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ABSTRACT Guidelines for surgical prophylactic dosing of cefazolin in bariatric sur-
gery vary in terms of recommended dose. This study aimed to describe the plasma
and interstitial fluid (ISF) cefazolin pharmacokinetics in patients undergoing bariatric
surgery and to determine an optimum dosing regimen. Abdominal subcutaneous ISF
concentrations (measured using microdialysis) and plasma samples were collected at
regular time points after administration of cefazolin 2 g intravenously. Total and
unbound cefazolin concentrations were assayed and then modeled using Pmetrics.
Monte Carlo dosing simulations (n = 5,000) were used to define cefazolin dosing
regimens able to achieve a fractional target attainment (FTA) of >95% in the ISF
suitable for the MIC for Staphylococcus aureus in isolates of =2 mg - L=" and for a
surgical duration of 4 h. Fourteen patients were included, with a mean (standard
deviation [SD]) bodyweight of 148 (35) kg and body mass index (BMI) of 48 kg -
m~2. Cefazolin protein binding ranged from 14 to 36% with variable penetration
into ISF of 58% = 56%. Cefazolin was best described as a four-compartment model
including nonlinear protein binding. The mean central volume of distribution in the
final model was 18.2 (SD 3.31) L, and the mean clearance was 32.4 (SD 20.2) L - h™".
A standard 2-g dose achieved an FTA of >95% for all patients with BMIs ranging
from 36 to 69 kg - m~2. A 2-g prophylactic cefazolin dose achieves appropriate
unbound plasma and ISF concentrations in obese and morbidly obese bariatric sur-
gery patients.
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he reported incidence of surgical site infection in bariatric surgery varies widely,

from 1.9 to 15% (1-6). Obesity has repeatedly been demonstrated to be a risk fac-
tor for surgical site infection in both bariatric and nonbariatric abdominal surgery (2, 5,
7-9). Therefore, optimizing strategies to prevent surgical site infection in patients
undergoing bariatric surgery is important to reduce patient morbidity and mortality
and to reduce health care costs.

Cefazolin is recommended to be administered to patients undergoing bariatric sur-
gery. Prior to April 2019, Australian guidelines recommended use of a 2-g intravenous
cefazolin dose administered prior to incision (10). Updated Australian guidelines (11)
and American guidelines (12) recommend a cefazolin dose of 3 g be administered if
total body weight is greater than 120 kg. French guidelines recommend that 4 g be
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TABLE 1 Characteristics of obese adult patients (n = 14) presenting for elective bariatric

surgery

Characteristic Mean Median SD Range
Sex (male/female) 6/8 (42.9%)

Age (yrs) 41 43 26-56

Ht (cm) 172 173 74 160-182
Wt (kg) 148 154 34.6 98.8-198
BMI (kg - m~2) 50 47 11.2 36-69
Duration of surgery (min) 92.5 70-175
Plasma albumin (g - L™ ") 36 38 4.5 28-42
Serum creatinine (umol - L™") 63 67 13.6 42-80
Creatinine clearance (mL - min™") 180 178 62 118-2397

9Interquartile range, calculated using the Cockcroft-Gault formula and lean body weight (36).

administered if the body mass index (BMI) exceeds 35 kg - m~2 (13). Efficacy is consid-
ered reliant on achieving therapeutic unbound concentrations in the plasma and the
interstitial fluid (ISF) of adipose tissue, the surgical site of potential infection, through-
out the duration of surgery.

Methicillin-susceptible Staphylococcus aureus (MSSA) is the most common patho-
gen in bariatric surgical site infection (14). A cefazolin concentration of 2 mg - L™ is
the MIC,, for MSSA (15) and can be considered a therapeutic unbound concentration.

