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Three examples (1)

• A 56-years old woman admitted to an internal medicine department 
in Beilinson hospital because of high fever, flank pain, low systolic 
blood pressure, and leucocyturia. She is treated according to the 
hospital guidelines with amikacin.

• A 59-years old woman hospitalized in a different hospital with the 
same complaints and is treated with ceftriaxone according to local 
guidelines.

• A 60-years old man hospitalized with severe pneumonia in a different 
hospital  is treated with ampicillin and azithromycin alone according 
to local guidelines.



Three examples (2)

• In all 3 examples the coverage achieved by the guidelines treatment is 
75%-90%.

• Treatment with meropenem would have achieved a coverage rate of 
about 95% in all 3 patients.

• Covering empirical antibiotic treatment in severe infections translates 
into a benefit in survival. 



Association of appropriate 
empirical antibiotic treatment 
and all-cause mortality

OR of inappropriate empirical 
treatment for mortality 2.05 
(95% CI 1.69-2.49)

Paul et al. Antimicrob Agents Chemother 2010



The ethical dilemmas

• Use of antibiotics induces resistance both in the patient and 
in others.

• The only valid reason to prescribe less than maximum 
treatment for infections is to preserve antibiotics for future 
patients.

• To a less extent – to preserve antibiotics for this patient’s 
future infection.



Superfluous and unnecessary antibiotic treatment

• About 50% of antibiotic courses are either unnecessary (no bacterial 
infection) or too broad spectrum.

• Antibiotic consumption drives resistance and harms future patients.

• Superfluous and unnecessary antibiotic treatment drives resistance with 
no gain.



היסטוריה-פרה–עמידות לאנטיביוטיקה 

חיידקים פתחו עמידות  
לאנטיביוטיקה הרבה לפני  

שאנחנו גילינו אותה



Penicillin



“the thoughtless person playing with 
penicillin is morally responsible for the 
death of the man who finally succumbs to 
infection with the penicillin-resistant 

"organism. I hope this evil can be averted

Sir Alexander Fleming, 1945



...ממשיכים לייצר עמידות



:OECDנתוני 

DDD/1000/ DAY

http://www.oecd.org/els/health-systems/antimicrobial-resistance.htm



The Post-Antibiotic Era



-במהלך השנים פותחו הרבה תרופות  אנטיביוטיות 
ולכולן נוצרה עמידות



,ירידה בפיתוח אנטיביוטיקה חדשה–מאידך 
(  התחמושת אוזלת)FDAפחות ופחות אישורי 



12 Steps to Prevent Antimicrobial Resistance: 
Hospitalized Adults

12 Break the chain
11  Isolate the pathogen

10   Stop treatment when cured
9 Know when to say “no” to vanco

8 Treat infection, not colonization
7  Treat infection, not contamination

6 Use local data
5 Practice antimicrobial control

4 Access the experts
3  Target the pathogen

2  Get the catheters out
1 Vaccinate

Prevent Transmission

Use Antimicrobials Wisely

Diagnose & Treat Effectively

Prevent Infections



Antibiotic Stewardship (IDSA definition)

• Coordinated interventions designed to improve and measure the 
appropriate use of antimicrobial agents by promoting the selection of 
the optimal antimicrobial drug regimen including dosing, duration of 
therapy and route of administration.

• Multiple RCT’s and recent MA (Cochrane 2017) show with high-
certainty of evidence that interventions are effective in increasing 
compliance with antibiotic policy and reducing duration of antibiotic 
treatment (decreased by 1.95 days, 95% CI 2.22 to 1.67; 14 RCTs; 3318 
participants; high-certainty evidence) and length of hospitalization, 
without increasing mortality (11% in both arms). 

Fishman N et al. Infect Control Hosp Epidemiol 2012;33:322e7.
Davey P et al. Cochrane Database Syst Rev. 2017 Feb 9.



Early empirical antibiotic treatment is often wrong and when 
wrong it harms patients

• 1988-1998: 3413 patients with bloodstream infections in 
Beilinson hospital.

• 1255 (37%) were given inappropriate empirical antibiotic 
treatment.

• Fatality rate: 
• Appropriate empirical antibiotics: 20%

• Inappropriate: 34%

• aOR: 1.6, 95% CI: 1.3-1.9

Leibovici L et al. J Intern Med 1998;244:379.



Early empirical antibiotic treatment is often wrong and when 
wrong it harms patients

• 2010-2011: 136 patients with bloodstream infections in Beilinson
hospital.

• 76 (55.9%) were given inappropriate empirical antibiotic 
treatment.

• Resistance to antibiotics increased significantly during the 
study period (comparing to 1988-1998).

Daitch V et al. Eur J Clin Microbiol Infect Dis. 2018 Jan 20.



Why do we fail in 30-50% of patients with bacterial 
infections?

