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iseases of the lower urinary tract account for a

fairly large number of feline visits to veterinary
hospitals.! Cats with UO have a high potential for se-
vere illness and death due to associated hyperkalemia,
azotemia, metabolic acidosis, cardiovascular compro-
mise, arrhythmias, uremia, and acute kidney injury.
These metabolic derangements develop < 24 hours af-
ter obstruction occurs. In untreated cats, death results

within 3 to 6 days after obstruction.?

Despite the potential for severe pathophysiologic
consequences, most cats with UO are relatively stable

ABBREVIATIONS

RUO Recurrent urethral obstruction
uo Urethral obstruction
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OBJECTIVE

To test for an association between indwelling urethral catheter placement
in cats with urethral obstruction (UO) and the short-term (30-day) risk of
recurrent urethral obstruction (RUO).

DESIGN
Prospective cohort study.

ANIMALS
107 client-owned male cats with UQO.

PROCEDURES

Owners were offered standard care for their cats, including hospitalization,
placement of an indwelling urethral catheter, IV fluid therapy, and other
supportive treatments (inpatient group). One-time catheterization and
outpatient care were offered (outpatient group) if standard care was de-
clined. Data regarding signalment, measures of metabolic compromise and
urinalysis findings at enrollment, catheterization-related variables, and sup-
portive treatments of interest were collected. Risk of RUO < 30 days after
urethral catheter removal was determined for the outpatient vs inpatient
group by OR and 95% confidence interval calculation. Other variables were
compared between cats that did and did not develop RUO with Fisher exact
and trend tests.

RESULTS

91 cats completed the study; 19 (5/46 [11%] inpatients and 14/45 [31%]
outpatients) developed RUO. Risk of RUO was significantly greater for cats
of the outpatient group (OR, 3.7; 95% confidence interval, 1.2 to 11.4).
Among inpatients, increasingly abnormal urine color at the time of catheter
removal was significantly associated with RUO. No other significant asso-
ciations were identified.

CONCLUSIONS AND CLINICAL RELEVANCE

Hospitalization and indwelling catheterization significantly reduced the risk
for RUO < 30 days after treatment for the population studied. Results sug-
gested that removal of an indwelling catheter before urine appears grossly
normal may be associated with development of RUO. One-time catheter-
ization with outpatient care was inferior to the standard care protocol but
was successful in many cats and may be a reasonable alternative when clients
cannot pursue standard care. (J Am Vet Med Assoc 2018;252:1509—1520)

on initial examination and have only mild clinico-
pathologic abnormalities detected.! As a result, the
short-term prognosis is considered very good with ap-
propriate treatment (with survival-to-discharge rates
in 3 studies'>¢ ranging from 41 of 45 [91%] to 205
of 219 [94%]). In contrast, the long-term prognosis
for RUO is guarded, with published recurrence rates
ranging from 10 of 68 (15%) to 14 of 39 (36%).3"7 The
week after initial treatment appears to be the most
likely interval for reobstruction.>>7

The standard approach for treatment of UO in
cats is well described in the veterinary literature.®?
This includes immediate stabilization of life-threaten-
ing conditions, restoration of urethral patency, and
hospitalization for monitoring and supportive care.
An indwelling urethral catheter is placed to maintain
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urethral patency and allow monitoring of urine out-
put during hospitalization.!® The urethral catheter is
typically removed once urine output has normalized,
metabolic derangements have improved, and any
grossly evident urine abnormalities such as hematu-
ria or sediment have resolved.

A disadvantage to this standard approach is the
cost to the client. Cost is frequently a hurdle to stan-
dard care, and some cats with UO are euthanized as a
result.l!! Authors of 1 study'! have explored alternative
treatments for UO. Although the short-term survival
rate for cats receiving alternate treatment (12/15) was
lower than that for cats receiving standard care, cats
that survived to discharge had a rate of RUO (2/11 cats
over 3 weeks), similar to that of cats that received stan-
dard care."! To our knowledge, no studies have evalu-
ated the short-term rate of RUO for cats that undergo
1-time urethral catheterization and outpatient care.

The purpose of the study reported here was to
test for an association between indwelling urethral
catheter placement (with hospitalization and support-
ive care) in cats with UO and the short-term (30-day)
risk of RUO. We hypothesized that cats receiving this
standard care would have a significantly lower risk
of RUO during a 30-day follow-up period, compared
with cats that underwent 1-time urethral catheteriza-
tion and received outpatient care.

Materials and Methods

Animals

Cats in which UO was diagnosed by a veterinarian
at Red Bank Veterinary Hospital (a private, small-animal
emergency and referral hospital) between January 1,
2014, and June 30, 2015, were eligible for study inclu-
sion. Urethral obstruction was diagnosed in cats with
either a large, firm, nonexpressible urinary bladder or
veterinarian-witnessed stranguria without urine pro-
duction. Exclusion criteria included female sex, age <
12 months, urethral catheterization prior to the qualify-
ing examination, or lower urinary tract surgery in the
30 days prior to this examination. Additional exclusion
criteria included presence of a urethral tear, sponta-
neous (noniatrogenic) rupture of the urinary bladder,
lower urinary tract neoplasia, urolithiasis identified
by diagnostic imaging, underlying neurologic disease
identified as the etiopathogenesis for UO, trauma, or
existing perineal urethrostomy. Cats enrolled in the
study were subsequently removed and excluded from
statistical analyses if they underwent lower urinary
tract surgery not related to recurrence of UO < 30 days
after catheter removal, if they died from any cause not
related to UO or were lost to follow-up prior to con-
clusion of the 30-day observation period, and, for cats
that received standard-care treatment, if the indwelling
catheter was removed < 12 hours after placement. Each
patient was eligible for study inclusion only once.