There is little evidence that the recommended dosing regimens achieve therapeutic
ISF concentrations. Most data are derived from studies measuring total (protein-bound
and unbound) cefazolin concentrations in plasma and homogenized adipose tissue,
the latter being a suboptimal matrix mixing interstitial and intracellular fluid (16-22).
Microdialysis is an in vivo sampling technique and the gold standard for measuring tis-
sue ISF cefazolin concentrations (23, 24). Two studies have utilized this technique but
provided conflicting dosing recommendations, suggesting that 2 g (25) or 3 g (26) is
required to meet therapeutic target concentrations for patients undergoing bariatric
surgery. As such, there remains uncertainty in optimal dosing requirements for these
patients.

This study aimed to describe the unbound plasma and ISF population pharmacoki-
netics of cefazolin at 2 g administered as antibiotic prophylaxis for bariatric surgery
and subsequently to perform dosing simulations to recommend optimal dosing regi-
mens for patients undergoing bariatric surgery.

We hypothesized that pharmacokinetic changes associated with obesity and sur-
gery would lead to subtherapeutic ISF cefazolin concentrations in the bariatric surgery
population when using a 2-g dose.

RESULTS

Fourteen patients were included in the study. Thirteen patients received a 2-g dose
of cefazolin, according to local guidelines (10), and one patient initially received a 2-g
dose of cefazolin that was followed by a 1-g dose of cefazolin 3 h after the initial dose,
according to the preference of the anesthetist. The pharmacokinetic profile of this
patient fit the model and therefore was included in our analysis. ISF samples were not
available for one patient due to microdialysis sampling failure. One patient had pro-
longed surgery and consequently an additional 8-h plasma sample and 5-, 6.5-, and 8-
h ISF samples. None of the patients developed a surgical site infection. Clinical patient
characteristics are reported in Table 1.

All total and unbound plasma concentrations of patients were above the lower limit of
quantification of 1 mg - L=, with all microdialysate concentrations above 0.1 mg - L ~".
The percentage cefazolin recovery was calculated based on pre- and postperfusate cefalo-
thin concentrations from all samples obtained from five patients and was then used for
the measured cefazolin concentrations, which was 19%. The mean = standard deviation
(SD) interstitial fluid penetration was 58% = 56%. The protein binding for the 14 patients
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ranged from 14% to 36%. The median (SD) concentration-time profiles for unbound
plasma, bound plasma, and ISF are presented below in Fig. 1. The data presented contain
total and unbound plasma concentrations from 14 patients and unbound interstitial fluid
concentrations in 13 subjects, because one subject experienced microdialysis sampling
failure.

Pharmacokinetic model. A four-compartment model, incorporating an additive error,
adequately described the total and unbound plasma as well as microdialysate cefazolin
concentrations (see Fig. 2 for a schematic of our model). Maximum binding (B,,,,) was
incorporated within the model using differential equations to describe the maximum bind-
ing amount of cefazolin per unit time (dx/dt, where x is the amount of cefazolin [in milli-
grams] and t is the unit time [in hours]). Individual patient values for B,., were estimated
in the final model and are reported as an amount rather than the conventional concentra-
tion (see Table S3 in the supplemental material). Plasma albumin concentrations were
included empirically to describe the protein binding relationship. The fourth compartment
was an additional binding compartment [“(2) bound” in Fig. 2] that was supported for
inclusion based on a decrease in the —2 log-likelihood (—2*LL) of 59 and an Akaike infor-
mation criterion (AIC) of 55. BMI was supported for inclusion as a covariate in the model
on both central volume (V,), with —2*LL and AIC decreased by 4 and 4, respectively, and
peripheral volume (V,), with —2*LL and AIC decreased by 7 and 7, respectively, as well as
the bias and imprecision of the observed-predicted plot (see Fig. S1 in the supplemental
material), when tested separately against the base model. Sex was not supported for inclu-
sion in the model. The diagnostic plots to confirm the goodness of fit of the model were
considered acceptable (see Fig. S1). The pharmacokinetic data are summarized in Table 2.

Dosing simulations. Monte Carlo dosing simulations were performed using the
model with a time to redosing of 4 h, and from these simulations estimates of the proba-
bility of target attainment (PTA) and fractional target attainment (FTA) were determined.
The PTA of unbound cefazolin concentrations in plasma and ISF for dose regimens simu-
lated for a typically obese patient (BMI of 48.2 kg - m~2, based on the mean total body
weight from our sample) undergoing bariatric surgery are presented in the Fig. S2 in the
supplemental material.

