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Abstract

Case summary A 9-year-old neutered male domestic shorthair cat was presented for evaluation of severe
hemodynamic collapse and suspected lower urinary tract disease. On admission, severe metabolic acidosis,
hyperkalemia and azotemia, and electrocardiographic findings consistent with cardiotoxicity were identified. The
diagnosis of uroabdomen was made based on abdominal fluid to plasma concentration ratios of creatinine and
potassium. A central line catheter was placed percutaneously into the abdomen for peritoneal drainage and used
for peritoneal dialysis as a bridge to surgery. Retrograde contrast cystography confirmed rupture of the urinary
bladder. Point-of-care ultrasound of the chest postoperatively revealed the presence of mild pleural effusion.
Echocardiography was then performed showing no evidence of cardiac disease. Pleural fluid analysis revealed
a transudate with a creatinine ratio of 2.38 ([Creatinine], ey nid/[Creatinine];,sma), consistent with the diagnosis of
urothorax. The cat recovered uneventfully from surgery and was monitored for signs of respiratory distress during
the rest of its stay in hospital. The cat was discharged 4 days later and the pleural effusion resolved without further
medical intervention.

Relevance and novel information There is limited information on the causes of urothorax and uroabdomen
management of feline patients. Pleural effusion is a complication observed in critically ill cats secondary to fluid
overload, underlying cardiomyopathy, primary thoracic pathology or a combination of these. To our knowledge, this
is the first report of urothorax in a cat secondary to non-traumatic uroabdomen. Careful monitoring of respiratory
signs consistent with pleural space disease is recommended in cases of uroabdomen.
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vessels connecting the diaphragm and lymph nodes in
the region of the kidneys and pancreas.*> These connec-
tions have been proposed to explain pleural effusions in
patients with pancreatitis and could also explain the
development of urothorax.

Only three case reports of urothorax are documented in
the veterinary literature, all three cases (two dogs and one
cat) were secondary to traumatic uroabdomen, and only in
one of the canine cases was the diaphragm not compro-
mised.®® In the other two cases, there was a concurrent
rupture of the bladder and diaphragm. In the case where
the thoracic cavity was not compromised, the diagnosis of
urothorax was made based on a creatinine ratio >2
([Creatinine], e o auia/ [Creatinine] ,q,), and other causes
of pleural effusion were ruled out. In people, the diagnosis
of urothorax is based on the presence of pleural effusion
associated with traumatic or obstructive uropathy that
resolves with the treatment of the obstruction or surgical
correction of the rupture. A creatinine ratio >1 is usually
recommended to make the definitive diagnosis of urotho-
rax.2 To our knowledge, this is the first report of urothorax
secondary to non-traumatic uroabdomen in a cat managed
with peritoneal dialysis as a bridge to surgery.

Case description

A 9-year-old neutered male domestic shorthair cat pre-
sented to a tertiary referral hospital for further evaluation
of acute hemodynamic decompensation. The cat origi-
nally presented to the primary veterinarian with signs of
weakness and suspected signs of lower urinary tract dis-
ease, but the caretaker of the cat was unable to give more
details on the history as he was only looking after the cat
for a few days. The caretaker reported no history of
trauma and the cat was indoors only. Initial evaluation by
the primary veterinarian showed severe cardiovascular
collapse and the cat was immediately referred with no
diagnostics or treatments performed.

On presentation to the critical care service, the cat was
obtunded, had a prolonged capillary refill time, brady-
cardia of 70 beats/min, hypothermia of 35°C (95°F) and
weak femoral pulses. Blood pressure readings were too
low to detect via Doppler (Ultrasonic Doppler; Parks
Medical Electronics). Initial resuscitation included a
10ml/kg intravenous (IV) bolus of lactated Ringer’s
solution (Solucién Ringer Lactato; B Braun) followed by
a fluid rate of 29ml/h in an attempt to replace an esti-
mated 7% dehydration, provide maintenance and
replace ongoing losses. Further diagnostics included
point-of-care ultrasound of the thorax and abdomen
using an ultrasound machine with a microconvex probe
(Sonoscape S6; Sono-Scape Medical). Results showed
moderate volume of free abdominal fluid with fluid in
all four sites: diaphragmaticohepatic, splenorenal, cysto-
colic and hepatorenal sites; no evidence of pleural/peri-
cardial effusion or B-lines were identified in the thorax.
ECG findings were consistent with atrial standstill with

idioventricular escape rhythms. A jugular venous sam-
ple was obtained for minimum database and blood gas
analysis (Table 1). Based on the initial blood gas and elec-
trolyte results consistent with severe metabolic acidosis
and hyperkalemia, along with large volume of free
abdominal fluid on focal ultrasound, the presumptive
diagnosis of uroabdomen was made.

