
HAL Id: hal-03490280
https://hal.science/hal-03490280v1

Submitted on 20 May 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

Comparative review of imipenem/cilastatin versus
meropenem

A. Salmon-Rousseau, C. Martins, M. Blot, M. Buisson, S. Mahy, P. Chavanet,
L. Piroth

To cite this version:
A. Salmon-Rousseau, C. Martins, M. Blot, M. Buisson, S. Mahy, et al.. Comparative review of
imipenem/cilastatin versus meropenem. Médecine et Maladies Infectieuses, 2020, 50, pp.316 - 322.
�10.1016/j.medmal.2020.01.001�. �hal-03490280�

https://hal.science/hal-03490280v1
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


Revue comparative de l’imipénème/cilastatine versus méropénème 

 

 

Comparative review of imipenem/cilastatin versus meropenem 

 

A Salmon-Rousseau1, C Martins1, M Blot1, M Buisson1, S Mahy1, P Chavanet1, L Piroth1 

 

1 Département d’Infectiologie CHU Dijon, 5 bd Jeanne d’Arc 21000 Dijon 

 

 

Contribution of authors 

C.M., M.B., M.B., S.M., P.C., and L.P. critically reviewed the article. 

     

Disclosure of interest 

The authors declare no conflict of interest. 

 

 

Keywords: carbapenem, imipenem/cilastatin, meropenem, antibiotic stewardship 

Mots clés : carbapénème, imipénème/cilastatine, méropénème, bon usage des antibiotiques 

 

© 2020 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/

Version of Record: https://www.sciencedirect.com/science/article/pii/S0399077X20300251
Manuscript_9e988cfeb83dcec92ac928937dfa2f96

https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0399077X20300251


Résumé 

 

Introduction. Les carbapénèmes sont des molécules antibactériennes à large spectre. En 

France, l’imipénème-cilastatine et le méropénème sont les deux principales molécules 

utilisées dans les services de soins. 

Objectif. L’objectif était d’évaluer les forces et les faiblesses de ces deux molécules en 

considérant leurs propriétés pharmacocinétiques, pharmacodynamiques, microbiologiques 

et cliniques. Nous avons démontré que l’imipénème-cilastatine et le méropénème ne sont 

pas semblables. 

Méthode. Revue de la littérature en interrogeant le réseau MEDLINE. 

Résultats. L’imipénème-cilastatine est la première des molécules commercialisées de la 

classe des carbapénèmes. Elle est plus efficace contre les cocci à Gram-positif. Sa stabilité ne 

permet pas de perfusions longues et son principal effet secondaire sur le système nerveux 

central en limite son utilisation. Le méropénème est plus efficace contre les bacilles à Gram-

négatif. Sa stabilité et ses moindres effets secondaires l’opposent à l’imipénème-cilastatine. 

Conclusion. L’analyse de la littérature actuelle nous fait préférer le méropénème dans son 

utilisation quotidienne dans les services de soins lorsqu’un carbapénème doit être utilisé. 

 

 

 

 

 

 

 



Abstract  

 

Introduction. Carbapenems are broad-spectrum antibacterial molecules. Imipenem-

cilastatin and meropenem are the two main molecules used in French healthcare services. 

Objective. We aimed to evaluate the relative strengths and weaknesses of these two 

molecules by considering their pharmacokinetic, pharmacodynamic, microbiological, and 

clinical properties. We demonstrated that imipenem-cilastatin and meropenem are not 

alike. 

Method. Review of the literature by querying the MEDLINE network. 

Results. Imipenem-cilastatin is the first marketed molecule of the carbapenem class. It is 

more effective against Gram-positive cocci. Its stability does not allow for long infusions and 

its main adverse effect on the central nervous system limits its use. Meropenem is more 

effective against Gram-negative bacilli. Its stability and its milder adverse effects distinguish 

it from imipenem-cilastatin. 

Conclusion. Meropenem is preferred for daily use in healthcare services when carbapenems 

are to be used. 

 

 

 

  



Introduction 

Thienamycin is an antibiotic produced by Streptomyces cattleya, a Gram-positive 

filamentous bacterium belonging to the Actinomycetes order. Thienamycin was discovered 

in 1976 and led to medical advances. However, this natural antibiotic is unstable and a semi-

synthetic derivative (N-formimidoyl) of thienamycin was developed as early as 1980, i.e. 

imipenem. Imipenem needs to be combined with cilastatin, a dehydropeptidase-1 inhibitor 

(DHP-1) which is an enzyme produced by the proximal tubules. The role of this inhibitor is 

two-fold: to slow down the rapid in vivo deterioration of the antibiotic and to prevent 

natural nephrotoxicity of imipenem. 

Imipenem thus became the first carbapenem antibiotic in 1990, soon followed by 

ertapenem (2002), meropenem (2008), and doripenem (2009). 

Ertapenem has different pharmacokinetic properties and modalities of use than other 

carbapenems, especially its long half-life (4 hours) enabling a single daily injection and 

patient discharge from hospital. However, ertapenem is not active against enterococci, 

Acinetobacter baumannii, and Pseudomonas aeruginosa. It is therefore not the reference 

molecule, especially for the empirical treatment of nosocomial infections. 

Doripenem stopped to be commercialized in 2014. The two remaining carbapenems, i.e. 

imipenem/cilastatin and meropenem, are closely related and often used indistinctly in 

hospital settings despite specific differences. 

We aimed to make an inventory of the differences between imipenem-cilastatin and 

meropenem with a potentially significant clinical impact, to guide prescribers when penem 

prescription is required. 

 



Material and methods 

We consulted the PubMed database to perform the present literature review. 

