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ARTICLE INFO ABSTRACT

Keywords: Background: Pharmacokinetic (PK) and pharmacodynamic (PD) data on perioperative antibiotic prophylaxis or
Obesity antibiotic therapy are rare in patients suffering from morbid obesity. Furthermore, dosing regimens should be
Antibiotic dosing based on PK/PD models that ensure effective antibiotic exposure not in plasma, but primarily at the site of
Pharmacokinetics infection, mostly in the interstitial fluid (ISF). The aim of this trial is to investigate whether current dosing
PMIE:EEZ?;};:ZHHICS regimens of various antibiotics lead to effective concentrations in the ISF of morbidly obese patients.
Methods: We designed a prospective, parallel group, open-labeled, controlled single center trial to investigate
the plasma and tissue pharmacokinetics of the antibiotics linezolid, meropenem, tigecycline, piperacillin/tazo-
bactam, fosfomcyine, cefazolin, metronidazole and as secondary aim the analgesics metamizole and acet-
aminophen. Inclusion criteria comprise body mass index =35 kg/m? for obese or between 18.5 and 30 kg/m? for
non-obese patients scheduled for elective abdominal surgery. For PK analysis, blood and microdialysate samples
of subcutaneous tissue were collected 0-8 h after study drug administration. The primary endpoint is to in-
vestigate a possible dependency of the area-under-the-curve (AUCy g) in the interstitial fluid on body weight and
obesity with population based pharmacokinetic analysis.
Discussion: Inadequate dosing regimes of antibiotics may be a relevant factor for morbidity and mortality of
patients, as well as for the development of bacterial antibiotic resistance. The measurement of plasma and tissue
concentrations will provide information necessary for PK/PD-modelling. These data about antibiotic PK/
PDcharacteristics in soft tissue and their dependence on weight should help to develop weight-dependent models
for calculation of patient's individual doses of different antibiotics.
Trial registration: EU clinical trials register (EudraCT-No. 2012-004383-22) and German Clinical trials Register
(DRKS00004776);

* This study is being conducted at the Department of Anesthesiology and Intensive Care Medicine, University of Leipzig, Germany.
* Corresponding author. Department of Anaesthesiology and Intensive Care Medicine, University of Leipzig, Liebigstrasse 20, D-04103, Leipzig, Germany.
E-mail addresses: philipp.simon@medizin.uni-leipzig.de (P. Simon), david.petroff@zks.uni-leipzig.de (D. Petroff), christoph.dorn@ur.de (C. Dorn),
lisa.ehmann@fu-berlin.de (L. Ehmann), charlotte kloft@fu-berlin.de (C. Kloft), christiane.prettin@zks.uni-leipzig.de (C. Prettin),
arne.dietrich@medizin.uni-leipzig.de (A. Dietrich), markus.zeitlinger@meduniwien.ac.at (M. Zeitlinger), frieder.kees@web.de (F. Kees),
hermann.wrigge@bergmannstrost.de (H. Wrigge).

https://doi.org/10.1016/j.conctc.2019.100375

Received 25 January 2019; Received in revised form 17 April 2019; Accepted 5 May 2019

Available online 10 May 2019

2451-8654/ © 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).


http://www.sciencedirect.com/science/journal/24518654
https://www.elsevier.com/locate/conctc
https://doi.org/10.1016/j.conctc.2019.100375
https://doi.org/10.1016/j.conctc.2019.100375
mailto:philipp.simon@medizin.uni-leipzig.de
mailto:david.petroff@zks.uni-leipzig.de
mailto:christoph.dorn@ur.de
mailto:lisa.ehmann@fu-berlin.de
mailto:charlotte.kloft@fu-berlin.de
mailto:christiane.prettin@zks.uni-leipzig.de
mailto:arne.dietrich@medizin.uni-leipzig.de
mailto:markus.zeitlinger@meduniwien.ac.at
mailto:frieder.kees@web.de
mailto:hermann.wrigge@bergmannstrost.de
https://doi.org/10.1016/j.conctc.2019.100375
http://crossmark.crossref.org/dialog/?doi=10.1016/j.conctc.2019.100375&domain=pdf

P. Simon, et al.

1. Introduction

Surgical wound infections constitute the most common source of
postoperative complications. Perioperative antibiotic prophylaxis de-
creases infectious morbidity and mortality, length of stay, and cost of
care, and is particularly important in obese patients who are at higher
risk of postoperative wound infections [1-4]. Standard dosing regi-
mens, usually developed in healthy normal weighted volunteers, typi-
cally comprise a fixed, single antibiotic dose about 1 h prior to surgical
incision. For patients suffering from morbid obesity, however, phar-
macokinetic (PK) and pharmacodynamic (PD) data for antibiotic pro-
phylaxis are rare. Appropriate dosing is essential to provide sufficient
perioperative antibiotic prophylaxis or antibiotic effect in obese pa-
tients. Dosing regimens should consider PK/PD models not only in
plasma but, in particular, in the interstitial tissue fluid as target site
where bacteria frequently reside [3,5].

