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Introduction
Complete surgical cytoreduction has been long established as the most important prognostic 

factor in the management of ovarian cancer [1-4]. The use of neoadjuvant chemotherapy does 
not negate the need for radical surgery and it is broadly accepted that radical surgery, including 
bowel resection, is justified when complete cytoreduction can be achieved [5-8]. The same body of 
published literature, however, does not exist to guide the role of urological surgery or intervention 
in this setting.

Urological intervention, more specifically ureteric stenting, may be necessary either as 
a consequence of the disease process itself or of the surgery necessary to achieve complete 
cytoreduction. Routine systematic retroperitoneal dissection should be avoided in the absence 
of bulky nodes [9] but extensive intraperitoneal or retroperitoneal disease can cause ureteric 
obstruction, either by extrinsic compression or by infiltration of the peri-ureteric tissue. In some 
circumstances, perhaps more commonly in the setting of relapsed disease, tumor can also infiltrate 
the ureter itself. To achieve cytoreduction, extensive pelvic and retroperitoneal dissection may be 
needed, which increases the risk of urological injury or devascularization from extensive ureterolysis. 
At present, there is no evidence-based guideline regarding indications for ureteral stent insertion in 
ovarian cancer surgery. Evidence from other cancer sites suggests that pre-operative prophylactic 
placement of ureteral stents may facilitate ureteral identification and/or recognition of injury but 
there is also potential for iatrogenic injury and complications of insertion [10-13]. If there are 
concerns of ureteric complications during laparotomy stents can be inserted prior to removing the 
pelvic or retroperitoneal disease to enhance identification of the ureter or, alternatively, following 
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Abstract
Background: This observational study describes an extended cohort, from a single surgeon, reporting 
indications, technique and morbidity for a novel trans-ureteric approach to stent placement.

Methods: This retrospective observational study included all patients who underwent cytoreductive 
surgery, 2001 to 2017, with intra-operative stent insertion. Clinicopathological data, stent indication 
and morbidities were collated.

Results: 2,195 patients underwent laparotomy for ovarian cancer in the 16-year study period, of 
which 42 (2%) underwent intra-operative stent insertion. Indications included persistent hydroureter 
despite surgical decompression (15, 36%), prophylactically following extensive ureterolysis with 
concerns of post-operative ischemia/fistula formation (12, 29%), ureteric stricture (6, 14%), 
following partial ureteric excision to facilitate cytoreduction (6, 14%) or inadvertent injury (3, 7%). 
Complete, or near-optimal, surgical cytoreduction was achieved in 32 (76%) patients. All stents 
were inserted by a gyne-oncologist with no failed insertions and no stent-related complications.

Conclusion: Intra-operative trans-ureteric stenting by a gyne-oncologist is feasible, safe, can protect 
devascularized ureters after extensive retroperitoneal dissection and may serve to reduce peri-
operative urological morbidity whilst allowing a more aggressive cytoreductive surgical approach.
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extensive ureterolysis to aid tissue healing and minimize the risk of 
post-operative fistula formation.

In 2009, we described our own small series of a novel technique 
for the intra-operative trans-ureteric insertion of silastic ‘pigtail’ 
ureteric stents in advanced stage ovarian cancer [14]. This approach 
avoids the need for intra-operative repositioning for a retrograde 
cystoscopic approach and can be performed independent of specialist 
urology. To our knowledge, no further studies have assessed the 
value of this procedure during extensive cytoreductive surgery in 
ovarian cancer and we therefore present an expanded cohort of our 
data evaluating the largest case series of intra-operative trans-ureteric 
stent insertion published to date.

