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Use of antibiotics in neonates

Versporten et al. Pediatr Infect Dis J  2013

50 European hospitals 23 non-European hospitals

Countries n = 14 n = 9

Pediatric inpatients 2760 1565 

Neonatal inpatients 1153 589

(Overall antibiotic use)

(35.4%)

(21.8%)

(43.8%)

(39.4%)

Figure: Number of reported babies admitted on a neonatal ward

and receiving at least 1 antimicrobial treatment, by age.



Metsvaht et al,  BMC Pediatrics 2015

Variation in the dosing (mg/kg/day) compared to BNFC



Variability in antibiotic dosing for neonates

 Lack of validated pharmacokinetic studies

 High variability in dosing  risk for over- or underdosing

Leroux et  al, Arch Dis Child 2014

Metsvaht et al, BMC Pediatrics 2015



Pharmacokinetics

Concentration versus time

‘What the body does with the drug’

Phases

Absorption

Distribution

Metabolisation

Excretion

Parameters

Volume of distribution (Vd)

Clearance (Cl)

Pharmacodynamics

Concentration versus effect

‘What the drug does with the body’

Antibiotics: Aims

Maximal efficacy

Minimal toxicity

Avoiding resistance

Surrogate PD indices

T > MIC

AUC / MIC

Cmax / MIC

Clinical pharmacology: general concepts



Pharmacokinetics (PK) and pharmacodynamics (PD)

PK PD

DOSE CONCENTRATION EFFECT



Therapeutic drug monitoring (TDM) of antibiotics

‘TDM is used, in combination with parameters of the patient’s clinical condition

to help guide decisions regarding drug dosing in individual patients in order to

optimize therapeutic efficacy and minimize adverse events.’ 

Requiremens for TDM

1. Good relationship drug plasma concentration and effect

2. Narrow therapeutic index

3. Limited predictability of exposure for specific dosing

4. Clinical effects not easily measurable

5. Validated analytical method available to determine drug concentration

Zhao, bookchapter in Pediatric Clinical Pharmacology 2011



Pauwels and Allegaert, 

Arch Dis Child 2016

General requirements for TDM



 Different body composition compared to adults

 Population covers a large weight range (0,5 – 5 kg)

 Specific physiology: hyperbilirubinaemia, hypoalbuminaemia

 Specific diseases

 Fast maturation (renal, hepatic)

Large variability within the neonatal population

Kearns, NEJM 2003



Problem

identification

Covariate

exploration

Internal validation

PK/PD model

External validation

PK/PD model

Prospective

validation

dosing regimen

Individualised

pharmaco-therapy

STEP 1

STEP 2

STEP 3

Covariates amikacin Cl

 Birth weight

 Postnatal age

 Ibuprofen use

Covariate amikacin Vd:

 Current weight

Steps towards improved drug exposure predictability



Current weight (g) Postnatal age <14 days Postnatal age ≥14 days

0-800 16 mg/kg/48h (group 1) 20 mg/kg/42h (group 2)

800-1200 16 mg/kg/42h (group 3) 20 mg/kg/36h (group 4)

1200-2000 15 mg/kg/36h (group 5) 18 mg/kg/30h (group 6)

2000-2800 15 mg/kg/36h (group 7) 18 mg/kg/24h (group 8)

≥ 2800 15 mg/kg/30h (group 9) 18 mg/kg/20h (group 10)

Interval +10h in case of asphyxia or ibuprofen use

TARGET TROUGH: < 3 mg/L            TARGET PEAK: > 24 mg/L

(Toxicity) (Efficacy)

Development and validation of a PK model- based

amikacin dosing regimen for neonates

Smits et al, Antimicrob Agents Chemother 2015; 59(10):6344-51

Final proposed dosing regimen after prospective validation



Prediction of amikacin exposure 

De Cock et al,

Clin Pharmacokinet 2012



What to measure? Peak level? Trough level?

Prospective validation amikacin dosing regimen

 Peak levels on target

 > 90% of trough levels (before second dose) on target

 TDM in ‘special’ cases with limited predictability

Impaired clearance

Altered volume of distribution

 TDM during dosing interval

Software / PK model needed

Collaboration with clinical pharmacists



TDM for other aminoglycosides

Gentamicin and tobramycin

 Target drug attainment of published dosing guidelines

 Proposed dosing regimen based on moddeling and simulation

Valitalo et al, J Antimicrob Chemother 2015



Antimicrobial pharmacodynamic (PD) indices

Drug class PD characteristic PD index

Aminoglycosides Concentration-dependent

killing

Persistent post-antibiotic

effect

Peak/MIC

Carbapenems

Cephalosporins

Penicillins

Time-dependent killing

Minimal post-antibiotic

effect

Time>MIC

Glycopeptides

Fluoroquinolones

Time-dependent killing

Moderate post-antibiotic

effect

AUC/MIC



Group: glycopeptides

Mechanism of action: Inhibition bacterial cell wall synthesis

Pharmacokinetics

A: poor oral absorption

D: hydrophilic, high distribution volume

M: limited metabolisation

E: renal elimination, glomerular filtration (+ active tubular secretion)

Pharmacodynamics

Time-dependent

In adults, efficacy relates to AUC/MIC (≥ 400)

In neonates, trough level as surrogate marker (10-15 mg/l) in intermittent dosing

Vancomycin



New dosing regimen,

Neofax 2011 (N=101)

 77/101 (76.2%) suboptimal

 Median 5.8 (1-20.1) mg/l

Previous dosing regimen,

Anderson 2006 (N=193)

 128/193 (66.3%) suboptimal

 Median 7.8 (1-37.8) mg/l
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Vandendriessche et al, Current Therapeutic Research, 2014

Validated vancomycin dosing regimens are urgently needed



Timing of TDM? 

Vancomycin PK in neonates

 Treatment aim: to reach optimal exposure as soon as possible

 Time to steady state takes several days, especially in preterm neonates

 Loading dose?

Pauwels and Allegaert, Arch dis Child 2016



Gordon et al, Pediatr Infect Dis J 2012



Optimal TDM target? 

Vancomycin

 AUC24/ MIC > 400 is suggested

 Intermittent administration: trough level 10-15 mg/L (MIC <1)

 Continuous administration: median, 400/24 = 16-18 mg/L

Specific vancomycin PK/PD targets in neonates should be validated

 Current targets only validated in adults with MRSA infection

 Neonates often display Coagulase negative staphylococcal infections

 Current targets are only based on total vancomcyin concentration



Protein binding: only unbound drug pharmacologically active

Oyaert et al, Antimicrobial Agents Chemother 2015



Conclusions

 TDM of relevance in compounds with a good concentration-effect correlation, a 

narrow therapeutic index, of which the effect is not easily measurable and the

predictability of the exposure is limited.

 Large variability in antibiotic dosing guidelines for neonates

 Role of PK moddeling and simulation to improve drug dosing regimens

Aminoglycosides Vancomycin

 Targets are compound specific

 TDM for special cases (asphyxia, 

sepsis, extreme prematurity)

 Routine TDM requested

 Intermittent dosing: 10-15 mg/L, 

continuous administration 15-20 mg/L



Future challenges

 Exploration of covariates contribution to drug exposure variability (e.g. asphyxia)

 Integration of protein binding in PK/PD analyses

 Search for population specific PD targets

 Need for prospective validation of antibiotic dosing regimens

 Knowledge diffusion and implementation

 Multidisciplinary cooperation (clinician, pharmacist, microbiologist)
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