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Abstract: Background: Pathophysiological changes such as extreme body weights in critically ill
patients with severe infections may alter the pharmacokinetics (PK) of antimicrobials, leading to
treatment failure or toxicity. There are almost no PK data on meropenem in critically ill patients
with low body weight (LwBW) and therefore information is lacking on the most appropriate dosing
regimens, especially when administered by extended infusion. Objectives: To assess if the current
administered doses of meropenem could lead to supratherapeutic concentrations in LwBW patients
and to identify the factors independently associated with overexposure. Methods: A matched
case-control 1:1 study of surgical critically ill patients treated with meropenem administered by
extended or continuous infusion and undergoing therapeutic drug monitoring was conducted. Cases
(patients with LwBW (body mass index (BMI) < 18.5 kg/m2)) were matched with normal body
weight controls (NBW) (patients with BMI ≥ 18.5 kg/m2 and ≤30 kg/m2)) by age, gender, baseline
renal function and severity status (APACHE II score). A 100% fT > MIC was considered an optimal
pharmacokinetic/pharmacodynamic (PK/PD) target and 100% fT > 10 × MIC as supratherapeutic
exposure. Results: Thirty-six patients (18 cases and 18 controls) were included (median (range)
age, 57.5 (26–75) years; 20 (55.6% male)). Meropenem was administered by 6 h (extended) or 8 h
(continuous) infusion at a median (range) daily dose of 5 (1–6) g/day. Similar median meropenem
trough plasma concentrations (Cmin,ss), measured pre-dose on day three to four of treatment) were
observed in the two groups (19.9 (22.2) mg/L vs 22.4 (25.8) mg/L, p > 0.999). No differences in the
proportion of patients with an optimal or a supratherapeutic PKPD target between cases and controls
were observed. A baseline estimated glomerular filtration rate (eGFR) < 90 mL/min was the only
factor independently associated with a supratherapeutic PK/PD target. Conclusions: LwBW seems
not to be a risk factor for achieving a supratherapeutic PK/PD target in critically ill patients receiving
meropenem at standard doses by extended or continuous infusion.

Keywords: antibiotics; pharmacokinetics; pharmacodynamics; low body weight; meropenem

1. Introduction

Meropenem is a carbapenem with a broad spectrum of activity against a great variety
of Gram-positive and Gram-negative pathogens. Its good penetration into fluids and tissues
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makes meropenem a common choice for the treatment of severe infections in critically ill pa-
tients [1,2]. As a β-lactam, meropenem exhibits time-dependent pharmacodynamics (PD),
being the fraction of the dosing interval that free plasma concentrations are above the mini-
mum inhibitory concentration (MIC) (fT > MIC), the pharmacokinetic/pharmacodynamics
(PK/PD) index related to its antimicrobial efficacy [3]. Although the maximal bactericidal
activity for meropenem was initially associated with a fT > MIC of 40–50% in in vitro
studies [4], a higher PK/PD target of 100% fT > MIC has been suggested for critically ill
patients in clinical studies to ensure bactericidal activity and minimize the emergence of
antimicrobial resistance [5–8]. Administration of meropenem by extended (EI) or continu-
ous infusion (CI), rather than intermittent infusion, may be helpful for increasing fT > MIC.
The use of higher doses and prolonged infusions are strategies especially recommended
in patients infected with highly resistant bacterial strains in order to improve clinical
outcomes and reduce the risk of recurrence [7–9].

Numerous studies have evaluated the pharmacokinetics (PK) of meropenem in criti-
cally ill patients with different physiopathological alterations (sepsis, renal dysfunction,
renal replacement therapies, obesity) [10,11]. Extreme body weights can also be associ-
ated with physiological changes affecting the PK properties of antimicrobials. Critically
ill patients can have excessively high or low body weight (LwBW), and while several
studies have described the effects of obesity on the PK behavior of different antimicro-
bials [10,12,13], information in patients with LwBW is very scarce and mostly drawn from
pediatric patients [14–16]. LwBW states occur more often in the elderly, at end-life-states
and in patients with cancer, dementia and malabsorption syndromes [17]. This population
may show a reduction in the volume of distribution of hydrophilic drugs, such meropenem,
that could lead to high and potentially toxic plasma concentrations. In fact, dosing recom-
mendations for this population are lacking and it is unknown whether the administration
of standard doses may be excessive, especially when beta-lactams are administered by
prolonged infusions.

