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TEN GOLDEN RULES FOR OPTIMAL ANTIBIOTIC USE IN HOSPITAL SETTINGS:
 THE WARNING CALL TO ACTION

Worldwide Antimicrobial Resistance National/International Network Group (WARNING) Collaborators
World J Emerg Surg 2023 Oct 16; 18(1):50. doi: 10.1186/s13017-023-00518-3

SELECTING THE MOST APPROPRIATE ANTIBIOTIC(S) FOR A SPECIFIC PATIENT





DOSING ADJUSTMENTS OF NOVEL BL AND/OR BL/BLIS IN RENAL PATIENTS RETRIEVED FROM SUMMARY OF PRODUCT CHARACTERISTICS AND PIVOTAL TRIALS

Gatti M and Pea F. Expert Rev Clin Pharmacol 2021 May;14(5):583-599



THE ANTIMICROBIAL THERAPY PUZZLE:
COULD PK/PD RELATIONSHIPS BE HELPFUL IN ADDRESSING THE ISSUE OF 

APPROPRIATE PNEUMONIA TREATMENT IN THE CRITICALLY ILL PATIENTS ?
Pea F and Viale P. Clin Infect Dis 2006; 42: 1764-1771

Overall, the lower ELF concentrations and ELF-

to-plasma ratios exhibited by the hydrophilic

antimicrobials seem to support the hypothesis

that dosages higher than needed for the

treatment of bacteriemia should be advisable

when treating pneumonia with these agents in

order to ensure optimal pharmacodynamic

exposure at the infection site.

HYDROPHILIC ANTIMICROBIALS

INFECTION SITE



Gatti M and Pea F. Clin Pharmacokinet 2021 Oct; 60(10): 1271-1289

‘PATIENT-CENTRED’ APPROACH FOR DOSING ADJUSTMENT OF NOVEL ANTIBIOTICS
IN CRITICALLY ILL PATIENTS DURING CONTINUOUS RENAL REPLACEMENT THERAPY



FRACTIONAL CHANGE IN SERUM CREATININE RELATIVE TO BASELINE 
THROUGH THE FIRST 4 DAYS OF ADMISSION (N = 18,650)

PATIENTS WITH AKI ON ADMISSION,ALL PATIENTS, 

PATIENTS WITH TRANSIENT AKI PATIENTS WITH PERSISTENT AKI 

RENAL DOSING OF ANTIBIOTICS: ARE WE JUMPING THE GUN?
Crass RL et al. Clin Infect Dis 2019 Apr; 68: 1596-1602

• Using a clinical database, we identify

AKI on admission in a substantial

proportion of patients with pneumonia

(27.1%), intra-abdominal (19.5%),

urinary tract (20.0%), or skin and skin

structure infections (9.7%) that

resolved by 48 hours in 57.2% of cases.



WEIGHING THE ODDS: NOVEL Β-LACTAM/Β-LACTAMASE INHIBITOR USE 
IN HOSPITAL-ACQUIRED AND VENTILATOR-ASSOCIATED P. aeruginosa PNEUMONIA 

FOR PATIENTS WHO ARE MORBIDLY OBESE 
Kunz Coyne AJ et al. Open Forum Infect Dis 2023 Aug 28; 10(9): ofad454

PATIENTS CHARACTERISTICS AND TREATMENT

• 285 patients with HABP (61.4%) and/or VABP (56.1%) were enrolled (morbidly obese, n = 95; non–

morbidly obese, n = 190)

• Ceftolozane/tazobactam 170 (59.6%), Ceftazidime/avibactam 73 (25.6%), Meropenem/vaborbactam 42 

(14.7%)

