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Introduction
The subcutaneous (SC) ureteral bypass (SUB) implant sys-
tem is the latest device used to surgically address feline 
ureterolithiasis, ureteral strictures and neoplasia, which 
result in partial or complete urinary outflow obstruction.1–6 
The SUB device allows urinary diversion from the 
obstructed ureter via a locking-loop pigtail nephrostomy 
catheter that enters a readily accessible SC injection shunt-
ing port and subsequently a cystostomy catheter.2,3,5,6 The 
reported short-term postoperative complications associ-
ated with SUB implantation include implant occlusion 
from blood clots and urolith material, device leakage, tube 
kinking, haemorrhage, dysuria and urinary tract infec-
tions (UTIs).2,7 The most significant long-term complica-
tion is mineralisation of the SUB device, most commonly 
the cystostomy tube.3,7 Other reported long-term compli-
cations include migration of the cystostomy catheter and 
extrusion of the SC access port.8,9

To our knowledge, at the time of publication, there have 
been no reported long-term gastrointestinal complications 

with SUB system implantation in cats. The purpose of this 
case report is to describe two cases seen with similar post-
operative complications involving the nephrostomy tube 
Dacron cuff perforating the duodenum and the clinical 
outcomes of this.

Case descriptions
In both cases described, the cats initially presented to a  
specialist referral practice for feline urolithiasis resulting  
in either unilateral (case 1) or bilateral (case 2) ureteral  
obstruction. Following appropriate diagnostic investiga-
tions, both cats subsequently underwent a modified 
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Abstract
Case summary  This case report describes two cats that had subcutaneous ureteral bypass (SUB) systems 
implanted and subsequently developed duodenal perforations and septic peritonitis associated with the Dacron 
cuff of the nephrostomy tube. One cat recovered following surgical explantation of the SUB system with intestinal 
resection and anastomosis of the perforated small intestine, and – at the time of writing – is still alive. The other cat 
was humanely euthanased intraoperatively at the owner’s request owing to its perceived prognosis.
Relevance and novel information  To our knowledge this is the first time this complication has been reported following 
SUB device placement.
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Seldinger fluoroscopic-guided implantation of the SUB 
systems as per the surgical guidelines published by Berent 
and Weisse.2 There were no intraoperative complications in 
either cat reported following SUB implantation. Once the 
system was surgically secured, saline solution (0.9% NaCL 
Solution; Baxter) iohexol (50:50 [Omnipaque; GE 
Healthcare]) was injected under fluoroscopic guidance 
until the entire SUB system contained contrast and no leak-
age was documented.

Three-view abdominal radiographs were performed 
immediately postoperatively in both cases, which 
revealed appropriate positioning of the SUB devices 
without any kinking in the tubing. Dacron cuff implants 
were positioned appropriately on the renal capsule and 
bladder wall, aided by visualisation of the radio-opaque 
markers on these implants (Figures 1 and 2). In case 2, it 
is likely that the pigtail catheter was not appropriately 
locked into the right kidney as this nephrostomy cathe-
ter later migrated (Figure 2).

In case 1, a small SC septic abscess developed over the 
right caudal abdomen 6 days postoperatively, where the 
bypass tubing was positioned. Ultrasound-guided fine-
needle aspiration was performed and fluid culture and 
sensitivity (C + S) tests revealed a heavy growth of 
Mycoplasma species. Amoxycillin clavulanate (25 mg/kg 
PO q12h [Amoxyclav; Apex Laboratories]) and marbo-
floxacin (5 mg/kg PO q24h [Zeniquin; Zoetis]) were 
commenced for 8 weeks, after which the abscess com-
pletely resolved.

Approximately 1 month postoperatively, repeat 
abdominal ultrasound was performed for both cases, 

which confirmed the resolution of hydronephrosis and 
pyelectasia, and SUB implant positioning was static. The 
right renal pelvis width was 1.7 mm in case 1, and the left 
and right measurements in case 2 were 2 mm and 2.6 mm, 
respectively.

Regular routine prophylactic flushing (every 3 months) 
through the SUB cutaneous port was performed incon-
sistently using tetra-EDTA. Time periods between flushes 
varied from 3 to 12 months in both cases, which was a 
result of demeanour issues requiring heavy sedation for 
basic handling and procedures, as well as financial 
constraints.

Approximately 6 months after surgery, case 1 under-
went routine SUB flushing and repeat ultrasound. This 
identified a 7.5 mm × 9.8 mm hypoechoic rounded struc-
ture at the caudal pole of the right kidney centred over 
the nephrostomy tube. A loop of small intestine was 
passing over the nephrostomy site and the structure was 
suspected to be fibrosis or a granuloma. There were no 
other abnormalities detected at this time and this contin-
ued to be a static finding at subsequent ultrasounds  
performed approximately every 6 months. No other 
ultrasonographic abnormalities were detected in either 
case throughout the follow-up period.

