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• Beta-lactam antibiotics, the cornerstone of antibacterial therapy, never
traditionally belonged to this group; with only a few exceptions, they are
rarely toxic, and as a class have manifested strong clinical effectiveness
even with fixed-dose, empiric regimens.

• Yet the global increases in antimicrobial resistance are slowly turning this
paradigm. Minimal inhibitory concentrations (MIC)—the lowest levels of
drug needed to hinder visible bacterial growth after 16–20 h of
incubation—are increasing steadily, particularly for common intensive care
unit (ICU) pathogens like Pseudomonas aeruginosa and Acinetobacter spp.

• Though a major focal point, less susceptible pathogens are not the only
factor narrowing the beta-lactams’ therapeutic range; the ‘‘average’’
human host has changed as well. The prevalence of both geriatric and
‘‘long-term immunosuppressed’’ patients is growing progressively;
obesity rates have more than doubled in past decades; and the critically
ill can now be maintained as a population in prolonged states of clinically
important altered physiology.
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A 10-year experience of TDM of linezolid in a hospital-wide population 
of patients receiving conventional dosing: is there enough evidence 

for suggesting TDM in the majority of patients?

Pea F, Cojutti P, Baraldo M. Basic Clin Pharmacol Toxicol 2017;121(4):303-8

Doses: 600 mg every 12 hr
Period: Jan 2007 - Jun 2016
1049 patients 
2484 Cmin
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DALI: Defining Antibiotic Levels in Intensive Care Unit Patients: 
Are Current β-Lactam Antibiotic Doses Sufficient 

for Critically Ill Patients?
Roberts JA et al. Clin Infect Dis. 2014;58:1072-83 
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DALI: Defining Antibiotic Levels in Intensive Care Unit Patients: 
Are Current β-Lactam Antibiotic Doses Sufficient for Critically Ill 

Patients?
Roberts JA et al. Clin Infect Dis. 2014;58:1072-83 

Of the 248 patients treated for infection, 16% did not achieve 50%fT>MIC and
these patients were 32% less likely to have a positive clinical outcome (odds ratio
[OR], 0.68; P = .009).

Positive clinical outcome was associated with increasing 50%fT>MIC and 100%f
T>MIC ratios (OR, 1.02 and 1.56, respectively; P < .03), with significant interaction
with sickness severity status.



Role of renal function in risk assessment of target non-attainment after
standard dosing of meropenem in critically ill patients:

a prospective observational study

Ehmann L. et al. Critical Care 2017;21:263

The attainment of two PK/PD targets (100%T>MIC, 50%T>4×MIC) 
was evaluated for MIC values of 2 mg/L and 8 mg/L and standard 
meropenem dosing (1000 mg, 30-minute infusion, every 8 h).

The planned sampling time points per intensively monitored dosing 
interval were as follows: 15 minutes, 30 minutes, 1.5 h, 4 h, and 8 
h (directly before next dose; Cmin) after the start of infusion.

A total of 48 patients were included. 83.3% of patients had sepsis. 
CrCL was of 70.8 (34.8-160) mL/min.



Role of renal function in risk assessment of target non-attainment after
standard dosing of meropenem in critically ill patients:

a prospective observational study

Ehmann L. et al. Critical Care 2017;21:263

Meropenem serum concentrations vs. time after last dose (n = 48 patients)

• Attainment of the target 100%T>MIC was merely 48.4% and 20.6%, given MIC 
values of 2 mg/L and 8 mg/L, respectively, and similar for the target 50%T>4×MIC.

• The investigated standard meropenem dosing regimen appeared to result in 
insufficient meropenem exposure in a considerable fraction of critically ill patients
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CONFRONTING THE THREAT OF MULTIDRUG-RESISTANT 

GRAM-NEGATIVE BACTERIA IN CRITICALLY ILL PATIENTS
Cohen J. J Antimicrob Chemother 2013, 68(3): 490-491. 

POSSIBLE STRATEGIES TO DEAL WITH THE PROBLEM OF MDR
GRAM-NEGATIVE INFECTIONS IN CRITICALLY ILL PATIENTS
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The effect of pathophysiology on pharmacokinetics in the critically ill patient  
Concepts appraised by the example of antimicrobial agents

Blot S, Pea F, Lipman J. Adv Drug Deliv Rev. 2014;77:3-11
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• Individual patients might benefit from dose adjustments based on

rapidly determined drug levels that are compared with the scarce

pharmacokinetic data available.