MULTIVARIABLE LOGISTIC REGRESSION MODEL OF PREDICTORS FOR PRESUMED TREATMENT FAILURE



PREVALENCE AND RISK FACTORS OF AUGMENTED RENAL CLEARANCE:
 A SYSTEMATIC REVIEW AND META-ANALYSIS

 Hefny F et al. Pharmaceutics 2022; 14: 445

FLOW CHART OF THE STUDY SEARCH AND SCREENING

SCr = 0.6-1.4mg/dL

CLCr > 130 mL/min



PREVALENCE AND RISK FACTORS OF AUGMENTED RENAL CLEARANCE:
 A SYSTEMATIC REVIEW AND META-ANALYSIS

 Hefny F et al. Pharmaceutics 2022; 14: 445

FOREST PLOT OF THE PREVALENCE OF ARC IN MIXED ICU POPULATION (N = 29)



PREVALENCE AND RISK FACTORS OF AUGMENTED RENAL CLEARANCE:
 A SYSTEMATIC REVIEW AND META-ANALYSIS

 Hefny F et al. Pharmaceutics 2022; 14: 445

FOREST PLOT OF THE PREVALENCE OF ARC IN NEURO ICU POPULATION (N = 9)

FOREST PLOT OF THE PREVALENCE OF ARC IN TRAUMA ICU POPULATION (N = 9)



PREVALENCE AND RISK FACTORS OF AUGMENTED RENAL CLEARANCE:
 A SYSTEMATIC REVIEW AND META-ANALYSIS

 Hefny F et al. Pharmaceutics 2022; 14: 445

FOREST PLOT OF THE PREVALENCE OF ARC IN SEPSIS ICU POPULATION (N = 14)

FOREST PLOT OF THE PREVALENCE OF ARC IN OTHER POPULATIONS (N = 15)



PREVALENCE AND RISK FACTORS OF AUGMENTED RENAL CLEARANCE:
 A SYSTEMATIC REVIEW AND META-ANALYSIS

 Hefny F et al. Pharmaceutics 2022; 14: 445

CONCLUSION

• ARC is a prevalent phenomenon in critically ill patients especially neurocritical care and 

trauma ICU population

• Young age, male sex, and trauma are risk factors for ARC in those with apparently normal 

renal function

• The estimation of CrCl using mathematical estimates of GFR grossly underestimates the 

prevalence of ARC in the critical care setting

• therefore measured CrCl through urine collections is prudent



‘PARADIGM SHIFT IN THE CONCEPT OF DESIRED PK/PD TARGET ATTAINMENT WITH BETA-LACTAMS

Gatti M and Pea F. Expert Rev Anti Infect Ther 2023 Jan 31: 1-18



‘PARADIGM SHIFT IN THE CONCEPT OF DESIRED PK/PD TARGET ATTAINMENT WITH BETA-LACTAMS

Gatti M and Pea F. Expert Rev Anti Infect Ther 2023 Jan 31: 1-18



RATIONALE FOR ADMINISTERING NOVEL BETA-LACTAMS BY PROLONGED INFUSION IN CHALLENGING CLINICAL SCENARIOS

Gatti M and Pea F. Curr Opin Infect Dis. 2021 Dec; 34(6): 737-747



DEMOGRAPHIC AND CLINICAL FEATURES OF CRITICALLY ILL PATIENTS AFFECTED BY XDR Acinetobacter baumannii INFECTIONS RECEIVING CEFIDEROCOL

A DESCRIPTIVE CASE SERIES OF PK/PD TARGET ATTAINMENT AND MICROBIOLOGICAL 
OUTCOME IN CRITICALLY ILL PATIENTS WITH DOCUMENTED SEVERE 

XDR Acinetobacter baumannii BSI AND/OR VAP TREATED WITH CEFIDEROCOL
Gatti M, Bartoletti M, Cojutti PG, Gaibani P, Conti M, Giannella M, Viale P, Pea F

J Glob Antimicrob Resist 2021 Dec; 27: 294-29



DESCRIPTION OF PK/PD CEFIDEROCOL TARGET ATTAINMENT (EXPRESSED AS FCMIN/MIC RATIO) ANDMICROBIOLOGICAL OUTCOME

A DESCRIPTIVE CASE SERIES OF PK/PD TARGET ATTAINMENT AND MICROBIOLOGICAL 
OUTCOME IN CRITICALLY ILL PATIENTS WITH DOCUMENTED SEVERE 