Case 1
A 12-year-old spayed female domestic longhair cat pre-
sented to the emergency Department (ED) of a specialist 
hospital 36 months following right SUB system placement 
with a history of 3 days of lethargy, hyporexia and vomit-
ing. The cat was pyrexic (temperature 40ºC) and abdominal 

Figure 1  Immediate postoperative radiographs following initial unilateral subcutaneous ureteral bypass placement for case 1: 
(a) ventrodorsal abdominal radiograph; and (b) right lateral abdominal radiograph
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palpation revealed no pain response associated with the 
right SC bypass port and implant. Abdominal ultrasonog-
raphy performed by a board-certified radiologist revealed 
that the proximal nephrostomy tube of the SUB system, 
including the Dacron cuff, was located in the duodenal 
lumen (seen as an approximately 8 mm, hyperechoic, linear 
intraluminal structure). The caudal pole of the right kidney, 
nephrostomy tube and adjacent duodenum were sur-
rounded by hypoechoic material.

Surgical management  Preoperative bloodwork revealed 
a chronic non-regenerative, microcytic anaemia (haema-
tocrit 0.25 l/l; packed cell volume [PCV]/total plasma 
protein [TPP] 20/60), moderate left shift banded neutro-
philia (27.8 × 109/l), elevated symmetric dimethylargi-
nine (SDMA; 18 µg/dl), hypocalcaemia (1.74 mmol/l; no 
ionised calcium was performed) and mild hypoalbumi-
naemia (20 g/l). Creatinine and urea were within the 
normal reference intervals. Perioperative therapeutics 
included ampicillin (22 mg/kg IV [Austrapen; Mylan]), 
enrofloxacin (5 mg/kg IV [Baytril; Bayer]) and fentanyl 
(2–8 µg/kg/h constant rate infusion [Fentanyl; Hospira]). 
Following these clinical and ultrasonographic findings 
the cat subsequently underwent a ventral midline 
exploratory coeliotomy. A small volume of sero-sangui-
nous free abdominal fluid was present and no fluid C + S 
was performed. The peritoneal cavity was lavaged with 
500 ml of warmed sterile saline and suctioned.

The right renal capsule was grossly thickened and fri-
able. The distal descending duodenum at the level of the 
duodenocolic ligament and the tip of the right pancreatic 

limb was firmly adhered to the right kidney (Figure 3a). A 
moderate volume of haemorrhaging occurred during dis-
section of the adhesions from the right kidney, during 
which the cat received a total of 40 ml, type A whole blood 
transfused over 2 h intraoperatively without complica-
tions. The Dacron cuff of the nephrostomy tube was incor-
porated into the duodenum, resulting in perforation of 
the bowel at its mesenteric border with leakage of intesti-
nal contents (see Figure 3b). The duodenocolic ligament 
was freed to allow resection of approximately 80 mm of 
affected small intestine (see Figure 4). An end-to-end 
anastomosis was performed using 4-0 polydioxanone 
suture (Monoplus; B-Braun) in a simple interrupted  
appositional suture pattern. The resultant mesenteric rent 
was closed with 4-0 polydioxanone suture (Monoplus; 
B-Braun) in a simple continuous pattern.

The decision was made to explant the right SUB sys-
tem owing to the high risk of septic peritonitis and con-
cerns for the SUB system being infected and resulting in 
ongoing pyelonephritis. Once explanted, the abdominal 
cavity was lavaged with 1 l warmed sterile saline (0.9% 
NaCL Solution; Baxter). A routine three-layer abdominal 
closure was performed. Immediate postoperative PCV/
TPP was 38/60.

Follow-up  Eight days after surgery, the cat was seen in the 
ED for a surgical site swelling and hyporexia of 24 h dura-
tion. An abdominal-focused assessment with ultrasonog-
raphy for trauma scan revealed echogenicity consistent 
with soft tissue and occasional SC fluid pockets along the 
abdominal incision. The presumptive diagnosis was SC 

Figure 2  Immediate postoperative radiographs following initial bilateral subcutaneous ureteral bypass placement for case 2: 
(a) ventrodorsal abdominal radiograph; and (b) right lateral abdominal radiograph
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inflammation or aseptic cellulitis and ongoing monitor-
ing at home was recommended. The cat was continued 
on a previously prescribed amoxicillin-clavulanate 
course (22 mg/kg PO q12h [Amoxyclav; Apex Laborato-
ries]) for a concurrent UTI. Repeat renal bloodwork 
revealed a normal urea and creatinine, SDMA had mar-
ginally improved (17 µg/dl) and no urine specific gravity 
was recorded.