Microdialysis is an established tool to measure interstitial unbound
drug concentrations in virtually every given tissue and organ in animals
and humans [6,7]. So far, only few studies with a limited number of
subjects have focused on soft tissue concentrations of antibiotics in
obese patients [5,8] and consequently, data for appropriate dose ad-
justments in this population are lacking.

The aim of this trial is to investigate the hypothesis that for in-
dividual antibiotics, current dosing regimens do not lead to effective
concentrations in soft tissues of morbidly obese patients. Thus, we de-
signed a trial to characterize the plasma and tissue pharmacokinetics of
antibiotics after a single short intravenous infusion in surgical morbidly
obese patients compared to non-obese patients. In addition, we aim at
generating data on methodological variability of the microdialysis
method in this clinical setting.

2. Methods/design
2.1. Design and sample size

This prospective, parallel group, open-labeled, controlled single
center trial is located at the Leipzig University Hospital. Approval for
the trial was granted by the Leipzig University ethics committee (121/
13-ff) and the Federal Institute for Drugs and Medical Devices of
Germany (BfArM) and was registered in the European Union clinical
trials register (EudraCT No. 2012-004383-22). Sample size calculations
are based on the assumption that area-under-the-curve (AUC) for drug
concentrations on a log-scale is roughly linear with weight [3,5]. Si-
mulations taking into account the expected weight distribution in the
patients showed that 13 patients per treatment group have to be ana-
lyzed to show a statistically significant difference in AUC with 80%
power. To allow for drop-outs and missing data, 15 patients per weight
category and drug combination were included. In total, 120 patients
were to be allocated to the trial (see consolidated Standards of Re-
porting Trial [CONSORT] diagram, Fig. 1). Five additional patients
were included for feasibility testing of the newly established micro-
dialysis method. The non-obese patients were to be matched within
each treatment group (see Table 1) based on age and sex.

After obtaining results of our in-vitro trials [11], microdialysis
pump flow settings were optimized and changes of the retrodialysis
protocol (Table 2) were implemented. An amendment of the study
protocol (version 3.0; November 2014) for group D is provided in ad-
ditional files. There are no changes in endpoints.

2.2. Study population

Patients scheduled for elective abdominal surgery at the Leipzig
University Hospital were screened for eligibility. Inclusion criteria
comprised age =18 years and body mass index (BMI) = 35 kg/m? for
obese patients or between 18.5 and 30 kg/m? for non-obese patients.
Exclusion criteria were pregnancy or breastfeeding, known allergic
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reaction to one of the investigated medications, severe liver disease,
severe kidney disease, arterial hypotension, failure of the bone marrow
function, acute hepatic porphyria, phenylketonuria, hereditary fructose
intolerance, intake of monoaminoxidase A or B inhibitors, intake of one
of the study medications in the last three days or participation in an-
other clinical trial with medications.

2.3. Anesthesia

Patients did not receive any premedication on the day of surgery.
Anesthesia was performed according to clinical standards and left at the
discretion of the anaesthetist. The local clinical standard included ei-
ther balanced anesthesia with propofol and sufentanil or remifentanil
followed by desflurane/isoflurane, or total intravenous anesthesia
(TIVA). Endotracheal intubation was facilitated by a single shot of ro-
curonium. Routine perioperative monitoring in the participating pa-
tients included invasive measurement of arterial blood pressure, pulse
oximetry, and electrocardiogram (SC9000, Siemens, Erlangen,
Germany). All patients received infusion of crystalloid fluid, with or
without additional vasopressors such as theodrenaline + cafedrine
and/or norepinephrine as required to assure a mean arterial
pressure > 60 mmHg.

2.4. Perioperative antibiotic prophylaxis and analgesic study medication

After allocation to one treatment group (A-D, Table 1), patients got
a single dose of the respective antibiotic study drug and analgesic co-
medication after induction of anesthesia through an additional vein
access as a single dose over 30 min using an automated infusion system
(Infusomat” Space, B. Braun Melsungen AG, Melsungen, Germany) 60
to 30 min prior to incision. A repetitive dose of antibiotics for perio-
perative prophylaxis was allowed according to the clinical pathway at
our hospital using cefuroxime 1500 mg after 3h of surgery.