Additional treatments included 10% calcium gluconate
(Gluconato de calcio; Laboratorios Biol) at 1ml/kg IV over
30mins, with ECG monitoring and sodium bicarbonate
(Maxfusor 542-H; Laboratorio Rivero) at 12.9mEq IV
over 45mins based on 80% replacement of the bicarbonate
dose calculation (body weightx0.3Xbase deficit).”
Abdominocentesis revealed a serosanguinous fluid,
and fluid analysis was consistent with uroabdomen
(Table 1): [Creatinine],pqominarauia/ [Creatinine] .., = 6.09,
and [K* ] pgominat-fiuia/ [K* Jpiasma = 2-28. Cytological analysis
of the fluid also revealed the presence of intracellular bac-
teria (cocci) and, owing to the concern of urosepsis, ceftazi-
dime (Crima1000; FADA Pharma) at 25mg/kg IV q8h was
added to the treatments.

A 7FX13cm triple-lumen central venous line (Catéter
multi-lumen: triple via; Arrow) was placed percutaneously
using a modified Seldinger technique, with prior applica-
tion of a local block to the abdominal wall at the entry site,
using 0.5ml lidocaine (Lidocaina 2%; Laboratorio Paul).
The catheter was used for drainage of the urine from the
abdomen initially, then as a form of peritoneal dialysis
catheter (Figure 1). At the same time a urinary catheter
(Argyle Tomcat Catheters; Penn Veterinary Supply) was
placed and connected to a closed urine collection system
for monitoring of the urinary output. There was a moder-
ate degree of difficulty in passing the urinary catheter, rais-
ing the concern for urethral obstruction as the primary
cause of the uroabdomen. IV administration of a 10ml/kg
bolus of lactated Ringer s solution (Solucion Ringer Lactato;
B Braun) over 15mins was given with subsequent monitor-
ing of arterial blood pressure, heart rate and capillary refill
time, to assess cardiovascular response. After 2h and a total
of five 10ml/kg boluses of crystalloid fluids, systolic blood
pressure increased to 110mmHg, heart rate increased to
180 beats/min, capillary refill time decreased to <2s and
the ECG rhythm changed to a sinus rhythm. External heat
support was provided and the cat’s temperature returned
to normal within the first 2h. Pain management was initi-
ated with injectable tramadol at 3mg/kg IV q8h (Tramadol
50mg/ml; Laboratorio Jhon Martin).

Once the cat appeared more hemodynamically sta-
ble, peritoneal dialysis was performed using the peri-
toneal drainage catheter. A peritoneal dialysis solution
was created with 500 ml lactated Ringer’s solution sup-
plemented with 2.5% dextrose (Solucién de Dextrosa al
50% en agua; Laboratorio Rivero) and 500 units of hep-
arin (Heparina; Laboratorios Duncan). Initial dialysate
volume of exchange was 10ml/kg with the solution
infused over 15mins, dwell time of 1h and fluid
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Table 1 Blood gas, electrolyte and renal values in a cat with non-traumatic uroabdomen and secondary urothorax

pvCO, = venous partial pressure of carbon dioxide; PvO, = venous partial pressure of oxygen; SvO, = mixed venous oxygen saturation; BE,; = base
excess in the extracellular fluid compartment. This is a more representative parameter that takes into account all of the body’s buffer systems (including
HCO;) and can influence the metabolic component of acid-base derangements; BUN = blood urea nitrogen; NA = not available

Figure 1 Central venous catheter placed percutaneously into
the abdomen and used as a peritoneal dialysis catheter in a
cat with non-traumatic uroabdomen and urothorax

removal by gravity over 15mins following dwell time.
The treatment was repeated every 2h for the first 12h
and the volume of dialysate infusion was increased
from 10ml/kg to 40ml/kg over that time frame. After
the fourth treatment (approximately 8h after admis-
sion to the hospital), blood gas analysis revealed
improvement in electrolyte and pH values (Table 1).
No complications were observed with the increased
volume of dialysate infusion and the cat appeared
brighter and more responsive. The volume of dialysate
infused and volume of dialysate retrieved at each dial-
ysis treatment point during the first 24 h are presented
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Figure 2 Scatter plot diagram displaying the difference in
volumes of peritoneal dialysate solution infused (Dialysate IN) and
dialysate solution retrieved (Dialysate OUT) at different time points
during the first 24 h of hospitalization in a cat with non-traumatic
uroabdomen and secondary urothorax. ICU = intensive care unit

in Figure 2. No fluid retention from peritoneal dialysate
infusion was identified, and in most cases the volume
of dialysate retrieved was slightly higher than the vol-
ume infused, likely representing intra-abdominal urine
accumulation.