Methods
This retrospective study, approved by the Institutional Review 

Board, included patients who had a ureteric stent inserted intra-
operatively, 2001 to 2017, within a single UK institution during 
primary surgery for ovarian cancer by a single surgeon. This 
included upfront and interval surgery for International Federation 
of Gynecology and Obstetrics (FIGO) stages III and IV disease as 
well as those undergoing secondary cytoreduction at relapse. A 
single surgeon series was selected to reduce inter-surgeon variability 
in caseload and urological procedure experience. Complete 
cytoreduction was defined as the presence of no visible macroscopic 
residual disease following surgery, near-optimal cytoreduction when 
the residual disease was less than 1 cm and sub-optimal if residual 
disease was more than 1 cm [15]. Surgical complexity was classified 
using a modification of the Mayo Clinic surgical scoring system [16].

Frequency of stent insertion and indications were reported 
alongside basic descriptive statistics of the study population. Peri-
operative and long-term morbidity frequencies were reported 
from the prospectively collected departmental morbidity database. 
Univariate associations were examined using Chi2 or Fisher's exact 
test, as appropriate. See supplementary methods for description of 
the stent insertion technique.

Supplementary methods: Intra-operative ureteric stent 
insertion

Following ureterolysis to ensure adequate visualization of the 
course of the ureter from the kidney to the bladder, a 5 mm to 8 
mm longitudinal incision in the ureter at the level of the pelvic brim 
was made. A 6 or 8 French Bard® Silicone Ureteral Coil Stent (C.R. 
Bard Inc., Covington, GA, USA) was used in all cases and inserted 
to the renal hilum over a guidewire. The double-J stent consists of a 
straight tube with anchoring "pigtail" loops at either end, making it 
resistant to migration. The stent was straightened and inserted over a 
guidewire, Figure 1A and 1B, Supplementary Figures 1A-1E. Removal 
of the guidewire causes both ends to curl into their natural anchoring 
conformation. The distal stent was passed into the bladder using the 
same guidewire technique and position confirmed with palpation ± 
intra-operative imaging. The incision was then closed transversely 
with interrupted sutures to avoid ureteric stricture. Stent insertion 
was covered with prophylactic antibiotics, in line with local policy, 
and removal/replacement arranged for 3 months post-operatively 
cystoscopically.

Results
Between 2001 and 2017, 2195 laparotomies were performed for 

patients with ovarian cancer, of which 442 were performed between 

Figure 1A: Intra-operative trans-ureteric insertion of 6 French Bard® 
Silicone Ureteral Coil Stent (C.R. Bard Inc., Covington, GA, USA) through 
a longitudinal incision, closed transversely. A) Bilateral stents in situ within 
persistently dilated ureters following extensive ureterolysis and surgical 
decompression during cytoreductive surgery for recurrent ovarian cancer.

Figure 1B: Intra-operative trans-ureteric insertion of 6 French Bard® 
Silicone Ureteral Coil Stent (C.R. Bard Inc., Covington, GA, USA) through a 
longitudinal incision, closed transversely. B) Post-operative plain abdominal 
X-ray to demonstrate position of bilateral stents.

Supplementary Figures
Figure 1A: Intra-operative trans-ureteric insertion of 6 French Bard® 
Silicone Ureteral Coil Stent (C.R. Bard Inc., Covington, GA, USA) through 
a longitudinal incision. A) Persistently dilated right ureter following extensive 
ureterolysis during cytoreductive surgery for recurrent ovarian cancer.

Figure 1B: Intra-operative trans-ureteric insertion of 6 French Bard® 
Silicone Ureteral Coil Stent (C.R. Bard Inc., Covington, GA, USA) through 
a longitudinal incision. B) 6 mm longitudinal incision is made on the anterior 
aspect.
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2001 and 2007 (as reported in our first series [14]) and 1753 between 
2008 and 2017.

42 (1.9%) patients underwent insertion of a ureteric stent by a 
single surgeon (RN) at the time of laparotomy, of which 28 (66.7%) 
underwent primary cytoreductive procedures, 5 (11.9%) had Interval 
Debulking Surgery (IDS) following Neoadjuvant Chemotherapy 
(NACT) and 9 (21.4%) patients underwent secondary cytoreductive 
surgery for recurrent ovarian cancer.

