢ Single-center, pro-
RRT vection (primarily) and cific CRRT parameters to recommended?33>-37 spective, observa-
adsorption assess potential impact tional studies?333%7
e Effect on plasma PCT on PCT utility
levels is limited with e With conventional CRRT,
conventional modes of PCT may remain a useful
CRRT diagnostic marker
e Significant PCT clear-
ance with high-cutoff
CRRT membranes
Cardiac e PCT is higher in cardiac e Consider measuring PCT e 0.291-1.36 pg/L for e Subcohort analysis
arrest arrest; PCT correlates for predicting survival 12-month outcome®® of prospective,
to survival and neuro- and neurological out- e 0.5 ng/mL for poor out- observational
logical outcomes comes comes*! multicenter study®®
e 0.05 ng/mL for mortality*> e Retrospective
e 1 ng/mL for ventilator- study*>43
associated pneumonia“® e Prospective obser-
and neurological out- vational study*!4®
come*?
Cardiogenic e Elevated PCT is asso- e Consider measuring e >2 ng/mL for infection® * Prospective obser-
shock ciated with infection, PCT to predict infection, e >10 ng/mL for sepsis® vational®®
sepsis, and mortality sepsis, and mortality e >10 ng/mL for mortality ® Retrospective®® %
in patients receiving
ECMO?®
Cardiac ¢ Elevated PCT is associ- e Consider measuring PCT e 1-9.4 ng/mL for infec- ¢ Retrospective®
surgery ated with infection and to predict infection and tion>54:55,57.60.66.67 ¢ Prospective obser-
postoperative compli- postoperative compli- e 2.95-5 ng/mL for compli- vational®®-58.66.67
cations cations cations®¢%8 e Systematic re-
view®®
Heart failure e Elevated PCT is as- e Consider measuring e >0.2 ng/mL for death and e Multicenter ran-

domized, double-
blind placebo
controlled™

® Retrospective’™
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Table 1. Continued
Clinical PCT
Condition Effect on PCT Recommendation(s)? Threshold Level of Evidence
Surgery e Elevated PCT is associ- e Consider measuring PCT e >1.5 ng/mL for e Prospective obser-
ated with infection and to predict infection and postoperative infection® vational®®
mortality mortality e 1.44 ng/mL for mortality; e Retrospective”

e PCT-guided antibiotic e Consider using PCT- 0.75 ng/mL for morbidity e Prospective ran-
therapy led to shorter guided antibiotic therapy and mortality” domized™
duration of antibiotic e PCT-guided antibiotic
therapy and reduced treatment resulted in
antibiotic costs without shorter length of treat-
increase in negative ment and reduced costs
outcomes without increase in nega-

tive outcomes’®
Burns e Elevated PCT is associ- e Consider measuring PCT e Variable (0.5-3 ng/mL) ¢ Retrospective ob-
ated with infection and to predict infection and for sepsis and infec- servational7®81.0
sepsis sepsis tion798182,84,85-89,91 e Small, prospective
e 5.12 ng/mL for blood- observational®2-#6:91
stream infection® * Meta-analyses®®°
Trauma e Elevated PCT is as- e Consider using PCT as e 0.1-0.2029 ng/mL for ¢ Retrospective®
sociated with sepsis, a marker for infection, sepsis and infection'®% e Prospective obser-
complications, and poor sepsis, and risk for com- e 1-2 ng/mL for complica- vationa|% 98:103,104
outcomes plications tions and poor out- e Meta-analysis'"”
comes®:%8
e >5 ng/mL for increased
mortality®
e 0.6-5 ng/mL'""
Hematologic e PCT level not expected e Avoid using PCT for man- e >0.5 ng/mL for bacterial * Prospective
malignancy to be significantly af- agement of antimicrobials infection in febrile neutro- observational
fected by malignancy if a confounding condition/ penia'’® studies and meta-

e Elevations with engraft- medication is present e >2 ng/mL for risk of analysis™®
ment syndrome and e Consider using along severe sepsis or septic e Single-center
GVHD after HSCT, T with clinical criteria to shock'” randomized con-
cell-directed therapies facilitate antimicrobial trolled trial'?®

discontinuation during

febrile neutropenia
Solid tumors e Elevations with me- ¢ Avoid using PCT ¢ >0.5 ng/mL for bacterial ® Prospective

dullary thyroid cancer, for management of infection in febrile neutro- observational
small cell lung cancer antimicrobials if a con- penia''® studies and meta-
founding oncologic con- analysis™®
dition is present
e Consider using along

with clinical criteria to

facilitate antimicrobial

discontinuation during

febrile neutropenia
Solid organ e Elevations with T cell- ¢ Avoid using PCT early after e Variable cutoffs for bac- * Prospective obser-

transplanta- directed therapies receipt of alemtuzumab or terial infection (0.14- vational studies and
tion antithymocyte globulin 8.18 ng/mL)""® meta-analysis'™®
¢ Consider using along with

clinical criteria to facilitate

antimicrobial discontinu-

ation in the setting of

suspected infection
Abbreviations: AKI, acute kidney injury; CRRT, continuous renal replacement therapy; ESRD, end-stage renal disease; GVHD, graft-versus-host
disease; HD, hemodialysis; HSCT, hematopoietic stem cell transplant; PCT, procalcitonin; PD, peritoneal dialysis; RIFLE, risk, injury, failure, loss of
kidney function, end-stage kidney disease; RCT, randomized controlled trial; RRT, renal replacement therapy.
aAll recommendations are based on the literature cited in this review. In many cases, the available evidence consists of small and/or observational
studies. The reader should be aware of the level of evidence in support of these recommendations and should apply the recommendations
accordingly.

