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Abstract
Background and Objective Pharmacokinetics (PK) are severely altered in pregnant women due to changes in volume of 
distribution (Vd) and/or drug clearance (CL), affecting target attainment of antibiotics in pregnant women. This review is 
part of a series that reviews literature on the description of PK and target attainment of antibiotics in pregnant women with 
specific focus on penicillins.
Methods A systematic literature search was carried out in PubMed. Articles were labelled as relevant when information on 
PK of penicillins in pregnant women was available.
Results Thirty-two relevant articles were included, 8 of which discussed amoxicillin (with and without clavulanic acid), 
15 ampicillin, 4 benzylpenicillin, 1 phenoxymethylpenicillin, and 4 piperacillin (with and without tazobactam). No studies 
were found on pheneticillin and flucloxacillin in pregnant women. Ten out of 32 articles included information on both Vd 
and CL. During the second and third trimester of pregnancy, a higher CL and larger Vd was reported than in non-pregnant 
women and in pregnant women during first trimester. Reduced target attainment was described in second and third trimester 
pregnant women. Only 7 studies reported dosing advice, 4 of which were for amoxicillin.
Conclusion The larger Vd and higher CL in second and third trimester pregnant women might warrant a higher dosage or 
shortening of the dosing interval of penicillins to increase target attainment. Studies frequently fail to provide dosing advice 
for pregnant women, even if the necessary PK information was available.

Key Points 

Pharmacokinetics (PK) are severely altered in pregnant 
women due to changes in volume of distribution (Vd) 
and/or drug clearance (CL), affecting target attainment 
of antibiotics in pregnant women.

This systematic literature review aims to describe the PK 
and target attainment of penicillins in pregnant women. 
Volume of distribution and higher CL in second and 
third trimester pregnant women might warrant a higher 
dosage or shortening of the dosing interval of penicillins 
to increase target attainment.

This systematic literature overview hopes to inspire 
researchers to fill these gaps, not only by publishing 
PK data, but also by providing evidence-based dosing 
regimens for implementation in the clinic, as this infor-
mation is vital to optimise penicillin treatment in this 
special population.
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1 Introduction

During pregnancy, one-third of pregnant women receive 
an anti-microbial agent [1]. Because of physiological and 
mechanical changes during pregnancy, pregnant women 
could be more severely affected by specific bacterial infec-
tions than healthy non-pregnant women [2]. Therefore, some 
infections in pregnant women need to be treated in an early 
stage to prevent complications to mother and/or foetus. Anti-
biotics, such as penicillins, are a first choice of anti-infective 
therapy for many bacterial infections, especially in preg-
nancy, due to their safety [2].

During pregnancy, several changes in the female body 
occur, both anatomical and physiological. Examples of these 
changes during pregnancy are a decrease in intestinal motil-
ity, an increase in gastric acidity, and an increased glomeru-
lar filtration rate (GFR) (Fig. 1) [3, 4]. It is therefore likely 
that the pharmacokinetics (PK) of many drugs, including 
penicillins, are influenced during pregnancy [4]. The above-
mentioned physiological changes and resulting changes in 
PK may lead to supra- or subtherapeutic drug concentrations 
in the mother. In addition, drug exposure could lead to toxic 
drug concentrations in the foetus as many drugs are either 
actively or passively transported over the placenta. As a 
result, dosage adaptations are often necessary [3]. Currently, 
pregnant women are often administered the same dose as 
non-pregnant women. Knowledge on altered PK parameters 
and the ability of reaching the pharmacodynamic (PD) tar-
gets is essential to obtain evidence-based dosing regimens 
in pregnant women.

This study aims to systematically review literature on 
the description of PK and target attainment of antibiotics 
in pregnant women. Furthermore, this study will analyse if, 
based on the reported changed PK/PD, evidence-based dos-
ing regimens have already been developed to reach adequate 
target concentrations in pregnant women.