The cat re-presented 2 days later for ongoing hypo-
rexia and progressive surgical site swelling, and subse-
quently surgical exploration was performed. A large 
pocket containing purulent material lined by grossly 
abnormal SC tissue was noted around the resected 
suture line. There was communication with the abdomi-
nal cavity. A sample of fluid was submitted for culture 
and sensitivity. The suture line, including the SC and 
dermal tissue, with associated suture material from the 
previous surgery was excised en bloc. The area was 
flushed copiously with sterile saline. The SC layer was 
apposed using 2-0 polydioxanone (Monoplus; B-Braun) 
in a simple continuous pattern, and the cutaneous layer 
was apposed using 3-0 polyamide (Dafilon; B-Braun) in 
a cruciate pattern. Tissue culture results revealed a light 
growth of multidrug-resistant Enterococcus faecium and 
mixed anaerobes. No antimicrobials were continued in 
the longer term owing to the resistance pattern; how-
ever, the wound was bandaged to prevent nosocomial 
infections and went on to heal without further complica-
tions. Follow-up urine C + S was performed 1 month  
following surgery, which revealed negative growth.

Case 2
A 3-year-old neutered male Siamese cat presented to a 
specialist hospital 14 months following bilateral SUB 

system placement for progressive diarrhoea, vomiting 
and poor appetite of 2 weeks’ duration. Abdominal 
ultrasonography was performed by a board-certified 
radiologist, which revealed diffuse dilation of the jeju-
num with visible peristalsis and no source of obstruc-
tion. The appropriate location of the cystotomy tube 
within the urinary bladder was also confirmed. The cat 
was treated symptomatically, and re-examination was 
recommended if there was no clinical improvement.

Four days later the cat re-presented for clinical dete-
rioration with progressive vomiting, lethargy and inap-
petence. Repeat abdominal ultrasonography revealed a 

Figure 4  Resultant duodenectomy with full-thickness 
perforation at the mesenteric border

Figure 3  (a) Thickened capsule of the right kidney (curved haemostat), with the distal duodenum firmly adhered (white arrow) 
and nephrostomy tubing passing intraluminally (black arrow). (b) Dacron cuff (forceps) perforating the duodenum with leakage 
of intestinal contents
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hyperechoic tube-like object perforating the small intes-
tine with regional free abdominal fluid and partial intus-
susception (see Figure 5). Distally, the tube-like object 
was seen to pass through the duodenal wall into the 
peritoneum, where it was traced towards the urinary 
bladder (see Figure 6). The fluid was suspected to repre-
sent regional peritonitis and the foreign object likely rep-
resented the nephrostomy tube of the right SUB implant.

Surgical management  Preoperative bloodwork revealed 
only a mildly elevated blood urea nitrogen (20.4 mmol/l), 
performed 5 days prior to surgery. No repeat biochemis-
try was performed following this. Preoperative PCV/
TPP was 28/58. Perioperative therapeutics included 
ampicillin (22 mg/kg IV [Austrapen; Mylan]) and fen-
tanyl citrate  
(2–8 µg/kg/h CRI [Fentanyl; Hospira]).

Following these clinical and ultrasonographic findings 
the cat underwent a ventral midline exploratory coeliot-
omy. Multiple adhesions of the greater omentum were 
identified and a firm disc-like foreign body was palpated 
in the descending duodenum within the perinephric adhe-
sions (see Figure 7a). The left SUB implant system was 
grossly normal. There was a scant volume of blood-tinged 
peritoneal fluid (see Figure 7b). Dissection of the per-
inephric adhesions revealed the right nephrostomy tube 
entering the antimesenteric wall of the descending duode-
num, travelling approximately 20 mm distally within the 
lumen then exiting the descending duodenum before 
resuming its normal course to the right caudal abdominal 
wall incision and joining the SC port. The radiopaque 
nephrostomy tube marker was located external to the 
renal capsular surface and the previously palpated intralu-
minal disc was confirmed to be the Dacron cuff of the right 
nephrostomy tube (see Figure 7b). Dissection of the adhe-
sions of the distal aspect of the right urinary catheter to the 
mid-jejunum revealed an additional partial thickness 

jejunal perforation through the seromuscular layer (see 
Figure 7c). The right kidney appeared to have a viable 
blood supply and the decision to remove the right SUB 
system was made owing to similar concerns as in case 1. 
The owner elected for intraoperative euthanasia prior to 
completion of this procedure, based on the perceived 
prognosis.

