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-  Mortalité des méningites inchangée depuis 40 ans 
 

-  Augmentation des CMI aux ATB 

-  Infections Nosocomiales 

-    Le LCR est un milieu immuno-incompétent 

   - Absence d�anticorps 

   - Faible activité opsonisante 

   - Phagocytose inopérante 
 

-     [ATB]LCR > 10 x CMB 

   

Intérêt de la pharmacocinétique des Antibiotiques 
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Facteurs influençant le passage de la BHE

• Caractère Lipophile ou Hydrophile

• Poids Moléculaire

• Taux de Fixation aux Protéines Plasmatiques

• Degrés de Ionisation

• Existence d’un Transport Actif

• Degrés d’Inflammation méningée

• Circulation du LCR

n! /patient (%)! /drain (%)!

Sundbarg et al. 1972! 938! 10,3! 9,7!

Narayan et al. 1982! 207! 9,2! 9,2!

Mayhall et al. 1984! 172! 11! 8,9!

Sundbarg et al. 1988! 540! 10! 10!

Ohrstrom et al. 1989! 256! 10,5! 10,5!

Winfield et al. 1993! 177! 5,1! 4,9!

Paramore et al. 1994! 161! 5,6! 3,6!

Holloway et al. 1996! 584! 10,4! 8,6!

Guyot et al. 1998! 274! 7,3! 7,3!

Alleyne et al. 2000! 308! 3,9! 3,9!

Lyke et al. 2001! 157! 5,6! 7,1!

Risque'infec+eux'des'DVE'

8% des patients ont une infections sur DVE 
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Demie-vie (Heure)

Lapin Homme

LCR Sang LCR Sang

Ampicilline 0,8 0,5 3,6 1,4

Cefotaxime 1,0 1,0 9,3 1,7

Ceftriaxone 8 3,5 16,8 10,9

Gentamycine 2,3 0,9 ND 3

Vancomycine 8 2,5 ND 8

Trovafloxacine 3,8 2,7 10,7 14,4

Demie-vie (Heure)

Lapin Homme

LCR Sang LCR Sang

Ampicilline 0,8 0,5 3,6 1,4

Cefotaxime 1,0 1,0 9,3 1,7

Ceftriaxone 8 3,5 16,8 10,9

Gentamycine 2,3 0,9 ND 3

Vancomycine 8 2,5 ND 8

Trovafloxacine 3,8 2,7 10,7 14,4 Dacey RG et Sande MA, AAC 1974 

Lustar et coll. CID 1998 

Modèles Expérimentaux 

Études de la pénétration des ATB dans le LCR 
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Chez l’Homme 

Variabilité Interindividuelle ++++ 

Fosfomycine  n=6   infectés   Plousler et al. JAC 2004 
 

Levofloxacine n=10  non infectés  Pea et al. AAC 2003 
 

Linezolid  n=14  infectés   Myrianthef et al. AAC 2006  
 

Linezolid  n=4  infectés   Beer et al. AAC 2007 
 

Ofloxacine  n=6  non infectés  Nau et al. AAC 1994 
 

Ceftazidime  n=8  non infectés  Nau et al. AAC 1996 
 

Cefotaxime  n=6  non infectés  Nau et al. ACC 1993 
 

 



Heures

Plasma
LCR ventriculaire

Ceftazidime 3g

Nau R. et Coll., AAC 1996; 40:763-6

Tmax Plasma

Tmax LCRΔT

Études de la pénétration des ATB dans le LCR

• CLCR/CPlasma :

• AUCLCR/AUCPlasma :

Temps de Prélèvement ?
- Cefepime: Saez Llorens X et coll., AAC 1995

30 min : 9%
8 hrs : 67%

- Meropenem: Dagan R et coll., JAC 1994

< 2 hrs  : 7,8%
> 2 hrs  : 23,9%

- Estimation fiable du passage

- Difficile en clinique
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs

Microdialysis enables measurement of drug concentration

in brain ECF, on a continuous basis. Microdialysis can thus

demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth

pursuing or not. A microdialysis study by Hutchinson et al.

[15] investigated the effect of the potentially neuropro-
tective drug chlormethiazole on neurochemistry in five TBI

patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.