2  Methods

2.1  Search Strategy

This systematic literature review is performed in accord-
ance by the PRISMA guidelines of 2020 [5]. The PRISMA 
checklist is shown in Supplemental File 1. A search was 
conducted using PubMed on September 1 2021, and updated 
on August 28 2022. For each included penicillin, a search 
was performed, with a combination of different terms: 
‘drug name’, ‘pregnancy’ and ‘pharmacokinetic’. For the 
specific keywords and field codes per topic, see Table 1. The 
detailed search strategy is outlined in Supplemental File 2. 

References of included studies were checked for other rel-
evant articles for this study.

2.2  Inclusion Criteria

This systematic review describes 7 penicillins: amoxicillin 
(with and without clavulanic acid), ampicillin, benzylpeni-
cillin (penicillin G), pheneticillin, phenoxymethylpenicillin 
(penicillin V), flucloxacillin, piperacillin (with and with-
out tazobactam). For each penicillin, a separate systematic 
search was conducted to find studies on the PK, the prob-
ability of target attainment, and development of evidence-
based dosing regimens in pregnant women. Studies were 
included in which at least one PK parameter was stated in 
pregnant women. If possible, PK of the antibiotic was com-
pared with that of non-pregnant women. All different dosage 
forms (intramuscular, intravenous, oral and vaginal) were 
included in this study, as locally acting drugs can be reab-
sorbed to some extent (e.g., miconazole) [6]. In addition, the 
following studies were included in this study when avail-
able: randomised controlled trial, non-randomised controlled 
trial, cohort study, case-control study or case-series study. 
A study in the form of a review was not included in this 
study and only studies performed in humans were included. 
In addition, only studies written in English were included. 
No year of publication restrictions were made. It has to be 
noted that this study only focusses on PK-related endpoints 

Fig. 1  Schematic overview of the physiological changes dur-
ing pregnancy. *; ↓ CYP1A2, ↑ CYP2B6, ↑ CYP2C8, ↑ CYP2C9, 
↓ CYP2C19, ↑ CYP2D6, ↑ CYP2E1, ↑ CYP3A4, ↑ Uridine 
5ʹ-diphospho-glucuronosyltransferases
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and does not include efficacy studies. However, for penicil-
lins, it is known that efficacy is supported by reaching the 
PK/PD parameter time that the free fraction is above the 
MIC (fT>MIC) [7, 8]. Furthermore, this systematic literature 
review is limited to PK and target attainment in pregnant 
women, without including additional PK or safety data from 
literature on the foetus.

2.3  Study Selection

The title and abstract were screened for the relevance to this 
study. After initial selection, the full text of the articles was 
obtained. Studies not meeting the inclusion criteria were 
excluded. Two investigators (MH and PM) conducted the 
search strategy and study selection, separately. The obtained 
results were discussed and, in case of disagreement, a third 
author (DT) was consulted.

2.4  Data Extraction

After inclusion of a study, data were extracted. The data 
extraction was performed separately by two investigators 
(MH and PM) for all included studies. In case of disagree-
ment, a third author (DT) was consulted. For each eligible 
article, data were systematically extracted and all extracted 
data were entered in a database using Microsoft Excel by 
one author (MH). Thereafter, the data in the table were 
checked by a second author (PM). The extracted study 
characteristics of interest were: study design, number 
of participants, trimester of pregnancy (type of medica-
tion [with dosage and dosage interval]). In addition, PK 
parameters per study were extracted. The collected PK 
parameters of interest were bioavailability (F) for oral 
drugs, volume of distribution (Vd) and clearance (CL). 
Further, exposure parameters such as trough (Cmin) and 
peak (Cmax) drug concentrations, time of maximum con-
centration (tmax), area under the curve (AUC) and half-life 
(t1/2) were collected. Pharmacodynamic parameters that 
were collected included the probability of target attain-
ment (PTA), minimal inhibitory concentration (MIC), and 
(fT>MIC). Further study investigation advised if adapted 
evidence-based dosing regimens for adequate target attain-
ment were based on potentially changed PK/PD. Compari-
son of PK parameters between non-pregnant/postpartum 
and pregnant women were made as follows: when only 
one study reported PK data in non-pregnant and pregnant 
women, the percentage changes were calculated between 
those two groups and reported in the result section. When 
multiple studies reported PK data, the lowest and highest 
percentage changes between non-pregnant and pregnant 
women within all those studies were reported in the result 
section.
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3  Results

