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Abstract

Case summary A 5.5-year-old male neutered domestic shorthair cat was presented with a 2-year history of
progressive chronic kidney disease. Abdominal ultrasonography revealed bilateral chronic renal degeneration,
nephrolithiasis, cortical hyperechogenicity and infarction. Left orthotopic renal transplantation was performed using
the Synovis vascular coupling system for end-to-end anastomosis of the renal arteries and veins. Two months
after transplantation, renal values were elevated, and abdominal ultrasonography revealed hydronephrosis
and hydroureter of the transplanted kidney. Fluoroscopic antegrade pyelography identified a proximal ureteral
stricture. Proximal neoureterocystostomy was performed and renal values normalized postoperatively. The cat was
re-evaluated for acute stranguria and severe azotemia 12 months later. Contrast-enhanced CT revealed severe
hydronephrosis of the transplanted kidney, obstruction of the proximal ureter and adhesions to the urinary bladder.
Upon exploration, retroperitoneal fibrosis was found covering the transplanted kidney. Given the clinical situation,
a subcutaneous ureteral bypass device (SUB) was placed. Clinicopathologic analyses, trough cyclosporine
levels, aerobic urine cultures and ultrasonographic evaluations of the transplanted kidney were monitored every
1-3 months. Patency of the SUB was reassessed every 3-6 months. At 15 months after placement, the SUB
occluded due to kinking of the cystostomy catheter and was replaced. At 28 months after SUB placement, renal
function and clinical status deteriorated, and the cat was euthanized.

Relevance and novel information To the authors’ knowledge, this is the first report of a SUB device being used for
management of ureteral obstruction in a transplanted kidney in a cat.
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Case description (FCV) and toxoplasmosis titers were negative, and thy-

A 5.5-year-old male neutered domestic shorthair cat
was referred to the University of Wisconsin-Madison
School of Veterinary Medicine for renal transplantation.
The cat had a 2-year history of progressive azotemia,
elevated urine protein:creatinine ratio (UPC), micro-
albuminuria and mild hypertrophic obstructive cardio-
myopathy, but no significant clinical signs. The cat was
current on all vaccines and feline leukemia virus (FeLV)/
feline immunodeficiency virus (FIV)/feline calicivirus

roid hormone levels were normal (thyroxine 1.1ug/dl
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reference interval [RI] 0.8-4.0). The cat’s blood type was
A. Prior treatment included calcitriol (12ng/kg PO
q48h), benazepril (1.1mg/kg PO g24h) and potassium
gluconate (1/2 tsp PO q12h).

On physical examination, the cat was alert and
responsive with normal vital signs and a grade 3/6 sys-
tolic sternal heart murmur. A complete blood count
(CBC) and chemistry panel revealed moderate anemia
(hematocrit 25%, RI 31-48) and azotemia (blood urea
nitrogen [BUN] 100mg/dl, RI 15-35; creatinine 6.6 mg/
dl, RI 0.9-2.3); other findings were normal. Urinalysis
revealed isosthenuria (urine specific gravity [USG] 1.010,
RI 1.015-1.060) and proteinuria (UPC 0.5, RI <0.5).

Thoracic radiographs were normal, and echocardiogra-
phy revealed no contraindications to surgery. Abdominal
ultrasonography revealed a severely atrophied left kidney
(length 2.34cm) with pyelectasia (0.23cm). The right
kidney was mildly enlarged (length 3.43cm) with pyelec-
tasia (0.5cm). There was nephrolithiasis and markedly
decreased corticomedullary distinction bilaterally, with no
apparent hydroureter or ureterolithiasis.

Pre-transplant management

A 9-month-old 5.0kg male intact domestic shorthair cat
was identified as a suitable donor with type A blood and
compatible crossmatch. Additional donor screening,
including a CBC, chemistry panel, urinalysis, urine cul-
ture, abdominal ultrasonography, and FeLV/FIV/FCV
and toxoplasmosis titers, was normal. Pre-transplant
treatment for the recipient included 0.45% NaCl
(constant-rate infusion [CRI] at 2ml/kg/h 1V) supple-
mented with potassium chloride (40mEq/1), cefazolin
(20mg/kg IV g8h), prednisolone (0.25mg/kg PO q12h,
starting 24 h before transplantation), cyclosporine micro-
emulsion (Atopica; Novartis) (4mg/kg PO q12h, starting
12h before transplantation), calcitriol (6ng/kg PO q24h)
and amoxicillin—clavulanate (13.75mg/kg PO q12h). The
day before surgery, the recipient’s packed cell volume
(PCV) had decreased to 16%. The cat received a whole
blood transfusion (10ml/kg IV once) from the donor cat.

