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Abstract:

Background and Objectives: To evaluate the effect of obesity parameters on the pharmacokinetics of cefoxitin administered for antibiotic prophylaxis during bariatric surgery.

Methods: This a secondary analysis of a pharmacokinetic study involving 174 obese patients scheduled for bariatric surgery and receiving a 4-g dose of cefoxitin. Blood samples were collected at incision and wound closure. The total plasma concentrations were assessed utilising a validated high-performance liquid chromatographytandem mass spectrometry method. The pharmacokinetic and pharmacodynamic target was defined as an estimated free concentration of cefoxitin at the time of wound closure >8 mg/L. Specific evaluated obesity parameters were fat body mass, fat body mass/height 2 , lean body mass, lean body mass/height 2 , visceral adipose tissue and presence of a metabolic syndrome.

Results: A total of 174 patients (median age 47 years) with a majority of women (75.3%) and a median BMI of 44 kg/m 2 were analysed. The percentage of patients who met the pharmacokinetic and pharmacodynamic target was 85.1%. In the whole population, a tendency to fail to reach the target was observed with a higher lean mass over height² (OR = 0.79; 95% CI [0.62 to 1.01]; P = 0.060). In the female subgroup, higher lean mass over height² (OR = 0.63; 95% CI [0.41 to 0.97]; P = 0.037) and the presence of a metabolic syndrome (OR = 0.17; 95% CI [0.03 to 0.83]; P = 0.030) were associated with failure to reach the pharmacokinetic and pharmacodynamic target.

Conclusion: Obese patients with a higher lean mass and a metabolic syndrome could constitute a subgroup at risk for cefoxitin under-dosage.

Keypoints:

-Frequent under-dosage of Cefoxitin occurred in obese patients.

Introduction

Obesity is a global problem in our modern society with specific medical complications [START_REF] Kopelman | Obesity as a medical problem[END_REF]. Over the last decades, the worldwide prevalence of obesity has tripled representing more than 650 million persons. The obese population has an increased risk of developing infectious complications, particularly surgical site infections, which is a significant burden in terms of mortality or morbidity [START_REF] Cantürk | Nosocomial infections and obesity in surgical patients[END_REF][START_REF] Huttunen | Obesity and the risk and outcome of infection[END_REF]. However, the optimal dose to ensure adequate exposure of antibiotic prophylaxis in obese patients remains a major challenge faced by anaesthesiologists, infectious disease specialists and surgeons.

β lactam antibiotic are the first-line antibiotic agents for antibiotic prophylaxis. Among them, cefoxitin is one of the most used because of its spectrum against Staphylococcus aureus, gram negative bacteria and anaerobes. As pharmacokinetic properties the β lactams are hydrophilic molecules with a renal elimination. In obese patients, increased renal and hepatic clearances and volume of distribution have been largely described [START_REF] Meng | Comprehensive Guidance for Antibiotic Dosing in Obese Adults[END_REF]. These pharmacokinetic alteration have contributed to under-dosage of cefoxitin in both plasma and tissues [START_REF] Toma | Pharmacokinetics and tissue penetration of cefoxitin in obesity: implications for risk of surgical site infection[END_REF][START_REF] Moine | Pharmacokinetic and Pharmacodynamic Evaluation of a Weight-Based Dosing Regimen of Cefoxitin for Perioperative Surgical Prophylaxis in Obese and Morbidly Obese Patients[END_REF][START_REF] Belveyre | Antibiotic prophylaxis with high-dose cefoxitin in bariatric surgery: an observational prospective single center study[END_REF]. Moreover, Body mass index (BMI) has been described as a risk factor for failing to reach the pharmacokinetic and pharmacodynamic targets [START_REF] Belveyre | Antibiotic prophylaxis with high-dose cefoxitin in bariatric surgery: an observational prospective single center study[END_REF][START_REF] Brunetti | Cefoxitin Plasma and Subcutaneous Adipose Tissue Concentration in Patients Undergoing Sleeve Gastrectomy[END_REF]. Consequently, to limit the risk of under-dosage, the majority of pharmacokinetic and pharmacodynamic experts recommended increasing the dose of antibiotics, especially for hydrophilic molecules such as the β-lactams [START_REF] Martin | Antibioprophylaxis in surgery and interventional medicine (adult patients). Update 2017[END_REF][START_REF] Bratzler | Clinical practice guidelines for antimicrobial prophylaxis in surgery[END_REF].