750

AM J HEALTH-SYST PHARM |

VOLUME 77 |

NUMBER 10 |

MAY 15, 2020

020z AINr 60 U Jasn [eos pepunBag A pnjes op [eucoeN eosjoldld A 26/628G/S./0L/L.Avensqe-ajone/dyle/woo dno-oiwsapeoe)/:sdiy wo.y papeojumoq



PROCALCITONIN-GUIDED ANTIMICROBIAL THERAPY CLINICAL REVIEW

Cardiac surgery. Results of sev-
eral studies suggest that PCT is in-
creased following cardiac surgery and
that further elevations may predict
infection or postoperative complica-
tions at various cutoff values.®*® In
a systematic review, PCT levels in-
creased after uncomplicated cardiac
surgery, with levels peaking within
24 hours of surgery. PCT levels were
further elevated in patients with sepsis,
postoperative  complications, poor
outcomes, and organ dysfunction or
failure."* In patients undergoing cor-
onary artery bypass grafting or valve re-
placement requiring cardiopulmonary
bypass (CPB), patients with PCT levels
of >2 ng/mL on day 1 or 2 experienced
more postoperative abnormalities.®
Significantly elevated PCT levels fol-
lowing cardiac surgery have also been
observed in patients with periopera-
tive myocardial infarction and in pa-
tients with multiple organ dysfunction
syndrome.5*5*
tween PCT elevation and infection

The association be-

following cardiac surgery is less clear.
In one study, significant increases in
PCT were observed in patients under-
going CPB who had systemic inflam-
matory response syndrome (SIRS), as
compared to those without SIRS, but
PCT did not have predictive value for
detecting sepsis after CPB.® Similarly,
Chakravarthy et al®® did not identify a
correlation between elevated PCT and
postoperative infection in adult cardiac
surgery patients. On the other hand, an-
other study demonstrated that PCT was
significantly higher in CPB recipients
with infection than in patients without
infection.®” Procalcitonin has been pro-
posed as a diagnostic marker for VAP in
cardiac surgery patients, with a cutoff
value of 5 ng/mL (sensitivity of 91%,
specificity of 71%).%

The role of PCT in predicting ad-
verse renal outcomes following cardiac
surgery has been explored. In 122 car-
diac surgery patients, PCT measured
on the second postoperative day was
found to have good predictive value for
adverse renal outcomes.®™ One study
of cardiac surgery patients demon-
strated higher postoperative PCT levels

in patients with AKI. Interestingly,
in patients with serum creatinine of
>2 mg/L, PCT levels were similar in in-
fected and noninfected patients; how-
ever, when serum creatinine was less
than 2 mg/L, PCT was higher in pa-
tients with infection, suggesting that an
elevated PCT level may not indicate in-
fection in post-cardiac surgery patients
with AKI and high creatinine levels.*

Heart failure. Patients with heart
failure (HF) often have elevated PCT
levels in the absence of infection, a
finding that has been associated with
poor outcomes. In a study of 261 pa-
tients with acute HF but no active in-
fection, PCT elevation was associated
with significantly greater risks of death,
all-cause rehospitalization, and acute
HF rehospitalization.” In a study of
1,781 patients from the PROTECT trial,
higher PCT levels were associated with
increased 30-day all-cause mortality.”
In patients with acute decompensated
HF without infection, PCT had good
predictive value for all-cause death and
hospitalization at day 90 (area under
the curve [AUC], 0.67). Patients with
consistently high PCT or an increase
in PCT in the first 72 hours after being
hospitalized had the worst outcomes.”™
The PCT level differentiated between
patients with HF and healthy controls
with sensitivity of 88.9% and specificity
0f 100%.™

A meta-analysis focused on the
prognostic and diagnostic value of PCT
in patients with suspected HF revealed
that patients with HF and concomitant
infections have higher PCT levels than
patients with HF alone.” Wang and
colleagues™ found that patients with
HF had higher PCT levels than con-
trols and that patients with bacterial
infection and HF had higher PCT levels
than patients with infection but not
HF. As HF severity increased, the posi-
tive predictive value of PCT decreased.
Schuetz and colleagues™ performed a
secondary analysis of the ProHOSP trial
to determine if antibiotic stewardship
with a PCT algorithm would improve
outcomes in 233 patients with HF pre-
senting with possible respiratory in-
fection. In patients with low initial

PCT levels (<0.25 ng/mL), patients in
the PCT guidance group experienced
a lower adverse outcome rate (4% vs
20%; P = 0.01) and fewer antibiotic ex-
posure days (mean [SD], 3.7 [4.0] vs 6.5
[4.4]; P < 0.01). In the group with an
initial PCT of 20.25 ng/mL, patients in
the PCT group also had significantly
less antibiotic exposure, with no differ-
ence in adverse outcomes. This study
suggested that using a PCT-based ap-
proach to excluding infection and
guiding antibiotic use in patients with
HF who have respiratory symptoms
may decrease antibiotic exposure.

Acute care surgery

Surgery. While PCT may be ele-
vated due to inflammation following
surgery, increased PCT is associated
with sepsis and mortality in surgical
patients, as in other populations.®*™
Furthermore, PCT-guided algorithms
have been evaluated for their utility
in de-escalating antibiotics in sur-
gical patients. In one study including
27 surgical ICU patients with severe
sepsis, a PCT-guided antibiotic algo-
rithm resulted in, on average, 1.7 fewer
antibiotic days, a 17.8% reduction in
antibiotic costs, and no difference in
negative outcomes.” Similar findings
have been repeated in multiple studies,
suggesting that PCT-guided algorithms
for managing antibiotic therapy may be
effective in the surgical population.

Burns. Patients with burns com-
monly have elevations in inflamma-
tory biomarkers. Multiple studies have
demonstrated the value of PCT for
predicting infection, sepsis, and patient
outcomes; however, in these studies
thresholds for infection varied by
source and pathogen.®**” Nonsurviving
patients with burns were found to have
higher PCT levels than survivors.®® In
a meta-analysis, the overall pooled
AUC for PCT as a biomarker for sepsis
was 0.83 at a cutoff value of 1.47 ng/
mL.% Another meta-analysis revealed
a similar AUC for detecting sepsis, with
pooled sensitivity of 0.74 and pooled
specificity of 0.88.° PCT is also ele-
vated in patients with burns who have
bacteremia.’! In one study of 175 such
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patients, PCT levels measured within
48 hours after burn injury correlated
significantly with positive blood culture
results and mortality rates. The area
under the receiver operating charac-
teristic curve for PCT as a predictor of
mortality was 0.844. Patients with a PCT
level of >2 ng/mL had a significantly
higher mortality rate than patients with
a PCT level of <2 ng/mL.*> Another
study found that PCT correlated with
tissue hypoperfusion.”® In a single-
center, prospective, observational study
of 46 patients with burns, Lavrentieva
and colleagues® investigated the effect
of a PCT-guided algorithm for antibiotic
use. Use of the PCT-guided algorithm
resulted in less antibiotic exposure
than the standard antibiotic regimen
(mean [SD], 10.1 [4] days vs 15.3 [8]
days; P = 0.034), with no significant dif-
ferences in mortality, relapse or super-
infection, length of ICU or hospital stay,
or maximum Sequential Organ Failure
Assessment (SOFA) score.

