
Use of imipenem
Magali Dodémont
Microbiology
Hospital Erasme – Université Libre de Bruxelles
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Β-lactams classification
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Β-lactams: mode of action
• Inhibition of peptidoglycan synthesis 

• binding to penicillin-binding protein (PBPs), enzymes which are 
essential for cell wall synthesis

• Effect bactericidal 

10
/1

1/
20

14
Co

op
er

at
io

n 
W

BI
 -

HU
P 

-U
on

g 
Bi

 -
U

se
 o

f i
m

ip
en

em

3



Carbapenems

Molecules

Ertapenem

Meropenem

Imipenem

Doripenem
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Presentation Notes
Derived from thienamycin. The presence of the hydroxylethyl side chain, in place of the acylamino group shared by penicillins and cephalosporins, confers resistance to most b-lactam. In meropen, the  addition of a methyl group at C-1 confers stability against DHP-1, obviating the need for administration of a codrug 



Sectrum of activity
• Beta-lactams with the broadest antibacterial spectrum 

currently available 

• Gram positive : 
• S. pneumoniae (including penicillin-resistant), MSSA, Streptococci. 

E. faecalis are moderately susceptible.

• Gram negative: 

• Anaerobes: 
• Very active, including Bacteroides, Fusobacterium, anaerobic 

gram-positive cocci

!!! Bacteria resistant: MRSA, E. faecium, S. maltophilia
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Carbapenems are the most extensive empirical gram negative coverageLack activity against E. faecium because they do not inhibit the PBPs that this organism uses in cell wall synthesis (PBPs 5 and 6)



Spectrum of activity
• Similar for all carbapenem except ertapenem

• Ertapenem not active against P. aeruginosa

• Little difference in the activities of individual agents
• Imipenem: slighter better activity against Gram-positive bacteria 

than meropenem

• Meropenem is more active against Gram-negative bacteria than 
imipenem

• Doripenem: improved antipseudomonal activity

• Active against ESBL and AMPc producers 
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Pharmacokinetic properties
• Unstable in gastric acid  parenteral route

• Half-life : 1 hour for meropenem and imipenem and 4.5 hours for 
ertapenem (once daily administration)

• Protein binding: ~10%
• Protein binding of DHP-I inhibitor cilastatine: 35%

• Distribution:  most tissues and fluids, low concentrations occur in CSF

• Elimination: renal (7.%)

• Unstable in aqueous solution at room temperature
• Degradation 10-20% in less than 3h for imipenem

• Liver failure: no dose adaptation; renal failure: lower doses
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Pharmacodynamic properties
• The most important PK/PD parameter predicting bacteriological 

and clinical efficacy is T>MIC

• T>MIC of 20% bacteriostatic effects

• T>MIC of 40%  bactericidal effects

• In severe critically ill septic patients, in impaired renal function 
patients and in neutropenic patients : imipenem  has to exceed 
66% of T>MIC to result in good clinical outcome (Mouton et al. Clin
Pharmacokinet. 2000;39:185–201)

• Maximum killing effect is reached at concentration of 4 x MIC

• Post-antibiotic effect against Gram-negative bacteria
• Most marked with P. aeruginosa

10
/1

1/
20

14
Co

op
er

at
io

n 
W

BI
 -

HU
P 

-U
on

g 
Bi

 -
U

se
 o

f i
m

ip
en

em

8

Presenter
Presentation Notes
Efficacity is based on maintaining concentrations of AB above the MIC of the organism for prolonged periods. Drug exposures can be maximised by increasing the dose, increasing the frequency of administrationor prolonged the duration of infusion



PK/PD
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Critically ill patients: optimization of antibiotic therapy

• ICU patients
• Increased volume of distribution 
• Modified antibiotic clearance
• Modified protein binding protein caused by hypo-albuminaemia
• Modified tissue  penetration 

Implications for clinical efficacy and correct dosage of AB

Potential underdosing risk of development of resistance 
and/or therapeutic failure

o Increase the drug dose (to obtain at least 40% of 4xMIC)
o Prolong the infusion time

TDM (Thaerapeutic Drug Monitoring)
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In ICU patients, potential antibiotic underdosing at the site of infection which may lead to the development of AB resistance and/or therapeutic failureTDM should be considered to ensure achievement of optimal target concentrations.