• In a sense, laboratories would, therefore, simultaneously generate

both drug development and TDM data.

• This exciting and novel application of TDM requires .....rapid

turnaround times so that assays can be used for drug development

and individual patient care.

• This new and exciting era of precision medicine has created never-

before-seen opportunities for TDM in support of drug development

and patient care



Innovative approach to optimizing
antimicrobial therapy

CLINICAL PHARMACOLOGICAL ADVICE 

SAMPLE DELIVERY

Adapted from Pai MP et al. Adv Drug Deliv Rev 2014; 77: 50–57
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Care Unit: Which Agents, Which Patients and Which Infections?
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BASELINE DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF THE COMBINED STUDY POPULATION

CONTINUOUS vs. INTERMITTENT B-LACTAM INFUSION IN SEVERE SEPSIS
A META-ANALYSIS OF INDIVIDUAL PATIENT DATA FROM RANDOMIZED TRIALS

Roberts JA et al. Am J Respir Crit Care Med. 2016 Sep 15;194(6):681-91.
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CONTINUOUS vs. INTERMITTENT B-LACTAM INFUSION IN SEVERE SEPSIS
A META-ANALYSIS OF INDIVIDUAL PATIENT DATA FROM RANDOMIZED TRIALS

Roberts JA et al. Am J Respir Crit Care Med. 2016 Sep 15;194(6):681-91.

HOSPITAL MORTALITY CENSORED AT DAY 30

INTENSIVE CARE UNIT MORTALITY

DIFFERENCES IN MORTALITY FOR CONTINUOUS INFUSION (CI) VERSUS INTERMITTENT INFUSION



Might real-time pharmacokinetic/pharmacodynamic optimisation of high-
dose continuous-infusion meropenem improve clinical cure in infections 

caused by KPC-producing Klebsiella pneumoniae? 
Pea F, Cojutti P et al. Int J Antimicrob Agents. 2017;49:255-58



Population Pharmacokinetics of High-Dose Continuous-Infusion Meropenem
and Considerations for Use in the Treatment of Infections 

Due to KPC-Producing Klebsiella pneumoniae

Cojutti P et al. Antimicrob Agents Chemother 2017 Sep 22; 61(10)
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Population Pharmacokinetics of High-Dose Continuous-Infusion Meropenem
and Considerations for Use in the Treatment of Infections 

Due to KPC-Producing Klebsiella pneumoniae

Cojutti P et al. Antimicrob Agents Chemother 2017 Sep 22; 61(10)



Is MIC increase of meropenem against Klebsiella pneumoniae carbapenemase
(KPC)-producing Klebsiella pneumoniae correlated with the increase of 

resistance rates against some other antibiotics with Gram-negative activity?

Cojutti P et al. J Glob Antimicrob Resist 2018 May 15; e-pub ahead of print
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DOSING AND MONITORING

AMINOGLYCOSIDES: 
HOW SHOULD WE USE THEM IN THE 21ST CENTURY ? 

Jackson J et al. Curr Opin Infect Dis 2013 Dec; 26(6): 516-25

• Cmax/MIC and AUC/MIC ratios are the best PK/PD predictors associated with

aminoglycoside efficacy

• Increasing evidence suggests that AGAs should be administered as a once daily dose

(ODD), taking advantage of their concentration-dependent bactericidal effect as well as

their post-antibiotic effect

• Some evidence suggests clinical outcomes may be improved and nephrotoxicity reduced

with ODD

• ODD in antibiotic courses <10 days may be particularly beneficial in delaying or

preventing renal impairment
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Reappraisal of contemporary 
pharmacokinetic and pharmacodynamic principles 

for informing aminoglycoside dosing 
Bland C, Pai M, Lodise T. Pharmacotherapy 2018;38(12):1229-38

• Support is now increasing for the area under the plasma concentration–time
curve (AUC)/MIC ratio as a more accurate measure of exposure–efficacy
relationships

• Therefore, based on current literature, an AUC/MIC ratio of 30–50 for
aminoglycoside therapy may provide optimal outcomes when targeting non–critically
ill immunocompetent patients with low–bacterial burden gram-negative infections
such as urinary tract infections, or in patients receiving additional gram-negative
therapy with good source control.

