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β-lactams 

Van Boeckel Lancet Infectious disease 2014

Standard dosing = Wide Therapeutic Index



Increased dosing – WHY?
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Increased dosing – WHY?

Changes in PK parameters will result 
in unpredictable drug 
concentrations using the same 
regimens than in HV/CTRLs

Drug regimens are based on drug 
PKs assessed in healthy 
volunteers (HV) or patients with 
less severe infections (CTRL)



Standard dosing  may lead to insufficient 
drug concentrations (non-ICU) 

Increased dosing – WHY?
Less susceptible &

MDR bacteria Obese patient Augmented renal 
clearance

Extracorporeal devices
(iHD, plasmapheresis) Massive 

Blood losses

INCREASED
DOSING

INCREASED
DOSING



CRITICAL
ILLNESS

Roberts and Lipman. Springer 2007



β-lactams toxicity 

• Rare - Difficult to diagnose - Underdiagnosed

• Particularly difficult to diagnose in ICU patients
– Multiple organ failure
– Polymedication

• Unclear whether this may lead to increased 
morbidity (and mortality ???) 



Most common toxicities 

Agranulocytosis (2-15/million) 
Thrombopenia/anemia
Neutropenia

ALLERGIC

HEMATOLOGICAL

1-10% 
Cross-reactivity for type I

Park Mayo Clin Proc 2005
Clark Pharmacotherapy 2006
Andres Eur J Intern Med 2006

HEPATOTOXICITY 1/100,000

Koklu Ann pharmacother 2003

NEPHROTOXICITY Intersticial nephritis (ALL) 
AKI/Delayed recovery (PTAZ)

NEUROTOXICITY Rare (CEF>Others)



β-lactams 

Mechanisms?
Direct bone marrow toxicity
IN VIVO
• 24 patients -> myelogram (at different intervals from  

the nadir of neutropenia)
• Lack of well-differentiated myeloid granulocyte 

precursors  - reduction of myelocyte
IN VITRO
• A dose-dependent inhibition of granulopoiesis was 

found with all the investigated β-lactams

Are these toxicities related to dosing?
NEUTROPENIA

Neftel. J. Infect. Dis. 1985.

CEF > PTAZ



β-lactams 

Mechanisms?
• Dose-dependent decrease in Colony 

Stimulating Activity IN VITRO

• Several articles have reported drug-
dependent antibodies to neutrophils -> 
similar to haemolytic anemia

Are these toxicities related to dosing?
NEUTROPENIA

Hauser Stemcell 1998
Rouveix BMJ 1983
Marie JP Presse Med 1986



β-lactams 
• Reversible neutropenia may occur in 5 to 15% of patients receiving  BL for 

more than 10 consecutive days of IV therapy with β-lactams antibiotics 
• 90 % appear after 10 days of Abtherapy

• TZP-induced neutropenia was related to the cumulative dose (range 204–
612 g) and duration of therapy (range 18–51 days)

• High doses BL for endocarditis : 29 patients – neutropenia 7/29 – duration of 
neutropenia 2-12d 
– Risk factor neutropenia : low count of neutrophils – high doses of BL for 

long period (14- 24 d)

NEUTROPENIA

Peralta CID 2003
Olaison JAC 1990

Are these toxicities related to dosing?

RESOLUTION AT DRUG DISCONTINUATION 



β-lactams 

Lindenbaum 1996
Gharpure 1993
Bougie 2003
Shamsuddine 2015

ANEMIA

• Rare 
• Hemolysing antibodies
• 26 cases with PTAZ

THROMBOPENIA

• Antibody-mediated platelet destruction 
• Other mechanisms?
• PTAZ may induce a reversible
conformation in the platelet membrane 
generating a neoantigen

Are these toxicities related to dosing?

RESOLUTION AT DRUG DISCONTINUATION 



Amoxiclav
Mild hepatocellular or cholestatic liver injury 
10 per 100,000 patients treated 
Life-threatening acute liver failure: few case 
reports (extra-hepatic manifestations)
Mechanism of hepatotoxicity is unclear

Immuno-allergy – HLA predisposition
Not clear if correlated to dosing

PTAZ - CEF
May induce DILI
Minor clinical significance

Rodriguez 1996
Tujios 2011
Gresser U 2001
Larrey 1992
Zhong Fang 2013

Are these toxicities related to dosing?
HEPATOTOXICITY



Ceftriaxone 
High biliary concentrations (150-fold blood concentrations)  -> More likely to induce “sludge” 

Richards Drugs 1987

Nakarai Eur J Clin Pharmacol 2016

High (4g) vs normal dosing (2g)
Retrospective study 

Biliary sludge or stones not assessed

Are these toxicities related to dosing?
HEPATOTOXICITY



Nephrotoxicity

Are these toxicities related to dosing?

-AKI increased morbidity 
and mortality
-Interstitial nephritis 
• Delayed T cell mediated HS 

reaction
• Ampiciliin > 200mg/kg/j
• High dose methycilin

Prolonged treatment

Recovery after drug discontinuation



• PTAZ +VAN : increased incidence of nephrotoxicity
OR = 2.5 – 5.0

• RETROSPECTIVE STUDIES
– MEM + VAN / PTAZ + VAN  / CEF + VAN 

– various definitions of AKI 
– DOSING?

