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The objective of this study was to determine the pharmacokinetics and pharmacodynamics (PK/PD) of a weight-based cefoxitin
dosing regimen for surgical prophylaxis in obese patients. Patients received a single dose of cefoxitin at 40 mg/kg based on total
body weight. Cefoxitin samples were obtained over 3 h from serum and adipose tissue, and concentrations were determined by
validated high-performance liquid chromatography. Noncompartmental pharmacokinetic analysis was performed, followed by
Monte Carlo simulations to estimate probability of target attainment (PTA) for Staphylococcus aureus, Escherichia coli, and
Bacteroides fragilis over 4-h periods postdose. Thirty patients undergoing bariatric procedures were enrolled. The body mass
index (mean =+ standard deviation [SD])was 45.9 *+ 8.0 kg/m? (range, 35.0 to 76.7 kg/m?); the median cefoxitin dose was 5 g
(range, 4.0 to 7.5 g). The mean maximum concentrations were 216.15 * 41.80 pg/ml in serum and 12.62 = 5.89 in tissue; the
mean tissue/serum ratio was 8% = 3%. In serum, weight-based regimens achieved =90% PTA (goal time during which free [un-
bound] drug concentrations exceed pathogen MICs [fI>MIC] of 100%) for E. coli and S. aureus over 2 h and for B. fragilis over
1 h; in tissue this regimen failed to achieve goal PTA at any time point. The 40-mg/kg regimens achieved higher PTAs over longer
periods in both serum and tissue than did the standard 2-g doses. However, although weight-based cefoxitin regimens were bet-
ter than fixed doses, achievement of desired pharmacodynamic targets was suboptimal in both serum and tissue. Alternative
dosing regimens and agents should be explored in order to achieve more favorable antibiotic performance during surgical pro-

phylaxis in obese patients.

Surgical site infections (SSIs) are the leading cause of postoper-
ative morbidity and mortality and add significantly to the cost
of care (1). Perioperative antibiotic prophylaxis is therefore a stan-
dard of care and a keystone for the prevention of SSIs (2—6). Rec-
ommendations regarding the use of specific antibiotics for pro-
phylaxis during surgical procedures have been published since the
early 1990s and have been frequently revisited since that time (1, 2,
5-9). More recently, specific reccommendations provided by the
National Surgical Infection Prevention (SIP) Project have focused
on appropriate timing of administration of prophylactic antibiot-
ics, appropriate drug selection, and the discontinuation of pro-
phylactic antibiotics within 24 h after surgery (2, 9). However, the
actual recommended drugs and dosing regimens for surgical pro-
phylaxis have been relatively unchanged over the past 20 years.
Limited published data exist regarding appropriate dosing of an-
timicrobials for prophylaxis. It is generally stated that the drug
should be given in an adequate dose based on patient weight,
adjusted dosing weight, or body mass index (BMI) (2, 6, 9). Fur-
thermore, antibiotic administration should be repeated intraop-
eratively if the procedure continues beyond one to two pharma-
cokinetic (PK) half-lives after the first dose to ensure adequate
antimicrobial concentrations until surgical closure (2, 6, 10, 11).

In the United States, greater than 1 in every 3 adults is obese
(defined as a BMI of =30 kg/m?) and nearly 1 in every 15 adults is
morbidly obese (BMI = 40 kg/m?) (12). Obesity is a recognized
risk factor for SSIs, with the incidence of wound infections posi-
tively correlated with increased BMI (13-16). Obese patients can
no longer be regarded as a small subgroup and merit special con-
sideration with respect to the appropriate dosing of antimicrobial
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agents (6, 17-22). Because the proper dosing of most antimicro-
bials has not been adequately studied in the context of obesity, the
obese population poses a significant challenge to clinicians when
considering optimal antimicrobial dosing for prophylaxis of SSIs
(18-23). Limited literature regarding 3-lactam pharmacokinetics
suggests that an increase in drug dose may be warranted to better
achieve desired concentrations and favorable outcomes during
prophylaxis (6, 20).

Cefoxitin is commonly recommended and used for perioper-
ative parenteral surgical prophylaxis in colorectal, abdominal, pel-
vic, bariatric, and gynecologic surgical procedures (2, 6). The 2005
SIP Project (2) recommended a standard intravenous (i.v.) cefoxi-
tin dose of 1 to 2 g with a redosing interval of 2 to 3 h in the case of
prolonged surgery, while the weight-based dose recommendation
was 20 to 40 mg/kg (of body weight). In 2013, the American So-
ciety of Health-System Pharmacists (ASHP), the Infectious Dis-
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eases Society of America (IDSA), the Surgical Infection Society
(SIS), and the Society for Healthcare Epidemiology of America
(SHEA) recommended a standard i.v. cefoxitin dose of 2 g with a
redosing interval of 2 h in the case of prolonged surgery (6). Al-
though prophylactic antibiotic dosing was discussed in the con-
text of obesity, a weight-based dosing recommendation for adults
was not addressed due to a lack of clinical data (6). A recently
published cefoxitin pharmacokinetic analysis in obese patients
suggests that a 2-g dosing strategy may fail to provide adequate
perioperative prophylaxis in obese patients with a BMI of >30
kg/m? (24).

Conclusive recommendations for weight-based dosing of ce-
foxitin for surgical prophylaxis in obese patients are not available.
Therefore, the objective of this study was to evaluate cefoxitin
pharmacokinetic and pharmacodynamic (PD) target attainment
in obese surgical patients using a standardized weight-based dose
of 40 mg/kg in order to determine whether this approach to dos-
ing improves the PK/PD performance of the drug for surgical
prophylaxis in this high-risk group of patients.

