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ABSTRACT

Background. The objective of this study was to determine the pharmacokinetics-pharmacodynamics (PK/PD) of
Ertapenem in extremely obese female patients (Body Mass Index [BMI] 240 kg/m?) undergoing bariatric surgery.
Methods. Ten patients received 1 g intravenous Ertapenem 0.5 h prior to surgery as short term prophylaxis. Serum
Ertapenem concentrations were determined at baseline, at the end of infusion (30 minutes), thenat 1, 2, 4, 8, 12 and 24
hours postinfusion. In patients in whom a liver biopsy was necessitated by clinical need, Ertapenem liver concentrations
were determined through intraoperative biopsies at 1 and 2 h postadministration. Peritoneal Ertapenem concentra-
tions were determined in drainage fluid samples collected during the 4-8, 8-12, and 12-24 h intervals after Ertapenem
administration. A Monte Carlo simulation was performed to estimate the probability of achieving free drug levels above
the minimum inhibitory concentration (fT,y;c) for at least 20% and 40% of the dosing interval as PK/PD targets.
Results. Peak drug concentration and 24-h area under the concentration-time curve (AUC) were found to be
191.9+37.4 mg/L and 574.3+110.5mg-h/L, respectively. Ertapenem liver/serum concentration ratios were 6% at
1 h and 5% at 2 h. Drug concentrations in peritoneal fluid were 28.2+6.4 mg/L at 4-8h, declined to 15.2+5.9 at
8-12h and fell further to 4.79+0.2 mg/L at 12-24 h post-administration. The probability to reach the desired PK/
PD targets were never reached at any MICs >0.25 pg/mL with a 90% probability.

Conclusion. Our data suggest that in extremely obese female patients, the standard dose of 1 g i.v. Ertapenem as
short term prophylaxis may not provide optimal clinical levels of free drug for prevention of surgical site infections.
(Minerva Anestesiol 2014;80:1005-11)

Key words: Ertapenem - Bariatric surgery - Pharmacokinetics - Pharmacology.

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies
(either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other
means which may allow access to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is
not permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing techniques to enclose any trademark, logo,
or other proprietary information of the Publisher.

he general increase in human Body Mass In-
dex (BMI) has become a public health pri-
ority in many countries, with worldwide obesity
(defined as BMI>30 kg/m?) more than doubling
between 1980 and 2008.! As a consequence, the
number of obese people undergoing both standard
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and specialized bariatric surgery has dramatically
increased over the last few years. Obesity consti-
tutes a major risk factor for postoperative surgical
complications, including the development of in-
fections during the first 30 days postsurgery (“sur-
gical site infections”, SSIs).2 The introduction of
laparoscopic surgical techniques has been viewed
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as an effective tool for reducing the rate of SSIs,
even in obese patients undergoing bariatric sur-
gery (reducing the SSI rate from 1.2% for “open”
gastric bypass to 0.4% for laparoscopic bypass).3
One additional technique to reduce SSIs involves
the use of optimal antibiotic prophylaxis, via the
administration of an antimicrobial agent with ad-
equate spectrum of activity against the most likely
pathogens in doses capable of reaching the phar-
macokinetic/pharmacodynamic (PK/PD) target
specific for each antibiotic.

Ertapenem is a parenteral carbapenem antibi-
otic whose indications include the treatment of
complicated intra-abdominal infections.> ¢ Sev-
eral characteristics may suggest its clinical utility
as a prophylactic antimicrobial agent in elective
colorectal surgery, including its appropriately
wide spectrum, long half-life (not requiring a
second administration during most surgical pro-
cedures), and safety profile.” In a large prospec-
tive clinical trial involving patients undergoing
elective colorectal surgery, prophylaxis with Er-
tapenem (1 g) was reported to be superior to that
using the antibiotic cefotetan (2 g) in reducing
SSIs (modified ITT analysis 17.1% wvs. 26.2%
respectively).8 However, a post-hoc analysis of
those data showed that superficial SSIs were
higher in patients with a BMI=30 kg/m? than
in non-obese patients, regardless of the prophy-
lactic antibiotic administered.” For Ertapenem,
this failure may have been due to the fact that
in obese patients, the optimal PK/PD target (de-
fined as the time that free drug concentrations
are above the MIC (fT,y;c) for 20% bacteri-
ostaic and 40% bactericidal activity), might be
difficult to achieve using the standard 1 g dose.!0

