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a continuous infusion of cefazolin versus
ampicillin/sulbactam and ertapenem
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ABSTRACT - Background - The incidence of surgical site infection in bariatric patients is significant and the current recommendations
for antibiotic prophylaxis are sometimes inadequate. Objective - The aim of this study was to analyze the effect of three prophylactic
antibiotic regimens on the incidence of surgical site infection. Methods - A prospective, cross-sectional study was conducted between
January 2009 and January 2013 in which 896 Roux-en-Y gastric bypasses were performed to treat obesity. The study compared three
groups of patients according to the perioperative antibiotic prophylaxis administered intravenously and beginning at anesthesia
induction: Group I consisting of 194 patients treated with two 3-g doses of ampicillin/sulbactam; Group II with 303 patients treated
with a single 1-g dose of ertapenem; and Group III with 399 patients treated with a 2-g dose of cefazolin at anesthesia induction
followed by a continuous infusion of cefazolin 1g throughout the surgical procedure. The rate of surgical site infection was analyzed,
as well as its association with age, sex, preoperative weight, body mass index and comorbidities. Results - The rates of surgical site
infection were 4.16% in the group treated prophylactically with ampicillin/sulbactam, 1.98% in the ertapenem group and 1.55% in
the continuous cefazolin group. Conclusion - The prophylactic use of continuous cefazolin in surgeries for morbid obesity shows
very promising results. These findings suggest that some prophylactic regimens need to be reconsidered and even substituted by more
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effective therapies for the prevention of surgical site infections in bariatric patients.
HEADINGS - Infection. Bariatric surgery. Cefazolin. Gastroplasty. Obesity.

INTRODUCTION

As obesity reaches current pandemic proportions,
the number of bariatric surgeries also increases world-
wide. This surgical treatment has been consolidated as
an effective therapy for obesity and for the long-term
maintenance of weight loss. Nevertheless, surgery for
obesity has been associated with some early and late
complications that account for significant morbidity.
The major villain in this group of complications is
infection; therefore, prevention is paramount in the
management of these patients.

For infection prophylaxis to be successful, the
spectrum, pharmacokinetics and toxicity of the
selected antimicrobial agents need to be taken into
consideration, as well as other factors such as the
appropriate duration of therapy and the maximum
concentration of the drug in the tissues at the time
of the incision® %13, However, the currently available
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guidelines on antibiotic prophylaxis are based on
healthy, non-obese patients.

The literature in general, and that related to obese
surgical patients in particular, is sparse with respect
to the use of antibiotics and their distribution in the
body of obese patients. Little is known on the pharma-
cokinetics of antibiotics in patients whose body mass
index (BMI) is >40 kg/m?®. Even so, the manner in
which obese patients absorb, distribute, metabolize
and excrete drugs in general is known to be different
from that of non-obese individuals.

Indeed, the relationship between body size and
physiological and pharmacokinetic variables in the
obese population!-> %2 implies that some physiologi-
cal changes that are characteristic of morbid obesity
affect the kinetics of drugs. These changes involve
an increase in cardiac output, total blood volume
and renal clearance, as well as the occurrence of fat
deposits in the liver and changes in plasma proteins.
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Taking into consideration that the incidence of surgical
site infection in patients operated on for morbid obesity is
high and the current recommendations for prophylactic an-
tibiotics are flawed”, with surgical site infection tending to
result in significant morbidity, it is assumed that the current
prophylactic regimens probably fail to provide adequate
tissue levels of the drugs in the morbidly obese. Therefore,
this study was conducted to analyze the rates of surgical site
infection (SSI) with three different antibiotic prophylactic
regimens.

METHODS

A prospective, cross-sectional study including a total of
896 Roux-en-Y gastric bypasses performed to treat obesity
was conducted between January 2009 and January 2013
at the Hospital of the Federal University of Pernambuco,
Northeastern Brazil (Table 1). The institute’s internal review
board approved the study protocol prior to its initiation and
all patients signed an informed consent form.

All the procedures were performed by laparotomy. The
study analyzed the rate of SSI according to the prophylactic
regimen used and also evaluated associations with other
factors such as age, sex, preoperative weight, BMI and co-
morbidities.