The aim of this study was to analyze the PK of meropenem administered by EI/CI
in a cohort of LwBW critically ill patients and to assess whether the current administered
doses may lead to supratherapeutic concentrations. For this purpose, we compared the PK
of meropenem in a cohort of critically ill patients with LwBW (cases) with a control group
of normal body weight (NBW) patients. As a secondary objective, we also analyzed the
predictive risk factors for achieving a supratherapeutic PK/PD target.

2. Material and Methods
2.1. Setting and Study Population

This single-center, retrospective, observational PK study was conducted in a tertiary
surgical intensive care unit (ICU) at Parc de Salut Mar, Barcelona, between January 2017 and
October 2020. We included patients with LwBW (body mass index (BMI) < 18.5 kg/m2) [18]
treated with meropenem administered by EI/CI (by 6 h or 8 h) and undergoing thera-
peutic drug monitoring (TDM) of meropenem. Controls were matched with cases by
age (±10 years), sex, renal function (±20% baseline estimated glomerular filtration rate
(eGFR) [19]) and severity status (±5 points in Acute Physiology and Chronic Health Evalu-
ation (APACHE II) score [20]).

Ethics approval was obtained from our local Ethics Committee (Comitè Etic
d’Investigació, CEIC-Parc de Salut Mar, approval number 2020/9601). The need for written
consent was waived due to the observational retrospective nature of the study.

Exclusion criteria were previous use of carbapenems within 15 days to avoid potential
residual meropenem plasma concentrations, patients receiving meropenem by intermittent
infusion, those on renal replacement therapy and patients with severely impaired liver
function (cirrhosis grade C by Child-Pugh classification) [21].

Demographic, clinical and laboratory data were collected in all included patients.
Clinical cure was defined as survival and resolution of all signs and symptoms related

to the infection during follow up and a decreased in C-reactive protein or procalcitonin
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levels > 80% from baseline (7 to 10 days after treatment initiation). Microbiological eradica-
tion was defined as eradication of the microorganism(s) cultured from biological samples
at baseline and at the end of treatment.

Adverse events potentially associated with meropenem were collected, such as gas-
trointestinal (diarrhea, nausea/vomiting, constipation), neurological (headache, insomnia,
agitation, delirium, confusion, dizziness, seizure, nervousness, paresthesia, hallucinations,
somnolence), drug-induced liver injury (DILI) (increased alanine transaminase, aspartate
transaminase, alkaline phosphatase, lactate dehydrogenase and bilirubin) or Clostridioides
difficile-associated diarrhea.

2.2. Study Protocol
2.2.1. Dosing Regimen and PK Sampling

The meropenem dose (Meropenem Accordpharma®; Accord Healthcare, S.L.U.
Barcelona, Spain) was selected by the treating physician and was administered by EI
(6 h infusion) or CI (8 h infusion). In most patients, an initial loading dose of 2 g
was administered, and dosage adjustments were made based on renal function [22]
(eGFR > 50 mL/min/m2 = no changes; eGFR 25-50 mL/min/m2 = 1g every 8 h;
eGFR < 25 mL/min/m2 = 0.5g every 6 h; eGFR < 10 mL/min/m2 = 0.5g every 12 h),
when indicated. After 3–4 days of meropenem treatment, blood samples were obtained at
pre-dose (Cmin,ss) for TDM.

2.2.2. Pharmacokinetic/Pharmacodynamics (PK/PD) Analysis

Meropenem concentrations were measured using a validated high-performance liquid
chromatography method [23] at the Pharmacy Department of Hospital del Mar. The assay
was linear from 0.5 to 80 mg/L. Imprecision and inaccuracy were ≤15% at high, medium
and low concentrations. The limit of quantification was 0.5 mg/L.

An optimal PK/PD target was defined as (100% fT ≥ 1–10 × MIC) while a 100 %fT >
10 × MIC was considered as supratherapeutic exposure [24]. Threshold for nephro and
neurotoxicity (Cmin,ss > 44.5 mg/L and > 64.2 mg/L, respectively) were also considered
based on the meropenem concentrations described in previous studies [25].

The PK/PD target was calculated considering the real MIC of the isolated pathogen
or by using the European Committee on Antimicrobial Susceptibility Testing (EUCAST)
susceptibility cut-off point of 2 mg/L, in those patients without an available MIC value [26].