Procedures
Two hospital protocols that were in place prior to
the study and agreed upon by staff veterinarians pro-

vided that a consistent standard of care was offered to
all owners of male cats with UO. The protocols were
available for reference throughout the study. The in-
patient care protocol was recommended to all clients
and reflected current standard of care. If inpatient
care was declined, the outpatient care protocol was
offered. For study purposes, cats were assigned to 2
groups (inpatient and outpatient) on the basis of the
owner’s decision regarding treatment.

A standardized data sheet*® was used to collect
the following information for all cats during initial
examination and treatment: group assignment, indi-
vidual veterinarian who performed initial (rigid) ure-
thral catheterization, the veterinarian’s time in prac-
tice since graduation, subjective difficulty of initial
catheterization® (scored from 1 [minimal difficulty]
to 5 [unable to catheterize]; Appendix I), catheter
manipulation time required to achieve urethral pa-
tency (measured from the time of first attempted cath-
eterization until urine flow was observed), whether
decompressive cystocentesis was performed during
catheterization, and volume of sterile crystalloid fluid
used to flush the bladder following catheterization.
For cats of the inpatient group, additional informa-
tion recorded included the following: initial indwell-
ing urethral catheter size, time required and diffi-
culty in placing the indwelling catheter, duration of
indwelling catheterization, and subjectively assessed
urine color (clear, straw-colored, yellow, pink, or red)
when the indwelling urethral catheter was removed.

The medical records of all cats were retrospectively
reviewed after patient discharge to obtain information
regarding age, breed, neuter status, and body weight;
body condition score (from 1 to 9, where 1 = emaci-
ated, 5 = ideal, and 9 = grossly obese)'?; diagnosis; the
presence of crystalluria, degree of hematuria, degree of
pyuria, and presence of bacteriuria on urinalysis; and
base excess and BUN and circulating (blood or serum,
depending on the equipment used) creatinine and po-
tassium concentrations in the blood sample obtained
at the time of initial examination and treatment. Addi-
tional information collected from the medical record
included administration of buprenorphine hydrochlo-
ride, drugs for treatment of urethral spasm (eg, prazosin
hydrochloride or phenoxybenzamine hydrochloride),
antimicrobials, and anti-inflammatories.

Although the predetermined treatment protocols
were in place as described in this section, individual
patient care was at the discretion of the attending
veterinarian and reflected patient needs and client
consent. Deviations from the protocols that might
have affected secondary variables of interest were
recorded.

Immediately after arrival at the study facility, pa-
tients were examined and emergency stabilization
was provided if necessary. After initial evaluation and
stabilization, a venous blood sample was collected
for a CBC,? serum biochemical analysis,*f and venous
blood gas analysis.’® Because 2 biochemical analyz-
ers with different reference ranges were used, hema-
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tologic variables were converted to a severity scale
(scored from 0 [normal] to 3 [severe abnormality]) for
recording and statistical analysis (Appendix 2). The
severity scale was determined by the authors on the
basis of clinical experience. A value was considered
normal if it was within the manufacturer’s reference
range for the equipment used. Urine was collected
by catheterization or cystocentesis. When urine was
collected via the catheter, the sample was obtained
after discarding the first = 20 mL of urine after ure-
thral patency was achieved. When urine was collect-
ed by cystocentesis, it was obtained prior to urethral
catheterization. An in-house urine sediment exami-
nation was performed < 1 hour after sample collec-
tion to evaluate for the presence of crystalluria. An
additional urine sample was submitted to a reference
laboratory" for complete urinalysis and culture. An
abdominal radiograph was obtained with the patient
in lateral recumbency; the image was used to evalu-
ate each cat for the presence of obvious (radiopaque)
uroliths and to confirm urethral catheter placement.
According to established hospital procedures, all
radiographs were reviewed by a board-certified ra-
diologist. A focal ultrasonographic examination of
the bladder was performed by a veterinarian from the
emergency service to evaluate the patient for pres-
ence of obvious urinary calculi or urinary bladder
neoplasia. If a complete diagnostic work-up could not
be performed, diagnostic tests were generally priori-
tized by the attending clinician on the basis of patient
stability and client consent.

Each patient was sedated or anesthetized at the
discretion of the attending veterinarian after evalua-
tion and stabilization of its clinical condition. No pa-
tients received epidurally administered anesthetics.
Urethral catheterization techniques varied among cli-
nicians; commonly applied hospital standards were
as follows. The fur around the prepuce was clipped,
and the area was scrubbed with alternate application
of 2.0% chlorhexidine gluconate solution and 70% iso-
propyl alcohol. The penis was extruded and cleansed
with chlorhexidine gluconate solution only. An asep-
tic technique was used to pass a lubricated, 3.5F rigid
polypropylene catheter® to restore urethral patency.
Decompressive cystocentesis was performed at the
clinician’s discretion. Retropulsion was performed
with saline (09% NaCl) solution) The bladder was
emptied and then flushed with = 120 mL of saline so-
lution or until grossly clear fluid was retrieved from
the bladder. Catheterization variables were recorded
as described.

For cats of the outpatient group, the rigid poly-
propylene catheter was removed and the patient
was released to the owner for home care follow-
ing recovery from sedation. Cats in this group were
typically prescribed buprenorphine* (administered
sublingually at a dose and frequency determined by
the attending clinician) and prazosin (0.5 mg/cat if
> 3 kg [6.6 Ib] or 0.25 mg/cat if < 3 kg, PO,
q 12 h). Other supportive treatments provided at
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the discretion of the veterinarian were not recorded.
Cats of the outpatient group typically did not have IV
fluid administration unless needed for initial hemo-
dynamic stabilization. Instead, crystalloid fluids were
administered SC at a dose determined by the attend-
ing clinician.