TDM
• Definition: analysis  and subsequent interpretation of drug 

concentration in biological fluids
• Goals: 

• To maximize efficacy and minimize toxicity
• To increase probability of success and to prevent the 

development of resistance  use the correct dose and frequency
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Monitoring of β-lactams in ICU patients

Routine monitoring of broad-spectrum of β-lactams
123 drugs levels

Adequat levels: between 4-8 times MIC of P. aeuginosa for recommended period of 
time (70% CEF, 50% TZP, 40% MEM)

Hites ICAAC 2012
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Adverse drug effects
• Rash, nausea, diarrhea, thrombophlebitis

• Imipenem: higher rate of nausea and vomiting (particularly after 
rapid infusion)

• Hypersensitivity reaction
• ! Patient with history of penicillin allergy (cross-reactivity ~50%)

• Seizure activity  with imipenem
• If underlying CNS problems or decrease renal function

• Risk of developing pseudomembranous colitis, especially with 
prolonged therapy
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Drug-drug interactions
• Valproic acid reduced serum concentrations of valproic acid 
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Clinical use
• Infections due to resistant pathogens  

• Regarded as first-line therapy for serious infections caused by 
Extended Spectrum β-Lactamase (ESBL)-producing organisms 

• Risk factors
• Previous hospitalization or antibiotherapy
• Colonization with MDR organism
• Late nosocomial infection (> 5 days after administration)
• Epidemic with MDR Gram-negative bacteria in the unit

• Infections with multiple organisms involved (e.g.: mixed, 
aerobic/anaerobic bacteria) when more than 1 antibiotic is 
required
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Clinical use
• Complicated intra abdominal infections

• Obstetric/gynecologic infections

• Respiratory tract infections (Hospital-acquired pneumonia)

• Bacteremia

• Serious skin and soft tissue infections

• Bone and joint

• Complicated UTI

• Febrile neutropenia

• Bronchial exacerbation in the cystic fibrosis patient
• not used in monotherapy emergence of resistance on therapy
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Clinical use

• Empiric therapy for nosocomial infections must be initiated 
as soon as possible and needs to be broad enough

• BUT , always reevalue clinical utility after 48 - 72 hours
• According to microbiological documentation
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Maximising the utility of the carbapenem

• High dose
• Specific population of patient with altered pharmacokinetics 

(severe sepsis) or infection with bacteria exhibiting higher MICs
• Meropenem : good CNS tolerability and low incidence of nausea and vomiting

• Increased frequency of administration
• Administrate a smaller dose more frequently

• Extended infusion
• Extended infusion (over 3h)

Norrby et al. Scand J Infect Dis 1999;31:3-10. Kotapati et al. Am J health Syst Pharm 2004;61:1264-70. Roberts et al. Int 
J antimicrob Agents 2007;30:11-8.
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Mode of administration
• Standard regimen: intermittent short-term infusion
• Extended infusion may optimizing T>MIC particularly in critically 

ill patients.

Sakka et al. Antimicrob. Agents Chemother. 2007, 51(9):3304
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Possible advantages and disadvantages of continuous/long 
infusion vs bolus

Administration method Advantages Disadvantages

Continuous/long infusion Predictable PK Requires education

Lower daily dose may be 
effective

Requires infusion pumps

Less time consuming for 
nurses

Issues of stability

Bolus Simple Unpredictable PK

Less likely failure/error Neurological side-effects 
probably more common

Modified from Abdul-Aziz MH Ann Intensive care 2012;2:37
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Mechanisms of resistance
GRAM negative rods
• Membrane impermeability: Loss of an outer membrane 

protein (Opr D porin) which is necessary for imipenem to 
reach its PBP target site (P. aeruginosa)

• Efflux mechanisms: overexpression of the MexA-MexB-oprM
pump system (P. aeruginosa)

• Destruction by beta-lactamases = CARBAPENEMASE
• associated with mechanisms of resistance to other antibiotic 

classes -> highly multidrug resistant organisms 
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Mechanisms of resistance
Gram positive

