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Abstract
Background and Objective  Clavulanic acid is a commonly used β-lactam inhibitor in pediatrics for a variety of infections. 
Clear insight into its mode of action is lacking, however, and a target has not been identified. The dosing of clavulanic acid 
is currently based on that of the partner drug (amoxicillin or ticarcillin). Still, proper dosing of the compound is needed 
because clavulanic acid has been associated with adverse effects. In this systematic review, we aim to describe the current 
literature on the pharmacokinetics of clavulanic acid in the pediatric population
Methods  We performed a systematic search in MEDLINE, Embase.com, Cochrane Central, Google Scholar, and Web of 
Science. We included all published studies reporting pharmacokinetic data on clavulanic acid in neonates and children 0–18 
years of age.
Results  The search resulted in 18 original studies that met the inclusion criteria. In general, the variation in drug exposure 
was large, which can be partly explained by differences in disease state, route of administration, or age. Unfortunately, the 
studies’ limited background information hampered in-depth assessment of the observed variability.
Conclusion  The pharmacokinetics of clavulanic acid in pediatric patients is highly variable, similar to reports in adults, but 
more pronounced. Significant knowledge gaps remain with regard to the population-specific explanation for this variability. 
Model-based pharmacokinetic studies that address both maturational and disease-specific changes in the pediatric population 
are therefore needed. Furthermore, additional pharmacodynamic studies are needed to define a clear target. The combined 
outcomes will eventually lead to pharmacokinetic-pharmacodynamic modeling of clavulanic acid and targeted exposure.
Clinical Trial Registration  PROSPERO CRD42020137253.

Key Points 

This review illustrates the highly variable pharmacoki-
netics of clavulanic acid in the pediatric population.

The observed variability can in part be explained by the 
maturational aspects that characterize these patients, in 
addition to the disease-specific aspects.

Both the maturational and disease-specific aspects 
need to be further addressed, with currently available 
techniques, as the first step towards pharmacokinetic-
pharmacodynamic modeling and subsequent targeted 
exposure of a very commonly used drug in pediatrics.
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1  Introduction

Infections remain one of the major causes of childhood mor-
bidity and mortality worldwide [1]. Consequently, antibiot-
ics are among the most commonly prescribed drugs, both in 
newborns and children [2, 3]. Although they are potentially 
life saving in many cases, increasing antibiotic resistance is 
one of the major downsides of the high prescription rate [4].

The first discovered natural antibiotic in the modern anti-
biotic era was penicillin, in 1928 by Fleming [5]. The period 
thereafter (1940–70) is considered to be ‘the golden era’ of 
antibiotic development as new antibiotics were discovered 
at a significantly higher pace [6]. Only a few classes of anti-
biotics have been discovered since then, including the oxa-
zolidinones, pleuromutilins, and lipopeptides [7–9]. Unfor-
tunately, reports on bacterial resistance already appeared in 
that same time period and have been increasing over time, 
being responsible for a substantial number of deaths each 
year [10].

β-Lactam antibiotics exhibit their bactericidal effect 
through the inhibition of cell wall synthesis, thereby causing 
cell lysis that eventually leads to bacterial death. Bacteria can 
acquire resistance against β-lactam antibiotics through the 
production of β-lactamase, which cleaves the β-lactam ring 
and thereby inactivates the drug [4]. The first β-lactamase, 
penicillinase, was identified in 1940 and today more than 
850 β-lactamases have been reported [11]. Clavulanic acid 
is the first developed β-lactamase inhibitor, isolated from 
Streptomyces clavuligerus. It is considered a “suicide inhibi-
tor” as it can permanently inactivate β-lactamase through 
secondary chemical reactions and complex formation [12]. 
Clavulanic acid on its own has a poor antimicrobial effect on 
its own but combining it with amoxicillin or ticarcillin can 
restore the efficacy spectrum against β-lactamase-producing 
bacteria. Different formulations are commercially available 
in varying ratios depending on the route of administration, 
the targeted pathogen, and availability in a country.