3.1  Study Selection and Data Extraction

Study selection and data extraction for each included 
penicillin were performed. With the search strategy and 
based on title and abstract, 40 studies for amoxicillin (with 
and without clavulanic acid), 113 for ampicillin, 120 for 
benzylpenicillin, 0 for pheneticillin, 4 for phenoxymethyl-
penicillin, 3 for flucloxacillin and 12 for piperacillin (with 
and without tazobactam) were identified. After reading 
the full paper, 8 studies for amoxicillin (with and without 
clavulanic acid), 15 for ampicillin, 4 for benzylpenicil-
lin, 0 for pheneticillin, 1 for phenoxymethylpenicillin, 0 
for flucloxacillin and 4 studies for piperacillin (with and 
without tazobactam) were included. A detailed overview 
of the study selection is presented in the PRISMA flow 
diagram in Fig. 2.

An overview of the PK studies of penicillins during 
pregnancy is presented in the paragraphs below. Drugs are 
presented in alphabetical order. First, study characteristics 
of the individual penicillins are described. Second, PK and 
exposure are discussed according to the absorption, distribu-
tion, metabolism, elimination (ADME) sequence. Last, the 
probability of target attainment is described and, if available, 
evidence-based dosing regimens of the individual penicillins 
are discussed.

3.1.1  Amoxicillin (With or Without Clavulanic Acid)

A total of 8 studies on amoxicillin (with or without clavu-
lanic acid) were included [9–16]. No PK studies reported the 
PK and exposure parameters of clavulanic acid. The patient 
characteristics of the included studies are listed in Table 2. 
The number of participants in the different studies ranged 
from 17 to 50. The mean age ranged from 29.0 to 31.8 years. 
The mean body weight throughout pregnancy ranged from 
79.0 to 80.9 kg. The mean pre-pregnancy body weight and 
pre-pregnancy body mass index (BMI) ranged from 63.3 kg 
to 65.7 kg and from 23.1 to 24.0 kg/m2, respectively. Only 
one study reported all the different trimesters of pregnancy 
[9]. For the other 7 studies, gestational age ranged from 
29.4 to 42.4 weeks. In four out of 8 studies, amoxicillin was 
administered intravenously, 3 orally and 1 vaginally.

The PK and exposure parameters of pregnant women (if 
possible, in comparison with non-pregnant women) of the 
included studies are summarised in Table 2. When focusing 
on the absorption phase, none of the 4 oral or vaginal studies 
reported absorption-related parameters, such as bioavailabil-
ity (F) [9–16]. Only one study showed that Cmax decreased 
significantly in the second (21.8% points) and third trimes-
ter (33.3% points) of pregnancy compared to postpartum. 

The same study described the effects of pregnancy on the 
AUC [9]. At an oral dose of 500 mg, AUC decreased sig-
nificantly, by 25.5% points and 27.0% points, respectively, 
in the second and third trimester of pregnancy compared 
to postpartum. Studies of Buckingham et al. and Zareba-
Szczudlik et al. reported concentrations in maternal blood 
only [10, 14–16].

None of the 8 studies described the differences in Vd/F 
between pregnant and non-pregnant women. Only the intra-
venous (IV) studies performed by Muller et al. described 
the effects on Vd during the third trimester of pregnancy 
[11–13]. Results were obtained with the use of a developed 
population PK model. Two of the studies used a 3-compart-
ment model and the other study described a 5-compartment 
model. The Vd in the central compartment ranged from 5.59 
to 8.7 L. The first peripheral compartment ranged from 5.88 
to 11.8 L. The second peripheral compartment ranged from 
5.88 to 40.4 L [11–13].