We included randomized and non-randomized human studies performed in controlled and 

uncontrolled groups, and published in English from June 1980 to August 2018. We included 

meta-analyses, literature reviews, and phase 1 and 2 clinical trials. We also included articles 

from the references of these selected articles. The following MeSH terms were used: 

“carbapenem”, “imipenem”, “meropenem”, “administration”, “dosage”, “adverse effect”, 

“metabolism”, “pharmacokinetics”, “pharmacology”, “therapeutic use”, “toxicity”, “brain”, 

“microbiota”, “obesity”, “critically ill”, “children”, and “pregnancy”. Articles were selected 

based on their clinical relevance, quality, and reliability of studies. 

 

RESULTS 

1- Chemical structure 

Carbapenems belong to the beta-lactam family. 

An atom of carbon instead of an atom of sulfur in position 1 and an unsaturated binding in 

C2-C3 position distinguish them from penicillins (Figure 1). 

Compared with imipenem, meropenem is not degraded by DHP-1, hence the absence of 

binding to a DHP-1 inhibitor. Moreover, modifications of the substitute in C2 position are 

responsible for the increased activity of meropenem against Gram-negative bacilli [1-3].  

 

2- Mechanism of action 

Similarly to all penicillins, carbapenems act on penicillin-binding proteins (PBP). The 

bactericidal action occurs through bacterial lysis by inhibiting the transpeptidation step of 



peptidoglycan with higher affinity for PBPs than other beta-lactams [1]. Inhibition of PBP2 

induces the formation of spheroplast without filamentation, but with rapid bactericidal 

action; while PBP3 inhibition produces filamentation and small release of endotoxin for 

Gram-negative bacteria [4-6]. 

Affinity for PBP varies by bacteria. For Escherichia coli and compared with meropenem, 

imipenem has a four-fold binding activity with PBP1a and PBP1b and a 10-fold binding 

activity with PBP5, while meropenem has a higher binding affinity with PBP3 and PBP6 [4]. 

On the contrary, for Pseudomonas aeruginosa the binding affinity of meropenem is higher 

with PBP2 and PBP3 than that of imipenem [4]. 

 

3- Mechanism of resistance 

Similarly to beta-lactams, there are four types of mechanism of resistance to carbapenems: 

i) production of zinc-dependent metallo-β-lactamases, ii) decreased permeability of the 

external membrane of Gram-negative bacilli, iii) presence of efflux pumps, and iv) 

modification of molecular target (PBP). 

Mechanisms of resistance differ by bacteria. Resistance of Gram-positive cocci is related to 

the poor affinity for some PBPs: PBP5 for Enterococcus faecium, PBP2a for methicillin-

resistant Staphylococcus aureus. Minimum inhibitory concentrations (MICs) vary by bacteria 

and by molecules. Enterococcus faecalis remains only susceptible to imipenem with a 

bacteriostatic effect [1]. The same goes for pneumococci resistant to penicillins through 

PBP1a and PBP1b modification. Resistance of Gram-negative bacilli is most often an enzyme 

resistance due to the production of carbapenemases grouped into three classes: A, B, and D 



[7], and to the reduced permeability of the external membrane [8]. There is no difference on 

that matter between imipenem and meropenem. 

 

4- In vitro activity (Tables 1, 2, 3) 

The antibacterial spectra of imipenem and meropenem can be distinguished by their 

different intrinsic activity [2, 9-18]. Gram-positive cocci have higher susceptibility to 

imipenem while Gram-negative bacilli have higher susceptibility to meropenem, with a 16-

fold difference in MICs [8]. 

5- Pharmacodynamics/pharmacokinetics [1-3, 19-25] 

These two molecules have comparable pharmacokinetic properties. Only protein binding is 

weaker for meropenem (Table 4). 

Penems are mainly eliminated by the renal route, and elimination is approximately 30% 

(Table 4). 

In patients presenting with renal failure, the elimination half-life of carbapenems increases 

and is close to five hours for imipenem/cilastatin and seven hours for meropenem [26]. 

Plasma concentrations may be insufficient at dosages recommended in the marketing 

authorization for critically ill patients hospitalized in the intensive care unit (ICU) with an 

increased distribution volume or for patients on dialysis. Minichmay et al. suggested using a 

decisional algorithm for the continuous administration of meropenem based on the 

glomerular filtration rate in ICU patients depending on bacterial MIC to avoid underdosing 

[28]. In such situations of ICU renal dialysis, the continuous administration of meropenem 

leads to steady state concentrations 10 times higher than the MIC with a critical point at 

2 mg/l, just like for Pseudomonas aeruginosa [24]. However, imipenem/cilastatin or 



meropenem dosage should not be adapted in patients with liver failure [1, 8]. Plasma 

concentrations of both of these antibiotics should always be measured in patients 

experiencing treatment failure, unstable patients or in specific patients (obese patients, 

undernourished patients, neonates, elderly patients, etc.). 

As for stability after dilution, imipenem/cilastatin remains stable for 3 to 4 hours [29]. A 24-

hour stability after dilution could be reached under specific conditions: dilution in normal 

saline or 5% glucose solution with a final concentration ˂2.5 mg/ml, and storage in a glass 

vial at a temperature of 4°C kept away from direct light [30]. The use of elastomeric infusers 

for imipenem/cilastatin administration at home is therefore not recommended. 

Meropenem remains stable for six hours and can reach 17 hours in polyvinyl chloride (PVC) 

syringes at maximum concentrations of 22 mg/ml diluted in normal saline solution and kept 

at room temperature (23°C) away from direct light. Higher stability could be reached if the 

solution were to be kept at 4°C [31-34]. Meropenem can thus be administered by 

continuous or long infusion. Similarly, the use of elastomeric infusers at home is possible 

with dilutions ˂5 mg/ml at room temperature (24°C) and away from direct light [35]. 

