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Abstract Surgical wound infection is a serious and
potentially catastrophic complication after joint arthro-
plasty. Urinary tract infection is a common infection that
creates a potential reservoir of resistant pathogens and
increases patient morbidity. We asked whether treated
preoperative and postoperative urinary tract infections are
risk factors for deep joint infection. We examined the
medical records of 19,735 patients. The minimum had joint
infections develop. Of these, three had preoperative and
four had postoperative urinary tract infections. The
majority of bacteria were not enteric. The bacteria in the
two types of infections were not identical. Control subjects
were randomly selected from a list of patients matched
with patients having infections. Of these, eight had pre-
operative and one had postoperative urinary tract
infections. We found no association between the preoper-
ative urinary tract infection (odds ratio, 0.341; 95%
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confidence interval, 0.086—1.357) or postoperative urinary
tract infection (odds ratio, 4.222; 95% confidence interval,
0.457-38.9) and wound infection. Only one of the 58
patients with wound infections had a urinary tract infection
with the same bacteria in both infections. Given the
infection rate was very low (0.29%), the power of the study
was only 25%. Although limited, the data suggest patients
with urinary tract infections had no more likelihood of
postoperative infection. We believe treated urinary tract
infection should not be a reason to delay or postpone
surgery.

Level of Evidence: Level III, therapeutic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Infection is one of the most serious complications after
joint arthroplasty. Revision of joint arthroplasty because of
infection is associated with long hospitalization, many
operations, and with a current mortality rate of 1% to 2.7%
[6, 18, 27, 33, 49]. Although its reported incidence now is
less than 1%, its treatment is among the most expensive of
orthopaedic procedures with costs often greater than
$50,000 [4, 40]. The importance of prevention is critical
because of the devastating clinical and economic
consequences.

Numerous authors have proposed theories [8, 12, 14, 17,
28, 35, 46, 48] and risk factors [3, 12, 30, 35] (Table 1)
regarding the pathogenesis of infection after joint arthro-
plasty to prevent and control this condition. However,
identification of risk factors often is difficult [3, 18, 27, 30].

Urinary tract infection (UTI) is a common nosocomial
infection creating potential bacteria [5, 45]. The presence
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Table 1. Risk factors for wound infection after joint arthroplasty
[3, 12, 30, 35]

Risk factor

Immune system impairment

Systemic disease (rheumatoid arthritis, lupus, diabetes, malignancy)
Advanced age (> 80 years)

Malnutrition (< 15% body mass index)

Obesity (> 20% over ideal weight)

Urinary tract infection

Remote site infection

Previous joint infection

Closed suction drain

High postoperative international normalized ratio
Long duration of surgery (> 120 minutes)
Preoperative stay in hospital (> 4 days)

of a urinary catheter is the main risk factor for UTI [44, 45,
50] and can precipitate bacteremia [32, 44, 45]. In ortho-
paedic surgery, UTI as a source for joint infection is the
subject of controversy [9, 36, 41]. Some authors suggest
UTI should be treated before the joint arthroplasty [9]
whereas others have stated there are no well-documented
data to support the association between UTI and joint
infection [15, 36, 41]. Some authors report an association
between postoperative bladder catheterization and sub-
sequent joint infection [7, 28, 30]. However, these data are
from case reports or case series [7, 28, 30] and their
validity is questionable [10].

We therefore asked whether a treated preoperative or
postoperative UTI or asymptomatic bacteriuria increases
the risk of joint infection and whether the organisms are the
same when UTI and joint infection occur in the same
patient.

Materials and Methods

In our hospital, more than 5000 joint arthroplasties are
performed annually. We performed a retrospective chart
review and case-control analysis on all 19,735 joint
arthroplasties from our institution performed between 2000
and 2004 with followup of at least 1 year. Four hundred
thirty-five patients were lost to followup. These patients
had only 3 or 6 months followup and some might have had
subsequent late wound infections. We found 58 patients
(0.29%) with joint infections and obtained a control group
without joint infections matched to this group. For both
groups of patients, we searched their medical records for
the presence or absence of preoperative or postoperative
UTIs, determined the types of bacteria in the UTIs and
wound infections, and determined whether there was an
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association between UTI and joint infection. The project
was reviewed and approved by the Institutional Review
Board committee (IRB #25050).

