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Abstract 

Background/Objectives: To prevent surgical site infections, the concentration of the administered 

antibiotic at the target compartment is important. We measured the concentrations of cefuroxime and 

metronidazole in the peritoneal fluid with microdialysis technique in patients undergoing surgery 

for secondary peritonitis (7 patients) and for inflammatory bowel disease (11 patients). Methods: All 

received 1.5 g of cefuroxime and 0.5 g of metronidazole every 8 hour during the postoperative period 

for a least 72 hours. Microdialysates covering 8 hours intervals were collected and the concentration 

of cefuroxime and metronidazole was measured using liquid chromatography mass spectrometry. 

Results: For metronidazole a concentration of 4 μg/mL was reached in all but one sample 

corresponding to the minimal inhibitory concentration (MIC) for most anaerobic bacteria strains. For 

cefuroxime a value of 4 μg/mL was reached in 88% of the samples in the peritonitis group and 93% 

of the samples in the IBD group corresponding to the MIC values for most gram-negative bacteria. A 

value of 16 μg/ml corresponding to the MIC value for more resistant bacteria was reached in only 

40% and 23% of the samples, respectively. Conclusions: Our results demonstrated that peritoneal 

microdialysis is a feasible method to study the diffusion of antibiotics into the peritoneal cavity. The 

method with measuring the accumulative concentration of the antibiotics in the peritoneal fluid 

corresponding to interval of drug administration may have the potential to add important 

information to the traditional pharmacodynamic parameters and relevant to reach optimal 

therapeutic effect.  

Keywords: cefuroxime; metronidazole; microdialysis; peritoneal fluid; secondary peritonitis; 

inflammatory bowel disease 
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1. Introduction  

Surgical site infections (SSIs) have a great impact on postoperative morbidity and hospital stay 

and constitute a major economic burden to the health care system [1]. Abdominal surgery carries the 

highest risk compared to other types of surgery, with an incidence between 4.1% and 26.7% [2]. 

Among the main factors to determine this variability are underlying disease, type of intervention, 

comorbidity and immunosuppressive treatment. Factors such as surveillance and methods by which 

the data is collected also play an important role.  

Several regimens for antibiotic treatment in surgery for secondary peritonitis and for the 

prophylaxis in elective abdominal surgery has been recommended. At our institution the 

combination of metronidazole and cefuroxime has been standard. The treatment goal should be to 

achieve concentrations above the minimum inhibitory concentration (MIC) of various bacterial 

strains in the peritoneal cavity during the treatment period. Studies suggest that a concentration of 

antibiotics that is above a given MIC value for at least more 40%–50% of the time (T>MIC) within the 

dosing interval result in an adequate clinical and microbiological efficacy [3]. MIC values for 

metronidazole against anaerobe species varies considerably [4] and with a breakpoint on 4 μg/mL 

according to The European Committee on Antimicrobial Susceptibility Testing (EUCAST) [5]. For 

cefuroxime the MIC value for Gram- negative bacteria for most species are 4 μg/mL and higher for 

more resistant Escherichia coli strains with a confidence interval of 8-16 μg/mL [5].  

The diffusion of antibiotics into the peritoneal fluid is an important issue in both the prophylaxis 

of surgical site infections in elective abdominal surgery and in surgery for secondary peritonitis. An 

inflamed peritoneal surface may influence the capability of antibiotics to pass across the peritoneal 

lining into the peritoneal cavity. This might have an important clinical implication in relation to 

dosing regimens to achieve optimal treatment results without a risk of overdosing. To our best 

knowledge this has not been investigated previously in patients undergoing acute surgery for 

secondary peritonitis or in elective surgery. Microdialysis is a known and well-established principle 

to measure the concentration of antibiotics in different tissue compartments (6).  

The primary objective of this study was to investigate whether the concentrations of cefuroxime 

and metronidazole reached the MIC values for Gram-negative bacteria, Eschericia Coli and anaerobic 

bacteria, respectively, in the peritoneal cavity in patients undergoing either emergency surgery for 

secondary diffuse peritonitis or elective surgery for inflammatory bowel disease (IBD). The secondary 

objective was to investigate whether the sampling period in relation to antibiotic administration 

would have an influence on the results.  

2. Results  

The distribution of age, gender and body mass index (BMI) in each group is shown in Table 1. 

The rate of missing samples in the IBD group was 5.6% for both metronidazole and cefuroxime. The 

values in the peritonitis group were 18% and 24% respectively. Only 4 out of 7 participants in the 

peritonitis group and 5 out of 11 participants in the IBD group had a full data set for the collection of 

dialysates. The reasons for missing data were mainly due to errors during sample collection. One 

sample was lost during analysis. Two participants did not complete the study period, one due to skin 

irritation around the microdialysis catheter that was removed prematurely and one due to the 

catheter falling out. No participants experienced surgical site infectious or other complications 

related to the microdialysis catheter, and all patients had an uncomplicated postoperative course. 

