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Summary

Objectives: To determine whether currently used
meropenem dosages in our hospital provide adequate
serum concentrations.

Methods: Trough blood samples taken during the first
meropenem concentration monitoring were included. For
the evaluation of achievement of the pharmacokinetic/
pharmacodynamic (PK/PD) target, MIC of the pathogens
defined by the European Committee on Antimicrobial
Susceptibility testing was selected.

Results: Eighty three patients were enrolled. A large
variability inmeropenem trough serum concentrations was
observed (median 34.3 mg/L, range < 1.0-146.1 mg/L).
The lowest PK/PD target for susceptible pathogens (100%
T > MIC) was achieved in 100% of patients on dialysis
and continuous renal replacement therapy (CRRT)
and in 91% non-RRT patients. For pathogens with
intermediate susceptibility, 100% T > MIC was attained
in all patients on CRRT and 96% on dialysis, only 74%
non-RRT patients achieved this PK/PD target. Patients
on RRT were more likely to achieve the highest PK/PD
target 100% T > 5 x MIC, P < 0.05. Higher proportion
of patients on RRT would also require meropenem dose
reduction if upper limit 100% T > 10 x MIC was chosen,
P <0.05.

Conclusions: Administration of a standard meropenem
dose to critically ill patients leads to a large concentration
variability. Thus, a personalised dosing regimen is
crucial for the achievement of adequate meropenem
exposure.
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Souhrn

Uvod: Cilem retrospektivni analyzy bylo posoudit,
zda stavajici davkovaci rezimy meropenemu vedou
k adekvatni expozici meropenemu.

Metody: Do prace byly zahrnuty pouze udolni kon-
centrace pii prvnim méfeni. Ke zhodnoceni dosazeni
farmakokineticko/farmakodynamického (PK/PD) cile
byly pouzity MIC patogent definovanych v European
Committee on Antimicrobial Susceptibility testing.
Vysledky: Do studie bylo zahrnuto 83 pacientd. Byla
pozorovana velka variabilita sérovych hladin mero-
penemu (median 34,3 mg/l, rozptyl < 1,0-146,1 mg/l).
Nejnizsi PK/PD cil pro citlivé patogeny (100 % T>MIC)
byl dosazen u 100 % pacientti na dialyze a kontinualni
eliminaéni metodé¢ (CRRT) a u 91 % pacienti bez
eliminacni metody. Pro patogeny s intermediarni
citlivosti 100 % T > MIC bylo dosazeno u v§ech pacientt
na CRRT a 96 % pacientl na dialyze, jen 74 % pacienti
bez eliminacni metody dosahlo tento PK/PD cil.
Pacienti na RRT m¢éli vyssi pravdépodobnost dosazeni
nejvyssiho PK/PD cile 100 % T > 5 x MIC, P < 0,05.
Vyssi podil pacientd na RRT by vyzadoval snizeni davky
meropenemu, pokud by byl zvolen horni limit 100 %
T> 10 x MIC, P <0,05.

Zavér: Aplikace standardni davky meropenemu kriticky
nemocnym pacientim vede k velké variabilité hladin.
Nastaveni davky pro konkrétniho pacienta je dtlezité pro
dosazeni adekvatni expozice meropenemu.

Klic¢ova slova: meropenem ¢ udolni koncentrace * MIC ¢
farmakokineticko/farmakodynamicky cil

Introduction

Infection and sepsis are major causes of morbidity and
mortality in intensive care patients"?. Treatment of criti-
cally ill patients with sepsis and septic shock is complex.
Early and adequate antibiotic (ATB) therapy is crucial
and associated with favourable clinical outcome. The
mainstay of successful antibiotic therapy is selection of
aright antibiotic and its application in a sufficient dose so
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that adequate concentration at the site of infection can be
reached. Improper dosing of ATB has a negative impact
on the patient’s clinical outcome and increases the risk of
developing resistance® ¥. A critically ill patient differs in
his characteristics from other patients. A rapidly dynamic
physiology can cause unpredictable pharmacokinetic al-
terations that effect antibiotic exposure. Thus antibiotic
dosing in critically ill patients might be a challenging and
complicated process™®. Summary of Product Characte-
ristics (SPC), the basis of dosage regimen information
for health professionals, is unfortunately based on studies
in non-critically ill patients. The pharmacokinetic para-
meters reported in these patients may differ from those
in critically ill patients, so dosing regimens may not be
equally applicable and may result in inadequate dosing®.

