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S U M M A R Y

Background: There is no consensus regarding whether urinary tract infection (UTI) should
be screened for or treated in hip fracture patients.
Aim: To assess the relationship between perioperative UTI and surgical site infection (SSI)
in hip fracture patients, and the relationship between urinary catheterization and SSI in
these patients.
Methods: PubMed, Embase, CINAHL and Cochrane Library were searched to identify
studies that evaluated the relationship between perioperative UTI and SSI and/or between
urinary catheterization and SSI. Articles were included if they used the term UTI or
specified UTI as symptomatic bacteriuria.
Findings: A total of 4139 records were identified, with eight studies included. Meta-
analysis of seven studies which evaluated perioperative UTI and SSI showed an SSI rate
of 7.1% (95% confidence interval (CI): 3.8e13.2) among 1217 patients with UTI vs 2.4% (95%
CI: 1.0e5.7) in 36,514 patients without UTI (OR: 2.41; 95% CI: 1.67e3.46; P < 0.001). In
three studies which specifically defined UTI as symptomatic bacteriuria, the SSI rate
among UTI patients was 5.7% (95% CI: 4.0e8.1) vs 1.1% (95% CI: 0.2e5.2) in those without
UTI (OR: 3.00; 95% CI: 0.55e16.26; P ¼ 0.20). One study evaluated urinary catheterization
and SSI.
Conclusion: Perioperative UTI is associated with a higher risk of SSI among hip fracture
patients but the evidence is limited by the heterogeneity in the definition of UTI. We
recommend considering the possibility of perioperative UTI in hip fracture patients, with
treatment administered as necessary to reduce SSI rates.

ª 2023 The Authors. Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
ment of Orthopaedics,
oad, Lancashire, Black-
.
.uk (C.P. Charalambous).

Elsevier Ltd on behalf of The
mons.org/licenses/by/4.0/).
Introduction

Surgical site infection (SSI) can be a devastating complica-
tion in patients with hip fracture, with a reported one-year
Healthcare Infection Society. This is an open access article

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhin.2023.06.016&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:cpcharalambous@uclan.ac.uk
www.sciencedirect.com/science/journal/01956701
http://www.elsevier.com/locate/jhin
https://doi.org/10.1016/j.jhin.2023.06.016
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jhin.2023.06.016
https://doi.org/10.1016/j.jhin.2023.06.016


K.F.K. Suen et al. / Journal of Hospital Infection 139 (2023) 56e66 57
mortality rate in those with SSI of around 50%, compared with
around 30% in those without SSI [1]. The 2021e2022 surveil-
lance report of the UK Health Security Agency showed that,
among NHS hospitals in England, the SSI rate in total hip
replacement surgery for acute trauma and chronic elective
indications was 0.5%, whereas the SSI rate of repair neck of
femur fracture surgery that included hip hemiarthroplasty and
fracture fixation was 0.8% [2]. The SSI of hip fracture patients
treated with hemiarthroplasty was reported by research stud-
ies as 3e10% compared with about 1% in elective hip arthro-
plasty patients [3e6]. With about 76,000 hip fractures
occurring annually in the UK, SSIs could impact a large group of
patients.

According to the 2021e2022 UK Health Security Agency
surveillance report, across surgical specialties, Entero-
bacterales were the most prevalent causative organism for SSIs
with an increasing 10-year trend [2]. The most common
Enterobacterales species was Escherichia coli. Entero-
bacterales SSIs accounted for 18.3% of superficial and 20.3% of
deep infections following hip replacement surgery, and 55% of
deep polymicrobial infections following repair neck of femur
fracture surgery involved a Gram-negative organism. As
Enterobacterales are the main causative organisms in urinary
tract infection (UTI), there is concern that UTI may be linked to
SSI following hip fracture surgery [7].