At admission, patients were examined to rule out any
possible sites of infection and to identify any communi-
ty-acquired infection, with the procedure being cancelled if
any were found. Two hours prior to surgery, patients were
asked to take a shower and wash their hair, after which the
surgical site was washed using a chlorhexidine solution.
Trichotomy was performed after anesthesia was induced.
After a skin incision was made, subcutaneous tissue was
carefully retracted, limiting injury to as few adipocytes as
possible and minimizing the risk of developing a seroma. The
aponeurosis was closed using continuous absorbable sutures.
The subcutaneous tissue was sutured to diminish the dead
space. No drains were used in the subcutaneous tissue. In all
cases, the skin was closed by suturing.

The study compared three groups of patients according
to infection prophylaxis, with the antibiotics being admin-
istered intravenously at the induction of anesthesia in all

cases!'" 1317 In Group I, 194 patients were treated with two
doses of ampicillin (2.0 grams) / sulbactam (1.0 gram); in
the 303 patients in Group II, treatment consisted of a single
I-gram dose of ertapenem; and the 399 patients in Group
IIT received a single 2-gram dose of cefazolin at induction
of anesthesia followed by a continuous infusion of 1 gram
of cefazolin throughout the surgical procedure. Patients
were followed up for a minimum of 30 days to diagnose
and control any possible infections!'> ', The presence of
pus was the criterion used to classify the wound as infected.
Whenever infection was detected at the surgical site, the
wound was opened. Dressings were changed daily. Sero-
mas were managed by manual expression, without need to
reopen the wound.

The data were presented as tables of frequency distribu-
tion. Means and medians were calculated and the chi-square
test was used to evaluate differences at a significance level
of 95% (P<0.05).

RESULTS

The most common surgical complications recorded were
related to the surgical site No patients had to be re-operated
and no deaths occurred as a result of these complications.
There were no statistically significant differences between the
three groups with respect to surgical site infection (Table 2).
The Frequency of postoperative complications according to
the type of antibiotic prophylaxis used were no statistically

TABLE 2. Rate of surgical site infection according to the type of antibiotic
prophylaxis used for bariatric surgery

Patients who developed wound infection Total n %

Group I

Ampicillin/sulbactam 194 08 4.12%
Group II

Ertapenem 303 06 1.98%
Group III

Continuous cefazolin 399 06 1.50%
Total 896 16 1.78%

Group I versus Group II: P=0.371; Group I versus Group III: P=0.143; Group II versus
Group I1I: P=0.890.

TABLE 1. Patient-related variables according to the type of antibiotic prophylaxis used for bariatric surgery

Variable Ampicillin/sulbactam Ertapenem Continuous Cefazolin
(n = 194) (n =303) (n = 399)
Females 116 (59.8%) 181 (59.7%) 248 (62.2%)
Males 78 (40.2%) 122 (41.3%) 151 (37.8%)
Mean age (range) (years) 33.1(16-61) 34.7 (20-64) 35.1 (16-70)

Mean weight (range) (kg) 124.8 (86-215)

Mean BMI (range) (kg/m?) 43 (35-79)

139 (71.6%)

Comorbidities

136.2 (87-232) 136.9 (85-202)

45 (33-72) 45 (33-65)

205 (67.6%) 278 (69.7%)
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significant differences between the groups (Table 3). No
adverse reactions occurred during the study that could be
attributed to the antimicrobial agents used as prophylaxis.

DISCUSSION

Recommendations regarding the prophylactic treatment
of infection in obese patients are currently identical to those
adopted for non-obese patients. The guidelines issued by the
Centers for Disease Control and Prevention (CDC) in 1999
recommend the prophylactic use of antibiotics, administered
intravenously to ensure peak plasma concentrations at the
time of incision, maintaining therapeutic blood and tissue
levels throughout surgery and up to a few hours after skin
closure® 17,

Drugs are absorbed, distributed, metabolized and excret-
ed differently in obese compared to non-obese patients. Few
data are available in the literature with respect to pharmaco-
therapy in obese patients and the available data are limited to
only a few drugs. As with anesthetics, chemotherapy drugs
and certain other drugs, antimicrobials may be significantly
affected by obesity and by changes determined by surgical
procedures® 1219,

The volume and the speed of distribution of drugs are
determined by many factors including body mass, blood
flow to the tissues, tissue protein binding and the kinetics
of drug excretion. The relative importance of each of these
factors varies with the physical and chemical characteristics
of the drug, including its lipid solubility. Most antimicrobial
substances are polar, or hydrophilic, meaning that they are
easily distributed in water but not in adipose tissue.