Intravenously administered broad-spectrum B-lactam
antibiotics belong among the most frequently prescri-
bed antimicrobials in critically ill patients”. When
using B-lactam antibiotics in critically ill patients, clini-
cal evaluations suggest maintaining at least 100% fT >
MIC may be necessary (100% of time of free antibiotic
concentration above minimal inhibitory concentration).
This pharmacokinetic/pharmacodynamic (PK/PD) target
is associated with better bacterial eradication and thera-
peutic outcome®. Some authors suggest that maximum
killing of bacteria occurs when serum concentrations are
maintained above the MIC of the causative pathogen for
four to five times the MIC (fT > 4-5 x MIC)*'?. Sus-
ceptibility data for confirmed or suspected pathogens are
used to establish the MIC target. Where local data are not
available or B-lactam antibiotic was introduced on em-
pirical ground, the highest MIC in the susceptible range
is selected from breakpoints published by the European
Committee on Antimicrobial Susceptibility Testing (EU-
CAST)". Effective antibiotic concentrations need to be
achieved in the interstitial fluid of tissues as this is the
site of most infections®. For infections in which tissue
penetration is crucial, it is necessary to ensure an adequa-
te B-lactam antibiotic concentration at the site of infecti-
on'*19. Severe infections can cause vascular dysfunction
including microvascular failure, which can impair ATB
delivery into body tissues. Furthermore, infections in the
ICU are often caused by pathogens with higher MICs
compared with other clinical settings'®. Thus, higher se-
rum ATB concentrations might be required in intensive
care patients to increase the likelihood of effective anti-
biotic concentrations at the site of infection.

In this respect, therapeutic drug monitoring (TDM)
of B-lactam antibiotics has a crucial role in optimising
adequate antibiotic concentrations in critically ill pa-
tients. TDM of some f-lactam antibiotics has already
been implemented in certain laboratories in the Czech
Republic. In our hospital, TDM of five B-lactam anti-
biotics (meropenem, ceftazidime, cefotaxime, cefepime
and piperacillin/tazobactam) has been available routinely
from January 2019, with meropenem being one of the
most commonly measured B-lactam ATB. Meropenem is
a carbapenem ATB characterized by a broad antibacte-
rial spectrum used for the treatment of serious infecti-

ons including hospital-acquired infections (e.g. sepsis,
severe pneumonia, complicated intra-abdominal infec-
tions). Meropenem is a hydrophilic ATB with very low
plasma protein binding (approximately 2%) and it achie-
ves good penetration into a wide range of tissues. Mero-
penem undergoes primarily renal elimination, extra-renal
elimination accounts for 20% up to 50% in conditions
of reduced renal function'”'®. A large inter-patient va-
riability in meropenem concentrations after standard
dosing has been described in critically ill patients' 20,
Meropenem has been shown to be readily dialyzable and
effectively removed by haemodialysis'®. A strong relati-
onship between renal function and meropenem exposure
and consequently PK/PD target attainment has been ob-
served?”. The main objective of this retrospective study
was to determine whether the currently used meropenem
dosages in our hospital provide adequate serum concen-
trations and utility of B-lactam TDM in routine clinical
practice.

Experimental part

Patient selection

This is a retrospective study performed at the Universi-
ty Hospital Ostrava. TDM of meropenem has been avai-
lable routinely from January 2019. All patients admitted
to any of our intensive care unit between January 2019
and July 2020 were considered for inclusion. Exclusion
criteria were: age less than 18 years and admission to
another than intensive care unit. Meropenem dosing was
at the discretion of the treating physician. Demographic
data, including age, sex, height, renal function and pre-
sence of renal replacement therapy were collected.

