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Introduction 
Sepsis can affect anyone at any  
time and is a potentially life-altering 
disease conveying substantial 
individual and societal consequences. 
Sepsis causes more deaths annually 
than lung, colon, and breast cancer, 
combined, and sepsis survivors  
can experience life-long and life-
impacting deficits that include,  
but are not limited to, PTSD-type 
symptoms and amputations.1,2  
It is of great concern that sepsis 
incidence has been increasing over 
the past decade: approximately  
1.5 million cases are diagnosed 
annually in the U.S. alone, 
contributing to an enormous health 
care burden estimated to exceed  
$80 billion/annually.3-5  

Diagnosing sepsis can be challenging 
as there are many infectious and 
noninfectious diseases and disorders 
that can share similar clinical or 
hemodynamic symptoms.6 Currently, 
there are few biomarkers that can aid 
in sepsis diagnosis, and most of the 
available markers such as white blood 
cell count, C reactive protein, body 
temperature, and lactate are 
non-specific for sepsis.7,8 As a result, 
sepsis may go undiagnosed for hours 
or even days, however studies clearly 

indicate that rapid initiation  
of antibiotics and hemodynamic 
support are essential for treatment 
success and minimizing morbidity  
and mortality.9 

It is no wonder, then, that a large 
body of research has been devoted  
to the development of sensitive  
and specific methods for diagnosing 
sepsis. Procalcitonin (PCT), the 
pro-hormone precursor of calcitonin, 
became recognized as a marker  
of bacterial infection in 1983—shortly 
after hypercalcitonemia was noted  
in children with fulminant 
meningococcal disease by Mallet  
et al.10 Following four decades  
of extensive clinical studies, PCT  
is now recognized as a marker for 
assessing sepsis risk and progression, 
and as a tool for guiding antibiotic 
therapy. The ten articles comprising 
this compendium address these 
usages in different clinical care 
settings for pathologies of varying 
severity, and also provide evidence  
of the financial benefit of using PCT. 
Each article illustrates a significant 
aspect of PCT usage, yet represents 
only the very tip of the iceberg  
of the thousands of articles published 
on this biomarker.
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Risk assessment at presentation

Objective
•  Investigate the ability of calcitonin 

precursors (i.e., procalcitonin 
[PCT]) to aid in the diagnosis  
of bacterial sepsis. 

•  Compare the diagnostic accuracy 
of PCT to that of other markers 
used in critical care practice.

Methods
•  Prospectively collected blood 

samples from critically ill patients 
over several days.

•  Analyzed changing values of PCT, 
C-reactive protein (CRP), interleukin 
6 (IL-6), and serum lactate (LAC).

•  Conducted in a single university 
medical intensive care unit.

•  Patients were diagnosed with 
systemic inflammatory response 
syndrome (SIRS), sepsis, severe 
sepsis, or septic shock according  
to accepted criteria.

•  Clinicians were blinded to biomarker 
results during care.

Calcitonin precursors are reliable markers of sepsis in a medical  
intensive care unit 
Müller B, Becker KL, Schächinger H, et al. Crit Care Med 2000;28(4):977-83.
https://journals.lww.com/ccmjournal/Fulltext/2000/04000/Calcitonin_precursors_are_reliable_markers_of.11.aspx

Results
•  Biomarkers levels increased 

commensurate to the severity  
of illness.

•  PCT was better at discriminating 
between patients with confirmed 
bacterial infection and those with 
negative bacterial cultures than 
other investigated markers.

•  The most reliable diagnostic 
accuracy was observed using PCT.

•  The highest sensitivity and specificity 
for diagnosing sepsis using PCT was 
observed at a cut-off of 1 ng/mL.

•  Mortality was greatest among 
patients with the highest levels  
of PCT.

Authors’ conclusions
“In a medical ICU, serum calcitonin 
precursor concentrations are more 
sensitive and specific markers of 
sepsis in comparison to serum CRP, 
IL-6, and LAC levels.”

Significance
•  Appears to be the original paper 

describing the development  
of the original B.R.A.H.M.S.  
PCT assay.