• Mutation of PBPs

• Acquisition of a new carbapenem-resistant PBP
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Imipenem
• in combination with cilastatin

• inhibits dehydropeptidase-I, an enzyme in the brush border of 
the kidney that degrades imipenem

inhibition prevents inactivation of imipenem and has a nephro-
protective effect

Cilastatin has no antibacterial activity

• Available for parenteral use or intramuscular use
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Imipenem
• Absorption: poor oral absorption

• Distribution
• Urine, sputum, synovial fluid, pleural fluid, bone
• Variable penetration into the cerebral spinal fluid 3rd 

generation cephalosporins are the drugs of choice for meningitis
• Imipenem not recommended for therapy of meningitidis

because increase frequency of seizures due to higher doses 
necessary to achieve adequate CSF concentration of the drug

• Elimination
• Primarily via the kidneys by glomerular filtration
 specific dosage reductions for various degrees of renal 
dysfunction
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With renal failure, the total body clearance of cilastatin decreases much more than does that of imipenem, necessiting decreased doses of imipenem/cilastatine



Imipenem
Dosage
• EUCAST breakpoints apply to imipenem 500 mg x 4 daily 

administered intravenously over 30 minutes as the lowest 
dose. 1g x 4 daily was taken into consideration for severe 
infections and in setting the I/R breakpoint

• Pediatric dose: 20 to 50 mg/kg iv (q12h)

• Decreased dosage: renal failure (60 to 100 mg/kg) (div q6h)

• Increased dosage: pregnancy

10
/1

1/
20

14
Co

op
er

at
io

n 
W

BI
 -

HU
P 

-U
on

g 
Bi

 -
U

se
 o

f i
m

ip
en

em

25



10
/1

1/
20

14
Co

op
er

at
io

n 
W

BI
 -

HU
P 

-U
on

g 
Bi

 -
U

se
 o

f i
m

ip
en

em

26



Dosing modification
Renal impairment
• CrCl ≥71 mL/min/1.73 m²: 250 mg IV q6hr
• CrCl 41-70 mL/min/1.73m²: 250 mg IV q8hr 
• CrCl 21-40 mL/min/1.73 m²: 125-250 mg IV q12hr 
• CrCl ≤20 mL/min/1.73 m²: 125-250 mg IV q12hr 
• CrCl <5 mL/min/1.73 m²: Use IV only if haemodialysis is 

instituted within 48 hours 
• Haemodialysis: Give supplemental dose after each dialysis, 

then q12hr 
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Clinical use
• FDA approved for ≥ 12 years old

• IV formulation: same indications as carbapenems except for 
meningitidis (meropenem) 

• IM formulation:
• Not for severe infections: endocarditis, sepsis…
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Escalating antimicrobial resistance  toβ-lactams 

• Β-lactam agents: have been used widely for treatment of infection caused by 
Enterobacteriaceae since the 70-80’s

• Worldwide emergence of community-acquire ESBL+ strains since the early 
2000’s

• Carbapenems: last resort antimicrobial agents for the treatment of ESBL + 
infection

• Since 1993: emergence of first carbapenem-R isolates due to production of 
carbapenemases

• Therapeutic dead-end (almost no reserve/new drugs in the pipelines)

From Y. Glupczynski
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Reverse development of new antibiotics versus 
resistant bacteria

Till F.  Schäberle , Ingrid M.  Hack Trends in Microbiology, Volume 22, Issue 4, 2014, 165 - 167
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Β-lactamases: mode of action
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Rapid evolving resistance in Enterobacteriaceae

1990 2000

Penicillinase
(TEM-1, SHV-1)

ESBLs
(CTX-M, TEM, SHV, ..)
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Carbapenem resistance mechanisms
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Acquired carbapenemases

From Y. Glupczynski
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Classification of the different carbapenemases in 
Enterobacteriaceae

From P. Nordman
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Variation of MIC in Enterobacteriaceae producing carbapenemases

Nordmann P et al. EID 2011; 17:1791
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Carbapenemase producing- Enterobacteriaceae

