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Abstract: Here we present two cases of post-operative obstructive renal failure following major abdomino-pelvic sarcoma surgery. In
both cases, prophylactic ureteric stents were inserted to aid the identification and protection of the ureters during resection of these
complex retroperitoneal masses. In case one, obstructive renal failure occurred following ureteric stent removal on day O post-
operatively. In case two, obstructive renal failure developed on day 1 post-operatively despite having a ureteric stent in situ. Here we
propose that a combination of reflex anuria/ureteric edema and papillary sloughing led to the obstructive renal failure in both cases.
Re-insertion of bilateral ureteric stents in case one, and replacement of a right ureteric stent in case two saw prompt excretion of urine
and sloughy debris with rapid improvement of renal function. This article presents these cases in detail and further reviews the use of
prophylactic ureteric stents in major abdomino-pelvic surgery along with the current guidelines for their usage.
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Introduction

Ureteric injury during abdomino-pelvic surgery is rare, with an overall incidence of <2%." Avoiding injury to the ureters
is paramount, as injury can lead to severe short-term complications like sepsis and can have lasting long-term
repercussions for the patient — leading to years of intervention, follow-up, and significant morbidity.> If these iatrogenic
injuries are not recognized and repaired intra-operatively, they often require multiple staged procedures to repair.’ In
some cases a nephrectomy is ultimately required.*

General surgical, colorectal surgery, and gynecological procedures are the most common contributors to ureteric
injury overall,>® with the incidence rising in an era of minimally invasive surgery.! Distorted anatomy secondary to
malignancy, pelvic radiation, or previous surgery increases the risk of iatrogenic injury.” Pre-operative placement of
ureteric stents during major abdominal/pelvic surgery may be beneficial in two ways: 1) intra-operative identification of
the ureters and thus prevention of subsequent injury; and 2) early identification of an injury if it does occur. However,
routine stenting is associated with prolonged operating time and can lead to stent-related complications.®

The use of ureteric stents in major abdominal/pelvic surgery is often surgeon- and case-specific and can be performed
in various ways. Typical 6Fr ureteric stents can be placed cystoscopically and left in-situ up to 12 months. Similarly,
ureteric stents can be left attached to their removal strings, which can be secured to the indwelling Foley’s catheter to aid
ease of removal at the end of the case. Currently there is no clear consensus on how long these ureteric stents should
remain in-situ following major surgery.

This article presents two cases of obstructive renal failure associated with ureteric stenting pre-operatively for elective
retroperitoneal sarcoma surgery. Both patients developed anuric renal failure post-operatively which promptly resolved
following exchange/re-insertion of ureteric stents. Both patients developed post-obstructive diuresis almost immediately
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upon exchange or re-insertion of ureteric stents with subsequent return of renal function to baseline within 1 week. We
hypothesize that a combination of reflex anuria, ureteric edema, and renal papillary sloughing were responsible in both
cases. This article reviews the current use of ureteric stents in major abdomino-pelvic surgery including the guideline
recommendations guidelines and rates of stent-related complications.

Case One

A 58-year-old lady with no significant past medical history presents for elective resection of large right pelvic sidewall
mass. Pre-operative eGFR was >90. The patient underwent prophylactic ureteric stenting by the urology team with 6Fr
multi-length ureteric stents. It was noted intra-operatively that the patient had a complete left sided duplex system
requiring two left sided ureteric stents. All three ureteric stents were left on their strings and attached to a Foley’s catheter
for ease of removal post-operatively. There were no immediate stent-related complications.

