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Abstract

Background Although obesity is a well-known risk factor
for surgical site infection (SSI), specific risk factors for SSI
among obese patients undergoing bariatric surgery (BS)
have not been well-defined.

Methods We performed a prospective cohort study on
patients who underwent BS at nine community hospitals
in the USA between 7/1/2007 and 12/31/2008. Each patient
had the following data recorded: National Nosocomial
Infection Surveillance (NNIS) risk index; the choice,
timing, and dose of antibiotic prophylaxis; age; body mass
index; and duration of surgery. NNIS criteria were used to
define SSI. Cases were detected during the post-operative
hospital stay, on readmission to hospital within 30 days of
the procedure and by post-discharge surveillance.

Results A total of 2,012 patients were included in the study.
The majority of procedures were laparoscopic (82%). The
overall rate of SSI was 1.4% (28/2012). Patients who
received vancomycin surgical prophylaxis were more likely
to develop SSI than patients who received other antibiotics
(relative risk [RR]=9.4; 95% confidence interval [CI]=3.1—
26.1; p=0.005). More specifically, patients who received
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vancomycin prophylaxis as a single agent at a dose less
than 2 g were more likely to develop SSI than patients who
received other antibiotic regimens (RR=7.1; 95% CI=1.9—
23.8; p=0.035).

Conclusions Inadequate dosing of vancomycin prophylaxis
prior to BS is associated with increased risk of SSI. If
vancomycin is used for prophylaxis, the appropriate dose
should be calculated using actual bodyweight rather than
lean bodyweight in accordance with Infectious Disease
Society of America recommendations.

Keywords Surgical site infection - Vancomycin dosing -
Bariatric surgery

Introduction

Obesity is a risk factor for surgical site infection (SSI)
following various surgical procedures [1-3]. Thus, surgical
procedures performed exclusively on obese patients might
be expected to have a high incidence rate of SSI. Indeed,
data published from tertiary care hospitals prior to 2002
suggests that rates of SSI following bariatric surgery (BS)
may be as high as 10% for open procedures and 3% for
laparoscopic procedures [4]. The Centers for Disease
Control and Prevention (CDC) has published data on
gastric surgeries (rate of SSI ranges from 2.6 to 8.3/100
procedures) but has not published data specifically for BS
[5]. Thus, benchmarks are not available for either laparo-
scopic or open BS programs in community hospitals.
Moreover, although obesity is well known to be a risk
factor for SSI, few studies have assessed risk factors for SSI
specifically for obese patients undergoing BS.

In the following study, we calculate the rate of SSI
following bariatric surgery in patients from a group of
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community hospitals and compare this rate to rates
previously published for patients in tertiary care hospitals.
Secondly, we evaluate the importance of a number of
potential risk factors for SSI following BS.

Methods

We performed a prospective cohort study on patients who
underwent gastric procedures [National Nosocomial Infection
Surveillance System (NNIS) code: GAST] at nine community
hospitals (median bed size, 349; range, 263—406) in the
southeastern USA from 7/1/2007 through 12/31/2008. Data
were collected on risk factors and SSI using standard CDC
surveillance definitions [6]. Bariatric procedures were iden-
tified by ICD-9-CM codes 44.31 (high gastric bypass), 44.38
(laparoscopic gastroenterostomy), or 44.39 (gastroenteros-
tomy without gastrectomy) [7]. These procedures were
assumed to be bariatric procedures if the patient's BMI was
>35 kg/m?. In addition, these procedures were confirmed as
bariatric procedures by the bariatric surgery program
coordinators at each participating hospital. Banding proce-
dures were excluded from the analysis. All data were
collected and entered by infection control personnel at
participating hospitals. SSI surveillance was performed
identically at all study hospitals using standard CDC
methods [8]. Data on procedures were prospectively entered
into a standardized surveillance database. SSIs were detected
during the index admission, on readmission for management,
or post-discharge surveillance. Post-discharge surveillance
included both review of outpatient microbiologic records and
letters to surgeons. The following variables were collected
for all procedures: type of procedure; age; BMI; length of
surgery; wound class, ASA score; timing of antibiotic
prophylaxis; antibiotic(s) used for prophylaxis; and dose of
antibiotic prophylaxis. The NNIS risk index (RI), a method
for SSI risk stratification validated by the CDC (e.g., RI of
O=Ilowest risk and RI of 3=highest risk) [9], was calculated
for all procedures. If an SSI was identified, the presence and
type of SSI and species of organism were recorded. This
dataset was used to calculate SSI rates and to assess possible
risk factors for SSI following BS. Continuous variables were
compared using the unpaired ¢ test, and categorical variables
were compared using the chi-square test. Relative risk and
confidence intervals were calculated using the JavaStat
website online calculator (available at http:/statpages.org/
ctab2x2.html; last accessed 9/6/2009).