The majority of studies have consistently described a high inter-individual variability in pharmacokinetic parameters of obese patients [START_REF] Moine | Pharmacokinetic and Pharmacodynamic Evaluation of a Weight-Based Dosing Regimen of Cefoxitin for Perioperative Surgical Prophylaxis in Obese and Morbidly Obese Patients[END_REF][START_REF] Belveyre | Antibiotic prophylaxis with high-dose cefoxitin in bariatric surgery: an observational prospective single center study[END_REF]. This variability is not currently fully explained. Regarding dose adjustment for hydrophilic drugs, one of the consistent rules in obese patients is to adapt the dose based on the lean body weight [START_REF] Ingrande | Dose adjustment of anaesthetics in the morbidly obese[END_REF]. Nevertheless, recent advances in the obesity field demonstrate that there are multiple phenotypes of obesity. These phenotypes are not exclusively linked to weight-related variables but also to the composition of the body (i.e., the percentage of lean mass) or the presence of a metabolic syndrome as defined by WHO definition [START_REF] Alberti | Definition, diagnosis and classification of diabetes mellitus and its complications. Part 1: diagnosis and classification of diabetes mellitus provisional report of a WHO consultation[END_REF] which can lead to a pro-inflammatory state [START_REF] Goossens | The Metabolic Phenotype in Obesity: Fat Mass, Body Fat Distribution, and Adipose Tissue Function[END_REF][START_REF] Saltiel | Inflammatory mechanisms linking obesity and metabolic disease[END_REF]. These parameters could change the pharmacokinetic of antibiotics, especially hydrophilic drugs such as the β lactams. To the best of our knowledge, data regarding implication of such obesity phenotypes on pharmacokinetic parameters have not yet been investigated.

We have recently published the results of a study conducted in a cohort of 200 obese patients scheduled for bariatric surgery (Cefoxitin For Bariatric surgery -CEFOBAR study) [START_REF] Belveyre | Antibiotic prophylaxis with high-dose cefoxitin in bariatric surgery: an observational prospective single center study[END_REF]. All of them received cefoxitin for antibiotic prophylaxis and were monitored for cefoxitin total plasma concentrations. The objective of the CEFOBAR study was to evaluate the pharmacokinetic and pharmacodynamic target attainment after a single dose of cefoxitin (4 g).

Among individual patient pharmacokinetic parameters that could potentially influence pharmacokinetic and pharmacodynamic target attainment, only total body weight, BMI and renal clearance have been primarily analysed. Nonetheless, these patients all benefited from a considerable evaluation of other obesity parameters linked to body composition, such as the percentage of lean or fat mass.

In the present study, we aimed to evaluate additional parameters less common that are linked to body composition and the presence or absence of a metabolic syndrome on the pharmacokinetic of cefoxitin administered for antibiotic prophylaxis during bariatric surgery.

Methods

The present study represents a secondary analysis of a previous published study, the CEFOBAR study (Cefoxitin For Bariatric surgery) [START_REF] Belveyre | Antibiotic prophylaxis with high-dose cefoxitin in bariatric surgery: an observational prospective single center study[END_REF].

Study design:

The CEFOBAR study was a monocentric prospective cohort of obese people scheduled for bariatric surgery. The methods have been detailed previously [START_REF] Belveyre | Antibiotic prophylaxis with high-dose cefoxitin in bariatric surgery: an observational prospective single center study[END_REF]. Briefly, patients aged above 18 years scheduled for bariatric surgery were eligible for enrolment. The study was reviewed and approved by the Patient Protection Committee SUD-EST IV (IDRCB 2017-A01285-48).