The screening for and management of UTI in patients having
elective hip arthroplasty is well studied and it is widely
accepted that symptomatic bacteriuria should be treated and
elective surgery postponed [8]. Asymptomatic bacteriuria in
elective arthroplasty patients is not routinely tested or treated
because antibiotic treatment for preoperative asymptomatic
bacteriuria has not been shown to reduce any risk for SSI, and
because infective agents isolated from prosthetic joint infec-
tion tend to differ from those isolated in the urine [9]. How-
ever, the relation between UTI and SSI in hip fracture patients
is less well understood. Currently, there is no consensus
regarding whether UTI should be screened for or treated in
patients with hip fractures. Hip fracture patients are often
older and with more comorbidities as compared to those having
elective hip surgery, which make them more susceptible to the
effects of SSI [10,11]. Although elective arthroplasty could be
delayed in the presence of symptomatic bacteriuria, hip frac-
tures require urgent surgical intervention, preferably within
36 h from injury, as longer delays are associated with a higher
mortality rate [12,13]. Hence, it is not feasible to wait for urine
culture results and the clearance of UTI in hip fracture
patients. Besides, UTI could arise after the hip fracture
surgery.

Urinary catheterization is frequently placed in hip frac-
ture patients to prevent or treat urinary retention, accom-
modate patients’ limited mobility, and facilitate the
measurement of urine output. Urinary catheterization is a
risk factor for UTI as the catheter may act as a nidus for
bacteria to settle on, but there is no consensus regarding the
association of urinary catheterization (inserted before the
fracture or after the fracture) with the risk for SSI among hip
fracture patients [14].

In view of the above, this systematic review and meta-
analysis aimed to assess, first, the relationship between peri-
operative UTI and SSI in hip fracture patients and, second, the
relationship between urinary catheterization and SSI in such
patients. It was hypothesized that UTI and urinary catheter-
ization are associated with a higher SSI risk.

Methods

This systematic review was performed according to the
Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) updated guideline in 2020 [15]. The protocol
was prospectively registeredwith PROSPERO (CRD42021273563).

Search strategy

Literature search was performed by two researchers inde-
pendently in PubMed, Embase, CINAHL, and Cochrane Library
databases from their respective inceptions to January 11th,
2022 with no restriction on language. The search commands
adopted included: (hip AND fracture AND urinary), (femur AND
fracture AND urinary) and (femoral AND fracture AND urinary).
References in selected articles found in searches were man-
ually reviewed also to identify any articles missed in the pri-
mary search.

Studies on hip fracture patients treated surgically that
evaluated the relationship between perioperative UTI and SSI
and/or the relationship between urinary catheterization
(duration or number of times) and SSIwere included. For articles
to be included they had to refer to the termUTI or to specify UTI
as symptomatic bacteriuria. Exclusion criteria were: (1) studies
reporting on elective surgery for non-fracture patients (e.g.
osteoarthritis); (2) studies reporting on asymptomatic bacter-
iuria; (3) systematic reviews/meta-analyses; (4) case series
reporting <10 cases; and (5) editorials or commentaries.

Study selection

Two researchers (K.F.K.S. and J.X.Y.L.) independently
screened articles by titles and abstracts and then reviewed the
full texts to selecteligiblearticles.Disagreementonthe selection
of articleswas settledbydiscussion between the two researchers
and, if necessary, by arbitration by the senior author.

Data extraction

Data were extracted according to a pre-designed proforma,
with items including study design, sample size, sex ratio, mean
age, patient inclusion and exclusion criteria, surgical inter-
vention, follow-up period, definition and event rate of SSI,
definition and event rate of UTI (if any), number of times and
time length of urinary catheterization (if any), event rates of SSI
in patients with and without UTI (if any), event rates of SSI in
patients with and without urinary catheterization (if any), and
culture results of SSI and UTI (if any). The risk of bias was
assessed with the NewcastleeOttawa Scale for observational
studies.

Statistical analysis

Statistical analysis was performed with R (‘meta’ and ‘met-
afor’ packages), including ameta-analysis to provide an SSI rate
and an odds ratio (OR) with confidence interval (CI) calculated,
with the examination on the heterogeneity of studies. Meta-
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analysis was performed with the random effects model due to
the diversity of patient populations among selected articles.
Publication bias was assessed by inspection of funnel plots.

Results

The initial literature search produced 4139 records. After
removal of duplicated records, screening by title and
abstract, and full-text review, seven studies, reporting on a
total of 37,731 patients were included which evaluated the
relationship between perioperative UTI and SSI (Figure 1).
These compared SSI rates between 1217 hip fracture patients
with UTI vs 36,514 without UTI [16e22]. However, these
studies vary on their definition of UTI and on the inclusion of
clinical symptoms for the diagnosis of UTI to be made
(Table I). Among these studies, three studies reporting on
Records identified from:

   PubMed (n = 1855)

   Embase (n = 1442)
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Figure 1. PRISMA flo
1303 patients clearly defined UTI as symptomatic bacteriuria
[17e19].