XDR Acinetobacter baumannii BSI AND/OR VAP TREATED WITH CEFIDEROCOL
Gatti M, Bartoletti M, Cojutti PG, Gaibani P, Conti M, Giannella M, Viale P, Pea F

J Glob Antimicrob Resist 2021 Oct 25:S2213-7165(21)00229-0
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COMPARISON OF CEFTOLOZANE/TAZOBACTAM INFUSION REGIMENS IN A
HOLLOW-FIBER INFECTION MODEL AGAINST XDR P. aeruginosa ISOLATES

Montero MM et al. Microbiol Spectr 2022 Jun 29; 10(3):e0089222. doi: 10.1128/spectrum.00892-22

OBSERVED VERSUS PREDICTED ANTIBIOTIC CONCENTRATIONS ACHIEVED IN EACH HFIM MODEL



COMPARISON OF CEFTOLOZANE/TAZOBACTAM INFUSION REGIMENS IN A
HOLLOW-FIBER INFECTION MODEL AGAINST XDR P. aeruginosa ISOLATES

Montero MM et al. Microbiol Spectr 2022 Jun 29; 10(3):e0089222. doi: 10.1128/spectrum.00892-22

MEAN OVERALL REDUCTION IN NUMBER OF BACTERIAL COLONIES GROWN WITH ALTERNATIVE C/T INFUSION REGIMENS 
FOR EACH ST175 ISOLATE

C/T (MIC = 2 mg/L) C/T (MIC = 8 mg/L) C/T (MIC = 16 mg/L)

Css =47.29 ± 5.43 mg/L 



COMPARISON OF CEFTOLOZANE/TAZOBACTAM INFUSION REGIMENS IN A
HOLLOW-FIBER INFECTION MODEL AGAINST XDR P. aeruginosa ISOLATES

Montero MM et al. Microbiol Spectr 2022 Jun 29; 10(3):e0089222. doi: 10.1128/spectrum.00892-22

• Given its time-dependent behavior, C/T continuous infusion can improve exposure and

therefore the pharmacokinetic/pharmacodynamic target attainment

• We demonstrated that C/T in continuous infusion achieved the largest reduction in bacterial

density in the overall treatment arms for both susceptible and resistant isolates

• It was also the only regimen with bactericidal activity against all three isolates

• Through this study, we want to demonstrate that developing individually tailored antimicrobial

treatments is becoming essential

• Our results support the role of C/T level monitoring and of dose adjustments for better

clinical management and outcomes

IMPORTANCE



FLOWCHART OF PATIENT INCLUSION AND EXCLUSION CRITERIA FOR PK/PD ANALYSIS

COULD AN OPTIMIZED JOINT PK/PD TARGET ATTAINMENT OF CONTINUOUS INFUSION 
CEFTAZIDIME-AVIBACTAM BE A WAY TO AVOID THE NEED FOR COMBO-THERAPY IN 
THE TARGETED TREATMENT OF DEEP-SEATED DTR GRAM-NEGATIVE INFECTIONS?

Gatti M, Rinaldi M, Bonazzetti C, Gaibani P, Giannella M, Viale P, Pea F. Antimicrob Agents Chemother 2023 Oct 16: e0096923



DEMOGRAPHICS AND CLINICAL CHARACTERISTICS OF PATIENTS TREATED WITH CI CEFTAZIDIME-AVIBACTAM TARGETED THERAPY

COULD AN OPTIMIZED JOINT PK/PD TARGET ATTAINMENT OF CONTINUOUS INFUSION 
CEFTAZIDIME-AVIBACTAM BE A WAY TO AVOID THE NEED FOR COMBO-THERAPY IN 
THE TARGETED TREATMENT OF DEEP-SEATED DTR GRAM-NEGATIVE INFECTIONS?