Eighteen hours after admission to the hospital, a diag-
nostic abdominal ultrasound was performed showing
evidence of large volume of gravity-dependent sediment
in the urinary bladder and suspected rupture at the dorsal
aspect of the urinary bladder. The cat spiked a fever while
in hospital and clindamycin (Clindamicina; Veinfar) at
15mg/kg IV q12h, was added to the antibiotic protocol.
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Figure 3 Retrograde contrast cystography in a cat with
non-traumatic uroabdomen and secondary urothorax. Note
the decreased serosal detail and leakage of contrast into the
peritoneum

Figure 4 Intraoperative visualization of the site of rupture
in the dorsal urinary bladder wall causing uroabdomen and
secondary urothorax in a cat

The cat otherwise remained stable and recheck blood-
work 36h after admission showed significant improve-
ment of azotemia, glucose and lactate (Table 1). The
peritoneal drainage/dialysis catheter was removed, and
retrograde contrast cystography was performed showing
evidence of wurinary bladder rupture (Figure 3).
Immediately after the contrast study, the cat was placed
under general anesthesia and an exploratory laparotomy
was performed. The urinary rupture site was surgically
corrected (Figure 4), and full-thickness urinary bladder
biopsy samples were obtained for culture and sensitivity.

During recovery point-of-care ultrasound of the abdo-
men and chest were performed as a routine postoperative

screening procedure to establish a baseline for ongoing
monitoring in the intensive care unit, and revealed an
unexpected mild-to-moderate volume of bilateral pleural
effusion. A complete echocardiogram was performed,
which showed no evidence of cardiac disease or fluid
overload. The total fluid balance was negative 240ml
from the time of admission to the time of surgery (36h
approximately). Despite the negative balance, the cat
appeared clinically euhydrated and euvolemic prior to
anesthesia and surgery. Thoracocentesis was then per-
formed, and fluid analysis revealed a pure transudate
(specific gravity: 1.022; total protein: 1.8g/dl; nucleated
cell count: 800/pul). A paired blood sample was also
obtained and a creatinine ratio ([Creatinine],jeurai fuia/
[Creatinine]j,sm,) Was equal to 2.38, consistent with the
diagnosis of urothorax.

The cat recovered uneventfully from surgery, no
signs of respiratory distress were noted during the rest
of hospitalization and the pleural effusion slowly
resolved based on serial focal ultrasound assessments
of the thorax. The culture and sensitivity results from
the urinary bladder wall showed Klebsiella pneumoniae
and Mannheimia haemolytica sensitive to ceftazidime, as
well as Micrococcus species and Staphylococcus species
(coagulase negative) sensitive to enrofloxacin. Based on
these results, enrofloxacin at 5mg/kg IV q24h was
added to the treatment protocol. The cat was discharged
4 days later and no further medical intervention was
required. A week later, a new point-of-care ultrasound
evaluation showed no abdominal or pleural fluid.

Discussion
This case report describes the presence of urothorax
related to uroabdomen in a cat with a ruptured bladder
in the absence of trauma or compromised diaphrag-
matic integrity. In a previous report, a case of urothorax
in a cat was described to be due to trauma leading to
kidney avulsion and a ruptured diaphragm.” Two cases
of urothorax have been described in dogs, both related
to blunt trauma and only one where the diaphragm
appeared intact.®8

In people, the main causes of urothorax are obstruc-
tive uropathy and trauma. A favorable clinical out-
come in people with urothorax has been reported in
74/77 (96.1%) cases when the treatment was focused
on the management of primary urinary pathology.? In
the present report, the urothorax was identified after
surgical resolution of the ruptured bladder and no
specific therapy was instituted for the urothorax,
which resolved spontaneously. Thoracocentesis was
only performed for diagnostic purposes, as the cat in
this report never developed clinical signs of respira-
tory distress secondary to the pleural effusion. In peo-
ple, signs of dyspnea are reported in up to 92.8% of
cases of urothorax.?
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The pathophysiology of urothorax in patients with-
out diaphragm defects, and in the absence of hydro-
nephrosis as in the present case, is likely secondary to
migration of urine from the abdomen into the pleural
space through the pleural lymphatics.'?> The presence
of pleural effusion in dogs and people with pancreatitis,
and in dogs with biliary peritonitis, has also been associ-
ated with lymphatic migration of abdominal fluid into
the pleural space.10-13