Given the measured rates of UTI in our sample, our
study had a Type II error of 75% (ie, power of 25%) to
detect a major association between UTI and wound
infection for a Type I error of 0.05. To obtain a Type II
error of 20% (ie, power of 80%), one would have to
include in the analyses a population of 260 patients with
wound infections and 260 control subjects. Given our
hospital’s rates, this number could have been obtained
from a database approximately four times larger than the
current one (that would correspond to approximately
80,000 subjects).

We obtained a list of all patients undergoing THAs and
TKAs at our hospital from January 2000 to December 2004
from the hospital database. The hospital infection control
group prospectively collects data on all infections in the
hospital including data on perioperative UTI and joint
infection. All cases were identified from these data. In
addition, all patients who underwent a surgical procedure
for exploration of a wound, débridement of a wound, or
removal of an infected prosthesis from January 2000 until
December 2005 were identified. We registered all the
patients who had débridement in the operating room owing
to wound infection, all who had implant extraction result-
ing from deep infection, and all who had revision
attributable to joint infection during the study period. At
the same time, we identified the same cases in the micro-
biology department to register the bacteria. Moreover, we
followed all the cultures from joint arthroplasty cases in the
microbiology department to identify positive cultures from
superficial drainage in which débridement was not per-
formed and antibiotic treatment was adequate. We did not
register cases with negative cultures and cases in which
additional therapy was not used. However, if additional
therapy was used, we should have identified them. From
these data, we identified 58 patients who had postoperative
wound infections (Fig. 1; Table 2). There were 32 primary
TKAs, 16 primary THAs, five hip revisions, three knee
revisions, one bilateral THA, and one bilateral TKA. There
were 55 acute and three subacute postoperative wound
infections of which 42 were deep incisional and 16 were
joint space infections (Fig. 1). The minimum followup of
the 58 patients was 1 year (mean, 3 years; range, 1-
16 years).

Control subjects were randomly selected from a list of
patients without infections matched 1:1 with the patients
with infections by age (£ 2 years), gender, surgeon, joint
(hip or knee), and year of surgery (Table 2). Control sub-
jects also were matched with patients with infections by
equal length of followup. There were no changes in clinical
practices during the study period.
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Fig. 1 A flowchart illustrates
the distribution of patients with
postoperative wound infections
after joint arthroplasty according
to type of wound infection and
the presence of preoperative or
postoperative UTL.

l 42 deep incisional

3 preoperative UTls
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| 58 wound infections

Escherichia coli]
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16 joint space

v

Table 2. Demographics of patients with wound infections and control subjects

Demographic characteristics

Patients with infection (n = 58)

Control subjects (n = 58)

Gender
Female
Male
Age (years)*
Catheterization time (hours)*
Followup (years)*
Joints
Knee
Hip
Type of wound infection
Deep incisional
Joint space
Acute
Subacute
Bacteria (urine cultures)

Preoperative UTI

Postoperative UTI

Bacteria (wound cultures)
Staphylococcus aureus
Staphylococcus epidermidis
Morganella morgani
Klebsiella pneumonia
Proteus mirabilis
Citrobacter freudi
B-Hemolytic Streptococcus
Pseudomonas

38

20

66.7 £ 12.2 (27-90)
43.4 + 16.6 (8-87)
3.09 £ 0.756 (2-4)

36
22

42
16
55
3

38
20

65.4 £ 12.2 (32-88)

44 £ 155 (12-85)
3.02 £ 0.69 (2-4)

36
22

3 [Citrobacter freudi, B-hemolytic Streptococcus,
Escherichia coli]

8 [Enterococcus, Escherichia coli (4),
B-hemolytic Streptococcus,
bacteriuria + symptoms (no culture),
Citrobacter freudi]

4 [Enterococcus (2), Escherichia coli (2),
Staphylococcus epidermis,
Staphylococcus aureus,
Enterococcus-Escherichia coli,
B-hemolytic Streptococcus]

38

—_ N = = = O\

1 [Escherichia coli]

* Values are expressed as mean =+ standard deviation, with range in parentheses; UTI = urinary tract infection.
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A week before surgery, all patients were examined by an
internist and any preoperative UTI was treated with antibi-
otics as determined by susceptibility test results. Our policy
for preoperative UTI or asymptomatic bacteriuria during the
study period was antibiotic therapy for 5 to 8 days and
thereafter the performance of joint arthroplasty, which was
approximately 1 week after the diagnosis of UTIL.

