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Infectious Diseases

nfectious Complications in
atients With Chronic Bacteriuria
ndergoing Major Urologic Surgery

essica T. Casey, Ronak Patel, Lauren P. Wallner, Bradley A. Erickson,
tephanie J. Kielb, and J. Quentin Clemens

BJECTIVES To review our perioperative antibiotic management of patients with chronic bacteriuria who
underwent urological procedures, and the relationship to postoperative infectious complications.

ETHODS Between January 2002 and January 2007, 77 patients with chronic bacteriuria underwent 94
major open procedures, including ileocystoplasty (n � 53), ileal conduit (n � 19), and
pubovaginal sling placement (n � 18). Admission urine cultures were classified as “sensitive”
(sensitive to admission antibiotics or no growth), “resistant” (resistant to admission antibiotics),
and “unknown” (multiple unspeciated organisms present or no admission culture data available).

ESULTS Our rate of multidrug resistance bacteriuria was 46.3%. There were 7 febrile urinary tract
infections, 12 wound infections, 1 episode of sepsis, and no intra-abdominal abscesses, yielding
an infectious complication rate of 20.2%. There was no statistical relationship between urine
culture status and the rate of febrile urinary tract infections or sepsis, but wound infections were
less common in patients with “sensitive” urine cultures. Of the patients who had urine cultures
that demonstrated multiple unspeciated organisms, 32% were complicated by wound infections.
On multivariate analysis, gender, age, and body mass index were associated with the develop-
ment of infectious complications.

ONCLUSIONS In a medically complex population of patients, those with neurogenic bladder and frequent
catheterization undergoing major abdominal surgery, we demonstrate an infectious complication
rate of 20.2%. Wound infections were as common in patients whose urine cultures revealed
multiple unspeciated organisms as those that were resistant to the perioperative antibiotics, and
in this population, further characterization may allow for more appropriate perioperative cov-

erage and a decreased rate of wound infections. UROLOGY 75: 77–82, 2010. © 2010 Elsevier Inc.
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ost patients who use bladder catheterization by
either chronic indwelling catheters or inter-
mittent catheterization have chronic bacteri-

ria.1,2 It is well recognized that this bacteriuria does not
equire antibiotics unless it is causing fever or other
ymptoms signifying a clinically significant urinary tract
nfection (UTI) or bacteremia.3 Patients with chronic
ladder catheterization commonly undergo urological
urgery for either complications related to the catheter-
zation itself or to treat the underlying bladder dysfunc-
ion. Such patients may be at increased risk of perioper-
tive infectious complications. Preoperative sterile urine
s considered mandatory, as transient perioperative bac-
eremia during manipulation of the genitourinary tract
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an lead to postoperative complications such as intra-
bdominal abscesses, septicemia, wound infections, or
ebrile UTIs.4,5

Few studies have addressed the optimal use of periop-
rative antibiotics for urologic surgery in patients with
acteriuria. Hamasuna et al4 demonstrated a relationship
etween organisms in preoperative urinary cultures, in-
raoperative subcutaneous swabs before skin closure, and
ubsequent surgical site infections and argued that the
acteria in the urine contaminated the surgical field
tself. However, a separate study found that preoperative
acteriuria was not a risk factor for surgical site infection
nd that preoperative antibiotic treatment for bacteriuria
as not sufficiency efficacious to decrease the incidence
f surgical site infection after radical cystectomy and
rinary diversion, especially with methicillin-resistant
taphylococcus aureus.6 The recent Best Practice Policy
tatement released by the American Urological Associa-
ion addresses the use of antimicrobial prophylaxis to
uppress the bacterial count or to attempt to sterilize the

eld preoperatively for patients with an existing bacteri-
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ria although it does not provide detailed guidelines
egarding the length and type of antibiotics.7 It is clear
hat the optimum protocol, if one is necessary, for anti-
icrobial prophylaxis in patients with chronic bacteri-

ria undergoing urological procedures remains to be de-
ermined. Our goal was to determine the relationship
etween the appropriateness of perioperative coverage of
acteriuria and postoperative infectious complications
hrough a retrospective review to provide more informa-
ion toward determining the best protocol for this chal-
enging population.

