
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Perioperative antibiotic prophylaxis in obese patients:  
A review on therapeutic antimicrobial levels for the 
prevention of surgical site infections 

ABSTRACT 
Perioperative systemic antibiotic prophylaxis 
constitutes an important pharmacological approach 
to prevent surgical site infections (SSI) in patients 
undergoing invasive procedures. Epidemiological 
data show a progressive rise in the prevalence of 
overweight patients. There is increasing evidence 
that the obese population especially is at risk for 
SSI, underlining the need for adequate antimicrobial 
effects at the target site. Given that applied 
pharmacological substances including antibiotics 
display different pharmacodynamic and 
pharmacokinetic features in obese versus normal-
weight subjects, this raises the question whether 
the recommended antimicrobial standard doses are 
adequate for perioperative antibiotic prophylaxis for 
the former. Therefore, our PubMed-based literature 
search sought to i.) survey the current evidence on 
antibiotic dosing in obese patients undergoing 
surgery, to ii.) address, which systemic antibiotic 
prophylaxes reach adequate (unbound) tissue 
concentrations for the duration of surgery 
subsequently preventing SSI and to iii.) assess, 
whether certain tissue types are particularly prone 
to SSI. Results indicate that current standard dosing 
is appropriate to ensure effective antimicrobial tissue 
concentrations in obese patients, but support 
evidence possibly on earlier re-dosing and a high 
inter-individual variability, which puts certain patients 
 

at particular risk for the development of SSI. 
Future clinical research is needed to further specify 
guidelines for appropriate antibiotic surgical 
prophylaxis in obese patients. 
 
KEYWORDS: perioperative antibiotic prophylaxis, 
obese patients, surgical site infections, microdialysis, 
antibiotic standard dosing, antimicrobial tissue 
concentrations. 
 
INTRODUCTION 
Obesity constitutes a rising health problem all over 
the world. Recent estimations revealed the current 
worldwide percentage of obesity at an all-time-
high of 13%, with almost tripled prevalence from 
1975 to 2016 and overweight currently affecting 
39% of the adult population [1]. Obesity, which 
often comes alongside other metabolic, 
endocrinological or cardiovascular diseases such 
as diabetes mellitus and compromised heart function 
[2] is a well-known risk factor for surgical site 
infections (SSI), additionally depending on other 
patient-related and external factors. For example, 
the relative risk of SSI following orthopedic surgery 
has been shown to be almost two times higher in 
obese patients as compared to control subjects 
with a “normal” body mass index (BMI) [3]. Given 
that this also holds true for spinal surgery [4], it is 
utmost likely that increased SSI rates in obese 
patients might apply to surgical procedures in general. 
Although many different kinds of interventions 
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are undertaken during surgery, including targeted 
preoperative weight loss, sterile operating 
conditions and routine-use of perioperative antibiotic 
prophylaxis, SSI remains a significant problem 
leading to high morbidity and mortality with 
subsequent economic impact [5]. 
It is well known that applied pharmacological 
substances display different pharmacodynamic 
and pharmacokinetic features in obese subjects 
[6]. For instance, during anesthesia, which is 
essentially needed for surgery, several body functions 
including organ perfusion and microcirculation 
are altered in obesity as compared to physiological, 
normal weight conditions [7]. In current literature, 
however, only little information regarding 
recommendations for weight-dependently adapted 
dosing regimens of antibiotic compounds can be 
obtained [8]. This raises the question whether the 
recommended antimicrobial standard doses in 
obese patients are adequate or whether there is a 
current lack of evidence in the procedure of 
perioperative antibiotic prophylaxis for this 
vulnerable patient population. 
Therefore, this review sought to i.) survey the 
current evidence on antibiotic dosing in obese 
patients undergoing surgery, to ii.) address, which 
systemic antibiotic prophylaxes reach adequate 
(unbound) tissue concentrations for the duration 
of surgery subsequently preventing SSI efficiently 
and to iii.) find out, whether certain tissue types 
are particularly prone to SSI. 
 