• PROSPECTIVE STUDY
– 85 patients 
– Higher rate of AKI in PTZ group (37 vs. 7%)
– Standard Dosing
– No multivariate analysis

Burgess 2014
Meany 2014
Yami 2017
Moenster 2014
Gomes 2014
Peyko 2014

Are these toxicities related to dosing?
Nephrotoxicity PTAZ MORE NEPHROTOXIC ?



Nephrotoxicity

1200 ICU patients – prospective randomised study  
Standard Vs  High exposure therapy

More AKI in High exposure
Piperacillin/tazobactam : cause of delayed renal 
recovery in critically ill when compared to other BL

Not related to dosing … More to the drug

Are these toxicities related to dosing?

Jensen 2012



Chow pharmacotherapy 2003

TWITCHING

Grill Ann Pharmacother. 2008

MYOCLONUS

NONCONVULSIVE STATUS EPILEPTICUS
DISORIENTATION

TONIC CLONIC SEIZURE

SOMNOLENCE

CONFUSION-> DIFFICULT TO DIAGNOSE!

Are these toxicities related to dosing?
NEUROTOXICITY



Inhibition of GABA-A 
receptor function 


Neurons hyperexcitability

Depolarization of the 
post-synaptic membrane


Seizure threshold lowered

Fujimoto Br J Pharmacol. 1995
Sugimoto Neuropharmacology 2003
Chow Eur J Microbiol Infect Dis 2005

NEUROTOXICITY MECHANISM

Are these toxicities related to dosing?
NEUROTOXICITY



De Sarro Antimicrob Agents Chemother. 1995
Sunagawa, J Antibiot 1992
Norby JAC 2000

1. Dose-dependent mechanisms: 
More convulsive activity at higher drug 
concentrations

Cephalosporins > Penicillins

2. Voltage-dependent mechanisms
More basic->better binding to the GABAA
-> higher neurotoxicity

Imipenem >> meropenem > 
doripenem

NEUROTOXICITY

Are these toxicities related to dosing?



- Direct injection of AB into the 
lateral ventricle of mouse brain

- ALL ABs: dose-dependent induced 
convulsion 

NEUROTOXICITY

Are these toxicities related to dosing?



β-lactams 

Grill BJCP 2011

RISK FACTORS
• Renal failure
• Elderly patient
• Pediatric patient
• Pre-existing brain injury

NEUROTOXICI
TY

Are these toxicities related to dosing?



• Retrospective review of patients treated with meropenem or cefepime in whom EEG 
has been performed (42 months)

• Continuous  epileptiform discharges : 5-fold more frequent in CEF group
– Blood serum creatinine concentration: elevated in 5/14 pts
– Dead 7/14 Pts

Patients 
treated

EEG 
performed

Continuous 
epileptiform 
discharges

Prevalence

(%)

CEFEPIME 1120 59 14 1.25

MEROPENEM 1572 80 3 0.25

NEUROTOXICITY



117 status epilepticus

12 related to ABs
- 8 convulsivant
- 4 non-convulsivant

- 5 ceftazidim
- 2 piperacillin
- 1 cefepime

Renal failure 6/12 (50%)
Mortality: 8/12 (75%) 

NEUROTOXICITY

Are these toxicities related to dosing?



Lamoth AAC 2010

Impaired renal function 

Median cefepime trough levels: 28 mg/L 

Are these toxicities related to dosing?
NEUROTOXICITY



Retrospective review
108 patients – 180 SEPSIS – 460 
measurement of serum BL concentration

96/108 : at least one supratherapeutic level

No correlation with clinical seizure
(univariate analysis) 

NEUROTOXICITY

Are these toxicities related to dosing?



RETROSPECTIVE STUDY

ALL ICU PATIENT treated with MEROPENEM (MEM), PIPERACILLIN-TAZOBACTAM (TZP) 

or CEFTAZIDIME/CEFEPIME (CEF)  and  AT LEAST 1 TDM PERFORMED (CMIN/MIC)

HYPOTHESIS: Association of serum concentrations with neurological deterioration?

199 patients included (262 TDMs)

Are these toxicities related to dosing?
NEUROTOXICITY

Beumier, Minerva Anestesiologica 2015



Neurological evolution

No Brain Dysfunction -> nSOFAAdm and nSOFATDM = 
0

Brain Improvement -> nSOFAAdm 1-2 + DnSOFA = 0 

No Clinical Change -> nSOFAAdm 1-2 + DnSOFA ≤ 1 

Persistent Coma -> nSOFAAdm 3-4 + DnSOFA ≤ 2

- nSOFAAdm = 0 + DnSOFA ≥ 1
- nSOFAAdm 1-2 + DnSOFA ≥ 1

Neurological
impairement

Beumier, Minerva Anestesiologica 2015



Total TDMs = 262
CEF n=47

PTAZ n=85
MEM n=130

Neuroworsening n=94 

Beumier, Minerva Anestesiologica 2015



In ICU patients

Rerospective study – 93 patients
MEM PTAZ high vs standard dose (similar population of patients)
TDM guided



β-lactams 

NO DIFFERENCES !

BUT…
Dosing adapted to TDM
AIM ƒT>100%MIC



β-lactams 

• Discontinuation of therapy?
– What if severe infection ?

• CI?
• Assessment of drug concentrations ?
• Extra-corporeal support?

– CRRT > iHD?

How To Manage ?



Conclusions

• Increased dosing are sometimes required
• b-lactams= « safe » ABs
• Toxicity (rare) is important to recognize -

difficult to diagnose – particularly in ICU 
patients - Underestimated problem ?

• High doses vs. high blood concentrations
• Patient “at risk” = TDM



β-lactams 