ATERIAL AND METHODS

etween January 2002 and January 2007, a total of 77 patients
ith neurogenic bladder dysfunction and a history of chronic
acteriuria underwent 94 major open surgical procedures, in-
luding ileocystoplasty, ileal conduit construction, nephrec-
omy, urethral sling placement, cystectomy, ureteral reimplan-
ation, prostatectomy, and cystolithotomy (see Table 1). All
atients were admitted 1-2 days before surgery to receive par-
nteral antibiotics (typically ampicillin and gentamicin, ad-
usted for allergies or known recent urine culture with resistant
rganisms). Urine cultures were obtained at the time of admis-
ion, and the antibiotic regimen was changed if needed on the
asis of these culture results. Preoperative urine cultures were a
oided specimen if the patient was able to do so, otherwise a
terile catheterized specimen was obtained. In an Internal Re-
iew Board approved study, patient medical records were ret-
ospectively reviewed to collect the following data points: pa-
ient demographics, preoperative inpatient urine culture results,
ype of perioperative intravenous antibiotics, and postoperative
nfectious complications. Multidrug resistance was defined as
esistance to drugs in at least 2 of 4 antimicrobial classes
valuated: (1) �-lactams (1 or more of the following: cefo-
axime, ceftriaxone, ceftazidime, imipenem, piperacillin, and
icarcillin); (2) aminoglycosides (2 or more of the following:
entamicin, tobramycin, and amikacin); (3) fluoroquinolo-
es (1 or more of the following: ciprofloxacin, levofloxacin,
nd norfloxacin); and (4) trimethoprim and/or sulfamethox-

Table 1. Continued.

Enterococcus faecalis (vancomycin
sensitive)

8 (14.8%)

Pseudomonas species 6 (11.1%)
Proteus species 3 (5.6%)
Staphylococcus aureus (methicillin-

sensitive)
3 (5.6%)

Achromobacter species 2 (3.7%)
Lactobacillus species 2 (3.7%)
Staphylococcus aureus (methicillin-

resistant)
2 (3.7%)

Stenotrophomonas species 2 (3.7%)
Acinetobacter species 1 (1.9%)
Enterobacter species 1 (1.9%)

* Out of 77 total patients.
† Out of 94 procedures.
‡ Total of 120 individual procedures (as 22 patients had 2 indi-
vidual procedures and 2 patients had 3 individual procedures
performed during 1 operative setting); percentage calculated as
percentage of 94 procedures.
Table 1. Patient demographics

Sex*
Male 41 (53.3%)
Female 36 (46.8%)

Age at surgery (y)
Median 37.5
Range 17-75

Body mass index (kg/m2)
Median 25.06
Range 15-44

Etiology of neurogenic bladder*
Paraplegic 28 (36.4%)
Quadriplegic 28 (36.4%)
Spina bifida 7 (9.1%)
Cancer metastases or radiation

therapy
5 (6.5%)

Cerebral palsy 3 (3.9%)
Spinal surgery 3 (3.9%)
Multiple sclerosis 1 (1.3%)
Imperforate anus 1 (1.3%)
Idiopathic 1 (1.3%)

Bladder management before open
procedure†

Clean intermittent catheterization 30 (31.9%)
Indwelling urethral catheter 30 (31.9%)
Catheterizable stoma 16 (17.0%)
Suprapubic indwelling catheter 15 (16.0%)
Condom catheter 3 (3.2%)

Preoperative risk factors for infection†

History of organ transplant 4 (4.3%)
Current/recent steroid use 2 (2.1%)
HIV 0
Current cancer 1 (1.1%)
Current chemotherapy 0
Diabetic 9 (9.6%)

Types of individual procedure performed‡

Ileocystoplasty 53 (56.4%)
Ileal conduit 19 (20.2%)
Pubovaginal sling 18 (19.1%)
Open suprapubic catheter placement 9 (9.6%)
Stomal revision 5 (5.3%)
Urethral closure 4 (4.3%)
Prostatectomy 3 (3.2%)
Open cystolithotomy 3 (3.2%)
Bladder stone removal 2 (2.1%)
Nephrectomy 1 (1.1%)
Cystectomy 1 (1.1%)
Ureteral reimplant 1 (1.1%)
Oophorectomy 1 (1.1%)

Preoperative urine cultures (n � 77)
No growth 11 (14.3%)
Multiple unspeciated organisms 25 (32.5%)
Speciated organisms (�100,000 CFU/

mL growth)
41 (53.2%)

Resistance of speciated organisms
(n � 54)

Resistant to �-lactams 19 (35.2%)
Resistant to aminoglycosides 14 (25.9%)
Resistant to fluoroquinolones 26 (48.1%)
Resistant to trimethoprim/

sulfamethoxazole
11 (20.4%)

Multidrug resistance (resistant to �2
antibiotic classes)

25 (46.3%)

Identification of speciated organisms
(n � 54)

Escherichia coli 16 (29.6%)
Klebsiella species 8 (14.8%)
zole.