METHODS 

Inclusion and exclusion criteria 
Inclusion criteria were clinical trials with non-
infected human patient populations undergoing 
surgery and antibiotic prophylaxis particularly 
before surgical intervention. Studies that did not 
apply microdialysis as a method for quantification 
of actual antibiotic tissue concentrations as well as 
patients undergoing caesarian delivery were excluded. 
Base line characteristics included patient´s BMI 
(i.e., body weight divided by the squared height in 
meters as a fast assessable characteristic also in 
clinical routine, indicated in kg/m2) of at least 30 
kg/m2 for characterization as “obese” [9]. Cited in 
vitro minimal inhibitory concentrations (MICs) 
were derived from the current EUCAST report if 
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not stated otherwise [10]. Also, if given, the Monte 
Carlo simulation for probability of target attainment 
as a tool of assessing population pharmacokinetics 
was analyzed.  

Microdialysis 
Microdialysis (MD) was initially developed in the 
1990s and has rapidly evolved and become an 
important tool for pharmacological trials investigating 
pharmacokinetic and pharmacodynamic features 
of substances of interest. In contrast to other 
methods such as analysis in whole tissue biopsy 
samples, which evidently is not considered a 
reliable methodical approach for active drug 
activity [11], MD is highly appreciated and applied 
in pharmacological research. MD constitutes a 
minimally invasive method that allows measurement 
of substance concentrations in almost every tissue 
through a double-lumen needle with a semi-
permeable membrane inserted into the tissue of 
interest. After insertion, perfusion of the needle, 
commonly with Ringer’s lactate solution, allows 
for tissue equilibration through passive diffusion, 
which is then followed by retro-dialysis for 
internal calibration needed due to probe-specific 
characteristics. This follows the gain equals loss 
principle as described by Hammarlund-Udenaes 
[12] and sets a rate of recovery, which is later 
used for calculation of measured dialysate to tissue 
concentration. The plasma values were defined 
using High-Performance Liquid Chromatography 
(HPLC) of the peripheral blood draws. 

Search strategy 
An online literature search was conducted from 
December 1st to December 31st, 2019 on the MedLine 
Database PubMed aiming to find publications 
analyzing different types of antibiotics used in 
surgery and discussing in vivo tissue 
concentrations measured by microdialysis. The 
search strategy followed a three-step approach as 
indicated in Table 1. An initial advanced search on 
PubMed using Boolean operators was conducted 
using “(obesity or bmi or overweight) AND 
(antibiotics or antimicrobial) AND microdialysis 
AND (surgery OR surgical procedure)”, followed 
by title and abstract reading. Then, full-text 
reading minimized usable publications to the 
number of 7. In order to include more related 
studies, bibliography of the 7 studies was searched 
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subcutaneous adipose tissue (SCT), cancellous bone 
and cortical bone for a period of 8 hours following 
surgery after single dose 1000 mg vancomycin 
infusion. Additional preoperative antibiotic 
management included 1500 mg of cefuroxime 
intravenously (i.v.). Patients were all male with a 
(as compared to the other included studies) low 
mean BMI close to the cut-off of overweight 
versus obese and had undergone elective total 
knee replacement.  
Results revealed significantly lower maximal 
concentrations (Cmax) for all tissue types (95% 
confidence interval (CI)) with minimal Cmax of 4.0 
µg/ml for cortical bone compared to 34.3 µg/ml 
unbound vancomycin concentration in plasma in 
the obese population; a control group had not been 
examined in the trial. Tissue penetration rates 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

but in fact did not yield additional studies meeting 
the formerly formulated inclusion criteria.  
After initial web-based search on PubMed, in 
summary, 24 studies had to be excluded for different 
reasons, though mainly categorized as “other”. 
For detailed exclusion reasons refer to Table 2. 
Category “other” included two studies where full-
text access was not possible, but from abstract 
reading did not seem to meet inclusion criteria at all. 
 
RESULTS 

Glycopeptides 
For the group of glycopeptides, only one in vivo 
MD study was found. Bue et al. [13] investigated 
unbound and thus active vancomycin concentrations 
in four compartments including blood plasma, 
 

Table 1. Search strategy. 

Articles found on 
PubMed 
(n = 31) 

Qualified for full-text-analysis
(n = 16) 

Excluded after abstract reading  
(n = 15) 

Articles meeting inclusion criteria
(n = 7) 

Excluded
(n = 9) 

Additional original articles from 
Bibliography-search 

(n = 0) 

Articles included in review 
(n = 7) 

 

Table 2. Overview on type and number of excluded studies. 