Cats of the inpatient group had the rigid polypro-
pylene urethral catheter removed and replaced with
an indwelling 3.5F red rubber (polyvinyl chloride)
catheter.™ The time required to place the indwelling
catheter and subjective difficulty were recorded in the
same manner as for the rigid catheter. The indwelling
catheter was secured into place with nonabsorbable
monofilament suture, and a sterile, closed collection
system was attached. An abdominal radiograph was
obtained as described with the patient in right lateral
recumbency to confirm appropriate urethral catheter
placement and to evaluate for urolithiasis. A focused,
point-of-care ultrasound examination was also used
to evaluate for urolithiasis. Once attached, the collec-
tion system was not disconnected unless the urethral
catheter appeared clogged. The catheter and connec-
tive tubing were cleaned and kept free of gross debris
with dilute chlorhexidine solution. Urine was emp-
tied from the collection system in an aseptic manner
at the distalmost point via a spigot on the bag. Col-
lection systems were kept below the level of the pa-
tient but off of the floor. If the original 3.5F catheter
became obstructed or was dislodged, the decision to
place a new catheter and the size of the replacement
catheter were at the attending veterinarian’s discre-
tion. The number of replacement catheters needed,
their size, and other details regarding their placement
were not recorded on the data sheet.

Cats of the inpatient group received a balanced,
isotonic crystalloid fluid IV at a rate and duration de-
termined by the attending veterinarian. At the time
of initial examination, titrated boluses of crystalloid
fluid (10 to 20 mL/kg [4.5 to 9.1 mL/Ib]) were admin-
istered to restore hemodynamic stability if needed.
Fluid treatments were generally started prior to or
during the initial urethral catheterization procedure
and continued after removal of the indwelling ure-
thral catheter. Fluid therapy decisions were not re-
corded; however, clinicians followed recommenda-
tions for rate as determined on the basis of initial fluid
deficit (estimated percentage dehydration multiplied
by body weight in kilograms) plus maintenance flu-
id requirements, and this was adjusted according to
any ongoing losses. Urine output was monitored at
< 4-hour intervals, and fluid treatments were adjusted
accordingly. The total volume of fluid administered
and duration of fluid therapy were not recorded for
purposes of the study. Standard supportive care treat-
ments were considered to be buprenorphine* (dose
determined by the attending clinician; IV, every 6 to
12 hours) and prazosin' (as described for outpatient
treatment). Alternative or additional supportive treat-
ments were provided at the discretion of the attend-
ing veterinarian. Elizabethan collars were placed to
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Table 1—Comparison of characteristics of male cats treated for UO as inpatients (according to
the standard of care; n = 46) or as outpatients (when the recommended treatment was declined;
45) in a prospective study to test for an association between indwelling urethral catheterization and

the risk of RUO < 30 days after catheter removal.

Variable Inpatient group Outpatient group P value
Signalment
Age (y) 5(1-10) 4 (1-20) 0.365
Body condition score* 7 (4-9) 6 (3-9) 0.539
Weight (kg) 6.72 (3.6-12) 6.5 (3.1-12.4) 0.391
Breed — — 0.563
Domestic shorthair 37/46 (80) 38/45 (84)
Domestic longhair 4/46 (9) 3/45 (7)
Maine Coon Cat 1746 (2) 1745 (2)
American Shorthair 2/46 (4) 0/45 (0)
Russian Blue 0/46 (0) 2/45 (4)
Munchkin 0/46 (0) 1/45 (2)
Norwegian Forest Cat 1746 (2) 0/45 (0)
Siamese cross 1746 (2) 0/45 (0)
Neutered (vs not neutered) 46/46 (100) 43/45 (96) 0.242
Measures of metabolic compromise
Rectal temperature (°C) 38.3 (34.8-39.7) 38.2 (35.8-40) 0.772
Clinicopathologic scorest
Serum creatinine concentration 0 (0-3) 0 (0-3) 0.736
BUN concentration 0 (0-3) 0.5 (0-3) 0.695
Serum potassium concentration 0(0-3) 0(0-3) 0518
Plasma base excess 0 (0-3) 1 (0-3) 0.587
Urinalysis
Urine specific gravity$ 1.042 (1.012—-1.062) 1.040 (1.018-1.065) 0.456
WABCs (No. per hpf) — — 0.371
None 16/39 (41) 10/33 (30)
0-3 11/39 (28) 12/33 (36)
4-10 8/39 (21) 10/33 (30)
11-20 3/39 (8) 0/33 (0)
21-50 1739 (3) 1/33 (3)
> 50 0/39 (0) 0/33 (0)
RBCs (No. per hpf)$ — — 0.059
None 1739 (3) 3/33 (9)
0-3 2/39 (5) 0/33 (0)
4-10 3/39 (8) 0/33 (0)
11-20 5/39 (13) 1/33 (3)
21-50 5/39 (13) 2/33 (6)
> 50 23/39 (59) 27/33 (82)
Bacteria (present vs absent)} 2/39 (5) 1733 (3) 0.299
pHE 7.11 £0.68 7.12+£048 0.967
Crystals (present vs absent)§ 15/32 (47) 10/25 (40) 0.522
Supportive treatments (outside of protocols)
Antimicrobials (yes vs no) 32/46 (70) 30/45 (67) 0.649
Anti-inflammatories — — 0.709
Dexamethasone 2/46 (4) 1745 (2)
Prednisolone 0/46 (0) 1/45 (2)
Robenacoxib 0/46 (0) 1/45 (2)

All cats were stabilized and sedated or anesthetized for placement of a rigid urethral catheter (with or
without decompressive cystocentesis) for treatment of UO, and the urinary bladder was flushed by retropulsion
with 0.9% NaCl (saline) solution. Cats of the outpatient group were released to their owners for home care
upon recovery. Treatments for the inpatient group included hospitalization with placement of an indwelling
urethral catheter, IV fluid therapy, monitoring, and other supportive care. Continuous data are reported as
mean * SD or median (range). Categorical data are reported as proportion (%), and the P value represents the
overall comparison. Not all cats had all variables assessed. Values of P < 0.05 were considered significant.