This study evaluates whether standard 1 g i.v.
administration of Ertapenem dose is sufficient to
reach the optimal PK/PD target-based on com-
mon MIC distribution for susceptible causative
pathogens - for antimicrobial prophylaxis in fe-
male Caucasian patients with class III obesity
(BMI 240 kg/m?) undergoing bariatric surgery.

Materials and methods

Between September and December 2012, we
conducted a prospective, uncontrolled, open-la-

bel, single-center PK/PD study in class III obese
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female patients undergoing bariatric surgery
at a University Hospital (Azienda Ospedaliera
Universitaria Careggi, Florence, Italy, Ethical
committee approval number 114/1-2012). Be-
cause bariatric surgery is much more frequent
in female than in male patients,!! we decided to
enroll in the study all the consecutive female pa-
tients who met the inclusion criteria and agreed
to participate to the study. Inclusion criteria,
in addition to female gender, were: Caucasian
ethnicity, BMI240 kg/m?2, age between 18-65
yrs, American Society of Anesthesiology (ASA)
physical status classification system class I and
IT undergoing elective videolaparoscopy gastric
bypass or biliopancreatic diversion. Exclusion
criteria were: renal failure (defined as estimated
glomerular filtration rate (GFR) of less than 60
mL/min/1.73 m? calculated using the MDRD
formula), hepatic failure (Child-Pugh B and
C), history of heart failure (New York Heart
Association [NYHA] functional classification
class III and IV), hypersensivity to beta-lactam
agents, pregnancy, history of alcohol or illicit
drug abuse. All patients included in the study
gave their written informed consent.

Patients received 1 g of Ertapenem as a
30-minute i.v. infusion 30 min prior to the com-
mencement of surgical procedures as short term
prophylaxis. A general balanced anesthesia regi-
men was employed. During all surgical proce-
dures, crystalloids were infused at a rate of 6-8
ml/kg/h to maintain an euvolemic state. In order
to compare the degree of fluid administration
among patients, blood hematocrit was measured
prior to (baseline) and at the end of Ertapenem
administration and expressed as percent varia-
tion compared to baseline. To assess Ertapenem
serum levels, 5 mL of venous blood were col-
lected in 5 mL ammonium lithium tubes cooled
(4 °C) and centrifuged for 5 min at 5000xg, and
then transferred into appropriate sample tubes
and stored at -80°C until high-performance
liquid chromatography (HPLC) analysis. In
each patient, the Ertapenem concentration was
evaluated at baseline and at the end of infusion
(30 min, Cmax), then at 1, 2, 4, 8, 12 and 24
hours. In patients in whom a liver biopsy was
necessitated by clinical need (such as stadiation
of liver steatosis), liver samples were obtained to
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determine Ertapenem concentrations in hepatic
tissue at 1 or 2 h following the start of infusion.
Samples were rinsed with sterile saline solution
to remove excess blood, dried and frozen in glass
tubes at -80 °C until assayed. Liver biopsies were
then weighed, diluted in sterile normal saline
(1:1 w:v ratio), homogenized at 4 °C (Polytron
PT 10-35 Homogenizer, Kinematica, Lucerne,
Switzerland), centrifuged at 1200 g for 10 min-
utes for HPLC analysis. Peritoneal drainage fluid
was collected between 4 and 8, 8 and 12, 12 and
24 hours after the start of Ertapenem infusion
and stored at -80 °C until HPLC evaluation of
Ertapenem concentrations. Plasma, liver and
peritoneal fluid concentrations of Ertapenem
were determined using a validated HPLC assay
with ultraviolet detection set at a wavelength
of 305 nm.¢ The mobile phase consisted of 10
mM phosphate buffer adjusted to pH 6.5 with
concentrated orthophosphoric acid (phase A)
and mixed with acetonitrile (phase B). The flow
rate was set at | mL/min. The analytical column
was a HyperClone C18 (Phenomenex, Torrance,
CA) 4.6x100 mm, ODS 5 pm. The assay was
linear over the concentration range 0.1-50 mg/L
in plasma and peritoneal fluid. Precision valida-
tion data were between 2.7% and 9.5% and in-
traday accuracy ranged from 99.9-105.5%.