The FTA results, based on ISF concentrations for various cefazolin dosing regimens
and body weights, for a MIC distribution for MSSA are presented in Table 3.

DISCUSSION

We demonstrated that a 2-g bolus of cefazolin given 30 to 60 min prior to skin inci-
sion resulted in an ISF FTA of >95% in the studied patients (BMI, 36 to 69 kg - m—2)
undergoing bariatric surgery with normal renal function. This suggests that there is no
need to further adjust the dose of cefazolin based on body size for antimicrobial pro-
phylaxis in this scenario.

Median ISF cefazolin concentrations were above the target concentration of 2 mg -
L=, which is consistent with previous studies (25-27). One previous study (25) demon-
strated that a 2-g bolus of cefazolin resulted in a reduced tissue penetration of cefazo-
lin and reduced probability of achieving a concentration in ISF above 2 mg - L~ for up
to 4 h in an obese cohort compared to the nonobese cohort. This previous paper
reported similar achievement of target exposures to our model. However, a stated limi-
tation of this model by Brill et al. was an overestimation of lower ISF cefazolin concen-
trations. Our model improves upon that of Brill et al., and indeed this may account for
the lower calculated PTAs in our study. For example, the PTA for an ISF of >2 mg - L™’
for 4 h in obese patients following a 2-g cefazolin bolus 30 min prior to skin incision in
our study was 75% (see Fig. S2b), versus 95% from the Brill et al. study.

Another recent study, by Palma et al., recommended a 3-g dose for female bariatric
surgery patients (26). The PTA for a target of 2 mg - L=' at 4 h in that study was 89%.
The discrepancy in the recommendations may be accounted for by the chosen phar-
macodynamic target. If instead of PTA the FTA is used, which considers the PTA and
the specific population of S. aureus, a target of 95% may be reached with a 2-g bolus.

Previous studies have measured tissue concentrations using homogenized tissue

July 2022 Volume 66 Issue 7

Antimicrobial Agents and Chemotherapy

10.1128/aac.00419-22

3


https://journals.asm.org/journal/aac
https://doi.org/10.1128/aac.00419-22

Cefazolin Pharmacokinetics in Bariatric Surgery

80
60
40
)
20

>
-
N
o

=
o
o

Total Plasma Cefazolin concentrations (mg/L)

0
0 1 2 3 4 5 6 7 8
Time (hours)
B 70
%
E 60
2
S
= 50
=
[}
g 40
]
£
‘s 30
©
3
= 20
£
z 10
o
E —— —»
2 0
= 0 1 2 3 4 L 6 7 8
-10
Time (hours)
C 20
£
S 18
o
£ 16
Q
=
S 14
£
§ 12 -
10
SE
s ° i
2 6
(7]
£
= 4
[ =4
-4
3 2
[ =
N L
0
0 1 2 3 4 5 6 7 8

Time (hours)

FIG 1 Median (with standard deviations [error bars]) concentration-time pharmacokinetic profile for cefazolin in
obese patients undergoing bariatric surgery. (A) Total plasma (n = 14); (B) unbound plasma (n = 14); (C) unbound
interstitial fluid (n = 13). One subject had a modified sampling time due to prolonged surgery; therefore, the 8-h
plasma sample and 5-, 6.5-, and 7-h ISF samples were from one subject only.
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FIG 2 Schematic of pharmacokinetic model compartments for an intravenous infusion of cefazolin in
obese adult patients undergoing bariatric surgery. V,, central volume; K¢, first-order dissociation rate
constant to albumin; K, second-order association rate constant to albumin; K, rate constant for

on’
unbound cefazolin distribution from the central to the tissue compartment; K, rate constant for
unbound cefazolin distribution from the tissue to the unbound central compartment; V,,, volume of
distribution of cefazolin in the interstitial microdialysis compartment; K_,, rate constant for unbound

cp!
cefazolin distribution from the central to peripheral compartment; K, rate constant for cefazolin

distribution from the peripheral to the central compartment; K, rate of elimination from the
unbound compartment.