All patients undergoing joint arthroplasty were admitted
to the hospital on the day of surgery. All patients received
epidural or combined spinal epidural anesthesia, and uri-
nary catheters were placed routinely, sometimes in the
operating room but usually immediately after surgery in the
postanesthesia care unit. Catheters were placed aseptically
by trained personnel using closed systems. Institutional
policy was to administer intravenous antibiotics within 1
hour of the surgical incision. Antibiotic-impregnated
cement was used for patients at high-risk or for those with
prior infection, although this was not used routinely in
patients with asymptomatic UTI. Prophylactic intravenous
antibiotics were administered 24 hours postoperatively for
primary cases and until routine operative cultures were
negative and final for revision cases. The catheters were
discontinued when patients could stand or when the epi-
dural analgesia was discontinued.

We defined wound infections, in accordance with the
2004 Centers for Disease Control and Prevention criteria
for surgical site infections (SSIs), as superficial incisional,
deep incisional, or joint space infection [19]. A superficial
incisional SSI met the following criteria [19]: (1) infection
within 30 days of the procedure involving only skin and
subcutaneous tissue and (2) the patient has at least one of
the following: purulent wound drainage, organisms
obtained from aseptically obtained culture of fluid or tissue
from a superficial incision, at least one sign or symptom of
infection (pain, tenderness, localized swelling, redness, or
heat and superficial incision is opened by a surgeon unless
the incision is culture-negative), or a diagnosis of superfi-
cial incisional SSI by the surgeon. A deep incisional SSI
met the following criteria [19]: (1) infection within 30 days
of the procedure if no implant is left in place or within
1 year if an implant is in place and involves deep soft
tissues (fascial and muscle layers) of the incision and (2)
the patient has at least one of the following: purulent
drainage from the deep incision but not from the joint
space, deep incision spontaneously dehisces or is deliber-
ately opened by a surgeon when the patient has at least one
of the following signs or symptoms (fever greater than
38°C, pain, tenderness unless the incision is culture-nega-
tive), evidence of an abscess or other evidence of infection
is found on examination, during reoperation, or by radio-
graphic or histopathologic examination, or a diagnosis of
deep incisional SSI by the surgeon. A joint space SSI met
the following criteria [19]: (1) infection within 30 days of
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the procedure if no implant is left in place or within 1 year
if an implant is in place and involves any part of the body,
excluding the skin incision, fascia, and muscle layers, that
is opened or manipulated during the operation and (2) the
patient has at least one of the following: purulent drainage
from a drain that is placed through a stab wound into the
joint space, organisms aseptically cultured from joint fluid
or synovial biopsy, evidence of an abscess or other evi-
dence of infection involving the joint space is found on
examination, during reoperation, or by radiographic or
histopathologic examination, or a diagnosis of joint space
SSI by the surgeon.

We defined UTI, in accordance with the 2004 Centers
for Disease Control and Prevention criteria, as an infection
that meets at least one of the following criteria [19]: (1) at
least one sign or symptom (fever greater than 38°C,
urgency, frequency, dysuria, or suprapubic tenderness)
with no other recognized cause and a positive urine culture
with 10°/cm® or more microorganisms of urine with no
more than two species of microorganisms and (2) at least
two signs or symptoms (fever greater than 38°C, urgency,
frequency, dysuria, or suprapubic tenderness) with no other
recognized cause and at least one of the following: positive
leukocyte esterase or nitrite, pyuria (urine specimen with
10 1eukocytes/mm3 or more), organisms on Gram stain of
unspun urine, two positive urine cultures with the same
uropathogen with 10% colonies/mL or more in nonvoided
specimens, 10> colonies/mL or less of one uropathogen in a
patient being treated for a UTI, physician diagnosis of a
UTIL, or the physician starts therapy for a UTL

The isolated bacteria in UTIs and in wound infections
were determined for both groups. We had complete bac-
teriologic data on all patients with UTIs and all patients
with joint infections. Comorbidities and the American
Society of Anesthesiologists risk classification also were
reviewed.

We considered the UTI to be the most likely bacterial
source if there was a common pathogen in the urine and the
infected joint [19, 28]. UTI and joint infection were con-
sidered dichotomous variables (presence versus absence).
We used relative risk calculations (odds ratio) to assess the
association between UTI and joint infection in the two
groups. Statistical significance was set at a level of
p = 0.05. All analyses were performed using SPSS® 12
for Windows™ (SPSS Inc, Chicago, IL).

Results

We found no association (odds ratio, 0.747; 95% confi-
dence interval, 0.258-2.163; p = 0.394) between the total
rate of UTI and the rate of wound infection in the case and
control groups (Table 3).
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Table 3. Patients with or without joint infections and with or without
UTIs*

UTI Joint infection No joint infection
Yes 7 9
No 51 49

* Odds ratio for joint infection with UTI was 0.747 (95% confidence
interval, 0.258-2.163; p = 0.394); UTI = urinary tract infection.

