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What to expect from a biomarker?  

It has been suggested that biomarkers should be 
sensitive and specific, measurable with good 
precision and reproducibility, readily available, 
affordable, responsive to minor changes, and 
provide timely results 

Albrich WC et al Intensive Care  Med 2015
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Albrich WC et al Intensive Care  Med 2015

the real impact of a diagnostic test should be evaluated on the basis on how it will change the pretest probability and reclassify 
‘‘uncertain’’ situations using Bayes computations or if multiple tests are used multivariable logistic regression analysis 

Handling uncertainty in 
clinical decision-making 
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      Clin Infect Dis 2004;39:206-217
as marker of bacterial  

infection
Simon Liliana

JAMA 2009;302(10):1059-1066

ProHOSP study

              Lancet 2010;375:463-74

PRORATA trial

Christ-Crain  M

ProCAP study

Am J Respir Crit Care Med 2006;174:84-93
Reduction of antibiotic treatment  

duration from 12 to 5 days
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The Cochrane Library 2012;Issue 9

14 RCTs of adult (4221) with ARIs who 
received an antibiotic treatment either based on a 
procalcitonin algorithm or usual care/guidelines.

ICU

Primary endpoint 
mortality at days 30 
treatment failure at 30 days

secondary endpoint 
antibiotic use 
length of hospital stay 
length of ICU stay
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Conclusions 

Use of procalcitonin to 
g u i d e i n i t i a t i o n a n d 
duration of antibiotic 
treatment in patients 
w i t h A R I w a s n o t 
associated with higher 
m o r t a l i t y r a t e s o r 
treatment failure. 

Antibiotic consumption 
w a s s i g n i f i c a n t l y 
reduced 

lower risk of side effects 
a n d r e d u c e d 
antimicrobial resistance 
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..PCT appears not to be influenced by systemic corticosteroid treatments.. 
..No other biomarker has been evaluated within such rigorous trial 

designs.. CID 2013;56(1):996-1002

…Systematic reduction of the duration of 
antimicrobial treatment according to the 

clinical evolution and the kinetics of 
biomarkers such as PCT of.....

Intensive Care Med 2015
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In this context, rapid identification of 
pathogens involved by new techniques such 
MALDI–TOF is an important prerequisite for 
optimizing 
antibiotic therapy

Targeting the duration of antibiotic therapy is 
another relevant component of ASPs and, 
although the optimal duration of antimicrobial 
therapy is unknown, current 
evidence supports shorter durations of therapy—8 
days or less for most infections

Also, prolonged use of antibiotics for a 
suspected but unconfirmed infection reflects a 
common problem in critically ill patients, and 
antibiotic use has no beneficial effect on 
outcomes. In this setting, procalcitonin can be 
used to guide decisions.

In conclusion, ASPs aimed at combatting 
antimicrobial resistance through improved (i.e. 
decreased) antibiotic use will play an increasingly 
important role in the ICU

De Waele et al Intensive Care Med 2015
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October 2017

From 32 eligible RCTs including 18 new trials for this 2017 
update, we obtained individual participant data from 26 
trials including 6708 participants, which we included in the 
main individual participant data meta-analysis. We did 
not obtain individual participant data for four trials, and 
two trials did not include people with confirmed ARIs. 
According to GRADE, the quality of the evidence was high 
for the outcomes mortality and antibiotic exposure, and 
quality was moderate for the outcomes treatment failure 
and antibiotic- related side effects. 
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Iankova I et al Crit Care Med 2018;46:691-698 

Efficacy and Safety PCT Guidance in ptz with suspected or confirmed Sepsis: 
A Systematic Review and Meta-Analysis
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Iankova I et al Crit Care Med 2018;46:691-698 

Efficacy and Safety PCT Guidance in ptz with suspected or confirmed Sepsis: 
A Systematic Review and Meta-Analysis

Conclusion: In light of the positive effect of PCT on reducing 
AB duration with no observed adverse impact on key safety outcomes, 
the use of PCT as a biomarker to guide AB treatment decision-making 

has the potential to improve the quality of care for adults with 
confirmed or suspected sepsis.  