samples (16-21). The largest study using this technique (22) demonstrated that following
cefazolin at 4 g, the mean adipose tissue cefazolin concentrations at the end of 117 laparo-
scopic sleeve gastrectomies was greater than 2 ng - g~'. Monte Carlo dosing simulations
demonstrated that the probability of achieving a target tissue concentration of 2 ug - g~'
for 4 h was optimized if a 3-g bolus followed by a 1-g - h~" infusion of cefazolin was
administered (28). Measuring tissue concentrations using homogenized samples can
underestimate interstitial fluid concentration, because the homogenized sample contains
intracellular fluid, which will not contain cefazolin, and this may account for the higher
dose requirement reported in studies using homogenized tissue samples.

We developed a four-compartment model that included a binding compartment to
describe the pharmacokinetics of cefazolin in this population. We observed significant
correlations between the central and peripheral volumes of distribution and the BMI,
rather than total body weight, which has been previously reported (25). Recent phar-
macokinetic modeling (26) based on female-only data did not support the inclusion of
BMI or weight in the model. Nonobese patients were not included in the current study.

TABLE 2 Population pharmacokinetic model data of cefazolin concentrations of obese
patients (n = 14) undergoing bariatric surgery

PK parameter? Units Mean SD CV% Median Shrink%
CL L-h™? 324 20.2 62.2 374 0.115
V. L 18.2 3.31 18.2 17.7 0.629
v, L 5.21 0.948 18.2 4.50 0.268
K. h™! 0.164 0.079 48.0 0.182 1.97
K h™! 0.941 0.370 394 1.03 3.18
Kep h™! 5.93 4.01 67.6 4.23 1.24
Koe h™! 7.21 5.14 713 9.71 0.101
Kyn L-mg'-h! 0.389 0.176 453 0.335 0.080
Ko h=! 16.3 4.96 304 144 0.251
Biooa mg 2,708 584 216 2,672 NA

aPK, pharmacokinetic; CL, clearance of unbound cefazolin; V,, central volume of distribution of cefazolin;
V., volume of distribution of cefazolin in the intersitial fluid microdialysis compartment; K_,, rate of transfer from
the unbound compartment to a tissue compartment; K, rate of transfer from a tissue compartment to the
unbound compartment; K, rate of transfer from the unbound compartment to a peripheral compartment; K,
rate of transfer from a peripheral compartment to the unbound compartment; K, rate of association binding
to albumin (second-order constant); K, rate of dissociation binding from albumin (first-order constant); B
maximum binding amount of cefazolin; CV%, coefficient of variation; Shrink%, model shrinkage; NA, not

applicable, calculated based on individual parameter estimates from the final model.

max’
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TABLE 3 Fractional target attainment?®

FTA (%) for cefazolin dose and timing of surgery

BMI (kg m—2) 2g,T0.5 29, T1 39, TO 39,T0.5 39, T1
36 98.2 97.8 99.7 99.4 99.1
40 98.2 97.8 99.6 99.5 99.1
50 98.4 98.1 99.5 99.6 994
60 98.5 98.2 99.4 99.6 99.5
69 98.5 98.2 99.2 99.6 99.5

aThe fractional target attainment for various cefazolin doses and preoperative weights, calculated based on the
MIC (EUCAST) for Staphylococcus aureus (15). The FTA assessed whether simulated patients maintained
cefazolin concentrations in the ISF above the MIC for S. aureus isolates, =<2 mg - L™, the MIC,, of cefazolin for a
surgical duration of 4 h. Doses (as 3-min infusions) and preoperative BMI of 50 achieving the a priori target PTA
against >=95% of isolates are indicated in table. T indicates time (in hours) after antibiotic administration that
surgery commenced, i.e., TO indicates surgery commenced immediately after antibiotic administration. The
total duration of surgery was 4 h post-antibiotic administration.