MATERIALS AND METHODS

Protocol. The study protocol was approved by the University of Colorado
Denver institutional review board (IRB 09-0928) prior to patient enroll-
ment. All patients participating in the study provided written informed
consent. Inclusion criteria were obesity (defined as a BMI greater than 30
kg/m?), age of 18 to 75 years, and being scheduled for elective bariatric
surgery (laparoscopic Roux-en-y gastric bypass or gastric banding proce-
dures) anticipated to last more than 2 h in duration. Exclusion criteria
were a known history of allergy to cephalosporins, severe renal insuffi-
ciency (creatinine clearance of <40 ml/min calculated according to the
Cockcroft and Gault formula [25]) or severe hepatic impairment (serum
bilirubin concentration of >2 mg/dl). Cefoxitin is a standard antibiotic
for prophylaxis in these patients. Patients underwent their surgical proce-
dure and received a general anesthetic regimen not otherwise altered by
enrollment in the study. An additional i.v. catheter for blood sampling was
placed in the arm contralateral to that used for drug administration.
Immediately before the surgical incision, patients received a 40-mg/kg
(total body weight [TBW]) cefoxitin dose administered i.v. over 5 min;
calculated doses were rounded to the next highest 0.5-g increment. Ve-
nous blood samples were collected at time zero (immediately before be-
ginning the antibiotic infusion), at 10, 30, 60, 120, and 180 min after
cefoxitin administration, and at wound closure. If a second prophylactic
cefoxitin dose was administered intraoperatively for procedures of longer
duration, the final blood sample was collected just before administration
of the second dose. Blood samples were collected in plain glass vacuum
tubes, allowed to clot in an ice-water bath, promptly centrifuged, trans-
ferred to labeled polyethylene vials, and stored at —70°C until assayed. In
addition, tissue samples of pericolonic/perirectal fat were obtained at the
opening of the abdominal cavity and at 60 min after the initial cefoxitin
dose. A final pericolonic/perirectal fat sample was obtained at either 180
min postdose, before administration of a second prophylactic dose, or at
closing of the abdominal cavity, whichever occurred first. The reason for
sampling of pericolonic/perirectal fat rather than subcutaneous fat tissues
was because the most serious and potentially life-threatening SSIs are deep
incisional and organ-space SSIs, which are associated with much higher
morbidity and cost of treatment (26, 27). Superficial SSIs are more prev-
alent than deep/organ-space SSIs but generally require less aggressive in-
terventions than do deep incisional/organ-space SSIs. We were thus more
interested in drug penetration into these deeper tissues as a marker for
adequate prophylaxis against the more severe and costly type of SSI. Ad-
ditionally, previous studies of cefoxitin pharmacokinetics and tissue pen-
etration sampled subcutaneous fat (24); penetration into pericolonic/
perirectal fat has not been previously as well described. In light of the
above-mentioned issues related to deep incisional/organ space SSIs, we
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were particularly interested in characterizing cefoxitin penetration in
these deeper tissues.

Sample analysis. Cefoxitin concentrations in serum were determined
using reversed-phase high-performance liquid chromatography (HPLC)
with UV detection. The HPLC system utilized a Phenomenex Luna 5-pm
C-18(2) 4.6-mm by 150-mm column (Phenomenex Inc., Torrance, CA),
with the detector set at a wavelength of 254 nm. The mobile phase con-
sisted of 0.005 M potassium phosphate buffer and acetonitrile (80:20 [vol/
vol]). Cefazolin (Sigma-Aldrich Co., St. Louis, MO) was used as the in-
ternal standard and added to serum samples prior to the extraction
process. Proteins were extracted from serum by vortexing with 600 pl of
acetonitrile, followed by centrifugation and pipetting of 700 .l of super-
natant into glass tubes and addition of 2 ml of dichloromethane. After
vortexing, the organic and aqueous phases were separated by centrifuga-
tion and an aliquot of the aqueous phase was injected into the HPLC
system. Coefficients of determination (r*) for the serum cefoxitin assay
were determined over a standard curve of 0.5 to 480 mg/liter in spiked
serum. Assay procedures for tissue samples were similar to those for se-
rum. Antibiotic-free swine tissues were spiked with known amounts of
cefoxitin and cefazolin to validate the assay method in tissue, and a stan-
dard curve of 0.5 to 55 pug/g tissue was developed. Tissue samples were
finely ground and homogenized after the addition of 10% acetonitrile (4
ml/g of tissue sample) and were centrifuged prior to solid-phase extrac-
tion of the supernatant. Tissue concentrations were converted from a
percent weight to a percent volume to compare tissue concentrations.
Standard curves for serum and tissue assays performed with an r* of >0.99
over the respective reference ranges and were reproducible, and single-
blinded quality control (QC) samples dispersed throughout each run
were analyzed for variability. All samples were analyzed in duplicate.
Within-day assay variability across the standard calibration curve ranged
from 2.6% to 8.4% in serum and from 3.8% to 9.2% in tissue at the upper
and lower ranges of the standard curve (500 mg/liter and 2.0 mg/liter,
respectively).