We found no association (odds ratio, 0.341; 95% con-
fidence interval, 0.086-1.357; p = 0.127) between
preoperative UTI and wound infection. Eight of the control
subjects had preoperative UTIs, whereas three of the 58
patients with infections had preoperative UTIs and
received antimicrobial therapy for 8 days before the sur-
gery. These three patients had deep incisional infections
develop within 1 month after the surgery and were
admitted for débridement. The isolated bacteria from
wound cultures were Staphylococcus aureus in two patients
and Enterococcus in the third patient. The isolated bacteria
from urine cultures were Citrobacter, B-hemolytic Strep-
tococcus, and Escherichia coli (Table 2).

We also observed no association (odds ratio, 4.222; 95%
confidence interval, 0.457-38.9; p = 0.204) between
postoperative UTI and wound infection. In the control
group, one patient had a postoperative UTIL. Of the 58
patients with acute wound infections, four contracted UTIs
after surgery (three deep incisional and one deep joint
infection) (Table 2). The isolated bacteria from urine cul-
tures in these four patients with acute wound infections
were E. coli in two cases and Enterococcus faecalis in the
other two. In one patient, the bacteria cultured from the
wound and urine were the same (E. faecalis).

The patient who had the same bacteria cultured in the
urine and the wound was an 80-year-old woman who had an
uncomplicated primary THA. She was readmitted from a
rehabilitation center on postoperative Day 20 with wound
drainage. A clean-catch urinalysis had 15 to 20 leukocytes/
high-power field and urine culture was positive for two
organisms (E. faecalis and E. coli, > 100,000/mL). The next
day, her joint fluid aspirate had 1150 leukocytes/mL and the
culture was negative. On postoperative Day 30, irrigation
and débridement of suprafascial tissues and local flap clo-
sure of her wound were performed. The deep fascia was
intact, so the infection appeared to be isolated to suprafas-
cial tissues. E. faecalis grew on two postoperative cultures
with a similar sensitivity pattern as the urine isolate.

Discussion

Surgical wound infection is a serious and potentially cat-
astrophic complication after joint arthroplasty [23, 26, 31].

Although prosthetic joint infection has decreased during
the past few decades, it remains one of the major compli-
cations that may lead to prosthesis removal [10, 18]. One-
third of infections arise as a result of hematogenous seed-
ing of the joint during the first 2 years after the procedure
[10, 16, 42]. UTI is a common hospital-acquired infection
that creates a potential reservoir of resistant pathogens and
increases patient morbidity [43, 45, 47, 50, 51]. We con-
ducted this study to investigate the risk of perioperatively
treated UTI as the remote source of wound infection in
patients undergoing joint arthroplasty.

The major limitation of this study is the likelihood that
some patients with wound infections were not identified
owing to loss of followup at 1 year, which could have
resulted in a wound infection rate greater than 0.29%. It is
possible that patients with acute infections may have been
treated at other hospitals and not identified in our study.
Nevertheless, we believe we most likely identified most
cases because patients are routinely followed by their
surgeons, and because this is a tertiary care facility spe-
cializing in joint arthroplasty, and patients return here for
care of complications. We also searched for cases of
infection using four methods: (1) searching the hospital
epidemiology files; (2) checking the database of all oper-
ative procedures likely to include infection (evacuation of
hematoma, débridement of a wound, removal of an infec-
ted prosthesis, etc); (3) using the surveillance methods
incorporated in at least a 1-year followup; and (4)
reviewing all wound cultures from postoperative patients to
be sure all patients were captured. We cannot comment on
symptomatic UTIs that may have led to a delay in surgery.
However, none of our patients with infections (or control
subjects) had cancellation of surgery because of symp-
tomatic UTIL. The rate of postoperative wound infection
was identified from readmission to the hospital. Finally, we
excluded patients with superficial wound drainage who did
not have positive culture specimen. Even with loss to fol-
lowup representing a possible limitation of the study
design, we believe this does not materially impact the
finding that UTIs rarely, if ever, seed a recently implanted
prosthesis.