Descriptive data are expressed as absolute and relative frequencies for categorical
variables and medians (interquartile range, IQR) for quantitative variables. Continuous
variables were compared using the Student t test or Mann–Whitney U test as appropriate
and dichotomous variables were compared using the X2 test or Fisher exact test. Univariate
analysis was performed to determine the association between each potential variable and
the achievement of a supratherapeutic PK/PD target of meropenem. Those variables that
were found to be statistically significant or with a p value < 0.15 in the univariate analysis
were entered into a multivariate logistic regression model to calculate the adjusted odd
ratio. A p-value < 0.05 was considered statistically significant. The SPSS version 22.0
statistical package (IBM, Armonk, NY, USA) was used throughout.

3. Results

During the study period, 27 patients with LwBW were included in the meropenem
TDM program. Eighteen case patients fulfilled the inclusion criteria and were included
in the study; 10 (55.6%) were male, and the median age was 61.5 (26–75) years. Six pa-
tients were excluded due to the need of renal replacement therapy, one patient presented
acute on chronic liver failure and in two patients blood samples could not be obtained
and meropenem concentrations were not available. Eighteen patients with NBW were
matched as control group. In the whole group, most patients (22 (61.1%)) had sepsis or
septic shock diagnosis at the beginning of meropenem treatment. The focus of infection
in the LwBW group was: Respiratory in 12 (66.7%), abdominal in four (22.2%), urinary
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tract in one (5.6%) and neurological in one (5.6%) patients. In the NBW group, the focus of
infection was respiratory in five (27.8%), abdominal in five (27.8%), urinary tract in three
(16.7%), skin and soft tissues in three (8.3%) and neurological in two (11.1%) patients. In
the LwBW group, eleven patients (61.1%) had a confirmed Gram-negative bacteria infec-
tion: Three extended-spectrum beta-lactamase (ESBL) Escherichia coli (MIC < 0.25 mg/L
for meropenem), three Klebsiella oxytoca (two of them ESBL (MIC < 0.12 mg/L)), six Pseu-
domonas aeruginosa (three susceptible (MIC < 1 mg/L) and three extensively drug resistant
(MIC 16–32 mg/L)) and one Proteus mirabilis (MIC < 2 mg/L). In the NBW group, eleven
(61.1%) patients had a confirmed Gram-negative bacteria infection: Six E. Coli (three of
them ESBL, MIC < 0.25 mg/L), three ESBL K. pneumoniae (MIC < 0.1 mg/L), two P. aerug-
inosa (CMI < 1 mg/L), four Enterobacter (3 Enterobacter cloacae (MIC < 0.12 mg/L) and
one Morganella morganii (MIC < 0.016 mg/L). Two patients in the LwBW group and four
patients in the NBW group had a polymicrobial infection.

Meropenem was administered by 6/8 h EI/CI three times daily in all patients (by 6 h
in 23 (63.9%) patients and by 8 h CI in 13 (36.1%). The doses of meropenem given were
6 g/day in 18 patients (50%), between 3 to 4 g/day in 13 patients (36.1%) and ≤2 g/day in
five patients (13.9%).

Table 1 shows the demographic and clinical variables of the included patients.

Table 1. Demographic and clinical variables of cases and controls.

Variable LwBW Group
(Cases, n = 18)

NBW Group
(Controls, n = 18)

Age (years) 61.5 (22.8) 56.5 (11.8)
Number of females, n (%) 8 (44) 8 (44)

APACHE-II score 15.5 (10) 19 (17)
Sepsis, n (%) 7 (38.9%) 2 (11.1)

Septic shock, n (%) 4 (22.2%) 9 (50.0)
Acute renal failure a, n (%) 7 (38.9%) 6 (33.3)

Initial eGFR b, mL/min/1.73 m2 92 (77) 76 (72)
Initial eGFR < 25 mL/min/1.73 m2, n (%) 1 (5.6) 1 (5.6)

Initial eGFR 25–50 mL/min/1.73 m2, n (%) 4 (22.2) 4 (22.2)
Initial eGFR 51–130 mL/min/1.73 m2, n (%) 11 (61.1) 12 (66.7)
Initial eGFR > 130 mL/min/1.73 m2, n (%) 2 (11.1) 1 (5.6)

BW c, kg 45 (9.2) 84 (37)
IBW d, kg 61.5 (11.8) 60.5 (14.9)

BMI e, kg/m2 17.3 (1.6) 29.8 (17.2)
Malnutrition, n (%) 16 (88.9) 8 (44.4)

Total serum proteins, g/dL 4.8 (1.7) 4.9 (1.3)
Serum albumin, g/dL 2.3 (1.4) 2.5 (1.4)

Daily dose/BW of meropenem, mg/kg/day 87.5 (63.3) 62.8 (49.7)
Quantitative data are expressed as median [interquartile range]. LwBW: Low Body Weight; NBW: Normal Body
Weight. a Based on the Acute Kidney Injury Network (AKIN) criteria [27]; b Initial estimated glomerular filtration
rate (eGFR) Estimated by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [19];
c BW, actual body weight; d IBW, ideal body weight by the Devine BJ formula [28]; e BMI, body mass index.