Reason for exclusion Number of studies 
Other: non-obese, no full text access possible n = 10 
Trial without surgical procedure n = 6 
Trial examined blood flow, no pharmacokinetic parameter given n = 4 
Animal study n = 4 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the average patient BMI was 54.2 ± 7.02 kg/m2. 
Maximum meropenem concentrations averaged 
24.1 mg/l in SCT and 23.2 mg/l in peritoneal fluid 
following plasma concentration peaking at 24.6 
mg/l, all thus exceeding the in vitro MIC90 for 
common meropenem-targeted microorganisms 
including E. faecium and E. faecalis according to 
EUCAST ECOFF (epidemiological cut-off) values. 
Like most of the studies that have been included 
in the current review this study did not include a 
matched control group with non-obese patients, 
which would have yielded additional important 
information. 
Rates of meropenem tissue penetration varied 
greatly in SCT as indicated by a mean inter-
individual variability of 112% with an average of 
0.721 (ratio of AUC values in SCT and plasma). 
In peritoneal fluid a relatively high meropenem 
mean AUC ration of 0.943 with low inter-
individual variability could be assessed, indicating 
that pharmacokinetic conditions in this compartment 
lead to a comparable distribution of the applied 
carbapenem as in plasma. 
In another study by Wittau et al. [19], the 
pharmacokinetic parameters of ertapenem were 
surveyed in the same tissue types as in the 
aforementioned meropenem study [20]. The 
average BMI of the female patients was 50.1 ± 
5.74 kg/m2. The study setting included dual 
infusion of 1000 mg ertapenem, exactly at the 
beginning of surgery and 26 hours later. Ertapenem 
is known to exhibit a high plasma protein binding 
[21]; therefore unbound concentrations were 
comparably low in all tissue types under investigation. 
As for meropenem, the subcutaneous concentrations 
were the lowest with 12.5 ± 5.21 mg/l with an 
AUC of 0.49, indicating that approximately only 
half of the active antibiotic substance in plasma 
finally reached the target site, whereas in contrast, 
for peritoneal fluid it was about 75% of plasma 
values with Cmax peaking at 16.1 ± 0.767 mg/l. 
These concentrations are supposedly effective 
against most microorganisms encountered in surgery, 
but one needs to take into consideration that 
ertapenem is ineffective against E. faecalis and 
E. faecium, and that prevalence rates of both 
Enterococcus species as infectious agents of SSI 
in abdominal surgery are rising which might result 
in impaired wound healing or even peritonitis [22]. 

(AUCtissue/AUCplasma; AUC: area under the curve) 
did not exceed a mean ratio of 0.45 for all tissues; 
the highest values could be assessed in cancellous 
bone. Whereas Tmax (time until maximum 
concentration) was the longest for SCT with a 
mean of 200 minutes, all results indicated slow 
and fairly low antibiotic penetration.  
Vancomycin is very often indicated in infections 
caused by methicillin-resistant Staphylococcus aureus 
(MRSA), a hygienic in-patient problem, particularly 
in orthopedics [14]. Given that the actual literature 
specifies vancomycin MICs between 1-2 µg/ml 
for sensitivity of S. aureus including MRSA [15], 
there is inference that common dosage of vancomycin, 
in this case 1000 mg, is adequate for morbidly obese 
patients. Still, according to current EUCAST report 
[10], vancomycin MICs below 4 µg/ml for 
pathogens including coagulase-negative staphylococci 
that are potential causative agents of bone 
infections which might result in osteomyelitis 
[16, 17] are considered sensitive. Given that bone 
concentrations in the trial were close to the 
breakpoint of sensitivity, it is thus leastways 
questionable whether mentioned dosage regimen 
is adequate for these pathogens as well for all 
examined obese patients (range of maximum 
concentration was 2.5 to 5.4 µg/ml). 