Pharmacokinetic analysis. Serum concentration-time data for ce-
foxitin were analyzed by standard noncompartmental pharmacokinetic
methods with elimination of cefoxitin assumed to be first order. Peak drug
concentrations in serum (C,,,,,) and the times at which these concentra-
tions were achieved (T,,,,) were estimated by visual inspection of the
serum concentration-versus-time data. The dose-normalized peak con-
centrations in serum (C,,,,/D) were calculated as C,,,/cefoxitin dose in
grams. Minimum serum concentration (C,,;,) was also be determined by
direct measurement. The apparent terminal elimination rate constant
(ko) was determined by least-squares regression analysis of the terminal
portion of the natural log concentration-time curve. Elimination half-life
(t,,,) was calculated as 0.693/k,,. The area under the concentration-time
curve from time zero to infinity (AUC,_,.) was calculated by the linear
trapezoidal summation method. Total systemic clearance (CL,) was cal-
culated as dose/AUC, ... The cefoxitin volume of distribution (V) was
calculated by standard noncompartmental methods; the mean residence
time (MRT) was calculated as 1/k,, and V was calculated as MRT X CL,.
Measures of central tendency and variability were evaluated for all phar-
macokinetic parameters, with the results expressed as the means * stan-
dard deviations (SD). Pharmacokinetic parameters (CL, and V) were also
calculated as normalized to each of four different weights: TBW, ideal
body weight (IBW), lean body weight (LBW), and adjusted body weight
(AdjBW). Ideal body weight was calculated according to the Devine equa-
tion (28). Lean body weight was calculated according to two methods, the
Hume equation (29) and the LBW2005 equation (30). Adjusted body
weight was calculated as follows: AdjBW = IBW + 0.3 X (TBW — IBW).
Pharmacokinetic calculations were initially performed using Microsoft
Excel 2013 (Microsoft Corporation, Redmond, WA) and certain param-
eters (e.g., k,; and AUC,,_..) verified with WinNonlin (version 4; Phar-
sight, Cary, NC, USA).

Analysis of pharmacodynamic targets. Pharmacodynamic parame-
ters were evaluated in order to determine whether weight-based cefoxitin

October 2016 Volume 60 Number 10

1sanb AQ Tz0ozZ ‘T YydJeN uo /bio wse oee//:.dny wolj papeojumod


http://aac.asm.org
http://aac.asm.org/

TABLE 1 Subject demographics

Cefoxitin for Surgical Prophylaxis in Obese Patients

Value for®:

All patients Patients with BMIs of Patients with BMIs of
Patient characteristic (n = 30) <40 kg/m* (n = 5) =40 kg/m* (n = 25) P value®
Age (yr) 40.6 = 11.4 48.8 = 6.3 389 £ 11.6 0.02
Sex (no. of females/no. of males) 26/4 3/2 23/2 0.12
Ht (cm) 166 £ 10 174 = 8 164 =9 0.04
Total body wt (kg) 125.6 £ 22.4 112.4 £ 104 128.2 £ 23.4 0.03
Ideal body wt (kg) 58.6 = 9.4 67.0 £8.2 56.9 = 8.8 0.06
Lean body wt, Hume (kg) 63.6 £ 9.5 64.1 £6.3 63.5 = 10.1 0.87
Lean body wt, LBW2005 (kg) 599 £9.6 63.6 = 9.6 59.1 £9.6 0.38
Adjusted body wt (kg) 854 * 11.9 85.2 + 8.2 85.4 * 12.6 0.96
BMI (kg/m?) 459 = 8.0 37.0 £ 2.2 476 7.6 <0.0001
Baseline serum creatinine (mg/dl) 0.86 = 0.28 0.97 £ 0.13 0.84 + 0.30 0.14
Surgical procedure (no. of patients) Laparoscopic Roux-en-y

gastric bypass (29)
Laparoscopic gastric band
placement (1)

Dose (mg) 5,020 * 854 4,500 £ 500 5,124 + 878 0.06
Duration of infusion (min) 5.1+ 0.9 5.0+ 0.7 51=* 1.1 0.80
Time from end of drug infusion to 1.2+ 1.6 1.6 = 0.9 1.3*+1.7 0.58

incision (min)

“Values are means = SDs or numbers.
b Comparison of patients with BMIs of <40 kg/m? and those with BMIs of =40 kg/m>.

doses resulted in serum and tissue concentrations adequate for prophy-
laxis of surgical site infections due to Escherichia coli, Bacteroides fragilis,
and Staphylococcus aureus. These pathogens are the most representative
pathogens causing SSIs in this setting and thus were targeted for PK/PD
modeling in this analysis. Susceptibility data for wild-type organisms of
these species were obtained from the European Committee on Antimi-
crobial Susceptibility Testing (EUCAST) website (http://www.eucast.org
/organization). The EUCAST database was chosen for this analysis be-
cause it provided the most current and comprehensive collection of MIC
data for cefoxitin and the specific organisms of interest. For the purposes
of this study, Monte Carlo simulations were performed using susceptibil-
ity data only for methicillin-susceptible S. aureus (MSSA). Susceptibility
breakpoints used in this study are those currently recommended by the
Clinical and Laboratory Standards Institute (CLSI) (31).