Table 1. Basic demographic characteristics of the individuals from each group. Bodymass index (BMI), SD = 

standard deviation. 

Group 
Gender 

(female/male) 
BMI (mean/SD) Age (mean/SD) 

Peritonitis 5/2 25,0/2,6 62,9/10,6 

Inflammatory bowel disease 4/7 24,3/4,3 46,6/11,1 
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There were no significant differences in the concentrations of the measured concentration in the 

peritoneal fluid neither for cefuroxime nor for metronidazole between the two groups (Figure 1 and 

2). A concentration of metronidazole of  4 μg/mL was measured in all the samples collected from 

the peritonitis group and in 99% of the samples collected in the IBD group. For cefuroxime 88% of 

the samples in the peritonitis group and 93% of the samples in the IBD group a concentration 4 

μg/mL was measured. A concentration 16 μg/mL this was only reached in 40% of the samples from 

the peritonitis group and in 23% from the IBD group.   

 

Figure 1. Box plots of the concentrations of metronidazole in microdialysates collected with 8 hours interval 

from the peritoneal cavity in patients electively operated inflammatory bowel disease (IBD) and patients 

operated acutely for secondary peritonitis. Boxes represent interquartile rage (IQR) for Q1-Q3. Bars represent 

maximum (Q3+1,5*IQR) and minimum Q1-1,5*IQR. Dots represent outliers. 

 

Figure 2. Box plots of the concentration of cefuroxime in microdialysates collected with 8 hours interval from 

the peritoneal cavity in patients electively operated inflammatory bowel disease (IBD) and patients operated 

acutely for secondary peritonitis. Boxes represent interquartile rage (IQR) for Q1-Q3. Bars represent maximum 

(Q3+1,5*IQR) and minimum Q1-1,5*IQR. Dots represent outliers. 
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In the peritonitis group the interindividual as well as the intraindividual variation in the 

concentrations measured was greater for both cefuroxime and metronidazole compared to the IBD 

group (Table 2).  

Table 2. Intra- and interindividual coefficient of variation (CV) in the measurements of metronidazole (MTZ) 

and cefuroxime (CEF) concentrations in the two groups and with 96% confidence interval (CI). 

Group  MTZ concentration CEF concentrations 

  CV% [95% CI] CV% [95% CI] 

Secondary 

peritonitis 

Interindividual 63 [21 – 185] 189 [64 – 561] 

Intraindividual 36 [28 – 46] 116 [90 – 150] 

      

Inflammator

y bowel 

disease 

Interindividual 21 [16 – 30] 25 [18– 35] 

Intraindividual 5.5 [1.1 – 30] 4.8 [1.0 – 23] 

In the IBD group the mean difference in concentration between participant 1-4 (sampling started 

4 hours after antibiotic administration) and participant 5-11 (sampling started immediately after 

antibiotic administration) was 1.5 for MTZ [ -2.1 to 2.9] and 2.1 for CEF [ -5 to 9.3].   

3. Discussion  

With the antibiotic regimen of cefuroxime and metronidazole used in the present study, a 

concentration of metronidazole of 4 μg/mL corresponding to the MIC value for most anaerobic 

strains was measured in almost all the collected microdialysates from both the IBD and the peritonitis 

group. Despite the relative long serum half-life time for metronidazole (6-10 hours) no tendency of 

accumulation in the peritoneal fluid was found in any of the patients from the two groups.   

For cefuroxime a concentration on 4 μg/mL corresponding to the MIC value for most gram-

negative strains was reached in >87% of the samples in both groups. A concentration of 16 μg/ml 

corresponding to the MIC value for mores more resistant bacterial strains was measured in only 40% 

of the samples in the peritonitis group and 23% in the IBD group. With the relatively few patients 

included in the present study we could not investigate the clinical relevance of these findings but all 

patients in our study didn’t develop any clinical signs of surgical site infectious or other infectious 

complications during the postoperative period. 

Another finding in our study was that the sampling in relation to administration of the 

antibiotics in the IBD-group didn’t have any influence on the results. This is not surprising as the 

length of sampling interval on 8 hours corresponded to the interval of antibiotic administration.  