Results

A total of 2,758 GAST procedures (746 non-bariatric and
2,012 bariatric procedures) were entered in to the database

during the 18-month study period. These procedures were
performed by a total of 56 different surgeons in nine
different hospitals (median number of procedures per
hospital=247; range, 27-691 procedures). Bariatric proce-
dures were performed in all nine hospitals (median number
of procedures per hospital=142; range, 4-552 procedures)
by a total of 24 different surgeons (median number per
surgeon per year=57; interquartile range=15-155).

In total, 28 SSI were identified following bariatric
surgery; 15 (53.6%) of the SSI's were superficial-
incisional, five (17.9%) were deep-incisional, and eight
(28.6%) were organ space infections. The most common
species isolated from SSI were Streptococcus species (8/28;
29%), followed by Staphylococcus aureus (5/28; 18%). Of
the streptococcal isolates, three were hemolytic streptococci
and five were viridans streptococci. Of the S. aureus
isolates, one was methicillin-sensitive and four were
methicillin-resistant (Fig. 1). Overall, the rate of SSI for
non-bariatric gastric procedures was similar to BS proce-
dures (12/746 [1.6/100 procedures] and 28/2012 [1.4/100
procedures] respectively; p=0.72). The rates of SSI after
stratifying by NNIS RI were 0.98/100 procedures (RI 0; n=
3/307 procedures), 1.49/100 procedures (RI 1; n=21/1407),
and 1.34/100 procedures (RI 2 or 3; n=4/298).

Over 80% of BS procedures were performed laparos-
copically (1,656/2,012; 82.3%). Interestingly, the rate of
SSI for laparoscopic BS was higher than the rate for open
BS, although this difference was not significant (26/1,656
[1.6%] and 2/356 [0.6%] respectively; p=0.14). Patients
who underwent laparoscopic BS were more likely to have a
NNIS score of 2 or 3 than patients who underwent open BS
procedures (269/1,656; 16.2% vs 29/356; 8.1%; p<0.0001),
implying that patients who underwent laparoscopic proce-
dures were at higher risk for SSI at baseline. In addition,
patients who underwent laparoscopic BS also had a
significantly younger mean age, a longer mean duration of
surgery, and a higher mean BMI compared with patients
who underwent open BS procedures (Table 1).
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Fig. 1 Types of organisms causing SSI following bariatric surgery
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Table 1 Comparison of patients undergoing open and laparoscopic bariatric surgery

Laparoscopic Open Difterence (95% CI) P value
Mean age 44.00 45.32 —1.32 (-0.08-2.56) 0.0362
Mean BMI 49.38 46.40 2.98 (1.25-4.70) 0.0007
Mean duration of surgery (min) 138.17 116.15 22.02 (13.44-30.59) <0.0001
NNIS score 2 or 3 269/1,656 (16%) 29/356 (8%) N/A? <0.0001
SSI Rate 26/1,656 (1.6%) 2/356 (0.6%) N/A? 0.14

#N/A not applicable

Patients with and without SSI were not significantly
different with respect to mean BMI, mean duration of
surgery, or mean age. Patients with SSI had antimicrobial
prophylaxis given in the hour prior to surgical incision less
frequently than non-infected patients, although this differ-
ence was not statistically significant (25/28 [89%] vs 1,830/
1,962 [93.3%]; p=0.43).