Monte Carlo simulation (Crystal Ball version 7; Oracle Corporation,
Redwood Shores, CA) was used to calculate probability of target attain-
ment (PTA) for pharmacodynamic goals. The time during which free
(unbound) drug concentrations exceed pathogen MICs (fT>MIC) is the
pharmacokinetic/pharmacodynamic parameter best correlated with bac-
terial killing and clinical efficacy of B-lactam antibiotics (32). Specific
values for fT>MIC, expressed as a percentage of the dosing interval, that
have been correlated with maximal bactericidal activity of cephalosporins
are 50 to 70% (32). The PTA for desired fT>MIC goals was evaluated at
MICs of 0.25 mg/liter, 0.5 mg/liter, 1 mg/liter, 2 mg/liter, 4 mg/liter, 8
mg/liter, and 16 mg/liter; these MICs represent susceptibilities of target
organisms for prophylaxis regimens during colorectal and other gastro-
intestinal (GI) surgeries (e.g., E. coli and B. fragilis), up to and including
the established susceptibility breakpoint. The model randomly applied
pharmacokinetic values derived from experimental data obtained in this
study. Custom MIC frequency distributions were constructed and used in
the Monte Carlo simulations based on susceptibility derived from the
EUCAST database as previously described. Five thousand simulations
were performed at each MIC and for each of the selected pathogens. For
pharmacodynamic evaluation of free (unbound) drug levels, the approx-
imate free fraction of cefoxitin in human blood (average, 0.30; range, 0.21
to 0.48) was incorporated into Monte Carlo simulations to obtain corre-
sponding pharmacodynamic parameters for free drug (fT>MIC) (33).
The targeted pharmacodynamic goal was the cefoxitin concentration
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above the MIC of these common pathogens (T>MIC) for 100% of the
prophylactic dosing interval (i.e., fT>MIC = 100%) as suggested by pre-
vious literature (34). The more traditional cephalosporin PD target of
fT>MIC of 70% has been previously used for evaluation of drug dosing
during surgical prophylaxis (35) and was also modeled for purposes of
direct comparison with the proposed target of fI>MIC of 100%. Guide-
lines for surgical prophylaxis state that antibiotics with short pharmaco-
kinetic half-lives should be readministered at intervals of 1 to 2 times the
half-life of the drug; therefore, cefoxitin is recommended to be redosed at
intervals of 2 to 3 h during longer procedures (6). Since the goal of peri-
operative antimicrobial prophylaxis is to achieve free (unbound) serum
and tissue drug levels that exceed the MICs for likely pathogens across the
duration of the procedure, and since redosing of cefoxitin is recom-
mended every 2 to 3 h during colorectal procedures (6), the PK/PD per-
formance of cefoxitin over that time frame was therefore of particular
interest. Additionally, since bacterial contamination of surgical sites may
potentially occur at any time between incision and closure, maintaining
adequate drug concentrations throughout the duration of the procedure
is a reasonable goal of perioperative prophylaxis. Since the importance of
adequate antibiotic concentrations at surgical closure on wound infection
rates following colorectal procedures has been clearly shown (36), for the
purposes of this study PD targets were defined as fT>MIC of 100% over
periods of up to 3 h in duration; PTAs were also calculated and reported at
4 h for completeness, since in actual practice cefoxitin may not always be
redosed at 2 to 3 h if the surgical procedure is nearing completion. Achiev-
ing PTA of =90% for the specified fT>MIC goal was considered adequate
for the use of cefoxitin as surgical prophylaxis in this population.

Differences among patient characteristics and pharmacokinetic pa-
rameters between patients with BMIs of <40 kg/m? compared to those
with BMIs of =40 kg/m? were evaluated using either Mann-Whitney U
test or unpaired ¢ test with Welch correction for nonparametric data. All
statistical tests were performed by using GraphPad InStat software, v.3.00
for Windows (GraphPad Software, San Diego, CA). P values less than 0.05
was considered significant for all statistical tests.

RESULTS

A total of 30 patients were enrolled; demographics are provided in
Table 1. A majority of patients were female (87%); 25 patients
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TABLE 2 Cefoxitin serum and tissue pharmacokinetic parameters in obese surgical patients with BMIs of >30 kg/m?

Value for:
All patients Patients with BMIs of Patients with BMIs of
Parameter (n = 30) <40 kg/m* (n = 5) =40 kg/m* (n = 25) P value®
Serum pharmacokinetics
Observed C,,,,, (mg/liter) 216.15 = 41.80 205.35 = 27.60 218.31 = 44.21 0.42
Observed C,,,./D (mg/liter/g) 4429 + 12.11 46.35 + 10.14 43.88 + 12.62 0.65
Observed T, (min) 12.9 = 4.6 11.6 = 2.6 13.1 = 4.9 0.34
AUC,_., (pg - h/ml) 266.92 £ 97.51 328.30 £ 34.03 254.64 = 101.75 0.009
CL (ml/min) 349.02 £ 118.22 232.11 = 48.28 372.40 £ 114.37 <0.001
CL/TBW (ml/min/kg) 2.80 = 091 2.05 = 0.28 2.94 =092 <0.001
CL/IBW (ml/min/kg) 6.04 * 2.09 3.44 + 0.37 6.56 £ 1.89 <0.001
CL/LBW2005 (ml/min/kg) 5.88 = 1.99 3.65 = 0.45 6.33 £ 1.88 <0.001
CL/AdjBW (ml/min/kg) 4.09 = 1.33 2.70 = 0.31 4.37 +1.28 <0.001
V (liters) 29.28 £ 9.83 21.34 £9.12 31.12 £ 9.44 0.08
VITBW (liters/kg) 0.23 £ 0.07 0.19 £ 0.06 0.24 £ 0.07 0.25
V/IBW (liters/kg) 0.51 = 0.19 0.32 = 0.12 0.55*0.18 0.01
V/ILBW2005 (liters/kg) 0.49 = 0.17 0.34 £0.14 0.53 £0.16 0.05
V/IAdjBW (liters/kg) 0.34 £ 0.11 0.25 £ 0.09 0.36 £ 0.11 0.08
ty), (h) 1.05 = 0.54 1.06 = 0.38 1.05 = 0.58 0.96
ko (h) 0.75 £ 0.20 0.71 £0.18 0.75 £0.21 0.33
Tissue pharmacokinetics
Observed C,,,,, (mg/liter) 12.62 = 5.89 11.08 = 2.35 12.93 + 6.36 0.28
Observed T,,,,, (min) 16.7 £5.9 16.8 = 6.6 16.7 = 6.0 0.97
AUC,_., (pg - h/ml) 15.35 £ 6.24 13.09 £ 3.58 15.80 £ 6.61 0.22
ty), (h) 1.73 £ 0.73 1.66 £ 0.65 1.74 £ 0.75 0.81
kq (h) 0.45 = 0.15 0.49 + 0.26 0.44 + 0.13 0.70
Serum concns
Surgical opening (mg/liter) 174.41 * 38.07 168.48 *+ 36.58 175.60 *+ 38.98 0.71
60 min postinfusion (mg/liter) 93.13 * 23.69 97.31 * 31.80 92.30 *+ 22.48 0.75
180 min postinfusion/surgical 37.62 = 24.34 50.73 £ 34.25 35.00 = 21.84 0.38
closure (mg/liter)
Tissue concns
Surgical opening (mg/liter) 12.62 = 5.89 11.08 £ 2.35 12.93 £ 6.36 0.28
60 min postinfusion (mg/liter) 6.33 = 2.01 6.97 £ 3.26 6.21 £ 1.74 0.64
180 min postinfusion/surgical 4.26 * 1.80 4.49 * 221 422+ 1.75 0.81
closure (mg/liter)
Tissue/serum concn ratios
Surgical opening (mg/liter) 0.08 * 0.05 0.07 £ 0.02 0.08 £ 0.05 0.37
60 min postinfusion (mg/liter) 0.07 = 0.02 0.07 = 0.01 0.07 = 0.02 1.00
180 min postinfusion/surgical 0.14 = 0.07 0.10 = 0.04 0.14 = 0.07 0.09
closure (mg/liter)
Ratio of tissue/blood AUCs from 0.08 * 0.03 0.07 = 0.05 0.08 * 0.04 0.28

