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Introduction
Intraluminal ureteral obstruction is an occurrence of 
increasing incidence in feline medicine, with ureterolith-
iasis implicated in the majority of cases.1 Ureteral 
obstruction may also be diagnosed secondary to stric-
ture, stenosis, iatrogenic injury, thrombi and neoplasia.2

Successful management of ureteral obstruction depends 
on prompt renal decompression to prevent permanent 
loss of glomerular filtration capacity.3 Historically, where 
medical treatment failed, nephrectomy was indicated; 
however, in recent years, many institutions have adopted 
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Abstract
Objectives  The aims of this study were to report the postoperative incidence of subcutaneous ureteral bypass 
(SUB)-associated bacteriuria and risk factors in a large population of UK cats, to identify the commonly implicated 
isolates in these cases and to report associations of positive postoperative urine cultures with device occlusion or 
a need for further surgery.
Methods  Electronic clinical records were reviewed to identify cats with ureteral obstruction that underwent unilateral 
or bilateral SUB implantation between September 2011 and September 2019. In total, 118 client-owned cats were 
included in the study population. Information recorded included signalment, history, surgical and biochemical 
factors, urinalysis and culture results. Multivariable logistic regression was performed to identify variables associated 
with a positive postoperative culture.
Results  In total, 10 cats (8.5%) had a positive postoperative culture within 1 month postsurgery and 28 cats 
(23.7%) within 1 year postsurgery. Cats with a positive preoperative culture were significantly more likely to have 
a positive culture within 6 months postoperatively (odds ratio [OR] 4.09, 95% confidence interval [CI] 1.18–14.18; 
P = 0.026). Of the 14 cats with a positive preoperative culture, six (42.9%) returned a positive culture within 1 year 
postoperatively, and in four cases (66.7%) the same isolate was identified. Cats with a higher end-anaesthetic rectal 
temperature were significantly less likely to return a positive culture within 3 months (OR 0.398, 95% CI 0.205–0.772; 
P = 0.006) postsurgery. Cats culturing positive for Escherichia coli at any time point (OR 4.542, 95% CI 1.485–13.89; 
P = 0.008) were significantly more likely to have their implant removed or replaced.
Conclusions and relevance  Perioperative hypothermia and preoperative positive culture were independent 
predictors of a postoperative positive culture and this should be taken into consideration when managing these 
cases. Positive postoperative culture rates were higher than have previously been reported.
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ureteral bypass using the subcutaneous ureteral bypass 
(SUB) system placement as the treatment of choice.4

The SUB system consists of two catheters, placed in 
the renal pelvis and bladder lumen, connected to a 
shunting port sited in the subcutaneous tissue,4 allowing 
urine to bypass the affected ureter. SUB placement mor-
tality rates compare favourably to more traditional sur-
gical techniques, with 0–13% perioperative mortality 
reported5,6 vs 18% perioperative mortality for both tradi-
tional interventions1 and ureteral stent placement.6 
Intraoperative complications are reported to occur in 7% 
of cases5 and perioperative complications necessitating 
surgical intervention reported in 7% and 9% of cases, 
respectively,5,6 with device occlusion, device leakage and 
urethral obstruction most commonly observed.

Bacteriuria following SUB placement is reported in 
8–21% of cats.5,7 Therefore, identifying factors predictive 
of device colonisation and the clinical impact of this may 
help guide client decision-making.

Risk factors for positive urine cultures in cats with 
SUB system implantation have previously been described 
in a small population of 43 cats within an American insti-
tution;8 this study population included cats that under-
went SUB system or ureteral stent placement. The 
authors reported that of all variables assessed only use 
of postoperative antibiosis was associated with likeli-
hood of positive urine culture. Berent et al5 reported that 
both positive preoperative culture and postoperative use 
of an indwelling catheter were associated with positive 
postoperative culture; however, other factors were not 
assessed.

The microbial profile of SUB system-associated bacte-
riuria has been reported twice previously,5,8 both studies 
from American cat populations. The clinical implications 
of SUB-associated bacteriuria, in terms of association 
with device obstruction and requirement for surgical 
intervention, have not been previously reported.