*Scored from | to 9 (where | = emaciated, 5 = ideal, and 9 = grossly obese) as described elsewhere.'?
tScored from 0 (within the reference interval for the equipment used) to 3 (severe abnormalities). $Samples
were sent to a commercial laboratory for analysis. §Evaluation was performed in-house. — = Not applicable.

See Appendix 2 for details of the scoring system for clinicopathologic findings.
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protect IV and urethral catheters from being chewed
or removed by the patient. Fresh water and food were
available after recovery from sedation or anesthesia.
Cats were examined = 2 times/d by a veterinarian.
Rectal temperature, heart rate, pulse quality, respira-
tory rate, mucous membrane color and moistness, and
capillary refill time were evaluated at < 6- to 8-hour
intervals. Further monitoring (eg, continuous ECG,
noninvasive blood pressure measurement, or pulse
oximetry) was performed at the discretion of the vet-
erinarian. Serum biochemical values were monitored
daily or more frequently during hospitalization until
deviations from the respective reference ranges were
considered clinically irrelevant.

The target duration of indwelling catheterization
was > 24 hours or until the attending veterinarian
deemed it appropriate to discontinue the treatment.
If extenuating circumstances precluded catheteriza-
tion for > 24 hours, patients were retained in the
study if the indwelling catheter remained in place
for =2 12 hours. Goals prior to removing the urethral
catheter included resolution of azotemia, normaliza-
tion of the cat’s metabolic status (ie, dehydration and
electrolyte abnormalities), acceptable urine output
(> 0.5 mlL/kg/h [0.23 mL/Ib/h] but less than the IV
fluid therapy rate), and normal urine color (as evalu-
ated by the veterinarian or technician without using
the previously described scoring system). After cath-
eter removal, cats were discharged from the hospital
once voluntary urination was observed.

Regardless of their cat’s underlying disease or treat-
ment group, all owners were educated about environ-
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mental and dietary modifications as general preventa-
tive strategies for RUO. Follow-up with the referring
veterinarian was recommended to discuss long-term
management of feline lower urinary tract disease. Com-
pliance with general management strategies or the re-
ferring veterinarian’s long-term care plan was not evalu-
ated or recorded for study purposes.

For study purposes, only RUO that developed
within the 30-day follow-up period was evaluated.
Owners were called 30 days after the rigid catheter-
ization procedure (for the outpatient group) or re-
moval of the indwelling catheter (for the inpatient
group) to determine whether RUO had occurred
within this interval.

Statistical analysis

The primary outcome variable of interest was
RUO < 30 days after the time of urethral catheter re-
moval. Prior to the study, the power was set at 80%
with a 2-sided o level of 0.05. The expected rate of
RUO was estimated as 20% and 50% for cats of the in-
patient and outpatient groups, respectively, resulting
in an optimal sample size of 80 patients. All data were
recorded in an electronic spreadsheet program® and
imported into a statistical software program.” Con-
tinuous variables were assessed for normality with
the Shapiro-Wilk method. Normally distributed con-
tinuous variables were reported as mean + SD, and
nonnormally distributed continuous variables were
reported as median and range. The unpaired Student
t test or the Wilcoxon rank sum test was used to
compare normally and nonnormally distributed con-

Table 2—Comparison of catheterization-related variables for the same 91 cats as in Table |I.

Variable Inpatient group Outpatient group P value
Initial (rigid) catheter placement

Subjective difficulty score || 2 (1-3) 2 (1-4) 0.695

Time to urethral patency (min) 3 (1-55) 2 (1-37) 0.736
Catheterizing veterinarian — 0.358

A 3/46 (7) 1/45 (2)

B 4/46 (9) 2/45 (4)

C 4/46 (9) 10/45 (22)

D 5/46 (11) 7145 (16)

E 0/46 (0) 1/45 (2)

F 3/46 (7) 2/45 (4)

G 2/46 (4) 0/45 (0)

H 1/46 (2) 0/45 (0)

| 2/46 (4) 2/45 (4)

J 4/46 (9) 7145 (16)

K 1/46 (2) 0/45 (0)

L 2/46 (4) 0/45 (0)

M 1/46 (2) 1/45 (2)

N 1/46 (2) 3/45 (7)

) 2/46 (4) 2/45 (4)

P 6/46 (13) 1/45 (2)

Q 4/46 (9) 6/45 (13)

R 1/46 (2) 0/45 (0)
Experience of catheterizing veterinarian (y) 3 (1-8) 4 (1-8) 0.048

|| Scored from | (minimal difficulty) to 5 (unable to catheterize); see Appendix | for details.
See Table | for remainder of key.
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tinuous variables, respectively, between groups. Cat-
egorical variables were expressed as proportions and
percentages, and a y? test or Fisher exact test (if the
expected count in any cell was < 5) was used to com-
pare these variables between groups. Odds ratios for
RUO were calculated for the outpatient group, with
the inpatient group used as the referent category. The
test for trend across ordered groups was used to de-
termine an association between increasing severity
of gross urine color and RUO in the inpatient group.!3
Values of P < 0.05 were considered significant for all
statistical evaluations. No adjustments were made for
multiple comparisons.

Results

Study population
During the 18-month study period, 163 male cats
were evaluated for treatment of UO at the study fa-

cility. Seventy-two of these cats were excluded (n =
56) or removed (16) from the study. The reasons for
exclusion included euthanasia without treatment (n
= 18), radiographically or ultrasonographically de-
tected cystic or urethral calculi (16), urethral cath-
eterization by the referring veterinarian (10), age <
1 year (2), death during stabilization attempts before
further treatment could be provided (2), presence of
a urethral tear (2), spontaneously occurring bladder
rupture (2), owners declining treatment at the study
hospital and having the cat transferred back to their
regular veterinarian for care (2), and treatment that
varied substantially from the established protocols
(2). In the latter 2 cases, 1 cat was not sedated or
aseptically prepared for catheterization and did not
have its urinary bladder flushed with saline solution,
and 1 was not catheterized because it urinated spon-
taneously after sedation. Cats were removed from
the study after enrollment for the following reasons:

Table 3—Comparison of characteristics (irrespective of treatment group) potentially associated
with RUO between cats that did (n = 19) and did not (72) develop the condition within the 30-day

follow-up period.