Donor procedure

Under general anesthesia, the left kidney and ureter,
including the ureteral papilla, were removed. The har-
vested kidney was then flushed and immersed in cold
sucrose phosphate buffer solution and surrounded by
ice until transplantation.! Postoperative management
included 0.45% NaCl (CRI at 2ml/kg/h IV), fentanyl
(CRI at 2-5ug/kg/h 1IV), ketamine (CRI at 2-10pg/kg/
min IV) and serial bloodwork to monitor PCV/total
solids (TS), creatinine and BUN levels.

Recipient procedure
Under general anesthesia, the left kidney was removed
and orthotopic transplantation was performed using a

microvascular coupling system (Synovis) for end-to-
end anastomosis of the renal artery and vein.2® A 2.0mm
and 3.0mm coupler were used for the renal artery and
vein, respectively. Neoureterocystostomy was per-
formed via extravesicular ureteral papilla implanta-
tion.#® Immediately after transplantation, the kidney
was adequately perfused with normal color, consistency
and urine output. Heparin (10mg/kg SC q8h) was
administered immediately after transplantation, and
postoperative analgesia was provided by fentanyl
(CRI at 3ug/kg/h IV for 12h). Dopamine (CRI at
5-10pg/kg/min 1V) and dobutamine (CRI at 2-5ng/
kg/min IV) were continued 6h after surgery because of
hypotension.

Initial outcome

A chemistry panel evaluated 24h after transplantation
revealed a normal creatinine value (2.2mg/dl, RI 0.9-
2.3). Recheck renal ultrasonography was performed 1, 8
and 18 days postoperatively, revealing normal renal per-
fusion, resistive indices, architecture and size (length
5.0cm) for the transplanted kidney. Two days postopera-
tively, the cat’s PCV decreased to 15%, requiring a sec-
ond whole blood transfusion (10ml/kg IV, once). Trough
cyclosporine levels were monitored every 24-48h, and
doses were adjusted to achieve target concentrations of
250-600ng/ml. A recheck CBC and chemistry panel
before discharge revealed an improved hematocrit (30%,
RI 31-48) and a normal creatinine value (1.3mg/dl, RI
0.9-2.3). The cat was discharged 4 weeks after presenta-
tion with instructions to recheck renal function, cyclo-
sporine levels and ultrasonographic evaluations of the
transplanted kidney periodically. Cyclosporine trough
levels were measured lifelong every 2-8 weeks and
doses were adjusted as needed to maintain levels within
the desired range.

Two-month follow-up
The cat was referred 2 months after transplantation for
evaluation of azotemia and hydronephrosis of the trans-
planted kidney. Ongoing immunosuppression included
prednisolone (0.25mg/kg PO ql12h) and cyclosporine
(83mg/kg PO ql12h). The physical examination was unre-
markable. A chemistry panel revealed marked azotemia
(BUN 118mg/dl, RI 15-35; creatinine 7.2mg/dl, RI 0.9—-
2.3). PCV was 28% and TS was 7.8g/dl. Urinalysis
revealed dilute urine (USG 1.013, RI 1.015-1.060) with
trace protein. Urine culture revealed no growth.
Abdominal ultrasonography and fluoroscopic ante-
grade pyelography revealed moderate hydronephrosis
and hydroureter of the transplanted kidney due to a
proximal ureteral stricture (Figure 1). The transplanted
kidney measured 6cm in length (previously 5cm) with
dilation of the renal pelvis (1.5cm) and ureter (0.37 cm)
proximal to the stricture.
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To relieve the ureteral obstruction, the ureter was
transected immediately proximal to the stricture and
reimplanted using an intravesicular mucosal apposi-
tion neoureterocystostomy. The resected distal ureter
was submitted for histopathology, which revealed
marked chronic lymphoplasmacytic ureteritis with cir-
cumferential fibrosis. The cat recovered from surgery