Discussion
As mentioned previously, published short-term postoper-
ative complications include implant occlusion from blood 
clots and urolith material, device leakage, tube kinking, 
haemorrhage, dysuria and UTIs.2,7 Mineralisation of the 
cystotomy tube is the most commonly reported long-term 
complication with known risk factors including the use of 
a small port, silicone-based catheters and postoperative 
ionised hypercalcaemia.3,7 To our knowledge, at the time 
of publication, there have been no reported gastrointesti-
nal complications relating to SUB implant systems or other 
ureteral decompressive surgeries.

The SUB system was developed over 10 years ago, 
based on the SC nephrovesical bypass systems used in 
humans with ureteral obstructions unsuitable for 
stenting.2,10,11 The Seldinger technique used in humans 
is a minimally invasive procedure that uses either 
ultrasonographic or fluoroscopic guidance and relies 
on the placement of a polyurethane, non-cuffed, J-tube 
into the target renal calyx, securing the nephrostomy 
catheter to the renal capsule by the J-loop and tube 
fixation to the SC tissue with a non-absorbable mono-
filament suture to prevent implant dislocation. There is 
no reported use of sterile tissue glue with the place-
ment of these systems.10–12 The only gastrointestinal 
complications seen in humans is related to the punc-
ture of organs during percutaneous nephrostomy tube 
placement, as their application is not through an open 
approach.13,14

Case 1 successfully underwent right explantation of 
the entire SUB system. The use of fluoroscopy through 

Figure 5  Ultrasound image of the plicating jejunum (yellow 
arrow) with the right nephrostomy tubing entering the 
descending duodenum (white arrow)

Figure 6  Ultrasound image of the hyperechoic structure 
within the distal duodenum (white arrow); proximally  
it is slightly filled with ingesta (yellow arrow)
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the injection of contrast medium into the SUB pre- and 
perioperatively with initial implantation highlights the 
importance of determining ureteral patency. A successful 
SUB system will provide urinary diversion and normal-
ise the cats bloodwork and ultrasound findings; how-
ever, if explantation is performed without having ureteral 
patency re-established this can have devastating effects, 
especially if contralateral renal function is diminished. 
Given the ongoing concerns around SUB systems being 
infected in both cases with risks of septic peritonitis and 
pyelonephritis, explantation was deemed necessary. 
Alternative surgical options could have included 
exchanging the nephrostomy catheter or ureteronephrec-
tomy if there was an ongoing absence of ureteral patency.

As these cases include the first reported gastrointesti-
nal complications arising from SUB implants, the possi-
ble aetiologies can only be of a theoretical nature. The 
application of sterile cyanoacrylate glue (Histoacryl; 
B-Braun) between the Dacron cuff of the nephrostomy 
catheter and the renal capsule has been reported to pro-
vide implant security and prevent leakage from the renal 
capsule.2 Excessive glue during application may act as an 
abrasive irregular surface on the renal capsule, and fric-
tion may result between tissue surfaces with intestinal 
peristalsis. Careful tissue glue application and subse-
quently covering the Dacron cuff with omentum or per-
inephric adipose tissue may aid in providing longer-term 
implant security. Anatomically, the close proximity of the 
duodenum to the right renal capsule as a result of its 
fixed position by a shorter mesentery, and the increased 
mobility of feline kidneys comparatively to canine kid-
neys could be of significance as both cases had complica-
tions associated with the right-sided nephrostomy tubes. 
Transmural migration of surgical sponges into intestines 
has been studied experimentally in rats with four stages 
of pathogenesis: foreign body reaction, secondary infec-
tion, mass formation and remodelling.15 Additionally, 
late Dacron patch inflammatory complications in humans 

has been reported up to 7 years post-implantation.16 
Therefore, secondarily, a foreign body reaction could 
have developed from the Dacron cuff within the abdomi-
nal cavity, contributing to the transmural migration into 
the small intestine.

Conclusions
While delayed intestinal perforation presumptively 
caused by multifactorial aetiology is a rare occurrence in 
the placement of SUB systems in feline patients, it should 
be considered a possible postoperative complication that 
may arise as a result of performing this ureteral decom-
pressive surgery. It highlights the need for further inves-
tigation into the use cyanoacrylate tissue glue and its 
application on the renal capsule in relation to securing 
the Dacron cuff. Meticulous tissue glue application to 
the renal capsule when securing the Dacron cuff, fol-
lowed by covering the cuff with omentum or perinephric 
adipose tissue, should also be further investigated.
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volume of blood-tinged peritoneal fluid (yellow arrow) and explantation of the Dacron cuff (black arrow). (c) Additional partial 
jejunal perforation (white arrow)
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