The right pelvic sidewall mass was approached through a lower midline laparotomy. The mass was easily dissected
off the pelvic side with the right ureter having been identified and protected throughout the case. The procedure was
completed in approximately 2 hours with no significant blood loss. The patient received 1500 mL of crystalloid fluid
intravenously during the procedure and produced 250 mL of clear urine. At the end of the case, the Foley’s catheter and
ureteric stents were removed without complication. A new 14Fr indwelling Foleys catheter was re-inserted for bladder
management and assessment of post-operative fluid balance. In the 24 hours post-operatively the patient was noted to be
oligo-anuric, producing roughly 5-10 mL of urine per hour with a reduction in eGFR from >90 to 37. Despite appropriate
fluid resuscitation, the patient developed anuric renal failure. A bladder scan revealed 15 mL, which likely reflected the
contents of the catheter balloon. Her renal function continued to decline to an eGFR of 18 at 48 hours post-operatively.
A subsequent non-contrast Computer Tomography (CT) scan revealed bilateral hydronephrosis/hydroureter down to the
level of the pelvic inlet without an obvious cause for obstruction (Figure 1).

The patient returned to theater for rigid cystoscopy, bilateral retrograde ureteropyelograms, and ureteric stent insertion.
Retrograde studies showed large, bilateral mobile filling defects and gross hydroureteronephrosis (Figures 2 and 3). Distal
ureteroscopy showed a white sloughy soft tissue mass partially obstructing the left vesicoureteric junction (VUJ) (Figure 4).
Upon ureteric stent insertion there was rapid drainage of contrast/urine and sloughy material bilaterally. The patient’s urine
output and renal function subsequently returned to normal within 48 hours after ureteric stent insertion. The patient’s ureteric
stents were removed using a flexible cystoscope at 4 weeks post-operatively without complication. The patient’s renal function
remains at pre-operative baseline with an eGFR >90.

Case Two
A 44-year-old male with biopsy proven large retroperitoneal paraganglioma presented for elective resection. He was
otherwise fit and well with no medical co-morbidities and a normal pre-operative hemoglobin count of 150 renal function

Figure | An axial section from a non-contrast abdominal CT scan showing severe bilateral hydronephrosis.
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Figure 2 A right sided retrograde pyelogram showing severe hydroureter to the level of the vesicoureteric junction with associated filling defect within the distal ureter.

Figure 3 A left sided retrograde pyelogram showing severe hydroureter to the level of the vesicoureteric junction with multiple associated filling defects within the distal
ureter.

with eGFR >90. Prophylactic pre-operative ureteric stenting was performed due to the anticipated complexity of the
operation and proximity of the left ureter to the mass. Bilateral 6Fr multi-length stents were placed by the urology team,
with some left sided upstream hydronephrosis noted intra-operatively likely secondary to extrinsic ureteric compression
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Figure 4 Photograph taken during left sided rigid ureteroscopy showing a large white sloughy debris partially occluding the vesicoureteric junction.

from the retroperitoneal mass. The ureteric stents were inserted without strings with the plan for outpatient removal after
the patient’s recovery from surgery. An indwelling Foley’s catheter was inserted to monitor urine output.

The large left sided retroperitoneal mass was approached via a midline laparotomy. The tumor was noted to be
densely adherent to the infra-renal aorta, Inferior Vena Cava (IVC), left kidney, and ureter. The patient was placed on
ECMO before the tumor and involved structures were resected en-bloc, including left nephrectomy and low ureteric
ligation (including removal of the left ureteric stent). A complex vascular reconstruction of the infra-renal aorta and IVC
was performed by the vascular team. The procedure took 12 hours to complete with an estimated blood loss of 4,000 mL.
Intra-operatively the patient received 10 units of packed red blood cells and 3,500 mL of crystalloid fluids to maintain
mean arterial pressure >65 mmHg. Post-operatively on Day 0, the patient’s haemoglobin was 105 and eGFR had reduced
to 58. The patient remained intubated and was transferred to the ICU for supportive care.

On morning review, it was noted that only 10 mL of urine had drained since the patients return from theater despite
appropriate intravenous fluid therapy. A bladder scan revealed an empty bladder. The patient was sent for an urgent CT
abdomen/pelvis to further investigate. The right kidney showed normal enhancement with an appropriately positioned
ureteric stent without evidence of hydronephrosis (Figures 5 and 6). A collapsed urinary bladder was also noted. The
patient received further intravenous hydration despite appearing clinically euvolaemic. The patient’s urine output
remained at 0 mL by midday with a concurrent worsening of his AKI with eGFR declining to 19.