surgical opening to closure

@ Values are means = SDs.
b Comparison of patients with BMIs of <40 kg/m? and those with BMIs of =40 kg/m>.

(83%) had BMIs of >40 kg/m? (global median, 44.46; [interquar-
tile range [IQR], 41.03 to 49.31]), including 7 patients (23%) with
BMIs of >50 kg/m?. Table 1 also provides a comparison between
patients with BMIs of <40 kg/m* and those with BMIs of =40
kg/m?. Other than the expected differences in weight and BMI,
characteristics of these two groups were otherwise generally sim-
ilar except that those with BMIs of <40 kg/m? were significantly
older and taller; these specific differences likely had minimal im-
pact on cefoxitin pharmacokinetics. Serum and tissue samples
were analyzed from all patients. The median initial i.v. cefoxitin
dose administered was 5 g (IQR, 4.5 to 5.0 g; range, 4.0 to 7.5 g)
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infused over a median of 5 min. The end of the antibiotic infusions
occurred an average of 1.2 min before surgical incision (range, 7
min before incision to 1 min after). Serum and tissue pharmaco-
kinetic parameters are provided in Table 2. The mean serum max-
imum concentration (C,,,) was 216.15 * 41.8 mg/liter, and
Conax/ D was 44.29 * 12.11 mg/liter/g. Calculated CL, and V nor-
malized to weight (in milliliters per minute per kilogram and liters
per kilogram, respectively) varied over 2-fold when using TBW
and IBW, with both LBWs and AdjBW estimates falling in be-
tween. The mean serum cefoxitin elimination half-life was 1.05 h.
Those patients with BMIs of =40 kg/m? exhibited significantly
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TABLE 3 MIC frequency distribution for Escherichia coli, Bacteroides fragilis, and Staphylococcus aureus isolates collected from the EUCAST database

% of isolates with indicated cefoxitin MIC (mg/liter)”

No. of
Organism isolates <0.125 0.125 0.25 0.5 1 2 4 8 16 32 64 >64
E. coli 66,874 0 0 0.1 2.1 6.9 34.3 37.1 12.8 3.8 1.7 1.1 0.1
B. fragilis 1,898 0 0 0.8 0.1 0.2 2.2 27.5 34.4 17.4 8.8 3.6 5.1
S. aureus 856 0 0.1 1.0 7.8 32.4 27.8 19.5 3.4 1.6 1.9 0.8 3.6

@ Current CLSI susceptibility MIC breakpoints are indicated by distribution percentages that are underlined.

greater cefoxitin CL,, regardless of how this parameter was nor-
malized for various weights, compared to patients with BMIs of
<40 kg/m?; there was also a strong trend toward an increased V
and a significantly lower AUC,,_., in the group of patients with
greater BMIs. Despite observed differences in CL and V, no sig-
nificant differences were seen in the calculated C,,, or half-life
between the two BMI groups.

Tissue mean C,,,, at surgical opening of the abdomen was
12.62 mg/liter measured at 16.7 min after antibiotic administra-
tion. Tissue cefoxitin elimination half-life was 1.73 h, with a mean
180-min (or surgical closure) concentration of 4.26 mg/liter. The
ratio of tissue/blood concentrations at surgical opening, 60 min,
and 180 min (or surgical closure) were 8%, 7%, and 14%, respec-
tively. Tissue AUC from opening to closure was 15.35 h - mg/liter.
The ratio of tissue/blood AUC from surgical opening to 180 min
(or surgical closure) was 8.1 = 3.3%. Cefoxitin tissue pharmaco-
kinetics and tissue/blood concentration ratios were not signifi-
cantly different between among patients with BMIs of <40 kg/m?
compared to those with BMIs of =40 kg/m”.

Monte Carlo simulation estimating the PTA based on pharma-
codynamic targets of fT>MIC of 100% and 70% for 1 to 4 h based
on the EUCAST MIC distributions (Table 3) are presented in
Table 4 for both weight-based and non-weight-based dosing. In
this population, a weight-based dosing regimen achieved =90%
PTA up to 2 h postdose for E. coli and S. aureus for the target of
serum fT>MIC of 100% and up to 3 h with fT>MIC of 70%. For

B. fragilis, serum PTA =90% was realized after weight-based doses
for 2 h for fT>MIC of 70% but only 1 h for fT>MIC of 100%. In
contrast, simulation of a standard 2-g i.v. cefoxitin dose using the
same PK parameters resulted in =90% PTA of only 1 h for S.
aureus and less than 1 h for E. coli and B. fragilis when considering
fI>MIC of 100%. When considering a target of fI>MIC of 70%,
a =90% PTA was extended to 2 h for S. aureus and 1 h for E. coli,
and PTA remained <90% for B. fragilis at all tested time points.
Estimates of PTA in tissue after either 40 mg/kg or 2 g of i.v.
cefoxitin were dismal for all three pathogens.