•  Demonstrates that PCT has  
greater discriminative value  
for differentiating between SIRS  
and sepsis than other biomarkers 
still currently used to aid in  
sepsis diagnosis.

•  High variability in the performance 
of IL-6, CRP, and LAC between the 
subgroups reduces each assay’s 
usefulness as a diagnostic marker  
of sepsis.
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Objective
Compare the diagnostic and 
prognostic capability of PCT to 
inflammatory interleukins and routine 
critical care markers of inflammation, 
hemodynamic stability, and acidosis 
for identifying sepsis in critically  
ill patients.

Methods
•  Measured markers prospectively  

in 78 consecutive patients admitted 
with acute systemic inflammatory 
response syndrome (SIRS) and 
suspected infection.

•  Markers were evaluated using  
a variety of statistical methods.

Diagnostic value of procalcitonin, interleukin-6, and interleukin-8  
in critically ill patients admitted with suspected sepsis 
Harbarth S, Holeckova K, Froidevaux C, et al. Am J Respir Crit Care Med 2001;164:396-402.
DOI: 10.1164/ajrccm.164.3.2009052

Results
•  Final diagnosis: SIRS (n = 18),  

sepsis (n = 14), severe sepsis (n = 21),  
and septic shock (n = 25).

•  PCT discriminated between SIRS, 
sepsis, severe sepsis, and septic shock 
better than any of the other markers. 

•  The sensitivity, PPV, and NPV of PCT 
to differentiate between SIRS and  
all levels of sepsis was better than 
other markers investigated in this 
study. Specificity was as good  
as or better than other markers.

•  Median PCT concentrations on 
admission increased incrementally 
with the severity of illness. 

•  According to ROC analysis, using PCT 
at a cutoff of 1.1 ng/mL improved 
the ability to predict the likelihood 
of sepsis.

Authors’ conclusions
“Elevated PCT concentrations  
appear to be a promising indicator  
of sepsis in newly admitted, critically  
ill patients, and are capable  
of complementing clinical signs  
and routine laboratory parameters 
suggestive of severe infection.”

Significance
•  Demonstrates that, for critically  

ill patients at the time of admission, 
PCT in combination with clinical 
signs and symptoms provides  
better discriminative power  
for differentiating between 
non-bacterial sources of 
inflammation and bacterial infection 
associated with sepsis than clinical 
judgement alone.

•  Demonstrates that there is good 
concordance between PCT elevation 
and evolving severity of sepsis.

•  Because PCT rises very early in 
infection, it can provide important 
information to the clinician long 
before culture results are available.

•  PCT ≥1.1 ng/mL identified all 
patients with sepsis. This cut-off  
is greater than the levels now used 
for recommending or strongly 
recommending antibiotic therapy.

Sensitivity, specificity, NPV, and PPV for each marker at the applied cutoff.

AUC determined by ROC analysis for each analyte studied 
and the impact of PCT on the clinical model used to diagnose 
sepsis during the study.
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Objective
Evaluate the accuracy of PCT, CRP, 
platelet count (PLT) and serum 
lactate dehydrogenase (LDH) to 
differentiate between SIRS, bacterial 
sepsis and systemic candidiasis  
in intensive care unit (ICU) patients 
soon after symptom onset. 

Method
•  Retrospective study of blood  

tests performed on ICU patients 
with at least two signs of SIRS  
and suspected sepsis.

•  Cohorts (SIRS, sepsis, systemic 
candidiasis) were assigned based  
on final blood culture results. 

•  PCT, CRP, LDH and PLT levels  
were measured on days 0 and 2 
(day defined by the onset  
of sepsis symptoms).

Procalcitonin, C-reactive protein and serum lactate dehydrogenase  
in the diagnosis of bacterial sepsis, SIRS and systemic candidiasis. 
Miglietta F, Faneschi ML, Lobreglio G, et al. Infez Med 2015;23:230-7.
https://pdfs.semanticscholar.org/b63e/05deb74c59ad8fc40e05805d5514fafae066.pdf

Results
•  PCT levels were higher in patients 

with Gram-negative sepsis than 
those with Gram-positive sepsis  
but the difference was not 
statistically significant. 

