
Personalized approach of nosocomial infection management: 
4-dimensional matrix



Personalized approach of nosocomial infection ?

Q1. How do we manage nosocomial infection?
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Q2. Why empirical therapy in nosocomial infection is important?
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Mortality increases 5-10% every hour until effective antibiotic is initiated



Evolution of ß-lactamases
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Mortality increases 5-10% every hour until effective antibiotic is initiated

With increase resistance pattern, there is a real challenge to 

select the effective empiric antibiotic early before C&S 





Guideline for VAP management

Two antipseudomonal from two separate classesMRSA coverage

High risk for MDR



Guideline recommendation may be very aggressive for empiric 

antibiotic of nosocomial infection management 

guidelines



WHO developed a framework based on three different 

categories – Access, Watch and Reserve





Antimicrobial stewardship perspective

Access
• First or second choice

• Minimal potential of 

resistance 

Watch
• Critically important

• High potential of 

resistance 

Reserve
• Last resort

• Reserved for MDR 

infection

Ampicillin 

Amikacin 

Cefazolin 

Vancomycine 

Meropenem 

Quinolones 

Colistin 

Tigecycline

Ceftazidime-avibactam



Stewardship Guideline

Conservative use of 

antibiotic
Choice of effective therapy

Antimicrobial therapy should be a trade off between conservative use 

of antibiotics and choice of effective therapy



Personalized approach of nosocomial infection ?

Q1. How do we manage nosocomial infection?

Q2. Why empirical therapy in nosocomial infection is important?

Q3. What is the concept of 4-Dimensional matrix?



Personalized approach for nosocomial infection 
management: 4-D matrix
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Personalized approach of nosocomial infection ?

Q1. How do we manage nosocomial infection?

Q2. Why empirical therapy in nosocomial infection is important?

Q3. What is the concept of 4-Dimensional matrix?

Q4. How do we apply the personalized approach in clinical 

practice?



Personalized approach for nosocomial infection 
management

VAP/HAP 



How the guideline assess the risk of MDR in 

VAP/HAP?



Patient risk: risk of MDR

Risk of MRSA Risk of MDR:GNB

• 10-20% of staph isolates 
are MRSA

• Unknown prevalence of 
MRSA

Any of the following
• 20-25% of gram –ve 

isolates are MDR
• Septic shock at time of VAP
• ARDS preceding VAP
• RRT preceding VAP
• ≥ 5 days of hospitalization 

prior to VAP

• Previous use of IV antibiotic in last 90 days



Patient risk: risk of MDR

Risk of MRSA Risk of MDR:GNB

• 10-20% of staph isolates 
are MRSA

• Unknown prevalence of 
MRSA

Any of the following
• 20-25% of gram –ve 

isolates are MDR
• Septic shock at time of VAP
• ARDS preceding VAP
• RRT preceding VAP
• ≥ 5 days of hospitalization 

prior to VAP

• Previous use of IV antibiotic in last 90 days
According to guideline, almost all patients acquired infection 

in the hospital will be at risk of MRSA and MDR-GNB



Guideline for VAP management

Two antipseudomonal from two separate classesMRSA coverage

Vancomycin 

Linezolid 

OR

Piperacillin/taz 

Cephalosporin 

OR

Carbapenem 

OR

Quinolones

Aminoglycoside 

OR

Colistin 

OR



Guideline for VAP management
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AKI No AKI No AKI No AKI

Personalized approach for VAP/HAP management 

using risk assessment of MDR by guideline

Linezolid 

Cephalosporin 

Quinolones

Vancomycin 

Cephalosporin 

Amikacin



Can we improve recognition of MDR burden 

during empiric therapy?
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Adjustment of empirical therapy
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Molecular 
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Colonization status
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Adjustment of empirical therapy

Gram stain
Molecular 

diagnostics
Colonization status



Multicenter randomized 

controlled study



Multicenter randomized 

controlled study
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based guided

71%

P<0.001
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Multicenter randomized 

controlled study

61%

Gram stain-

guided

Use of anti-MRSA

Guideline-

based guided

100%

P<0.001



AKI No AKI No AKI No AKI

Personalized approach for VAP/HAP management 

using risk assessment of MDR by guideline

Linezolid 

Cephalosporin 

Quinolones

Vancomycin 

Cephalosporin 

Amikacin

Gram stain is negative for gram +ve



AKI No AKI No AKI No AKI

Personalized approach for VAP/HAP management using 

risk assessment of MDR by gram stain

Cephalosporin 

Quinolones

Cephalosporin 

Amikacin

Gram stain is negative for gram +ve

How can we improve the 

combination coverage for gram –ve?