Clinical cure was achieved in 16 (88.9%) patients in the LwBW group and in 15 (83.3%)
patients in the NBW group.

Figures 1 and 2 show meropenem plasma concentrations at steady state (mg/L) of
cases (LwBW patients) and controls (NBW patients) comparing different baseline eGFR.
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Table 2 shows meropenem concentrations, PK/PD targets and toxicity data comparing
cases and controls.
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Table 2. PK/PD and toxicity data of the two groups.

Variable LwBW Group
(Cases, n = 18)

NBW Group
(Controls, n = 18) p Value

Cmin,ss, mg/L 19.9 (22.2) 22.4 (25.8) >0.999

Optimal PK/PD
100% f T≥1–10×MIC, n (%) * 6 (33.3) 3 (16.7) 0.443

Subtherapeutic levels
100%f T<MIC, n (%) * 1 (5.6) 1 (5.6) >0.999

Supratherapeutic PK/PD
100% f T>10×MIC, n (%) * 11 (61.1) 14 (77.8) 0.278

Toxicity thresholds
Cmin,ss > 44.5 mg/L, n (%) ** 3 (16.7) 1 (5.6) 0.603
Cmin,ss > 64.2 mg/L, n (%) *** 2 (11.1) 0 (0) 0.486

DILI, n (%) 2 (11.1) 0 (0) 0.486
PK/PD, pharmacokinetic/pharmacodynamics; Cmin,ss: Trough or minimum concentration at steady state (ex-
pressed as median [IQR]); MIC, minimum inhibitory concentration; DILI, Drug-induced liver injury. * Considering
the real MIC of the isolated pathogen or MIC value of 2 mg/L when MIC not available (EUCAST susceptibility
cut-off point [26]). ** Nephrotoxicity threshold [25]. *** Neurotoxicity threshold [25].

Meropenem concentrations of the two patients who experienced DILI were 15.4 and
80 mg/L, respectively.

Eight of the twenty-five patients (32%) with a supratherapeutic PK/PD target had
acute renal failure (ARF) at the start of meropenem therapy but they were also receiving an
adjusted lower dose compared with those with preserved renal function (3 g/day (1–5) vs
6 g/day (3–6)). The two patients not achieving a 100%fT ≥ 1–10 MIC presented augmented
renal clearance (eGFR 148 and 130 mL/min/1.73 m2, respectively).

In the univariate analysis, patients achieving a supratherapeutic PK/PD target had a
lower baseline eGFR, a higher frequency of ARF, a lower MIC values and they presented
more frequently septic shock. However, the presence of a LwBW was not statistically
significant. In the multivariate analysis, only the presence of a baseline eGFR < 90 mL/min
was identified as independent risk factors for achieving a supratherapeutic PKPD target
(OR: 6.767 (95% CI 1.036–44.211), p = 0.046). Although a tendency to a lower MIC value for
overexposure was also observed (OR: 0.310 (95% CI 0.094–1.018), p = 0.05), this result did
not reach statistical significance.

TDM recommendations were a dosage reduction (decrease dose by 25–50% with same
dosing frequency) in six patients (33.3%) in the LwBW group and in four patients (22.2%)
in the NBW group, dose increases (increase dose by 25–50% with same dosing frequency)
in one patient (5.6%) in the LwBW group and in two patients (11.1%) in the NBW group
and maintenance in seven patients (38.9%) in the LwBW group and in four patients (22.2%)
in the NBW group. In the 13 remaining patients, the treatment had been stopped before a
dosing recommendation could be made.

4. Discussion

To our knowledge, this is the first study whose main objective is to assess the pharma-
cokinetics of meropenem administered by EI/CI in a cohort of underweight critically ill
adult patients in comparison with normal weight patients. Several studies have described
the effects of obesity on the PK behavior of different antimicrobials [10,12,13], confirming
that obese patients have a higher volume of distribution than non-obese patients. How-
ever, standard doses seem to be sufficient to achieve optimal PK/PD targets and no doses
adjustments are needed.