Antibacterial agents

CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
Carpenter and reproduced here with her permission

346 J Pharmacokinet Pharmacodyn (2013) 40:343–358
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Fracas et al., AAC 2014 58:1019-1024!

brain extracellular fluid (ECF) 

Plasma 

ECF 

Microdialyse 
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Nau R. et coll., J Neurol Sci 1994

Cœfficient de partition Octanol / Eau x10-3

V Poids Moléculaire

Caractère Lipophile ou Hydrophile



Poids Moléculaire (g/mol) Fixation Protéique

Teicoplanine 1885 90%
Vancomycine 1450 10%
Rifampicine 822 85%
Dicloxacilline 470 98%
Oxacilline 435 97%
Cloxacilline 435 95%
Methicilline 380 49%
Linezolid 337 31%
Fosfomycine 138 10%

Teicoplanine

PM:1885

Vancomycine

PM:1450

Poids Moléculaire

BHE

LCR Sang

Linezolid

PM:337



Linezolid

Poids Moléculaire (g/mol) Fixation Protéique

Teicoplanine 1885 90%
Vancomycine 1450 10%
Rifampicine 822 85%
Dicloxacilline 470 98%
Oxacilline 435 97%
Cloxacilline 435 95%
Methicilline 380 49%
Linezolid 337 31%
Fosfomycine 138 10%

Vancomycine

PM:1885

PM:1450

PM:337

Poids Moléculaire
Teicoplanine

Fixation Protéines Plasmatiques



Poids Moléculaire (g/mol) Fixation Protéique

Teicoplanine 1885 90%
Vancomycine 1450 10%
Rifampicine 822 85%
Dicloxacilline 470 98%
Oxacilline 435 97%
Cloxacilline 435 95%
Methicilline 380 49%
Linezolid 337 31%
Fosfomycine 138 10%

Oxacilline

Dicloxacilline

PM:380

PM:435

Pénicillines M

Methicilline
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Poid Moleculaire (g/mol) Fixation Proteique

Teicoplanine 1885 90%
Vancomycine 1450 10%
Rifampicine 822 85%
Dicloxacilline 470 98%
Oxacilline 435 97%
Cloxacilline 435 95%
Methicilline 380 49%
Linezolid 337 31%
Fosfomycine 138 10%

Méthicilline : Fixation Protéique 49%

Dicloxacilline : Fixation Protéique 98%

C
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n 
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R
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80 mg/kg

Fixation Protéines Plasmatiques
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Fraction totale
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Rôle de l’inflammation méningée

Augmentation des vésicules de pinocytose

Lié a l’action des cytokines et des radicaux libres
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• Phase initiale des Méningites à N. meningitidis ou S pneumoniae

• Infection sur Dérivation Ventriculaire

• Encéphalite Septique sur Endocardite

• Abcès Cérébraux

• Encéphalite à Listeria monocytogenes

• Corticothérapie ?

Circonstances de faible inflammation méningée (Protéinorachie <1g/l)

Rôle de l’inflammation méningée



Corticothérapie : Peu d’implication en clinique

Ceftriaxone (3g/j) 
Ceftriaxone (3g/j) + Dexaméthasone

Buke A et coll. IJAA 2003

. Même délai de stérilisation (Friedland et al. AAC 1993)

. Même concentration au niveau du LCR pour cefotaxime (4,7 – 4,4 µg/ml)

Avec ou Sans dexamethasone

[ceftriaxone]LCR
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  Corticothérapie : Peu d�implication en clinique 

Sauf avec grosses molécules 

Teicoplanine 

PM:1885 

Fernandez  et al., Journal of Antimicrobial Chemotherapy (2005) 55, 78–83!



Autres Facteurs

• Circulation du LCR:

- variations importantes de production et résorption
- variation de la dynamique du LCR => variation interindividuelle deT1/2

exemple: Cefotaxime T1/2 5 - 26 heures (Nau R et coll. AAC 1993)

• Degrés de Ionisation: Faible implication en clinique

- Méningites Bactériennes => Acidification du LCR (pH 6,8)
- Acide Faible (Pénicillines,Céphalosporines) plus rapidement éliminés

• Existence d’un Transport Actif: Faible implication en clinique
- Pénicillines >> autres β-lactamines et Quinolones
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs

Microdialysis enables measurement of drug concentration

in brain ECF, on a continuous basis. Microdialysis can thus

demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth

pursuing or not. A microdialysis study by Hutchinson et al.

[15] investigated the effect of the potentially neuropro-
tective drug chlormethiazole on neurochemistry in five TBI

patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.