•  Patients with bacterial sepsis  
had higher PCT and CRP levels  
in comparison to patients with 
systemic candidiasis.

•  PLT and LDH levels did not 
differentiate between sepsis and 
systemic candidiasis subgroups. 

•  On the basis of the determined 
AUCs, PCT was able to differentiate 
between SIRS and bacterial sepsis 
better than CRP, LDH, and PLT.

•  Diagnostic sensitivity and specificity, 
PPV, NPV and AUC for differentiating 
SIRS from sepsis were all higher for 
PCT than for any of the other markers.

•  Diagnostic sensitivity and specificity, 
PPV, NPV, and AUC of PCT were also 
superior to CRP for differentiating 
between bacterial sepsis  
and candidiasis.

•  PCT levels observed in patients  
with systemic candidiasis and 
non-infectious SIRS are similar. 

Authors’ conclusions
“PCT can be used as a preliminary 
marker in the event of clinical 
suspicion of systemic candidiasis; 
however, low PCT levels (<0.99 ng/mL) 
necessarily require the use of other 
specific markers of candidaemia to 
confirm the diagnosis, due to great 
uniformity of PCT levels in systemic 
candidiasis and SIRS groups.”

Significance
•  Supports risk assessment value 

independent of pathogen class 
(gram-negative vs. gram-positive).

•  Supports superior accuracy for 
determining sepsis risk over other 
markers using a current B.R.A.H.M.S 
PCT assay.

•  Low PCT can help assess the risk  
of bacterial sepsis in advance  
of microbiological culture results.
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Objective
Evaluate the diagnostic capability of 
PCT using the Sepsis-3 criteria instituted 
in 2016 to confirm its applicability.

Methods
•  Retrospective cohort study. 
•  Patients for whom PCT was measured 

upon ED arrival and who had a final 
diagnosis of related infection.

•  Cohorts (infection, sepsis, septic 
shock) were assigned using the 
Sepsis-3 criteria and categories. 

•  “Pre-septic shock” was defined when 
a patient was initially diagnosed 
with sepsis, but then developed 
septic shock in the ED during 
admission as defined by mean arterial 
blood pressure (MAP) under 65mmHg 
despite fluid resuscitation that 
necessitates administration  
of vasopressors. 

•  AUC was determined for each 
cohort to verify sensitivity  
and specificity of PCT vs. CRP  
and change in neutrophil index. 

Results
•  Determined optimal PCT values  

for diagnosing sepsis (0.41 ng/mL), 
“pre-septic shock” (2.48 ng/mL),  
and septic shock (4.7 ng/mL).

•  PCT sensitivity for diagnosing sepsis 
and septic shock was superior to 
qSOFA score diagnostic sensitivity 
(the method recommended  
for Sepsis-3), however specificity  
of qSOFA is superior to PCT.

•  PCT demonstrated better diagnostic 
ability when applying the Sepsis-3 
definitions than either change  
in neutrophil index or CRP.

Procalcitonin as a diagnostic marker for sepsis/septic shock  
in the emergency department; a study based on Sepsis-3 definition 
Kim SJ, Hwang SO, Kim YW, Lee JH, Cha KC. Am J Emerg Med 2018. DOI: 10.1016/j.ajem.2018.05.047

Authors’ conclusions
•  Determined optimal PCT values  

for diagnosing sepsis (0.41 ng/mL), 
“pre-septic shock” (2.48 ng/mL),  
and septic shock (4.7 ng/mL).

•  PCT sensitivity for diagnosing sepsis 
and septic shock was superior to 
qSOFA score diagnostic sensitivity 
(the method recommended  
for Sepsis-3), however specificity  
of qSOFA is superior to PCT.

•  PCT demonstrated better diagnostic 
ability when applying the Sepsis-3 
definitions than either change  
in neutrophil index or CRP.

Significance
•  Using the newly-recommended 

Sepsis-3 criteria to diagnose sepsis  
in overcrowded EDs poses a time-
consuming problem because  
it is based on total sequential organ  
failure assessment (SOFA) scores 
calculated only after the evaluation  
of multiple organs.

•  PCT is more sensitive (although less 
specific) for assessing the risk of 
sepsis and septic shock than the 
Sepsis-3 qSOFA score.