The patient was returned to theater for rigid cystoscopy, right retrograde pyelogram, and ureteric stent exchange.
Immediately after the old ureteric stent was removed cystoscopically and copious ureteric slough/debris was seen exiting
the right ureteric orifice. Subsequent retrograde ureteropyelogram showed moderate hydroureter/hydronephrosis
(Figure 7). An 8Fr ureteric stent was re-inserted to further aid the decompression of the right kidney. A new 16Fr
indwelling Foley’s catheter was inserted to monitor urine output. The patients urine output immediately increased to
50 mL/hr with concordant improvement in eGFR to 60 within 3 days.

Discussion
The Use of Prophylactic Ureteric Stents in Major Abomino-Pelvic Surgery

The European Association of Urology (EAU) guidelines state “visual identification of the ureters and meticulous
dissection in their vicinity are mandatory to prevent ureteral trauma during abdominal and pelvic surgery”. The use of
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Figure 6 A coronal section from a non-contrast abdominal CT showing an appropriately positioned right sided ureteric stent without hydronephrosis.

ureteric stents are recommended only in “selected cases” based on the risk factors for ureteric injury and the operating
surgeons experience.’

A recent large review by Croghan et al documented the indications and, where present, the complications related to
prophylactic ureteric stent insertion in elective general surgical cases. Of the 5,968 patients reviewed, the majority
underwent colonic resection for diverticular disease (45.38%) or malignancy (33.45%), with the remainder undergoing
elective resections for inflammatory bowel disease.'® Surgeon reasoning for prophylactic insertion of ureteric stents
included: anticipation of adhesions, complicated diverticular disease, bulky tumors, previous pelvic surgery, anticipation
of a difficult surgery, or just surgeon preference.'" "> This study reported higher rates of ureteric injury in the
prophylactically stented population regardless of surgical approach. When compared to the non-stented patients, the
rate of ureteric injury in prophylactically stented patients was increased by 0.18% in minimally laparoscopic/robotic
surgery and 1.08% in open surgery.'® It is important to note that the increased rate of injury in prophylactically stented
cases most likely reflects case selection as opposed to the stenting, leading to more injuries.

A retrospective cohort study performed by Hird et al in 2021 evaluated 98,507 patients who underwent major colorectal
surgery and compared the incidence of ureteric injury and subsequent stent-related morbidity in patients who did and did not
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Figure 7 A right sided retrograde pyelogram showing mild hydroureter and hydronephrosis.

undergo pre-operative stenting. In line with the known estimate that roughly 4% of these major cases requested pre-operative
stenting,'* 5.1% of this cohorts patients had stents. There was no difference in ureteric injury observed, with no significant
stent-related issues recorded either. Conversely, a systematic review performed by Croghan et al in 2019 showed that the rate
of ureteric injury was higher in the prophylactically stented patients (1.75% vs 0.17%),'® however this analysis did not take
into account case complexity, as more challenging cases were more likely to receive prophylactic ureteric stents. Despite not
having been shown to reduce the rate of iatrogenic injury, prophylactic stents have been associated with increased intra-
operative identification of ureteric injury which allows for primary repair.'

Potential Complications of Ureteric Stents

Complications related to ureteric stent insertion can occur during the procedure, during early recovery, and in the later
stages. Intra-operative complications include hematuria secondary to ureteric/renal trauma from either the insertion wire
or the ureteric stent as well as incorrect placement of the stent. Incorrect deployment of the stent, where either the
proximal or distal end of the double J stent lie within the ureter, can cause significant patient discomfort and can be
challenging to rectify. Lastly, the inability to insert a ureteric stent is also a known complication. This can occur for
a multitude of reasons, including the inability to locate the ureteric orifice (secondary to inflamed bladder mucosa or
structural abnormalities like ureterocoele), a “fishhook ureter” which does not permit instrumentation, and unrecognized
ureteric strictures which can occur for a variety of reasons including radiotherapy or previous ureteric trauma or
instrumentation. Unnecessary stenting or prolonged in-situ duration of ureteric stents is associated with significant
patient morbidity, repeat presentations to the emergency department, and loss of patient income due to the inability to
work.'® Experienced surgeons have higher success and fewer complications of ureteric stent insertion.'’