2.5. Blood and microdialysate samples

After skin disinfection and under sterile conditions, two micro-
dialysis catheters (CMA 63 microdialysis probe, membrane length
30 mm, cut-off 20,000 Da, CMA, Kista, Sweden) were placed into the
subcutaneous tissue of both upper arms (one in each arm) assuring that
the complete length was subcutaneous, but without using ultrasound
for anatomical landmarks and without using local anesthesia. The ca-
theters were placed 90 min before beginning anesthesia and adminis-
tration of the study drugs (Fig. 2). The probes were perfused with 0.9%
saline at 1 or 2puL/min. After equilibration (30 min) microdialysate
were collected for 1h and a baseline blood sample was taken. Im-
mediately after induction of general anesthesia, the study antibiotics
were infused for exactly 30 min. Additional blood samples were taken
at 0.5 (end of infusion), 1, 2, 3, 4, 5, 6 and 8 h. Microdialysates were
collected from 0 to 0.5, 0.5-1, 1-1.5, 1.5-2, 2-3, 34, 4-5, 5-6, 6-7 and
7-8h.

Blood samples were centrifuged within 30 min after sampling
(3000 g, 4°C, 10 min). Plasma and dialysate samples were frozen im-
mediately at approximately —25°C and then stored at —80 °C until
bioanalysis.

2.6. Microdialysis

Microdialysis was performed at a constant flow rate of 2 ul/min in
group A-C and at a flow rate of 1 ul/min in group D. To obtain inter-
stitial concentrations from microdialysate concentrations (C,p), the
retrodialysis method was used [9]. After a washing step, retrodialysis
was started with the retroperfusate (RP), a perfusion solution con-
taining a defined concentration of the respective study drug (Table 2).
Retrodialysate (RD) was collected as described in the retrodialysis
protocol (Table 3) [10,11]. Drug concentrations were determined in the
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I Obese class Il & Il and normal weight patients scheduled for abdominal surgery I
Abdominal surgery
Indication for perioperative antiobiotc prophylaxis Excluded
Body mass index = 35 kg/m2 or Body mass index < 30 kg/m2
I Informed consent I
IEucluded |
Planned allocation
125 patients (65 obese & 60 normal weight)
|Meropenem / Linezolid | |Tigecyclin| |Cefazolin / Metronidazole I I Fosfomycin / Piperacillin/Tazobactam I
| Intraoperative measurement |
+1 Drop-out
I Post-operative follow-up; Day 1-7, Discharge I
Lost-to-follow-up
Fig. 1. Consort diagram.
Table 1 2.7. Study visits and data collection

Treatment groups.

Group Study Medication

Group A Meropenem 1 g (AstraZeneca GmbH, Wedel, Germany)
Linezolid 600 mg, (Pfizer, New York, USA)

Group B Tigecycline 100 mg (Pfizer, New York, USA)

Group C Cephazolin 2 g (Fresenius Kabi, Bad Homburg, Germany)
Metronidazole 500 mg (Fresenius Kabi, Bad Homburg, Germany)

Group D Fosfomycin 8 g (Infectopharm, Heppenheim, Germany)

Piperacillin/tazobactam 4.0/0.5 g (Stragen Pharma, Cologne,
Germany)

Additional in every group: acetaminophen 1 g (Fresenius Kabi, Bad Homburg,
Germany) or metamizole 1g (Novaminsulfon-ratiopharm, Ratiopharm, Ulm,
Germany).

Table 2
Retroperfusate concentration used for calibration.

Group Study Medication Retroperfusate Concentration
Group A Meropenem 1000 mg 20 mg/L
Linezolid 600 mg 150 mg/L
Group B Tigecycline 100 mg 500 mg/L
Group C Cephazolin 2000 mg 50 mg/L
Metronidazole 500 mg 50 mg/L
Group D Fosfomycin 8 g 200 mg/L
Piperacillin/tazobactam 4.0/0.5g 200 mg/L
Analgetics acetaminophen 1g 20mg/L
metamizole 1 g 10 mg/L

retroperfusate (Cgrp) and retrodialysate (Crp) to determine the in vivo
relative recovery as follows: relative recovery = (1 — Crp/Cgrp) X 100%.
The concentration of the drugs in the interstitial fluid (ISF) was then
given by Cisg = C,p x 100/relative recovery.