Study protocol:

Cefoxitin was prescribed and administered as part of the routine prescriptions following the French Society of Anaesthesiology and Critical Care Medicine guidelines [START_REF] Martin | Antibioprophylaxis in surgery and interventional medicine (adult patients). Update 2017[END_REF]: a dose of 4 g of cefoxitin administered by intravenous infusion 30 min before the surgical incision is recommended. A second 2-g dose is administered if the surgery time exceeds 2 h. In the case of a total body weight below 100kg, a 2-g dose of cefoxitin is recommended.

Blood samples were collected at two time points: incision (peak, 30 min after the end of cefoxitin infusion) and wound closure (through). The samples were collected in tubes with no additives and immediately stored at 4°C. After centrifugation at 10,000 x g for 10 min, the supernatants were injected into a chromatographic system (Thermo Finnigan Spectra system HPLC coupled with a photodiode array UV detector [UV6000LP Thermo Finnigan, Courtaboeuf, France]) using an Atlantis T3 analytical column (150.0 by 4.6 mm, 5 µm;

Waters, Saint Quentin, France) coupled with an Atlantis T3 guard column (2.0 by 4.6mm, 5 µm; Waters, Saint Quentin, France).

The detection of total (bound plus unbound) cefoxitin was performed at 260 nm.

Quantification of cefoxitin was performed using an external standard calibration with a lower and upper limit of quantification at 1 and 400 mg/L, respectively. The repeatability and the intermediate precision of the chromatographic method were lower than 10 and 15%, respectively. The total (bound plus unbound) plasma concentrations of cefoxitin were assessed using a high-performance liquid chromatography-tandem mass spectrometry validated method. The unbound concentration was estimated according to the reported free unbound percentage of 20% for cefoxitin [START_REF] Isla | Population pharmacokinetics of prophylactic cefoxitin in patients undergoing colorectal surgery[END_REF].

Pharmacokinetic/Pharmacodynamics targets

Antibiotic prophylaxis for bariatric surgery should cover the most involved pathogens composed of Enterobacteriaceae (cefoxitin MIC of 8 mg/L) and Staphylococcus aureus (cefoxitin MIC of 4 mg/l) [START_REF] Bratzler | Clinical practice guidelines for antimicrobial prophylaxis in surgery[END_REF][START_REF]Breakpoint tables for interpretation of MICs and zone diameters[END_REF]. Therefore, the pharmacokinetic/pharmacodynamic target was defined as estimated free concentration of cefoxitin at the time of wound closure > 8 mg/L, during all the surgery (100%fT > 1xMIC ) in order to cover the highest MIC as a worstcase scenario.

Data collection:

Evaluated parameters were sex, weight (kg), height (cm), BMI (kg/m 2 ), body surface area (m 2 ), fat body mass (kg and percentage), fat body mass/height 2 (kg/m 2 ), lean body mass (kg and percentage), lean body mass/height 2 (kg/m 2 ) and visceral adipose tissue (kg and percentage). Fat body mass and lean body mass were evaluated with dual-energy X-ray absorptiometry. The metabolic syndrome was defined according to the World Health Organisation as the presence of any one of the following criteria: diabetes mellitus, impaired glucose tolerance, impaired fasting glucose or insulin resistance and two of the following criteria: (1) blood pressure: ≥ 140/90 mmHg, (2) dyslipidaemia: triglycerides: ≥ 1.695 mmol/L and high-density lipoprotein cholesterol ≤ 0.9 mmol/L for males and ≤ 1.0 mmol/L for females, (3) central obesity: waist/hip ratio > 0.90 for males and > 0.85 for females, or BMI > 30 kg/m 2 : urinary albumin excretion ratio ≥ 20 µg/min or albumin/creatinine ratio ≥ 30 mg/g [START_REF] Alberti | Definition, diagnosis and classification of diabetes mellitus and its complications. Part 1: diagnosis and classification of diabetes mellitus provisional report of a WHO consultation[END_REF].