Blood sampling

Blood samples taken during the first meropenem con-
centration monitoring were included. Only trough serum
meropenem concentrations were taken. Meropenem do-
sing data including the dose, infusion duration, frequency
of administration, the time of dosing and sampling, and
the day of meropenem therapy were collected. The TDM
service is provided in our hospital on daily basis during
week days, results are typically available within the next
antibiotic dose. Antibiotic dosing is optimised using an
iterative process of TDM combined with Bayesian fore-
casting within dosing software (MWPharm 3.30).

Meropenem serum concentration analysis

Blood samples were processed and stored according
to validation protocol to maintain integrity. Total serum
meropenem concentrations were determined by liquid
chromatography-tandem mass spectrometry method. The
sample preparation procedure included precipitation of
protein with a mixture composed of methanol : aceto-
nitrile (3 : 2, v/v). The method was validated by the US
Food and Drug Administration (FDA) rules as follows:
Linearity was found between 1-200 mg/L. The within-
day and between-day precision and accuracy were mea-
sured at three concentration levels. Coefficients of varia-



232

Ces. slov. Farm. 2020; 69, 230-236

tion of all tested concentrations were between 1.6—14.9%
and recovery 93.1-109.5%, respectively. The method
was tested by external quality assurance based on pro-
ficiency testing schemes (external quality control EQC
Instand Germany) twice a year.

PK/PD data

In most of the patients meropenem was initiated em-
pirically. Therefore, for the evaluation of achievement
of PK/PD targets, MIC of the pathogens defined by the
EUCAST was selected. The highest MIC for susceptible
bacteria to meropenem was chosen: clinical breakpoint
for susceptibility MIC 2.0 mg/L, clinical breakpoint for
intermediate pathogens MIC 8.0 mg/L. Attainment of
PK/PD target 100% T > MIC and 100% T > 5 x MIC
was evaluated. The consensus about the upper limit of
B-lactam antibiotics serum concentrations has not been
reached yet. Some authors arbitrarily selected the PK/PD
100% T > 10 x MIC as an upper limit for B-lactam anti-
biotics dose reduction, exposure above this PK/PD target
is likely of no additional therapeutic value, but there may
be an increased risk of toxicity'2",

Data and statistical analysis

Continuous data are presented as median with in-
terquartile range, categorical data are reported as num-
bers and percentages. Achievement of various PK/PD
targets between groups of patients with and without renal
replacement therapy was compared by the Fisher’s exact
test. A value of P < 0.05 was considered statistically sig-
nificant. Statistical analysis was performed using the
GraphPad Prism for Windows version 5.0 (GraphPad
Prism Software, Inc).

Results

Patient characteristics

Eighty three intensive care patients were enrolled in
this study. For demographic and clinical characteristics
see Table 1. Patients were divided into three groups ac-
cording to their renal function and presence of renal re-

placement therapy:

1. non-RRT patients (patients not on any renal replace-
ment therapy),

2. patients on intermittent dialysis either chronic or acute
(iHD),

3. patients on continuous renal replacement therapy
(CRRT).

Meropenem was mostly used for the treatment of
sepsis, the most common source of infection were the
lungs (30.7%), followed by the urinary tract (14.9%),
gastrointestinal tract (10%), skin and soft tissue
(5.8%) and in 10% the source of infection was not
specified.

PK/PD data

The data describing the meropenem dose, mero-
penem serum trough concentrations and the achieve-
ment of PK/PD targets are depicted in Table 2. A large
variability in meropenem trough serum concentrations
was observed in each patient group. Even when only
meropenem serum concentrations at the same daily
dose (6 g daily, which was the most common admi-
nistered dose) were chosen, the variability was still
considerable.