•  Risk of sepsis and septic shock can  
be assessed more rapidly using PCT.

•  PCT demonstrates good sensitivity for 
predicting which patients with sepsis 
are likely to progress to septic shock.
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Prognostic value of procalcitonin in respiratory tract infections across 
clinical settings
Kutz A, Briel M, Christ-Crain M, et al. Crit Care 2015;19:74. DOI: 10.1186/s13054-015-0792-1 

Objective
Investigate the prognostic value  
of baseline PCT levels to predict 
treatment failure or death in a large 
population of patients with a wide 
variety of upper and lower acute 
respiratory infections (ARI). 
Prognostic value was assessed by 
clinical setting (primary care, ED, 
ICU) for patients with varying 
degrees of infection severity.

Methods
•  Meta-analysis of data from 14 

randomised or quasi-randomized 
studies designed to evaluate safety 
and efficacy of PCT-guided antibiotic 
therapy. Adult ARI patients  
(n = 4,211: 1008 primary care; 
2,605 ED; 598 ICU).

•  Treatment failure at 30 days was 
defined per clinical setting:

 –  Primary care: hospitalization,  
ARI complications, recurrent  
or worsening infection, any 
symptoms of ongoing ARI

 –  ED: ICU admission, 
rehospitalization, ARI 
complications, or recurrent  
or worsening infection

•  Discriminatory ability of PCT  
to predict treatment failure or 
mortality for each setting was 
classified by odds ratio (OR) of 
treatment failure or mortality vs. 
treatment success. 

•  ROC analysis was used to determine 
cut-points.

•  Sensitivity, specificity, NPV, and PPV 
were used to estimate risk prediction 
for different ARI subgroups using 
clinically established cut-points of 
0.1 ng/mL, 0.25 ng/mL, 0.5 ng/mL, 
and 2.0 ng/mL.

Results
•  Admission PCT level in ED patients 

with ARI was predictive of the 
likelihood of both treatment failure 
and mortality. Differences in PCT 
level were seen between both 
primary care and ICU patients but 
were not statistically significant.

•  The prognostic value of PCT was 
significant for lower respiratory tract 
infections (LRTI), classified as 
community-acquired pneumonia 
(CAP), bronchitis, or exacerbation  
of COPD (ECOPD); but not for upper 
ARI, except for treatment failure  
in the common cold.

•  Elevated PCT levels in ED patients 
with LRTI indicated increased 
likelihood of both treatment failure 
(OR = 1.85, AUC = 0.64) and mortality 
(OR = 1.82, AUC = 0.67) P = <0.001, 
and for total LRTI, CAP, and ECOPD.

•  For LRTI in the ED, admission PCT 
<0.25 ng/mL was associated with 
89.2% NPV for treatment failure and 
97.5% NPV for mortality, suggesting 
that patients with low PCT are at 
low risk of either treatment failure 
or death.

Authors’ conclusions
“PCT levels can help predict the 
likelihood of treatment failure  
or mortality in patients with LRTI  
at ED admission.”

Significance
•  Admission PCT has prognostic value 

for LRTI in the ED setting.
•  Using PCT for patients with LRTI in 

the ED may help establish the initial 
risk of treatment failure (i.e., 
worsening or recurring illness)  
and mortality, which can help guide 
overall care decision making and 
alert clinicians to the possible need 
for greater vigilance.

•  Using PCT to evaluate risk in patients 
with LRTI in the ED may help prevent 
or reduce the volume of hospital 
readmission rates.

Prognostic value

Treatment failure Mortality

Adjusted OR  
(95% CI)

AUC
(95% CI) P value

Adjusted OR
(95% CI)

AUC
(95% CI) P value

LRTI overall 1.40 (1.26, 1.55) 0.57 (0.54, 0.59) <0.001 2.13 (1.82, 2.49) 0.71 (0.68, 0.74) <0.001