Statistical analysis:

It was a per-protocol analysis restricted to patients without reinjection. Descriptive statistics were utilised to assess the characteristics of the included patients and the phenotypes as well as the pharmacokinetic/pharmacodynamic target (100%fT>MIC with an MIC at 8 mg/L). The relationship between the variable and achievement of the pharmacokinetic/pharmacodynamic target was assessed utilising a Wilcoxon test. The characteristics of the patients associated with reaching the pharmacokinetic/pharmacodynamic target at the end of the surgery were identified with a univariate logistic regression model. Factors reaching a threshold of 0.20 were then candidates in a multivariate regression model. Considering the high collinearity between weight-related variables, only sex, lean mass over height² and the presence of a metabolic syndrome were candidates for the multivariate analysis. Missing values were not inputted, and patients with missing variables were excluded from the analyses. As the body composition differs between sex, men and women were also analysed separately. The significance threshold was set at 5%. Statistical analysis was performed by an independent statistician using SAS 9.4 software.

Results

3.1.Patients' characteristics.

A total of 174 patients were eligible for this secondary analysis after exclusion of nine patients who received a second 2-g dose. The figure 1 The percentage of patients who met the pharmacokinetic/pharmacodynamic target of 100%fT >MIC was 85.1% (n=148/174).

There were significant differences in achievement of the pharmacokinetic/pharmacodynamic target regarding weight; height; body surface area; ideal body weight; percentage of total fat mass, lean mass or percentage of lean mass; lean mass over height² and percentage of visceral adipose tissue (Table 2).

In the univariate analysis, factors associated with reaching the pharmacokinetic/pharmacodynamic target were sex, weight, height, BMI, body area, ideal weight, lean mass, lean mass over height², index percentage of lean mass, visceral adipose tissue and percentage of visceral adipose tissue as well as presence of a metabolic syndrome.

In the multivariate analysis, there was no statistically significant association between these parameters and whether the pharmacokinetic/pharmacodynamic target was achieved. A higher lean mass over height² (OR = 0.79; 95% CI [0.62 to 1.01]; P = 0.060) revealed a tendency to fail to reach the pharmacokinetic/pharmacodynamic target but did not reach statistical significance (Table 3).

3.3.Obesity parameters and pharmacokinetic/pharmacodynamic target attainment

in the female subgroup.

The percentage of women who met the pharmacokinetic/pharmacodynamic target of 100%fT > MIC was 89.3% (n=117/131).

There was a significant difference in achieving the pharmacokinetic/pharmacodynamic target with the percentage of total fat mass (P = 0.020). In the multivariate analysis, age (OR = 1.08;

95% CI [1.01 to 1.12]; P = 0.035), total fat mass over height 2 (OR = 1.23; 95% CI [1.00 to 1.50]; P = 0.045), total lean mass over height² (OR = 0.63; 95% CI [0.41 to 0.97]; P = 0.037)

and the presence of a metabolic syndrome (OR = 0.17; 95% CI [0.03 to 0.83]; P = 0.030) were associated with not reaching the pharmacokinetic/pharmacodynamic target.

Discussion

In this large cohort of obese patients scheduled for bariatric surgery, there were no specific obesity parameters associated with the pharmacokinetic/pharmacodynamic target attainment for cefoxitin. Nevertheless, a negative trend was observed between the lean mass over height² and pharmacokinetic/pharmacodynamic target attainment. Indeed, the lean mass over height² seemed to be higher in patients with no pharmacokinetic/pharmacodynamic target attainment.