The mode of action of clavulanic acid is still poorly 
understood. It is thought that the β-lactamase inhibitor 
should reach the target site prior to or simultaneously with 
the partner antibiotic, thereby allowing maximum inhibition 
and preventing degradation of the partner drug. Therefore, 
in the case of oral administration, absorption should be fast 
and, for all routes of administrations, the distribution profile 
should be similar to that of the partner drug. The elimina-
tion rate should ideally also be comparable between both 
compounds, as this will influence the ratio between both 
compounds during the course of the dosing interval. Pub-
lished pharmacokinetic studies on clavulanic acid in adults 
report a substantial variability in both healthy subjects and 
intensive care unit patients, as summarized in Table 1 of 
the Electronic Supplementary Material (ESM). Clavulanic 

acid is well absorbed after oral ingestion in adult men, with 
a mean bioavailability of 60%. Peak concentrations are 
reached on average 0.7–2.0 h after ingestion. Its metabolism 
is partly hepatic with plasma protein binding up to 30% and 
it is cleared through both renal and non-renal pathways [13, 
14]. Clearance varies substantially, which cannot solely be 
explained by disease state. Given that the pediatric popula-
tion represents a very heterogeneous population in whom 
developmental aspects related to maturation are present, one 
could expect that the pharmacokinetics of clavulanic acid in 
this population is even more variable than in adults. Current 
treatment strategies, both in adults and children, are mostly 
based on the amoxicillin component; and clavulanic acid-
specific dosing regimens are lacking.

This, together with the lack of a clear pharmacodynamic 
clavulanic acid target hampers dose optimization of this 
extensively used drug in pediatrics. Awaiting better phar-
macodynamic guidance, insight into the population-specific 
pharmacokinetic aspects of clavulanic acid would be the first 
step towards dose optimization. We therefore reviewed the 
available literature on the pharmacokinetics of clavulanic 
acid in the pediatric and neonatal population.

2 � Methods

2.1 � Search Strategy and Study Selection

This systematic review was performed in accordance with 
the Preferred Reported Items for Systematic Reviews and 
Meta-Analysis (PRISMA) [15]. We conducted a system-
atic search in MEDLINE, Embase.com, Cochrane Central, 
Google Scholar, and Web of Science up to 3 February, 
2022. The search strategies, created with help of two bio-
medical information specialists, are presented in the ESM. 
Two reviewers (FK and GTS) independently screened titles 
and abstracts and reviewed the full text of potentially rel-
evant articles. Disagreements were resolved by discussion 
or through consultation of a third investigator (KA). We 
included all studies and case reports reporting pharmacoki-
netic data on clavulanic acid in pediatric patients (preterm 
age to 18 years of age), and screened congress abstracts, ref-
erence lists, and reviews for additional studies. There were 
no restrictions on language or year of publication. Studies 
in participants > 18 years of age from which pediatric data 
could not be separated, in vitro studies, or studies performed 
in animals were excluded. The protocol has been registered 
in PROSPERO CRD42020137253.

2.2 � Quality Assessment

FK and KA independently performed the quality assess-
ment using the ClinPK statement, a descriptive tool without 
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grading system, which has been developed for the assess-
ment of quality and validity of clinical pharmacokinetic 
studies [16].

2.3 � Data Extraction

Two authors (FK and KA) independently extracted data in 
a predefined extraction form. Extracted variables included 
study design, information on study population (age, body 
weight, indication for antibiotics, and disease severity), 
information on clavulanic acid dosing, co-administered 
β-lactam antibiotic and ratio, mode and route of adminis-
tration, co-medication, sampling schedule, collected fluids, 
methods of analysis, data analysis, pharmacokinetic param-
eters, and side effects or adverse events. When data were 
provided in figures, observations were extracted using a digi-
tal tool (WebPlot Digitizer, Ankit Rohatgi, available online: 
https://​autom​eris.​io/​WebPl​otDig​itizer) [17].

2.4 � Data Analysis

We provide a formal narrative synthesis of the studies’ and 
patients’ characteristics. We extracted reported serum con-
centrations over time following administration of clavulanic 
acid and report these data in a descriptive manner for each 
individual study. If reported, mean concentrations over time 
are described. To harmonize data, all concentrations and 
area under the curve (AUC) values were corrected for dose 
(mg/kg) and converted to milligram per liter (mg/L) and mg 
× h/L, respectively. Clearance values were converted to L/h/
kg if feasible. Urine concentrations or fraction of adminis-
tered dose recovered in urine were extracted as well.

3 � Results

3.1 � Search and Included Studies

The search strategy yielded 2773 records of which 63 full 
texts were considered relevant based on title/abstract and 
screened for eligibility for this review. Eighteen articles 
were included in this systematic review. The flowchart in 
Fig. 1 shows the study selection. Included studies were pub-
lished between 1982 and 2017, the majority before 2000, as 
illustrated in Fig. 2. The majority of studies solely reported 
pharmacokinetic findings. Some studies did also assess effi-
cacy and safety aspects (adverse events). Characteristics of 
included studies are provided in Table 1.