Trauma. Results of several studies
indicate that among trauma patients,
PCT elevation is associated with sepsis
and with complications related to the
trauma.”'* Ahmed and colleagues'®
found that PCT levels on day 5 cor-
related with SOFA score and Injury
Severity Score in multiple-trauma and
major surgery patients. PCT levels were
higher in nonsurvivors vs survivors. In
patients with traumatic brain injury,
a rapid increase in PCT levels was ob-
served 24 hours after extracranial in-
juries (median increase, 3 ng/mL). In
the case of abdominal and extremity
trauma, the amount of PCT increase
correlated to injury severity.'” In one
study, PCT failed to differentiate be-
tween patients with and without VAP.'""
In a meta-analysis of PCT as a diag-
nostic test for sepsis in adult patients
after surgery or trauma, the global
odds ratio for diagnosing infection
with PCT use was 15.7 (95% confidence
interval [CI], 9.1-27.1).'®® Svoboda
and colleagues'” evaluated the role
of using PCT levels to guide timing of
reinterventions in septic patients after
multiple trauma or major surgery.

Patients with severe sepsis and a PCT
level of >2 ng/mL had their antibiotic
regimens and intravascular devices
changed. Severe sepsis and a PCT level
of <2 ng/mL prompted ultrasonog-
raphy and/or computed tomography,
with surgery ordered for patients with
localized infection. The control group
was treated by standard evaluation
and surgeon consultation. There were
no significant differences between the
PCT group and the control group with
regards to hospital mortality, average
SOFA score, decline in ICU days, and
ventilated days.'®”

Immunosuppressed states

PCT guidance in an immunocom-
promised population might be helpful
in the diagnosis of bacterial infection,
in deciding to initiate antibiotics, or
to facilitate earlier discontinuation of
antibiotics. In general and in contrast
to other markers (eg, white blood cell
[WBC] count), immunocompromising
conditions and medications appear to
have little direct effect on suppressing
PCT expression (given that PCT is se-
creted by many tissues in the body),
and leukocytes only play a minor role.®
One study found lower PCT levels in
patients with more severe leukopenia
(WBC count of <1 x 10° cells/L), but this
has not been consistently reported.'!!

Some conditions and medications
that could be present in immunocom-
promised patients have been asso-
ciated with significant elevations in
PCT in the absence of infection. These
conditions include medullary thyroid
cancer, small cell lung cancer, engraft-
ment syndrome or acute graft-versus-
host disease after hematopoietic stem
cell transplantation, and administra-
tion of T cell-directed therapies (T-cell
antibodies, antithymocyte globulin,
alemtuzumab, and IL-2) or granulocyte
infusions.'*11

A 2015 meta-analysis of 28 obser-
vational studies evaluating PCT as a
diagnostic tool in adult and pediatric
patients with febrile neutropenia as a
complication of hematologic malig-
nancy, chemotherapy, or solid organ
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transplantation found that PCT use
had an overall sensitivity of 65% and
overall specificity of 88% for docu-
mented bacterial infection, with the
most common PCT threshold being
0.5 ng/mL."¢ PCT appeared to be more
useful to help confirm rather than to
rule out bacterial infection. The range
of results among the studies varied
considerably, with sensitivity ranging
from 12% to 94% and specificity ran-
ging from 45% to 100%.

As in other populations, higher
levels of PCT in immunocomprom-
ised patients may predict a risk of
complications like sepsis and septic
shock.'” In one cohort of patients
with febrile neutropenia, PCT levels
offered additional prognostic infor-
mation by identifying a subset of pa-
tients considered to be at low risk
for poor outcomes by Multinational
Association of Supportive Care in
Cancer (MASCC) scoring who still de-
veloped bacteremia or septic shock.'*®
Elevations in PCT may be associated
with mortality as well, though this has
not been extensively studied in these
populations.'”

As in populations with hemato-
logic malignancy, a number of studies
have investigated the diagnostic utility
of PCT in the context of solid organ
transplantation. One meta-analysis
included 7 studies involving kidney,
liver, heart, and/or lung transplant re-
cipients.'”® Using PCT cutoffs ranging
from 0.14 to 8.18 ng/mlL, sensitivity
for documented infection ranged from
72% to 100% (85% overall) and speci-
ficity ranged from 70% to 100% (81%
overall). The authors concluded that
these results were similar to those
documented in the published literature
for nontransplant populations and that
PCT diagnostic value was maintained
in patients who had undergone solid
organ transplantation.

Few interventional trials have spe-
cifically studied PCT use in immuno-
compromised patients. In the only
RCT of a PCT algorithm specifically
focused on an immunocomprom-
ised population to date, 61 adults with
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hematologic malignancy and febrile
neutropenia were evaluated.'® After
72 hours from presentation, patients
were randomly assigned to either a PCT
or control arm. There were several ex-
clusion criteria, including severe organ
dysfunction, ICU admission, and docu-
mented infection with Staphylococcus
aureus, Pseudomonas aeruginosa, or
Acinetobacter species. In the PCT group,
antibiotic discontinuation was recom-
mended when patients were afebrile
for 2 to 3 days and when PCT levels fell
at least 90% from the peak or to less
than 0.5 ng/mL for 2 consecutive days.
PCT guidance did not modify average
antibiotic durations (9 days in the PCT
group and 8 days in the control group),
and clinical outcomes were similar in
the 2 groups. Adherence to the protocol
was relatively high (73%), though most
antibiotic discontinuations occurred
as a result of agreement between the
PCT trend and clinical criteria. It is
unknown if a more aggressive algo-
rithm or wider inclusion criteria would
have impacted the duration of anti-
biotic therapy or clinical outcomes.
Additionally, the exclusion criteria used
in the study may limit the potential
for application of its findings to many
patients who commonly present with
febrile neutropenia.

The PRORATA trial included 98 pa-
tients (among a total of 630 patients)
considered immunosuppressed, de-
fined as having acquired immuno-
deficiency syndrome or hematological
malignancy or receipt of solid organ
transplantation, chemotherapy or radio-
therapy, immunosuppressive agents, or
long-term corticosteroid therapy.!’® In
the immunosuppressed subgroup, anti-
biotic-free days were significantly in-
creased in the PCT-guided arm (13 days
vs 9.4 days), as was the case in the whole
study population. Mortality was higher
in the PCT group (25.5% vs 19.6%), but
this difference was not statistically sig-
nificant. Interpretation of these out-
comes is limited due to the reduced
statistical power inherent in a subgroup
analysis, due to the lack of knowledge
about specific immunocompromising
states in this group, and because rates of

nonadherence to the PCT-guided anti-
biotic recommendations were not spe-
cifically reported for subgroups.