The objectives of this study were thus three-fold. 
First, to report the postoperative incidence of SUB-
associated bacteriuria and risk factors in a large popu-
lation of UK cats; second, to identify the commonly 
implicated isolates in these cases; and, third, to report 
associations of positive postoperative urine cultures 
with device occlusion or need for further surgery.

Materials and methods
The clinical records of all cats with implantation of a SUB 
system at the Queen Mother Hospital for Small Animals, 
London, between September 2011 and September 2019 
were reviewed. Cases were excluded if they had not sur-
vived to discharge. Only cases with a minimum of one 
urine culture performed at least 2 weeks postsurgery 
were included. Information recorded included signal-
ment, history, surgical and biochemical factors, in addi-
tion to urinalysis and culture results. Initial diagnosis of 

ureteral obstruction was made via abdominal ultrasound 
performed by board-certified radiologists or residents in 
training, with pyelography performed to confirm aetiol-
ogy as required.

Surgery was performed by board-certified surgeons or 
residents in training, with general anaesthesia supervised 
by board-certified anaesthetists or residents. A SUB 
device (Norfolk Vet Products) was implanted as described 
by the manufacturer,4 under fluoroscopic guidance.

In cats with an active urine sediment, intravenous 
antibiotic administration was initiated preoperatively; 
surgery was delayed up to 48 h during antibiotic treat-
ment if the clinical condition allowed. Cats with an 
active sediment were continued on a therapeutic course 
of antibiotics for 4–6 weeks postoperatively based upon 
culture and sensitivity results of urine obtained preop-
eratively or from the renal pelvis at surgery.

Cats that survived to discharge were scheduled to 
revisit the hospital approximately 1 month postopera-
tively, at which point a urine sample was collected via 
aspiration of the subcutaneous port via a sterile tech-
nique. Follow-up appointments were then recom-
mended every 3 months for the first 2 years and every  
6 months thereafter, when the same technique was per-
formed. From February 2019 standard hospital protocol 
was revised to include flushing of the systems with  
2.5 ml of sterile tetrasodium ethylenediaminetetraacetic 
acid (TetraEDTA) per port post-sample collection.

Cats with positive urine cultures were generally 
administered a 3–8-week course of appropriate antibio-
sis based on culture and sensitivity results with culture 
performed during and at least 1 week post-treatment. 
Where empirical antibiosis was required pending cul-
ture, a 4–6-week course of oral potentiated amoxicillin 
was prescribed with a change of agent as required on 
return of culture results. Antibiosis was often stopped or 
not re-prescribed for cats with recurrent or persistent 
positive urine cultures without lower urinary tract signs.

All samples were submitted to the same laboratory. 
Samples were streaked with an inoculation loop onto 
MacConkey agar and Columbia agar supplemented 
with 5% sheep blood. Samples were incubated for up to 
24 h in 5% carbon dioxide at 37°C.

Bacterial identification was based on Gram staining, 
colony type and morphology, in addition to routine bio-
chemical testing. Isolate sensitivity was established 
with the Kirby–Bauer disc diffusion method performed 
in accordance with Clinical and Laboratory Standards 
Institute guidelines.9

Statistical analysis
Descriptive analysis was used for signalment, treatment 
and sample data. Data were analysed with SPSS version 
24 (IBM) with significance set at P <0.05. Variables were 
tested for normality using a Shapiro–Wilk test. Normally 
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distributed data are reported as mean ± SD and non-
Gaussian data are reported as median (range).

A χ2 test was used to compare the likelihood of device 
explantation in bacteriuric cats, between those with clin-
ical signs and those without.

Univariable logistic regression analysis was initially 
used to assess predictive factors for the following six 
models: first positive culture results within 1 (0–30 days), 
3 (0–90 days), 6 (0–180 days) and 12 (0–365 days) months; 
for device occlusion at any time point; and for device 
removal at any time point. Variables for which P <0.1 
were then further explored using a multivariable analy-
sis, with backward elimination to identify variables for 
which P <0.05.