Gatti M, Rinaldi M, Bonazzetti C, Gaibani P, Giannella M, Viale P, Pea F. Antimicrob Agents Chemother 2023 Oct 16: e0096923



JOINT PK/PD TARGETS OF CAZ-AVI

CAZ  Css/MIC 4 -8

AVI  Css/CT > 1

OPTIMAL: 2/2 QUASI-OPTIMAL: 1/2 SUBOPTIMAL: 0/2

COULD AN OPTIMIZED JOINT PK/PD TARGET ATTAINMENT OF CONTINUOUS INFUSION 
CEFTAZIDIME-AVIBACTAM BE A WAY TO AVOID THE NEED FOR COMBO-THERAPY IN 
THE TARGETED TREATMENT OF DEEP-SEATED DTR GRAM-NEGATIVE INFECTIONS?

Gatti M, Rinaldi M, Bonazzetti C, Gaibani P, Giannella M, Viale P, Pea F. Antimicrob Agents Chemother 2023 Oct 16: e0096923



UNIVARIATE ANALYSIS COMPARING PATIENTS RECEIVING MONO- VS COMBO-THERAPY WITH CI CAZ-AVI FOR TARGETED THERAPY OF DTR GRAM-NEGATIVE INFECTIONS

COULD AN OPTIMIZED JOINT PK/PD TARGET ATTAINMENT OF CONTINUOUS INFUSION 
CEFTAZIDIME-AVIBACTAM BE A WAY TO AVOID THE NEED FOR COMBO-THERAPY IN 
THE TARGETED TREATMENT OF DEEP-SEATED DTR GRAM-NEGATIVE INFECTIONS?

Gatti M, Rinaldi M, Bonazzetti C, Gaibani P, Giannella M, Viale P, Pea F. Antimicrob Agents Chemother 2023 Oct 16: e0096923



RELATIONSHIP BETWEEN PHARMACOKINETIC/PHARMACODYNAMIC JOINT TARGET ATTAINMENT AND THE MICROBIOLOGICAL OUTCOME

COULD AN OPTIMIZED JOINT PK/PD TARGET ATTAINMENT OF CONTINUOUS INFUSION 
CEFTAZIDIME-AVIBACTAM BE A WAY TO AVOID THE NEED FOR COMBO-THERAPY IN 
THE TARGETED TREATMENT OF DEEP-SEATED DTR GRAM-NEGATIVE INFECTIONS?

Gatti M, Rinaldi M, Bonazzetti C, Gaibani P, Giannella M, Viale P, Pea F. Antimicrob Agents Chemother 2023 Oct 16: e0096923



UNIVARIATE AND MULTIVARIATE ANALYSES COMPARING PATIENTS SHOWING MICROBIOLOGICAL ERADICATION VS MICROBIOLOGICAL FAILURE

Our findings suggest that optimizing joint PK/PD

target attainment of CI ceftazidime-avibactam

monotherapy could represent a way forward for

allowing microbiological eradication in the targeted

treatment of DTR Gram-negative infections

COULD AN OPTIMIZED JOINT PK/PD TARGET ATTAINMENT OF CONTINUOUS INFUSION 
CEFTAZIDIME-AVIBACTAM BE A WAY TO AVOID THE NEED FOR COMBO-THERAPY IN 
THE TARGETED TREATMENT OF DEEP-SEATED DTR GRAM-NEGATIVE INFECTIONS?

Gatti M, Rinaldi M, Bonazzetti C, Gaibani P, Giannella M, Viale P, Pea F. Antimicrob Agents Chemother 2023 Oct 16: e0096923



DEMOGRAPHIC AND CLINICAL FEATURES OF PATIENTS WITH SEVERE INFECTIONS CAUSED BY DTR-PA 
TREATED WITH COMBINATION THERAPY INCLUDING FOSFOMYCIN PLUS NOVEL BETA-LACTAMS

