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The problem : When to start / When to stop

Diagnosis are di�cult & Mistakes are costly !

Bacterial vs. viral ; Cancer ; Embolism . . .

Cure is very di�cult to assess :

A patient may be cure if no relapse occurs in absence of
antibiotics after a certain duration (may be years for bone
infections !)

In other words, we don't know much . . .

⇒ Need of surrogates for diagnosis of infection and cure :

Computer surrogates↔ Computerized decision support system
Biological surrogates↔ Biomarkers
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What is it

A program that generates diagnostic and therapeutic
recommendations from patient speci�c information that was
input about the suspected diagnosis, such as the presence or
absence of speci�c signs and symptoms

�Medical arti�cial intelligence�

A system that links all the information available in various
databases (clinical �les, laboratory results, pharmacist. . . )
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Problem

Many di�erent systems operating in parallel in hospital

Not standardized

Not communicating
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Toward a common language for interoperability : HL7
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Not that recent

Electronically identi�ed interventions 1

LDS Hospital in Salt Lake City, Utah

545 patients in a 12-beds ICU over 1 year

Outcomes compared to 2 previous years

↘ in inappropriate ATB doses, ATB related drug events and
total cost of care . . .

1. Evans RS. NEJM 1998
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E�ective even if basic
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14 minutes vs. 3.5 seconds 2

Decreased cost 3

Appropriate antibiotic choice 4

Fewer antibiotic doses 5

Shorter LOS 6

Decreased adverse events 7

Decreased mortality 8

2. Evans RS. NEJM 1998

3. Evans RS. NEJM 1998, Barenfanger J J Clin Microbiol 2001, Joze�ak ET

Am J Health Syst Pharm 1995, McGregor JC J Am Med Inform Assoc 2006, Paul

M JAC 2006, Pestotnik SL Ann Intern Med 1996, Schentag JJ Diagn Microbiol

Infec Dis 1993

4. Paul M JAC 2006, Samore MH JAMA 2005, Thursky KA Int J Qual Health

care 2006

5. Evans RS. NEJM 1998, Pestotnik SL Ann Intern Med 1996

6. Evans RS. NEJM 1998, Paul M JAC 2006

7. Evans RS. NEJM 1998, Pestotnik SL Ann Intern Med 1996

8. Pestotnik SL Ann Intern Med 1996
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Commercial systems with antimicrobial stewardship options
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Common alerts for infectious diseases

Bug-Drug mismatch

Positive culture but no antibiotic

Antibiotic but no positive culture

IV to PO

Duration of therapy alerts

Duplicate antibiotic therapy

Dose adjustments to renal/liver function

Target speci�c antibiotics (carbapenem, costly ATB . . . )

Target organism (MDRO)
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Practical examples

Patients under Vancomycin >72h without positive culture

Patients receiving Piperacillin/Tazobactam and Metronidazole

Patients eligible for conversion from IV to PO linezolid

Levo�oxacin at full dose with renal insu�ciency

Positive blood culture for C. albicans and no antifungal
treatment

But it is also bene�cial for non ID-related problems
(anticoagulation. . .)

Guillaume Béraud AS Tools



Computerized decision support system
Biomarkers

What
How
Why

Outpatient example

Three arm cluster randomized trial 9

33 primary care practices in Pennsylvania, USA

Acute uncomplicated bronchitis

Control vs. Print Based vs. Decision support

9. Gonzales R JAMA Int Med 2013
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Results on antibiotic prescribing

Control arm : ↗ (72.5%→74.3%)

Print-based arm : ↘ (80%→68.3%)

Computerized decision support arm : ↘↘ (74.0%→60.7%)
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Additional bene�ts with CDSS

CDSS similarly e�cient to printed-based support, but

Reports can be edited easily

A general tool that can be easily adapted for many situation,
according to new guidelines, new intervention . . .

Adherence can be measured (useful to justify your AMS Team)
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Biomarkers

Many potential biomarkers

White blood cells
Eosinophils
Fibrinogen
ESR
CRP
Procalcitonin

IL-6
S-TREM-1
Endothelial biomarkers
. . .