Monte Carlo simulations were also performed for patients
with BMIs of <40 kg/m?* and =40 kg/m” using pharmacokinetic
parameters specific for these groups (Table 5). Simulations pro-
vided estimated PTAs which were not substantially different be-
tween these two BMI groups and which were overall similar to
those for the entire group of patients as shown in Table 4.

The PTA of cefoxitin 40 mg/kg and 2 g according to specific
pathogen MIC are presented in Table 6. The 40-mg/kg dose
achieved =90% PTA at the E. coli and S. aureus susceptibility
breakpoints (MIC = 8 mg/liter) at 1 h, and for MIC of 4 mg/liter
at 2 h, at the target fT>MIC of 100% in serum. In contrast, the 2-g
dose achieved favorable PTA at serum concentrations which were
generally one MIC dilution lower than those achieved with the
weight-based dosing; i.e., PTA =90% was achieved after 1 h atan
MIC of 4 mg/liter and after 2 h at an MIC of 2 mg/liter. When
considering MICs of 16 mg/liter (the cefoxitin susceptibility

TABLE 4 PTA of single-dose cefoxitin regimens in obese patients with BMIs of >30 kg/m? against Escherichia coli, Bacteroides fragilis, and

Staphylococcus aureus

PTA by pathogen (%)

E. coli at indicated time

B. fragilis at indicated S. aureus at indicated time

. after dose (h) time after dose (h) after dose (h)
Compartment and pharmacodynamic
target Cefoxitin dose 1 2 3 4 1 2 3 4 1 2 3 4
Serum
>MIC of 100% 40 mg/k; 97 95 76 46 92 79 47 18 100 100 78 36
g/kg
2g 89 68 37 14 74 36 10 100 68 19 3
2 g in nonobese patients 98 35 12 4 69 13 3 0 98 35 12 4
(from reference 34)
fT>MIC of 70% 40 mg/kg 98 95 91 80 94 90 77 54 100 100 99 84
2g 92 84 66 42 82 60 32 13 100 95 62 26
Tissue
fT>MIC of 100% 40 mg/kg 277 2 1 0 0 0 0 55 26 8 2
2g 4 1 0 0 0 0 0 0 17 3 1 0
fT>MIC of 70% 40 mg/kg 38 16 6 3 0 0 0 0 63 44 26 10
2g 6 2 0 0 0 0 0 0 25 10 3

“ Values meeting the desired goal of PTA of =90% at each time point are in bold.
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TABLE 5 PTA at fT>MIC of 100% of single-dose cefoxitin regimens in obese patients with BMIs of <40 kg/m* and =40 kg/m” against Escherichia
coli, Bacteroides fragilis, and Staphylococcus aureus using EUCAST susceptibility data

PTA by pathogen (%)”
E. coli at indicated time after B. fragilis at indicated time after S. aureus at indicated time after
h h h
Compartment and Cefoxitin dose (b) dose (b) dose (h)
BMI dose 1 2 3 4 1 2 3 4 1 2 3 4
Serum
BMI < 40 kg/m* 40 mg/kg 98 95 88 68 85 75 53 28 94 93 92 82
BMI = 40 kg/m* 40 mg/kg 97 94 82 65 86 72 51 31 94 93 87 77
BMI < 40 kg/m2 2g 95 85 62 34 70 45 20 6 92 89 79 59
BMI = 40 kg/m* 2g 91 76 50 31 61 34 16 7 92 86 69 50
Tissue
BMI < 40 kg/m* 40 mg/kg 37 13 0 0 4 1 0 0 63 39 16 0
BMI = 40 kg/m? 40 mg/kg 35 15 3 2 0 0 0 0 64 38 19 8
BMI < 40 kg/m> 2g 7 2 0 0 0 0 0 0 30 9 0 0
BMI = 40 kg/m* 2g 5 1 0 0 0 0 0 0 19 7 0 0

@ Values meeting the desired goal of PTA of =90% at each time point are in bold.

breakpoint for B. fragilis), a cefoxitin dose of 40 mg/kg achieved
=90% PTA for fT>MIC of 100% at 1 h, while the PTA after the
standard fixed 2-g dose was 9%. The cefoxitin 40-mg/kg dose was
thus able to achieve desired PTA at MICs up to and including the
susceptibility breakpoints for all target pathogens over a 1- to 2-h
period, while the fixed 2-g dose was uniformly unable to achieve
desired PTA against organisms even at MICs which would be de-
fined as susceptible to the drug.

Using PK parameters determined in this study, Monte Carlo
simulations estimated that a cefoxitin dose of 50 mg/kg is required
to achieve a 92% PTA for fT>MIC of 100% in serum at 2 h at the
E. coliand S. aureus MIC susceptibility breakpoint of 8 mg/liter. A
cefoxitin dose of 60 mg/kg is required to achieve 88% and 93%

PTA for fT>MICs of 100% and 70%, respectively, for B. fragilis at
the MIC susceptibility breakpoint of 16 mg/liter. In our popula-
tion, this relates to an average cefoxitin dose of 6.5 g (50 mg/kg) or
7.5 g (60 mg/kg) given over 5 min.

DISCUSSION

Obesity is a commonly encountered comorbidity, especially in the
United States, yet pharmacokinetic changes associated with
changes in body habitus have not been well studied for many
antibiotics. Cefoxitin has long remained a standard perioperative
antibiotic for a wide variety of surgical procedures. The most re-
cent consensus surgical prophylaxis guidelines recommend a
standard 2-gi.v. dose for adults, with a redosing interval at 2 h (6).