UROLOGY 75 (1), 2010



i
w
t
t
i
w
c
a
c

c
l
c
j
a
d
u
p
i
w
f

R
P
m
p
(
c
b
i

9
(
C
�
t
o
a
o
(
8
a
t
l

6
9
a
(
(
p
d
w
a
c
t
t

e
y
1
t
2
w
a
d
t
w
w
f

s
i
c
a
c
c
s
r
w
t
.
m
w
p
t
w
r
c
d
(

c
a
a
9
a
a

C
O
w
p
n
(
w
a
c
r
c
s
w

U

Infectious complications were defined as clinically evident
ntra-abdominal abscess, sepsis, wound infection, or febrile UTI
ithin a 30 day postoperative period. Preoperative urine cul-

ures were classified as (1) no growth; (2) “sensitive” (sensitive
o perioperative antibiotics); (3) “resistant” (resistant to the
ntraoperative antibiotic regimen); or (4) “unknown” (culture
ith growth of multiple unspeciated organisms or no admission
ulture data available). The relationship between perioperative
ntibiotic coverage status and postoperative infectious compli-
ations was then assessed.

Bivariate associations comparing patients with infectious
omplications to those without infectious complications across
evels of demographic and preoperative characteristics were
haracterized using �2 tests of association. Multivariable-ad-
usted odds ratios and 95% confidence limits describing the
ssociations between demographic, preoperative, and proce-
ural characteristics with infectious complications were fitted
sing logistic regression. Backward selection of all significant
redictors as identified in the bivariate analyses was used to
dentify the most parsimonious final model. A P value of �.05
as considered statistically significant. All analyses were per-

ormed using SAS 9.0 (Cary, NC).

ESULTS
atient demographics are presented in Table 1. The
edian age was 37.5 years at surgery. Most patients were

araplegic or quadriplegic from spinal cord injuries
72%), used either clean intermittent catheterization or
hronic urethral catheterization for bladder management
efore surgery (64%), and underwent ileocystoplasty or
leal conduit procedures (76%).

Preoperative urine cultures were available for 77 of the
4 procedures (81.9%) (Table 1). Fifty-three percent
41/77) of the preoperative urine cultures had �100 000
FU/mL bacteria, and 29% (12/41) of these cultures had
2 speciated organisms. One-third (25/77) of the cul-

ures had �3 unspeciated organisms or minimal growth
f multiple nonuropathic organisms (“multiple unspeci-
ted organisms”). Forty-six percent of the 54 speciated
rganisms were multidrug resistant. Twenty-six percent
14/54) were resistant to ampicillin and gentamicin, and

of these 14 were covered perioperatively with other
ntibiotics to which the speciated organisms were sensi-
ive. Frequency of individual-speciated organisms are
isted in Table 1.

In relationship to the perioperative antibiotics used,
.4% (6/94) of the cultures were “resistant,” 47.9% (45/
4) were “sensitive” or demonstrated no bacterial growth,
nd 45.7% (43/94) were “unknown,” including 33.3%
26/94) with multiple unspeciated organisms and 18.1%
17/94) without available culture data. In 2 patients, the
erioperative antibiotics were changed before the proce-
ure on the basis of admission cultures; these patients
ere classified as “sensitive.” In 1 patient, the perioper-
tive antibiotics were changed on the day after the pro-
edure; this patient was classified as “resistant.” None of
hese 3 patients had infectious complications postopera-

ively. s

ROLOGY 75 (1), 2010
There were 7 febrile UTIs, 12 wound infections, 1
pisode of sepsis, and no intra-abdominal infections,
ielding an infectious complication rate of 20.2% (after
9 of the 94 procedures). Table 2 describes the details of
he individual infectious complications. One patient had