Of all 8 studies, 4 reported elimination-related param-
eters  (t1/2 and CL/F) [9, 11–13]. The reported mean CL/F in 
the different studies in pregnant women ranged from 19.7 
to 35.5 L/h, corresponding with an increased CL/F with 
86.4–123.3% compared to non-pregnant women. In compar-
ison to the t1/2 3 months postpartum, the t1/2 was 18.8–31.3% 
shorter in pregnant than in non-pregnant women [9, 11, 12].

Of the 8 studies, 4 [9, 11–13] reported a desired target 
concentration and the probability of target attainment with 
the currently used dosing regimens of amoxicillin in preg-
nant women. The target varied per study and micro-organ-
ism (e.g., Group B Streptococcus, S. agalactiae, Table 2). 
Andrew et al. reported a probability of target attainment with 
different dosing simulations [9]. According to the studies of 
Muller et al. [11–13] no dosing adjustments for amoxicillin 
were necessary for pregnant women in the third trimester. 
These findings are partly supported by the study of Andrew 
et al. [9] that stated that dosing adjustments are not neces-
sary for sensitive isolates. However, for less sensitive iso-
lates, shortening the dosage interval is advised to reach the 
desired target concentration.

In summary, no direct comparison was made between 
pregnant and non-pregnant women. Little information is 
available on the effect of pregnancy on amoxicillin absorp-
tion. One study showed that AUC and Cmax during preg-
nancy were significantly lower than postpartum. No studies 
were performed to investigate the differences in distribu-
tion-related parameters between pregnant and non-pregnant 
women for amoxicillin, but CL/F is higher and the  t1/2 is 
shorter in pregnant compared to non-pregnant women. The 
4 studies that investigated target attainment reported that 
overall, no dosing adjustments for amoxicillin are necessary. 
However, for less sensitive isolates, shortening the dosage 
interval is advised to reach the desired target concentration.
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3.1.2  Ampicillin

In total, 12 studies on ampicillin were included [10–21]. 
Table 3 provides the characteristics of the included PK 
studies. Among these studies, only one included pregnant 
women during their first trimester of pregnancy, 3 studies 
during the second trimester, 10 during their third trimester; 
from 2 studies the trimester of the included women was not 
reported. The number of participants in the different studies 
ranged from 3 to 40 women. The mean age of the patients 
included in the studies ranged from 20 to 40 years. Only 
one study [21] reported the BMI (mean 33.0 kg/m2). The 
other studies [10–20], reported weight which varied from 
46.8 to 88.4 kg. Of the 12 studies, 2 investigated the PK of 
ampicillin after oral administration, 2 after intramuscular 
administration, 6 after intravenous administration and for 

2 studies the route of administration was unknown. The PK 
and exposure parameters of ampicillin in pregnant women 
(where possible compared with non-pregnant women) of the 
included studies are summarised in Table 3.

Of all 12 studies, one reported the F [22]. The mean F in 
non-pregnant women was 2.5% points higher compared with 
pregnant women (45.6 vs 48.1%). Six studies reported the 
Cmax and Cmean. After oral administration, the Cmax values 
reached in non-pregnant women were significant higher than 
in pregnant women (difference 40.5% points) [22]. Creatsas 
et al. [23] also investigated the effects on Cmean, Cmax and 
tmax of intramuscular administration in pregnant women in 
their third trimester. The authors found a Cmax of 7.88 μg/mL 
in mother’s blood 1 h after administration. When focussing 
on the distribution, Chamberlain et al. [20] stated that the 
Cmax reached in pregnant women (trimester not specified) 

Fig. 2  PRISMA flow diagram
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was 8.1% points higher than Cmax reached in non-pregnant 
women after IV administration [20]. Philipson et al. [22] 
concluded that the Cmax after IV administration is compa-
rable in pregnant (all trimesters) to non-pregnant women 
(difference of 1.6% points). Bloom et al. [18] and Bray et al. 
[19] investigated the effects on Cmax of IV administration in 
pregnant women in their third trimester. Bloom et al. [18] 
found a Cmax in mother’s blood of 142 μg/mL, 3 min after 
infusion, where Bray et al. [19] found a mean Cmax of 26.5 
μg/mL, directly after infusion.