The quality of all included studies was evaluated according
to NewcastleeOttawa Scale (NOS) (Table II).

Among all studies included, the SSI rate among UTI patients
was 7.1% (95% CI: 3.8e13.2; heterogeneity: c2 ¼ 43.11 (P <
0.0001); I2 ¼ 86.1%; s2 ¼ 0.4878) vs 2.4% (95% CI: 1.0e5.7; het-
erogeneity: c2 ¼ 104.40 (P< 0.0001); I2 ¼ 94.3%; s2 ¼ 1.1757) in
those with no UTI (OR: 2.41; 95% CI: 1.67e3.46 (P < 0.01); het-
erogeneity: c2 ¼ 8.39 (P ¼ 0.21); I2 ¼ 25%; s2 ¼ 0.06) (Table III,
Figure 2).

In the three studies which specifically defined UTI as
symptomatic bacteriuria, the SSI rate among UTI patients was
5.7% (95% CI: 4.0e8.1; heterogeneity: c2¼ 2.42 (P¼ 0.30); I2 ¼
17.3%; s2 < 0.0001) vs 1.1% (95% CI: 0.2e5.2; heterogeneity:
c2 ¼ 13.16 (P ¼ 0.0014); I2 ¼ 84.8%; s2 ¼ 1.4930) in those with
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Table I

Characteristics of included studies reporting on the relationship between UTI and SSI rates

Study Design, centre,

duration,

country

Sample

size

Age (years), mean

(SD), unless

otherwise

specified

Sex Inclusion criteria,

in addition to

traumatic hip fracture

treated surgically

Exclusion criteria,

in addition to not

meeting inclusion

criteria

Surgical

modalities

Definition of ‘UTI’

or ‘symptomatic

bacteriuria’ (time

of test/diagnosis)

Definition o

(timefram

diagnosi

Antibiotics

rophylaxis for

surgery and

tibiotics for UTI

Incidence of SSI

among UTI

patients

Incidence of SSI

among non-UTI

patients

Craxford

et al. [16]

Retrospective

cohort study,

single centre, 11

years (Aug 2007

eAug 2018), UK

3966 Among SSI: 82.20

(10.06)

Among no SSI:

82.45 (8.89)

Among SSI: M: 20

(29.0%), F: 69

(71.0%)

Among no SSI: M:

1118 (28.7%), F:

2779 (71.3%)

Hemiarthroplasty Revision surgery

for

periprosethetic

fracture or

dislocation

HA Unspecified

definition of ‘UTI’

(pre- and

postoperative)

CDC criteria

(2008) (12 m

specified. For

st patients,

ntamicin-

ntaining cement

s used

17/444 (3.82%) 52/3522

(1.48%)

Crouser

et al. [17]

Retrospective

cohort study of

database (multi-

centre), 2 years

(2015e2016),

USA

31,621 65e79 years:

10,388

80e89 years:

13,948

�90 years: 7285

M: 9171 (29.0%)

F: 22,450 (71.0%)

e / HA, THR,

ORIF

Characteristic

symptoms of UTI

present, but not

essentially with

bacteriuria shown

microbiologicallya

(at the time of

surgery)

CDC criteria

days)

specified 24/410 (5.85%) 1159/31,211

(3.71%)

Langenhan

et al.

[18]: only

group 2 of

this study

Retrospective

cohort study,

single centre, 31

months (Sep

2014eMar 2017)

for Group 2,

Germany

441 in

Group 2

83.93 (7.70) for

Group 2

Group 2: M: 120

(27.2%), F: 321

(72.8%)

Age �65 years Deep surgical site

infection after

revision surgery

HA, THR,

ORIF

Bacteriuria shown

microbiologically,

with data about

the subgroup of

patients with

symptomatic

bacteriuriab

(preoperative at

admission)

Early deep S

(pathogens

detected in

cultures of

synovial fluid

peri-implant

tissue) (3 mo

furoxime at

e of surgery þ
eoperative

rofloxacin for

w days if

cteriuria

0/141 (0.00%)