Antibacterial agents

CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
Carpenter and reproduced here with her permission
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permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic
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infusion containing meropenem was given to two patients
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unit (NCCU). Microdialysis sampling of brain ECF and
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs

Microdialysis enables measurement of drug concentration

in brain ECF, on a continuous basis. Microdialysis can thus

demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth

pursuing or not. A microdialysis study by Hutchinson et al.

[15] investigated the effect of the potentially neuropro-
tective drug chlormethiazole on neurochemistry in five TBI

patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.

Antibacterial agents

CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
Carpenter and reproduced here with her permission
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs

Microdialysis enables measurement of drug concentration

in brain ECF, on a continuous basis. Microdialysis can thus

demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth

pursuing or not. A microdialysis study by Hutchinson et al.

[15] investigated the effect of the potentially neuropro-
tective drug chlormethiazole on neurochemistry in five TBI

patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.

Antibacterial agents

CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
Carpenter and reproduced here with her permission
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs

Microdialysis enables measurement of drug concentration

in brain ECF, on a continuous basis. Microdialysis can thus

demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth

pursuing or not. A microdialysis study by Hutchinson et al.

[15] investigated the effect of the potentially neuropro-
tective drug chlormethiazole on neurochemistry in five TBI

patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.

Antibacterial agents

CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
Carpenter and reproduced here with her permission
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs

Microdialysis enables measurement of drug concentration

in brain ECF, on a continuous basis. Microdialysis can thus

demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth

pursuing or not. A microdialysis study by Hutchinson et al.

[15] investigated the effect of the potentially neuropro-
tective drug chlormethiazole on neurochemistry in five TBI

patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.

Antibacterial agents

CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
Carpenter and reproduced here with her permission
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs

Microdialysis enables measurement of drug concentration

in brain ECF, on a continuous basis. Microdialysis can thus

demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth

pursuing or not. A microdialysis study by Hutchinson et al.

[15] investigated the effect of the potentially neuropro-
tective drug chlormethiazole on neurochemistry in five TBI

patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.

Antibacterial agents

CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
Carpenter and reproduced here with her permission
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs

Microdialysis enables measurement of drug concentration

in brain ECF, on a continuous basis. Microdialysis can thus

demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth

pursuing or not. A microdialysis study by Hutchinson et al.

[15] investigated the effect of the potentially neuropro-
tective drug chlormethiazole on neurochemistry in five TBI

patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.

Antibacterial agents

CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
Carpenter and reproduced here with her permission
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs

Microdialysis enables measurement of drug concentration

in brain ECF, on a continuous basis. Microdialysis can thus

demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth

pursuing or not. A microdialysis study by Hutchinson et al.

[15] investigated the effect of the potentially neuropro-
tective drug chlormethiazole on neurochemistry in five TBI

patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.

Antibacterial agents

CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
Carpenter and reproduced here with her permission
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permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].
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dosage, can cross the BBB at sufficient concentration.
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have the best chance of showing efficacy in larger-scale
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show whether a particular drug candidate might be worth
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major ischemic stroke [16]. This expensive, time-con-
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the effect of neuroactive drugs on brain chemistry. Moni-
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drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.
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CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
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(e.g. meningitis, primary and secondary tumours, intracere-
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strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that
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[15] investigated the effect of the potentially neuropro-
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drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate
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where cerebral microdialysis has been used to extract
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maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs

Microdialysis enables measurement of drug concentration

in brain ECF, on a continuous basis. Microdialysis can thus

demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth

pursuing or not. A microdialysis study by Hutchinson et al.

[15] investigated the effect of the potentially neuropro-
tective drug chlormethiazole on neurochemistry in five TBI

patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.

Antibacterial agents

CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
Carpenter and reproduced here with her permission
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs
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demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth
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[15] investigated the effect of the potentially neuropro-
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patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.
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CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
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CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
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strategies have been developed to temporarily open the BBB
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prior to drug delivery [13] or to co-administer agents that
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Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
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Hafnia alvei: 1 

Streptocoque agalactiae: 1 

Acinetobacter baumanii: 1 

Enterobacter aerogenes: 1 

Enterobacter cloacae: 1 

76 %  BG- 

n = 222 DVE  

Bactériologie'Timone'



Diffusion des ATB dans le LCR

          Injection unique                        Injections multiples

Molecule Dose Cmax LCR (µg/l) Dosage intervalle (h) C LCR à l'équilibre (µg/l)