Results
One hundred and twenty-four cats had a SUB implanted 
between 16 April 2012 and 6 September 2019, but six cats 
did not survive to discharge. Therefore, 118 cats met the 
inclusion criteria.

Age at the time of device placement was 7.17 ± 3.35 
years. Of the 118 cats included, 70 (59.3%) were neutered 
females, 47 (39.8%) were neutered males and one (0.8%) 
was an entire male. Breeds representing >2% of the pop-
ulation are summarised in Table 1.

Median body weight at the time of surgery was 4 kg 
(range 2.1–9.7 kg); median body condition score was 4/9 
(range 1–9).

In 93 cats (78.8%) a SUB system was placed due to 
ureterolithiasis, four cats (3.4%) presented owing to iat-
rogenic injury (three owing to inadvertent ureteral liga-
tion during ovariohysterectomy and one owing to 
stricture formation post ureterotomy), one cat (0.8%) 
was diagnosed with a ureteral stricture in the absence of 
ureteroliths or known prior trauma, and in 20 cats 
(16.9%) the underlying pathology was not confirmed.

Forty-six (39.0%) cats had a bilateral system placed 
and 72 (61.0%) a unilateral system. Of the unilateral sys-
tems, 41 (56.9%) were left-sided and 31 (43.0%) right-
sided. Median surgical and anaesthesia time were 105 
mins (range 50–275 mins) and 200 mins (range 125–420 
mins), respectively. Sixty-four cats (54.2%) received 
potentiated amoxicillin perioperatively, 39 cats (33.0%) 
received cefuroxime and in 15 cats (12.7%) perioperative 
antibiotic choice was not recorded.

Cats were hospitalised for a median of 6 days (range 
2–23) postsurgery.

Pre- and postoperative (obtained between 1 and 3 
months postsurgery) clinicopathological data are sum-
marised in Table 2.

Altogether, 110 cats had a preoperative culture per-
formed and of these 14 (12.7%) were positive. Thirteen 
cultures identified a single isolate and one culture identi-
fied two isolates. The most frequent isolates were 
Escherichia coli (42.9%) and Enterococcus faecalis (28.6%). Of 
the 14 cats with positive preoperative cultures six (42.9%) 
had a positive postoperative culture, all between day 20 
and day 176 postsurgery. Of these six cultures, four 
(66.7%) identified the same isolate both pre- and post
operatively. Of these four cultures, two isolated E coli,  
one E faecalis and one Staphylococcus pseudintermedius.

At least 1 month follow-up was available for all 118 
cats. Of these, 10 (8.5%) had a first positive postoperative 
culture within 1 month postsurgery. The most common 
organisms isolated were E coli (40%) and Pseudomonas 
aeruginosa (30%). Only one of these 10 cats had had a 
positive preoperative urine culture, and the bacteria cul-
tured was different (E coli preoperatively and S pseud-
intermedius postoperatively).

A minimum of 3 months of follow-up were available 
for 112 cats, and of these 15 (13.4%) had a first positive 
culture within 3 months postsurgery. A minimum of  
6 months of follow-up were available for 95 cats, and of 
these 25 (26.3%) had a first positive culture within  
6 months postsurgery. A minimum of 1 year of follow-up 

Table 1  Breeds representing >2% of the population 
of 118 cats with subcutaneous ureteral bypass system 
placement

Breed n %

Domestic shorthair 71 60.2
Domestic longhair 8 6.8
Burmese 5 4.2
Birman 4 3.4
Ragdoll 4 3.4
British Blue 3 2.5
British Shorthair 3 2.5
Persian 3 2.5

Table 2  Clinicopathological data for 118 cats that had subcutaneous ureteral bypass systems placed, collected 
preoperatively and postoperatively between 1 and 3 months after surgery