Among those with

symptomatic

bacteriuria: 0/77

(0.00%)

2/300 (0.67%)

Among those

without

symptomatic

bacteriuria:

2/364 (0.55%)

Bliemel

et al. [19]

Prospective

cohort, single

centre, 2.5

years (Apr 2009

eSep 2011),

Germany

402 81 (8) M: 109 (27.1%)

F: 293 (72.9%)

Age �60 years Polytrauma,

malignancy-

related fracture

HA, THR,

ORIF

Characteristic

symptoms of UTI

present, but not

essentially with

bacteriuria shown

microbiologicallya

(all patients were

catherized at

admission)

(whenever

symptoms of UTI

appear)

Clinical,

laboratory a

sonographic

examination

(unspecified

s, unspecified

tibiotics. UTI

s treated

cording to local

idelines

6/97 (6.19%) 1/305

(0.33%)

(continued on next page)
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Table I (continued )

Study Design, centre,

duration,

country

Sample

size

Age (years), mean

(SD), unless

otherwise

specified

Sex Inclusion criteria,

in addition to

traumatic hip fracture

treated surgically

Exclusion criteria,

in addition to not

meeting inclusion

criteria

Surgical

modalities

Definition of ‘UTI’

or ‘symptomatic

bacteriuria’ (time

of test/diagnosis)

Definition of SSI

(timeframe of

diagnosis)

Antibiotics

prophylaxis for

surgery and

antibiotics for UTI

Incidence of SSI

among UTI

patients

Incidence of SSI

among non-UTI

patients

Yassa et al.

[20]

Retrospective

cohort study,

single centre, 1

year

(unspecified

time), UK

460 80.9 M: 124 (27%)

F: 336 (73%)

/ / HA, THR,

ORIF

‘UTI’ was defined

as bacteriuria

shown by positive

dipstick, but their

database did not

specify whether

‘UTI’ cases were

symptomatic or

notc (routine

dipstick at

admission)

Unspecified

(unspecified time)

Single dose of

flucloxacillin and

gentamicin at

time of surgery þ
postop another

dose of

flucloxacillin. UTI

was treated with

trimethoprim for 3

days

23/99 (23.2%) 34/361

(9.42%)

Capdevila

et al. [21]

Retrospective

cohort study,

single centre, 16

months (Jun

2012eSep

2013), Spain

657 83.1 (10.4) M: 188 (28.6%)

F: 469 (71.4%)

/ / HA, THR,

ORIF

Unspecified

definition of ‘UTI’

Superficial and

deep SSI, CDC

criteria (1999) (1

year)

Cefuroxime and

teicoplanin at

time of surgery.

For cemented

prosthesis,

cement without

antibiotics was

used.

4/78 (5.13%) 9/579

(1.55%)

Westberg

et al. [22]

Retrospective

cohort study,

single centre, 2

years (2018

e2019), Norway

184 With PJI: 79 (9)

Without PJI: 81

(10)

With PJI: M: 6

(35%), F: 11 (65%)

Without PJI: M: 52

(31%), F: 115 (69%)

Arthroplasty Patients from

outside the

hospital

catchment area,

or pathological

fractures

HA, THR Unspecified

definition of ‘UTI’

PJI defined as

deep SSI of CDC

criteria (1999) and

Tsukayama’s

criteria for timing

for early infection

(4 weeks)

Cephalotin at time

of surgery and 3

more doses over

postoperative

24 h. For most

patients,

gentamicin-

containing cement

was used

2/12 (16.7%) 15/172

(8.02%)

UTI, urinary tract infection; SSI, surgical site infection; THR, total hip replacement; HA, hemiarthroplasty; ORIF, open reduction internal fixation; PJI, prosthetic joint infection; APJI, acute
prosthetic joint infection.
a Diagnosis of ‘UTI’ in these studies required the presence of characteristic UTI symptom(s) and required either positive culture growth OR positive urine analysis nitrite and/or leucocytes.
b Diagnosis of ‘bacteriuria’ required positive urine sediment and microscopy analysis results; diagnosis of ‘UTI’ required ‘bacteriuria’ with characteristic UTI symptoms.
c Diagnosis of ‘UTI’ required positive urine dipstick and did not require microbiological evidence or characteristic UTI symptoms.
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Table II