When aiming at the lowest PK/PD target for suscepti-
ble pathogens (100% T > MIC, MIC = 2.0 mg/L), 100%
of patients on iHD and CRRT achieved this target, in pa-
tients without any renal replacement therapy the achie-
vement of the target was a little bit lower. For pathogens
with intermediate susceptibility, 100% T > MIC for the
highest MIC in this range (MIC 8.0 mg/L) was attained in
all patients on CRRT and slightly less in patients on iHD.
In the group of patients without any renal replacement
therapy, 74% of patients achieved this PK/PD target. Pa-
tients on renal replacement therapy were more likely to
achieve the highest PK/PD target 100% T > 5 x MIC for
both MIC values (MIC 2.0 mg/L and 8.0 mg/L), P <0.05.
Higher proportion of patients on RRT would also require
meropenem dose reduction if upper limit 100% T > 10 x
MIC (MIC 2.0 mg/L) was chosen, P < 0.05.

Table 1. Demographics and clinical characteristics of the studied patients

All patients Non-RRT patients iHD patients CRRT patients
(n=83) (n=47) (n=23) n=13)

Sex male = 59 male = 34 male =17 male =7
Age, years 65 (18-89) 66 (18-89) 65 (31-79) 59 (34-71)
Weight, kg 84 (40-160) 66 (40-150) 78 (53-160) 84 (53-150)
Serum creatinine concentration, pmol/L 161 (19-842) 104 (19-542) 344 (161-842) 142 (34-338)
Serum urea concentration, mmol/L 17.1 (5.1-46.5) 15.0 (4.2-44.4) 24.0 (7.3-40.1) 14.2 (5.1-46.5)
i?/ls/‘;lf‘;g‘ir;rfamme clearance (CL,). 0.58 (0.08-2.63) |  1.00(0.10-2.63) | 0.22(0.08-0.64) | 0.70 (0.24-2.31)

Data are presented as median (interquantile range) unless otherwise specified:
non-RRT patients — patients without renal replacement therapy, iHD — intermittent dialysis, CRRT — continuous renal replacement

therapy
*CL, was estimated using formula CKD-EPI 2009
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Table 2. Meropenem (MER) dosage and trough serum concentrations and achievement of pharmacokinetic/pharmacodynamic targets®

concentration analysis, days

All patients Non-RRT patients iHD patients CRRT patients
n=83) (m=47) (n=23) n=13)
MER daily dose, g 6 (1-8) 6 (2-8) 4 (1-6) 6 (4-8)
Length of infusion, hours 3(0.54) 3(0.5-3) 2 (0.5-3) 3(0.5-4)
Duration of treatment until 1 4(2-22) 5(2-16) 4(2-22) 4-11)

MER serum concentration, mg/L

343 (< 1.0-146.1)

19.5 (< 1.0-109.7)

50.0 (4.2-146.1)

36.4 (16.8-91.2)

MER serum concentration, mg/L at the

35.9 (<1.0-146.1)

18.3 (< 1.0-109.7)

56.2 (12.3-146.1)

36.1 (16.8-62.0)

same daily dose =6 g

Susceptible pathogens according to EUCAST = MIC 2.0 mg/L

(MIC > 80.0 mg/L), n (%)

(lf% ;g}g;})’aﬁ%ed 79 (95%) 43 (91%) 23 (100%) 13 (100%)
(1&%?156.“8?2?1;;1;65 EC}) 68 (82%) 33 (70%)* * 22 (96%)* 13 (100%)*
(1&(;2/;’ T gosance /aLC)l?iEV(‘Z/‘j) 52 (63%) 21 (45%) * 19 (83%)* 12 (92%)*
Intermediate pathogens according to EUCAST = MIC 2.0 — 8.0 mg/L

(13% T alih(‘%ed 70 (84%) 35 (74%)S * 22 (96%)* 13 (100%)
(118% 123 e ;CLh)i,eZe(f;)) 35 (42%) 13 (28%) * 16 (70%)* 6 (46%)
100% 1. 1o . sca @Chieved 8 (10%) 3 (6%) 4 (17%) 1 (8%)