Preoperative data Postoperative data

Urine pH 6 (5–8.5) 5.5 (5–7.5)
Creatinine (µmol/l) 603 (121–2128) 206.5 (96–1014)
Blood urea nitrogen (mmol/l) 35.1 (5.7–118.5) 15 (7.4–67.3)
Urine specific gravity 1.015 (1.007–1.050) 1.021 (1.010–1.050)

Data are median (range)
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was available for 68 cats. Of these, 28 (41.2%) had a first 
positive culture within 1 year postsurgery. Of the first 
positive cultures returned within the first year postsur-
gery, 23 (82.1%) were single isolates and five (17.9%) were 
mixed cultures of two isolates. The isolates identified in 
single organism cultures are summarised in Table 3.

Cats with a positive preoperative culture were signifi-
cantly more likely to have a positive postoperative cul-
ture within 6 months postoperatively (odds ratio [OR] 
4.09, 95% confidence interval [CI] 1.18–14.18; P = 0.026) 
than those with a negative preoperative culture in multi-
variable analyses. This was not statistically significant 
within 1 (P = 0.787), 3 (P = 0.935) or 12 (P = 0.328) months 
postsurgery. 

In multivariable analyses cats with higher end-
anaesthetic rectal temperatures were significantly less 
likely to return a positive culture by 1 month (OR 0.404, 
95% CI 0.203–0.803; P = 0.010) and 3 months (OR 0.398, 
95% CI 0.205–0.772; P = 0.006) postsurgery but not by 6 
months (P = 0.121) or 12 months (P = 0.555) postsurgery.

Age, sex, breed, weight, body condition score, peri
operative antibiotic choice, reason for device place-
ment, outdoor access, preoperative urea, creatinine, 
urine pH and specific gravity, and length of hospitalisa-
tion, anaesthetic and surgery were not significantly cor-
related with the likelihood of returning a positive 
culture at any time point when investigated with uni-
variable analysis (all P >0.1) and were not included in 
the multivariable model.

Use of TetraEDTA as part of a maintenance protocol 
from 1 month postsurgery was not significantly corre-
lated with the likelihood of returning a positive culture 
within 3 months postoperatively and was not included 
in this multivariable model.

Site of implant and sex were included in the multi-
variable regression analysis but were not statistically 
associated with the likelihood of returning a positive 
culture at any time point (P >0.05).

Of the 28 cats returning positive urine cultures within 
12 months postsurgery, 10 (35.7%) were asymptomatic, 
with no noted device complications, two (7.1%) were 

asymptomatic with device obstruction diagnosed on 
imaging, 11 (39.3%) had lower urinary tract signs and/or 
secondary pyelonephritis and five (17.9%) had transient 
lower urinary tract signs, which were at times absent in 
the presence of bacteriuria.

Eleven cats with a positive culture had their implants 
removed or replaced. Of these, seven (63.6%) had either 
transient or perpetual clinical signs and four (36.4%) 
were asymptomatic. Seventeen cats with a positive cul-
ture did not have their devices removed. Of these, nine 
(52.9%) had transient or perpetual clinical signs, and 
eight (47.0%) were asymptomatic. There was no signifi-
cant association between the presence of clinical signs 
and the likelihood of device removal in cats with bacte-
riuria (P = 0.539).

In total, 26 devices became obstructed over the period 
studied in 22 cats (18.6%): 18 (15.3%) due to device min-
eralisation, seven (5.9%) due to a catheter kink and one 
(0.8%) due to a blood clot. Of the 18 devices (17 cats) with 
mineralised obstructions nine were revised or replaced, 
three cats were euthanased and the owners of five cats 
declined surgical intervention due to minimal or absent 
clinical signs.

Cats culturing positive for E coli at any time point (OR 
4.542, 95% CI 1.485–13.89; P = 0.008) were significantly 
more likely to have their implant removed or replaced 
when investigated with multivariable analysis. This was 
not significant for cats culturing positive for P aeruginosa 
(P = 0.09) or E faecalis (P = 0.059) when investigated with 
multivariable analysis, or cats with positive cultures pre-
operatively or within any time point postoperatively 
when investigated with univariable analysis (P >0.1).