3.2 � Quality Assessment

Based on the application of the ClinPK tool, we concluded 
that most of the included papers reported relevant variables 

with regard to the drug preparation and dosing schedule as 
well as the pharmacokinetic sampling method and method 
of analysis. Yet, some reports were quite brief and lacked 
crucial information, especially with regard to patient char-
acteristics and background. The complete assessment is 
included in the ESM. Assessing quality of the included stud-
ies following the current reporting guidelines is somewhat 
unfair as many aspects currently required in publications 
were not required in the past, and therefore probably not yet 
mentioned.

3.3 � Study Population

Thirteen studies concerned children, with a range from 1 
month to 18 years of age [18–30]. Five studies concerned 
neonates (gestational age range 24–43 weeks) [31–35]. The 
age range within each study varied substantially (Table 1). 
The total age range covered in this review is 0–18 years. 
The population size ranges from 10 to 112 subjects in the 
individual studies.

In most studies, antibiotic therapy was indicated for a 
suspected or confirmed infectious disease, including pye-
lonephritis, pneumonia, sepsis, acute otitis media, urinary 
tract infection, or dermatological infections, with different 
degrees of illness. In one study, neonates received antibi-
otics prophylactically [32]. One study evaluated the phar-
macokinetics of clavulanic acid in children admitted for a 
non-infectious reason [20]. In the majority of studies, sub-
jects were admitted to the pediatric (n = 9) or neonatal ward  
(n = 4). One study was performed on the pediatric intensive 
care [24], in one study, patients received home-based treat-
ment [25]. In the remaining three studies, the setting was 
unknown.

3.4 � Antibiotic Regimen

Eight studies combined clavulanic acid with ticarcillin [18, 
21, 22, 31–35]. Ten studies evaluated the pharmacokinetics 
of clavulanic acid in co-administration with amoxicillin [19, 
20, 23–30]. Drugs were administered in varying ratios and 
dosing schedules. Ticarcillin/clavulanic acid was adminis-
tered intravenously in all studies, including those performed 
in neonates. The clavulanic acid dose, co-administered with 
ticarcillin, ranged from 2.25 to 5 mg/kg. Seven studies eval-
uated the pharmacokinetics of oral amoxicillin/clavulanic 
acid (patients > 1 month of age). The clavulanic acid dose, 
co-administered orally with amoxicillin, ranged from 1.6 
to 5 mg/kg. Two studies used fixed dosages based on age 
ranges instead of dose per kilogram bodyweight [28, 29]. 
The remaining three studies evaluated the pharmacokinetics 
of intravenous amoxicillin/clavulanic acid. None of those 
was performed in neonates. The clavulanic acid dose, co-
administered intravenously with amoxicillin, ranged from 

https://automeris.io/WebPlotDigitizer
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Fig. 1   Flowchart of the inclu-
sion process. PK pharmacoki-
netics

Fig. 2   Publications on the pharmacokinetics (PK) of clavulanic acid 
in pediatrics in time

3.5 to 7 mg/kg. Detailed information on the dosage regimens 
is provided in Table 2 and in Table 2 of the ESM. 

3.5 � Sampling Methods

All studies collected blood; seven studies also collected 
urine samples. One study collected both blood and middle 
ear fluid. In most studies, sampling took place after the first 
dose. Three of these studies, however, were single-dose stud-
ies. Seven studies also sampled during steady state, usually 
between treatment days 3 and 7.

3.6 � Sample Analysis

Fifteen out of 18 studies reported sample management; sam-
ples were centrifuged and cooled immediately after collec-
tion; and stored at – 70 to 80 °C for a maximum of 60 days 
before analysis. In three studies, a stabilizer (morpholinopro-
pane sulfonic acid/sodium citrate) was added to the sample 
before storage [18, 20, 27]. Serum concentrations were often 
measured with the agar plate method. An overview of the 
sample management and methods of analysis is available 
provided in Table 3 of the ESM.