Variable No RUO RUO P value
Signalment
Age (y) 5 (1-20) 3(1-12) 0.227
Body condition score* 7 (3-9) 6 (4-8) 0.213
Weight (kg) 6.7 (3.14-12.4) 6.5 (4.4-8.16) 0.329
Neutered (vs not neutered) 70 (97) 19 (100) 1.0
Measures of metabolic compromise
Rectal temperature (°C) 38.3 (34.8-39.7) 38.1 (35.840) 0.513
Clinicopathologic scorest
Serum creatinine concentration 0 (0-3) 1 (0-3) 1.0
BUN concentration 0(0-3) 0 (0-3) 0.329
Serum potassium concentration 0(0-3) 0(0-3) 0.589
Plasma base excess 0 (0-3) 3(3-3) 0.258
Urinalysis
WBCs (No. per HPF)$ — — 0.645
None 21/59 (36) 3/13 (23)
0-3 20/59 (34) 5/13 (38)
4-10 12/59 (20) 5/13 (38)
11-20 4/59 (7) 0/13 (0)
21-50 2/59 (3) 0/13 (0)
>50 0/59 (0) 0/13 (0)
RBCs (No. per HPF)} — — 0.197
None 4/59 (7) 0/13 (0)
0-3 2/59 (3) 0/13 (0)
4-10 3/59 (5) 0/13 (0)
11-20 6/59 (10) 0/13 (0)
21-50 5/59 (8) 2/13 (15)
> 50 39/59 (66) 11713 (85)
Bacteria (present vs absent)} 2/59 (3) 1713 (8) 0.482
Crystals (present vs absent)§ 20/47 (43) 5/10 (50) 0.441
Decompressive cystocentesis (yes vs no) 5/69 (7) 3/18 (17) 0.354
Supportive treatments
Antimicrobials (yes vs no) 48/72 (67) 14/19 (74) 0.611
Anti-inflammatories — — 0.279
Dexamethasone 2/72 (3) 1719 (5)
Prednisolone 1772 (1) 0/19 (0)
Robenacoxib 0/72 (0) 1719 (5)

See Table | for key.
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surgery of the lower urinary tract for reasons other
than RUO within the 30-day follow-up period (n = 6),
lost to follow-up (5), substantial deviation from the
established inpatient protocol (2), euthanasia during
the follow-up observation period for reasons other
than RUO (2), and death at home due to an unknown
cause (1). The 2 cats removed because of protocol de-
viations each had the indwelling urethral catheter in
place for < 12 hours (1 for 6 hours and 1 for 7 hours).

Deviations from the study protocols that did not
lead to exclusion or removal of cats from the study
included having the indwelling urethral catheter in
place for 12 to 24 hours (n = 10), placement of a 5F
indwelling urethral catheter after placement of the
initial 3.5F catheter became nonfunctional in the
inpatient group (3), and the use of < 120 mL or an
undocumented volume of saline solution to flush the
urinary bladder (3).

Finally, although primary neurologic disease was
considered an exclusion criterion, suspected detru-
sor atony secondary to prolonged natural UO was not

Small Animals || NG

(n = 4). Detrusor atony was suspected in any inpa-
tient that did not spontaneously micturate after ure-
thral catheter removal, but had a large, soft urinary
bladder that was easily expressible. If a clinician sus-
pected detrusor atony, the urethral catheter was re-
placed and indwelling catheterization continued. The
duration of time cats were catheterized was recorded
as the total time an indwelling catheter was in place
(ie, summation of both indwelling catheter events).
Of the 91 cats that completed the study, 46 and
45 were in the inpatient and outpatient groups, re-
spectively. Breeds consisted of domestic shorthair
(n = 75), domestic longhair (7), Maine Coon Cat (2),
American Shorthair (2), Russian Blue (2), Munchkin
(1), and Norwegian Forest Cat (1). One patient was a
mixed-breed (part Siamese) cat. The mean £ SD age
was 5 £ 3.3 years (range, 1 to 20 years). Eighty-nine
cats were neutered, and 2 were sexually intact.
Population characteristics (signalment, measures
of metabolic compromise, and urinalysis results), use
of supportive treatments of interest, and variables re-

Table 4—Comparison of catheterization-related variables (other than treatment group) potentially
associated with RUO between cats that did (n = 19) and did not (72) develop the condition within
the 30-day follow-up period.

Variable No RUO RUO P value
Initial (rigid) catheter placement

Subjective difficulty score || 2 (1-3) 1 (1-4) 0.778

Time to urethral patency (min) 3 (1-55) 2 (1-37) 0.125
Catheterizing veterinarian — — 0.625

A 2/72 (3) 2/19 (11)

B 5172 (7) 1719 (5)

C 12/72 (17) 2/19 (11)

D 8/72 (11) 4/19 (21)

E 1172 (1) 0/19 (0)

F 5172 (7) 0/19 (0)

G 2/72 (3) 0/19 (0)

H 1172 (1) 0/19 (0)

| 3/72 (4) 1719 (5)

J 8/72 (1) 3/19 (16)

K 1172 (1) 0/19 (0)

L 2/72 (3) 0/19 (0)

M 2/72 (3) 0/19 (0)

N 2/72 (3) 2/19 (11)

@) 3/72 (4) 1719 (5)

P 7172 (10) 0/19 (0)

Q 8/72 (11) 2/19 (11)

R 0/72 (0) 1719 (5)
Experience of catheterizing veterinarian (y) 3(1-8) 4 (1-8) 0.754
Indwelling catheterization{

Time to place catheter (min) I (1-10) 1 (1-7) 0.956

Subjective difficulty score || 1 (1-2) 1 (1-2) 0.542

Duration of catheterization (h) 28 (12-125) 26 (14-36) 1.000
Urine color at catheter removal — — 0.003