complications after 1 procedure (febrile UTI and
ound infection after augmentation ileocystoplasty with
utologous rectus fascia pubovaginal sling). Female gen-
er, older age, higher body mass index (BMI), procedure
ype, and longer operative time were positively associated
ith development of infectious complications (all P �.05),
hereas type of bladder management, preoperative risk

actors, and speciated growth type were not (Table 3).
Of the 20 infectious complications, 14 had a corre-

ponding culture of the urine, wound, or blood, depend-
ng on the type of complication (see Table 2). Of the 12
ultures that grew speciated organisms, 58.3% (7/12) had
t least 1 organism corresponding to the preceding urine
ulture. None of these 7 patients had “resistant” urine
ultures. The rate of infectious complications was not
ignificantly increased in those patients with multidrug
esistant urine cultures (31.8% vs 11.1%, P � .12). There
as no statistical relationship between urine culture sta-

us and the rate of febrile UTIs (P � .44) or sepsis (P �
78) (see Table 4), but wound infections were less com-

on in patients with “sensitive” urine cultures or those
ithout bacterial growth (P � .002). In addition, of the
atients who had urine cultures that demonstrated mul-
iple unspeciated organisms, 32% were complicated by
ound infections, similar to the percentage of those with

esistant cultures that developed wound infections. Urine
ulture status was also marginally associated with the
evelopment of any infectious complication (P � .08)
see Table 4).

After adjustment for gender, age, BMI, preoperative
ulture status, preoperative risk factors procedure type,
nd operative time, sex (OR 8.48, 95% CI 1.43-50.2),
ge (OR 1.05, 95% CI 1.01-1.09), and BMI (OR 1.10,
5% CI 1.01-1.20) were found to be significantly associ-
ted with the occurrence of any infectious complications
nd remained in the final model.

OMMENT
ur postoperative infectious complication rate (20.2%)
as similar or lower to those previously reported in the
ublished data. In a recent study of 50 patients with
eurogenic bladder undergoing ileovesicostomy, 17
34%) patients had a clinically evident postoperative
ound infection and 4 (8%) had postoperative intra-
bdominal abscess or peritonitis, giving an infectious
omplication rate of 42%.8 In 104 patients undergoing
adical cystectomy and urinary diversion for bladder can-
er, there was a 33% incidence of surgical site infection,
trictly defined as isolation of bacteria from a surgical
ound or drain even if there was no obvious infectious
tate.6 In another study of 77 patients undergoing radical
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ystectomy and ileal conduit diversion for bladder can-
er, clinically evident surgical site infections occurred in
0.5%, and febrile UTIs in 5.9%.9 Hamasuna et al4

eported a 25% infectious complication rate in 137 pa-
ients after open or laparoscopic urologic operations.
herefore, despite differences in perioperative antibiotic
anagement and definitions of surgical site infections,

ur data show similar, if not decreased, rates of postop-
rative infectious complications in an even more medi-
ally complex population.

Interestingly, of the patients who had urine cultures
hat demonstrated multiple unspeciated organisms, 32%
ere complicated by wound infections. As this culture

esult is a frequent occurrence in this population, given
heir chronic bacteriuria and frequent use of antibiotics,
t is important to understand how best to manage this
esult. In our study, empiric use of broad-spectrum anti-
iotics (ampicillin, gentamicin) did not decrease the risk
f wound infections in comparison with patients with
ultures that were clearly resistant to the perioperative
ntibiotics. Further characterization of this culture result

Table 2. Individual infectious complications

No. Age Gender Operation Com

1 38 F Ileal conduit Febr

2 49 M Ileocystoplasty Febr

3 50 F Ileocystoplasty, urethral
closure

Febr

4 74 M Ileocystoplasty,
prostatectomy

Febr

5 42 F Ileocystoplasty, urethral sling Febr
6 22 F Ileocystoplasty, urethral sling Febr

7† 42 F Ileocystoplasty, urethral sling Febr
7† 42 F Ileocystoplasty, urethral sling Wou

8 44 F Ileocystoplasty, urethral sling Wou

9 41 F Ileocystoplasty, urethral sling Wou
10 31 F Ileocystoplasty, urethral sling Wou
11 67 F Ileocystoplasty, urethral sling Wou