Cats with a positive urine culture preoperatively or 
within any time point postoperatively were not signifi-
cantly more likely to develop a device occlusion than cats 
without a positive culture at any time point when inves-
tigated with univariable analysis (P <0.1). However, cats 
with P aeruginosa cultured at any time point postopera-
tively were significantly more likely to develop an 
implant obstruction (OR 5.0, 95 % CI 1.138–21.98; 
P = 0.033); this was not significant for E coli (P = 0.583) or 
E faecalis (P = 0.532) positive cultures when investigated 
with multivariable analysis.

Discussion
This study presents the results from a large number of 
urine cultures collected from cats with SUB systems 
placed in a UK referral centre over an 8-year period. 
Positive cultures were obtained from 28 of the 118 cats 
(23.7%) at some time point within 12 months postopera-
tively, with 8.5% returning a positive culture within 1 
month postoperatively.

A study by Kopecny et  al8 reported 25% of cats 
returned a positive postoperative urine culture; how-
ever, it is difficult to compare these results with those 
reported here as the population studied included cats 

Table 3  Novel, single-culture isolates within 1 year 
postsurgery (n = 28)

Organism n %

Escherichia coli 11 39.3
Enterococcus faecalis 4 14.3
Pseudomonas aeruginosa 4 14.3
Staphylococcus pseudintermedius 1 3.6
Klebsiella pneumonia 1 3.6
Coagulase-negative staphylococcus 1 3.6
Enterobacter cloacae 1 3.6
Unidentified diptheroid 1 3.6
Unidentified coliform 1 3.6
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with ureteral stent placement, the time points assessed 
were different and only 6/48 samples were collected via 
sterile subcutaneous port aspiration. It is also interesting 
to note that this paper reported that only 2.1% of cats 
returned a positive preoperative culture vs 12.7% of the 
cases reviewed here, 0% of the cases reported by Wolff 
et al7 and 25% of the cases reported by Berent et al.5 The 
latter papers reported a postoperative positive culture 
rate of 21% within 10 days postoperatively7 and 24% at 
any time point;5 however, direct comparison is challeng-
ing owing to the differences in data handling and pro-
portion of cases lost to follow-up. Discrepancies may 
also reflect a difference in sampling methods or previous 
management of the cats presented for surgery.

The most commonly cultured isolate in this study, 
both preoperatively and at any time point postsurgery, 
was E coli. Berent et  al5 also reported E coli as the pre-
dominant isolate cultured from preoperative urine collec-
tion; however, in both that paper and that of Kopecny 
et al,8 E faecalis was reported as the most common isolate 
cultured from postoperative samples. E coli and E faecalis 
are both commensals of the feline gastrointestinal tract10 
and thus the most likely mechanism of urinary tract 
infection is ascending colonisation by pre-existing enteric 
microflora. In the present study, P aeruginosa was the sec-
ond most commonly cultured organism at 1 month and 
joint second most commonly cultured organism (in addi-
tion to E faecalis) at 12 months postsurgery. P aeruginosa is 
a ubiquitous environmental organism, commonly impli-
cated in opportunistic nosocomial infections.11 In this 
study, culturing P aeruginosa at any time point was sig-
nificantly associated with risk of device obstruction but 
not significantly associated with device removal. This 
discrepancy is likely due to clients declining removal 
owing to financial constraints, or because the native 
ureter(s) had regained patency and the infection was sub-
clinical or resulting in only mild clinical signs.

The only factors identified as predictive of postoper-
ative positive culture were positive preoperative culture 
and lower end-anaesthetic rectal temperature. In this 
cohort, 4/14 cats with a positive presurgical urine cul-
ture cultured positive for the same isolate within 176 
days postsurgery. Berent et  al5 also demonstrated that 
preoperative bacteriuria was significantly associated 
with postoperative bacteriuria; however, in this study it 
is not clear what proportion of cats returned the same 
isolate at both cultures. Perioperative hypothermia has 
not previously been investigated as a risk factor for 
postoperative implant infection. Beal et al assessed the 
effect of hypothermia on surgical site infection rates in 
dogs and cats, and found no significant relationship;12 
however, this paper reported incision infections rather 
than implant-associated infections.