PCT use in clinical practice

In many of the special populations
discussed, PCT may be elevated in the
absence of infection and elevated even
further when infection is present. This
observation has led to recommenda-
tions of increased PCT thresholds for
diagnosing infection. Particularly in
critically ill and immunocompromised
patients, even a low false-negative rate
may be unacceptable. Withholding
antimicrobials may lead to increased
morbidity and mortality if an infec-
tion is actually present. Another major
limitation in many of the observational
trials is the lack of a standardized and
definitive method to reliably diagnose
bacterial infection, which may affect
both the sensitivity and specificity of
the test. Among the few randomized
trials that have been conducted in these
special populations, it is unknown if
negative results were due to the failure
of PCT use in a specific population, the
failure of the specific algorithm studied,
or poor algorithm adherence. If PCT is
used in these populations, it should
only be done so in conjunction with
clinical criteria. Antimicrobials should
not be withheld based on PCT alone
until further evidence is available.

It is tempting to use PCT to help
rule in infections and initiate anti-
biotics before obvious signs or compli-
cations have occurred, but this practice
could be particularly troublesome in
special populations, in which the op-
timal PCT threshold is often unclear
and elevations are often seen after
clinical decline, regardless of infec-
tion. In a heterogeneous critically ill
population, the PASS trial found that
a practice of preemptive initiation or
escalation of antimicrobials outside of
standard-of-care practice led to in-
creased broad-spectrum antibiotic
utilization without improved clinical
outcomes.'” Procalcitonin may still
have arole in guiding de-escalation and
discontinuation of antibiotic therapy
in special populations; however, the

clinician should be aware of disease
states and concomitant therapies that
may affect interpretation of results.

Conclusion

Procalcitonin may be a reliable
marker of infection even in special
populations with baseline elevations in
PCT. However, due to unclear threshold
values and the limited inclusion of spe-
cial populations in clinical trials, PCT
should be considered along with clin-
ical criteria, and antibiotics should
never be initiated or withheld based
on PCT levels alone. Procalcitonin may
have a role in guiding de-escalation of
antibiotic therapy in special popula-
tions; however, the clinician should be
aware of disease states and concomi-
tant therapies that may affect interpret-
ation of results.

Disclosures

The authors have declared no potential con-
flicts of interest.

References

1. Soreng K, Levy HR. Procalcitonin:
an emerging biomarker of bac-
terial sepsis. Clin Microbiol Newsl.
2011;33(22):171-178.

2. Vijayan AL, Vanimaya, Ravindran S
et al. Procalcitonin: a promising
diagnostic marker for sepsis and
antibiotic therapy. J Intensive Care.
2017;5:51.

3. Nakamura M, Kono R, Nomura S et al.
Procaclitonin: mysterious protein in
sepsis. J Basic Clin Med. 2013;2(1):4-12.

4. Maruna P, Nedelnikova K,

Gurlich R. Physiology and gen-
etics of procalcitonin. Physiol Res.
2000;49(Suppl 1):S57-S61.

5. Muller B, White JC, Nylen ES et al.
Ubiquitous expression of the
calcitonin-I gene in multiple tissues in
response to sepsis. J Clin Endocrinol
Metab. 2001;86(1):396-404.

6. Brunkhorst FM, Heinz U, Forycki ZF.
Kinetics of procalcitonin in iatro-
genic sepsis. Intensive Care Med.
1998;24(8):888-889.

7. Dandona P, Nix D, Wilson MF
et al. Procalcitonin increase after
endotoxin injection in normal
subjects. J Clin Endocrinol Metab.
1994;79(6):1605-1608.

8. Simon L, Gauvin E Amre DK et al.
Serum procalcitonin and C-reactive
protein levels as markers of bacterial

AM J HEALTH-SYST PHARM | VOLUME 77 | NUMBER 10 | MAY 15,2020 753

020z AINr 60 U Jasn [eos pepunBag A pnjes op [eucoeN eosjoldld A 26/628G/S./0L/L.Avensqe-ajone/dyle/woo dno-oiwsapeoe)/:sdiy wo.y papeojumoq



CLINICAL REVIEW PROCALCITONIN-GUIDED ANTIMICROBIAL THERAPY

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

754

infection: a systematic review and
meta-analysis. Clin Infect Dis.
2004;39(2):206-217.

. Schuetz P, Albrich W, Mueller B.

Procalcitonin for diagnosis of infec-
tion and guide to antibiotic decisions:
past, present and future. BMC Med.
2011;9:article 107.

Vidas B.R.A.H.M.S. PCT [package
insert]. Durham, NC: Biomérieux, Inc.;
revised Feb 2017.

Kalil AC, Metersky ML, Klompas M et al.
Management of adults with hospital-
acquired and ventilator-associated
pneumonia: 2016 clinical practice
guidelines by the Infectious Diseases
Society Of America and the American
Thoracic Society. Clin Infect Dis.
2016;63(5):e61-e111.

Rhodes A, Evans LE, Alhazzani W et al.
Surviving Sepsis Campaign: inter-
national guidelines for management of
sepsis and septic shock: 2016. Intensive
Care Med. 2017;43(3):304-377.

Schuetz P, Wirz Y, Sager R et al. Effect of
procalcitonin-guided antibiotic treat-
ment on mortality in acute respiratory
infections: a patient level meta-analysis.
Lancet Infect Dis. 2018;18(1):95-107.
US Food and Drug Administration. FDA
clears test to help manage antibiotic
treatment for lower respiratory tract in-
fections and sepsis. https://www.fda.gov/
news-events/press-announcements/
fda-clears-test-help-manage-antibiotic-
treatment-lower-respiratory-tract-
infections-and-sepsis. Published
February 23, 2017. Accessed January 30,
2020.

Bouadma L, Luyt CE, Tubach F et al.
Use of procalcitonin to reduce patients’
exposure to antibiotics in intensive care
units (PRORATA trial): a multicentre
randomised controlled trial. Lancet.
2010;375(9713):463-474.

de Jong E, van Oers JA, Beishuizen A

et al. Efficacy and safety of procalcitonin
guidance in reducing the duration

of antibiotic treatment in critically ill
patients: a randomised, controlled,
open-label trial. Lancet Infect Dis.
2016;16(7):819-827.

Meisner M, Lohs T, Huettemann E

et al. The plasma elimination rate and
urinary secretion of procalcitonin in
patients with normal and impaired
renal function. Eur J Anaesthesiol.
2001;18(2):79-87.