Another limitation could be the fact that the difference
between the groups may be the result of a Type II sta-
tistical error. However, joint infection is a rare condition
(ie, only 58 cases from a sample of nearly 20,000 cases),
which would impose practical obstacles in generating an
adequate sample size. Therefore, we chose to study
smaller samples, which necessarily meant low power. Our
current sample would have a 25% power to detect a sig-
nificant (p = 0.05) effect size. In other words, our study
would have been able to detect a major effect only if the
rate of urosepsis in the patients with joint infections was at
least approximately 17% (ie, approximately 10% higher
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than that of the control subjects). Stated differently, to
have an 80% power, we would need to have approxi-
mately 260 patients with joint infections and a similar
number of control subjects (cases without joint infection).
Extrapolating from our current sample, one would have to
survey a data set of 80,000 to 100,000 cases to be able to
detect such a number of joint infections. This is difficult
given practical constraints.

The associations we found should be interpreted in the
context of the given power (ie, it may mean either presence
of major differences but not detected because of limited
power or absence of a true difference). Motivated from this
limitation, we attempted to investigate the actual microbes
responsible for the urosepsis and joint infection; the fact
that they were different is a strong argument in favor of the
second interpretation rather than the first. Also, in the
complete absence of relevant literature, even knowledge of
the proportions of urosepsis in patients with joint infections
and control subjects is of major interest.

We used the Centers for Disease Control and Pre-
vention [19] criteria for classifying wound infection. Few
studies adhere to these criteria [3, 30, 35, 37]. This
requires 12-month followup and we were able to classify
cases into deep and superficial infection based on the
Centers for Disease Control and Prevention criteria. Some
studies include only deep infection, which may underes-
timate the true incidence of wound infections. In
addition, we used matched pairs from a randomized
subset of the entire database, which enabled us to com-
pare the risks of UTI in patients with and without wound
infections. This is a large consecutive group of almost
20,000 patients and strict matching by age, surgeon, year
of surgery, and joint in the control group was followed.
Urinary catheter and UTI are reliably documented in the
medical records and can be studied by a case-control
methodology [25].

There are no clear guidelines to support either delaying
or postponing joint arthroplasty because of the presence of
bacteriuria with no systemic symptoms [2, 9, 13, 15]. There
also are no prospective studies documenting any correla-
tion between the preoperative bacteriuria and deep joint
infection [1, 15, 36, 43] (Table 4). However, several case
reports and small case series suggest an association
between postoperative UTI and joint infection [7, 8, 17, 21,
28]. In these cases, the same pathogens were isolated in
both infections. Most of the reports [7, 8, 17, 21, 28] did
not specify whether prophylactic antibiotic therapy had
been used.

In a study using strict definitions of patients with
infections and control subjects and with standardized pro-
spective surveillance methods, perioperative UTI was not
identified as a potential risk factor for prosthetic joint
infection [3]. Also, other authors reported results from a

20-year surveillance program for the predictors of wound
infection after joint arthroplasty [37]. No causal relation-
ship was determined between the UTI and the prosthetic
joint infection. In a prospective study of 1497 newly
catheterized patients, 235 acquired a UTI yet only one
patient had sepsis develop [47]. Furthermore, in a ran-
domized study of 100 patients who were catheterized after
joint arthroplasty, there was no increase in the rate of UTI
and no incidence of wound infection [29]. Sharrock and
Finerty [41] reported, in a population of 2621 patients who
routinely were catheterized after the joint arthroplasty,
there were 23 UTIs and three joint infections. The bacteria
isolated from the joint were not urinary tract pathogens
[41].

We designed a case-control study to compare the rate of
UTIs in patients with joint infection and in patients without
joint infection. We found no association between UTI and
joint sepsis after joint arthroplasty. We found only one of
19,735 patients (0.005%) who had a UTI and wound
infection develop and the pathogen was the same for both
infections. This patient had a postoperative UTI. No
association was determined between the preoperative or
postoperative UTI and wound infection in patients with
infections and control subjects. It theoretically is possible a
pathogen from the urinary tract would cause bacteremia
and seed the hip without causing UTI. However, in the
majority (80%), all wound infections were not enteric
pathogens. In addition, it is possible a UTI could influence
the patient’s immune system predisposing the patient to
wound infection from another source. However, we found
no evidence for this from the control subjects matched with
the patients with infections.

Our data suggested no clear evidence between postop-
erative UTI and joint infection, which is consistent with the
literature [22, 24, 36, 41]. The majority of bacteria we
observed were not enteric pathogens. Furthermore, identi-
cal bacteria were not isolated in both locations. The rate of
joint infections in our patients is 0.29%. In the literature,
the rates of joint infection range from 0.38% to 2.3% [28,
35, 39]. These data suggest treated UTI is a minimal risk
factor for prosthetic joint infection.
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