CAP 1.66 (1.44, 1.90) 0.61 (0.58, 0.64) <0.001 1.69 (1.41, 2.04) 0.62 (0.58, 0.66) <0.001

ECOPD 1.94 (1.14, 3.32) 0.60 (0.53, 0.67) 0.015 0.60 (0.53, 0.67) 0.79 (0.69, 0.90) <0.001

Common cold 4.76 (1.27, 17.87) 0.58 (0.51, 0.64) 0.21 — — — 
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Serial procalcitonin predicts mortality in severe sepsis patients: Results 
from the multicenter Procalcitonin MOnitoring SEpsis (MOSES) Study 
Schuetz P, Birkhahn R, Sherwin R, et al. Crit Care Med 2017;45:781-9. DOI: 10.1097/CCM.0000000000002321

Objective
Confirm that patients diagnosed 
with severe sepsis or septic shock are 
at greater risk of dying due to any 
cause if PCT decreases by ≤80%.

Methods
•  Blinded, prospective multicenter 

observational clinical study 
conducted in 13 U.S. based–
emergency departments and ICUs. 

•  Adults admitted to the ICU with  
a diagnosis with severe sepsis  
or septic shock who were still  
alive and in the hospital 4 days  
after admission.

•  Initial diagnosis was made in the 
emergency department, other 
wards, or by a community-based 
care provider.

•  Measured PCT daily for the first  
5 days (baseline through day 4  
after admission).

•  Compared the survival rate by day 4 
after baseline between patients for 
whom PCT decreased by ≤80%  
and those for whom PCT decreased 
by >80%.

Results
•  Overall mortality was ~2 times 

greater in patients whose PCT 
decreased by ≤80%.

•  For patients still requiring ICU care 
on day 4, overall mortality was ~1.4 
times greater for those whose PCT 
decreased by ≤80%.

•  For patients discharged from the 
ICU, overall mortality was ~2 times 
greater in those whose PCT 
decreased by ≤80%.

•  Short term change in PCT  
from baseline to day 1 was also 
prognostic: on average, PCT 
increased by 30% in patients  
who died, whereas all patients 
whose PCT did not increase on day 
one survived. 

•  Mortality was almost three-fold 
higher in patients whose PCT 
increased on day 1 in comparison to 
those whose PCT decreased on day 1.

•  Overall, sensitivity and NPV indicate 
that the risk of mortality is reduced 
if PCT decreases >80% within 4 days 
of the initial sepsis diagnosis.

Authors’ conclusions
“Results of this large, prospective 
multicenter U.S. study indicate that 
inability to decrease procalcitonin by 
more than 80% is a significant 
independent predictor of mortality 
and may aid in sepsis care.”

Significance
•  This study was used to extend U.S. 

claims to include risk assessment.
•  The percent decrease in PCT  

in patients diagnosed with severe 
sepsis or septic shock can help 
establish increased risk of mortality 
within 28 days of admission.  
This knowledge can help to improve 
a clinician’s ability to accurately risk 
stratify patients earlier and institute 
appropriate individualized 
therapeutic intervention.

•  Demonstrable PCT response to 
assign risk can improve important 
triage decisions, such as continuing 
ICU care over discharge to another 
hospital ward or home. 

Overall
0

5

10

15

20

Pe
rc

en
t m

or
ta

lit
y 25

30

In ICU,
day 4

ICU discharged
to ward, day 4

≤80% change

>80% change

Sensitivity
0

10

20

30

40Pe
rc

en
t

50

60

70

80

90

100

Specificity NPVPPV

Overall

In ICU, day 4

ICU discharged 
to ward, day 4

Difference in mortality between PCT decrease  
≤80% vs. >80%

Predictive ability to assign risk of mortality using  
≤80% decrease in PCT as a cutoff

7

PCT Literature Compendium  ·  White Paper 



Effect of procalcitonin-guided antibiotic treatment on mortality in acute 
respiratory infections: a patient level meta-analysis
Schuetz P, Wirz Y, Sager R, et al. Lancet Inf Dis. 2018;18:95-107. DOI: 10.1016/s1473-3099(17)30592-3

Objective
Determine if PCT can be used safely 
in different clinical settings to guide 
antibiotic prescription for patients 
with acute respiratory infections.

Methods
•  Meta-analysis of patient data  

from 26 randomized controlled  
trials conducted in the U.S.  
and 11 other countries. 