Cefotaxime 2g 0.6 8h 2.9
Ceftriaxone 2g 0.5 24h 1.6
Ceftazidine 3g 1.7 8h 4.5

Meropenem 2g 0.6 8h 1

Piperacilline 6g 3.4 8h 3
Ticarcilline 3g 4.5 8h 0.9
Tazobactam 0.5g 0.5 8h 0.7

Fosfomycine 5g 11 8h 4.9

Rifampicine 0.6g 0.8 24h 1.1

Ciprofloxacine 0.2g 0.1 8h 0.4
Ofloxacine 0.4g 2 12h 2

Injection Unique Injections Multiples

NAU R et coll.  Clin Pharmacokinet 1998

. Détermination de la CMI exacte par le laboratoire ++

. Suivit thérapeutique si DVE ++        Variabilité Inter- et Intra-individuelle

. Forte posologie et administrations fractionnées:
ex: Cefotaxime  200mg/kg/j en 4 inj /  Ceftriaxone 3-4g/j en 2 inj 

Amoxicilline 200mg/kg/j en 6 inj

. Imipenem => Crise comitiale +++ préférer Meropenem (120 mg/kg/j)

. Si Pneumocoque de sensibilité diminué =>Association
cefotaxime - vancomycine
cefotaxime – levofloxacine
Éviter association Bactericide + bactériostatique = Antogonisme

. Administration continue:
Vancomycine 15mg/kg suivit de 60 mg/kg/j but Tx plasmatique 30-50 µg/ml
Ceftazidime 2g puis 6-8g/J



Marqueurs PK/PD

Q.I=Cmax/CMI

AUIC=AUC0 24/CMI

T>CMI=T avec C>CMI

t1 t2
T>CMI

Cmax

Cmin
CMI

AUIC

Q.I

Temps

C
on
ce
nt
ra
tio
n

ATB

β-Lactamines: t>CMI
Temps dépendant

penicillines t>CMI > 90%
Cephalosporines
Carbapenèmes

Aminosides QI (Pic/CMI) Q.I.>8
Concentration dépendant

Fluoroquinolones AUIC AUIC>125
Concentration dépendant

Glycopeptides t>CMI
Temps dépendant



ANTIBIOTHERAPIE	:	CHOIX	DE	ATB

INFECTION	SUR	BRECHE	

ANTI-COCCI	+
- Vancomycine:	15mg/kg	puis	60mg/kg/j	continue

Surveillance	plasmatique	:	30-40	μg/ml

ANTI-BG-

- Cefotaxime:	150-200	mg/kg	en	4	prise



INFECTION	SUR	MATÉRIEL	(DVE)
ANTI-COCCI	+
- Vancomycine:	15mg/kg	puis	60mg/kg/J	continue

Surveillance	plasmatique	:	30-40	μg/ml

- Linezolid	:	600mg	x	3/J (hors	AMM)
Si	écologie	du	service	:	peu	de	SARM	et	SERM:

- Fosfomycine 200 mg/kg - Rifampicine
- Fosfomycine 200 mg/kg - Céfotaxime 200 mg/kg/j

Attention	Na+	pour	fosfomycine

ANTI-BG- avec	action	antipyocianique
- Ceftazidime :	2g	puis	100	mg/kg/j	continue	(6-8g/J)
- Cefepime :	 2g	puis	6-8g/J	 continue
- Meropenem :	1g	puis	3-6g/J		continue
Staphylococcus spp 15 j – BGN 21 j  British Society for Antimicrobial Chemotherapy

INFECTION+SUR+MATÉRIEL+(DVE)+
+

+

ANTIeCOCCI+++
+
e++Vancomycine:+15mg/kg+puis+60mg/kg/J+conYnue+

Surveillance+plasmaYque+:+30e40+μg/ml+
+
e++Linezolid+:+600mg+x+3/J+(hors+AMM)+
+

 
Si+écologie+du+service+:+peu+de+SARM+et+SERM: ++
+

   - Fosfomycine 200 mg/kg – Rifampicine 
 
   - Fosfomycine 200 mg/kg – Céfotaxime 200 mg/kg/j 

+ApenYon+Na++pour+fosfomycine+
+

Staphylococcus spp 15 jours             British Society for Antimicrobial Chemotherapy 



INFECTION	SUR	MATÉRIEL	(DVE)
ANTI-COCCI	+
- Vancomycine:	15mg/kg	puis	60mg/kg/J	continue