The Vd/F of ampicillin was investigated in 4 studies [17, 
20, 22, 24]. Of these 4 studies, 3 investigated the differ-
ences between pregnant and non-pregnant women. One 
study stated that the Vd in pregnant women is slightly lower 
(5.0% points) than in non-pregnant women [20]. Contra-
dicting results were mentioned in another study; namely 
a 38.4%-point higher Vd in pregnant women than in non-
pregnant women was reported [22]. Assael et al. [17] sup-
ported this increase (45.6%) in Vd/F in pregnant compared 
to non-pregnant women.

The studies of Assael et al. [17], Chamberlain et al. [20] 
and Philipson et al. [22] investigated the effects of pregnancy 
on the AUC, in comparison to non-pregnant women. Assael 
et al. [17] concluded that the AUC in pregnant women in 
their second and third trimester was 37.3% points lower 
compared with non-pregnant women [17]. The studies of 
Chamberlain et al. [20] and Philipson et al. [22] supported 
the decrease of AUC in pregnant women, with 20.7% points 
and 34.9% points, respectively. Explaining the difference 
in AUC, CL/F in pregnant women was significantly higher 
than in non-pregnant namely, 179.1% [17] 122.4% [20] and 
155.6% [22].

The majority of the studies investigated ampicillin PK for 
Group B Streptococcus (GBS) prophylaxis. Overall, those 
studies reported that in 100% of the cases the desired target 
concentration of 0.25–2.0 ug/mL was achieved and that there 
was no need to adapt the dosage.

In summary, F is almost unchanged in pregnant women 
compared with non-pregnant women. After oral administra-
tion, one study showed a lower Cmax in pregnant women. In 
general, Vd/F of ampicillin is increased in pregnant women 
compared to non-pregnant women. Furthermore, the reached 
AUC and CL/F values in pregnant women are lower and 
higher, respectively, than in non-pregnant women. Moreo-
ver, desired target concentrations for ampicillin in pregnant 
women are achieved with the currently used dosage.

3.1.3  Benzylpenicillin

In total, 4 studies on benzylpenicillin were included in this 
study (Table 4) [25–28]. One study investigated second tri-
mester pregnant women, while the other studies included Ta
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only women during their third trimester of pregnancy. The 
number of included women in each study varied from 15 
to 60. The mean age of the woman ranged from 23.5 to 
29.5 years. Mean BMI of the women included in the studies 
varied from 29.2 to 31.6 kg/m2 and weight varied from 50.9 
to 151.7 kg. Mean gestational age ranged from 28.6 to 39.4 
weeks. The PK and exposure parameters of benzylpenicil-
lin in pregnant women (where possible, in comparison with 
non-pregnant women) of the included studies are summa-
rised in Table 4.

No absorption-related PK parameters were reported. Only 
Johnson et al. reported a Vd in pregnant women during their 
third trimester, namely 0.27 L/kg [25]. No comparison was 
made between pregnant and non-pregnant women. The same 
study also reported CL. The mean total CL in pregnant 
women during their third trimester was 0.25 L/h/kg [25].

The study of Weeks et al. [28] mentioned a desired target 
concentration (MIC 0.06 μg/mL) and reported that with their 
currently used dosing scheme the target concentration will 
be reached in pregnant women. While Nathan et al. [23] 
mentioned that in only 40% of the pregnant women, the 
0.018 μg/mL target concentration was achieved on Day 7 
for congenital syphilis. No adapted evidence-based dosing 
regimen was provided.

In summary, as limited information is available on the PK 
changes of benzylpenicillin during pregnancy, no statement 
can be made on changes in PK of benzylpenicillin in preg-
nant compared with non-pregnant women. The same holds 
for the attainment of the target concentration.

3.1.4  Phenoxymethylpenicillin

One study on phenoxymethylpenicillin was included in this 
study (Table 5) [29], which included second and third tri-
mester pregnant women (n = 12), which were compared to 
non-pregnant women (n = 6). Table 2 provides the charac-
teristics of the included PK study and the PK-related changes 
of oral phenoxymethylpenicillin used throughout pregnancy.