Concentrations obtained in various tissues vary depending on dosages and administration 

modes (short or long infusion) [2,19,36-50]. Variations are also observed from one patient to 

another and tissue concentration may be insufficient for bacteria with a MIC ˃1 mg/l (Table 

5). 

Imipenem/cilastatin and meropenem have a strong post-antibiotic effect on Gram-negative 

bacilli, from two to four hours for Escherichia coli and from four to six hours for 

Pseudomonas aeruginosa [1, 8]. Their ability to inhibit bacterial growth despite 

concentrations below the MIC distinguishes them from other beta-lactams. They are 



therefore closely related to concentration-dependent antibiotics [8]. The administration 

mode is therefore believed to promote the time- or concentration-dependent nature of such 

antibiotics, especially in situations with high risks of underdosing (increased volume of 

distribution). Short infusions of high doses should therefore be preferred [8], especially for 

Pseudomonas aeruginosa infections. 

 

6- Adverse effects 

Tolerability to carbapenems is similar to other beta-lactams.  

Allergies account for less than 3% of all allergic risks to beta-lactams [1], but cross allergy 

with penicillin is estimated at 47% [51]. However, class allergy is not systematic. Lakhal et al. 

demonstrated the absence of cross allergic reaction between imipenem and meropenem 

[51]. Structural differences between these two molecules lie in their side chains; hence the 

hypothesis of a different involvement of such chains in allergic reactions. Meropenem is 

therefore not contraindicated in patients presenting with delayed hypersensitivity to 

imipenem/cilastatin [51]. This phenomenon could be explained by side chains recognizing T 

cells, and thus decreasing the likelihood of cross reactivity [51]. 

Common adverse effects such as pain at the injection site, skin rash, digestive disorders 

(nausea, vomiting, diarrhea) or even transitory metabolic disorders such as increased liver 

enzyme levels, increased creatinine blood levels, or increased urea levels, or hematological 

disorders (thrombocytosis, eosinophilia) may be observed. They all disappear at treatment 

discontinuation. 

The main difference between these two molecules lies in the risk of neurological disorders. 

Imipenem/cilastatin has a convulsant action due to the basicity of its chain in C2 on the 



gamma-aminobutyric acid receptors [3]. Risk factors for this complication are renal failure 

and an underlying neurological disease. Frequency of convulsions during treatment with 

imipenem/cilastatin is dose-dependent: from 0.5% to 1% for doses of 500 mg every six hours 

and up to 10% for doses of 1,000 mg every six hours [52,53]. Frequency of convulsions 

during treatment with meropenem is low (0.38%) [54]. 

The impact of penems on the gut flora is difficult to assess. The exponential use of 

antibiotics contributes to the emergence of resistance. Due to its alteration, the role of the 

gut flora in this resistance process has been clearly identified as a key point [55, 56]. 

There is a risk of bacterial resistance to carbapenems as soon as the first administration of 

imipenem/cilastatin [57]. Nord et al. performed a study in 10 patients who received 

imipenem/cilastatin for at least 11 days. They observed a decreased concentration of 

Enterobacteriaceae, enterococci, and anaerobic cocci with complete restoration of the gut 

flora after antibiotic discontinuation [58]. Kager et al. reported the complete disappearance 

of Enterobacteriaceae within the first three days of an antibiotic therapy with 

imipenem/cilastatin [59]. However, other studies reported the stability of the 

Enterobacteriaceae population but an increased concentration of enterococci and Candida 

spp. [60-62]. The impact on anaerobic bacteria is even more uncertain as several studies 

reported the stability of such flora [60-62], while another study reported its disappearance 

[59]. 

Very few studies have been performed on the impact of meropenem. A study [63] of 10 men 

receiving 500 mg of meropenem every 8 hours for 7 days reported i) a decreased 

concentration of Enterobacteriaceae, streptococci, Clostridium spp., and Bacteroides spp., ii) 

an increased concentration of enterococci, iii) no modification in the concentration of 



staphylococci, micrococci, corynebacteria, yeasts, cocci, and anaerobic bacteria. 

Normalization was also observed two weeks after treatment discontinuation [63].  

However, imipenem/cilastatin is believed to act as a potent inducer of ESBLs while 

meropenem is believed to act as a weak inducer [9]. 

 

7- Penems and specific populations 

a- Penems and pregnancy [64] 

As imipenem/cilastatin is an older molecule, more data sets are available and do not 

demonstrate malformations in newborns if women received such treatment during 

pregnancy. However, there is no data related to the use of such molecule during the first 

trimester of pregnancy. 

Physiological modifications related to pregnancy (increased volume of distribution and 

glomerular filtration rate, especially with hydrophilic antibiotics) lead to adapting doses of 

imipenem/cilastatin, especially as non-renal elimination is suspected during pregnancy [65]. 

Following a 500-mg infusion of imipenem/cilastatin over 20 minutes every 8 hours, mean 

plasma concentrations are 14.7 +/- 4.9 µg/ml at the start of pregnancy and 14.9 +/-

 5.2 µg/ml at the end of pregnancy, versus 43 +/- 28.3 µg/ml in non-pregnant women [65]. 

Concentrations of imipenem/cilastatin in the amniotic fluid vary during pregnancy, ranging 

from 0.07 +/- 0.01 to 0.72 +/- 0.85 µg/ml between the start and the end of pregnancy [65]. 

However, no accumulation of imipenem/cilastatin has been observed in infants born at term 

[65], despite slow elimination of approximately 3% after a 500-mg infusion over 30 minutes 

[65]. 



Less than 1% of the pediatric dose is found in breast milk during breastfeeding [64]. 

Cilastatin is not detected in breast milk [64]. 