Carbapenems 
For carbapenems, a commonly used broad-spectrum 
group of β-lactam antibiotics which should, 
however, be restricted for defined infections in 
severely compromised patients [18], two studies 
were identified, both by Wittau et al. [19, 20]. The 
authors assessed the pharmacokinetic features of 
meropenem and ertapenem in morbidly obese 
patients undergoing laparoscopic visceral surgery. 
Therefore, respective antibiotic concentrations 
were measured in plasma, SCT and intraperitoneal 
fluid followed by Monte Carlo simulations testing 
probability of target attainment. These simulations 
indicated a superiority of long-term antibiotic 
infusion of ertapenem (1 g continuous infusion or 
0.5 g every 12 hours) versus short-term standard 
infusion, resulting in additional coverage of 
MIC90 for certain pathogens. 
In the study cohort receiving meropenem, which 
was given as a 1000-mg intravenous infusion four 
times every 8 hours starting on the day of surgery, 
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cefazolin led to an increased DF in the 4-hour 
frame of unbound cefazolin to 0.95, resulting in 
dosage-dependent linear concentrations in both, 
plasma and tissue. 
Both studies also conducted Monte Carlo 
simulations for probability target attainment (PTA) 
for different durations of surgery procedures after 
2 g cefazolin infusion, virtually simulating time 
frames from 2 to 6 hours. With the assumption of 
perioperative antibiotic prophylaxis being efficient 
only when tissue concentrations remain above the 
MIC for the entire duration of surgery (100%), the 
simulations show divergent results. Notably, the 
BMIs were comparable in both groups (mean 
47.0 ± 5.8 kg/m2 versus 49.7 ± 5.4 kg/m2). For 
instance, after a 3-hour duration of the surgical 
intervention a breakpoint of 4.0 mg/l cefazolin 
was only reached in 77.7% of cases in the study 
by Palma and colleagues [24], whereas Brill et al. 
[25] reported PTA of 90.9% upon simulation. 
With regard to this vulnerable patient population, 
additional caution regarding early antimicrobial 
re-dosing and specific local pathogen sensitivity 
should be taken into decision making when planning 
antibiotic prophylaxis in the surgical setting. 
When studying the effects of second-generation 
cephalosporins, cefoxitin and cefuroxime were 
assessed in the following reports [27, 28]. In one 
study, 1.5 g cefuroxime was administered within 
1 hour before incision in patients undergoing 
abdominal surgery who displayed a mean BMI of 
48.83 kg/m2. The total plasma concentrations 
measured in these patients were subsequently 
corrected for unbound concentrations with an 
estimated protein binding of 33% [28]. The 
conducted study found that cefuroxime penetrated 
well into muscle tissue as indicated by a DF of 
1.53 ± 0.36 which resulted in a maximum tissue 
concentration of 60.1 mg/l. This tissue concentration 
not only exceeded the free plasma concentrations 
but also, importantly, for more than 6 hours 
remained above the critical MIC of 8 mg/l 
cefuroxime against E. coli which is an important 
pathogen causing abdominal infections [28]. For 
SCT, respective results were lower, which is not 
surprising considering the above-mentioned findings 
in the aforementioned studies. When including 
standard deviations into the re-dosing schedule, 
already 1.5 hours after the initial dose, cefuroxime