3.7 � Methods for the Pharmacokinetic Analysis

The majority of included studies provide a descriptive 
analysis of the pharmacokinetic results and calculated basic 
non-compartmental parameters (AUC, volume of distribu-
tion [Vd], clearance, half-life [T1/2]). Five studies used phar-
macokinetic-specific software (Adapt2, Nonmem, Lagran, 
Estrip/Kinonite) [21, 22, 24, 31, 34]. Pharmacokinetic 
parameters are presented in Tables 2 and 3. Four studies in 
which data were pooled from patients with a broad age range 
reported how maturation and/or bodyweight was accounted 
for in the scaling pharmacokinetic parameters [21, 22, 24, 
34]. Other studies did report pharmacokinetic values per age 
group (i.e., neonates < 3 months of age and older children).
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3.8 � Pharmacokinetic Results

We extracted serum concentrations when provided. Fig-
ure  3a illustrates serum-time concentrations following 
oral administration of clavulanic acid. Figure 3b illustrates 
serum-time concentrations following intravenous adminis-
tration (both after correction for dose [mg/kg]).

Variation in pharmacokinetics was observed across 
studies; Table 3 presents the range of each parameter per 
included study, subdivided per mode of administration. Data 
for neonates specifically are presented separately. For all age 
groups, a large variability in maximum concentration (Cmax) 
is apparent, both following intravenous and oral adminis-
tration. Maximum concentration following intravenous 
administration is substantially higher than Cmax following 
oral administration. 

The mean T1/2 was provided in 13 studies, with a range 
from 0.78 to 2.9 h, with the longest T1/2 seen in preterm 
neonates. The T1/2 was comparable following intravenous 
and oral administration. The reported AUC differed signifi-
cantly between the oral and intravenous group. The differ-
ences remained after correction for dose, differences remain 
present in AUC between oral and intravenous administration, 
with a higher AUC following intravenous administration, 
reflecting absorption characteristics. The Vd following intra-
venous administration is also significantly larger than that 
following oral administration.

3.9 � Urine Excretion

Several papers reported urine excretion, of which four 
reported the percentage of administered dose recovered 
within a given sampling time interval. Clavulanic acid 
recovery after intravenous administration ranged from 50 to 
59% 6 h after administration. The percentage of clavulanic 
acid recovered after oral administration is significantly lower 
within similar time intervals (range 8–32%).

3.10 � Other Compartments

Jehl et al. [30] reported clavulanic acid penetration in mid-
dle ear fluid in children with otitis media; concentrations 
are reported in Table 2. Both serum and middle ear fluid 
concentrations were measured. Maximum concentration 
in middle ear fluid was reached later in time than Cmax in 
serum, reflecting a deep compartment pattern. Concentra-
tions remain measurable 12 h after administration.

3.11 � Adverse Events/Side Effects/Adverse Reactions

Most studies briefly mentioned treatment tolerance and the 
occurrence of adverse reactions or side effects, if any. The 
concepts adverse events, adverse reactions, and side effects 

were used interchangeably without a clear definition for each 
concept. All reported side effects and adverse events are pre-
sented in Table 4 of the ESM. Overall, very few adverse 
events have been reported. The most commonly reported 
adverse events are diarrhea and mild eosinophilia. Hober-
man et al. reported that the incidence of diarrhea is dose 
dependent with higher rates in the 6.4-mg/kg/day clavulanic 
acid group compared with the 3.2-mg/kg/day and 2.85 mg/
kg/day groups (26% vs 25% vs 17%; p = 0.10) [25].

4 � Discussion

Clavulanic acid is a commonly used β-lactamase inhibitor, 
both in primary care and hospital settings for all age groups 
and for different types of infection. To our knowledge, this is 
the first review providing a complete literature overview of 
the reported pharmacokinetics of clavulanic acid in children 
from 0 to 18 years of age.

In general, the reported studies are quite old; only a few 
have been published after 2000. By that time, clavulanic 
acid was already widely used and found efficacious for a 
number of indications. Another possible reason for the pau-
city of recent studies could be that changes in legislation for 
drug research and sampling in children have complicating 
the execution of such studies. This does implicate, however, 
that the used techniques, such as the agar plate method, may 
have become obsolete, as the standard has shifted to direct 
quantification, preferably with techniques such as high-
performance liquid chromatography or mass spectrometry. 
Moreover, pharmacokinetic values are mostly presented in 
a descriptive manner with individual pharmacokinetic esti-
mates or naïve pooling, whereas population pharmacokinet-
ics is currently encouraged. It could therefore be interesting 
to validate findings using high-performance liquid chroma-
tography and explore whether reported raw data could be 
used for pharmacokinetic modeling.