One of the significant findings is the possible association between lean mass and the β lactam plasma concentrations. The lean mass is directly related to the volume of the distribution of hydrophilic molecules such as the β lactams [START_REF] Morgan | Lean Body Mass as a Predictor of Drug Dosage: Implications for Drug Therapy[END_REF]; therefore, a higher lean mass could increase the volume of distribution. Furthermore, the lean mass is correlated with renal clearance [START_REF] Nawaratne | Relationships among liver and kidney volumes, lean body mass and drug clearance[END_REF][START_REF] Hanley | Effect of Obesity on the Pharmacokinetics of Drugs in Humans[END_REF]. Taken together, higher volume of distribution and higher renal clearance could partially explain the under-dosage observed with β lactams. Indeed, the obese patients with higher renal clearances included in the CEFOBAR study presented less attainment of the cefoxitin pharmacokinetic/pharmacodynamic target [START_REF] Belveyre | Antibiotic prophylaxis with high-dose cefoxitin in bariatric surgery: an observational prospective single center study[END_REF].

In the present study, we observed a difference between male and female obese patients.

Indeed, a higher total lean mass over height² was associated with no attainment of the pharmacokinetic/pharmacodynamic target only in the female subgroup. In this subgroup, a younger age (OR = 1.08; 95% CI [1.01 to 1.12]; P = 0.035) and a lower total fat mass over height 2 (OR = 1.23; 95% CI [1.00 to 1.50]; P = 0.045) were associated with no attainment of the pharmacokinetic/pharmacodynamic target. We suggest that in female obese patients, the hormonal impact of oestrogen on the lean mass may be a culprit. Indeed, from a physiological perspective, the loss of oestrogen in women leads to a decrease over time of the lean mass and concomitantly to an increase of the fat mass [START_REF] Leeners | Ovarian hormones and obesity[END_REF]. Thus, the increased proportion of lean mass in younger women rather than older women could explain the under-dosage observed in younger subgroups. Moreover, the renal clearance decreases over time, which can emphasise an improved pharmacokinetic/pharmacodynamic target attainment in older patients [START_REF] Schmucker | Aging and drug disposition: an update[END_REF].

The presence of a metabolic syndrome was also associated with non-attainment of the pharmacokinetic/pharmacodynamic target in the female subgroup. Several studies reveal that obesity is associated with inflammation and may be provoked or stimulated by the presence of a metabolic syndrome [START_REF] Saltiel | Inflammatory mechanisms linking obesity and metabolic disease[END_REF]. Thus, this low-grade inflammatory state could explain the increase of the volume of distribution and the renal clearance of the hydrophilic drugs, which are a common occurrence during systemic inflammation such as sepsis [START_REF] Roberts | Pharmacokinetic issues for antibiotics in the critically ill patient[END_REF]. Furthermore, different obesity phenotypes have been described; namely, the metabolic abnormal obese and metabolic healthy obese, which is defined by the presence or absence of a metabolic syndrome as defined above [START_REF] Primeau | Characterizing the profile of obese patients who are metabolically healthy[END_REF]. A previous study has described the difference in body composition in a cohort of 395 obese patients between these two phenotypes. The authors highlight that the abnormal obese had a higher lean mass than the metabolic healthy obese patients [START_REF] Camhi | Differences in body composition between metabolically healthy obese and metabolically abnormal obese adults[END_REF]. Similarly, we observed in the present cohort that obese patients with a metabolic syndrome have a higher lean mass (21.3 vs. 19.9 kg/m 2 of lean mass over height 2 ; P < 0.001).

Herein, we propose a novel approach for antibiotic prophylaxis dosing. To date, the majority of the literature has focussed on optimisation of β lactam dosing based on plasma concentrations to increase tissue penetration, which is reduced in the adipose tissue [START_REF] Ingrande | Antibiotic Prophylaxis Dosing in Obese Parturients: Is It Time to Ask for More?[END_REF]. For example, Boisson et al. have recently proposed administering a loading dose of cefoxitin followed by a constant infusion [START_REF] Boisson | Reassessing the dosing of cefoxitin prophylaxis during major abdominal surgery: insights from microdialysis and population pharmacokinetic modelling[END_REF]. Eley et al., in obese parturient women undergoing caesarean delivery, have demonstrated the need for re-dosing cefazolin to maintain adequate tissue penetration [START_REF] Eley | Prophylactic Cefazolin Dosing in Women With Body Mass Index >35 kg•m-2 Undergoing Cesarean Delivery: A Pharmacokinetic Study of Plasma and Interstitial Fluid[END_REF].