From our results it is not possible to say anything about the fluctuations in the concentration 

over time within each sampling period of either antibiotic administered but only the cumulative 

concentration during a sampling period, which was equivalent to the time interval between 

administration of the drugs. Sampling periods with shorter intervals might have given more 

information on the fluctuation in the concentration of the antibiotics in relation to drug 

administration such as the length of the time period were the value of the concentration was above 

values for MIC (T>MIC), the area under the curve in relation to MIC (AUC/MIC) and of maximum 

concentration obtained in relation to MIC (Cmax/MIC). These parameters are traditionally used to 

evaluate the pharmacokinetics in serum but more difficult to obtain in the target organs including 

the peritoneal fluid. Metronidazole is a concentration-dependent antibiotic, for which AUC/MIC is 

generally considered the most relevant pharmacodynamic target. In contrast, cefuroxime is a time-

dependent antibiotic, where T>MIC is the most appropriate efficacy target. Our results focused 

exclusively on whether the measured concentrations exceed predefined MIC thresholds, which may 

oversimplify the pharmacodynamic interpretation. In addition, the clinical relevance of a given MIC 

value may be interpreted with caution [7].  
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To achieve the traditional pharmacokinetic parameters mentioned above a sampling of 

microdialysates with much shorter intervals would have been necessary. This would have required 

a considerably higher perfusion rate to achieve sufficient material for the concentrations analysis. 

However, a higher perfusion rate compromises the relative recovery in microdialysis [9]. An 

important limitation of our study is that no analysis of the recovery rate of the antibiotics 

administered were performed. An in vivo estimation of the relative recovery in our study would 

require a retrodialysis before or after treatment completion, which was considered as unethical to 

perform in our two patents groups. Previous in vitro studies have shown a high recovery rate of more 

than 75% for both cefuroxime and metronidazole using a similar microdialysis principle as used in 

the present study [9,10]. Other studies have shown no interference in recovery rate with a combined 

antibiotic administration [11]. To our knowledge no other studies on recovery rate in peritoneal fluid 

has been published. The true concentrations in our study therefore might have been approximately 

25% higher than measured values.  

The advantage of the microdialysis principle is its ability to measure concentration of various 

administered compounds or drugs and their diffusion into the interstitial fluid of various tissue 

compartments where the drug is intended to elicit its effect. This has not been studied for the 

peritoneal fluid in humans, and one important finding was that the diffusion of both antibiotics 

investigated was similar in peritonitis compared to non-peritonitis, although with a higher intra- and 

intervariability in the peritonitis group.  

The IBD patients were chosen as the control material because they receive standard 

postoperative antibiotic treatment for 3 days postoperatively due to an increased risk of surgical site 

infections, and that this therapeutic regimen is similar to that used for the treatment of secondary 

peritonitis at our institution. IBD patients had a lover coefficient of variation both interindividual and 

between individuals for both metronidazole and cefuroxime compared to the group of patients with 

peritonitis. This might indicate that an ongoing peritonitis may influence the penetration of 

antibiotics to the peritoneal cavity, A grading of the peritonitis was not performed which is another 

limitation of the study but a reliable statistical analysis on a possible correlation between the degree 

or extent of peritonitis would not have been possible with this low number of patients.  

4. Material and Methods  

4.1. Setting  

This open, prospective observational single-centre study was conducted at the surgical 

department of Odense University Hospital. The study was conducted in accordance with the 

Declaration of Helsinki following approvals from the Regional Scientific Ethical Committees for 

Southern Denmark (ID: S- 20130018 and ID: S- S-20190095), and the Danish Data Protection Agency 

(19/36273).  

4.2. Participants  

The inclusion criteria were patients undergoing emergency surgery for secondary peritonitis 

due to a perforation on the small intestine, colon or rectum and elective surgery for IBD. The patients 

had to be older than 18 years. Exclusion criteria were an eGFR < 30 ml/min/1.73 m2 and known 

allergies to metronidazole or cefuroxime, disseminated cancer disease, postoperative vacuum 

assisted closure or peritonitis confined to less than two quadrants. Informed written consent was 

obtained from all participants prior to entry into the study. A total of 11 patients operated for 

inflammatory bowel disease and 7 patients operated for secondary peritonitis were included.  

4.3. Peritoneal Microdialysis  

At the end of surgery and before closure of the abdomen, an CMA 62 microdialysis catheter (M 

Dialysis AB, Stockholm, Sweden) was placed into the peritoneal cavity through a transcutaneous 
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approach outside the incision with the tip of the catheter floating freely between intestinal loops. In 

patients with secondary peritonitis, the catheter was placed in the most severe affected quadrant. The 

catheter was perfused continuously with Perfusion Fluid (T1®, M Dialysis AB, Stockholm) via a CMA 

106 or 107 microdialysis syringe pump (M Dialysis AB, Stockholm). The flow rate was set to 0.3 

μL/min. 