In patients with LwBW, the opposite condition, PK data or dosing recommendations
are lacking. In this study, both cases (LwBW) and controls (NBW) were treated with
meropenem standard doses and consequently patients in the LwBW group received a
higher meropenem daily dose/actual body weight. However, no statistical differences



Antibiotics 2021, 10, 666 7 of 10

in the median trough meropenem concentrations at steady state between the two groups
were observed. In the same way, a similar proportion of patients achieved a therapeutic,
supratherapeutic or infratherapeutic PK/PD target in both groups.

One important finding of this study is the fact that only 25% of patients in the whole
cohort achieved an optimal PK/PD target (considering 100%fT ≥ 1–10 × MIC [29]), and
in only two patients (5.6%, one of each group) the plasma exposure was suboptimal. On
the contrary, more than 60% of patients showed what has been defined as overexposure
(100%fT > 10 × MIC). However, it has to be considered that most of the bacterial isolates
had low MIC values for meropenem, which lead to a high probability of achieving a
supratherapeutic PK/PD target. In addition, although no differences in the frequency of
patients with a supratherapeutic PK/PD target were found between cases and controls, it
has to be considered that the individual MIC values of the bacterial isolates in the NBW
group were generally lower.

Even though there was a high frequency of patients with a supratherapeutic exposure,
only a few patients achieved meropenem concentrations that were above the proposed
toxicity thresholds (three patients in the LwBW group and just one patient in the NBW
group). Unfortunately, the limited sample size prevented us from drawing any conclusion
about if LwBW patients may be at a higher risk for achieving potentially toxic meropenem
plasma concentrations. From a PD point of view, concentrations of antimicrobials greater
than four to five times MIC seem not to add any benefit in antibiotics with a time-dependent
bacterial killing. In the study of Abdulla A. et al. [24], a 100% fT ≥ 10 × MIC was chosen as
threshold for a dose reduction, but it is also true that supratherapeutic limits for meropenem
concentrations are not well established.

A high proportion of patients presenting overexposure showed ARF and a reduced
baseline eGFR at the start of the meropenem therapy, which could have caused a potential
drug accumulation butthey were already receiving a lower dose adjusted to their renal
function. In spite of this, a baseline eGFR lower than 90 mL/min was the only factor
associated with a higher risk for achieving a supratherapeutic PK/PD target.

It has to be considered that renal function was evaluated by estimating the glomerular
filtration rate (eGFR) based on Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation [19], which can result in overestimations in LwBW patients with low muscle
bulk. However, these equations are frequently used in daily practice in the ICU [30].
Moreover, although dose adjustment was done based on renal function, a recent study
showed that overexposure seems to be more frequent in patients receiving meropenem
and impaired renal function [31].

One important consideration is that the high frequency of patients with excessive
concentrations from a PK/PD point of view (overexposure) was not correlated with the
presence of adverse events. This fact could be explained by the low frequency of patients
achieving potentially toxic meropenem.

Two patients experienced DILI, but only one of them had high meropenem concen-
trations (80 mg/L) and previous experiences have not associated drug concentrations
with liver toxicity [25]. One important limitation if that neurological toxicity could not be
assessed in our sedated and mechanically ventilated patients. It is important to highlight
that although β-lactams have a wide therapeutic range, precautions must be taken when
high concentrations are reached because high plasma exposure has been associated with
neuro- and nephrotoxicity [25].

Our study has several limitations. This is a single center, retrospective study with a
limited sample size. Secondly, the potential deleterious effects of meropenem overexposure
could not be adequately assessed in our population, which might have underestimated
neurological toxicity. The observational nature of the study allowed to obtain only one
sample timing by patient and complete concentration-time profiles and PK parameters
could not be determined. Finally, although a 100% f T >10 × MIC has been used as dose
adjustment threshold in previous studies, a supratherapeutic exposure of meropenem has
to be better established.
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5. Conclusions

Low body weight, critically ill patients treated with meropenem at standard doses
by extended or continuous infusion achieved a similar plasma exposure of meropenem
than normal body weight patients. No differences in the proportion of patients with a
supratherapeutic PK/PD target, which was high, were observed between both groups.
A baseline estimated glomerular filtration rate (eGFR) < 90 mL/min was the only factor
independently associated with a supratherapeutic PK/PD target.

Our results suggest that low body weight critically ill patients treated with meropenem
may not need dose adjustment based on body weight. These results should be confirmed
in a future larger study assessing the PK and toxicity risk of meropenem in this population.
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