Figure 1 Ultrasound-guided antegrade pyelography of the
transplanted left kidney in a 5.5-year-old male neutered
domestic shorthair cat that was referred 2 months after
transplantation because of acute hydronephrosis and
azotemia. Antegrade pyelography revealed obstruction of
flow at the level of the L5 vertebral body with no contrast
within the urinary bladder. Contrast medium is extravasated
into the surrounding caudodorsal tissues after removing the
spinal needle from the renal pelvis

and was discharged 9 days after presentation with an
improved creatinine value (2.0mg/dl, RI 0.9-2.3).

Fourteen-month follow-up

The cat was re-examined 14 months after transplantation
owing to acute azotemia, stranguria and pollakiuria.
Ongoing immunosuppression included prednisolone
(0.22mg/kg PO ql12h) and cyclosporine (0.8mg/kg PO
q12h). The physical examination was unremarkable. A
chemistry panel revealed marked azotemia (BUN
53mg/dl, RI 15-35; creatinine 5.5mg/dl, RI 0.9-2.3).
Abdominal ultrasonography (Figure 2) and contrast CT
of the abdomen (Figure 3) revealed severe hydronephro-
sis of the transplanted kidney (length 7.0cm) with
marked dilation of the renal pelvis (3cm). The apex of
the urinary bladder was adhered to the caudal aspect of
the kidney and a proximal ureteral obstruction pre-
vented contrast from entering the bladder.

SUB placement

The abdomen was explored and fibrosis surrounding the
hilum and proximal ureter of the transplanted kidney
made it unfeasible for stent placement or a second ure-
teral reimplantation (Figure 4). A subcutaneous ureteral
bypass device (SUB 2.0; Norfolk Vet Products) was
implanted for urinary diversion as previously described,
with the exception that the nephrostomy catheter was
placed in the cranial pole of the kidney due to the fibro-
sis overlying the caudal pole.® Intraoperative fluoros-
copy confirmed patency of the SUB with no leakage
(Figure 5). A 3.5 Fr urethral catheter was placed to meas-
ure urine output and minimize bladder expansion in the
perioperative period. Urine culture obtained intraopera-
tively revealed no growth. The cat was discharged
6 days after presentation with improved BUN (31mg/dl,
RI 15-35) and creatinine (2.7mg/dl, RI 0.9-2.3) values.

SUB follow-up
Renal function and the status of the transplanted kid-
ney were monitored closely with periodic chemistry

Figure 2 Sagittal ultrasonographic images of the transplanted kidney (a) 24h and (b) 14 months after transplantation. (b) Note
the severe hydronephrosis and loss of renal architecture of the transplanted left kidney due to a proximal ureteral obstruction

secondary to retroperitoneal fibrosis
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panel, cyclosporine level, urine culture and ultrasono-
graphic evaluations. Patency of the SUB was reas-
sessed every 3—-6 months via ultrasonography and the
device was flushed with 2% tetrasodium ethylenedi-
aminetetraacetic acid solution.

The cat was re-evaluated 15 months after SUB place-
ment for acute azotemia (BUN 96mg/dl, RI 15-35;
creatinine 5.2mg/dl, RI 0.9-2.3). Fluoroscopic pyelogra-
phy identified marked hydronephrosis of the trans-
planted kidney and kinking of the distal cystostomy
catheter. The entire SUB was replaced (Figure 6), and the
azotemia subsequently improved (BUN 70mg/dl, RI
15-35; creatinine 3.3mg/dl, RI 0.9-2.3) before discharge.

Figure 3 Transverse CT image of the transplanted left

kidney 14 months after transplantation. Note the severe
hydronephrosis with marked distension of the renal pelvis due
to a proximal ureteral obstruction secondary to retroperitoneal
fibrosis

At 13 months after replacement of the SUB, the
cat declined acutely and was euthanized because of
progressive anorexia, weight loss and deterioration in
kidney function. The final chemistry panel revealed
worsening azotemia (BUN 73mg/dl, RI 15-35; creati-
nine 5.2mg/dl, R10.9-2.3).