12 44 F Ileal conduit, oophorectomy Wou
13‡ 26 F Ileocystoplasty, urethral

closure
Wou

14‡ 27 F Ileal conduit Wou
15 71 F Ileal conduit Wou
16 61 F Ileocystoplasty Wou
17 64 M Ileocystoplasty Wou
18 53 F Ileocystoplasty Wou

19 62 M Ileocystoplasty Seps

E. coli indicates Escherichia coli; MRSA � methicillin-resistant S
epidermidis; MSSA � methicillin-sensitive Staphylococcus aureus
tract infection; VSE � vancomycin-sensitive enterococcus.
* S/R—preoperative urine culture organisms sensitive (S) or resi
† Same patient with 2 different complications after 1 procedure.
‡ Same patient with 2 complications after 2 different procedures.
s needed, especially in this high-risk population. s

0

Bacterial isolates from urine culture of spinal cord
njured patients varies from study to study on the basis of
ocal microbial patterns and use of antibiotics; however,
enerally in comparison with non–spinal cord-injured
atients, there is an increase in Pseudomonas, Proteus and
erratia and a decrease in E. coli and Klebsiella.10 In our
tudy, the most common bacterial isolates were Esche-
ichia coli (29.6%), Enterococcus faecalis (14.8%), Kleb-
iella species (14.8%), and Pseudomonas species (11.1%).
ur rate of multidrug resistance bacteriuria was 46.3%.
his is slightly higher than the 33% rate of multidrug

esistance reported by Waites et al.11 This may be ex-
lained by the fact that our sample consists of preopera-
ive patients, whereas those in the Waites study were
btained at the time of routine outpatient visits. As a
esult, our patients may have additional risk factors for
acterial resistance (eg, frequent antibiotic use, recent
ospitalization).
Multivariate analysis determined that female sex, older

ge, and higher BMI were associated with an increased
isk of any infectious complication. Tan et al8 demon-

ations
Preoperative Urine

Culture S/R* Infectious Culture

TI Klebsiella S Pseudomonas,
VRE, MSSA,
Klebsiella

TI E. coli S E. coli, Klebsiella,
Acinetobacter

TI E. coli,
Pseudomonas

S E. coli

TI E. coli S Enterococcus
avium, E. coli

TI Multiple organisms NA Not cultured
TI E. coli S E. coli,

Pseudomonas
TI Multiple organisms NA MSSA
fection Multiple organisms NA VSE, MRSE,

Pseudomonas
fection Pseudomonas,

Klebsiella
R Not cultured

fection Multiple organisms NA No growth
fection Multiple organisms NA No aerobic growth
fection Multiple organisms NA 1st: VSE, MRSE

2nd: MSSA, VSE
fection Multiple organisms NA MRSA
fection Multiple organisms NA VSE, MRSA

fection No culture NA Not cultured
fection Proteus R Not cultured
fection No growth NA Not cultured
fection Multiple organisms NA Not cultured
fection E. coli S E. coli viridans

streptococcus
E. coli S E. coli

ylococcus aureus; MRSE � methicillin-resistant Staphylococcus
� procedure number; R � resistant; S � sensitive; UTI � urinary

(R) to preoperative intravenous antibiotics.
plic

ile U

ile U

ile U

ile U

ile U
ile U

ile U
nd in

nd in

nd in
nd in
nd in

nd in
nd in

nd in
nd in
nd in
nd in
nd in

is

taph
; No.

stant
trated an increased risk of overall infections (including

UROLOGY 75 (1), 2010



w
i
p
a

t
o
i

bine

U

ound infections and intra-abdominal abscesses) after
leovesicostomy in adults with neurogenic bladder for
atients with a higher BMI. Additionally, Kanamaru et

Table 3. Infectious complications by demographics

Infect
(18 Patie

Gender*
Male
Female

Age at surgery (y)†

Median
Range

Body mass index (kg/m2)†

Median
Range

Bladder management before open procedure†

Clean intermittent catheterization
Indwelling urethral catheter
Catheterizable stoma
Suprapubic indwelling catheter
Condom catheter

Preoperative risk factors for infection†

History of organ transplant
Current/recent steroid use
HIV
Current cancer
Current chemotherapy
Diabetic