Reflex Anuria and Vesicoureteric Junction Edema

Reflex anuria is a poorly understood phenomenon which has only been described in the form of case presentations. This
diagnosis should only be considered once pre-renal, intrinsic, and post-renal causes of failure have been excluded. This
rare condition was initially proposed by Sirota and Narins in 1957, who used the term reflex anuria to describe oligo-
anuria following ureteric catheterization.'® A post-obstructive reflex mechanism was proposed by Shearlock and
Howards in 1976, where angiography was used to display renal arteriolar vasoconstriction in an anuric patient following
ureteric stent insertion.'® The term reflex anuria was adapted and broadened by Hull et al in 1980, leading to the

definition of ‘Cessation of urine output from both kidneys in response to irritation or trauma to one kidney or its ureter’.*’
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In the absence of mechanical obstruction or ureteric ligation, reflex anuria is an extremely rare cause of acute renal failure
resulting from ureteric manipulation or instrumentation during abdomino-pelvic surgery. Renal parenchymal or ureteric
irritation leads to a reno-renal or uretero-renal reflex leading to renal arteriolar vasoconstriction and acute renal failure.

Edema at the vesicoureteric junction (VUJ) following ureteric instrumentation leading to transient obstruction has
also been hypothesized as a cause of reflex anuria by various authors.>'** Currently there is no consensus on how long
a ureteric stent should remain in-situ for to allow resolution of edema following ureteric instrumentation. Although there
are no comparative human studies, animal studies have shown upper tract obstruction secondary to ureteric edema can
occur for up to 96 hours following ureteric instrumentation.”> A recent study by Paul et al compared post-operative
outcomes following unilateral ureteroscopy in patients who were left with a ureteric stent for 3 vs 7 days. This study
showed an 18% reduction in post-procedure events for patients in which ureteric stents remained for 7 days (as compared
to 3 days).”* When compared to ureteric stent insertion alone, endoscopic stone surgery can be associated with
significantly more ureteric trauma for a variety of reasons (impacted ureteric stones, ureteric access sheath trauma,
and direct endoscope or laser trauma); for these reasons ureteric stents are often placed at the completion of the case. The
EAU and AUA outline patient and surgical criteria for stent omission following uncomplicated ureteroscopy; however,
no such recommendations exist for prophylactically placed ureteric stents.”> To our knowledge, no studies have
investigated the effects of uncomplicated ureteric stent insertion of ureteric mucosal edema.

Renal Papillary Necrosis and Sloughed Papillae

Renal ischemia can occur within a physiologically normotensive range (in adults >90 mmHg systolic) termed normotensive
ischemic acute renal injury. Modest reductions in blood pressure, often caused by volume depletion, can significantly reduce
renal perfusion pressure, leading to ischemic injury in the absence of overt hypotension.?® Renal autoregulation is largely
responsible for maintaining renal perfusion and a glomerular filtration rate with varying mean arterial pressure. Autoregulation
is impaired in patients with atherosclerosis, hypertension, or underlying chronic kidney disease, leading to an increased renal
susceptibility to ischemic injury.® Anatomically, the renal medulla and papilla are highly susceptible to ischemic necrosis;
whereby any physiological or pathological reduction in renal perfusion can lead to necrosis and sloughing of tissue. Renal
papillary necrosis (RPN) can lead to detachment or sloughing of papillae into the collecting system which can manifest with
ureteric obstruction, flank pain, or hematuria. The most common risk factors for RPN include Diabetes Mellitus, cadaveric
renal transplant recipients, and analgesic induced nephropathies such as phenacetin.*’