*median (interquartile range)

"MIC (S) < 2.0 mg/L — denotes the highest MIC in the susceptible (S) range for applicable pathogens, such as Pseudomonas spp.,

Enterobacterales, anaerobes

‘MIC (I) < 8.0 mg/L — denotes the highest MIC in the intermediate (I) range for applicable pathogens, such as Pseudomonas spp.,

Enterobacterales, anaerobes

Sstatistical analysis between non-RRT group and RRT group (iHD + CRRT patients), P < 0.05
*statistical analysis between non-RRT group and iHD, non-RRT group and CRRT, P < 0.05
RRT - renal replacement therapy, iHD — intermittent dialysis, CRRT — continuous renal replacement therapy, MIC — minimal

inhibitory concentration

Discussion

Critically ill patients exhibit extreme inter-individu-
al variability in pharmacokinetic parameters, making
decision about the right antibiotic dose difficult. Tradi-
tionally, TDM of antibiotics has been employed to mi-
nimise toxicity of glycopeptides and aminoglycosides.
However, with an increasing number of less sensitive
pathogens, large pharmacokinetic variability and incre-
asing intensive care possibilities, TDM concern of these
antibiotics has also spread to ensure adequate therapeutic
concentrations. With improving understanding of altered
pharmacokinetics in critically ill patients, the TDM of
antibiotics has also expanded to B-lactams!'"2Y. Insuffi-
cient B-lactam concentrations have been observed in
the early phase of severe sepsis and septic shock under
standard antibiotic doses*”. TDM of B-lactam antibiotics
has been available in our hospital from early 2019. The
results of our study retrospectively describe meropenem
serum concentrations taken at first TDM sampling in our
intensive care patients. Several studies have addressed

meropenem pharmacokinetics in ICU septic patients,
a large heterogenity of PK parameters was found' 2329,
In accordance with those findings we observed a large
variability in meropenem trough serum concentrations
in our intensive care patients, even for the same daily
dose. Higher proportion of patients on renal replace-
ment therapy (intermittent or continuous) achieved the
PK/PD target compared to patients without renal repla-
cement therapy. Roberts JA et al. evaluated practicality
and utility of B-lactam TDM in their prospective study
in critical care unit. According to TDM meropenem dose
adjustment was required in 84% of patients with 57%
of patients requiring dose increases and 27% of patients
requiring dose decreased after the first TDM. A PK/PD
target of 100% fT >4-5 x MIC and 100% fT < 10 x MIC
was arbitrarily chosen to maximise the likelihood of cli-
nical cure and minimize the toxicity'). When choosing
the same PK/PD targets, dose adjustment would be requi-
red in 81.9% of our patients for MIC 2.0 mg/L, a finding
similar to a previous study. However, only 18.1% of pa-
tients would require dose increases and on the contrary
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up to 63.9% of patients would require dose decreases.
In a fear of under-dosing and to maximize meropenem
exposure, most of our patients received the maximal re-
commended meropenem dose 6 g daily, without any dose
adjustment according to renal functions compared to 3 g
daily in normal renal function in the previous study.
When adjusting meropenem PK/PD target for MIC
8.0 mg/L, dose adjustment would be required in 67.4%
of patients (of them 57.8% of patients requiring dose in-
creases and 9.6% dose decreases). However, there is still
unclarity regarding the best PK/PD target for B-lactam
antibiotics TDM! 2> 29 Even, when the PK/PD target
was set at fT > 50% MIC, 16% of intensive care patients
did not achieve this most conservative target and these
patients were 32% less likely to have a positive clinical
outcome®. Critically ill patients have larger volume of
distribution, varying renal functions (either decreased or
augmented), have low albumin concentrations and may
require some artificial organ support?”. However, dosing
regimens for antibiotics are generally based on studies
in healthy volunteers or patients not critically ill. Appli-
cation of these regimens to critically ill patient may lead
to sub-therapeutic concentrations and clinical failure?® 3.
A great deal of work has been published on the pharma-
cokinetics of B-lactam antibiotics in intensive care pa-
tients? 2+ 31: 32 However, due to great inter-individual
variability as a result of multiple variables, extrapolation
of these data cannot be applicable to every patient. Thus
implementation of TDM of B-lactam antibiotics in routi-
ne clinical practice seems crucial for individualization of
the optimal dose in a critical care patient.