Clear 7120 (35) 0/3 (0)

Straw-colored 3/20 (15) 0/3 (0)

Yellow 3/20 (15) 0/3 (0)

Pink 6/20 (30) 0/3 (0)

Red 1120 (5) 3/3 (100)

IData collected for the inpatient group only.
See Tables | and 2 for remainder of key.
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lated to the initial catheterization (degree of difficulty,
time to establish urethral patency, and veterinarian-
related factors) were compared between the 2 treat-
ment groups (Tables | and 2). All cats received bu-
prenorphine for pain as well as a drug for urethral
spasm (90 received prazosin, and 1 received phenoxy-
benzamine®). Although not part of the protocol, 62
cats received empirical antimicrobial treatment con-
sisting of cefovecin sodiumP or amoxicillin-clavulanic
acid.1 Five cats received anti-inflammatory drugs, in-
cluding dexamethasone sodium phosphate,’ predniso-
lone (orally administered),® or robenacoxib.! Among
the characteristics evaluated, only the median num-
ber of years’ experience for clinicians who performed
catheterization was significantly different between the
outpatient (4 years) and inpatient (3 years) groups.

Incidence and risk of RUO

The incidence of RUO during the 30-day follow-
up period was 5 of 46 (11%) and 14 of 45 (31%) for the
inpatient and outpatient groups, respectively. Cats
of the outpatient group had significantly (P = 0.018)
greater risk of RUO than did cats of the inpatient
group (OR, 3.7; 95% confidence interval, 1.2 to 11.4).
Of the 19 cats that developed RUO, 18 (95%) had the
condition < 1 week after the catheter was removed
(mean time to reobstruction, 2.2 *+ 4.12 days).

Additional factors investigated
for association with RUO

Results of analysis for association of factors
(other than treatment group) with RUO during the
follow-up period, including signalment, measures
of metabolic compromise, urinalysis findings, sup-
portive treatments of interest, initial (rigid) catheter
placement variables, and veterinarian-related factors,
were summarized (Tables 3 and 4). None of these
findings differed significantly between cats that did
and did not develop RUO.

Among cats of the inpatient group, time required
to place the indwelling urethral catheter, subjective
difficulty score for placement of the indwelling ure-
thral catheter, and duration of indwelling catheteriza-
tion were not associated with the risk of RUO. How-
ever, subjective urine color at the time of indwelling
catheter removal was significantly associated with de-
velopment of RUO, whether evaluated as a categori-
cal variable by the Fisher exact test (P = 0.003, with
red-colored urine more common in cats that devel-
oped RUO) or with a test for trend (P = 0.007, with
increasingly abnormal color associated with develop-
ment of RUO).

Discussion

The aim of the present study was to evaluate for
a potential association between indwelling urethral
catheter placement with standard inpatient care for
cats with UO and the development of RUO < 30 days
after catheter removal by comparing results for these
patients with results for cats that underwent a single-

catheterization protocol for the treatment of UO on
an outpatient basis. The incidence of RUO was sub-
stantially lower for cats of the inpatient group (5/46
[11%]) than for cats of the outpatient group (14/45
[31%]), and indwelling urethral catheterization with
standard inpatient care was associated with a signifi-
cantly reduced risk of RUO during this short-term fol-
low-up period, with odds of RUO for the outpatient
group 3.7 times those for the inpatient group. The
exact cause of the RUO was not recorded, and both
functional and mechanical causes were possible.

The reported incidence of RUO for cats in previ-
ous investigations ranges from 10 of 68 (15%) to 14
of 39 (36%) and depends somewhat on the duration
of the observation period and exclusion criteria ap-
plied.>”7 Methodological differences make compari-
son among studies difficult. However, 2 recent stud-
ies®” evaluated the incidence of RUO over a 30-day
period as was done in the present study. Hetrick and
Davidow’ reported a somewhat higher incidence of
24% among 157 cats in a retrospective case series,
and Eisenberg et al® found a more similar incidence
of 15% among 68 cats in a prospective case series. Al-
though the present study and the study by Eisenberg
et al® both had prospective designs, we identified
no other obvious reasons for the lower incidences
of RUO, compared with the findings of Hetrick and
Davidow,” on the basis of available information. How-
ever, the fact that cats hospitalized for treatment with
an indwelling urethral catheter and supportive care
in these 2 prospective studies had better short-term
outcomes supports the idea that having a protocol in
place for treatment of UO may improve clinician com-
pliance and thereby influence patient outcomes. Use
of checklists has been shown to improve outcomes
in human patients requiring critical care'* or under-
going surgery,”® and the use of checklists has been
reviewed elsewhere '

Similar to the results in 3 previous studies,>’
cats in the present investigation most commonly
developed RUO within the first week after urethral
catheter removal (18/19 [95%] cats). The short-term
incidence of RUO and the finding that most cats had
RUO within the first week after treatment provide
valuable information for clinicians to discuss with
owners at the time of patient discharge.

The significantly greater risk of RUO in cats of
the outpatient group suggested that inpatient care
including placement of an indwelling urethral cath-
eter provides better short-term results than 1-time
urethral catheterization and discharge for home care.
The finding that increasing abnormality of subjective-
ly assessed gross urine color at the time of indwell-
ing catheter removal was associated with RUO by use
of a trend test suggested that maintaining urethral
catheterization until urine is grossly clear may also
improve short-term outcomes for cats treated as inpa-
tients. Indwelling urethral catheterization and IV flu-
id therapy were the 2 main treatment differences be-
tween the inpatient and outpatient groups and could
explain the significant differences observed in the
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risk of RUO. Urethral catheterization ensures urethral
patency while urine constituents normalize and path-
ological changes of the urethra and bladder improve.
Simultaneously, IV fluid therapy promotes dilution of
urine constituents through diuresis. Whether one or
both of these factors led to a better outcome in these
cats, compared with results of the outpatient group,
remains unknown.