Individual PK analysis

A two-compartmental i.v. infusion model
with first-order elimination was selected to fit
concentration versus time data for Ertapenem.
The following PK parameters were estimated for
each patient: volume of the central compartment
(V), volume of distribution (Vd) at steady state,
total clearance (Cl), area under the curve from
zero to infinity (AUC 0-0), and mean residence

TaBLg L.—Clinical and demographic data.
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time. Individual PK analyses were performed in
WinNonlin Professional (Version 5.2.1; Phar-
sight Corporation, Mountain View, CA, USA).

Monte Carlo simulation

We used an fT - for at least 20% and 40% of
the dosing interval as PK/PD targets. An fT ¢
of 40% is the target for near maximal bactericid-
al activity of Ertapenem, and an fT_ ;¢ of 20%
and 40%were the target for bacteriostasis and
bactericidal activity respectively. We used the
patient-specific PK parameter estimates and the
variance-covariance matrix representing the two-
compartmental model estimated by WinNonlin.
We also assumed that the dose, duration of infu-
sion, and timing of infusion had no variability.
We used the “micro constants notation” of our
PK models during both estimation and Monte
Carlo simulation and assumed a normal distri-
bution of the PK parameters on a log scale. An
unbound drug fraction of 5% was used in all PD
analyses.12 For each patient a total of 100,000
simulations were conducted to determine plas-
ma concentration curves of unbound Ertapen-
em during the dosing interval. We estimated the
probability of obtaining free drug target values
using empirical distribution fT_ ;e generated
through simulation. Monte Carlo simulation
was implemented in R 2.13.0.

Results

Ten consecutive female patients who met the
study entry criteria and agreed to participate
to the study were enrolled and included in the
analysis. Clinical and demographic data are pre-
sented in Table I. The patients mean age was
47.9 years (min 32-max 61) and BMI ranged

Mean SD Min Max Median
Age (years) 47.9 9.4 32.0 61.0 48.5
Weight (kg) 124.2 12.6 106.0 150.0 122.5
Height (cm) 162.8 8.2 152.0 178.0 165.0
BMI (kg/m?) 47.0 5.3 42.5 58.5 45.4
Total proteins (g/100 mL) 7.2 0.3 6.8 7.6 7.1
Bilirubin (mg/dL) 0.4 0.3 0.1 1.1 0.3
GFR value (mL/min/1.73 m2) 76.4 25 71 83 78.5
Urea (g/L) 0.22 0.09 0.13 0.41 0.21
Vol. 80 - No. 9 MINERVA ANESTESIOLOGICA 1007
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Figure 1.—The total plasma Ertapenem concentration observed in our patients was 191.9+37.4 mg/L at the end of infusion,
which then decreased to 107.9+23.4 by 1 h, decreasing further to 75.8+14.8 mg/L by 2 h and to 1.0+0.1 mg/L by 24h postad-

ministration.

between 42.5 and 58.5 kg/m2. Ertapenem was
well tolerated and no significant adverse event
related to its infusion was reported. No patients
were observed to develop SSIs up to 30 days after
surgery. Mean fluid-therapy in the first hour was
13.64+5.81 mL/kg and mean hematocrit meas-
ured at the beginning of surgery was 37.7%, rep-
resenting a 4.57% reduction as a consequence of
fluid therapy.

The total plasma Ertapenem concentration
observed in our patients are presented in Figure
1 and the main PK parameters in Table II. The
mean concentration of Ertapenem in liver tissue
was found to be 6.5+3.3 mg/kg at 1 h (N.=5)
and 4.2+0.5 mg/kg at 2h postinfusion (N.=3).
Drug concentrations in peritoneal fluid were
28.2+6.4 mg/L at 4-8 h postinfusion, 15.2+5.9
mg/L at 8-12 h postinfusion and 4.8+0.2 mg/L
at 12-24 postinfusion.