PK/PD ANALYSIS OF CONTINUOUS-INFUSION FOSFOMYCIN IN COMBINATION WITH 
EXTENDED-INFUSION CEFIDEROCOL OR CONTINUOUS-INFUSION CEFTAZIDIME-AVIBACTAM 

IN A CASE SERIES OF DTR-P. aeruginosa BSI AND/OR HAP
Gatti M, Giannella M, Rinaldi M, Gaibani P, Viale P, Pea F. Antibiotics (Basel) 2022 Dec; 11(12): 1739



SUSCEPTIBILITY PROFILE OF EACH DTR-PA CLINICAL ISOLATE AND RATIONALES FOR 
SELECTING COMBINATION THERAPY

PK/PD ANALYSIS OF CONTINUOUS-INFUSION FOSFOMYCIN IN COMBINATION WITH 
EXTENDED-INFUSION CEFIDEROCOL OR CONTINUOUS-INFUSION CEFTAZIDIME-AVIBACTAM 

IN A CASE SERIES OF DTR-P. aeruginosa BSI AND/OR HAP
Gatti M, Giannella M, Rinaldi M, Gaibani P, Viale P, Pea F. Antibiotics (Basel) 2022 Dec; 11(12): 1739



DEMOGRAPHIC AND CLINICAL FEATURES OF PATIENTS WITH SEVERE INFECTIONS CAUSED BY DTR-PA 
TREATED WITH COMBINATION THERAPY INCLUDING FOSFOMYCIN PLUS NOVEL BETA-LACTAMS

PK/PD ANALYSIS OF CONTINUOUS-INFUSION FOSFOMYCIN IN COMBINATION WITH 
EXTENDED-INFUSION CEFIDEROCOL OR CONTINUOUS-INFUSION CEFTAZIDIME-AVIBACTAM 

IN A CASE SERIES OF DTR-P. aeruginosa BSI AND/OR HAP
Gatti M, Giannella M, Rinaldi M, Gaibani P, Viale P, Pea F. Antibiotics (Basel) 2022 Dec; 11(12): 1739



N Engl J Med 2023 Oct 12; 389(15): 1390-1401



N Engl J Med 2023 Oct 12; 389(15): 1390-1401

OVERALL TREATMENT SUCCESS AT THE POST-BASELINE EVALUATION VISIT, ACCORDING TO PATIENT 
CHARACTERISTICS AT BASELINE (MODIFIED INTENTION-TO-TREAT ANALYSIS POPULATION).



https://mic.eucast.org/search/



N Engl J Med 2023 Oct 12; 389(15): 1390-1401



POP PK/PD ANALYSIS  FOR MAXIMIZING THE EFFECTIVENESS OF CEFTOBIPROLE IN THE 
TREATMENT OF SEVERE METHICILLIN-RESISTANT STAPHYLOCOCCAL INFECTIONS 

Cojutti PG, Giuliano S, Pascale R, Angelini J, Tascini C, Viale P, Pea F. Microorganisms under review

DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF PATIENTS (N=132)



POP PK/PD ANALYSIS  FOR MAXIMIZING THE EFFECTIVENESS OF CEFTOBIPROLE IN THE 
TREATMENT OF SEVERE METHICILLIN-RESISTANT STAPHYLOCOCCAL INFECTIONS 

Cojutti PG, Giuliano S, Pascale R, Angelini J, Tascini C, Viale P, Pea F. Microorganisms under review

CUMULATIVE FRACTION OF RESPONSE AGAINST THE EUCAST MIC DISTRIBUTION OF MRSA (N = 15865)

Optimal PK/PD target
fCmin/MIC (EI) or fCss/MIC (CI) ratio ≥4 

x

xx

x



TAKE HOME  MESSAGES

• PK/PD is the most relevant factor for addressing correct use of the new antibiotics

• Deep-seated infections and/or challenging clinical conditions may require more aggressive PK/PD 

target attainment

• Critical illness may significantly alter the pharmacokinetics of the new hydrophilic antibiotics

• Renal function must be evaluated daily in the critically ill patients for choosing the correct 

dosage
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