In human patients, perioperative hypothermia has 
been shown to be associated with surgical wound infec-
tions. It is thought that this occurs as a result of the 

induction of peripheral vasoconstriction, leading to 
reduced tissue oxygenation and subsequent impaired 
chemotaxis, phagocytosis and antibody production.13 In 
one study of human patients undergoing colorectal sur-
gery, core temperature at the end of surgery was highly 
correlated with wound infection up to 2 weeks postsur-
gery, with a 19% incidence rate in the hypothermic 
group vs 6% in the normothermic group.14 In our study, 
hypothermia was associated with increased risk of bac-
teriuria up to 3 months postsurgery; it is possible that 
later positive cultures represent initial false-negative 
cultures or subclinical cases that missed the 1 month 
recheck.

In the present study, E coli was associated with the 
need for device removal/replacement. This finding 
highlights the clinical significance of bacterial colonisa-
tion in these cases. In the cases reviewed here, the most 
common reason for implant removal/replacement was 
bacterial infection. This is in contrast to previous work, 
which reported mineralisation to be the most frequent 
reason for device exchange, causing occlusion in 24.2% 
of devices.5 In our study population, occlusion due to 
device mineralisation occurred in only 15.3% of cases 
and led to device removal or replacement in only 8.5% of 
cats. The discrepancy in these figures may be attributa-
ble to multiple factors, such as differences in diet and 
water mineralisation levels.

In this population, clinical signs were seen in 57.2% of 
cats with positive urine cultures, but only 39.3% of cats 
showed persistent lower urinary tract signs or pyelone-
phritis, suggesting that many cats with positive urine 
cultures after device placement are not clinically affected; 
that is, they have subclinical bacteriuria. This reflects 
previous work by Berent et al,5 in which only 62.5% of 
persistently affected cats had clinical signs suggestive of 
a urinary tract infection. The optimal way to manage cats 
with SUB implants and positive urine cultures without 
lower urinary tract signs remains a topic of debate. In 
our study, the presence of any lower urinary tract signs 
was not associated with an increased likelihood of device 
removal, but for some of these cats the clinical signs were 
only transient and overall case numbers for cats with 
positive urine cultures were small. Further work to 
investigate the optimal management strategies for cats 
with SUB implants and positive urine cultures, both 
symptomatic and subclinical, are warranted.

Our postoperative maintenance protocol was changed 
in February 2019 to include the instillation of TetraEDTA 
into the devices following sample collection. In this  
population there was no significant difference in the  
likelihood of returning a positive culture at 3 months post-
operatively for cats receiving routine TetraEDTA flushing 
vs those that did not. Correlation with positive culture at 
later time points postsurgery could not be investigated in 
this population as timing of data collection meant follow-
up length was limited in cats receiving the updated 
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protocol; however, this is an area that warrants further 
investigation.

The main limitations of this study are attributable to 
its retrospective design, with available follow-up and 
preoperative details variable. Although revisits were 
advised at standardised intervals, many patients did not 
revisit when advised. Additionally, cultures reported 
here may represent either clinical urinary tract infections 
or subclinical bacteriuria. Although an attempt has been 
made to retrospectively classify the cats as asymptomatic 
or otherwise, this distinction was made by reviewing his-
torical data, which may not have been complete. Equally, 
categories were not always clearly defined; for example, 
some cases showed transient clinical signs that waxed 
and waned independent of treatment whereas others had 
persistent signs.

Conclusions
Postoperative bacteriuria occurred at least once within 12 
months postoperatively in 23.7% of cats and was a risk fac-
tor for device removal/replacement. Both perioperative 
hypothermia and postoperative positive culture were pre-
dictive of postoperative positive culture and this should be 
taken into consideration when managing these cases.
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