•  Patient pools were derived from  
the published data from studies  
in which adults requiring care  
for any type of upper or lower 
respiratory infection were randomly 
assigned to either a PCT-guided 
treatment group or to a cohort that 
received standard care.  

•  Value of PCT guidance was evaluated 
based on 30-day mortality and 
setting-specific treatment failure 
(primary care / ED or hospital / ICU). 
Treatment failure for primary care 
and ED or hospital groups were 
defined as in Kutz et al. (see pg. 4). 
ICU treatment failure was defined  
as recurrent or worsening infection. 

•  PCT guidance was also evaluated  
to determine its impact on reduction 
of inappropriate antibiotic use, length 
of hospital stay, and development  
of antibiotic side-effects.

Results
•  A small but statistically significant 

difference was noted in 30-day 
mortality when PCT was used  
to guide antibiotic use regardless 
the type of infection or setting  
(ED, acute care, outpatient).

•  The percentage of patients  
who experienced treatment failure 
was slightly smaller in the group 
whose care was guided by PCT,  
but this difference was not 
statistically significant. 

•  On average, patients whose  
therapy was guided by PCT level 
used antibiotics for 2.4 fewer days  
than those whose care was based 
on standard practice.

•  Fewer patients whose care  
was guided by PCT experienced 
antibiotic-related side-effects than 
those who received standard care.

Authors’ conclusions
“Use of procalcitonin to guide 
antibiotic treatment in patients with 
acute respiratory infections reduces 
antibiotic exposure and side-effects 
and improves survival.”

Significance
•  Using PCT protocols to guide 

initiation, de-escalation, and 
discontinuation of antibiotic therapy 
in patients with ARI has the potential 
to improve antibiotic management.

•  Better antibiotic management can 
have positive effects on clinical 
outcomes by reducing the 
occurrence of adverse antibiotic  
side effects.

•  Better antibiotic management can 
reduce the threat of developing 
organisms resistant to multiple 
antibiotics, which are associated 
with increased morbidity, mortality, 
length of hospital stay, and health 
care costs.

Treatment guidance

Care type

30-day  
mortality

(%)

Treatment  
failure

(%)

Length  
of ICU stay  

(days)

Length  
of hospital 
stay (days)

Antibiotic  
side effects  

(%)

PCT guided 9% 23 13.7 13.4 16

Standard 10% 25 13.3 13.7 22
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Procalcitonin-guided therapy in intensive care unit patients with severe 
sepsis and septic shock—a systematic review and meta-analysis  
Prkno A, Wacker C, Brunkhorst FM, et al. Crit Care 2013;17:R291 (11 pages) 
DOI: 10.1186/cc13157,  http://ccforum.com/content/17/6/R291

Objective
Determine the efficacy and safety  
of PCT-guided antibiotic therapy  
in critically ill patients with severe 
sepsis or septic shock. 

Methods
•  Meta-analysis of 7 well-defined 

randomized controlled clinical trials 
or cohort studies which compared 
PCT-guided therapy with standard 
care in severe sepsis patients  
(n = 1,075) reporting at least one  
of the following outcomes: hospital 
mortality, 28-day mortality, duration 
of antimicrobial therapy, length  
of stay in the intensive care unit  
or length of hospital stay. 

•  Three studies focused on antibiotic 
de-escalation, two focused  
on de-escalation and escalation,  
and one focused on predominantly 
escalation of antibiotics based  
on PCT level.

Results
•  Hospital mortality was not affected 

by PCT  guidance: relative risk  
(RR) = 0.91 (95% CI = 0.61, 1.36), 
nor was 28-day mortality: RR =1.02 
(95% CI = 0.85, 1.23).

•  Three of five studies reported 
reduced duration of antibiotic 
therapy. Overall, duration  
of antimicrobial therapy was 
significantly reduced in favor  
of procalcitonin-guided therapy: 
hazard ratio (HR) = 1.27  
(95% CI = 1.01, 1.53). Median 
length of antibiotic therapy was  
6 days in those receiving PCT-guided 

care vs. 8 days for those receiving 
standard care (median reduction  
of 2 days).

•  Combined estimates of the length  
of stay in the ICU and in hospital  
did not differ between groups.