Surveillance	plasmatique	:	30-40	μg/ml

- Linezolid	:	600mg	x	3/J (hors	AMM)
Si	écologie	du	service	:	peu	de	SARM	et	SERM:

- Fosfomycine 200 mg/kg - Rifampicine
- Fosfomycine 200 mg/kg - Céfotaxime 200 mg/kg/j

Attention	Na+	pour	fosfomycine

ANTI-BG- avec	action	antipyocianique
- Ceftazidime :	2g	puis	100	mg/kg/j	continue	(6-8g/J)
- Cefepime :	 2g	puis	6-8g/J	 continue
- Meropenem :	1g	puis	3-6g/J		continue
Staphylococcus spp 15 j – BGN 21 j  British Society for Antimicrobial Chemotherapy
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+

   - Fosfomycine 200 mg/kg – Rifampicine 
 
   - Fosfomycine 200 mg/kg – Céfotaxime 200 mg/kg/j 

+ApenYon+Na++pour+fosfomycine+
+

Staphylococcus spp 15 jours             British Society for Antimicrobial Chemotherapy 

Pharmacodynamie ATB dans LCR 

Plasma (n=14) 
LCR (n=9) 

CMI (0,5µg/l) 
 

CMI (4µgl/l) 

Linezolid 

Myrianthef P et coll. AAC 2006 (50)3971-6  

  
 

           AUC    0,7 ± 0,1    
                LCR/plasma

    
 

 

           T>CMI (4µg/ml)  10    heures 
 

14 patients de réanimation DVE infectés 



INFECTION	SUR	MATÉRIEL	(DVE)
ANTI-COCCI	+
- Vancomycine:	15mg/kg	puis	60mg/kg/J	continue

Surveillance	plasmatique	:	30-40	μg/ml

- Linezolid	:	600mg	x	3/J (hors	AMM)
Si	écologie	du	service	:	peu	de	SARM	et	SERM:

- Fosfomycine 200 mg/kg - Rifampicine
- Fosfomycine 200 mg/kg - Céfotaxime 200 mg/kg/j

Attention	Na+	pour	fosfomycine

ANTI-BG- avec	action	antipyocianique
- Ceftazidime :	2g	puis	100	mg/kg/j	continue	(6-8g/J)
- Cefepime :	 2g	puis	6-8g/J	 continue
- Meropenem :	1g	puis	3-6g/J		continue
Staphylococcus spp 15 j – BGN 21 j  British Society for Antimicrobial Chemotherapy
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+

+
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+
e++Vancomycine:+15mg/kg+puis+60mg/kg/J+conYnue+

Surveillance+plasmaYque+:+30e40+μg/ml+
+
e++Linezolid+:+600mg+x+3/J+(hors+AMM)+
+

 
Si+écologie+du+service+:+peu+de+SARM+et+SERM: ++
+

   - Fosfomycine 200 mg/kg – Rifampicine 
 
   - Fosfomycine 200 mg/kg – Céfotaxime 200 mg/kg/j 

+ApenYon+Na++pour+fosfomycine+
+

Staphylococcus spp 15 jours             British Society for Antimicrobial Chemotherapy 

Pharmacodynamie ATB dans LCR 

Plasma (n=14) 
LCR (n=9) 
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CMI (4µgl/l) 

Linezolid 

Myrianthef P et coll. AAC 2006 (50)3971-6  

  
 

           AUC    0,7 ± 0,1    
                LCR/plasma

    
 

 

           T>CMI (4µg/ml)  10    heures 
 

14 patients de réanimation DVE infectés 

Pharmacodynamie ATB dans LCR 

Plasma (n=14) 
LCR (n=9) 

CMI (0,5µg/l) 
 

CMI (4µgl/l) 

Linezolid 

Myrianthef P et coll. AAC 2006 (50)3971-6  

  
 

           AUC    0,7 ± 0,1    
                LCR/plasma

    
 

 

           T>CMI (4µg/ml)  10    heures 
 

Temps dépendant 

Cottagnoud P et coll. AAC 2000 (46)981-5 

Modèle de méningite chez le lapin 

BACTERIOSTATIQUE 

Beer R et coll. AAC 2007 

Temps'>'CMI'(2µg/ml)'='99,8'%'



INFECTION	SUR	MATÉRIEL	(DVE)
ANTI-COCCI	+
- Vancomycine:	15mg/kg	puis	60mg/kg/J	continue