Surgical site infections develop in 5.6%-20% of patients
undergoing gastroplasty when cefazolin is administered
prophylactically. The incidence of surgical site infections in
patients operated on for obesity is high and there is a need to
establish recommendations for antibiotic prophylaxis in this
population”. For this reason, since 1997 this research group
has been involved in studying safe and effective prophylaxis.

The water content of adipose tissue is approximately
30% that of other tissues. Consequently, the volume of dis-
tribution of hydrophilic drugs in this type of tissue may be
around 30% of that found in other tissues. The distribution

of hydrophilic antimicrobials in the water content of adipose
tissue explains the need to increase the dose proportionally
to compensate for excess body weight, using the dose cor-
rection factor for the patient’s weight'”. In individuals who
are underweight or of normal weight, blood flow in adipose
tissue is low and represents around 5% of cardiac output,
whereas in obese individuals, fat tissue blood flow reaches
22% of cardiac output'®.

Unlike other antibiotics, the pharmacokinetics of vanco-
mycin and aminoglycosides has been extensively evaluated
in the obese population. The interval between doses should
be individualized by measuring the serum concentrations
of these drugs®. The maximum plasma concentration of
ciprofloxacin is lower in obese compared to non-obese pa-
tients following a 400-mg intravenous infusion of this drug;
however concentrations remain within the recommended
therapeutic range®.

In a study conducted by Edmiston et al., patients sub-
mitted to Roux-en-Y gastric bypasses for morbid obesity
were given 2 grams of cefazolin preoperatively followed by
a second dose three hours later. Thirty-eight patients were
assigned to one of three groups according to their BMI: A)
40-49 (n=17), B) 50-59 (n=11) and C) 260 kg/m? (n=10).
Multiple timed serum and tissue samples were collected
and cefazolin levels were assessed by microbiological assay.
Significantly lower concentrations of cefazolin were found in
the adipose closure (P=0.04), initial (P=0.03) and omental
flap closure (P=0.05) in groups B and C compared to group
A. Therapeutic tissue levels were achieved in only 48.1%,
28.6% and 10.2% of the specimens in groups A, B and C,
respectively®.

In a study carried out by Forse et al., morbidly obese
patients submitted to gastroplasty were randomly selected
to receive 1 gram of cefazolin either into the fatty tissue of
the gluteal region, intramuscularly in the gluteal region or by
intravenous injection, while a fourth group of morbidly obese
patients were given 2 grams of cefazolin intravenously. At
incision and closure, both blood and tissue levels of cefazolin
were significantly (P<0.001) lower in all the morbidly obese
patients who received 1 gram of cefazolin compared to the
blood and tissue levels of the drug found in patients of nor-
mal weight. Cefazolin levels below the minimum inhibitory

TABLE 3. Frequency of postoperative complications according to the type of antibiotic prophylaxis used for bariatric surgery

Commitiesirm 1::;5;?3;2/ Ertapenem Continuous Cefazolin Total
n % n % n % n %

Seroma 76 39.2 15 37.9 151 37.8 342 38.2
Atelectasis 09 4.6 19 6.3 18 4.5 46 5.1
Respiratory infection 05 2.6 03 1.0 5 0.7 13 1.4
Urinary tract infection 03 1.5 06 2.0 5 1.2 14 1.6
Gastric fistula 03 1.5 01 0.3 3 0.7 7 0.8
Thromboembolism 02 1.0 03 1.0 2 0.5 10 1.1
Intra-abdominal infection 03 1.5 03 1.0 3 0.7 9 1.0
Postoperative death 0 - 0 - 1 0.2 1 0.1
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concentration of >2 micrograms/mL for gram-positive cocci
and >4 micrograms/mL for gram-negative rods were found.
When the morbidly obese patients were given 2 grams of ce-
fazolin, the incidence of surgical site infection fell from 16.5%
to 5.6%; therefore, the recommended dose of cefazolin for the
morbidly obese patient was increased from 1 to 2 grams!9.