Further studies, including patients from a larger range of body sizes, are required to
further investigate the most relevant body size descriptor to guide dosing.

Despite the influence of BMI on the central and peripheral compartment volumes,
there was no statistically significant relationship between BMI and cefazolin distribu-
tion into the ISF or the pharmacodynamic measure of FTA in the studied bariatric sur-
gery population. This is evidenced in Table 3, as there was only a minimal change in
FTA across the studied BMI values. These data suggest that for patients with a BMI
between 36 and 69 kg - m~2, a graduated size-dependent dose is not required.

There are some limitations to the study we wish to declare. The FTA considers only
a susceptible MSSA distribution. Other pathogens implicated less frequently for caus-
ing surgical site infection, such as Escherichia coli, have higher MICs, and therefore the
FTA achieved with a 2-g cefazolin bolus would be lower. Indeed, some prior studies
have used higher target concentrations (22, 25).

Although the sample size of 14 appears small, when combined with intensive multi-
compartment sampling this sample size allows the development of a robust pharma-
cokinetic model (25, 29). The visual predictive check (see Fig. S4 in the supplemental
material) demonstrates that 96% of the observed concentrations were within the 5th
and 95th simulated percentiles. The population predicted model does not predict
higher concentrations (>10 mg - L™") as accurately, but this represents a small number
(n = 5) of the concentrations in the model.

The collection of samples using microdialysis can be procedurally challenging, with
blockages of the transport of the analyte across the membrane commonly encountered.
The result of this is that we were only able to reliably measure pre- and postperfusate
microdialysis cefalothin concentrations in samples from 5 patients, and these have been
used to calculate the recovery. The calculated recovery ratio of cefazolin was 19%, which
is lower than previously reported (25). Inclusion of more subjects’ results in the recovery
ratio calculation may have resulted in a different ratio. Changes to the calculated recov-
ery ratio will affect ISF concentration accuracy and consequently the pharmacokinetic
analysis. Although microdialysis remains the gold standard in measuring interstitial fluid
concentrations, this reflects a disadvantage of the technique.

Our study design only included obese patients with a BMI between 36 and 69 kg - m~2.
However, extrapolations to dosing recommendations outside this BMI range cannot be
made. Additionally, limiting the body size range may have resulted in the lack of covariates
supported for inclusion, such as tissue penetration, which has been supported for inclusion
in previous models (25).

Additionally, this study was not designed to examine the optimal dose and timing
of a second antibiotic dose in prolonged surgeries. Most bariatric surgeries would be
expected to last less than 4 h. Further studies in prolonged surgeries are suggested to
confirm time to redosing.
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In conclusion, this study suggests that a 2-g cefazolin bolus for patients undergoing
bariatric surgery of up to a 4-h duration provides therapeutic ISF cefazolin concentra-
tions to adequately protect against MSSA surgical site infection.

MATERIALS AND METHODS

Study design and setting. This study is a prospective open-labeled observational pharmacokinetic
study conducted between April and October 2016 at the Royal Brisbane and Women'’s Hospital,
Australia. The study was approved by the Royal Brisbane and Women'’s Hospital Ethics Committee
(HREC/15/QRBQ/551) and The University of Queensland (2016001428). Written informed consent was
obtained from all subjects. The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guideline (30) (see Table S1 in the supplemental material) was followed. Intensive multicom-
partment sampling allows for the development of a robust pharmacokinetic model with a sample size of
14, as demonstrated in previous studies (29).

Patient selection. Patients undergoing uncomplicated elective laparoscopic sleeve gastrectomy or
laparoscopic gastric bypass who had a BMI of >35 kg - m~2 (class Il or Ill obesity) were considered for
inclusion. Patients were excluded if they had been administered cefazolin within the previous 72 h
before surgery, had an allergy to cefazolin, were pregnant, or had an estimated glomerular filtration rate
(eGFR) of <60 mL - min~" - 1.73m 2.