Meisner M, Schmidt J, Huttner H

et al. The natural elimination rate of
procalcitonin in patients with normal
and impaired renal function. Intensive
Care Med. 2000;26(Suppl 2):S212-S216.
Grace E, Turner RM. Use of
procalcitonin in patients with various
degrees of chronic kidney disease

AM J HEALTH-SYST PHARM |

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

VOLUME 77 |

including renal replacement therapy.
Clin Infect Dis. 2014;59(12):1761-1767.
Dahaba AA, Rehak PH, List WE
Procalcitonin and C-reactive protein
plasma concentrations in nonseptic ur-
emic patients undergoing hemodialysis.
Intensive Care Med. 2003;29(4):579-583.
Herget-Rosenthal S, Marggraf G,
Pietruck F et al. Procalcitonin for ac-
curate detection of infection in haemo-
dialysis. Nephrol Dial Transplant.
2001;16(5):975-979.

DumeaR, Siriopol D, Hogas S et al.
Procalcitonin: diagnostic value in
systemic infections in chronic kidney
disease or renal transplant patients. Int
Urol Nephrol. 2014;46(2):461-468.
Sitter T, Schmidt M, Schneider S et al.
Differential diagnosis of bacterial in-
fection and inflammatory response in
kidney diseases using procalcitonin. J
Nephrol. 2002;15(3):297-301.

Level C, Chauveau P, Guisset O et al.
Mass transfer, clearance and plasma
concentration of procalcitonin during
continuous venovenous hemofiltration
in patients with septic shock and

acute oliguric renal failure. Crit Care.
2003;7(6):R160-R166.

Contou D, d'Ythurbide G, Messika J
et al. Description and predictive
factors of infection in patients with
chronic kidney disease admitted

to the critical care unit. J Infect.
2014;68(2):105-115.

Steinbach G, Bolke E, Grunert A et al.
Procalcitonin in patients with acute and
chronic renal insufficiency. Wien Klin
Wochenschr. 2004;116(24):849-853.

Lu XL, Xiao ZH, Yang MY et al.
Diagnostic value of serum procalcitonin
in patients with chronic renal in-
sufficiency: a systematic review and
meta-analysis. Nephrol Dial Transplant.
2013;28(1):122-129.
Heredia-Rodriguez M, Bustamante-
Munguira J, Fierro I et al. Procalcitonin
cannot be used as a biomarker of
infection in heart surgery patients

with acute kidney injury. J Crit Care.
2016;33:233-239.

Takahashi G, Shibata S, Fukui Y et al.
Diagnostic accuracy of procalcitonin
and presepsin for infectious dis-

ease in patients with acute kidney
injury. Diagn Microbiol Infect Dis.
2016;86(2):205-210.

Nakamura Y, Murai A, Mizunuma M

et al. Potential use of procalcitonin

as biomarker for bacterial sepsis

in patients with or without acute
kidney injury. J Infect Chemother.
2015;21(4):257-263.

Nie X, Wu B, He Y et al. Serum
procalcitonin predicts development

of acute kidney injury in patients with

NUMBER 10 | MAY 15, 2020

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

suspected infection. Clin Chem Lab
Med. 2013;51(8):1655-1661.

Huang HL, Nie X, Cai B et al.
Procalcitonin levels predict acute
kidney injury and prognosis in acute
pancreatitis: a prospective study. PLoS
One. 2013;8(12):€82250.

Jeeha R, Skinner DL, De Vasconcellos K
et al. Serum procalcitonin levels
predict acute kidney injury in crit-
ically ill patients. Nephrology.
2018;23(12):1090-1095.

Lee WS, Kang DW, Back JH et al. Cutoff
value of serum procalcitonin as a
diagnostic biomarker of infection in
end-stage renal disease patients. Korean
J Intern Med. 2015;30(2):198-204.
Nishikura T. The clearance of
procalcitonin (PCT) during con-
tinuous veno-venous hemodiafiltration
(CVVHD). Intensive Care Med.
1999;25(10):1198-1199.

Dahaba AA, Elawady GA,

Rehak PH et al. Procalcitonin and
proinflammatory cytokine clear-

ance during continuous venovenous
haemofiltration in septic pa-

tients. Anaesth Intensive Care.
2002;30(3):269-274.

Meisner M, Huttemann E, Lohs T

et al. Elimination of procalcitonin

and plasma concentrations

during continuous veno-venous
haemodiafiltration in septic patients.
Eur ] Anaesthesiol. 2000;17(11):665-671.
Caldini A, Chelazzi C, Terreni A et al.

Is procalcitonin a reliable marker of
sepsis in critically ill septic patients
undergoing continuous veno-venous
hemodiafiltration with “high cut-off”
membranes (HCO-CVVHDF)? Clin
Chem Lab Med. 2013;51(11):e261-e263.
Schuetz P, Affolter B, Hunziker S et al.
Serum procalcitonin, C-reactive protein
and white blood cell levels following
hypothermia after cardiac arrest: a
retrospective cohort study. Eur J Clin
Invest. 2010;40:376-381.

Pekkarinen PT, Ristagno G, Wilkman E
et al. Procalcitonin and presepsin

as prognostic markers after out-
of-hospital cardiac arrest. Shock.
2018;50(4):395-400.

Engel H, Ben Hamouda N, Portmann K
et al. Serum procalcitonin as a marker
of post-cardiac arrest syndrome and
long-term neurological recovery, but
not of early-onset infections, in coma-
tose post-anoxic patients treated with
therapeutic hypothermia. Resuscitation.
2013;84:776-781.

Annborn M, Dankiewicz J, Erlinge D

et al. Procalcitonin after cardiac ar-
rest—an indicator of severity of illness,
ischemia-reperfusion injury and out-
come. Resuscitation. 2013;84:782-787.

020z AINr 60 U Jasn [eos pepunBag A pnjes op [eucoeN eosjoldld A 26/628G/S./0L/L.Avensqe-ajone/dyle/woo dno-oiwsapeoe)/:sdiy wo.y papeojumoq


https://www.fda.gov/news-events/press-announcements/fda-clears-test-help-manage-antibiotic-treatment-lower-respiratory-tract-infections-and-sepsis
https://www.fda.gov/news-events/press-announcements/fda-clears-test-help-manage-antibiotic-treatment-lower-respiratory-tract-infections-and-sepsis
https://www.fda.gov/news-events/press-announcements/fda-clears-test-help-manage-antibiotic-treatment-lower-respiratory-tract-infections-and-sepsis
https://www.fda.gov/news-events/press-announcements/fda-clears-test-help-manage-antibiotic-treatment-lower-respiratory-tract-infections-and-sepsis
https://www.fda.gov/news-events/press-announcements/fda-clears-test-help-manage-antibiotic-treatment-lower-respiratory-tract-infections-and-sepsis

PROCALCITONIN-GUIDED ANTIMICROBIAL THERAPY CLINICAL REVIEW

43.
44.
45.
46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

Stammet P, Devaux Y, Azuaje F et al.
Assessment of procalcitonin to predict
outcome in hypothermia-treated pa-
tients after cardiac arrest. Crit Care Res
Pract. 2011;2011:631062.