Patients were visited preoperatively, intraoperatively and daily
between postoperative day 1 and 7 or until discharge (Table 4). A
complete participant time line, including all variables as well as inter-
ventions, is available as a supplementary file (crf).

All preoperative patients were screened for eligibility. After pro-
viding informed consent, baseline variables were collected, including
birth date, sex, age, weight, height, medical history, indication for
operation, antibiotic prescriptions within the last 3 months, current
medication and blood work (for example for liver and kidney function).

On the day of the operation, the type of surgery was documented as
well as duration of surgery, type of anesthesia, intravenous medication,
perioperative complications (hypotonia, hypoxia, allergic reaction,
anaphylaxia, bleedings), use of vasoactive medication, transfusions,
blood loss and fluid balance. In addition, detailed information re-
garding the microdialysis was documented, including time and place-
ment of the catheters, time and duration of administration of the study
drugs, time of taking the samples, as well as any problems with the
study procedures.

Antibiotics, analgesics and other medication were recorded on day
seven or at discharge, whichever came first. The incidence of wound
infections, postoperative pain (using NRS), and adverse events were
recorded.

Patient data were collected in pseudonymous form using a patient
identification number. Study data were collected and managed using an
Oracle-DBMS database with eResearch Network. Electronic data cap-
ture tools are hosted at the Clinical Trials Center of the University of
Leipzig, Germany.

2.8. Bioanalytical measurements

Study drug concentrations in microdialysates, plasma and plasma
ultrafiltrate samples were analyzed at the Department of
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Time since

dose [h]

Surgical incisions T

Study drug dosing

Plasma sampling

Micro-/retrodialysis
catheter 1

Micro-/retrodialysis
catheter 2

Fig. 2. Schematic representation of drug dosing and sampling schedule.

Pharmacology, University of Regensburg, Regensburg, Germany, using
HPLC methods with photometric detection [11].

2.9. Study endpoints

The primary endpoint is the dependence of the AUCy.g in the in-
terstitial fluids on body weight. Further analysis will explore the de-
pendence of AUC_g in the interstitial fluid (ISF) on further covariates,
such as BMI and compare obese with non-obese patients. Analogous
analyses will be performed for the secondary outcomes AUCyg in
plasma, maximum concentration (Cpax), Cmax/MIC (MIC = minimal
inhibitory concentration), AUC/MIC in the microdialysate and plasma
after single dose, time over MIC (T > MIC) AUC;sz/AUCjasma ratio,
PK/PD parameters and half-life (t;,»). Originally foreseen endpoints
such as concentration in surgical tissue specimen, incidence of wound
infections, and postoperative pain scoring and the length of stay at
hospital are deemed uninformative and will not be analyzed formally,
though summary statistics of the corresponding data will be presented.

2.10. Statistical analysis

2.10.1. Analyses using linear models

Plasma and ISF concentrations will be treated on a logarithmic
scale. AUC will be determined by taking the mean of ISF concentrations
from the two catheters and using a trapezoid technique with the mid-
point of the collection interval as the time point. AUC will be taken as
the dependent variable in linear models with covariates such as weight,
BMI and sex. When analyzing longitudinal data, a linear mixed-model
will be used with a random effects term allowing an intercept and slope
for each patient. Obesity status, catheter and time will be taken as fixed
effects along with an interaction term between obesity status and time.
Parsimonious models based on Akaike's Information Criterion will be
used. Estimates with 95% confidence intervals will be presented and p-
values < 0.05 will be considered significant.

Table 3
Retrodialysis protocol [10,11].

2.10.2. Pharmacokinetic modelling and simulation

After designing and registering the trial, co-operation was estab-
lished with a group with expertise in population pharmacokinetic
modelling integrating total and unbound plasma as well as micro-
dialysis data [12-14]. Because of the exploratory and pilot nature of the
trial, it was deemed appropriate to treat these well-established methods
on the same footing as those foreseen from the trial's outset.