Although having the indwelling urethral catheter
in place for = 12 hours was a requirement for cats of
the inpatient group to be retained in the study, the
duration of indwelling catheterization (once this re-
quirement was met) was not significantly associated
with development of RUO among cats of this group.
Previous reports®’ conflict regarding associations be-
tween the duration of indwelling catheterization and
RUO. However, the identification of a significant as-
sociation between gross evidence of hematuria at the
time of catheter removal and RUO may be supported
by results of a recent study!” indicating male cats with
UO are significantly more likely to have pyuria, hema-
turia, proteinuria, and struvite crystalluria than were
male cats with nonobstructive lower urinary tract
disease. It stands to reason that if the concentration
or quality of urine constituents that contributed to
the initial obstruction is not improved by treatment,
the patient would be at an increased risk for RUO. As
a result, treatments aimed at normalizing the urine
content or diluting the urine may be key components
to treatment success. This could also explain why
Eisenberg et al® found that a longer catheterization
period was associated with decreased incidence of
RUO.

Investigators of numerous studies have attempted
to identify factors associated with the development
of RUO. The present study evaluated some secondary
factors in addition to treatment group for potential as-
sociations with RUO. Regarding age, cats > 4 years old
were found to be protected against RUO in one study®
but not in another.? A third study® that investigated age
as a continuous variable found an association between
RUO and increasing age. In contrast, our study did not
find a similar risk of increasing age associated with
RUO. Historically, excessive body weight has been as-
sociated with increased risk for feline lower urinary
tract disease.'®!® The present study found no associa-
tion between body weight or body condition score
and RUO, similar to the findings of Eisenberg et al.
Although neuter status was not associated with RUO in
the present study, the number of sexually intact male
cats in the present study was very small, and the result
should be interpreted cautiously.

The degree of metabolic compromise at the time
of initial evaluation and treatment was evaluated by
measurement of rectal temperature, calculation of
plasma base excess, and determination of BUN and
serum potassium and creatinine concentrations. Sim-
ilar to the results of another study,® none of the clini-
copathologic findings were significantly associated
with development of RUO. This suggested that dura-
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tion of UO prior to treatment may not impact the po-
tential for short-term recurrence. Similarly, we found
no association between urinalysis findings on initial
evaluation and the development of RUO. These find-
ings agreed with results of one study® but not with an-
other,* in which urine specific gravity was higher and
urine pH was lower in cats that developed RUO than
in cats that did not. The lack of a significant associa-
tion between specific urinalysis findings and develop-
ment of RUO in the present study suggested that no
particular underlying etiopathogenesis, such as crys-
talluria, is expected to lead to recurrence more than
another. Most cats in our investigation had abnormal
urinalysis results, with varying degrees of pyuria, he-
maturia, and crystalluria, when they were examined
and treated for the initial UO.

The veterinarian who performed the initial cath-
eterization, the number of years that individual had
been in practice, the time required to achieve urethral
patency, subjective difficulty of catheterization, and
use of decompressive cystocentesis were not associ-
ated with RUO in our study. The study by Eisenberg et
al® had similar results regarding the subjective difficul-
ty of catheterization. Collectively, these findings sug-
gest that the time required to achieve urethral patency
or the difficulty of urethral catheterization should not
be considered to have prognostic value for RUO in the
first month after treatment.

Finally, we found no significant association be-
tween the additional supportive treatments of anti-
inflammatory or empirical antimicrobial drug admin-
istration and RUO. These findings corresponded with
results of 2 studies,®” which did not find any associa-
tion between the use of analgesics and antimicrobials
and the development of RUO over a 30-day follow-up
period. One retrospective study’ did find that the rate
of RUO was significantly lower in cats that received
prazosin than in those treated with phenoxybenza-
mine; however, the present study was not designed
to evaluate this factor, as phenoxybenzamine was
used in only 1 patient.

To the authors’ knowledge, only 1 other study'!
has evaluated an alternative treatment protocol to
standard inpatient care for treatment of UO in cats.
Cooper et all! described treatment of 15 cats by use
of a protocol consisting of sedation, reduced environ-
mental stress, and intermittent cystocentesis without
urethral catheterization after standard care was de-
clined. Two of the 11 cats that survived to hospital
discharge developed RUO. Hypothesized factors that
may have led to improved outcomes with that proto-
col included lack of inflammation and trauma related
to catheterization. However, the study was limited by
its small sample size. Furthermore, a smaller propor-
tion of cats survived to hospital discharge (12/15),
compared with those reported in other literature: 205
of 219 (94%),' 41 of 45 (91%),> and 65 of 71 (92%).4

Of the 163 cats that were evaluated for treatment
of UO during the enrollment period for the present
study, only 3 (1.8%) died spontaneously. Two of these
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cats died during stabilization attempts shortly after
arrival at the clinic, and 1 died several days after out-
patient treatment. In contrast, 18 (11.0%) cats were
euthanized without treatment. This observation was
in keeping with the current literature regarding prog-
nosis of cats with UO, which suggests that although
rates of survival to discharge after relief of the urinary
obstruction and indwelling urethral catheterization
are good,'34 the possibility remains that euthanasia
will be requested because of cost or guarded long-
term prognosis.> Although our data indicated that
results for the outpatient care protocol used were
inferior to those for inpatient care, the short-term
success rate of 31 of 45 (69%) suggests that 1-time
catheterization for cats treated on an outpatient basis
and released to the owner for home care can still be
of benefit if the client can afford it.