• An AUC/MIC ratio target of 80–100 may be more prudent when treating patients
with aminoglycoside monotherapy or in critically ill patients with high–bacterial
burden infections, such as hospital-acquired pneumonia

• Software is readily available to implement the Bayesian approach at the patient’s
bedside. The Bayesian software requires only one or two serum concentrations to
accurately calculate AUC, can support innovative dosing regimens, does not require
waiting until steady state is reached to obtain the concentration sample, and can
model covariates such as creatinine clearance that affect drug PK





International Consensus Guidelines for the Optimal Use of the Polymyxins: Endorsed by the American 

College of Clinical Pharmacy (ACCP), European Society of Clinical Microbiology and Infectious Diseases 

(ESCMID), Infectious Diseases Society of America (IDSA), International Society for Anti-infective 

Pharmacology (ISAP), Society of Critical Care Medicine (SCCM), 

and Society of Infectious Diseases Pharmacists (SIDP)

Tsuji B. et al. Pharmacotherapy 2019;39(1):10-39

Is There a Recommended PK/PD Therapeutic Target for Maximization of Efficacy 
for Colistin and Polymyxin B?

Recommendations. R2: We recommend that for colistin, an area under the plasma
concentration-time curve across 24 hours at steady state (AUCss,24 hr) of ~50 mgh/L is
required that equates to a target average steady-state plasma concentration (Css,avg) of ~2
mg/L for total drug.
Although this target might be suboptimal for lower respiratory tract infections, it is noted that 
this should be considered as a maximum tolerable exposure. Concentrations higher than this 
were shown to increase both the incidence and severity of AKI.



Daily dose administered in 2 divided doses 12 h apart
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POP PK ANALYSIS OF COLISTIN METHANESULFONATE AND

COLISTIN AFTER IV ADMINISTRATION IN CRITICALLY ILL PATIENTS

WITH INFECTIONS CAUSED BY GRAM-NEGATIVE BACTERIA
Plachouras D et al. Antimicrob Agents Chemother 2009; 53: 3430–3436

PREDICTED COLISTIN PLASMA LEVELS



International Consensus Guidelines for the Optimal Use of the Polymyxins: Endorsed by the American 

College of Clinical Pharmacy (ACCP), European Society of Clinical Microbiology and Infectious Diseases 

(ESCMID), Infectious Diseases Society of America (IDSA), International Society for Anti-infective 

Pharmacology (ISAP), Society of Critical Care Medicine (SCCM), 

and Society of Infectious Diseases Pharmacists (SIDP)

Tsuji B. et al. Pharmacotherapy 2019;39(1):10-39

Should I Preferentially Use One Polymyxin Over the Other?

R6: We recommend polymyxin B as the preferred agent for routine systemic use in invasive infections. The
rationale for this recommendation is that polymyxin B has superior PK characteristics in humans as well as a
decreased potential to cause nephrotoxicity.
R7: We recommend colistin as the preferred polymyxin for the treatment of lower urinary tract infections given
renal clearance of the prodrug CMS that then converts to the active moiety colistin in the urinary tract.

Colistin: IHD and CRRT

IHD: On a nondialysis day, administer a CMS dose of 130 mg CBA/day (~3.95 million IU/day). On a dialysis
day, administer a supplemental dose of CMS 40 mg CBA (~1.2 million IU) or 50 mg CBA (~1.6 million IU) for a
3- or 4-hour IHD session, respectively.
If possible, the supplement to the baseline (nondialysis) daily dose should be administered with the next regular
dose, after the dialysis session has ended.
CRRT: for a plasma colistin Css,avg of 2 mg/L, to administer CBA 440 mg/day (~13.3 million IU/day). This
equates to 220 mg CBA every 12 hours (~6.65 million IU every 12 hours).

Polymyxin B: IHD and CRRT

We recommend that neither the loading dose nor maintenance dose be adjusted in patients receiving renal
replacement therapy.
Recommendation. R16: We recommend that for patients with severe infections, a polymyxin B dose of 1.25–1.5
mg/kg (equivalent to 12,500–15,000 IU/kg TBW) every 12 hours is infused over 1 hour.

Is there a role for TDM of Colistin or Polymyxin B?

Recommendation. R19: We recommend that TDM and adaptive feedback control (AFC) be used wherever 
possible for both colistin and polymyxin B.