Cephalosporins 
Cephalosporins are widely used bactericidal β-
lactam antibiotics and were object for large-scale 
research over the past decades leading to compounds 
in five generations so far with additional activities 
directed against Gram-negative species with every 
newly developed generation [23]. The literature 
search revealed four studies that were included 
into this review, out of which two were exploring 
the effectiveness of first-generation cephalosporines 
and two other studies surveyed second-generation 
cephalosporins. 
In both studies investigating first-generation 
cephalosporine cefazolin was applied 15 minutes 
prior to start of surgery and the unbound drug 
concentrations in plasma and interspacial fluid of 
SCT were measured in both, obese patients and 
non-obese control subjects [24, 25]. Palma et al. 
[24] analyzed differences in dosing regimens, 
aiming to undermine evidence for already existent 
dosing recommendation by the American Society of 
Health-System Pharmacists, namely a recommended 
prophylactic bolus of 2 g cefazolin in normal 
weight subjects versus a 3 g bolus for surgical 
patients weighing more than 120 kg in bariatric 
surgery. The pharmacological distribution factor 
(DF = AUCtissue/AUCplasma) in the surveyed 4-hour 
timeframe (MD samples were taken every 20 
minutes following the cefazolin infusion for 4 hours) 
was not indicated in the report, but instead was 
calculated applying the given AUC of cefazolin.  
In another survey, Brill et al. [25] compared the 
effects of a 2 g cefazolin bolus in obese versus non-
obese patients undergoing a laparoscopic Toupet 
fundoplication, a procedure aiming at minimization 
of gastric reflux. Peak concentrations in SCT and 
plasma following the 2 g cefazolin infusion were 
not available, but the distribution factor 
(DF = AUCtissue/AUCplasma) for the 4 hours following 
application showed values from 0.68 to 0.83, 
matching the calculated 4-hour distribution factor 
in the survey by Palma and colleagues (i.e., 0.83) 
[24]. Non-obese subjects showed an approximately 
45% increase in active target-site penetration 
(mean DF = 1.02) with similar cefazolin plasma 
concentrations, which supports evidence on 
reduced blood flow in adipose tissue [26] and 
subsequently, less tissue release of cefazolin. The 
50% increase in dosage upon application of 3 g
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rather heterogenic regarding baseline characteristics; 
biggest differences were the age and the fact that 
most of the included subjects (11/13) did not 
undergo surgery but instead, were recruited solely 
for in vivo measurements. 
The main features of the included studies are 
summarized in Table 3. 
 
DISCUSSION 

Summary of results 
All included studies (as summarized in Table 3) 
underline the known altered pharmacological 
profile in obese patients for a variety of 
antimicrobial substances used in surgery and the 
importance of target-site drug activity research or 
even monitoring. Antibiotics applied in systemic 
perioperative prophylaxis need to be chosen based 
upon the antimicrobial susceptibility patterns 
against most commonly encountered pathogens at 
incision and respective site of surgical procedure. 
The recommended standard dosing regimens were 
adequate with regard to substance penetration into 
surveyed tissues, but time-dependent therapeutic 
limitations will likely occur and stress the need 
for adapted redosing schedules. 
With perspective to the main target, namely the 
reached maximum concentrations of distinct 
antimicrobial molecules in the individual tissues, 
it can be stated that all substances under 
investigation did exceed the MICs against 
clinically relevant pathogens and therefore exerted 
effective antimicrobial activities. From that point 
of view, standard dosing can in fact be considered 
adequate. Factors contributing to deviations include 
possible individual local resistance mechanisms of 
pathogens and make an antimicrobial susceptibility 
testing crucial for the decision-making. 
Furthermore, with special regard to subcutaneous 
tissue, which is the predisposed compartment for 
impaired wound healing due to infection, inter-
individual variability was remarkably high. One 
needs to take into consideration, however, that 
even though the measured concentrations in the 
given studies were adequate in average, for certain 
patients this actually might not be the case when 
taking statistical deviance into account, eventually 
resulting in treatment failure and thus, 
development of SSI. With the given data, a more

concentrations subsided the critical MIC of 8 mg/l, 
raising the question whether current re-dosing 
recommendations (4 hours after the initial antibiotic 
application [29]) is sufficiently effective in this 
particular patient collective. Mean cefuroxime 
concentrations were found to be sufficiently high 
up to 4.5 hours, though. In summary, cefuroxime 
applied in the currently recommended dosage still 
appears to be effective as an antibiotic 
prophylaxis regimen. 
Another survey investigating the efficacy of cefoxitin 
revealed conflicting results, however [27]. In this 
study, a 2 g cefoxitin bolus (i.e., the doubled 
recommended dose) was injected in abdominal 
and pelvic surgeries up to 1 hour before incision, 
and dosage-normalized parameters in addition to 
pharmacokinetics as measured by MD were 
compared to a healthy, non-obese control cohort. 
Even though obese patients received twice the 
dosage, their peak tissue concentrations (for SCT) 
and AUC of cefoxitin were lower than in the 
control group. When dose-normalized, the cefoxitin 
Cmax only reached one third of the highest cefoxitin 
concentration of 5.7 ± 5.7 mg/l. The DF as a 
parameter of sufficient antimicrobial penetration 
was as low as 0.08 ± 0.07, presenting a more than 
four times lower penetration in the SCT of the 
respective group. The authors further reported an 
inverse relationship between tissue penetration 
and BMI [27]. When subdividing the obese group 
into obese (BMI <30 kg/m2) and morbidly obese 
(BMI >40 kg/m2) no statistically significant 
differences could be observed, however. 
As aforementioned, whole tissue sampling should 
generally not be a method of choice for assessment 
of antimicrobial tissue concentrations. Still, in 
addition to the MD findings, cefoxitin concentrations 
for the 2 g dosage were assessed upon the time of 
incision and closure. With careful interpretation of 
the obtained data by the applied method, the mean 
cefoxitin concentration at incision was 7.8 mg/l 
only and at closure 2.7 mg/l, hence, both in the 
sub-therapeutic range according to the manufacturer’s 
manual. 
One needs to take into consideration, however, 
that the observed effects are not quantifiable and 
therefore remain partially unknown, and furthermore, 
that the obtained results need to be interpreted 
with caution given that the control group was 
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SSI still occurred even though the pharmacokinetic 
data suggested sufficient antimicrobial activity.  
 