This study had limitations. Given the observa-
tional nature of the study and the fact that treatment
group was owner-determined, selection bias was
possible. For example, subjective appearance (or
some other unquantified variable) may have biased
clinicians to advocate for inpatient care more persua-
sively or to move on to outpatient care more quickly.
However, results for statistical comparison between
groups for potential confounding variables found that
factors related to signalment, degree of metabolic
compromise, urinalysis, catheterization procedure,
and supportive treatments were similar between
groups, except for the degree of experience of the
catheterizing clinician. The association between ex-
perience level of the clinician and group assignment
(although determined on the basis of client choices)
could be explained by a selection bias, in that in-
creased clinical experience makes it more likely that
a clinician would feel comfortable deviating from the
standard of care or exploring alternative treatment
options rather than euthanasia. Although the results
of this study may provide veterinarians with a repre-
sentation of what is faced in clinical practice when
clientrelated constraints limit the ability to provide
treatment according to the standard of care, the study
design could not eliminate selection bias; however, a
randomized, placebo-controlled study with a group
of cats intentionally treated with only a single cath-
eterization would not be considered ethical.

Fluid therapy volumes and routes of administra-
tion were not recorded and thus not evaluated for dif-
ferences between treatment groups or potential as-
sociations with RUO. Fluid administration increases
urine production, which promotes the clearance of
gross urinary constituents. Theoretically, higher fluid
volumes could reduce the risk of RUO. Despite this,
a recent study® did not find any association between
RUO and the total volume of fluid administered dur-
ing hospitalization or the duration of fluid adminis-
tration after indwelling urethral catheter removal.
To our knowledge, no study has evaluated the influ-
ence of a single SC dose of fluids on RUO; however,
1 study?’ failed to show any benefit of such treatment

in reducing clinical signs associated with feline idio-
pathic cystitis.

Although the prospective study design and de-
fined protocols were chosen as means to reduce
the number of potentially confounding variables,
the authors acknowledge that the inclusion of cats
with small deviations from the inpatient group treat-
ment protocol could have influenced results. For
example, 3 cats were managed with a SF indwelling
urethral catheter after failure of the initially placed
3.5F catheter to maintain patency. If a deviation from
the protocol was not considered contraindicated
or was medically necessary, it was allowed in an at-
tempt to increase the external validity and thereby
generalizability of the results. Furthermore, number
of replacement catheters and the circumstances sur-
rounding replacement were not recorded. This may
have increased the potential for iatrogenic urethral
trauma in some cats. One final possible confounding
variable was the potential inclusion of cats with a his-
tory of UO. Given the nature of the doctor-client-pa-
tient relationship at an emergency department, it was
not possible to accurately determine the complete
history of previous UO episodes or the nature of how
they were treated for cats in the study. As a result, no
conclusions can be drawn regarding whether previ-
ous episodes influence the success or failure of inpa-
tient versus outpatient care.

Another possible limitation was that 5 cats (3 in
the inpatient group and 2 in the outpatient group)
were lost to follow-up. The exclusion of data for
these cats from the analyses might have influenced
the results. It is also important to note that the sub-
jective evaluation of gross urine color characteris-
tics at the time of indwelling urethral catheter re-
moval was not standardized with a descriptive scale
or pictorial reference to be used during evaluation.
This lack of standardization could have influenced
the results. Logistic regression analysis could not be
performed on all secondary measures owing to their
smaller sample sizes, and these may have enhanced
other risk relationships with RUO. Finally, although
the sample size was appropriately powered to test
the primary hypothesis, it may have been insuf-
ficient to evaluate significance among many of the
secondary factors potentially associated with RUO,
resulting in a type II error.

Results of the present study supported the hy-
pothesis that treatment of cats with UO by indwell-
ing urethral catheterization and supportive care as
hospital inpatients significantly reduces the 30-day
risk of RUO, compared with that following 1-time
urethral catheterization and supportive care on an
outpatient basis. Furthermore, the results suggested
that maintaining indwelling urethral catheterization
until urine is grossly clear may also help to prevent
RUO in the short term. Further studies evaluating du-
ration of catheterization and urine quality at catheter
removal as primary measures are indicated. Finally,
these results highlighted the need for further investi-
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gation into outpatient protocols for treatment of cats
with UO when clients are unable to pursue the stan-
dard of care treatment, such as allowing an indwell-
ing urethral catheter at home for 24 to 48 hours in
metabolically stable cats. Until further information
is available, inpatient care with indwelling urethral
catheterization remains the gold standard for treat-
ment of UO because of the reduced short-term risk
of RUO.
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I Sl Animals

Appendix |

Subjective scoring systemc used to assess the difficulty of catheterization in 91 cats enrolled in a study to test for an association
between indwelling urethral catheter placement for treatment of UO and the short-term risk of RUO.

Score Difficulty category Description

| Minimal Urinary catheter passes without effort; flushing not necessary. No physical blockage is detected.

2 Moderate Urinary catheter passes with very minimal effort. Physical blockage is detected, the urinary catheter
is flushed once, and the catheter passes with ease.

3 Severe Multiple blockages are detected; multiple flushes are involved, and the urinary catheter advances
slowly and with difficulty but does pass.

4 Extreme Multiple blockages are detected; multiple flushes are involved, as well as several different types of
catheters to relieve the obstruction. Hydropulsion may be indicated. Imaging may be indicated to
assist in the process.

5 Unable to catheterize Surgical intervention is indicated.

Appendix 2
Severity scale used for assessment of hematologic variables at the time of initial evaluation and
treatment at the study facility for the same 91 cats as in Appendix I.
Score

Variable 0 | 2 3
Serum creatinine concentration (mg/dL) — 0.1 to 1.5 1.6 to 4.0 >40
BUN concentration (mg/dL) — | to 25 26 to 50 > 50
Serum potassium concentration (mmol/L) — 0.1 to I.5 1.6 to 3.0 >3.0
Plasma base excess (mmol/L) — —0.1 to 4 —4 to -8 <-80

Values represent the increase from the upper limit of the manufacturer’s reference range for the equipment
used for all variables except base excess (for which values represent the decrease from the lower limit of the
applicable reference range).

— = Not applicable (result within the manufacturer’s reference range).
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