TABLE 6 PTA of single-dose cefoxitin surgical prophylaxis regimens according to pathogen MIC at different time points after dosing in obese

patients with BMIs of >30 kg/m?

PTA (%) at indicated MIC (mg/liter)*

fI>MIC and cefoxitin dose Time (h) 0.5 1 2 4 8’ 16° 32 64 128
fT>MIC of 100%
40 mg/kg 1 100 100 100 100 100 90 25 0
2 100 100 100 100 82 25 1 0
3 100 100 97 75 30 2 0
4 99 92 71 34 5 0
2g 1 100 100 100 100 73 9 0
2 100 100 97 67 12 0
3 100 93 64 17 0
4 87 61 22 2 0
fT>MIC of 70%
40 mg/kg 1 100 100 100 100 100 98 45 1 0
2 100 100 100 100 929 65 9 0
3 100 100 100 99 77 23 1 0
4 100 100 99 84 40 4 0
2g 1 100 100 100 100 91 22 0
2 100 100 100 95 41 2 0
3 100 100 96 60 10 0
4 100 96 72 25 1 0

“ Values meeting the desired goal of PTA of =90% at each time point are in bold.
b Current CLSI breakpoints = 8 mg/liter for E. coli and S. aureus.
¢ Current CLSI breakpoint = 16 mg/liter for B. fragilis.
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Although these guidelines recognize obesity as a variable which
may alter serum and tissue concentrations, no conclusive recom-
mendations are offered regarding the use of weight-based or
higher doses, as clinical data are lacking. A previously published
pharmacokinetic evaluation of a 2-g i.v. cefoxitin dose suggested
inadequate perioperative tissue concentrations in obese patients
despite adequate serum concentrations due to decreased distribu-
tion into adipose tissue (24).

This study reports the pharmacokinetics of cefoxitin at 40
mg/kg i.v. in an obese population; a majority of the patients in this
study were classified as morbidly obese, which is distinctly differ-
ent from the case with previous investigations. The mean serum
cefoxitin half-life observed in this study was similar to that previ-
ously reported for obese patients after a standard 2-g i.v. dose (24);
this half-life is slightly prolonged compared to that previously
reported for nonobese adults (35). Despite administration of sub-
stantially higher doses, the mean C, ,, observed in the present
study was similar to concentrations previously reported for other
populations, including nonobese adults receiving fixed cefoxitin
doses (24, 33, 37). This decreased C,,,,,/D ratio and the prolonged
half-life are both consistent with a 2-fold-higher V observed in this
study compared to that reported for nonobese individuals. Thus,
substantially higher weight-based doses were needed in order to
achieve drug exposures which are similar to those observed in
previous studies with nonobese and obese subjects. As expected,
normalizing pharmacokinetic variables to weight (TBW) or cal-
culated weights (IBW, LBW2005, or AdjBW) resulted in a large
variability in estimates. Normalization of both CL; and V to Ad-
jBW provide PK parameter estimates which are most similar to
values observed for nonobese adults. However, it remains unclear
which dosing weight is most appropriate for cefoxitin based on
these data. Indeed, one may argue that due to inadequate tissue
penetration in obesity, cefoxitin is not an ideal antibiotic for the
prevention of SSI in the obese population. Given that caveat,
weight-based dosing based on TBW appears to provide the most
favorable serum concentrations in this population of obese and
morbidly obese patients.

Despite the use of higher doses with increased systemic drug
exposures, tissue concentrations remained poor, with an average
tissue/serum ratio of only 8%. Mean tissue concentrations at in-
cision and 60 min and 180 min (or at closure) postincision were
below the CLSI breakpoint for anaerobes targeted by cefoxitin.
Furthermore, mean 60-min tissue concentrations were below the
susceptibility breakpoint for S. aureus and E. coli, suggesting inad-
equate coverage in the event of intraoperative contamination. It is
known that subcutaneous adipose tissue blood flow decreases in
morbid obesity; similarly, antibiotic penetration has been in-
versely correlated to BMI (17, 38—41). Our findings of an 8%
cefoxitin penetration into pericolonic/perirectal adipose tissue are
consistent with those of a previous study using 2-g i.v. doses,
which achieved mean penetrations into subcutaneous fat of 11%
and 5% in obese and morbidly obese patients, respectively (24).
Although penetration may be greater in tissues which are more
highly perfused than adipose, the results of this study suggest that
simply using a weight-based dosing regimen of 40 mg/kg of ce-
foxitin to improve concentrations in blood does not necessarily
overcome inadequate tissue concentrations and that alternative
dosing strategies may be needed (42).

Monte Carlo simulations based on EUCAST MIC distribu-
tions and CLSI breakpoints suggest serum concentrations achieve
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PTA of >90% over at least 1 h for B. fragilis and for at least 2 h (a
recommended redosing interval) for S. aureus and E. coli. How-
ever, PTA for B. fragilis falls below the targeted goal within 2 h after
dosing. Although the weight-based dose performed better than a
standard 2-g dose, it may still be inadequate for all targeted patho-
gens. Since the PD target for surgical prophylaxis is largely unde-
fined and contamination may occur at any point during the pro-
cedure, fT>MIC of 100% may be the most ideal target for
B-lactam antibiotics (34). Although this study also evaluated a
more conservative fI>MIC, 70%, tissue concentrations failed to
meet PTA of >90% at any time point regardless of the specified
target. This further supports a potential need for alternative dos-
ing strategies or agents for antimicrobial surgical prophylaxis in
obese and morbidly obese patients.