Given the growing threat of antimicrobial resistance, the reduction 
in duration of AB treatments due to better-targeted treatment under 

PCT guidance could also have important societal implications.
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Lam SW et al Crit Care Med 2018;46:684-690 

Systematic Review and Meta-Analysis of PCT vs Usual Care for Antimicrobial 
Management in Critically Ill Ptz

Focus on Subgroups based on Antibiotic Initiation, Cessation, or Mixed Strategies

Conclusion: When evaluating all studies 
of procalcitonin-guided antibiotics management in 

critically ill patients, no difference in short-term 
mortality was observed. However, when only 

examining procalcitonin-guided cessation of 
antibiotics, lower mortality was detected.  

A Forest plot for antibiotic duration. Df = degrees of freedom, PCT = procalcitonin.  
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Knudsen JB et al Am J Med 2010;123:1121-1127

Haemophilus  
Aggregatibacter 
Cardiobacterium 
Eikenella 
Kingella
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PCT Kinetics

J Shock 2011;36(6):570-574

Research on PCT has shifted toward serial PCT 
measurements for the discontinuation of 
antimicrobial therapy. 

We believe an initial PCT measurement followed by 
daily measurements will allow earlier and safe 
discontinuation of antibiotics in septic ICU patients. 

Chest 2017
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AUC for PCT 0,990

AUC for CPR 0,603

AUC for WBC 0,539

PCT and CR-BSI
Theodorou V P et al BMC Infectious Dis 2012;12:247
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Shomali et al Diagn Microbiol Infect Dis 2013;76:158-161

On the basis of our results, we 
conclude that PCT (and to a lesser 
extent ProADM) may be useful in 
differentiating the pathogenic S. 
aureus from the skin commensals 
CoNS in clustered gram-positive 
bacteremia

Can PCT differentiate Staphylococcus aureus 
from CoNS in clustered Gram-positive BSI?
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PCT could be considered as a good 
discriminative biomarker in different 
bloodstream infections.

Could PCT differentiate Gram-negative sepsis 
from Gram-positive and fungal  sepsis?

Brodska et al Clin Exp Med 2013;13:165-170

Intensive Care Med 2009;35(12):2146-50

PCT and Fungal infections

36 ICU’s 

136 patients> 7 days 
no bacterial infection

Early antifungal therapy might be considered in patients with a CS >3 points combined with a PCT >0.3 ng/ml.
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Giacobbe DR et al Crit Care 2017;21:176

BDG 1 PCT BDG+PCT

Cut-offs for candidaemia used 
for the comparisons in the graph 
are ≥80 pg/ml for BDG and <2 
ng/ml for PCT.

Combined use of serum (1,3)-β-D-glucan and procalcitonin for the 
early differential diagnosis between candidaemia and bacteraemia 
in ICU 
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o Molecular biology from positive blood cultures 
for rapid ID of Candida spp. 

o Fungal biomarkers

o Molecular biology from blood specimens for 
rapid detection of Candida spp.

o Colonisation data (useful for some scores: CS, CI)

Diagnostic adds-on for candidemia, useful for antifungal stewardship
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Positive in:
Candida spp. invasive
Pneumocystis jirovecii pneumonia
Aspergillus spp. invasive
Fusariosis

Negative in:
Cryptococcosis
Zygomycoses 
(Mucor, Absidia, 
Rhyzopus)

McCarthy et al - Int J Mol Sci 2017

 Fungal biomarkers for IC: (1→3)-β-D-glucan in serum
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2012

sensitivity (95% CI): 96% (92-98)

specificity (95% CI): 84 %(83-86)

sensitivity (95% CI): 80% (77-82)

specificity (95% CI): 82% (81-83)
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2015

sensitivity (95% CI): 75% (63-84) specificity (95% CI): 87% (81-92)
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Septic patients with CS ≥3 tested for BDG

Unnecessary antifungal therapy avoided 
in ca. 70% of potentially treatable patients
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PCT impact of previous sepsis on the accuracy for diagnosis of BSI in critically ill patients

179 episodes of either primary (n = 117) or secondary (n = 62) sepsis were 
included

Serum procalcitonin (PCT) level 
at the onset of blood stream 

infection according to its primary 
(left boxes, n = 127) or secondary 

status (right boxes, n = 62) in 
critically ill patients with clinical 

sepsis

Charles PE et al BMC Infect Dis 2008

Meeting Antibiotic Stewardship GIVITI Ranica 30-31 maggio 2018



PCT impact of previous sepsis on the accuracy for diagnosis of BSI in critically ill patients

ROC curve of serum PCT for the diagnosis of 
BSI in critically ill patients with either primary 
or secondary sepsis. Plain circles indicate PCT 
values. Area under the ROC curve = 0.934, 

vs. 0.805 respectively; p < 0.050.