Surveillance	plasmatique	:	30-40	μg/ml

- Linezlid :	600mg	x	3/J (hors	AMM)
Si	écologie	du	service	:	peu	de	SARM	et	SERM:

- Fosfomycine 200 mg/kg - Rifampicine
- Fosfomycine 200 mg/kg - Céfotaxime 200 mg/kg/j

Attention	Na+	pour	fosfomycine

ANTI-BG- avec	action	antipyocianique
- Ceftazidime :	2g	puis	100	mg/kg/j	continue	(6-8g/J)
- Cefepime :	 2g	puis	6-8g/J	 continue
- Meropenem :	1g	puis	3-6g/J		continue

Pharmacodynamie ATB dans LCR 

Plasma (n=14) 
LCR (n=9) 

CMI (0,5µg/l) 
 

CMI (4µgl/l) 

Linezolid 

Myrianthef P et coll. AAC 2006 (50)3971-6  

  
 

           AUC    0,7 ± 0,1    
                LCR/plasma

    
 

 

           T>CMI (4µg/ml)  10    heures 
 

Temps dépendant 

Cottagnoud P et coll. AAC 2000 (46)981-5 

Modèle de méningite chez le lapin 

BACTERIOSTATIQUE 

Beer R et coll. AAC 2007 

Temps'>'CMI'(2µg/ml)'='99,8'%'

Attention à l’antagonisme in vitro Vancomycine – Linezolid 
     Chiang FY et Climo M ACC 2003 (47)3002-4 



INFECTION	SUR	MATÉRIEL	(DVE)
ANTI-COCCI	+
- Vancomycine:	15mg/kg	puis	60mg/kg/J	continue

Surveillance	plasmatique	:	30-40	μg/ml

- Linezolid	:	600mg	x	3/J (hors	AMM)
Si	écologie	du	service	:	peu	de	SARM	et	SERM:

- Fosfomycine 200 mg/kg - Rifampicine
- Fosfomycine 200 mg/kg - Céfotaxime 200 mg/kg/j

Attention	Na+	pour	fosfomycine

ANTI-BG- avec	action	antipyocianique
- Ceftazidime :	2g	puis	100	mg/kg/j	continue	(6-8g/J)
- Cefepime :	 2g	puis	6-8g/J	 continue
- Meropenem :	1g	puis	3-6g/J		continue

INFECTION+SUR+MATÉRIEL+(DVE)+
+

+

ANTIeBGe+avec+acYon+anYpyocianique+
+
e  Ceqazidime+:+2g+puis+100+mg/kg/j+conYnue+(6e8g/J)+

e  Cefepime+:+++++2g+puis+6e8g/J++conYnue+

e  Meropenem+:+1g+puis+3e6g/J++conYnue+

e  Imipenem+:++NON+

+
 BGN 21 j                     British Society for Antimicrobial Chemotherapy 



INFECTION	SUR	MATÉRIEL	(DVE)
ANTI-COCCI	+
- Vancomycine:	15mg/kg	puis	60mg/kg/J	continue

Surveillance	plasmatique	:	30-40	μg/ml

- Linezolid	:	600mg	x	3/J (hors	AMM)
Si	écologie	du	service	:	peu	de	SARM	et	SERM:

- Fosfomycine 200 mg/kg - Rifampicine
- Fosfomycine 200 mg/kg - Céfotaxime 200 mg/kg/j

Attention	Na+	pour	fosfomycine

ANTI-BG- avec	action	antipyocianique
- Ceftazidime :	2g	puis	100	mg/kg/j	continue	(6-8g/J)
- Cefepime :	 2g	puis	6-8g/J	 continue
- Meropenem :	1g	puis	3-6g/J		continue

INFECTION+SUR+MATÉRIEL+(DVE)+
+

+

ANTIeBGe+avec+acYon+anYpyocianique+
+
e  Ceqazidime+:+2g+puis+100+mg/kg/j+conYnue+(6e8g/J)+

e  Cefepime+:+++++2g+puis+6e8g/J++conYnue+

e  Meropenem+:+1g+puis+3e6g/J++conYnue+

e  Imipenem+:++NON+

+
 BGN 21 j                     British Society for Antimicrobial Chemotherapy bolus+2g+puis+6e8g/jour++++++++++Dosage+J2+sur+DVE+
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INFECTION	SUR	MATÉRIEL	(DVE)
ANTI-COCCI	+
- Vancomycine:	15mg/kg	puis	60mg/kg/J	continue