Discussion

To the authors’” knowledge, this is the first report
describing placement of a SUB in a transplanted kidney
in a cat. The SUB provided a successful means of uri-
nary diversion despite the presence of severe retroperi-
toneal fibrosis (RF). RF can be a serious complication
after kidney transplantation in cats, often leading to
some degree of ureteral obstruction, and has been
reported in 7-21% of cases.”” In humans, this condition
is primarily idiopathic, but can be associated with oper-
ative trauma, infection, medications, malignant disease
or other retroperitoneal insults.!!!

In this cat, histopathology of the resected ureter
would suggest an immune-mediated and rejection-type
reaction within the layers of the ureter leading to the
first obstruction. Subtherapeutic trough cyclosporine
levels (233, 227 and 185ng/ml) were recorded on three
occasions prior to the first ureteral obstruction
(2 months). While cyclosporine levels were not persis-
tently low over that time, insufficient immunosuppres-
sion may have contributed to the development of RF.
The severity of RF made it impossible to isolate the

Figure 4 Intraoperative images obtained during placement of the subcutaneous ureteral bypass (SUB) device in the
transplanted kidney for treatment of ureteral obstruction: (a) note the retroperitoneal fibrosis and adhesion of the bladder (B) to
the caudal pole of the transplanted left kidney (K); (b) image of the SUB device with the nephrostomy and cystostomy catheters
tunneling through the abdominal wall and connected to the injection port positioned subcutaneously
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ureter and relieve the second ureteral obstruction by
ureterolysis or ureteral reimplantation. Other possible
options for urinary diversion, including vesicocalicos-
tomy, pyelovesicostomy or nephrocystostomy, were not
considered at the time.!?-15

N

.

Figure 5 Intraoperative ventrodorsal fluoroscopic image of the
subcutaneous ureteral bypass (SUB) device. Injection of contrast
medium into the SUB port confirms patency of the nephrostomy
and cystostomy catheters before completing the procedure. Note
the degree of hydronephrosis in the transplanted kidney

The primary concern with placing a SUB in a trans-
planted kidney is the potential increased risk of urinary
tract or systemic infection due to the immunosuppres-
sion required to prevent allograft rejection. Long-term
risks of infection with SUB placement in immunosup-
pressed patients are not well documented; however,
chronic urinary tract infections have been reported in up
to 8-26% of immune-competent cats that underwent
SUB placement for benign ureteral obstruction.®!®
Additional experience with a larger population would
be required to determine whether urinary tract infec-
tions associated with SUB devices are a relative rather
than absolute risk in cats after kidney transplantation.

This report is also the first to describe use of the Synovis
coupling system for vascular anastomosis of the trans-
planted kidney. Removal of the severely atrophied, non-
functional native left kidney made it possible to use the
microvascular coupler in an end-to-end fashion for ortho-
topic transplantation rather than the typical hand-sutured,
end-to-side technique for heterotopic transplantation.? The
coupler system creates an everted anastomosis that, in the
human literature, is reported to lead to fewer complications
associated with thrombosis and is more efficient than tradi-
tional hand-sutured anastomosis.!”2¢ By reducing the tech-
nical challenge of vascular anastomosis procedures, use of
the coupler system may potentially improve the feasibility
and outcomes of renal transplant procedures overall.?

Conclusions

In this case, the SUB provided a successful means for
bypassing the ureteral obstruction and the cat main-
tained a good quality of life for an additional 28 months

Figure 6 (a) Ventrodorsal and (b) lateral postoperative radiographic views of the abdomen after replacing the previously
obstructed subcutaneous ureteral bypass (SUB) device. The revised SUB device is correctly positioned. Note the two metal
attenuating coupler devices seen joining the native and transplanted left renal artery and vein (red circles)
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(42 months total). The median survival time (MST) for
cats after renal transplantation is in the range of 12-21
months, with approximately 40% of cats surviving
3 years.?’-3! Unfortunately, the multiple episodes of ure-
teral obstruction likely led to cumulative damage and a
shortened lifespan for the transplanted kidney and
patient. Overall, the SUB device was effective for urinary
diversion and provides a therapeutic option when other
conventional techniques for managing ureteral obstruc-
tion have failed or are not possible.
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