From P. Nordman
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Resistance
• Carbapenems resistance is promoted by the widespread use 

of these antibiotics, creating a continuous selective pressure 
on bacteria

• Rational use of carbapenems is vital to control and prevent 
both the clinical impact and the development of resistance
• Limit the duration of therapy (most infections: 5- 7 days)
• Use of therapeutic alternatives for the treatment of infections 

caused by ESBL
• Β-Lactam + inhibitor
• Fosfomycine
• Cotrimoxazole
• Tigecycline
• Piperacillin-tazobactam
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Rational use of carbapenems
• Algorithm to limit excessive and inappropriate  use of 

carbapenems 
• 1. Appropriate indication for a carbapenem?
• 2. Other alternatives?

• Narrower spectrum or lower ecological impact on bacterial flora
• 3. Duration of treatment appropriate?
• 4. Adequate dose?

F. jary at al.  Médecine et maladies infectieuses 42(2012) 510-516
• 99 carbapenme prescriptions were evaluated  
66.7% of all prescriptions were considered inappropriate
An alternative was available in 16% of cases
Need for guidelines and local best practices recommendations
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Non-Carbapenem Therapy for Bacteremia Caused by Extended-Spectrum β-
Lactamase-Producing Enterobacteriaceae

• Presence of ESBL confers bacterial resistance to most β-
lactams except carbapenems and cephamycins

• MIC is a better predictor of outcome than enzyme or 
mechanism-based categorization 
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Systematic review and meta-analysis of carbapenems vs 
alternatives in ESBL Enterobacteriaceae

Vardakas KZ et al. J Antimicrob Chemother 2012;67:2793
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Systematic review and meta-analysis of carbapenems vs 
alternatives in ESBL Enterobacteriaceae

Vardakas KZ et al. J Antimicrob Chemother 2012;67:2793
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Non-CarbapenemTherapy for BacteremiaCaused by Extended-Spectrum β-
Lactamase-Producing Enterobacteriaceae

Vardakas KZ et al. J Antimicrob Chemother 2012;67:2793
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Non-CarbapenemTherapy for BacteremiaCaused by Extended-Spectrum β-
Lactamase-Producing Enterobacteriaceae

Radriguez-Bano et al. CIS 2012:54
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Treatment of  MDR bacteria
Combinaison therapy
• Monotherapy is associated with high mortality rates than

combinaison

Daikos et al Antimicrob. Agents Chemother 2014, 58 (4):2322
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Combinaison therapy
• Aminoglycoside, ampicillin/sulbactam, carbapenem, colistin, 

rifampicin Acinetobacter spp

• Aminoglycoside, ampicillin/sulbactam, carbapenem, colistin, 
rifampicin, tigecycline, fosfomycin Enterobacteriacae

• Combinaion including carbapenem if MIC is ≤ 8 mg/L
• Carbapenem-containing combinaisons resulted in significantly lower

mortality rates (18.8%)  than the carbapenem-sparing combinaisons 
(30,7%)

• Colistin: increases the permeability of other AB through the 
bacterial outer membrane bt a detergentmechanism

Tängden T. Journal of Medical Sciences 2014;119:149-153
Tzouvelekis et al. Clin Microbiol Infect 2014;20:862-872
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http://www.google.com.vn/url?url=http://www.boomer-itis.org/oral_combination_therapy.html&rct=j&frm=1&q=&esrc=s&sa=U&ei=L3JfVMOfNKbymQXn1YGABw&ved=0CCQQ9QEwCA&usg=AFQjCNE8c5PPHHsMUYdjdr-5nU8IAnYmtg
http://www.google.com.vn/url?url=http://www.boomer-itis.org/oral_combination_therapy.html&rct=j&frm=1&q=&esrc=s&sa=U&ei=L3JfVMOfNKbymQXn1YGABw&ved=0CCQQ9QEwCA&usg=AFQjCNE8c5PPHHsMUYdjdr-5nU8IAnYmtg


Conclusion
• Specific rules for proper use:

• Prescription only in case of multidrug-resistant gram-negative 
bacilli in hospital

• When there is no alternative

• If empirical treatment for 48 hours revaluation in order to de-
escalate promoting therapeutic alternative
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