Among the challenges for pharmacokinetic/pharmacodynamic researchers, improved comprehension of tissue diffusion and its optimisation remains a predominant concern.

Therefore, we suggest a refocus on patients and their particularities rather than simply dose and type of administration. Obese patients are not only characterised by their weight, height and BMI. The concept of 'one high dose fits all obese patients' should be avoided. There are actually different metabolic profiles leading to different body compositions and ultimately, different pharmacokinetic conditions. We fully acknowledge that the CEFOBAR study [START_REF] Belveyre | Antibiotic prophylaxis with high-dose cefoxitin in bariatric surgery: an observational prospective single center study[END_REF] was not designed to identify all obesity factors and suffers from an imbalance between female and male participants 5. Conclusions:

The aim of this study was to identify new parameters to explain the important inter-individual variability regarding β lactam concentrations in obese patients. To the best of our knowledge, this is the first study to propose such a pharmacokinetic/pharmacodynamic approach.

Nevertheless, we believe that these preliminary results could open the door for a novel approach in the comprehension of β-lactam pharmacokinetic/pharmacodynamic in the obese population. Our results demonstrate a tendency of the metabolic abnormal obese population toward a higher lean mass and the presence of a metabolic syndrome, which could constitute a subgroup at risk for β-lactam under-dosage, especially for women. The next step requires the evaluation of such metabolic profiles on tissue penetration in prospective studies enrolling a considerable number of obese patients. Quantitative variables have no reference modality. The odds ratio expresses the variation in risk for an increase of 1 unit in the variable. Abbreviation: OR odds ratio, CI confidence interval. * For the whole population, data for the three candidate variables for the multivariate analysis were obtained for 143 patients. For the female subgroup, data for the three candidate variables for the multivariate analysis were obtained for 111 patients. 200 patients were included and 183 were analysed for primary analysis in the CEFOBAR study [START_REF] Belveyre | Antibiotic prophylaxis with high-dose cefoxitin in bariatric surgery: an observational prospective single center study[END_REF]. 174 patients were analysed for the present study, patients who had received a Cefoxitin reinjection were excluded to obtain an homogeneous population.
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	Overall, the median age [Q1-Q3] was 47 [38-56] years old, and the majority of the patients
	were women (75.3%). The median BMI was 44 [40.6-49.2] kg/m 2 . Table 1 describes the
	patient characteristics and their phenotypes.
	3.2.Obesity parameters and pharmacokinetic/pharmacodynamic target attainment
	in the whole population.

Table 3 -

 3 Factors associated with reaching the pharmacokinetic/pharmacodynamics (PK/PD) target: multivariate regression analysis

	Variable	PK/PD target		Multivariate analysis
		N	n	%	OR	95% CI	P-value*
	Whole population					
	Sex						0.884
	Male	32	24	75	1	
	Female	111	100	90.1	1.10	0.29 -4.13
	Lean mass/height 2	143	124	86.7	0.79	0.62 -1.01 0.060
	Metabolic syndrome						0.140
	No	86	79	91.9	1	
	Yes	57	45	78.9	0.45	0.15 -1.30
	Female subgroup					
	Age	111	100	90.1	1.08	1.01 -1.15 0.035
	Lean mass/height 2	111	100	90.1	0.78	0.41 -0.97 0.037
	Fat mass/ height 2	111	100	90.1	0.63	1.00 -1.15 0.045
	Metabolic syndrome						0.028
	No	76	71	93.4	1	
	Yes	35	29	82.9	0.17	0.03 -0.83
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