Authors’ conclusions
“PCT-guidance is helpful for 
determining adjustments to antibiotic 
therapy and use of surgical 
intervention in ICU patients with 
severe sepsis. While PCT guidance 
does not have a beneficial effect  
on mortality, it also does not increase 
either in-hospital or 28-day mortality 
and may be used safely.”
“The major benefit of PCT-guided 
therapy consists of a shorter duration 
of antibiotic treatment compared  
to standard care.”

Significance
•  Using PCT protocols to guide 

antibiotic discontinuation in patients 
with severe sepsis and septic shock 
has the potential to improve 
antibiotic management by reducing 
the duration of therapy.

•  Better antibiotic management  
can have positive effects on clinical 
outcomes by reducing the 
occurrence of negative side effects 
of antibiotics.

•  Better antibiotic management  
can reduce the threat of developing 
organisms resistant to multiple 
antibiotics, which are associated 
with increased morbidity, mortality, 
length of hospital stay, and health 
care costs.

Forest plot—duration of antimicrobial therapy. The forest plot represents the hazard  
ratios (HRs) together with the 95% CIs comparing patients treated in the procalcitonin 
(PCT) and the control groups. SE, standard error; W, weight of individual studies  
(in fixed- and random-effects model).

Study HR SE HR 95%-CI
W  

(fixed)
W  

(random)

Annane 1.00 0.2628 1.00 [0.48; 1.52] 25.1% 25.1%
Bouadma 1.31 0.2514 1.31 [0.81; 1.80] 27.4% 27.4%
Hochreiter 1.34 0.2555 1.34 [0.84; 1.84] 26.5% 26.5%
Jensen 0.0% 0.0%
Nobre 1.58 0.3563 1.58 [0.88; 2.28] 13.6% 13.6%
Schroeder 1.26 0.4844 1.26 [0.31; 2.21] 7.4% 7.4%
Svoboda 0.0% 0.0%

Fixed effect model 1.27 [1.01; 1.53] 100% —
Random effects model 1.27  [1.01; 1.53] — 100%
Heterogeneity: I-squared = 0%,  
tau-squared = 0, p = 0.7499

0.5          1          1.5         2
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Impact of procalcitonin-guided antibiotic management on antibiotic 
exposure and outcomes: Real-world evidence
Broyles MR. Open Forum Infect Dis 2017;4:10.1093/ofid/ofx213. DOI: 10.1093/ofid/ofx213

Objective
Evaluate the impact of adding  
a PCT-guidance algorithm (PCT-A)  
to established antimicrobial 
stewardship practice. 

Methods
•  A single-center, retrospective cohort 

study comparing data collected  
4 years before (n = 985) and after  
(n = 1167) PCT-A implementation  
in critical and acute care patients  
of all ages receiving parenteral 
antibiotics for a diagnosed infection. 

•  Baseline PCT was obtained on 
admission in patients with suspected 
bacterial infection. Serial PCT 
measurements were repeated daily 
to evaluate effectiveness of therapy. 

•  Outcomes of interest were antibiotic 
exposure, hospital mortality, 30-day 
readmission, development of 
hospital-acquired Clostridium 
difficile infection (CDI), and adverse 
drug events during hospitalization.

•  Hospital pharmacists were 
responsible for oversight and 
clinician education.

•  Algorithms used for initiation  
and discontinuation are the same as 
outlined in the Siemens Healthineers 
Atellica® IM B.R.A.H.M.S PCT  
Assay IFU.

Results
•  Adherence to PCT guidance  

was 92% over a two year period.
•  Antimicrobial stewardship alone 

(pre-PCT-A) resulted in a median  
of 17 days of therapy (DOT), 
interquartile range (IQR) = 8.5–22.5; 
vs. 9.0 days (IQR = 6.5–12) when 
PCT guidance was added to care  
(P <.0001). 

•  Secondary outcomes were also 
significantly reduced in the post-
PCT-A group.

Authors’ conclusions
“The addition of PCT in a facility  
with an established stewardship 
program resulted in a significant 
reduction in antibiotic exposure  
and adverse outcomes. 
“PCT may improve antibiotic 
management when diagnostic  
clarity and resolution of infection  
are lacking.”