Owing to the high concentrations of potassium and
creatinine in the peritoneal cavity of patients with uroab-
domen, the ratios of effusion to serum concentrations of
potassium and creatinine have been used to diagnose this
condition.™* A study in dogs showed that an abdominal
fluid creatinine concentration to peripheral blood creati-
nine concentration ratio >2 was predictive of uroabdo-
men with a 100% specificity and 86% sensitivity, and an
abdominal fluid potassium concentration to peripheral
blood potassium concentration >1.4 was also predictive
of uroabdomen with 100% specificity and 100% sensitiv-
ity.1% In this report, the abdominal fluid to serum creati-
nine ratio and potassium ratio were 6.09 and 2.28,
respectively. A creatinine ratio ([Creatinine]jeyrar fiuia/
[Creatinine],j,sm,) =1 has been previously used for the
diagnosis of urothorax in people.? The cat in this report
had a creatinine ratio (pleural fluid /plasma) of 2.38.

In a previous report of traumatic urothorax in a cat,
the pleural fluid had a serosanguineous appearance with
a specific gravity of 1.017 and total protein of 1.95g/dlI,
with a rich population of inflammatory cells, almost
exclusively degenerate neutrophils, and was classified
as modified transudate.” These findings are similar to
the case reported here. The pleural fluid pH in people
with urothorax is usually acidic (pH <7.30 in 60% of
cases), which is explained by the presence of acidic
urine.? However, in the same study, 24% of the cases had
an alkalotic pleural fluid (pH =7.50). In this report, the
pleural effusion was alkalotic with a pH of 7.5. We sus-
pect that the presence of bacteriuria identified in the
abdominal effusion could have increased the pH in the
urine of this cat.

The severity of electrocardiographic changes that
occur as a consequence of hyperkalemia appear to
increase with increasing potassium levels.!*-1® However,
in cases of naturally occurring hyperkalemia in cats and
dogs, a good correlation between the expected electro-
cardiographic changes and the level of hyperkalemia of
the patient has not been found.!® These differences are
mainly due to the effect in the threshold potential caused
by the serum changes of ionized calcium.!® In a retro-
spective study of cats with urethral obstruction, 75% of
the cases had ionized hypocalcemia.”” The effect of
hypocalcemia on the myocardium increases the degree
of cardiotoxicity induced by hyperkalemia, as the
decrease in ionized calcium levels decreases the differ-
ence between the resting membrane potential and the

action potential.’® The cat in the present report presented
to the intensive care unit with electrocardiographic
changes suggestive of severe cardiotoxicity secondary to
severe hyperkalemia ([K*]=8.78 mmol/I). In this case,
sodium bicarbonate was used in addition to peritoneal
dialysis in order to decrease serum potassium levels. The
use of sodium bicarbonate as a first-line drug to treat
hyperkalemia has been considered controversial.!*
Among the risks associated with the use of sodium
bicarbonate is the potential to significantly decrease
serum calcium levels,?’ which in turn could have further
contributed to the risk of cardiotoxicity in this case.
Owing to the lack of frequent electrolyte monitoring in
this case, it is difficult to conclude whether the use of
sodium bicarbonate contributed significantly to the
reduction in serum potassium levels, or if the combina-
tion of treatments, including IV fluid therapy, sodium
bicarbonate and peritoneal dialysis, led to the stabiliza-
tion of this patient.

Owing to the limited history obtained in this case from
the current caretaker of the patient, a definitive diagnosis
of urethral obstruction causing the bladder rupture and
uroabdomen cannot be made. The difficult catheteriza-
tion of the urinary tract, along with biochemical changes
of severe azotemia and hyperkalemia in a previously
healthy male cat, could support this differential diagno-
sis. Nevertheless, azotemia and hyperkalemia are also
common biochemical findings in cases of uroabdomen
not associated with obstructive uropathies.!#!> However,
other differentials such as neoplasia or a thromboembolic
event cannot be ruled out, as histopathological analysis
of the bladder wall was not performed in this case.