Study protocol. Two grams of cefazolin (Cephazolin; DBL, Sydney, Australia) in 10 mL 0.9% sodium
chloride was administered as an intravenous bolus, 0 to 60 min prior to skin incision. This was the dose
recommended in the Australian Therapeutic Guidelines (10), regardless of body weight, at the time the
study was conducted. General anesthesia and fluid management were administered as per the treating
anaesthetist. Sex, age, height, and weight on the day of surgery as well as clinical data including surgical
duration and surgical subtype, serum albumin, creatinine, and eGFR were recorded. Creatinine clearance
was calculated using the Cockcroft-Gault equation with the lean body weight metric.

Sample collection, storage, and management. Blood samples were drawn from an intra-arterial
line at 0, 30, 60, 90, 180, and 240 min after cefazolin administration or until the patients left the perioper-
ative area. Samples were stored on ice prior to centrifugation at 3,000 rpm for 10 min. The resulting
plasma was stored at —80°C until analysis.

Microdialysis catheters (CMA 60; Microdialysis AB, Stockholm, Sweden) were inserted into subcuta-
neous tissue in an upper quadrant of the abdomen outside the anticipated sterile surgical field to mea-
sure ISF cefazolin concentration. The perfusate, cefalothin (10 mg - L") in normal saline, was used as a
microdialysis internal standard to aid determination of the antibiotic ISF concentration. A 30-min base-
line perfusion period occurred prior to cefazolin administration. The recovery of cefazolin in the micro-
dialysate solution was interpolated from the loss of cefalothin across the microdialysis membrane (31):
% cefazolin recovery = [(C,, — mean C,,)/C,] x 100, where C;, = 10 mg - L™ cefalothin and C,, is the
measured cefalothin concentration in the microdialysate.

ISF samples were taken from the microdialysis catheters at baseline, then at 15-min intervals after
cefazolin administration for the first hour, and then at 30-min intervals up to 240 min or until the patient
was discharged from the perioperative area. Microdialysis samples were initially stored on ice and then
at —80°C until analysis.

Measurement of total and unbound cefazolin concentrations. Total and unbound concentrations
of cefazolin (1 to 500 mg - L™") in serum and concentrations of unbound cefazolin (0.1 to 20 mg - L")
and cefalothin (1 to 100 mg - L") in microdialysate and perfusate were measured by a validated high-
pressure liquid chromatography mass spectrometry methodology at The University of Queensland
Centre for Clinical Research (32). The assay method was validated using the U.S. Food and Drug
Administration criteria for bioanalysis (33). Measured total and unbound cefazolin concentrations were
used to calculate protein binding: % cefazolin protein binding = (C,yound/Cota) % 100.

Population pharmacokinetic modeling. Pharmacokinetic modeling was performed using PMetrics
1.5.0 with RStudio 0.99.902 and digital compiler Gfortran 5.2. The pharmacokinetic analysis protocol was
approved by us prior to analyses. For the population pharmacokinetic analysis, two- and three-compartment
models, which each included an additional protein binding compartment, were fitted using plasma (total
and unbound) and microdialysis cefazolin concentration data and nonparametric adaptive grid subroutines
from the PMetrics package for R (Los Angeles, CA, USA). Primary pharmacokinetic parameters of clearance
(CL) and volume of distribution of cefazolin in the central compartment (V,) and ISF microdialysis compart-
ment (V) were calculated (Fig. 1 provides a schematic of the model). Elimination from the central compart-
ment and intercompartmental distribution were modeled as first-order processes.

Unbound cefazolin concentrations (C,,,..nq) Were related to total cefazolin concentrations, with the
assumption that albumin is the sole binding site for cefazolin in plasma and taking into account protein
binding (34), as follows. The C,.pounq Was calculated as follows: Cyora — [(Brax X Cunbound)/(Kg T Cunbound)ls
with B, calculated as ALB x [(N x MW_ x 1,000)/MW, ] and K is calculated as K /K.