TasLe I1.—Total plasma Ertapenem concentration.

For MIC=0.25 mg/L, the target of bacterios-
tasis (fT,yc of 20%) was predicted for 80% of
patients and that of maximal bactericidal activ-
ity (fT,yc of 40%) for approximately 70% of
patients. For MIC=0.5 mg/L the target for bac-
teriostasis was reached in 75% of patients and
that of bactericidal activity in 35% of patients
only (Figure 2).

Discussion

Obese patients remain at risk for several types
of post-surgical complications. SSIs alone can
harm surgical patients since they are often associ-
ated not only with local damage (e.g., dehiscence,
hernia), but also with a higher risk (up to 60%)
of requiring intensive care unit stay and a 2 to
3 times higher risk of death.!3 SSIs can be con-
sidered a potentially preventable complication,

Mean SD Min Max Median
AUC from 0 to infinity (mg-h/L) 574.3 110.5 382.9 741.5 623.3
Clearance (L/h/kg) 0.0148 0.0038 0.0106 0.0223 0.0138
Volume of central compartment (L/kg) 0.0242 0.0092 0.0110 0.0372 0.0256
Volume of distribution at steady state (L/kg) 0.0630 0.0157 0.0460 0.0947 0.0601
Mean residence time (h) 4.4 1.1 3.1 6.5 4.0
T % beta (h) 3.7 0.6 2.2 5.2 3.7
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Figure 2.—Monte Carlo simulation. Probability (%) of attaining free drug target values of fT\;c for bacteriostatic (20% of the
dosing interval, 7.e. 4.8 hours) and bactericidal activity (40% of the dosing interval, i.e. 9.6 hours).

and optimization of preoperative antimicrobial
prophylaxis is instrumental in achieving this
goal.4 However, few studies to date have evalu-
ated whether antimicrobials used for surgical
prophylaxis are administered at doses sufficient
to reach the optimal PK/PD target pertaining to
each molecule, and fewer have explored this topic
in the obese patient. In fact, the obese patient
often presents with specific alterations in terms
of PK (due to BMI and variable composition of
body mass itself).14 15 Bowel bacterial flora is also
different from that found in non-obese patients
and this should deserve special consideration in
selecting the appropriate antimicrobial for proph-
ylaxis according to the spectrum of activity.16
Our data show that Ertapenem PK has both
similarities and differences when compared to
data reported in both healthy volunteers and
non-obese patients. Plasma concentrations in fe-
male obese were higher during the first 4 h after
administration than those reported in healthy,
normal weight volunteers.!” On the contrary,
the AUC, ., measured in our population was

Vol. 80 - No. 9
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comparable to that reported previously 18 in nor-
mal-weight healthy individuals (574.3+110.5
mg-h/L vs. 586+50.4 mg-h/mL) but higher than
the values obtained for class III obese individu-
als (486+64.9 mg-h/mL). The higher AUC,_, in
our study may be related to the higher values
observed at the end of infusion (30 min) and at
1h. Irrespective of the explanation, an elevated
AUC relative to a higher Cmax does not nor-
mally impact the T>MIC, which represents the
major PK/PD parameter for time-dependent
antimicrobials. Finally, even though the values
of Ertapenem clearance (expressed as L/h-Kg)
were found to be similar between those previ-
ously reported for normal weight patients 8 and
our obese study population, a lower Vd in the
central compartment was observed in our pa-
tients. These differences might be related to the
different characteristics of the two study groups,
(healthy volunteers vs. morbidly obese patients
undergoing surgical procedures with general an-
esthesia), since surgery and anesthesia are both
known to impact a drug’s PK.15
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Levels in peritoneal fluid were comparable to
those previously reported in peritonitic patients
undergoing surgery,6 thus suggesting that an Er-
tapenem peritoneal fluid/serum ratio of approxi-
mately 80% (in the 4-8 h interval) and 100% (in
the 8-12 and 12-24h intervals) can be obtained
even in obese patients irrespective of the grade of
peritoneal inflammation. Some studies have sug-
gested a reduced tissue penetration of antimicro-
bials in obese patients as a consequence of lower
blood flow/tissue ratio.’3 Our data do not sup-
port such a view, since liver tissue penetration in
our patients was similar to that described for sep-
tic patients undergoing abdominal surgery (liver/
serum ratio 0.06 -0.05 »s. 0.088), thus suggest-
ing that tissue penetration is not affected by body
weight at least when inflammation is present.!?