Although data related to meropenem is scarcer, the absence of worrying data leads to 

allowing its use in pregnant and breastfeeding women [64]. 

b- Carbapenems and pediatrics 

Imipenem/cilastatin and meropenem have similar pharmacokinetic properties in the 

pediatric population, with age-related variations. The elimination half-life in premature 

newborns is longer (increase of 1.5 hours approximately [66]), while it is similar to adults in 

children aged above 2 years with pharmacokinetic properties considered linear for dosages 

between 10 and 40 mg/kg [67]. However, the American Food and Drug Administration 

considers that meropenem should rather be used and contraindicates the use of 

imipenem/cilastatin in children with meningitis, because of milder neurological adverse 

effects with meropenem [67-69]. 

Adverse effects of meropenem only occur in 1% of children and present as diarrhea in 4.5% 

of cases (other gastrointestinal events are rarely observed) and skin rash in 2.2% of cases 

[67].  

The use of meropenem in infants as young as 1 month at a dosage of 10 to 20 mg/kg/8hrs 

leads to clinical response in 98% of cases versus 93% with third-generation cephalosporin-

based antibiotic regimens for severe bacterial infections [19]. Bacterial eradication in this 

group of patients reaches 97% versus 89% in the comparative treatment [19]. The 

recommended dosage of meropenem for children presenting with meningitis (3 months to 

12 years) is 40 mg/kg/8hrs [19]. 



Similar to ICU adult patients, renal dialysis in children may modify the pharmacokinetic 

properties of antibiotics and lead to insufficient plasma concentrations. Dosages of 20 mg/kg 

as 30-minute infusion every 12 hours in children aged above 5 years lead to minimum 

concentrations of 4 mg/l at the end of a 12 hour-cycle [23]. 

Considering all these pharmacokinetic parameters, the recommended dosage in newborns 

and children aged 3 months to 12 years and weighing less than 50 kg is 10 to 40 mg/kg by 

the IV route every 8 hours (dosing adaptation takes into consideration the type and severity 

of infection, as well as the susceptibility of the bacterial agent) [67]. 

The recommended dosage for children presenting with febrile neutropenia is 20 mg/kg 

administered every 8 hours. Dosage is increased to 40 mg/kg for children presenting with 

cystic fibrosis or meningitis [67]. 

The use of meropenem in newborns seems to be associated with a significant decrease in 

diversity of the gut flora [70]. However, as a maturing process of the gut flora occurs 

following birth, any disturbance may lead to dysbiosis leading to an increased risk of some 

diseases such as necrotizing enterocolitis or late septicemia [69]. 

 

Conclusion 

Carbapenems are last resort molecules. Prescription options in hospital settings are either 

imipenem/cilastatin or meropenem. Although imipenem/cilastatin seems to have several 

advantages (especially in terms of activity against enterococci), the use of meropenem 

seems best for common indications. The action sought with the use of penems in routine 

clinical practice is the bactericidal action against Gram-negative bacilli and not against Gram-

positive cocci. 



Meropenem is therefore preferred because of its better intrinsic activity against Gram-

negative bacilli, maximized by the possibility of using higher doses because of the lower 

neurological toxicity (Table 6). 

Consequences of these two molecules on the gut flora in the mid and long term should be 

further assessed. 

 

 

 

 

 

 

 



References 

 

 

1- Beaulieu P, Pichette V, Desroches J, Souich P. Précis de pharmacologie : du 

fondamental à la clinique. éd. les presses de l’université de Montréal. Québec : 

Bibliothèque et Archives nationales du Québec ; 2015 

 

2-  Zhanel GG, Wiebe R, Dilay L, Thomson K, Rubinstein E, Hoban DJ, et al. Comparative 

review of the carbapenems. Drugs 2007;67:1027–52. 

3-  Dalhoff A, Janjic N, Echols R. Redefining penems. Bioch Pharmacol 2006;71:1085–95. 

4- Davies TA, Shang W, Bush K, Flamm RK. Affinity of doripenem and comparators to 

penicillin-binding proteins in Escherichia Coli and Pseudomonas aeruginosa.  

Antimicrob. Agents Chemother 2008;52:1510-12 

5- Kitzis MD, Acar JF, Gutmann L. Antibacterial activity of meropenem against Gram-

negative bacteria with a permeability defect against staphylococci. J Antimicrob 

Chemother 1989;24(Suppl A):125-32. 

6- Wolff A, Joly-guillou ML, Pajot O. Comparative review of carbapenems. Réanimation 

2009 ;18 :S199-S208 

 

7- Paterson DL. Resistance in Gram-negative bacteria: entero- bacteriaceae. Am J Med 

2006;119:S20–8.  

 

8- Zhanel GG, Simor A, Vercaigne L, Mandell L. Imipenem and meropenem : 

Comparison of in vitro activity, pharmacokinetics, clinical trials and adverse effects. 

Can J Infect Dis. 1998 Jul;9(4):215-28  

 

9- Dalhoff A, Janjic N, Echols R. Redefining penems. Bioch Pharmacol 2006;71:1085–

95. 

 

 

10-  Credito KL, Ednie LM, Appelbaum PC. Comparative antianaerobic activities of 

doripenem determined by mic and time-kill analysis. Antimicrob Agents Chemother. 

2008;52:365–73.  

 

11- Jones RN, Huynh HK, Biedenbach DJ, Fritsche TR, Sader HS. Doripenem (S-4661), a 

novel carbapenem: comparative activity against contemporary pathogens including 

bacterici- dal action and preliminary in vitro methods evaluations. J Antimicrob 

Chemother. 2004;54:144–54.  