B-lactam antibiotics exert its efficacy mostly in tissues.
Although it has been commonly believed that most anti-
biotics nearly achieve equilibrium in tissues and plasma,
recent studies have indicated that the antibiotic distri-
bution process is characterized by high intertissue and
intersubject variabilities and that target site drug levels
may substantially differ from corresponding plasma drug
levels. Suboptimal target site concentrations may have
important clinical implications, as they may explain the-
rapeutic failure and may also trigger bacterial resistan-
ce'* 239 However, measurement of B-lactam concent-
rations at the site of infection is not performed routinely
and is reserved mainly for clinical studies. Choosing the
“aggressive” PK/PD target (T > 4-5 x MIC) one might
reduce the risk of tissue underexposure. Prolonged or
continuous infusions of B-lactams have consistently been
shown to improve PK/PD target attainment, particular-
ly in patients with severe infections given the increasing
resistance rate***. Some studies have suggested a clini-
cal benefit of prolonged/continuous infusions versus in-
termittent bolus administrations®=®. On the other hand,
high B-lactam concentrations may lead to a higher risk
of toxicity, especially neurotoxicity. The most vulnerable
group of patients are those with renal dysfunction. Howe-
ver, the toxic concentration threshold is yet unknown.
The PK/PD 100% T > 8—10 x MIC as an upper limit for
B-lactam antibiotics dose reduction has been chosen ar-
bitrarily by some authors'2!2%, Some studies have fo-

cused on the concentration—neurotoxicity relationship of
B-lactams in ICU patients with the aim to define thre-
sholds above which toxicity is more likely*® 40,

There are limitations of our study. First, this is a retro-
spective observation of meropenem serum concentrations
at the first TDM occasion, this study was not designed to
evaluate clinical outcome of the patients or concentration-
-related toxicity. Second, blood samples were taken at the
discretion of treating physician, meropenem serum con-
centrations in some patients might not be in the steady-sta-
te. Third, PK/PD targets were based on the highest MIC
in the susceptibility range from EUCAST, which might be
higher than those of isolated pathogens. However, in most
of the patients, meropenem was initiated empirically, with
further de-escalation according to cultivations. Using the-
se highest MIC values we elected the PK/PD target that
would maximise meropenem exposure in intensive care
patients given the non-standard pharmacokinetics and
occurrence of less sensitive pathogens in these patients.
Fourth, only total serum meropenem concentrations were
analysed. By measuring the unbound concentrations it is
more likely to have similar concentrations to those present
at the site of infection. However, meropenem binding to
serum albumin is negligible (about 2%), so we do not as-
sume a significant difference between total and unbound
meropenem serum concentration'”.

Conclusion

In conclusion, we have observed that meropenem trou-
gh serum concentrations vary widely in critically ill pa-
tients using the same dose. Administration of a standard
B-lactam antibiotic dose to a critically ill patient may not
lead to adequate exposure. Thus, a personalised dosing
regimen is crucial for achievement of beneficial clinical
outcome. Implementation of TDM of B-lactams in routi-
ne clinical practice is a useful tool to optimise -lactam
dosing in critically ill patients. Ideally, TDM of B-lactams
should be performed within the first 2-3 days after anti-
biotic initiation, so that early dose adjustment could be
performed to ensure rapid achievement of adequate anti-
biotic exposure. As intraindividual B-lactam concentrati-
on may vary over time in critically ill patients, repeated
therapeutic drug monitoring may be required until the
patient is stable.

Conflict of interest: none.
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