The NewcastleeOttawa scale score of included studies

Cohort study Representativeness of

the exposed cohort

Selection of

the non-exposed

cohort

Ascertainment

of exposure

Demonstration

that outcome of

interest was not

present at

start of study

Comparability of

cohorts on the

basis of the design or

analysis

Assessment of

outcome

Follow-up long

enough

for outcomes

to occur

Adequacy of

follow-up of

cohorts

Total

Craxford
et al. [16]

1 1 1 1 1 1 1 1 1 9/9

Crouser
et al. [17]

1 1 1 1 0 0 1 1 1 7/9

Langenhan
et al. [18]

1 1 1 1 0 0 1 1 1 7/9

Bliemel
et al. [19]

1 1 1 1 1 1 1 1 1 9/9

Yassa
et al. [20]

1 1 1 1 0 0 1 1 1 7/9

Capdevila
et al. [21]

1 1 1 1 1 1 1 1 1 9/9

Westberg
et al. [22]

1 1 1 1 1 1 1 1 1 9/9

Caseecontrol
study

Adequate case
definition

Representativeness
of the cases

Selection of
controls

Definition of
controls

Comparability
of
cases and
controls on
the basis of the
design
or analysis

Ascertainment
of exposure

Same method
of ascertainment
for cases and

controls

Non-response
rate

Total

Cumming and Parker [23] 1 1 0 1 1 0 1 1 0 6/9
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Table III

SSI rates among UTI patients and among non-UTI patients

Definition of UTI No. of

studies

UTI No UTI

No. of

patients

SSI rate

(95% CI)

Heterogeneity: c2

(P-value), I2, s2
No. of

patients

SSI rate

(95% CI)

Heterogeneity: c2

(P-value), I2, s2

Studies referring to the term
‘UTI’ or to the term
‘symptomatic bacteriuria’

7 1217 7.1%
(3.8e13.2)

43.11 (P < 0.0001),
86.1%, 0.4878

36,514 2.4%
(1.0e5.7)

104.40 (P < 0.0001),
94.3%, 1.1757

Studies referring to
‘symptomatic bacteriuria’

3 584 5.7%
(4.0e8.1)

2.42 (P ¼ 0.30),
17.3%, <0.0001

31,880 1.1%
(0.2e5.2)

13.16 (P ¼ 0.0014),
84.8%, 1.4930

SSI, surgical site infection; UTI, urinary tract infection; CI, confidence interval.
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0.55e16.26 (P ¼ 0.20); heterogeneity: c2 ¼ 5.35 (P ¼ 0.07);
I2 ¼ 63%; s2 ¼ 1.39) (Table IV, Figure 3).

Only one study was identified which evaluated the rela-
tionship between urinary catheterization and SSI in hip fracture
patients (Table V), so meta-analysis was not performed with
regard to this evaluation. In that study, Cumming et al. showed
that deep wound infection in hip fracture patients was asso-
ciated with more than two catheterizations and long-term
catheters (>21 days of catheterization or being discharged
from hospital with a catheter in situ) [23].

Discussion

The current meta-analysis showed a high rate of SSI among
hip fracture patients who have perioperative UTI, estimated at
7.1%, while the risk for SSI among UTI patients was estimated at
2.4-fold higher compared with non-UTI patients.

Several mechanisms have been postulated to explain the
relationship between UTI and SSI. Understanding such mecha-
nisms is vital as it may shed further light on the pathogenesis of
SSI and identify a possible target for intervention to reduce SSI
rates and thus mortality in hip fracture patients [1]. The rela-
tion between UTI and SSI may be due to direct contamination of
the wound by infected urine. External surgical wound con-
tamination by urine micro-organisms could also be a source of
SSI in hip fracture patients. Reduced mobility and cognitive
status are also risk factors for UTI [24]. Dementia, cognitive
impairment, and delirium are common among hip fracture
patients, which may lead to contamination of the surgical
wound by unintentional physical contact with urine [25,26].
Study SSI+

[Sympt bacteriuria

or UTI]+

SSI– SSI+ SSI–

Craxford 2021 17 427 52 3470

Crouser 2019 24 386 1159 30052

Langenhan 2018 0 77 2 362

Bliemel 2017 6 91 1 304

Yassa 2017 23 76 34 327

Capdevila 2016 4 74 9 570

Westberg 2013 2 10 15 157

Random effects model.