 

12- Matthews SJ, Lancaster JW. Doripenem monohydrate, a broad-spectrum 

carbapenem antibiotic. Clin Ther. 2009;31:42–63.  

 



13- Tsuji M, Ishii Y, Ohno A, Miyazaki S, Yamaguchi K. In vitro and in vivo antibacterial 

activities of S-4661, a new carbapenem. Antimicrob Agents Chemother. 

1998;42:94–9.  

 

14- Livermore DM, Carter MW, Bagel S, Wiedemann B, Baquero F, Loza E, et al. In vitro 

activities of ertapenem (Mk-0826) against recent clinical bacteria collected in 

Europe and Australia. Antimicrob Agents Chemother. 2001;45:1860–7.  

 

15- Fritsche TR, Stilwell MG, Jones RN. Antimicrobial activity of doripenem (S-4661): a 

global surveillance report (2003). Clin Microbiol Infect. 2005;11:974–84.  

 

16-  Ge Y, Wikler MA, Sahm DF, Blosser-Middleton RS, Karlowsky JA. In vitro 

antimicrobial activity of doripenem, a new carbapenem. Antimicrob Agents 

Chemother. 2004;48:1384–96.  

 

 

17- Pelak BA, Woods GL, Teppler H, Friedland I, Bartizal K, Motyl M. Comparative in-

vitro activities of ertapenem against aerobic bacterial pathogens isolated from 

patients with complicated intra-abdominal infections. J Chemother. 2002;14:227–

33.  

 

18- Goldstein EJ, Citron DM. Activity of a novel carbapenem, doripenem, against 

anaerobic pathogens. Diagn Microbiol Infect Dis. 2009;63:447–54.  

 

19- Hurst M, Lamb HM. Meropenem. A review of its use in patients in intensive care 

units. Drugs 2000;59:653–80.  

 

20- Kucers A, Crowe S, Grayson ML, Hoy J. The use of antibiotics. Oxford; Butterworth-

Heinemann 1997. pp: 227–50. 

 

21- Thalhammer F, Hörl WH. Pharmacokinetics of meropenem in patients with renal 

failure and patients receiving renal replacement therapy. Clin Pharmacokinet. 2000 

Oct;39(4):271-9. 

 

22- Roberts DM, Liu X, Roberts JA, Nair P, Cole L, Roberts DM et al.  

A multicenter study on the effect of continuous hemodiafiltration intensity on 

antibiotic pharmacokinetics. Crit Care. 2015 Mar 13;19:84 

 

23- Nehus Ej, Mizuno T, Cox S, Goldstein SL, Vinks AA. 

Pharmacokinetics of meropenem in children receiving continuous renal replacemen

t therapy: Validation of clinical trial simulations. J Clin Pharmacol. 2016 

Mar;56(3):291-7 

 

 

 

 



24- Jamal JA, Mat-Nor MB, Mohamad-Nor FS, Udy AA, Wallis SC et al. 

Pharmacokinetics of meropenem in critically ill patients receiving continuous venov

enous haemofiltration: 

a randomised controlled trial of continuous infusion versus intermittent bolus 

administration. Int J Antimicrob Agents. 2015 Jan;45(1):41-5 

 

25-  Ulldemolins M, Soy D, Llaurado-Serra M, Vaquer S, Castro P et al. Meropenem 

population pharmacokinetics in critically ill patients with septic shock and 

continuous renal replacement therapy : influence of residual diuresis on dose 

requirements. Antimicrob Agents Chemother. 2015 Sep;59(9):5520-8 

 

26- Shah PM. Parenteral carbapenems. Clin Microbiol Infect 2008;14(Suppl.1):175-80 

 

27- Belzberg H, Zhu J, Cornwel EE third, Murray JA, Sava J, Salim A, et al. Imipenem 

levels are not predictable in the critically-ill patient. J Trauma 2004;56:111–7.  

 

28- Minichmayr IK, Roberts JA, Frey OR, Roehr AC, Kloft C et al. Development of a 

dosing nomogram for continuous infusion meropenem in critically ill patients based 

on a validated population pharmacokinetic model. J Antimicrob Chemother. 2018 

May 1;73(5):1330-1339. 

 

29- Sakka SG, Glauner AK, Bulitta JB, Kinzig-Schippers M, Pfister W, et al. Population 

pharmacokinetics and pharmaco-dynamics of continuous versus short-term infusion 

of imipenem-cilastatin in critically ill patients in a randomized controlled trial. 

Antimicrob Agents Chemother 2007;51:3304–10.  

 

30-  Bigley FP, Forsyth, Henley MW. Compatibility of imipenem-cilastatin sodium with 

commonly used intravenous solutions. AJHP1986 November, 43(11)2803-2809. 

 

31- Walker SE, Varrin S, Yannicelli D, Law S. Stability of meropenem in saline and 

dextrose solution and compatibility with potassium chloride. Can J Hosp 

Pharm1998,51:156-168 

 

32- Smith DL, Baueur SM, Nicolau DP. Stability of meropenem in polyvinyl chloride bags 

and elastomeric infusion device. Am J health-Syst Pharm2004;61:1682-1685 

 



33- Patel PR, Cook SE. Stability of meropenem in intravenous solutions. Am J health-Syst 

Pharm1997;54:412-421 

 

34- Nicolau David P. Carbapenems : a potent class off antibiotics. Expert Opin. 

Pharmacother2008;9(1):23-37 

 

35- Krämer I. Stability of meropenem in elastomeric portable infusion devices. Eur Hosp 

Pharm1997;3:168-171. 