Significance
•  Using PCT protocols to guide 

antibiotic therapy in patients  
with infection resulted in additional 
improvements in DOT over antibiotic 
stewardship alone.

•  Better antibiotic management 
significantly reduced the 
readmission rate, adverse antibiotic 
events, mortality, and the 
development of hospital-acquired  
C. difficile infection.

•  Program success relied on oversite 
by a single department and 
education of the clinical staff.

Antibiotic stewardship

0 5 10 15 20 25
Patients (%)

Hospital-acquired
C. difficile infection

Infection-caused
hospital mortality

All-cause
hospital mortality

Adverse 
antibiotic event 

30-day
readmission
for infection

30-day
readmission

Stewardship + PCT
Stewardship only

50% reduction

49% reduction

50% reduction

62% reduction

59% reduction

64% reduction

Antibiotic
stewardship only

Antibiotic
stewardship + PCT

guidance algorithm
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(47% reduction)
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Effect of procalcitonin testing on health-care utilization and costs  
in critically ill patients in the United States
Balk RA, Kadri SS, Cao Z, Robinson SB, Lipkin C, Bozzette SA. Chest 2017;151:23-33. DOI: 10.1016/j.chest.2016.06.046

Objective
Determine how using single or serial 
PCT measurement on the day of ICU 
admission affects hospital length  
of stay, amount of antibiotics used, 
and cost of care.

Methods
•  Retrospective analysis of data 

obtained from 570 hospitals included 
in the Premier Healthcare Database. 

•  Only data from adults admitted  
to the ICU with suspected  
or documented sepsis, septicemia, 
SIRS, or septic shock were included.

•  Data from patients whose PCT level 
was determined once or twice  
on day 1 of ICU admission were 
compared to patients who did not 
have PCT testing.

•  Antibiotic usage was calculated 
using the total amount of prescribed 
antibiotics for the total number  
of days used. For example, a patient 
prescribed three different antibiotics 
administer for 7 days each received 
21 days of exposure.

Results
•  On average, patients who received 

PCT testing had shorter ICU stays 
(~4.8 fewer hours) and shorter 
overall hospital stays (~1.1 fewer 
days) and patients were more likely 
to be discharged to home care vs. 
non-home care.

•  When PCT was used to guide care, 
total antibiotic use was reduced  
by an average of 17 hours.

•  Using PCT guidance did not affect 
overall patient mortality.

•  Reduced length of stay and antibiotic 
exposure resulted in reduced 
per-patient costs despite slightly 
higher laboratory costs.

•  Using PCT guidance resulted  
in average overall cost savings  
of ~$2,800, which substantially 
compensated for higher  
laboratory costs.

Authors’ conclusion
“Use of PCT testing on the first day  
of ICU admission was associated with 
significantly lower hospital and ICU 
lengths of stay, as well as decreased 
total, ICU, and pharmacy cost of care. 
Further elucidation of clinical 
outcomes requires additional data.”

Significance
•  Using PCT testing on the first day  

of admission to the ICU can help  
to control costs without affecting 
patient safety and well-being.

•  Reduced length of stay is beneficial 
for the hospital because it frees  
up beds and is associated with  
lower costs.

•  PCT use is beneficial for the patient 
as it contributes to reduced costs, 
faster hospital discharge, and 
reduced antibiotic exposure that  
can potentially health-impacting 
side effects.

Cost effectiveness

Variable
PCT mean  

adjusted value
No PCT mean  

adjusted value
Difference

(PCT – no PCT)ª 95% CI for difference p value

ICU cost $20,155 $21,465 -$1,310  -$1,702,  -$847 <0.001
Pharmacy cost $4,238 $4,568 -$331    -$488, -$99 0.002
Antibiotic cost $882 $952 -$70  -$105,    -$4 0.074b

Laboratory cost $1,807 $726 $81     $51,   $114 0.002
Total costc $30,454 $33,213 -$2,759  -$3,321,  -$2,156 <0.001

a. Negative value indicates cost reduction.
b. Not statistically significant.
c. Includes all additional costs not itemized.
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