Clinically, these patients present with signs and symptoms identical to calculus ureteric colic. Sloughed papillae are
radiolucent, however, with non-contrast imaging often revealing no clear obstructive cause. Ultrasound and CT imaging
are relatively insensitive in diagnosing sloughed papillae, therefore CT intravenous pyelography (CT IVP) or retrograde
pyelography are often required to demonstrate calyceal or ureteric filling defects.”® Classically sloughed papillae produce
a “ball in tee” or “lobster claw” sign on pyelography which represents the filling defect.”” However, as these patients
often present with significant renal impairment, the use of intravenous contrast is often omitted to prevent further renal
injury. Much like an obstructing ureteric calculus, if left untreated an obstructing slough papilla can precipitate renal
failure or perpetuate sepsis if there is concomitant urinary tract infection. In such cases, decompression of the urinary
collecting system either via percutaneous nephrostomy or ureteric stenting is indicated.*°

Case Discussion; Causes for Obstructive Uropathy in the above Cases

In case one, bilateral hydroureteronephrosis to the level of the VUJ without a clear obstructive cause on CT KUB could
be explained by either mechanism. As the patient’s three ureteric stents were removed at the conclusion of the case, VU]
edema, obstruction from sloughed papillae or a combination of both factors could be causative. During cystoscopy and
retrograde pyelogram on the following day, large mobile filling defects were seen (Figures 2 and 3). On distal
ureteroscopy these soft tissue masses were directly visualized (Figure 4). Re-insertion of ureteric stents resulted in
prompt excretion of urine, contrast, and debris. Although the patient in case one did not have any additional risk factors
for RPN and had a stable MAP throughout the case, modest reductions in blood pressure or normotensive ischemic renal
injury may still be responsible for sloughed papillae.
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Similarly, in case two, mild upstream hydronephrosis in the context of an appropriately positioned ureteric stent may
support stent obstruction from VUJ edema or stent occlusion from slough papillae. However, due to the significant blood
loss encountered in case two (4,000 mL) and fluctuant MAPs, renal ischemia and subsequent sloughing appears more
likely. Additionally, prompt excretion of sloughy debris and urine was seen after replacement of the ureteric stent.

Conclusion

Prevention and early recognition of ureteric injury during major abdomino-pelvic surgery are paramount. The use or
omission of prophylactic ureteric stents in major abdomino-pelvic surgery remains at the treating surgeons discretion.
A higher rate of iatrogenic ureteric injury in patients with prophylactic ureteric stents is likely confounded by the
complexity of the planned surgery, however the intraoperative identification and primary repair of this injuries is
significantly improved in patients with ureteric stents. Ureteric stents are associated with a wide range of side-effects
and complications; however, when inserted by senior staff, these risks can be reduced.

Patients with underlying risk factors for renal ischemia should have invasive blood pressure monitoring intra-
operatively to allow thorough assessment and correction of changes in mean arterial pressure. Ureteric stent occlusion
from slough papillae or VUJ edema should be considered early in patients who develop oligo-anuric renal failure
following major surgery. The lack of hydronephrosis in the early post-operative period does not exclude any obstructive
cause for renal failure. Early stent re-insertion or stent replacement should be considered in patients who develop oligo-
anuric renal failure post-operatively despite adequate fluid replacement.

Key Points

1. Ureteric stenting has not been proven to reduce iatrogenic ureteric injury but does improve early recognition of these
injuries.

2. Intraoperative optimization of renal blood flow may reduce the risk of papillary necrosis and sloughed papillae
causing ureteric obstruction, especially in patients with risk factors for renal ischemia.

3. In patients with oligo-anuria post-operatively early stent re-insertion or exchange of ureteric stents should be
considered, irrespective of radiological signs of ureteric obstruction.

4. The indwelling time of prophylactically inserted stents needs to be individualized.

5. Ureteric stents inserted by adequately trained staff likely reduce stent-related complications.

Ethics and Consent
Consent was obtained from all involved patients to participate and publish case data. Institutional approval was not
required to publish case details.
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The authors do not have any conflicts of interest or financial contributions to disclose.
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