Charles PE et al BMC Infect Dis 2008
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PCT impact of previous sepsis on the accuracy for diagnosis of BSI in critically ill patients
Charles PE et al BMC Infect Dis 2008

S i n c e P C T e l e v a t i o n r e f l e c t s t h e 
inflammatory cytokine response to one 
bacterial insult, such a difference could be 
explained by the so-called immune 
paralysis paradigm

in the former group were more likely to have received 
s t e r o i d s a n d e f f e c t i v e 
antibiotic therapy prior to the BSI 
episode
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PCT impact of previous sepsis on the accuracy for diagnosis of BSI in critically ill patients
Charles PE et al BMC Infect Dis 2008

S i n c e P C T e l e v a t i o n r e f l e c t s t h e 
inflammatory cytokine response to one 
bacterial insult, such a difference could be 
explained by the so-called immune 
paralysis paradigm

in the former group were more likely to have received 
s t e r o i d s a n d e f f e c t i v e 
antibiotic therapy prior to the BSI 
episode

 it may be advisable to use lower cut-
off values in the setting of 

secondary sepsis
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Am J Respir Crit Care Med 2012;186(1):65-71

Conclusions: This prospective study, including inceptive and validation cohorts of 
unselected intensive care unit patients, demonstrates the high performance of a 
bioscore combining the PMNCD64 index together with PCT and sTREM-1 serum 
levels in diagnosing sepsis in the critically ill patient

Nature Medicine 2012;18(7):999
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Adrenotensin

Adrenomedullin

MR-proADM

PAMP

Production: 
Endothelial and  

smooth muscle cells

Function: 
Key mediator of 
vasodilatation

Action: 
It ensures the blood 

supply to organs

Mechanism of action: 
Cyclic AMP 
Nitric oxide

What is Adrenomedullin?
Presente

MR-proADM fornisce la	soluzione
in	quanto:

• è	una molecola stabile
• è	un surrogatodella	ADM	(1:1)
• misurazioni standardizzabili

Futuro

MR-proADM provides the solution  
as: 

it is a stable molecule 
it is a surrogate biomarker for the unstable  
ADM (1:1) 
standardized measurements

The measurement of ADM  
is challenging due to a number of issues such as: 

a short half life of 22 minutes 
rapid degradation by proteases 
binding to complement factor H

Carboxypeptidases
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We have investigated the degree of coagulopathy, sympatho-adrenal activation (plasma catecholamines) and endothelial injury 
(circulating biomarkers of endothelial cell (soluble thrombomodulin (sTM)) and glycocalyx (syndecan-1) damage) in three independent 

cohorts of severely injured patients  

3000 ptz

The catecholamine-induced damage to the endothelium is responsible for endothelial breakdown resulting in glycocalyx shedding, 
breakdown of tight junctions with capillary leakage and a pro- coagulant microvasculature that further reduces oxygen delivery due to 

increased tissue pressure and micro- vascular thrombosis creating a vicious circle that ultimately results in organ failure 
Meeting Antibiotic Stewardship GIVITI Ranica 30-31 maggio 2018



43.2% 
(14.4-60.5)

62.7% 
(46.17-82.3)

48 hours 5th day

p value 
0.005

Septic survivors

48 hours 5th day

22.8% 
(-1.3—59.72)

21.2% 
(-38.7—61.0)

p value 
0.7929

Septic non-survivors

Survivors(have(increased(Adrenomedullin(clearance

Valenzuela-Sanchez et al.  Diagnostic and prognostic usefulness of mid-regional pro-adrenomedullin levels with severe sepsis. in press

MR-proADM: increased clearance in survivors
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Septic
shock
(n=16)

Severe
sepsis
(n=15)

Sepsis
(n=53)

SIRS
(n=48)
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Christ-Crain et al. Crit Care 2005;9:R816-R824