For Ertapenem, as for all B-lactams, the PK/
PD parameter that best correlates with maximal
activity is T>MIC. Specifically for carbapenems,
T e, of 20% and 40% of the dosing interval
are commonly employed clinical PD targets for
bacteriostatic and maximal bactericidal effect,
respectively.20 If we assume that the PK/PD tar-
get should be reached in 90% of patients, the
Monte Carlo simulation reveals that this PK/PD
goal was not possible for any of the tested MICs
for either bacteriostatic activity (fT ¢ of 20%)
or maximal kill activity (fT ¢ of 40%). There-
fore, our results demonstrate that pre-surgical
prophylactic treatment with 1 g Ertapenem in
obese patients does not provide optimal drug ex-
posure even for pathogens which are well within
the susceptibility breakpoint recognized by EU-
CAST (0.5 mg/L) (www.eucast.org). Accord-
ingly, Frei and coworkers, using a Monte Carlo
simulation on PK/PD models of different anti-
biotics to evaluate antimicrobial breakpoints for
Gram-negative aerobic bacteria, suggested a ten-
tative breakpoint for Ertapenem of 0.25 mg/L.2!

The major limitation of our study is the lack
of a prospective, concurrent control group and
for this reason we have compared our data with
those reported in the literature. Moreover, our
study was restricted to Caucasian female patients
and it is well-recognized that fat tissue distribu-
tion can vary significantly in males and in in-
dividuals from different ethnic groups.!> There-
fore, our data on drug exposure should not be
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directly extended to other obese populations.
However, the restriction of our study to Cauca-
sian female patients only, although it represents
a potential limitation of the study, guarantees a
more homogenous collection of data and reduces
biases due to the effects of gender and ethnicity
on fat distribution and therefore on PK/PD.22.23
Another potential limitation of our study is that
it focuses on PK/PD and therefore does not al-
low us to ascribe clinical relevance from our data
analysis. Moreover, we did not measure creati-
nine clearance but we calculated it with a pre-
determined formula. Whatever formula is cho-
sen, it does not guarantee to accurately reflect
renal function as direct measurement should
have done. Finally, Ertapenem is not normally
indicated for surgical prophylaxis using current
guidelines. The fact that the spectrum of activity
of Ertapenem is similar to that of the II genera-
tion cephalosporin cefotetan, a drug previously
suggested in published guidelines for surgical
prophylaxis,24 and which is presently unavailable
in many countries, together with lack of activity
against Pseudomonas spp. and enterococci could
provide this antimicrobial a reduced ecological
impact.2 Therefore its use for prophylaxis might
be suggested in postsurgical units with a high
percentage of multidrug-resistant Pseudomonas
aeruginosa infections. Indeed, Ertapenem has
also been shown at least as effective as cefa-
losporins in abdominal infections.8 26 However,
because of this and of the concern about the use
of carbapenems and selective pressure on Kleb-
siella  pneumoniae producing carbapenemase
strands, the cost/effectiveness of Ertapenem as
prophylaxis remains to be established.

Conclusions

In summary, we have found that when Er-
tapenem is given to extremely obese Caucasian
female patients for surgical prophylaxis, the cur-
rently proposed dose might be insufficient. The
results of the present study have direct clinical
relevance to healthcare personnel caring for
obese patients and support the continuing need
to further investigate more extensively the PK/
PD of antimicrobials in a surgical population of-
ten ignored in clinical research and care.
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