Surveillance	plasmatique	:	30-40	μg/ml

- Linezolid	:	600mg	x	3/J (hors	AMM)
Si	écologie	du	service	:	peu	de	SARM	et	SERM:

- Fosfomycine 200 mg/kg - Rifampicine
- Fosfomycine 200 mg/kg - Céfotaxime 200 mg/kg/j

Attention	Na+	pour	fosfomycine

ANTI-BG- avec	action	antipyocianique
- Ceftazidime :	2g	puis	100	mg/kg/j	continue	(6-8g/J)
- Cefepime :	 2g	puis	6-8g/J	 continue
- Meropenem :	1g	puis	3-6g/J		continue

INFECTION+SUR+MATÉRIEL+(DVE)+
+

+

ANTIeBGe+avec+acYon+anYpyocianique+
+
e  Ceqazidime+:+2g+puis+100+mg/kg/j+conYnue+(6e8g/J)+

e  Cefepime+:+++++2g+puis+6e8g/J++conYnue+

e  Meropenem+:+1g+puis+3e6g/J++conYnue+

e  Imipenem+:++NON+

+
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INFECTION	SUR	MATÉRIEL	(DVE)
ANTI-COCCI	+
- Vancomycine:	15mg/kg	puis	60mg/kg/J	continue

Surveillance	plasmatique	:	30-40	μg/ml

- Linezolid	:	600mg	x	3/J (hors	AMM)
Si	écologie	du	service	:	peu	de	SARM	et	SERM:

- Fosfomycine 200 mg/kg - Rifampicine
- Fosfomycine 200 mg/kg - Céfotaxime 200 mg/kg/j

Attention	Na+	pour	fosfomycine

ANTI-BG- avec	action	antipyocianique
- Ceftazidime :	2g	puis	100	mg/kg/j	continue	(6-8g/J)
- Cefepime :	 2g	puis	6-8g/J	 continue
- Meropenem :	1g	puis	3-6g/J		continue
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs

Microdialysis enables measurement of drug concentration

in brain ECF, on a continuous basis. Microdialysis can thus

demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth

pursuing or not. A microdialysis study by Hutchinson et al.

[15] investigated the effect of the potentially neuropro-
tective drug chlormethiazole on neurochemistry in five TBI

patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.

Antibacterial agents

CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
Carpenter and reproduced here with her permission
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INFECTION	SUR	MATÉRIEL	(DVE)
ANTI-COCCI	+
- Vancomycine:	15mg/kg	puis	60mg/kg/J	continue

Surveillance	plasmatique	:	30-40	μg/ml

- Linezolid	:	600mg	x	3/J (hors	AMM)
Si	écologie	du	service	:	peu	de	SARM	et	SERM:

- Fosfomycine 200 mg/kg - Rifampicine
- Fosfomycine 200 mg/kg - Céfotaxime 200 mg/kg/j

Attention	Na+	pour	fosfomycine

ANTI-BG- avec	action	antipyocianique
- Ceftazidime :	2g	puis	100	mg/kg/j	continue	(6-8g/J)
- Cefepime :	 2g	puis	6-8g/J	 continue
- Meropenem :	1g	puis	3-6g/J		continue
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs

Microdialysis enables measurement of drug concentration

in brain ECF, on a continuous basis. Microdialysis can thus

demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth

pursuing or not. A microdialysis study by Hutchinson et al.

[15] investigated the effect of the potentially neuropro-
tective drug chlormethiazole on neurochemistry in five TBI

patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.

Antibacterial agents

CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
Carpenter and reproduced here with her permission
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Attention	Na+	pour	fosfomycine

ANTI-BG- avec	action	antipyocianique
- Ceftazidime :	2g	puis	100	mg/kg/j	continue	(6-8g/J)
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs

Microdialysis enables measurement of drug concentration

in brain ECF, on a continuous basis. Microdialysis can thus

demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth

pursuing or not. A microdialysis study by Hutchinson et al.

[15] investigated the effect of the potentially neuropro-
tective drug chlormethiazole on neurochemistry in five TBI

patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.