Bacterial infections are not commonly identified as the
underlying cause of urethral obstruction in male cats.?! In
this patient a total of four species were isolated from the
urinary bladder wall, a very uncommon finding in a cat
without underlying pathologies that would predispose it
to the development of a polymicrobial urinary tract infec-
tion. This sample of the urinary bladder was obtained
under a surgical sterile field and the probability of these
isolated bacteria being contaminants at the time of collec-
tion is extremely low, unless contamination occurred in
the laboratory setting during handling of the tissue. Of
the four organisms, Klebsiella species is considered a com-
mon uropathogen, but there is a possibility that other
pathogens such as Micrococcus species and Staphylococcus
species are skin contaminants that could have been iatro-
genically introduced in the urinary tract at the time of
urethral catheterization, peritoneal dialysis catheter
placement or peritoneal dialysate exchange. No reports
describing colonization of the urinary tract with M haermo-
Iytica are available in the literature, raising the concern
for contamination rather than true infection. In people,
urosepsis has been reported as the underlying cause of
spontaneous urinary bladder rupture.?>?? Based on these
facts, the spontaneous rupture of the urinary bladder in
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this cat could be secondary to infection and it should be
part of the differentials when evaluating cases of sponta-
neous uroabdomen in small animals.

The clinical decision to use peritoneal dialysis as a
bridge to surgery in the present case was based on the
limited literature in veterinary peritoneal dialysis
suggesting that reduction of azotemia, along with
normalization of electrolyte and pH derangements
prior to surgery, is beneficial before surgical interven-
tion is pursued as it makes the patient a better anes-
thetic candidate and reduces the risk of anesthetic
complications.#?425 In this specific case, the use of peri-
toneal dialysis, along with other supportive care treat-
ments, reduced the serum creatinine concentrations
from 510.07 umol/1 to 121.11 umol/l prior to surgery.
Owing to financial and logistic limitations in this case,
more frequent evaluations of blood gas, electrolyte and
renal values could not be performed. In the manage-
ment of uroabdomen cases it is recommended to moni-
tor renal, electrolyte and pH values every 2—4h during
the acute phase and until stabilization is achieved, in
order to better guide treatment and asses the response
to interventions.

In the present case, a central venous catheter was
used as an abdominal drain for the urine accumulated in
the abdomen, and as a peritoneal dialysis catheter. This
technique has previously been reported as a way to pro-
vide renal replacement support, but the patency of these
catheters may be of short duration.?*?¢ In this case, the
catheter worked appropriately for 36h, allowing rapid
stabilization of pH, and concentrations of urea, creati-
nine and potassium prior to surgery. In human neonates,
a similar technique has been reported in a case series
where a 14 G single-lumen central venous catheter, serv-
ing as a peritoneal dialysis catheter, was inserted by the
Seldinger technique with minimal complications.?”” A
comparison of costs indicated that the novel peritoneal
dialysis system was less expensive than, and provided
similar results to, conventional systems. No complica-
tions were observed with the use of a central line for
peritoneal dialysis in this case and the cat recovered
uneventfully from surgery.

The volume of dialysate drained each time peritoneal
dialysis was performed was always higher than the vol-
ume of dialysate infused prior to dwelling time. We sus-
pect that this was due to the osmotic effect generated by
the dextrose added to the peritoneal dialysate solution
increasing the osmotic pull of water from the intravascu-
lar space into the peritoneum, in addition to the extrava-
sation of urine from the ruptured bladder. The negative
fluid balance of 240ml was significant, as it approxi-
mated the cat’s blood volume. Several factors could have
played a role in the negative fluid balanced based on ins
and outs quantification. First, the time frame since rup-
ture of the urinary bladder was unknown and the vol-
ume of urine accumulated in the abdomen could have

falsely increased the total outs of the patient. Second, if
the cat had a urethral obstruction as the underlying
cause of urinary bladder rupture, then postobstructive
diuresis could have increased the volume of urine
extravasation into the abdomen and increased the total
volume of dialysate retrieved during the first day of
hospitalization.

Despite this negative fluid balance and increased vol-
ume of dialysate retrieved compared with the volume of
dialysate infused, the cat’s macrovascular parameters of
perfusion significantly improved after initial volume
resuscitation and normalization of its electrolyte and cre-
atinine values. Additionally, the cat started to drink
water on the second day of hospitalization and this
amount was not quantified; therefore, the total ins could
have been higher bringing the total fluid balance towards
a more neutral point. Finally, fluid therapy was based on
cardiovascular response and reassessment of the patient,
in order to prevent volume overload secondary to liberal
fluid therapy.

Based on these findings and the positive outcome
observed in this case, it appears that the short-term use
of central venous catheters for abdominal drainage and
performance of peritoneal dialysis may prove useful in
small animals with acute uroabdomen.

Conclusions

This report is the first to describe the development and
successful resolution of urothorax in a cat with non-
traumatic uroabdomen. Urothorax is a potential com-
plication of patients with uroabdomen and it should be
included in the list of differentials for pleural effusion
without any other apparent cause. Further investiga-
tion is needed to identify the incidence of urothorax
secondary to non-traumatic and traumatic cases of
uroabdomen in cats and other veterinary species.
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