Heterogeneity: Tau2 = 0.06; Chi2 = 8.39, df = 6 (P = 0.21); I2 = 25%

Test for overall effect: Z = 4.74 (P = 0.00)

0.01 0.1

Odd

[Sympt bacteriuria

or UTI]–

Figure 2. Forest plot of odds ratio for surgical site i
Contamination may also occur via a haematogenous route
from the urinary tract to the surgical wound. It was pre-
viously shown that haematoma at the site of a hip fracture
commonly contained bacteria even before surgery and the
presence of Gram-negative bacilli in the haematoma was a
risk factor for early postoperative prosthetic joint infection
[27]. The researchers postulated that this could be due to UTI
contaminating the wound via bacterial translocation. Bac-
terial translocation is a well-recognized phenomenon which
refers to the passage of gut microflora from the gastro-
intestinal tract to other tissues and organs, due to increased
intestinal permeability at times of physiological stress and
could be the mechanism behind postoperative sepsis after
major gastrointestinal surgery [28e30]. A similar process of
translocation of uropathogens through the uroepithelium,
into the renal interstitium and subsequently into the blood-
stream is well studied in UTI, and this process involves the
formation of intracellular bacterial communities within
uroepithelial cells [31]. There is also limited evidence about
bacterial translocation in asymptomatic bacteriuria: in a
small animal study, uropathogenic Escherichia coli cultured
from five asymptomatic bacteriuric humans were seen to
form intracellular bacterial communities to cause cystitis in a
mouse model [32].

Alternatively, UTI may cause immunosuppression that indi-
rectly leads to a higher risk of SSI [20]. This proposed mecha-
nism of immunosuppression due to UTI may be particularly
important in hip fracture patients due to their greater burden
of comorbidities. Such a mechanism could explain the mis-
match between UTI and SSI culture isolates [16,18,20].
Weight Odds ratio [95% CI]

25.238% 2.657 [1.523, 4.636]

34.155% 1.612 [1.063, 2.445]

1.390% 0.935 [0.044, 19.679]

2.778% 20.044 [2.382, 168.653]

23.768% 2.911 [1.621, 5.225]

7.955% 3.423 [1.029, 11.394]

4.715% 2.093 [0.419, 10.451]

100.000% 2.408 [1.674, 3.463]

1

s ratio (on log scale)

10 100

nfection among urinary tract infection patients.



Table IV

Odds ratio for SSI in UTI patients vs non-UTI patients

Definition of UTI No. of

studies

No. of

patients

Odds ratio

(95% CI), P-value

Heterogeneity: c2

(P-value), I2, s2,

Studies referring to ‘UTI’ or
‘symptomatic bacteriuria’

7 37,731 2.41 (1.67e3.46)
P < 0.01

8.39 (P ¼ 0.21)
25%, 0.06

Studies referring to
‘symptomatic bacteriuria’

3 32,444 3.00 (0.55e16.26)
P ¼ 0.20

5.35 (P ¼ 0.07)
63%, 1.39

SSI, surgical site infection; UTI, urinary tract infection; CI, confidence interval.

Study SSI+

Sympt bacteriuria+ Sympt bacteriuria–

SSI– Weight Odds ratio [95% CI]SSI+ SSI–

Crouser 2019 24 386 51.629% 1.612 [1.063, 2.445]1159 30052

Langenhan 2018 0 77 19.509% 0.935 [0.044, 19.679]2 362

Bliemel 2017 6 91 28.862% 20.044 [2.382, 168.653]1 304

Random effects model.

Heterogeneity: Tau2 = 1.39; Chi2 = 5.35, df = 2 (P = 0.07); I2 = 63%

Test for overall effect: Z = 1.27 (P = 0.20)

100.000% 3.001 [0.554, 16.260]

0.01 0.1 1

Odds ratio (on log scale)

10 100

Figure 3. Forest plot of odds ratio for surgical site infection among patients with urinary tract infection specifically defined as symp-
tomatic bacteriuria.
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Diagnosis of UTI is challenging, as clinical symptoms and
urine culture samples may not be in line. Some patients may
experience urinary symptoms but have a negative urine cul-
ture, some may have no urinary symptoms but generalized
symptoms of infection with a positive or negative urine culture,
whereas some may have asymptomatic bacteriuria. Asympto-
matic bacteriuria is generally considered a separate entity as
compared to UTI as it may simply reflect colonization of the
urinary tract, hence articles reporting on asymptomatic bac-
teriuria were excluded from our analysis.