Data on the type of antimicrobial prophylaxis were
recorded for 1,989/2,012 (99%) bariatric surgery proce-
dures. A total of 37 different prophylactic antimicrobial
regimens were used. Regimens consisted of either combi-
nations of antimicrobial agents (442/1,989; 22%) or single
agents (1,547/1,989; 78%). The most common single
agents were cefazolin (864/1,989; 43%), followed by
cefoxitin (413/1,989; 21%), and a fluoroquinolone (132/
1,989; 6.6%). The most common combination regimen was
ceftriaxone and metronidazole (198/1,989; 10%).

We detected significant differences between patients
with and without SSI with respect to receipt of vancomycin
prophylaxis. Vancomycin was used as a single antimicro-
bial prophylactic agent in a total of 26 patients in five
different hospitals. Nine additional patients received van-
comycin in combination with other antimicrobial agents.
Patients who received vancomycin as a single prophylactic
agent were nine times more likely to develop an SSI than
patients who received other antibiotic prophylaxis regimens
(relative risk [RR]=9.4; 95% confidence interval [CI]=3.1-
26.1; p=0.005). Nearly all patients who received vanco-
mycin either as a single agent or in combination with other
agents received a dose of less than 2 g (31/33; 94% [for the
remaining two of 35 patients that received vancomycin, the
dose was not specified]). Patients who received vancomy-
cin at a dose less than 2 g (either as a single agent or in
combination with other agents) were more likely to develop
SSI than patients who received other antibiotic prophylaxis
regimens (RR=4.7; 95% CI=1.3-16.5; p=0.073). Similarly,
patients who received vancomycin as a single agent at a
dose less than 2 g were more likely to develop an SSI than
patients who received other antibiotic prophylaxis regimens
(RR=7.1; 95% CI=1.9-23.8; p=0.035).

We carried out a further stratified analysis to evaluate the
possibility that the NNIS risk index was confounding the
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association between vancomycin prophylaxis and SSI. We
found no significant difference in the proportion of patients
at high risk of SSI (NNIS risk index scores of 2 or 3)
between patients who did and did not receive vancomycin
as a single prophylactic agent (3/26; 11.5% vs 294/1,963;
15.0%; p=0.79). Similarly, we found no significant
difference in the proportion of patients at high risk of SSI
(NNIS risk index scores of 2 or 3) between patients who
received a vancomycin-containing regimen (i.e., vancomycin
with or without another agent) and those who received
other prophylactic regimens (3/35; 8.6% vs 294/1,955;
15.0%; p=0.47).

Discussion

The rates of SSI following BS in our group of community
hospitals were lower than rates reported in previous studies
that used data obtained from tertiary care hospitals [4] and
the CDC [5]. Our low rates of SSI are consistent, however,
with a more recently published multicenter study that
described low overall rates of complications following BS
[10]. Although rates of SSI were not specifically examined
in that study, rates were likely to have been low since only
2.9% of patients who underwent any type of bariatric
procedure and 0.8% of patients who specifically underwent
laparoscopic BS required either a second abdominal
operation or placement of an abdominal drain [10].

Previous studies have reported lower rates of SSI
following laparoscopic than open BS [11, 12]. In our study,
however, we did not detect a significant difference in rates
between laparoscopic and open procedures, although we
did find that patients undergoing these two procedures had
different risk profiles. More specifically, patients who
underwent laparoscopic surgery were at higher pre-
operative risk for SSI than those undergoing open BS.
Patients who underwent laparoscopic surgery were more
likely to have a NNIS risk index of 2 or 3, had slightly
higher mean BMI (49 vs 46), and had a longer mean
duration of surgery.