Outlook 
The economic and individual importance for the 
prevention of SSI is undisputable and with special 
interest to the rising group of overweight and 
obese patients, further investigations on appropriate 
antimicrobial concentrations in distinct tissue sites 
and antimicrobial dosing regimens during surgery 
of obese subjects are essential. Antimicrobial 
standard dosage seems to be adequate in most 
cases, but duration of surgery and individual, 
currently unknown patient-related criteria may 
require modifications of applied dosages. Some 
kind of fast, mid-surgical drug-monitoring using 
plasma probes would probably be needed here, 
but currently lack technical requirements, because 
common therapeutic drug monitoring, as used in 
intensive care units, for instance, need laboratory 
assistance which is simply not feasible in the 
short-termed surgical setting. Higher single-shot 
dosage cannot be recommended due to limitations 
in renal or hepatic metabolism, which might 
possibly be already impaired in the considered 
vulnerable patient groups. 
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ABBREVIATIONS 
AUC :  area under curve 
BMI :  body mass index  
CI : confidential interval 
Cmax :  maximum concentration 
 

accurate analysis of distinct subgroups of patients 
especially at risk for postoperative infection 
(thinkable risk factors would include additional 
cardiovascular morbidity, for instance) was not 
possible and awaits further investigation.  
Another inferable finding is the fact that duration 
of surgery is an extremely relevant factor for the 
planning of antibiotic prophylaxis. Due to the 
higher volume of distribution in obese patients, 
dilution effects may occur and in consequence, 
underline the importance of earlier redosing of the 
antimicrobial compound. What also needs to be 
taken into account is a sufficient time frame from 
first dosage until incision given that time-
dependent tissue penetration may greatly vary 
from substance to substance. In fact, the results of 
a recent meta-analysis revealed that the timely 
systemic administration of antibiotics before first 
incision is highly important in order to prevent 
SSI [30], but is often done according to clinical 
routine practices and thus, not necessarily in time. 
Therefore, large-scaled microdialysis studies with 
a standardized timing protocol for measurements 
are needed to actually assess critical breakpoints 
and in consequence, to formulate universally 
applicable dosing recommendations. 

Limitations 
The main limitation of this review is the low 
numbers of human in vivo studies. Therefore, 
especially for vancomycin and the carbapenems a 
comparable approach was impeded. Of interest 
would also have been studies with more 
commonly used antimicrobial substances, such as 
penicillins or nitroimidazoles, in order to gain a 
more comprehensive idea of adequate dosing 
regimens and individual pharmacological profiles 
in the respective study populations. The findings 
of the carbapenem studies are also only partially 
transferable to the original question of interest, 
particularly perioperative prophylaxis, due to the 
repeated administration over up to 26 hours. 
Additional limitations include the relatively small 
numbers of patients in each trial (n between 5 and 
14). Adverse events mainly due to needle blockage 
in MD leading to the exclusion of patients in mid-
trial occurred in 6 of the 7 given studies. 
Surprisingly, no follow-up study in any trial has 
been published so far, thus leaving open, whether 
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