When focusing on absorption related parameters 
(Table 5); the Cmax was 33.9% and 3.5% lower in the second 
and third trimester, respectively, in pregnant women com-
pared to non-pregnant women. When focusing on Vd; this 
parameter has not been reported. However, when calculating 
Vd based on the reported CL and t1/2, the Vd was 55.2% and 
14.4% lower in the second and third trimester of pregnancy 
compared to non-pregnant women. As for the elimination-
related parameters, AUC was 52.1% and 39.2% lower and 
consequently CL was 68% and 47.4% higher in the second 
and third trimester compared to non-pregnant women.

The authors stated that to reach an adequate target con-
centration in the second and third trimester of the pregnancy, 
either the dosing interval must be shorter, namely from 8 
to 6 h with a dose of 1 million IU, or dosages should be 

increased. The authors did not provide an increased evi-
dence-based dosing regimen administered every 8 h.

In summary, Cmax is lower in pregnant and non-pregnant 
women. In general, Vd of phenoxymethylpenicillin is lower, 
whereas AUC was lower and consequently CL is higher dur-
ing pregnancy compared to non-pregnant women.

3.1.5  Piperacillin (With and Without Tazobactam)

In total, 4 studies were included in this study (Table 6) 1 of 
which investigated piperacillin with tazobactam, and 3 stud-
ies without tazobactam. All studies investigated second and 
third trimester pregnant women or pregnant women during 
delivery. Bourget et al. [30] and Heikkela et al. [29] com-
pared pregnant women to non-pregnant women, while Voigt 
et al. [31] only studied PK in pregnant women and compared 
the results with PK data of non-pregnant women from lit-
erature. The number of included women in each study var-
ied from 3 to 12. The mean age of the women ranged from 
19 to 37 years. Mean weight of the women included in the 
studies varied from 60 to 73.5 kg. The mean gestational age 
ranged from 22–40 weeks. Table 6 provides the characteris-
tics of the included PK study and the PK-related changes of 
piperacillin (with and without tazobactam) used throughout 
pregnancy.

When considering distribution-related parameters for 
piperacillin and tazobactam; Cmax (43.5–49.2% and 47.4%) 
was lower in second, and third trimester pregnant women, 
respectively, compared to non-pregnant women [29, 30]. 
Volume of distribution of piperacillin and tazobactam was 
45.5–84.9% and 67.5% higher in second and third trimester 
pregnant women compared to non-pregnant women. As for 
the elimination-related PK parameters, AUC (13.9–41.1% 
and 53.9%) of piperacillin and tazobactam was lower, while 
CL was 80%–184.8% and 127.1% higher, respectively, 
in second and third trimester compared to non-pregnant 
women.

Of the 4 studies, 2 [29, 30] reported a desired target con-
centration (dependent on the micro-organism, Table 2) and 
the probability of target attainment with the currently used 
dosing regimens of piperacillin with or without tazobactam 
in pregnant women. All 4 studies reported the need of a 
higher dose to increase the probability of target attainment 
in pregnant women. However, studies did not report the 
required evidence-based dosing to obtain target attainment.

In summary, Vd is lower during pregnancy compared to 
the non-pregnant state resulting in a higher Cmax. Finally, 
AUC was lower in pregnant compared to non-pregnant 
women, caused by a higher CL in pregnant women.
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4  Discussion

Penicillins belong to the most prescribed drugs for pregnant 
women to treat infectious diseases. Based on this systematic 
literature review, we can conclude that current knowledge 
on the PK, exposure and target attainment of penicillins in 
pregnant women is relatively scarce. An important finding 
in our study is that pregnant women during their second and 
third trimester generally show a higher CL and larger Vd 
than non-pregnant or postpartum women, resulting in lower 
concentrations and AUC. Target attainment often appears 
suboptimal in the pregnant population when using standard 
doses of different penicillins. For penicillins, it is necessary 
that the target concentration will be reached as it is known 
that efficacy is supported by reaching the PK/PD parameter 
time that the free fraction is above the MIC (fT>MIC) [7, 8]. 
In case of not reaching the target concentrations, adjustments 
will be necessary.