 

36-  Schauersberger J, Amon M, Wedrich A, Nepp J, EL Menyawi I et al. Penetration and 

decay of meropenem into the human aqueous humor and vitreous. J Ocul 

Pharmacol Ther.1999 oct;15(5):439-45 

 

37- Adenis JP, Mounier M, Salomon JL, Denis F. Human vitreous penetration of 

imipenem. Eur J Ophthalmol. 1994 Apr-Jun;4(2):115-7 

 

38- Ikawa K, Nakashima A, Morikawa N, Ikeda K, Murakami Y et al. Clinical 

pharmacokinetics of meropenem and biapenem in bile and dosing considerations 

for biliary tract infections based on site-specific pharmacodynamic target 

attainment. Antimicrob Agents Chemother. 2011 Dec; 55(12):5809-15 

 

39-  Nishikawa G, Ikawa K, Nakamura K, Yamada Y, Zennami K et al. Prostatic 

penetration of meropenem in humans, and dosage considerations for prostatitis 

based on a site-specific pharmacokinetic/pharmacodynamic evaluation. Int J 

Antimicrob Agents. 2013 Mar;41(3):267-71 

 

40-  Péchinot A, Arnould H, Baulot E, Péchinot M, Siebor E et al. Diffusion 

of imipenem in synovial fluid Pathol Biol (Paris). 1991 May;39(5):503-6 

 

41- Wise R, Donovan IA, Lockley MR, Drumm J, Andrews JM. The pharmacokinetics and 

tissue penetration of imipenem. J Antimicrob Chemother. 1986;18(Suppl E):93–101  

 



42-  Trudel JL, Wittnich C, Brown RA. Antibiotics bioavailability in acute experimental 

pancreatitis. J Am Coll Surg. 1994;178:475–9.  

 

43- Benoni G, Cuzzolin L, Bertrand C, Puchetti V, Velo G. Imipenem kinetics in serum, 

lung tissue and pericardial fluid in patients undergoing thoracotomy. J Antimicrob 

Chemother. 1987;20:725–8.  

 

44-  Benoni G, Cuzzolin L, Bertrand C, Pucchetti V, Velo G. Penetration of imipenem-

cilastatin into the lung tissue and pericardial fluid of thoracotomized patients. 

Chemioterapia. 1987;6(2 Suppl):259–60.  

 

45-  Mouton JW, Michel MF. Pharmacokinetics of meropenem in serum and suction 

blister fluid during continuous and intermittent infusion. J Antimicrob Chemother. 

1991;28:911– 8 

 

46- Byl B, Jacobs F, Roucloux I, de Franquen P, Cappello M et al. Penetration of 

meropenem in lung, bronchial mucosa, and pleural tissues. Antimicrob Agents 

Chemother. 1999;43:681–2.  

 

47-  Gall S, Hemsell DL, McGregor JA, Martens MG, Pitkin D et al. Tissue penetration of 

meropenem in patients under-going gynecologic surgery. Clin Infect Dis. 

1997;24(Suppl 2) :S178–80.  

 

48-  Tsumura R, Ikawa K, Morikawa N, Ikeda K, Shibukawa M, et al. The 

pharmacokinetics and pharmacodynamics of meropenem in the cerebrospinal fluid 

of neurosurgical patients. J Chemother. 2008;20:615–21. 

 

49-  Nau R, Lassek C, Kinzig-Schippers M, Thiel A, Prange HW, et al. Disposition and 

elimination of meropenem in cerebrospinal fluid of hydrocephalic patients with 

external ventriculostomy. Antimicrob Agents Chemother. 1998;42:2012– 6. 

 

50-  Zhang Y, Zhang J, Chen Y, Yu J, Cao G et al. Evaluation of Meropenem Penetration 

into Cerebrospinal Fluid in Patients with Meningitis After Neurosurgery. World 

Neurosurg. 2017 Feb;98:525-531 

 

51- Lakhal K, Lortat-Jacob B, Neukirch C, Pajot O, Wolff M. Safe use of meropenem in a 

patient with a possible non-immediate allergy to imipenem. Pharmacotherapy 

2007;27:1334–8.  



 

52-  Zhanel GG, Ketter N, Redman R, Lee M, Rubinstein E, et al. Doripenem- A 

carbapenem with low seizure-inducing potential. 48th Interscience Conference on 

Antimicrobial Agents Chemotherapy, Washington, 2008: abstract K-1377.  

 

53-  Sunagawa M, Matsumura H, Sumita Y, Nouda H. Structural features resulting in 

convulsive activity of carbapenem compounds: effect of C-2 side chain. J Antibiot 

(Tokyo). 1995 May;48(5):408-16. 

 

54-  Norrby SR, Newell PA, Faulkner KL, Lesky W. Safety profile of meropenem: 

international clinical experience based on the first 3125 patients treated with 

meropenem. J Antimicrob Chemother 1995; 36(suppl A):207–23.  

 

55-  Carlet J. The gut is the epicentre of antibiotic resistance. Antimicrob Resist Infect 

Control 2012;1:39.  

 

56- Hoyen CK, Pultz NJ, Paterson DL, Aron DC, Donskey CJ. Effect of parenteral antibiotic 

administration on establishment of intestinal colonization in mice by Klebsiella 

pneumoniae strains producing extended-spectrum-β-lactamases. Antimicrob 

Agents Chemother 2003;47:3610–2.  

 

57-  Armand-Lefevre L, Angebault C, Barbier F, Hamelet E, Defrance G, et al. Emergence 

of imipenem-resistant Gram-negative bacilli in intestinal flora of intensive care 

patients. Antimicrob Agents Chemother 2013;57:1488–95.  

 

58-  Nord CE, Kager L, Philipson A, Stiernstedt G. Effect of imipenem/cilastatin on the 

colonic microflora. Rev Infect Dis 1985;7(Suppl 3):S432–4.  