Ferraz et al. evaluated two groups of patients undergoing
Roux-en-Y gastric bypasses in a study in which patients re-
ceiving two 3-gram doses of ampicillin-sulbactam as antimi-
crobial prophylaxis were compared with patients receiving a
single 1-gram dose of ceftriaxone. No statistically significant
differences were found between these two groups with respect
to the incidence of surgical site infectionV.

In a study conducted by van Kralingen et al., younger age
rather than body weight was shown to be associated with a
significantly higher clearance of cefazolin. However, since
the unbound plasma concentrations of cefazolin remained
above 1 mg L(-1) in all patients weighing <260 kg up to 4
hours after intravenous administration of a 2-gram dose,
repeating the dose within 4 hours of administration or giving
the patients a dose of another class of antibiotic should only
be considered in the case of a higher minimum inhibitory
concentration for 90% of the isolates tested!®.

Current analysis of pharmacokinetic dosing suggests that
the strategies adopted may fail to provide adequate periop-
erative prophylaxis in gastric bypass patients. The results of
the present study show rates of surgical site infection that
range from 4.16% when prophylaxis with ampicillin-sulbact-
am is used to 1.98% when ertapenem is used and 1.55% with
continuous cefazolin. The use of continuous cefazolin as
prophylaxis during the surgical treatment of morbid obesity
has shown very promising results. However, further studies
are required to evaluate the effect of this therapy on hospital
microflora and bacterial resistance. Therefore, based on these
findings, some prophylactic regimens should be reconsidered
and even substituted to ensure the prevention of surgical site
infection in bariatric patients.
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RESUMO - Contexto - A incidéncia de infecgdo de sitio cirirgico em pacientes bariatricos ¢ significativa e as recomendagoes atuais para a profilaxia

antibidtica sao por vezes inadequadas. Objetivo - O objetivo deste estudo foi analisar o efeito de trés esquemas de antibioticos profilaticos sobre a

incidéncia de infecgdo de sitio cirurgico. Método - Estudo prospectivo, transversal, foi realizado entre janeiro de 2009 e janeiro de 2013, em que 896

derivagdes gastricas em Y de Roux foram realizadas para tratar a obesidade. O estudo comparou trés grupos de pacientes de acordo com a profilaxia

antibiotica administrada no perioperatdria por via intravenosa, iniciada na indugo anestésica: Grupo I constituido de 194 pacientes tratados com

duas doses de 3 g de ampicilina/sulbactam; Grupo II com 303 pacientes tratados com uma tnica dose de 1 g de ertapenem; e Grupo III com 399 pa-

cientes tratados com uma dose de 2 g de cefazolina no momento da indugdo da anestésica seguida de uma infusido continua de cefazolina 1 g durante

o procedimento cirurgico. A taxa de infecgdo de sitio cirurgico foi analisada, bem como a sua associagdo com a idade, sexo, peso pré-operatorio, o

indice de massa corporal e comorbidades. Resultados - As taxas de infecgao do sitio cirtirgico foram de 4,16% no grupo tratado profilaticamente com

ampicilina/sulbactam, 1,98% no grupo de ertapenem e 1,55% no grupo de cefazolina continua. Conclusdo - O uso profilatico de cefazolina continua

em cirurgias para obesidade moérbida apresenta resultados muito promissores. Estes resultados sugerem que alguns regimes profilaticos precisam

ser reconsiderados e até mesmo substituidos por terapias mais eficazes para a prevencao de infecgdes de sitio cirirgico em pacientes bariatricos.
DESCRITORES - Infecgao. Cirurgia bariatrica. Cefazolina. Gastroplastia. Obesidade.
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