KEYPOINTS FOR OPTIMAL DOSAGE OF FOSFOMYCIN IN THE CRITICALLY ILL

WHAT IS THE RELEVANCE OF FOSFOMYCIN PK IN THE TREATMENT OF 
SERIOUS INFECTIONS IN CRITICALLY ILL PATIENTS? 

Parker S et al. Int J Antimicrob Agents 2013; 42: 289-293

• Fosfomycin is hydrophilic   Vd plus  CLR are expected in septic patients

• PD  time-dependent activity

• T1/2   2h in presence of normal renal clearance (NRC) or < 2h in ARC

• Dosage of fosfomycin disodium  up to 16-18 g/day

• in 4 refracted doses (NRC)  up to 3-4g q6h

• in 6 refracted doses (ARC)  up to 2-3 g q 4h ?

•  dose amount but maintain dosing interval in IRC

• WARNING:

 330 mg Na+ per gram of fosfomycin disodium

 avoid use in patients with heart failure (Reffert J et al. Pharmacotherapy 2014;34:845-57)



Population Pharmacokinetics and Pharmacodynamics of 
Levofloxacin in Acutely Hospitalized Older Patients with Various 

Degrees of Renal Function
Cojutti P et al. Antimicrob Agents Chemother. 2017;61(2):e-02134–16



Population Pharmacokinetics and Pharmacodynamics of 
Levofloxacin in Acutely Hospitalized Older Patients with Various 

Degrees of Renal Function
Cojutti P et al. Antimicrob Agents Chemother. 2017;61(2):e-02134–16

CFR of the permissible doses of levofloxacin against the invading pathogens more 
frequently yielded in the study population according to their EUCAST MIC distributions



Once daily high dose tigecycline –
pharmacokinetic/pharmacodynamic based dosing for optimal

clinical effectiveness: dosing matters, revisited

Cunha BA et al. Expert Rev Anti Infect Ther 2017;15:257-67



Once daily high dose tigecycline –
pharmacokinetic/pharmacodynamic based dosing for optimal

clinical effectiveness: dosing matters, revisited

Cunha BA et al. Expert Rev Anti Infect Ther 2017;15:257-67



Infections Caused by Carbapenem-Resistant Enterobacteriaceae: 
An Update on Therapeutic Options

Sheu C et al. Front Microbiol. 2019 Jan 30;10:80

Classification and characteristics of major carbapenemases in Enterobacteriaceae:



ANTIMICROBIAL SPECTRUM OF NEW ANTIBIOTICS:

Syue LS et al. Int J Antimicrob Agents 2016; 47: 250–258 
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PHARMACOKINETIC CHARACTERISTICS OF CEFTOLOZANE/TAZOBACTAM

Liscio JL et al. Int J Antimicrob Agents 2015 Sep; 46 (3): 266-71
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RECOMMENDED DOSES OF CEFTAZIDIME/AVIBACTAM FOR PATIENTS WITH VARYING DEGREES OF RENAL IMPAIRMENT

Falcone M and Patterson D. J Antimicrob Chemother 2016 on line published July 17 

• CLCR 31–50 mL/min  1.25 g IV every 8 h

• CLCR 16–30 mL/min  0.94 g IV every 12 h

• CLCR 6–15 mL/min  0.94 g IV every 24 h

• CLCR ≤ 5 mL/min  0.94 g IV every 48 h
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Treatment of Infections Due to MDR Gram-Negative Bacteria

Bassetti et al. Front Med. 2019;6:74
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Ceftazidime/Avibactam, Meropenem/Vaborbactam, or Both? 
Clinical and Formulary Considerations

Pogue J et al. Clin Infect Dis. 2019;68:519-24

• The enhanced in vitro potency of meropenem/vaborbactam (MIC50/90 of 0.06/1 compared to 1/4) against 
KPC producers, as well as data suggesting that emergence of resistance is less likely to occur, makes 
meropenem/vaborbactam the preferred agent for treatment of KPC-producing CRE.

• Due to avibactam’s unique inhibitory profile against OXA-48–like enzymes and ceftazidime’s stability to 
hydrolysis by this enzyme, ceftazidime/avibactam is the preferred agent for treatment of OXA-
48–producing CRE. Furthermore, avibactam’s broad inhibitory profile also makes it an ideal agent to 
combine with aztreonam for the management of MBLs.