 

59-  Kager L, Brismar B, Malmborg A-S, Nord CE. Imipenem concentrations in colorectal 

surgery and impact on the colonic microflora. Antimicrob Agents Chemother 

1989;33:204–8.  

 



60- Wexler HM, Finegold SM. Impact of imipenem/cilastatin therapy on normal fecal 

flora. Am J Med 1985;78:41–6.  

 

61- Van der Leur JJ, Thunnissen PL, Clasener HA, Muller NF, Dofferhoff AS. Effects of 

imipenem, cefotaxime and cotrimoxazole on aerobic microbial colonization of the 

digestive tract. Scand J Infect Dis 1993;25:473–8.  

 

62- Grall N, Lazarevic V, Gaïa N, Couffignal C, Laouénan C et al. Unexpected persistence 

of extended-spectrum β-lactamase-producing Enterobacteriaceae in the faecal 

microbiota of hospitalised patients treated with imipenem. Int J Antimicrob Agents. 

2017 Jul;50(1):81-87. 

 

63-  Bergan T, Nord CE, Thorsteinsson SB. Effect of meropenem on the intestinal 

microflora. Eur J Clin Microbiol Infect Dis. 1991 Jun;10(6):524-7. 

 

64- Anonyme. Le Centre de Référence sur les Agents Tératogènes. 

https://www.lecrat.fr/articleSearchSaisie.php?recherche=meropenem and 

https://www.lecrat.fr/articleSearch.php?id_groupe=12 (accessed on December 

1,2018) 

 

65-  Heikkilä A, Renkonen OV, Erkkola R. Pharmacokinetics and transplacental passage 

of imipenem during pregnancy. Antimicrob Agents Chemother. 1992 

Dec;36(12):2652-5. 

 

66-  Ayalew K, Nambiar S, Yasinskaya Y, Jantausch BA. Carbapenems in pediatrics. Ther 

Drug Monit. 2003 Oct;25(5):593-9. 

 

67-  Baldwin CM, Lyseng-Williamson KA, Keam SJ. Meropenem: a review of its use in the 

treatment of serious bacterial infections. Drugs. 2008;68(6):803-38 

 



68-  Tunkel AR, Hartman BJ, Kaplan SL, Kaufman BA, Roos KL et al. Practice guidelines 

for the management of bacterial meningitis. Clin Infect Dis. 2004 Nov 1;39(9):1267-

84 

 

69-  Gasparrini AJ, Crofts TS, Gibson MK, Tarr PI, Warner BB et al. Antibiotic 

perturbation of the preterm infant gut microbiome and resistome. Gut Microbes. 

2016 Sep 2;7(5):443-9. 

 

70-  Gibson MK, Wang B, Ahmadi S, Burnham CA, Tarr PI et al. Developmental dynamics 

of the preterm infant gut microbiota and antibiotic resistome. Nat Microbiol. 2016 

Mar 7;1:16024. 

 

 



FIGURE 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1 : Structure des carbapénèmes 

 

 



Tableau 1. Activité in vitro de l’imipénème/méropénème sur les bactéries à Gram négatif 

[d’après 2, 9-18] 

 

Table 1. In vitro activity of imipenem/meropenem on Gram-negative bacteria [from 2, 9-18] 

 

Bacteria imipenem meropenem 

 MIC 50 MIC 90 MIC 50 MIC 90 

     

A. baumannii 0.25 0.25 0.25 1 

C. freundii 1 1 0.03 0.06 

E. coli 0.12 0.25 0.016 0.03 

ESBL-producing E. coli 0.25 0.5 0.03 0.06 

E. cloacae 0.5 2 0.03 0.06 

H. influenzae 0.5 1 0.12 1 

K. pneumoniae 0.06 1 0.03 0.12 

ESBL-producing K. 

pneumoniae 

0.25 1 0.03 0.12 

M. catarrhalis 0.06 0.12 0.008 0.015 

M. morganii 2 8 0.12 0.25 

Prevotella spp. 0.03 0.5 0.12 0.25 

P. mirabilis 0.5 2 0.06 0.06 

P. aeruginosa 1 >8 0.5 16 

Salmonella spp. ≤0.5 ≤0.5 0.03 0.03 

S. marcescens 1 2 0.06 0.12 

Shigella spp. 0.5 0.5 0.03 0.3 

S. maltophilia >8 >8 >16 >16 

 

  



Tableau 2. Activité in vitro de l’imipénème/méropénème sur les bactéries anaérobies négatif 

[d’après 2, 9-18] 

 

Table 2. In vitro activity of imipenem/meropenem on Gram-negative anaerobic bacteria [from 

2, 9-18] 

 

Bacteria imipenem meropenem 

 MIC 50 MIC 90 MIC 50 MIC 90 

     

B. fragilis 0.25 1 0.12 1 

C. difficile 2 4 2 4 

C. perfringens  0.06 0.12 <0.06 <0.06 

Fusobacterium spp. 0.12 1 0.12 0.25 

Peptostreptococcus spp. 0.03 0.06 0.03 0.12 

Lactobacillus spp. 0.12 8 0.25 >16 

 

  



Tableau 3. Activité in vitro de l’imipénème/méropénème sur les bactéries à Gram positif 

[d’après 2, 9-18] 

 

Table 3. In vitro activity of imipenem/meropenem on Gram-positive bacteria [from 2, 9-18] 

 

Bacteria imipenem meropenem 

 MIC 50 MIC 90 MIC 50 MIC 90 

     

E. faecalis 1 4 4 8 

E. faecium >8 >8 >16 >16 

L. monocytogenes 0.03 0.12 0.12 0.12 

Methicillin-susceptible 

S. aureus 

0.06 0.06 0.12 0.12 

Methicillin-resistant 

S. aureus 

R R R R 

Methicillin-susceptible 

S. epidermidis 

0.016 0.016 0.12 0.12 

S. agalactiae 0.016 0.016 0.03 0.06 

S. pneumoniae (susceptible 

to penicillin) 