Increasing MR-proADM 
levels correlate to disease  
severity

Non- infectious SIRS and sepsis  
are clearly distinguishable  

Shultz P et al. Endothelium 2007;14:345-351
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Marino R et al. Crit Care 2014;18:R34

Plasma adrenomedullin is  
associated vasopressor  
requirement in patients  
admitted with sepsis  

no#(n=83) yes#(n=18)

A
D
M
#[p
g/
m
L]

10

100

1000 p#<#0.0001

Plasma adrenomedullin is associated 
with short-mortality in patients  
admitted with sepsis  
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Activity Superior accuracy of MR-proADM  for mortality prediction in sepsis with 
varying levels of illness severity  

Andaluz-Ojeda D et al Ann Intensive Care 2017;7:15 Methods: a two-centre prospective 
observational cohort, enrolling severe 
sepsis or septic shock patients admitted 
to the ICU  

Plasma biomarkers were measured 
during the first 12 h of admission. The 
association between biomarkers and 28-
day mortality was assessed by Cox 
regression analysis and Kaplan–Meier 
curves

Results: A total of 326 patients with 
severe sepsis (21.7%) or septic shock 
(79.3%) were enrolled with a 28-day 
mortality rate of 31.0%
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Activity Superior accuracy of MR-proADM  for mortality prediction in sepsis with 
varying levels of illness severity  

An
da

lu
z-O

jed
a D

 et
 al

 A
nn

 In
ten

siv
e C

ar
e 2

01
7;7

:15

Conclusions:  The performance of prognostic biomarkers in sepsis is highly 
influenced by disease severity. MR-proADM accuracy to predict mortality is not 
affected by the degree of organ failure. Thus, it is a good candidate in the early 

identification of sepsis patients with moderate disease severity but at risk of mortality.

Meeting Antibiotic Stewardship GIVITI Ranica 30-31 maggio 2018



BIOSCORE

HIGH
RISK

MEDIUM
RISK

LOW
RISK

EMPIRICAL 
ANTIMICROBIAL
THERAPY

EMPIRICAL 
ANTIMICROBIAL
THERAPY

EMPIRICAL 
ANTIMICROBIAL
THERAPY

POSITIVE  BLOOD CULTURE 

(posBC) + Maldi ToF Identification

POSITIVE  BLOOD CULTURE 

(posBC) + Maldi ToF Identification

POSITIVE  BLOOD CULTURE 

(posBC) + Maldi ToF Identification

PERSONALIZED 
ANTIMICROB IAL 
THERAPY

24H

SINERGY TEST 
+ TDM
+ Precise
   MIC definition

SELECTED NEW ANTIBIOTICS

(Companion Diagnostics) CDX

ANTIMICROBIAL
STEWARDSHIP
PROGRAM

REDUCE
ANTIBIOTIC
DURATION

COMBATTING
MULTI DRUG
RESISTANCE
STATUS

REDUCE

• Hospital Lenght ofstay (LoS)

• Mortality

• Pharmacy cost

H

COMMUNICATE INFO 
AMONG CLINICIAN
LABO MICRO

TARGETED 
ANTIMICROBIAL  
THERAPY

TARGETED 
ANTIMICROBIAL  
THERAPY

Colonization

Local Epidemiology

MDR score

SOFA score

Pitt score

CPIS score

Severity of 
Sepsis syndrome

Dual Marker Approach

PCT           proADM

NPV &  PPV link to

SOFA

72/84 H

MICROBIOLOGICAL
CLASSIC METHOD

PATIENT

DIAGNOSTIC AND THERAPEUTIC APPROACH 
IN PATIENT WITH SUSPECTED INFECTION 
ACCORDING TO BIOSCORE STRATIFICATION

  RAPID DIAGNOSTIC TEST
Phenotypic & 
Molecular methods

2-6H

SEMI-TARGETED 
ANTIMICROBIAL  
THERAPY

INTERMEDIATE  
EVALUATION: 
PHENOTYPIC 
ANTIBIOGRAM

Bacterioscopic 
examination
Rapid 
Identification
by MALDI-ToF

DAILY MONITORING of DYNAMIC  change  of PCT

THERAPEUTIC UP-DOWN GRADING 
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