Picariello C, Lazzeri C, Attana P et al.
The impact of admission procalcitonin
on prognosis in acute coronary syn-
dromes: a pilot study. Biomarkers.
2012;17:56-61.

Krzych L], Golab K, Pstras J et al.
Predicting outcome after cardiac ar-
rest with serum S-100B protein and
procalcitonin: a prospective observa-
tional study. Eur ] Anaesthesiol. 2017;
34: 846-848.

Buratti T, Ricevuti G, Pechlaner C et al.
Plasma levels of procalcitonin and
interleukin-6 in acute myocardial in-
farction. Inflammation. 2001;25:97-100.
Remskar M, Horvat M, Hojker S et al.
Procalcitonin in patients with acute
myocardial infarction. Wien Klin
Wochenschr. 2002;114:205-210.

Kafkas N, Venetsanou K, Patsilinakos S
et al. Procalcitonin in acute myo-
cardial infarction. Acute Card Care.
2008;10:30-36.

Oppert M, Reinicke A, Muller C et al.
Elevations in procalcitonin but not
C-reactive protein are associated

with pneumonia after cardiopul-
monary resuscitation. Resuscitation.
2002;53:167-170.

Adib-Conquy M, Monchi M,

Goulenok C et al. Increased plasma
levels of soluble triggering receptor
expressed on myeloid cells 1 and
procalcitonin after cardiac surgery and
cardiac arrest without infection. Shock.
2007;28:406-410.

Parenica J, Jarkovsky J, Malaska J et al.
Infectious complications and immune/
inflammatory response in cardiogenic
shock patients: a prospective observa-
tional study. Shock. 2017;47:165-174.
Picariello C, Lazzeri C, Chiostri M et al.
Procalcitonin in patients with acute
coronary syndromes and cardiogenic
shock submitted to percutaneous cor-
onary intervention. Intern Emerg Med.
2009;4:403-408.

Geppert A, Steiner A, Delle-Karth G

et al. Usefulness of procalcitonin for
diagnosing complicating sepsis in pa-
tients with cardiogenic shock. Intensive
Care Med. 2003;29:1384-1389.

Kim DW, Cho HJ, Kim GS et al.
Predictive value of procalcitonin

for infection and survival in adult
cardiogenic shock patients treated with

extracorporeal membrane oxygenation.

Chonnam Med J. 2018;54:48-54.
Aouifi A, Piriou V, Bastien O et al.
Usefulness of procalcitonin for
diagnosis of infection in cardiac

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

surgical patients. Crit Care Med.
2000;28:3171-3176.

Jebali MA, Hausfater P, Abbes Z

et al. Assessment of the accuracy of
procalcitonin to diagnose postoperative
infection after cardiac surgery.
Anesthesiology. 2007;107(2):232-238.
Aouifi A, Piriou V, Blanc P et al. Effect
of cardiopulmonary bypass on serum
procalcitonin and C-reactive pro-

tein concentrations. Br J Anaesth.
1999;83(4):602-607.

Sharma P, Patel K, Baria K et al.
Procalcitonin level for prediction of
postoperative infection in cardiac
surgery. Asian Cardiovasc Thorac Ann.
2016;24:344-349.

Klingele M, Bomberg H, Schuster S

et al. Prognostic value of procalcitonin
in patients after elective cardiac sur-
gery: A prospective cohort study. Ann
Intensive Care. 2016;6:116.

Amin DN, Pruitt JC, Schuetz P.
Influence of major cardiopul-

monary surgery on serum levels of
procalcitonin and other inflamma-
tory markers. Anaesth Intensive Care.
2012;40:760-766.

Sponholz C, Sakr Y, Reinhart K et al.
Diagnostic value and prognostic impli-
cations of serum procalcitonin after car-
diac surgery: a systematic review of the
literature. Crit Care (London, England).
2006;10(5):R145.

Meisner M, Rauschmayer C,

Schmidt J et al. Early increase of
procalcitonin after cardiovascular
surgery in patients with postoperative
complication. Intensive Care Med.
2002;28:1094-1102.

Lecharny JB, Khater D, Bronchard R

et al. Hyperprocalcitonemia in patients
with perioperative myocardial infarc-
tion after cardiac surgery. Crit Care
Med. 2001;29:323-325.

Sablotzki A, Friedrich I, Muhling J

et al. The systemic inflammatory
response syndrome following car-
diac surgery: different expression

of proinflammatory cytokines and
procalcitonin in patients with and
without multiorgan dysfunctions.
Perfusion. 2002;17:103-109.

Delannoy B, Guye ML, Slaiman DH

et al. Effect of cardiopulmonary by-
pass on activated partial thrombo-
plastin time waveform analysis, serum
procalcitonin and C-reactive protein
concentrations. Crit Care (London,
England). 2009;13(6):R180.
Chakravarthy M, Kavaraganahalli D,
Pargaonkar S et al. Elevated
postoperative serum procalcitonin is
not indicative of bacterial infection

in cardiac surgical patients. Ann Card
Anaesth. 2015;18:210-214.

AM J HEALTH-SYST PHARM |

67

68.

69.

70.

71.

72.

73.

74.

75

Heredia-Rodriguez M, Bustamante-
Munguira J, Lorenzo M et al.
Procalcitonin and white blood cells,
combined predictors of infection in
cardiac surgery patients. J Surg Res.
2017;212:187-194.

Jiao J, Wang M, ZhangJ et al.
Procalcitonin as a diagnostic marker

of ventilator-associated pneumonia in
cardiac surgery patients. Exp Ther Med.
2015;9:1051-1057.

Brocca A, Virzi GM, de Cal M et al.
Elevated levels of procalcitonin

and interleukin-6 are linked with
postoperative complications in cardiac
surgery. Scand J Surg. 2017;106:318-324.
Clementi A, Brocca A, Virzi GM et al.
Procalcitonin and interleukin-6 levels:
are they useful biomarkers in car-

diac surgery patients? Blood Purif.
2017;43:290-297.

Villanueva MP, Mollar A, Palau P et al.
Procalcitonin and long-term prog-
nosis after an admission for acute heart
failure. Eur J Intern Med. 2015;26:42-48.
Demissei BG, Cleland JG, O’Connor CM
et al. Procalcitonin-based indication of
bacterial infection identifies high risk
acute heart failure patients. Int J Card.
2016;204:164-171.