Although we established a statistical association between
UTI and SSI, as the included studies were observational, a
causal relationship could not be established. Nevertheless,
there is some evidence suggesting that treatment of UTI
reduces the SSI rate. Langenhan et al. retrospectively col-
lected data in a group of patients who received a single dose of
1.5 g of cefuroxime as preoperative prophylaxis and then pro-
spectively collected data in another group which, in addition to
the preoperative cefuroxime, received ciprofloxacin if bac-
teriuria was found by urine sediment analysis at admission [18].
At three-month follow-up, they showed a deep SSI rate of
about 2.1% in the former group but only 0.45% in the latter
group 2 (P ¼ 0.02). However, it was pointed out that cipro-
floxacin might only delay the presentation of SSI to beyond the
study’s surveillance period, instead of the SSI rate [33,34].

Regarding urinary catheterization, it is a well-established
risk factor for UTI, as catheters provide a direct conduit for
rectal and peri-urethral microbes to reach the bladder [35].
The National Institute of Clinical Excellence in England defined
catheter-associated UTI as the presence of symptoms or signs
compatible with UTI in people with a catheter with no other
identified source of infection, plus significant levels of bacteria
in a catheter or a midstream urine specimen when the catheter
has been removed within the previous 48 h [36]. Currently,
there is no standardization or consensus among hospitals about
the protocol of urinary catheterization regarding antibiotic
prophylaxis, duration of catheterization, and procedures of
peri-urethral cleansing [37]. In the context of prosthetic joint
infection, it has been assumed that catheter insertion could
cause local trauma and hence haematogenous spreading of
infection to prosthetic joint, but a systematic review on elec-
tive knee and hip arthroplasty concluded that there was no
evidence for any association between urinary catheterization
and an increased risk for prosthetic joint infection [38]. We
found only one study investigating the relationship between
urinary catheterization and SSI in hip fracture patients, which
showed that deep wound infection was associated with more
than two catheterizations and with prolonged catheter use
(i.e. having >21 days of catheterization or being discharged
home with a catheter in situ) [23].

Based on our findings and the benefit of treating UTI shown
by Langenhan et al., we recommend considering the possibility
of perioperative UTI in hip fracture patients with treatment
administered as necessary. As the surgical treatment for hip
fracture could not be deferred until the definite diagnosis and
clearance of UTI, the possibility of UTI in hip fracture patients
has to be evaluated early and carefully, without causing any
delay to the hip fracture’s surgical management.

Evaluating hip fracture patients for UTI may be undertaken
with targeted clinical history-taking, clinical examination, and
routine urine evaluation before sending off the urine specimen
for conventional urine culture in the laboratory. The evaluation
on urine could be done by point-of-care tests of UTI, such as
semi-automated urine analysers based on the level of colony-
forming units/mL and culture-based devices, to speed up the
diagnosis [39,40]. In the circumstances where these point-of-
care tests are not available, alternatives include inspection
of the urine for cloudiness, urine dipstick, and microscopy.



Table V

Characteristics of included studies reporting on the relation between urinary catheterization and SSI rates

Study Design,

centre,

duration,

country

Sample

size

Age

(mean

(range)

Sex Inclusion

criteria, in

addition to

traumatic

hip fracture

treated

surgically

Exclusion

criteria, in

addition to

not meeting

inclusion

criteria

Surgical

modalities

Definition

of SSI

(timeframe

of diagnosis)

Antibiotic

prophylaxis for

surgery and for

catheterization

Having urinary

catheter

perioperatively

or within 5 days

of surgery

Having more

than 2 episodes

of urinary

catheterization

Long-term

cathet-

erizationa

Cumming
and
Parker
[23]

Retrospective
caseecontrol
study, single
centre, about
10 years (Jun
1994eSep
2004), UK

3180
patients
with hip
fracture.
18 patients
with deep
sepsis, 36
patients
in control
group

Among SSI:
79.8
(60e94)
Among
control:
81.9
(47e95)