Antibacterial agents

CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
Carpenter and reproduced here with her permission
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transporters, or are dependent on BBB disruption to enter the

CNS. Fortuitously from this perspective, increased BBB
permeability is a common feature of many CNS pathologies

(e.g. meningitis, primary and secondary tumours, intracere-

bral haemorrhage, and traumatic injury). If the BBB is not
significantly affected by a disease process, therapeutic

strategies have been developed to temporarily open the BBB

by intravenous infusion of hypertonic agents (e.g. mannitol)
prior to drug delivery [13] or to co-administer agents that

block efflux transporters [14].

Cerebral microdialysis in clinical studies of drugs

Microdialysis enables measurement of drug concentration

in brain ECF, on a continuous basis. Microdialysis can thus

demonstrate whether a drug in question, at an appropriate
dosage, can cross the BBB at sufficient concentration.

Resources can then be channelled to drug candidates that

have the best chance of showing efficacy in larger-scale
clinical trials.

Data from a small clinical study involving only a few

patients in a neurocritical care unit may be sufficient to
show whether a particular drug candidate might be worth

pursuing or not. A microdialysis study by Hutchinson et al.

[15] investigated the effect of the potentially neuropro-
tective drug chlormethiazole on neurochemistry in five TBI

patients. This drug proved to be undetectable in brain mi-

crodialysates, suggesting an adequate concentration of the
drug did not reach the target site to exert its mechanism of

action. Interestingly, in a phase III clinical trial chlorme-
thiazole did not improve the outcome in patients with

major ischemic stroke [16]. This expensive, time-con-

suming and unsuccessful phase III trial could potentially
have been avoided by first carrying out an in vivo micro-

dialysis study [10].

Cerebral microdialysis is not only useful for assessing
drug penetration into the brain, but is also used to monitor

the effect of neuroactive drugs on brain chemistry. Moni-

toring endogenous compounds such as neurotransmitters
and metabolic markers can provide evidence of whether a

drug is affecting its target in the desired manner. It can also

be used to help assess the clinical safety of the drug, e.g.
whether there are any adverse changes in microdialysate

levels of glucose, lactate, pyruvate, glutamate and glycerol.

The following section highlights a number of studies
where cerebral microdialysis has been used to extract

pharmacokinetic parameters from small clinical studies.

The examples are arranged by therapeutic area: antibacte-
rial agents, tumour therapy, neuroprotective agents and

anticonvulsant drugs.

Antibacterial agents

CNS infections such as bacterial meningitis are routinely
treated with b-lactam antibiotics, such as the carbapenems.

Antibiotics for treating CNS infections must be able to

maintain a minimum inhibitory concentration (MIC) in the
brain. The MIC of a drug is the concentration required to

kill a particular strain of bacteria and is measured in vitro.

These antibiotics, like any neuroactive drug, must not have
a neurotoxic effect at therapeutic concentrations. Some of

the carbapenem antibiotics, such as imipenem, can cause

an increase in the frequency of seizures if over-dosed [17].
Others, such as meropenem, are less neurotoxic and

therefore safe to use for the treatment of bacterial menin-

gitis. In the following two examples, cerebral microdialysis
has been used to evaluate the actual concentration of drug

in the brain.

In a study by Dahyot-Fizelier et al. [18] an intravenous
infusion containing meropenem was given to two patients

being treated for acute brain injury in the neurocritical care

unit (NCCU). Microdialysis sampling of brain ECF and
other routine monitoring used in the NCCU was carried

Fig. 3 A triple lumen cranial access device (CAD) is inserted into the
skull, to provide access into the brain for the microdialysis catheter
(MD) and for sensors measuring intracranial pressure (ICP) and brain
tissue oxygen concentration (O2). A pump (not shown) drives the
syringe that delivers perfusion fluid into the microdialysis catheter,
and the microdialysate emerges from the brain into a collection vial.
The vial is changed hourly by a nurse and analysed at the bedside on a
clinical microdialysis analyser (ISCUS or CMA600, for glucose,
lactate, pyruvate, glutamate and glycerol) and in the laboratory for
other analytes (e.g. drugs) as desired. Image copyright K.L.H.
Carpenter and reproduced here with her permission
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e++Linezolid+:+600mg+x+3/J+(hors+AMM)+

 
Si+écologie+du+service+:+peu+de+SARM+et+SERM: ++
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e  Meropenem+:+1g+puis+3e6g/J++conYnue+

+
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ATB Lipophiles et de petit PM 
 
ATB Bactéricides 
 
Administration continue 
 
Détermination de la CMI ++ 
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