But Procalcitonin-guided strategies have been proven
successful in clinical trials
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Procalcitonin kinetic

Peak at 6-12h (Half-life≈24h) 10

10. Meisner, J.Lab. Med., 1999
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Procalcitonin can be produced anywhere

Low level when infection is localized, high level when infection
extends 11

Figure: PCT in healthy subjects vs. bacterial infection

11. Müller JCEM 2001
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What for ?

Reduction of unnecessary antibiotic

Primary or secondarily through reduction of treatment duration

Five validated situations 12 :

Acute pancreatitis
Lower respiratory tract infection (LRTI)
Meningitis
Sepsis in the ICU
Sepsis in neonates (materno-foetal infection)

12. Quenot et al. Annals of Intensive Care 2013
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ICU algorithm

13

13. Schuetz, Curr Opin Crit Care 2012
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PROHOSP (When to start)

E�ect of procalcitonin-based guidelines vs standard guidelines on
antibiotic use in lower respiratory tract infections : the ProHOSP
randomized controlled trial 14

14. P. Schuetz JAMA 2009
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Meta-analysis (When to stop)

PCT-based intervention in ICU : No risk and e�cient to limit ATB
duration in ICU 15

15. Matthaiou, Intens. Care Med. 2012
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5 indications but which patients ?

Procalcitonin to Guide Initiation and Duration of Antibiotic
Treatment in Acute Respiratory Infections : An Individual
Patient Data Meta-Analysis (4221 patients, 14 trials) 16

Antibiotic use in all patients (n = 4221 ; A)
Primary-care patients (n = 1008 ; B)
Emergency-department patients (n = 2605 ; C)
Intensive-care patients (n = 598 ; D)
Patients with upper acute respiratory tract infections (n =
549 ; E )
Patients with community-acquired pneumonia (n = 2027 ; F )
Patients with ventilator-associated pneumonia (n = 242 ; G )
Patients with bronchitis (n = 531 ; H )
Patients with chronic obstructive pulmonary disease
exacerbation (n = 584 ; I )

16. Schuetz P CID 2012
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Less antibiotics with PCT, in every situation
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And in real life ?

E�ectiveness and safety of procalcitonin-guided antibiotic therapy
in lower respiratory tract infections in "real life" : an international,
multicenter poststudy survey (ProREAL) 17

17. Albrich W. Arch Intern Med. 2012
Guillaume Béraud AS Tools



Computerized decision support system
Biomarkers

Procalcitonin
What for ?
Limitations

But how much ?

Medico-economic simulation of PCT impact : Less ATB & and not
more expensive 18

18. Kip, J of Med Eco 2015
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Neonatal sepsis

Rare but severe

Proven infection : 1-4/1000 birth
Probable infection : 3-4/1000 birth

Mortality 2-10%, but 10-30% for premature neonates

Clinical criteria : 80% of suspicion. . .

Classical criteria : CRP & gastric liquid microbiological
sample : Costly, invasive& and not perfect
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Umbilical cord blood Procalcitonin

19

19. Joram N EJCMID
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Just a tool. . .

Use of procalcitonin to reduce patients' exposure to antibiotics
in intensive care units (PRORATA trial) : a multicentre
randomised controlled trial 20

RCT in ICU with infected patients (suspicion)

Intervention : availability of serial procalcitonin
levels/algorithm

Antimicrobial decisions (agent, dose & duration) made by
clinician

Outcome : Antimicrobial use (superiority) & mortality
(non-inferiority ; δ 10%)

20. Bouadma L JAMA 2010
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PCT acted as a guide not as a rule

PCT guidelines were not followed in 219 episodes (53%)

65 patients did receive ATB despite PCT<0.5

4 patients did not received despite PCT>0.5

In 39 patients, ATB were discontinued despite PCT>0.5

In 79 patients, ATB were continued despite PCT<0.5

Guillaume Béraud AS Tools



Computerized decision support system
Biomarkers

Procalcitonin
What for ?
Limitations

Conclusion : Why PCT?

If diagnosis uncertainty

Early biomarker for non-viral infection

Better than clinical examination alone

Better than CRP

Better use of ATB

Individualized treatment
Decrease ATB duration

Only biomarker with 15 intervention studies, with positive
results

>3000 publications. . . Even in Nature : �Devices that quickly
identify bacterial infections would bene�t health and slow the
spread of resistance�. Nature 2014

Now Point-of-care PCT : 20 min
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Remember

Useful situations :

Acute pancreatitis

Lower respiratory tract infection (LRTI)

Meningitis

Sepsis in the ICU

Sepsis for the neonates
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And now Point of Care PCT ! !

Portable (2.4kg)

Easy to use and fast (20 min)

Total blood

Very precise (CV<15%)
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Thank you for your attention
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Figure: Questions ? Co�ee ? Ice-cream ?
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