Loncar G, Tscholl V, Tahirovic E et al.
Should procalcitonin be meas-

ured routinely in acute decompen-
sated heart failure? Biomark Med.
2015;9:651-659.

Canbay A, Celebi OO, Celebi S et al.
Procalcitonin: a marker of heart failure.
Acta Cardiol. 2015;70(4):473-478.

. Aissou L, Sorbets E, Lallmahomed E

76.

77.

78.

VOLUME 77

et al. Prognostic and diagnostic

value of elevated serum concen-
tration of procalcitonin in patients
with suspected heart failure. A re-
view and meta-analysis. Biomarkers.
2018;23(5):407-413.

Wang W, Zhang X, Ge N et al.
Procalcitonin testing for diagnosis and
short-term prognosis in bacterial infec-
tion complicated by congestive heart
failure: a multicenter analysis of 4,698
cases. Crit Care (London, England).
2014;18(1):R4.

Schuetz P, Kutz A, Grolimund E

et al. Excluding infection through
procalcitonin testing improves out-
comes of congestive heart failure pa-
tients presenting with acute respiratory
symptoms: results from the random-
ized ProHOSP trial. Int J Cardiol.
2014;175:464-472.

Schneider CP, Yilmaz Y, Kleespies A

et al. Accuracy of procalcitonin

for outcome prediction in un-
selected postoperative critically

ill patients. Shock (Augusta, Ga.).
2009;31(6):568-573.

NUMBER 10 | MAY 15,2020 755

020z AINr 60 U Jasn [eos pepunBag A pnjes op [eucoeN eosjoldld A 26/628G/S./0L/L.Avensqe-ajone/dyle/woo dno-oiwsapeoe)/:sdiy wo.y papeojumoq



CLINICAL REVIEW PROCALCITONIN-GUIDED ANTIMICROBIAL THERAPY

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

756

Schroeder S, Hochreiter M, Koehler T
et al. Procalcitonin (PCT)-guided
algorithm reduces length of anti-
biotic treatment in surgical inten-

sive care patients with severe sepsis:
results of a prospective random-

ized study. Langenbecks Arch Surg.
2009;394(2):221-226.

Cabral L, Afreixo V, Santos F et al.
Procalcitonin for the early diagnosis of
sepsis in burn patients: a retrospective
study. Burns. 2017;43(7):1427-1434.
Wineberg DL, Kruger D. The role of
procalcitonin as a diagnostic marker of
bacterial sepsis in burns. S Afr J Surg.
2017;55(2):76.

von Heimburg D, Stieghorst W,
Khorram-Sefat R et al. Procalcitonin—a
sepsis parameter in severe burn in-
juries. Burns. 1998;24(8):745-750.
Mokline A, Garsallah L, Rahmani I et al.
Procalcitonin: a diagnostic and prog-
nostic biomarker of sepsis in burned
patients. Ann Burns Fire Disasters.
2015;28(2):116-120.

Egea-Guerrero JJ, Martinez-
Fernandez C, Rodriguez-Rodriguez A
et al. The utility of C-reactive protein
and procalcitonin for sepsis diag-
nosis in critically burned patients: a
preliminary study. Plast Surg (Oakv).
2015;23(4):239-243.

Lavrentieva A, Papadopoulou S,
Kioumis J et al. PCT as a diagnostic
and prognostic tool in burn patients.
Whether time course has a role in
monitoring sepsis treatment. Burns.
2012;38(3):356-363.

Barati M, Alinejad F, Bahar MA et al.
Comparison of WBC, ESR, CRP and PCT
serum levels in septic and non-septic
burn cases. Burns. 2008;34(6):770-774.

Lavrentieva A, Kontakiotis T, Lazaridis L 100. Castelli GP, Pognani C, Cita M et al.
et al. Inflammatory markers in pa- Procalcitonin as a prognostic and
tients with severe burn injury. What diagnostic tool for septic complica-
is the best indicator of sepsis? Burns. tions after major trauma. Crit Care
2007;33(2):189-194. Med. 2009;37(6):1845-1849.
Cabral L, Afreixo V, Meireles R et al. 101. Hensler T, Sauerland S, Lefering R
Checking procalcitonin suitability for et al. The clinical value of
prognosis and antimicrobial therapy procalcitonin and neopterin in
monitoring in burn patients. Burns predicting sepsis and organ failure
Trauma. 2018;6:10. after major trauma. Shock (Augusta,
Cabral L, Afreixo V, Almeida L et al. Ga.). 2003;20(5):420-426.
The use of procalcitonin (PCT) for 102. Billeter A, Turina M, Seifert B et al.
diagnosis of sepsis in burn pa- Early serum procalcitonin, inter-
tients: a meta-analysis. PLoS One. leukin-6, and 24-hour lactate clearance:
2016;11(12):e0168475. useful indicators of septic infections in
Ren H, LiY, Han C et al. Serum severely traumatized patients. World J
procalcitonin as a diagnostic biomarker Surg. 2009;33(3):558-566.
for sepsis in burned patients: a meta- 103. Wanner GA, Keel M, Steckholzer U
analysis. Burns. 2015;41(3):502-509. et al. Relationship between
Wu RX, Chiu CC, Lin TC et al. procalcitonin plasma levels and se-
Procalcitonin as a diagnostic biomarker verity of injury, sepsis, organ failure,
for septic shock and bloodstream infec- and mortality in injured patients. Crit
tion in burn patients from the Formosa Care Med. 2000;28(4):950-957.

AM J HEALTH-SYST PHARM | VOLUME 77 | NUMBER10 | MAY 15,2020

92.

93.

94.

95.

96.

97.

98.

99.

Fun Coast dust explosion. J Microbiol
Immunol Infect. 2017;50(6):872-878.
Kim HS, Yang HT, Hur J et al.
Procalcitonin levels within 48 hours
after burn injury as a prognostic factor.
Ann Clin Lab Sci. 2012;42(1):57-64.
Seoane L, Pertega S, Galeiras R et al.
Procalcitonin in the burn unit and

the diagnosis of infection. Burns.
2014;40(2):223-229.

Lavrentieva A, Kontou P, Soulountsi V
et al. Implementation of a
procalcitonin-guided algorithm for
antibiotic therapy in the burn inten-
sive care unit. Ann Burns Fire Disasters.
2015;28(3):163-170.

Wojtaszek M, Staskiewicz G, Torres K
et al. Changes of procalcitonin level in
multiple trauma patients. Anaesthesiol
Intensive Ther. 2014;46(2):78-82.
Sakran JV, Michetti CP, Sheridan MJ

et al. The utility of procalcitonin in
critically ill trauma patients. J Trauma
Acute Care Surg. 2012;73(2):413-418,
discussion 18.