Speciated bacteria in preoperative culture†

No growth
Multiple unspeciated organisms
Escherichia coli
Klebsiella
Vancomycin-sensitive Enterococcus faecalis
Pseudomonas
Proteus
Methicillin-sensitive Staphylococcus aureus
Achromobacter
Lactobacillus
Methicillin-resistant Staphylococcus aureus
Stenotrophomonas
Acinetobacter
Enterobacter

Type of procedure performed‡

Ileocystoplasty 1
Ileal conduit
Urethral sling§ 7
Open suprapubic cathete r placement
Stomal revision
Urethral closure§

Prostatectomy§

Open cystolithotomy
Bladder stone removal
Nephrectomy
Cystectomy
Ureteral reimplant
Oophorectomy¶

Operative time (h)†

Median
Range

* Out of 77 total patients.
† Out of 94 procedures.
‡ Total of 120 individual procedures (as 22 patients had 2 procedu
as percentage of 94 procedures.
§ All procedures associated with infectious complication were com
l12 showed an association between surgical site infec- v

ROLOGY 75 (1), 2010
ions after an array of urologic procedures with age,
perative time, and history of hypertension on multivar-
ate analysis. Given our small numbers, we were unable to

Complication
19 Procedures)

No. Infectious Complication
(59 Patients, 75 Procedures) P

.005
(22%) 37 (63%)
(78%) 22 (37%)

.002
4.0 35.0
2-74 17-75

.036
9.2 25.7
7-44 15-40

.75
(32%) 24 (41%)
(37%) 23 (40%)
(11%) 14 (24%)
(21%) 11 (19%)

0 3 (5%)
.06

0 4/4
/2 0
0 0
0 1/1
0 0
/9 7/9

.67
/11 10/11
/25 17/25
/16 10/16
/8 6/8
/8 7/8
/6 4/6
/3 2/3
/3 3/3
/2 2/2
/2 2/2
/2 2/2
/2 2/2
/1 1/1
/1 1/1

.04
(26.4%) 39/53 (73.6%)
(26.3%) 14/19 (73.7%)
(38.9%) 11/18 (61.1%)

/9 9/9
/5 5/5
(50.0%) 2/4 (50%)
(66.7%) 1/3 (33.3%)

/3 3/3
/2 2/2
/1 1/1
/1 1/1
/1 1/1
/1§ 0/1

.03
4.4 3.5
3-6.5 2-7.5

nd 2 patients had 3 procedures performed at once); % calculated

d with an ileocystoplasty or ileal conduit.
ious
nts,

4
14

4
2

2
1

6
7
2
4

2

2

1
8
6
2
1
2
1
0
0
0
0
0
0
0

4/53
5/19
/18§

0
0

2/4§

2/3§

0
0
0
0
0
1

2.

res a
erify our univariate results of the effect of resistant
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ultures or those with multiple unspeciated organisms on
he increased risk of wound infections through multivar-
ate analysis.

One limitation of this study is that it focuses only on
ajor open urologic procedures. It is possible that the risk

f infectious complications is different in procedures
hich involve direct upper tract instrumentation (eg,
reteroscopy) or for other procedures such as transure-
hral prostate resection. An additional limitation of this
tudy was its retrospective nature. Also, our infectious
omplications were defined as clinically evident infec-
ions as opposed to more strict criteria. Although this
ay have lead to a lower rate of infectious complications,

t likely does not affect the clinical application of our
tudy. Finally, our study is limited by sample size which
revented a multivariable-adjusted assessment of the
ore specific complications (sepsis, UTI, and wound

nfections) because of small numbers.

ONCLUSIONS
n a medically complex population of patients, those with
eurogenic bladder and frequent catheterization under-
oing major abdominal surgery, we demonstrate an in-
ectious complication rate of 20.2%. Risk factors of fe-
ale sex, older age, and higher BMI led to a higher rate

f infectious complications. Wound infections were as
ommon in patients whose urine cultures revealed mul-
iple unspeciated organisms as those that were resistant to
he perioperative antibiotics, and in this population, fur-
her characterization may allow for more appropriate
erioperative coverage and a decreased rate of wound

Table 4. Preoperative urine culture status and infectious

“Sensitive” or No
Growth n � 45

“Resi
n

Febrile UTI 5 (11.1%)
Wound infection 1 (2.2%) 2 (3
Sepsis 1 (2.2%)
Any infectious complication 7 (15.6%) 2 (3
nfections.

2
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