All patients received intravenous antibiotic with 3 g of cefuroxime (Zinacef®, Actavis, Gentofte, 

Denmark) and 1.5 g metronidazole (Baxter A/S, Allerød, Denmark) during induction of anaesthesia 

and were continued with 1.5 g cefuroxime and 500 mg metronidazole postoperatively with 8 hours 

interval for at least 3 days.  

In the peritonitis group dialysates were collected every 8 hours starting immediately after the 

first antibiotic administration at 06.00 AM on postoperative day one. For the IBD patients sampling 

was started 4 hours (10.00 AM) after the first administration and continued for 8 hours intervals in 

the first 4 patients and in the last 7 patients immediately after first administration (06.00 AM). All 

samples were immediately stored at -80° C for later analysis. 

4.4. Measuring the Concentrations of Cefuroxime and Metronidazole 

4.4.1. Preparation of Stock Solutions, Calibration Samples, and Quality Control Samples  

For cefuroxime and metronidazole (USP 1098209 and USP 1442009, from Sigma-Aldrich); a 500 

μg/mL stock solution in methanol was prepared. A working solution of 5.0 μg/mL was prepared by 

diluting the stock solution with Milli-Q® water. By appropriate dilution with Milli-Q® water, a 

seven-point calibration curve of 0.02, 0.1, 0.5, 1.0, 5.0, 10.0, and 20.0 μg/mL was constructed. QC-

samples were prepared from a 500 μg/mL methanolic stock solution and a 5.0 μg/mL aqueous 

working solution. QC samples were prepared in Milli-Q® water low, mid, and high level (0.05, 3.75, 

and 11.0 μg/mL) by appropriate dilution of the QC-working solution.  

Internal standard stock solution (1000 μg/mL in methanol) was prepared by adding appropriate 

amounts of Cefuroxime-d3 and Metronidazole-d4 (Toronto Research Chemicals, Canada). An 

internal standard working solution (10 μg/mL) was prepared by dilution of stock solution with 

methanol. 

4.4.2. Sample Preparation  

To 25 μL blank, calibrator QC and patient sample, 12.5 μL internal standard working internal 

standard solution (10 μg/mL) was added. 75 μL acetonitrile was added to precipitate proteins. 625 

μL 10 mM aqueous ammonium acetate with 5% methanol (v/v %) was added and mixed completely. 

Samples were centrifuged for 20 min. at 3750 g. After centrifugation the clear supernatant was 

transferred to HPLC vials.  

4.4.3. Liquid Chromatography Mass Spectrometry Analysis   

Cefuroxime and metronidazole were separated on a Phenomenex Gemini C18, 50 x 3.0 mm, 3 

μm column. using gradient elution, mobile phase A (10 mM aqueous ammonium acetate with 5% 

methanol (v/v %)) and mobile phase B (10 mM ammonium acetate in methanol). Initial conditions 

were 97% A, and was maintained for 1.0 min, then B was increased to 95% over 5 min. The 95% B 

was kept for 1.0 min., then initial conditions was re-established within 0.3 min. Complete runtime 

was 10.0 min. Retention times for cefuroxime and mitronidazole was 6.35 min and 5.65 min. 

respectively.  

Heated electrospray at 250 °C was used for ionization. Cefuroxime was detected by monitoring 

the transitions: m/z 423.6 to m/z 207.1 and m/z 423,6 to m/z 318.1. Metronidazole was detected by 

monitoring the transitions: m/z 172.0 to m/z 82.1 and m/z 172.0 to m/z 128.0.  

Cefuroxime-d3 were detected by monitoring transitions the: m/z 426.6 to m/z 210.1 and m/z 

426,6 to m/z 321.1. Metronidazole-d4 were detected by monitoring transitions: m/z 176.0 to m/z 82.1 

and m/z 128.0 respectively.  
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4.5. Statistics 

No power calculation was performed as this was an explorative observational study.  

We registered the number of samples where the MIC in the collected dialysates reached 4 μg/mL 

for metronidazole and 4 and 16 μg/mL for cefuroxime, respectively.  

We compared mean concentration between the two patient groups and between the two 

different collection methods in relation to antibiotic administration in the IBD group by linear mixed 

models. The variations of concentrations within each participant and variations between group 

members is reported as coefficient of variation (CV). 

5. Conclusion  

In conclusion the peritoneal microdialysis is a feasible method to study the diffusion of 

antibiotics into the peritoneal cavity.  A method with measuring the accumulative concentration of 

the antibiotics in the peritoneal fluid corresponding to interval of drug administration may have the 

potential to add important information to the traditional pharmacodynamic parameters and relevant 

to reach optimal therapeutic effect.  
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