Sampling and storage, when reported, were performed 
in an adequate manner, samples were immediately pro-
cessed and stored at − 80 °C. A recent study from our group 
found clavulanic acid stability to be very poor when sam-
ples are not immediately stored. Samples should be stored 
at − 80 °C within 1 h after withdrawal. Samples can be 
stored for at least 6 months at − 80 °C, although frosting/
defrosting severely affects the stability (unpublished data). 
The storage time did vary significantly between studies, 
which might have impacted results. Regarding drug stor-
age, unfortunately none of the studies provided information 
about the storage conditions. Adequate storage conditions of 
the drug itself have proven relevant as well as the stability 
decreases substantially with increasing temperatures [36]. In 
our opinion, these aspects explain only part of the observed 
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between-study variability, but should be considered when 
performing new pharmacokinetic studies.

The pharmacokinetics of clavulanic acid has been stud-
ied following oral (combined with amoxicillin) and intrave-
nous (combined with amoxicillin or ticarcillin) administra-
tion. Studies have been performed in different populations, 
including special populations such as neonates and intensive 
care unit patients, thereby allowing insights into the possibly 
altered pharmacokinetics in immature or sick children. We 
have harmonized data by correcting concentrations for dose. 
However, the sampling schedule differed between studies; 
some studies reported single-dose concentrations, while oth-
ers report steady-state concentrations. Moreover, pharma-
cokinetic findings were expressed in different measurement 
units, which we could not always transform as information 
was lacking. All this makes generalizability and pooling 
of results challenging, which should be kept in mind when 
interpreting results. We discuss the main findings in the next 
sections.

4.1 � Absorption

Peak concentrations following oral administration were on 
average reached between 1 and 2 h after administration, 
which is comparable to findings in adults. A slower absorp-
tion could be expected in neonates, owing to immaturity of 
the gastrointestinal tract and a slower rate of gastric empty-
ing. Unfortunately, none of the studies evaluating oral cla-
vulanic acid included subjects younger than 1 month of age. 
A slightly slower absorption was seen in children 6–10 years 
of age with suspected or proven bacterial infection com-
pared with younger or healthy children. However, as none of 
the oral studies included children with sepsis (biochemical 
results and clinical condition were reported to be normal), 
information on the effect of disease state on absorption was 
lacking.

As expected, the Cmax (corrected for dose) largely var-
ied between studies, both following oral and intravenous 
administration in all populations. In general, higher peak 
concentrations were seen following intravenous administra-
tion. Fricke et al. [31] reported a lower Cmax (corrected for 
dose) in preterm and low birthweight infants compared with 
that in term infants. Contradictory, two studies reported a 
higher Cmax in infants < 3 months of age or weighing < 2 
kg. In both studies, the Cmax was determined after the first 
dose, thus not influenced by elevated through concentrations 
due to altered clearance [33, 35]. Absorption following oral 
administration in healthy volunteers is also highly variable 
[37]. None of the studies provided both intravenous and oral 
data; determination of the bioavailability was therefore not 
possible. The bioavailability of clavulanic acid in adults is 
reported to be 60–70% [38].
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4.2 � Distribution

The Vd varied between studies. We could not compare the 
Vd between the two routes of administration as data on the 
Vd following oral administration were unfortunately lack-
ing. One of the included studies evaluated the penetration 
in another compartment of interest: the middle ear reporting 
penetration with a lower concentration reached later in time 
compared with serum (reported AUC middle ear fluid 63% 
of that of serum. The authors concluded that these levels 
were sufficiently high for the inhibition of β-lactamase pro-
duced by Haemophilus influenzae and Moraxella catarrha-
lis. The mean half-life of clavulanic acid was longer than 
that in neonates compared with children and even longer in 
preterm and low birthweight neonates compared with term 
neonates. This is reflected in the adjusted dose frequency 
schedule in these patients; every 12 hours instead of every 
8 hours. The T1/2 in older children was approximately that 
of adults.

4.3 � Elimination

Clearance differed substantially between studies. This 
reflects the variability in patients (preterm-term-children) 
and thus maturational aspects (ontogeny), as well as differ-
ences in disease severity that do influence individual clear-
ance. These aspects have not been addressed in the individ-
ual studies. Urine excretion 6 hours after dose administration 
ranged from 50 to 59% for intravenous administration and 
was even lower following oral administration, reflecting 
absorption. Given that detectable serum concentrations are 
measured 6–8 h after administration, one would expect the 
proportion of excretion in urine to be greater when increas-
ing the sample interval.