As previously presented, we estimated doses required to
achieve desired serum PD targets using PK parameters observed in
our study population. In these patients, an average cefoxitin dose
of 6.5 g (50 mg/kg) or 7.5 g (60 mg/kg) given over 5 min would be
necessary to achieve desired PK/PD targets for all pathogens of
interest. An alternative strategy of cefoxitin loading, followed by
an extended or continuous infusion, should be studied to assess
the potential for improving PK/PD indices while requiring lower
cefoxitin doses (42).

Perioperative cephalosporin dosing in obese, morbidly obese,
and superobese populations has been previously studied. Most
investigations utilized cefazolin (17, 35, 43) and suggest that al-
though total serum concentrations remain above an MIC break-
point of 8 mg/liter, adipose tissue concentrations typically fail to
achieve this concentration throughout the duration of the surgical
procedures (43). Cefazolin at 2 g i.v. was associated with lower
rates of wound infections in morbidly obese patients than ob-
tained with a 1-g dose (17). Further, cefazolin at 3 g i.v. has been
suggested as a reasonable dose for those weighing >120 kg (2, 6).
Conversely, a small pharmacokinetic evaluation of cefuroxime
plasma, skeletal muscle, and subcutaneous adipose tissue concen-
trations using microdialysis catheter techniques in morbidly
obese patients suggests a higher ratio of tissue/blood AUC, 0.63. It
should, however, be noted that there was high variability in this
estimate (44). Nevertheless, these data suggest that alternative
agents with potentially greater in vitro potency and better tissue
penetration should be investigated in special populations. For ex-
ample, ertapenem has been previously shown to have favorable
pharmacokinetics and achieve excellent PTAs against relevant
bacteria across a wide range of body weights, including morbid
obesity (45). These properties may be associated with reduced SSIs
compared to those obtained with other pharmacodynamically less
potent antibiotics, which may be more adversely effected by ex-
tremes of body weights (46—48). Appropriate antibiotic selection
and appropriate dosing are both important for achieving optimal
outcomes related to surgical prophylaxis (49, 50); currently rec-
ommended cefoxitin regimens may not be optimal in either re-
spect.

There are a number of strengths to this study. First, an ade-
quate sample of patients with BMIs ranging from 35.0 to 76.7
kg/m? were enrolled and analyzed. Adverse events were also as-
sessed and none were noted, suggesting that weight-based regi-
mens utilizing comparatively large doses are safe in this popula-
tion. Next, multiple blood samples were obtained, which allowed
for patient-specific PK analysis and assessment of tissue penetra-
tion at three different, defined time intervals. In addition, al-
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though tissue penetration is often difficult to accurately assess,
results of the present study are similar to those previously reported
in studies using fixed dosing regimens; this lends validity to the
observed results of this study. Finally, the robust PD assessment
resulted in hypothesis-generating data and usable clinical infor-
mation, which may serve as a possible partial explanation to the
observed link between obesity and higher SSI rates.

We also acknowledge potential limitations of our study. First,
for purposes of making comparisons, we applied PK parameters
calculated from a 40-mg/kg dose to simulate (rather than directly
measure) values which would have been achieved after 2-g fixed
doses. However, these simulations of 2-g doses resulted in serum
PTA estimates similar to those previously published (34). Simi-
larly, the observed tissue penetration of 8% was similar to previ-
ously reported tissue penetration estimates (24). Therefore, we
believe that the extrapolated model is valid. In addition, one may
argue that fT>MIC of 100% was not an appropriate or valid goal
for assessing target attainment. However, there are few prospec-
tive or retrospective clinical studies which have firmly validated
antimicrobial PK/PD goals specifically in the setting of perioper-
ative prophylaxis. Since bacterial contamination of surgical sites
may potentially occur at any time during the procedure, and since
maintaining adequate drug concentrations throughout the dura-
tion of the procedure until surgical closure is a reasonable goal of
perioperative prophylaxis (36), fT>MIC of 100% should appro-
priately be targeted over the expected duration of the surgical
procedure when B-lactam antibiotics are used. Although the study
by Zelenitsky et al. (36) specifically identified end-of-procedure
aminoglycoside concentrations as being strongly associated with
surgical site infections, the need for adequate drug concentrations
up until the time of surgical wound closure is likely applicable to
other classes of antibiotics as well. Recognizing that this goal of
fI>MIC of 100% is not universally accepted, the present study
also analyzed and presented results achieved using the more tra-
ditional conservative cephalosporin target of fT>MIC of 70%. A
related limitation is that although no SSIs were reported for this
study population, the sample size of 30 patients was likely not
adequate to evaluate for such clinical outcomes. Finally, while the
results of this study suggest that a weight-based dosing regimen is
more appropriate than fixed doses in this population, we are un-
able to definitively recommend an optimal dose of cefoxitin due to
the inadequacy of even 40 mg/kg (based on TBW) for certain key
pathogens. The additional analyses presented in this study suggest
that 50 to 60 mg/kg (based on TBW) may be necessary, but the
adequacy and safety of these doses have not been clinically evalu-
ated.

Conclusion. Perioperative weight-based dosing of cefoxitin,
with associated pharmacokinetic parameters and pharmacody-
namics target attainment, was investigated in obese and morbidly
obese patients and proven to have minimal tissue penetration.
Serum PTA following a 40-mg/kg i.v. dose (based on TBW) of
cefoxitin was adequate for E. coli and S. aureus over 2 h; however,
this was not the case for B. fragilis. Furthermore, tissue penetration
was not adequate at 1 h postdose for any of the targeted bacteria.
Although the weight-based cefoxitin dose performed better than a
simulated 2-g dose, alternative dosing regimens and agents should
be explored in order to obtain adequate PK/PD parameters for
perioperative surgical prophylaxis in morbidly obese patients.
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