Among
SSI: M: 3
(16.7%),
F: 15
(83.3%)
Among
control:
M: 7
(19.4%),
F: 2779
(80.6%)

Available
case notes.
Control
group:
for each
patient
with deep
wound
infection,
the next
two patients
that were
admitted
with a hip
fracture
and treated
with the
same implant

N/A HA, THR,
ORIF

Deep wound
infection
(used
interchangeably
with ‘deep
sepsis’),
defined as
presence of
clinical
evidence
of infection
below the
deep fascia,
with or without
microbiological
confirmation
(1 year
from injury)

Three doses of
cefuroxime at
the time of
surgery and
postoperatively.
No prophylactic
antibiotics as
standard on
insertion or
removal of the
catheter.

Deep sepsis:
12/18 (66.7%)
No sepsis: 18/
36 (50.0%)

Deep sepsis: 6/
18 (33.3%)
No sepsis: 3/36
(8.33%)

Deep
sepsis:
7/18
(38.9%)
No
sepsis:
3/36
(8.33%)

THR, total hip replacement; HA, hemiarthroplasty; ORIF, open reduction internal fixation.
a Long-term catheterization was defined as either catheterization of >21 days, or having a catheter in situ when discharged.
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The urine specimen could be collected via a urinary catheter,
if necessary due to patient’s immobility, but the catheter
should be removed as early as possible to reduce the risk of SSI
associated with catheterization [23]. If point-of-care tests for
UTI show positive results, or if the urine is cloudy, or if the
dipstick and microscopy are positive, then antibiotics for UTI
may be considered and continued until the results of the con-
ventional urine culture in the laboratory become available. In
deciding to initiate antibiotic treatment, it must also be con-
sidered that patients with reduced cognition may have diffi-
culty expressing themselves when they suffer from UTI
symptoms, so UTI could be under-diagnosed [24,41]. However,
the consideration of treatment must be balanced against
potential side-effects of antibiotics such as causing diarrhoea
which could lead to wound contamination.

Regarding urinary catheterization and its relationship to SSI
in hip fracture patients, we identified only one relevant article
addressing this issue, so we recommend avoiding the risk fac-
tors reported in that study. These risk factors were more than
two catheterizations and prolonged catheter use (>21 days of
catheterization or being discharged from hospital with a
catheter in situ) [23].

This study has several limitations, so the results should be
interpreted with caution. There are differences among inclu-
ded studies, such as population demographics, surgical
modalities and definitions or diagnostic criteria of SSI and UTI.
Thus, although the odds ratio was statistically significant when
comparing SSI rates in UTI and that in non-UTI groups, this did
not hold when analysing the three studies that used a specific
definition of symptomatic bacteriuria for UTI. Nevertheless, in
the latter comparison, there was a clear trend of a higher risk
of SSI with UTI (OR: 3.0; 95% CI: 0.55e16.26) and the non-
significance may be related to the smaller number of studies
available for analysis. Regarding SSI, studies have adopted
different definitions and timeframes for diagnosis. In addition,
all included studies are observational, with no high-quality
randomized controlled trial available. Furthermore, the use
of indwelling urinary catheters was not well documented in
many studies, so we were unable to assess the relationship
between urinary catheterization and SSI.

Future work in the form of high-quality randomized con-
trolled trials comparing the SSI rates between treated and
untreated preoperative UTI may provide evidence as to a
causal link between the two. Further work on the relationship
between urinary catheterization and SSI rates is also war-
ranted. The relation between asymptomatic bacteriuria and
SSI rates, which was not examined in this study, also remains to
be determined.

In conclusion, our review has revealed an association of
perioperative UTI with a higher risk of SSI among hip fracture
patients treated surgically, but there is substantial hetero-
geneity among the available studies examined. Further work is
needed to refine the diagnostic criteria of UTI, especially in
patients with poor cognitive function, and to determine
whether treatment of UTI reduces SSI rates. However, until
such high-quality evidence is gathered, given the devastating
effects of SSI on hip fracture patients, we recommend con-
sidering the possibility of perioperative UTI in this highly vul-
nerable patient group, with treatment administered as
necessary to reduce SSI rates. UTI should also be considered
when assessing and comparing SSI rates, either at a local hos-
pital or wider healthcare level.
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