Within the limited number of performed PK studies on 
penicillins during pregnancy, focus is primarily on preg-
nant women in the second and third trimester. Many stud-
ies included women with increased risk for infections, for 
example, women with premature rupture of membranes or 
women with other pregnancy-related complications. As 
pregnant women are admitted to a clinical setting with 
complications mostly in their second half of pregnancy, 
the opportunity arises to collect information on PK/PD. 
Overall, 10/32 articles included information on both Vd 
and CL. In addition, only a minority of included articles 
(7/32) provide dosing guidance for clinicians of which 4 
studies for amoxicillin, 1 study for ampicillin, as well as 
for benzylpenicillin, phenoxymethylpenicillin and pipera-
cillin/tazobactam. Another limitation of the included PK 
studies is the limited heterogenicity of the included patient 
populations; besides including only second and third tri-
mester pregnant women, comorbidities and co-medication 
were also excluded from most studies. Furthermore, in 
most studies only singleton pregnancies were studied. 
These included homogeneous populations probably influ-
ence the quantification and generalisability of the variabil-
ity within PK parameters in the entire pregnant population.

A limited number of studies have reported PK of penicil-
lins in pregnant women. Even fewer studies have investi-
gated which PD targets are needed as well as the probability 
of target attainment for the various penicillins (7/32), even 
when the necessary PK information is available. A logical 
next step for future research is to study the PK of penicillins 
in larger heterogenous pregnant populations to better define 
exposure targets. It has to be noted, that besides investigating 
the PK, the predefined PK/PD relationships currently used 
to develop evidence-based dosing regimens also need to be 
investigated further, as they are mainly based on theoretical 

concepts and studies in critically ill patients. Thereafter it 
can be determined which evidence-based doses are needed 
to attain target concentrations to consequently enlarge tar-
get attainment. This is already adequately studied within 
the group of penicillins for amoxicillin during the second 
and third trimester of pregnancy (Table 2) using popula-
tion PK modelling, but needs to be expanded to the other 
penicillins. Besides using population PK models to develop 
evidence-based dosing regimens, physiologically based PK 
approaches can provide a possible contribution as well in 
the adjustment of dosages for pregnant women (account-
ing for the foetus) in future research. Furthermore, another 
limitation of the performed studies is that when focusing 
on the PK of amoxicillin throughout pregnancy (but likely 
also generalisable to other penicillins), no distinction can 
be made between increased GFR or increased renal section 
as no 24-h urine clearance has been collected in any of the 
performed PK studies. This is an area that should be inves-
tigated in future research.

Finally, our systematic review itself also has some limi-
tations. First, this systematic literature review is limited 
to PK and target attainment in pregnant women, without 
including additional PK or safety data on the foetus. Infor-
mation obtained from cord blood levels from intrapartum 
women with streptococcus prophylaxis is highly necessary 
for the preventions of maternal-foetal infections. Approxi-
mately 50% of the included PK penicillin studies conducted 
also reported cord blood levels, which can be extracted and 
obtained from those studies for future research to investi-
gate maternal-foetal PK of penicillins. Second, although PD 
parameters (PTA and MIC) are collected, clinical endpoints 
are not addressed within our systematic literature review. It 
has to be noted that it could still be possible that potentially 
under-exposed pregnant women heal as well.

5  Conclusion

This systematic literature review shows that the PK of most 
penicillins is significantly altered throughout pregnancy. For 
most penicillins, both Vd and CL are increased. As a conse-
quence, pregnant women have an increased risk for subopti-
mal target attainment. The larger Vd and higher CL in preg-
nant women might justify a higher dose or a shorter dose 
interval of penicillins in this special population to increase 
target attainment. Studies frequently do not provide dosing 
advice for pregnant women, not even when the necessary 
PK information is available. Our study shows gaps in current 
knowledge and encourages future researchers to provide dos-
ing advice for pregnant women whenever possible.
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