Appropriate modelling and simulation approaches such as the
nonlinear mixed-effects modelling approach (NONMEM, Icon
Development Solutions, Ellicott City, MD, USA) will be used to char-
acterize the PK including the associated variabilities and link the PK to
the PD. For the development of the base PK model, total drug con-
centrations will be investigated using appropriate disposition models. If
available, unbound plasma concentrations will be integrated into the
model in order to characterize the plasma protein binding. The model
will be extended by puD concentrations to evaluate the kinetics of tissue
distribution. The statistical model focuses on quantifying both PK-re-
lated variability between the patients as well as variability related to
the methodology of microdialysis. Covariates will be identified that
explain the methodology- or PK-related variability between the pa-
tients. The focus of the analysis will lie on the quantification of the
impact of body size descriptors (e.g. total body weight, BMI, lean body
weight) on the PK. Ultimately, the final PK model will be used to per-
form Monte-Carlo simulations in order to evaluate the probability of
PK/PD target attainment both in plasma and in the interstitial fluid to
identify the patients at risk for sub-therapeutic antibiotic exposure and,
if needed, to recommend new dosing regimens.

3. Discussion

With this study, we want to characterize the plasma and tissue
pharmacokinetics of different antibiotics used for prophylaxis and
treatment of tissue and surgical wound infections in morbidly obese and
non-obese control patients. This arises from the clinical need to provide
adequate prophylaxis and treatment options for a growing number of
obese patients for whom standard doses may be inappropriate due to

Begin of the clinical trial

After in vitro study [11]

Group A-C 1. Flushing and equilibration 5 min

2. Sampling 30 min 2 times

3. Every medication alone in chronical order with analgetic at last (Table 1)
Group D

. Flushing and equilibration 5 min

. Sampling 15 min 3 times

. Every medication alone in chronical order with analgetic at last (Table 1)
. Flushing and equilibration 50 min

. Sampling 30 min 3 times

. Combined retrodialysis (all medication at the same time in one sample)

W N = WN =
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Table 4
Study schedule.
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study schedule

screening visit

study day post- operative days 1-7

written informed consent

Demographics

medical history, concomitant diseases
inclusion/exclusion criteria

adverse event monitoring

evaluations/measurements according to table below
insertion of two microdialysis probes and equilibration
in-vivo calibration of microdialysis probes
administration of study drug

plasma for pharmacokinetics

microdialysate for pharmacokinetics

removal of microdialysis probes

monitoring incidence of surgical site infection within 1st week

Mo M M

MoK X M M M M M

greater body mass and a higher proportion of body fat. As the second
objective, we want to evaluate whether the pharmacokinetics can be
predicted by body size descriptors (e.g. body mass index or total body
weight) and to develop a population PK model for calculating the pa-
tient's individual dose.

To achieve these study goals, we designed a study with 4 groups to
investigate different antibiotic classes used to treat soft tissue and
wound infections. We compare 60 patients with WHO BMI classes II-III
to 60 non-obese patients, making this the largest study using the mi-
crodialysis technique. With this technique it is possible to measure
antibiotic concentrations directly in a potential site of action of bac-
teria. The perioperative setting with patients requiring antibiotic pro-
phylaxis for surgery is a clinical model that is highly common, stan-
dardized and relevant. It also serves as a model for antibiotics, which
are not approved for prophylaxis but for treatment of tissue infections.

To investigate precision and methodological aspects as well as intra-
individual variability of the microdialysis method, we perform mea-
surements in every patient using two microdialysis catheters inserted in
the same subcutaneous tissue of the same patient at the same time in
both upper arms.

Inadequate dosing regimes of antibiotics, leading to sub-therapeutic
drug concentrations in the target tissue may be a relevant factor for
individual morbidity and mortality of patients, as well as for the de-
velopment of bacterial antibiotic resistance. The measurement of
plasma concentrations of important classes of antibiotics will provide
necessary information for PK/PD modelling and help contrast with the
measurements typically used for dosage assessment. This can help us to
ascertain the relevance of obesity in dosing regimens. We might also
identify further patient characteristics impacting the drug concentra-
tions in the ISF of the soft tissue using the population pharmacokinetic
modelling approach. Finally, our goal is to identify the patients at risk
for therapy failure and to suggest new dosing regimens, which will be
validated in prospective dosing studies in future.

In conclusion, we aim to better characterize the pharmacokinetics of
antibiotics in soft tissues and to quantify the impact of body size de-
scriptors such as BMI. These data will help to develop BMI-dependent
models for calculating the patient's individual optimal doses of different
antibiotics.
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BMI body mass index

C concentration

Crf case report form

Da Dalton
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ISF interstitial fluid

MIC minimal inhibitory concentration
NRS numerical rating scale

PD pharmacodynamic(s)

PK pharmacokinetic(s)

RD retrodialysis

T time

TIVA total intravenous anesthesia

WHO World Health Organisation

uD microdialysate concentrations
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