For these calculations, saturable protein binding was assumed (35). In these equations, C,,,ounq iS the
unbound cefazolin concentration (in milligrams per liter), C.,, is the total cefazolin concentration (in
milligrams per liter), B,,.., is the maximum binding concentration of cefazolin (in milligrams per liter), K,
is the equilibrium dissociation constant (in milligrams per liter) for cefazolin binding to albumin, ALB is
the serum albumin concentration (in grams per liter), N is the number of binding sites, with 0.6 binding
sites for cefazolin per molecule of albumin, MW, is the molecular weight of cefazolin (454.5 g - mol "),
MW, is the molecular weight of albumin (66,500 g - mol™"), K is the first-order dissociation rate con-
stant (per hour), and K, is the second-order association rate constant (in liters per milligram per hour). It

July 2022 Volume 66 Issue 7 10.1128/aac.00419-22 7


https://journals.asm.org/journal/aac
https://doi.org/10.1128/aac.00419-22

Cefazolin Pharmacokinetics in Bariatric Surgery

should be noted that B,,,, is calculated as an amount (in milligrams) for each patient within the model,
as a function of the calculated volume of the central compartment and measured albumin (see Table S2
in the supplemental material for the model file).

Intercompartmental distribution was described as the rate of transfer from the unbound compart-
ment to a tissue compartment (K_,), the rate of transfer from a tissue compartment to the unbound com-
partment (K,), the rate of transfer from the unbound compartment to a peripheral compartment (K(p),
the rate of transfer from a peripheral compartment to the unbound compartment (K,), and the rate of
elimination from the unbound compartment (K,) (see Table S2 for the model file).

Model diagnostics. We selected the final model based on minimizing the Akaike information crite-
rion and likelihood of the model (—2*LL), penalized by the number of parameters in the model. We also
factored bias (mean weighted predicted-observed error) and imprecision (bias-adjusted, mean weighted
squared predicted-observed error) into the selection of the final model.

Covariate screening. Covariate model building was performed using sequential assessment of bio-
logically plausible clinical characteristics. Covariates were tested individually, and inclusion was based
upon a statistically significant improvement in the AIC and —2*LL. The covariates evaluated against
pharmacokinetic parameters were sex, age, height, weight, BMI, lean body weight (36), creatinine, creati-
nine clearance calculated using the Cockcroft-Gault equation (using total and lean body weight) and
plasma albumin concentration.

Probability of target attainment. Monte Carlo dosing simulations (n = 5,000) were performed using
the final covariate model in Pmetrics to determine the probability of target attainment (PTA) with the
pharmacokinetic/pharmacodynamic (PK/PD) target of 100% time for unbound drug plasma concentra-
tion above the MIC and ISF cefazolin concentrations for clinically relevant MICs (0.125 to 32 mg - L™)
during bariatric surgery of up to 4 h for a typical obese patient, with a preoperative weight of 145 kg,
based on the mean weight of our patient group (BMI of 50 kg - m~2). Loading and maintenance doses
were tested as 3-min infusions (unless continuous infusion was used), as follows: (i) 2 g at 0 h with sur-
gery commencing at 0 h; (ii) 2 g at 0 h with surgery commencing at 0.5 h; (iii) 2 g at 0 h with surgery
commencing at 1 h; (iv) 3 g at 0 h with surgery commencing at 0 h; (v) 3 g at 0 h with surgery commenc-
ing at 0.5 h; (vi) 3 g at 0 h with surgery commencing at 1 h.

Fractional target attainment. MSSA MIC data from the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) database (15) were used to determine the fractional target attainment
(FTA). The FTA identifies the likely success of treatment by comparing the pharmacodynamic exposure,
the PTA, against a MIC distribution. MSSA isolates with a MIC =2 mg - L™, the MIC,, of cefazolin for
S. aureus (15), were included. In this analysis, the FTA was calculated using various doses to achieve an a
priori target of 95% in the ISF for a surgical duration of 4 h. Simulated doses for the FTA were as
described above. Five levels of preoperative BMI were tested (36, 40, 50, 60, and 69 kg - m~2), which
reflected the distribution of values in the study cohort.
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