Combined antibiogram: New concept

Combination antibiogram determine likelihood that gram –ve will test 

susceptible to ≥1 agent

Traditional antibiogram reporting is the percent of pathogen that is 

susceptible to single drugs



Combined antibiogram: New concept

Combination antibiogram  are useful in determining combined empiric 

antibacterial regimens for multidrug-resistant pathogens
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Adjustment of empirical therapy

Gram stain
Molecular 

diagnostics
Colonization status



Molecular diagnostics



ß-lactamases classifications





PCR-based

Klebsiella CTX-M

Type of 

pathogen
Resistant gene

Detected

KPC

OXA-48

NDM

VIM

IMP

Not-detected

Not-detected

Not-detected

Not-detected

Not-detected

Interpretation of PCR

Antibiotic Status 

Amox-clav R

Ceftriaxone R

Cefepime ?

Piperaz/taz ?

Cipro ?

Ertapenem S

Meropenem S

Colistin S

tigecycline S

Aminoglycosides S

Empiric therapy based on molecular test



AKI No AKI

No AKI No AKI

Personalized approach for VAP/HAP management using 

risk assessment of MDR by molecular diagnostics

Carbapenem 

CTX-M CTX-M

Carbapenem 

PCR-based
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Type of 

pathogen
Resistant gene

Detected

KPC

OXA-48

NDM

VIM

IMP

Not-detected

Not-detected

Not-detected

Not-detected

Not-detected



Empiric therapy based on molecular test

PCR-based

Klebsiella CTX-M

Type of 

pathogen
Resistant gene

Not-detected

KPC

OXA-48

NDM

VIM

IMP

Not-detected

Detected

Not-detected

Not-detected

Not-detected

Interpretation of PCR

Antibiotic Status 

Ceftriaxone R

Cefepime R

Piperaz/taz R

Cipro ?

Ertapenem R

Meropenem R

Colistin ?

tigecycline S

Aminoglycosides ?

Ceft/avi S



AKI No AKI

Personalized approach for VAP/HAP management using 

risk assessment of MDR by molecular diagnostics

Ceft/avibactam 

OXA-48 OXA-48

Ceft/avibactam 

PCR-based

Klebsiella CTX-M

Type of 

pathogen
Resistant gene

Not-detected

KPC

OXA-48

NDM

VIM

IMP

Not-detected

Detected

Not-detected

Not-detected

Not-detected

Tigecycline Tigecycline



Adjustment of empirical therapy

Gram stain
Molecular 

diagnostics
Colonization status



Colonization status: Swab

Nasal swab

 (MRSA PCR)

Objective MRSA detection 

If -ve
Discontinue anti-

MRSA

Negative 

predictive value 95%



Retrospective study

2.5 days

Pre-protocol 

group

Vancomycin duration

Post-protocol 

group

1.4 days

P<0.01



Abx 
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Nosocomial infection management
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Summary

Extremely drug-resistant infections have become a fact of life in 

global clinical practice.

Early effective antibiotic therapy is the most important factor to 

improve survival in nosocomial infection 

The current guidelines propose aggressive management for 

empiric antimicrobial therapy 

On the other hand, most of AMS intervention is based on 

restrictive interventions

Personalized approach of nosocomial infection is based on the 

considering multi-dimensional factors to tailor management



Summary

Site of infection, co-morbidities, burden of MDR, and AMS 

should be considered during antimicrobial prescription .

Early identification of MDR burden can be improved using gram 

stain, colonization status, and molecular diagnostics 



Thank You
Ahmed.Mukhtar@kasralainy.edu.eg

mailto:Ahmed.Mukhtar@kasralainy.edu.eg
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