Rajkumari N, Mathur P, Sharma S et al.
Procalcitonin as a predictor of sepsis
and outcome in severe trauma patients:
a prospective study. J Lab Physicians.
2013;5(2):100-108.

Balci C, Sivaci R, Akbulut G et al.
Procalcitonin levels as an early marker
in patients with multiple trauma
under intensive care. J Int Med Res.
2009;37(6):1709-1717.

Meisner M, Adina H, Schmidt J.
Correlation of procalcitonin and
C-reactive protein to inflammation,
complications, and outcome during the
intensive care unit course of multiple-
trauma patients. Crit Care (London,
England). 2006;10(1):R1.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Nie H, Jiang D, Ou Y et al.
Procalcitonin as an early predictor of
postoperative infectious complica-
tions in patients with acute trau-
matic spinal cord injury. Spinal Cord.
2011;49(6):715-720.

Ahmed Al, Soliman RA, Samir S.

Cell free DNA and procalcitonin

as early markers of complica-

tions in ICU patients with multiple
trauma and major surgery. Clin Lab.
2016;62(12):2395-2404.

Sauerland S, Hensler T, Bouillon B

et al. Plasma levels of procalcitonin
and neopterin in multiple trauma
patients with or without brain injury. J
Neurotrauma. 2003;20(10):953-960.
Habib SE, Mukhtar AM,

Abdelreheem HM et al. Diagnostic
values of CD64, C-reactive protein and
procalcitonin in ventilator-associated
pneumonia in adult trauma patients:

a pilot study. Clin Chem Lab Med.
2016;54(5):889-895.

Uzzan B, Cohen R, Nicolas P et al.
Procalcitonin as a diagnostic test for
sepsis in critically ill adults and after
surgery or trauma: a systematic review
and meta-analysis. Crit Care Med.
2006;34(7):1996-2003.

Svoboda P, Kantorova I, Scheer P

et al. Can procalcitonin help us in
timing of re-intervention in septic pa-
tients after multiple trauma or major
surgery? Hepatogastroenterology.
2007;54(74):359-363.

Svaldi M, Hirber J, Lanthaler Al et al.
Procalcitonin-reduced sensitivity and
specificity in heavily leucopenic and
immunosuppressed patients. Br J
Haematol. 2001;115(1):53-57.

Uys A, Rapoport BL, Fickl H et al.
Prediction of outcome in cancer
patients with febrile neutropenia: com-
parison of the Multinational Association
of Supportive Care In Cancer risk-index
score with procalcitonin, C-reactive
protein, serum amyloid A, and
interleukins-1beta, -6, -8 and -10. Eur J
Cancer Care (Engl). 2007;16(6):475-483.
Dornbusch HJ, Strenger V, Sovinz P

et al. Non-infectious causes of ele-
vated procalcitonin and C-reactive
protein serum levels in pediatric pa-
tients with hematologic and oncologic
disorders. Support Care Cancer.
2008;16(9):1035-1040.

Shah NN, Watson TM, Yates B et al.
Procalcitonin and cytokine profiles

in engraftment syndrome in pediatric
stem cell transplantation. Pediatr
Blood Cancer. 2017;64(3).

Brodska H, Drabek T, Malickova K

et al. Marked increase of procalcitonin
after the administration of

020z AINr 60 U Jasn [eos pepunBag A pnjes op [eucoeN eosjoldld A 26/628G/S./0L/L.Avensqe-ajone/dyle/woo dno-oiwsapeoe)/:sdiy wo.y papeojumoq



PROCALCITONIN-GUIDED ANTIMICROBIAL THERAPY CLINICAL REVIEW

anti-thymocyte globulin in patients
before hematopoietic stem cell trans-

meta-analysis. Support Care Cancer.
2015;23(10):2863-2872.

and meta-analysis. Transplant Proc.
2014;46(1):26-32.

plantation does not indicate sepsis: a 117. SakrY, Sponholz C, Tuche F et al. The 120. Lima SS, NobreV,

prospective study. Crit Care (London, role of procalcitonin in febrile neutro- de Castro Romanelli RM et al.

England). 2009;13(2):R37. penic patients: review of the literature. Procalcitonin-guided protocol is not
115. Walter MA, Meier C, Radimerski T Infection. 2008;36(5):396-407. useful to manage antibiotic therapy

et al. Procalcitonin levels predict 118. Ahn S, Lee YS, Lim KS et al. Adding in febrile neutropenia: a random-

clinical course and progression-free procalcitonin to the MASCC risk- ized controlled trial. Ann Hematol.

survival in patients with medullary thy- index score could improve risk 2016;95(7):1169-1176.

roid cancer. Cancer. 2010;116(1):31-40. stratification of patients with febrile 121. Jensen JU, Hein L, Lundgren B et al.
116. Wu CW, WuJY, Chen CK et al. Does neutropenia. Support Care Cancer. Procalcitonin-guided interventions

procalcitonin, C-reactive protein,
or interleukin-6 test have a role in
the diagnosis of severe infection
in patients with febrile neutro-
penia? A systematic review and

119.

2013;21(8):2303-2308.

Yu XY, Wang Y, Zhong H et al.
Diagnostic value of serum
procalcitonin in solid organ trans-
plant recipients: a systematic review

against infections to increase early
appropriate antibiotics and improve
survival in the intensive care unit:
arandomized trial. Crit Care Med.
2011;39(9):2048-2058.

This certificate was designed to increase the
foundational knowledge and skills associated
with taking a patient’s medication history with
emphasis on patient safety, how to take the
most accurate medication history, and how
to implement and customize a medication
history taking process in any practice setting.

MEDICATION %
RECONGILIATION
CERTIFICATE

Enhance your skills to capture
and document the

best possible patient
medication history.

Highlights of the Medication
Reconciliation Certificate:

B Learn in manageable segments,
100% online

B Earn 15 hours of CE from 5 modules

B Pass the comprehensive final exam
to earn an ASHP Professional Certificate

$445 MEMBER | $545 NONMEMBER
CE HOURS: 15 | 5 MODULES

ashp.org/certificates

ashp

AM J HEALTH-SYST PHARM | VOLUME 77 | NUMBER 10 | MAY 15,2020 757

020z AINr 60 U Jasn [eos pepunBag A pnjes op [eucoeN eosjoldld A 26/628G/S./0L/L.Avensqe-ajone/dyle/woo dno-oiwsapeoe)/:sdiy wo.y papeojumoq