4.4 � Pharmacokinetic‑Pharmacodynamic Target

As stated earlier, a clear target for clavulanic acid is currently 
lacking and dosing is targeted to the partner drug exposure. 
It could be that the target depends on the fraction of time that 
the free concentration exceeds the threshold concentration 
(%fT > CT), which has been described for tazobactam [39, 
40] or the fAUC for relebactam [41]. To properly treat the 
infection, the actual exposure in children and adults should 
be comparable in order. As the actual pharmacodynamic 
target is not known, the only comparison that can be made 
with regard to the exposure of clavulanic acid in children 
is to compare it with that in adult humans. To that end, the 
AUCs (not corrected for body weight) are compared with the 
values described in adults. De Velde et al. described mean 
AUC values of 4.82 ± 1.53 [37]. These values are slightly 
higher than reported AUCs for children (range of reported 
means 1.66–5.66; Table 3).

4.5 � Safety

Safety was not the primary objective of this review, and 
adverse events or reactions were co-collected as reported 
in the included papers. Consequently, we do not report a 
full and complete synthesis of adverse reactions/side effects 
related to clavulanic acid use. Moreover, it is known that 
when the occurrence of adverse events or side effects is 
not one of the primary objectives of a study, which was the 
case in most of the studies included in this review, these are 
poorly reported [42]. The reported events in the included 
studies are in line with the known side effects, of which 
gastrointestinal symptoms are the most common events [43].

Some limitations of this review need to be addressed. The 
first concerns the inclusion criteria. Our aim was to describe 
the available evidence on clavulanic acid; as we assumed 
that the number of relevant studies would be low, we did 
not apply strict eligible criteria. Consequently, the between-
study variability in population, dosing regimen, and used 
methods was high, which made data harmonization difficult. 
A meta-analysis could, therefore, not been performed. Sec-
ond, the used quality assessment tool, the ClinPK tool, has 
its limitations, as it does not cover all components of quality, 
including the risk of bias. However, a quality assessment 
tool available solely for pharmacokinetic studies is currently 
not available. The Grading and Assessment of Pharmacoki-
netic-Pharmacodynamic Studies (GAPPS) can only be used 
for pharmacokinetic-pharmacodynamic studies and was not 
appropriate for this review [44].

Table 3   Range of pharmacokinetic parameters following oral and 
intravenous administration

Data from studies in neonates are provided separately
AUC​ area under the curve, Cl clearance, n.a. not applicable, T1/2 half-
life, Vd volume of distribution
a Only studies reporting Cl in L/h/kg or mL/min/kg have been 
included

Pharmacokinetic parameters 
(range)

Intravenous 
clavulanic 
acid

Oral clavulanic acid

T1/2 (h) all studies 0.78–2.56 1.0–2.9
T1/2, studies in neonates 1.39–2.5 n.a.
AUC (mg × h/L) 1.7–30.1 1.66–5.6
AUC (mg × h/L), studies in 

neonates
21–30 n.a.

AUC (mg × h/L) corrected for 
dose

2.76–9.12 0.73–2.67

AUC (mg × h/L) corrected for 
dose, studies in neonates

6.75–9.09 n.a.

Vd (mL/kg) 263–661 Not reported
Vd (mL/kg), studies in neonates 280–488 n.a.
Cl (L/h/kg)a 0.12–0.37 0.31–1.15
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5 � Conclusions and Relevance for Clinical 
Practice

Clavulanic acid is commonly used in the pediatric popula-
tion and several studies have reported its pharmacokinet-
ics. Similar to the adult population, the pharmacokinetics 
is highly variable in children of all age groups. This sug-
gests that dose adjustments in relation to age or disease 
state could be beneficial to optimize treatment and pre-
vent side effects and antimicrobial resistance. Moreover, it 
raises questions on the diversity of available suspensions 
and the ratio (penicillin/β-lactamase inhibitor) to be used. 
The pediatric population is hereby unique as developmental 
aspects impact pharmacokinetics. Additional pharmacoki-
netic research, including bioavailability studies, is therefore 
needed and should ideally be model based, addressing both 
maturational and disease-specific changes that characterize 
the pediatric population. Next, a clear pharmacodynamic 
target is currently lacking. Future research should therefore 
focus on gaining more insight into the pharmacodynamics of 
clavulanic acid, so that insights can lead to pharmacokinetic-
pharmacodynamic modeling of clavulanic acid and targeted 
exposure in pediatrics.
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