• Data on the probability of infection, distribution of pathogens and 
susceptibilities exists at the time of the decision:

• Place of acquisition.

• Risk factors for specific pathogens.

• Antibiotics recently received by the patient.

• Many other pieces of information.

• But the data are probabilistic and difficult to integrate using heuristics.  

• At the level of the individual encounter- facing a patient- it is difficult to 
take resistance or future patients into account.



prediction model

• A practical prediction model has to be flexible and capable of 
incorporating the characteristics of each local population. 

• A computerized decision support system, based on accumulated data 
and updating seems the only appropriate way to try and predict 
bacteremia. 

• The problem : requires a continuous and appropriate accumulation of 
data to work properly. Gathering large volumes of clinical data can be 
a major obstacle, but since the introduction of electronic medical 
records in recent years, it is now facilitated.



Decision support system

• Can intervene in the myriads of interactions of prescribing 
antibiotics. 

• Can use probabilistic data in a correct way.

• Decisions on the collective: weighs in the same model the 
benefit to the present patient vs harm to future patients.

• Uniform, equalitarian considerations.



TREAT was built to:

• Take available data into account and predict:
• Probability of bacterial infection.

• Severity of infection.

• Distribution of pathogens.

• Probability of susceptibility to antibiotics.

• Uses a cost benefit model to rank antibiotics, including no treatment. The 
main drives of this system are:

• Gain in survival for the present patient.

• Cost of future resistance: impact on survival of future patients.

Paul M et al. Clin Infect Dis 2006 ; 42 : 1274 – 82 



TREAT in Belinson, activated in the 282 
medicine beds on 1.1.2015

• A central committee on antibiotic stewardship is activated.

• Partners: Infectious Diseases Unit; Pharmacy; clinical units; hospital 
administration.

• The system is connected to the hospital databases and triggered from the 
electronic patient file.

• It is calibrated to the hospital:
• Local distribution of pathogens and their susceptibility.

• Local formulary.

• Local preferences.



Works in the departments of medicine since 
1.1.2015:

• Is activated from a link in the patient electronic file which 
opens the patient’s data in the TREAT interface

• The physician has to fill in some details on medical history, 
signs and symptoms (mean interaction <4 min). 

• An advice is generated but no direct link to the prescription 
module.



Patients’ outcomes
20162015Before TREAT

192420201342Septic patients

27%29%18%Microbiologically

documented (MDI)

66%58%48%Appropriate empirical

(out of MDI)

16%15%18%30 day mortality (out of

all patients)



Item 2014 2015 2016

All antibiotics 1,001,709.51 986,096.07 772,737.67

Antibiotics of special interest:

Chloramphenicol* 13,782.31 29,839.47 36,141.73

Ampicillin* 10,622.51 21,730.61 40,606.81 

Penicillin* 444.57 2,352.91 3,257.65

Cloxacillin* 8,993.04 7,017.01 9,779.16 

Aminoglycosides* 16,694.81 26,256.80 23,006.77 

Piperacillin/tazobactam# 211,610.00 161,737.31 158,403.20

3d generation cephalosporins# 66,387.20 65,290.39 59,527.35 

Carbapenems# 370,627.76 371,090.78 251,166.68 

Quinolones# 28,401.25 27,129.56 19,207.47

Vancomycin# 100,791.67 109,576.43 71,167.58 

2016במחירי , מחלקות פנימיות וגריאטריה, הוצאות בשקלים

*Ecologically fine #Ecologically bad 



Results

• For the first time since 1990 a reduction in antibiotic consumption 
hospital wide; in the lines expected from the TREAT influence (less broad 
spectrum antibiotics, more aminoglycosides and penicillins).

• More appropriate treatments.

• Total costs reduced

• TREAT stewardship interface serves for audits in the surgical 
departments.



Problems

• Needs continuous reminders, which demands a dedicated person. A 
certain method for reminder works for a limited time.

• Needs continuous updating of the content.

• Why did you not use it for this patient?
• Did not have the time

• The patient is too complicated

• The senior physician/I don’t believe in computerized decision support.

• Not according to departmental practice.

• Incorrect diagnosis or advice 
• Usually because of a wrong input



Do cDSSs work?

• Overall TREAT performance, both in RCT and in real life, was impressive:
• Higher percentage of appropriate empirical antibiotic treatment.

• Less use of ‘bad’ broad spectrum antibiotics

• Better survival

• Reduced hospital stay

• Very difficult to maintain it in its present form.

• Solution: complete integration into the patient electronic file: no DSS 
interface. 



To sum up

• The major decision in antibiotic treatment and antibiotic policy is the balance 
between the present patient and future ones: this is an ethical dilemma.

• Decisions on the collective are easier.

• Decision support systems are part of the solution –

• The only solution that intervenes in the myriad physician-patient interactions 
on antibiotic therapy.

• The only fair, ethical solution to the balance between the present patient and 
future patients.

• This is together with infection control.
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