≤0.06 ≤0.06 ≤0.015 ≤0.015 

S. pneumoniae (resistant to 

penicillin) 

0.5 1 0.5 1 

S. pyogenes ≤0.008 ≤0.008 ≤0.008   0.08 

 

  



Tableau 4. Propriétés pharmacocinétiques [d’après 1-3, 19-25] 

 

Table 4. Pharmacokinetic properties [from 1-3, 19-25] 

 

Properties imipenem/cilastatin meropenem 

   

Bioavailability (IM) 60-75% Missing data 

Cmax 40 mg/l 49 mg/l 

Tmax 1 hour 1 hour 

T1/2 

T1/2 renal failure 

1 hour 

3-4 hours 

1 hour 

7-10 hours 

Distribution volume in ICU patients 0.23-0.31 l/kg 

0.25-0.57 l/kg 

0.23-0.35 l/kg 

0.30-0.48 l/kg 

AUC: 

- 500 mg 

- 1,000 mg 

 

42 mg.h/l 

186 mg.h/l 

 

27-32 mg.h/l 

67-77 mg.h/l 

Protein binding 15-25% 2% 

Unchanged renal excretion 70% 70% 

Renal clearance (1 g) 130 ml/min/1.73 m2 176 ml/min/1.73 m2 

Hemodialysis clearance 

      

 

 

Hemofiltration clearance 

 

54.8% (imipenem) 

62.9% (cilastatin) 

 

30-50% 

 

50-70% 

 

 

40-50% 

IM: Intramuscular, ICU: intensive care unit, AUC : area under the curve 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Tableau 5. Distribution tissulaire [d’après 2,19, 36-50]  

Table 5. Tissue distribution [from 2.19, 36-50] 

 

 

Note: (500 mg/1,000 mg = penem doses) 

 imipenem  meropenem  

Abdominal organs 

 

Colon 

Biliary fluid  

Pancreas  

 

 

8 mg/l (1,000 mg) 

10.5/13.5 mg/l (500/1,000 mg) 

3.35 mg/l (1,000 mg) 

 

 

0.65-4.52 mg/l (1,000 mg) 

9.72 +/- 3.54 mg/l (1,000 mg) 

6.56 mg/l (1,000 mg) 

Genitourinary organs 

 

Prostate secretions  

Prostate tissue 

 

Cervix 

Endometrium  

Myometrium 

Ovaries  

Fallopian tubes 

Uterus  

 

Renal cortex 

Renal medullary  

 

 

1-2 mg/l (500 mg) 

5.3 mg/kg (500 mg) 

 

 

 

 

 

 

 

 

16-79 mg/kg (500 mg) 

14-102 mg/kg (500 mg) 

 

 

 

2.96/7.09 µg/g (250/500 mg) 

 

8.5 µg/g (500 mg) 

2.3 µg/g (500 mg) 

3.6 µg/g (500 mg) 

2.3 µg/g (500 mg) 

1.9 µg/g (500 mg) 

2.3 µg/g (500 mg) 

Chest organs 

 

Pericardic fluid 

 

Alveolar cells 

Bronchial mucus  

Pleura  

Lung  

 

 

10.5 mg/l (1,000 mg) 

 

 

 

 

0.28 mg/kg (1,000 mg) 

 

 

 

 

5 mg/l (500 mg) 

3-13.3 mg/kg (1,000 mg) 

0.6-7.8 mg/l (1,000 mg) 

0.2-8 mg/kg (1,000 mg) 

Eyes 

 

Aqueous humor 

Vitreous humor  

 

 

5.2 mg/l (1,000 mg) 

0.2/2 mg/l (500/1,000 mg) 

 

 

1.1 to 13.4 mg/l (2,000 mg) 

1.08 to 8.94 mg/l (2,000 mg) 

Nervous system 

 

Cerebrospinal fluid (healthy patient) 

Cerebrospinal fluid (meningitis) 

 

 

0.6-0.9 mg/l (1,000 mg) 

1.1-2.3 mg/l (1,000 mg) 

 

 

0.3-6.5 mg/l (1,000 mg) 

2.4/2.8 mg/l (1,000/2,000 mg) 

Muscular and bone and joint tissues 

 

Muscles (except for ICU patients) 

Muscles (ICU patients) 

Subcutaneous tissues (except for ICU patients) 

Subcutaneous tissues (ICU patients) 

 

Joint fluid  

Bone tissue  

 

 

12.8 mg/l (500 mg) 

2.3 mg/l (500 mg) 

10.7 mg/l (500 mg) 

2.3 mg/l (500 mg) 

 

7.9 mg/l (500 mg) 

4.3 mg/kg (500 mg) 

 

 

 

 

 

 

 

20.3 mg/l (500 mg) 

18.2 µg/g (500 mg) 



 

Tableau 6. Principales différences imipénème-cilastatine/méropénème 

 

Table 6. Main differences between imipenem-cilastatin and meropenem 

 

 imipenem/cilastatin meropenem  

Spectrum of activity 

- Gram-positive cocci 

- Gram-negative bacilli 

 

↗ 

↘ 

 

↘ 

↗↗ 

Pharmacokinetics 

- Protein binding 

- Stability after dilution 

 

↗ 

↘↘ 

 

↘ 

↗↗ 

Adverse effects  ↗↗ ↘ 

Impact on the gut flora = ? = ? 

Daily cost = = 

Note: = no difference; ↗ higher than; ↘ lower than; = ? no difference but current data is not 

sufficient to conclude 

 

 

 