Secondly, we observed that a wide range of different
antimicrobial regimens were used as peri-operative prophy-
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laxis during BS (37 different regimens). This finding
illustrates the need for clear-cut and widely accepted peri-
operative prophylaxis guidelines specifically for patients
undergoing BS procedures.

Finally, we detected significant differences between
infected and uninfected patients with respect to peri-
operative prophylaxis with vancomycin. Vancomycin is
often given as a prophylactic antibiotic prior to surgery
when patients are either allergic to beta-lactam antibiotics
or known to be colonized with MRSA [12, 13]. Though
vancomycin-containing regimens were given to a minority
of patients (35/1,989; 1.8%), we found a statistically
significant association between the use of vancomycin
prophylaxis and subsequent SSI. This association did not
appear to be confounded by differences in case mix (i.e.,
NNIS risk index). To our knowledge, this association has
not been previously reported either for BS or other surgical
procedures.

Although it is possible that the association between
vancomycin prophylaxis and SSI is confounded by varia-
bles that we did not measure, there are at least two plausible
biological reasons to suspect that vancomycin may be less
effective than other prophylactic regimens when used for
BS. Firstly, vancomycin is not effective against gram-
negative organisms. These organisms colonize the gastro-
intestinal mucosa, may cause wound contamination during
BS, and are well-known to cause SSI [14]. For example, in
our series, gram-negative organisms caused over 10% of
SSI. Furthermore, a recently published study reported a
trend toward higher rates of gram-negative SSI in patients
that received vancomycin prophylaxis compared with other
regimens [15]. A second possible explanation for the poor
effectiveness of vancomycin mono-prophylaxis relates to
the pharmacokinetics of vancomycin in obese patients.
More specifically, in obese patients, the volume of
distribution and renal clearance of vancomycin are greater
than in non-obese patients [16—18]. Therefore, the Infectious
Diseases Society of America (IDSA) has recommended that
dosing of vancomycin in obese patients be based on actual
body weight rather than lean body weight (15 mg/kg) [18—
21]. According to these guidelines, over 90% of patients in
our cohort who received vancomycin did not receive an
adequate dose.

Our study had several strengths and weaknesses.
Strengths of our study include prospectively collected data,
multicenter design, and uniform data collection using
standardized and validated methods and definitions. Weak-
nesses of the study include observational design, low rates
of SSI (and thus low power to detect risk factors for SSI),
and the failure to contact individual patients directly during
post-discharge surveillance. It is also possible that our post-
discharge surveillance protocol did not allow us to detect
some patients with superficial-incisional SSI that were

managed in the community. If indeed this was the case,
then this could provide an explanation for the particularly
low rates of SSI that we observed following open BS
procedures. Another weakness of our study was the failure
to include laparoscopic banding procedures. Had we
included laparoscopic banding procedures, it is possible
that rates of SSI may have been even lower than we
observed. Future prospective studies should include lapa-
roscopic banding procedures and should ideally also
include technical details of the laparoscopic procedure such
as whether or not the procedure involved percutaneous
extraction of small bowel or gastric tissue.

In summary, we found low rates of SSI in a cohort of
patients who underwent laparoscopic and open BS at a group
of nine community hospitals. This finding suggests that rates
of SSI following bariatric surgery in community hospitals
may be lower than previously published reports would
suggest. Secondly, we found that a wide range of antibiotic
prophylaxis regimens were used, illustrating the need for
specific antimicrobial prophylaxis guidelines for BS. Thirdly,
we found that vancomycin prophylaxis was associated with
increased risk of SSI following BS. Moreover, when
vancomycin prophylaxis was given, it was under-dosed in
over 90% of patients. On the basis of these findings, we
believe vancomycin prophylaxis as a single agent should be
avoided prior to BS. When vancomycin is used, a second
agent with gram-negative cover should also be given. Finally,
vancomycin doses should be based on actual bodyweight
rather than lean bodyweight in accordance with current IDSA
recommendations.
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