The median age of patients undergoing intra-operative ureteric 
stent insertion was 70.2 years (41.8 to 88.5 years). A unilateral stent 
was inserted in 37 (88.1%) cases with bilateral stents inserted in the 
other 5 cases resulting in 47 ureteric stents in 42 patients in total. 
All 33 patients undergoing primary or interval surgery had FIGO 
stage III or IV ovarian cancer, see Table 1 for demographics. Table 
2 illustrates the indications for an intra-operative stent insertion in 

this cohort where 14 (33.3%) patients underwent intra-operative 
ureteric stenting for the presence of unresolved hydroureter of 
greater than 20 mm diameter at laparotomy following removal of 
pelvic and retroperitoneal disease. 12 (28.6%) underwent stenting 
to protect a skeletonized, devascularized ureter following extensive 
ureterolysis and 6 (14.3%) following identification of a ureteric 
stricture. Surgery in a further 6 (14.3%) patients resulted in a partial 
ureteric defect/excision in order to remove bulky disease directly 
adherent to, or invading, the ureteric wall with excision of disease 
thereby necessitating excision of a section of ureter. Stenting was 
undertaken due to inadvertent ureteric injury in 3 (7.1%). 4 (9.5%) 
patients underwent re-anastomosis of transected/resected ends over 
a stent, and in 1 (2.4%) case, due to the proximity of the defect/injury 
to the bladder, formal reimplantation was undertaken.

In all cases, the operating gynecological oncology surgeon 
inserted the ureteric stent although a specialist urology surgeon 
attended for two patients. In the first of these 2 cases, radical surgery 
including rectosigmoid colectomy (with end colostomy formation), 
splenectomy, peritonectomy in addition to hysterectomy and 
bilateral salpingo-oophorectomy, was needed to achieve complete 
cytoreduction in a patient undergoing primary cytoreductive surgery 
for FIGO stage IIIC HGSC. Extensive bilateral ureterolysis was 
necessary and the left ureter was inadvertently injured. A localized 
ureteric resection with primary anastomosis over a prophylactic 
ureteric stent was performed. In the second case, undergoing interval 
surgery for FIGO Stage IIIC mucinous ovarian cancer, specialist 
urology attended to assess a ureteric stricture close to the bladder 
base. Resection and re-implantation over a stent were undertaken.

In the 15 patients who underwent stenting for intra-operative 
hydroureter, only 6 had some degree of hydroureter or hydronephrosis 
on pre-operative imaging (Table 2).

The median surgical radicality score for primary and interval 
surgery in this cohort was 4 (2 to 13) with 19/33 (57.6%) patients 
undergoing radical surgery with a score of ≥ 4, 3 (9.1%) of which had 
a score of ≥ 8. In those undergoing surgery for recurrence, 4 (44.4%) 
had a radicality score of ≥ 4.

In the 42 cases in this series there were 23 (54.8%) large or 
small bowel resections, with primary anastomosis in 6 (26.1%) and 
stoma formation in 17 (73.9%), omentectomy (35, 83.3%), pelvic 
and/or para-aortic lymphadenectomy (8, 19.0%), pelvic and/or 
abdominal peritoneal stripping (7, 16.7%), diaphragmatic stripping 
(2, 4.8%), splenectomy (2, 4.8%), tail of pancreas resection (1, 
2.4%) and appendectomy (6, 14.3%). Complete or near-optimal 
cytoreduction was achieved in 32 (76.2%) patients, whilst 10 (23.8%) 
had a suboptimal outcome. Suboptimal cytoreduction was more 
common in the non-HGSC subtypes and in the setting of secondary 
cytoreductive surgery for recurrent disease.

In the same study period, we identified 20 patients who 
underwent pre-operative stent insertion for hydroureter, typically 
with deranged renal function. There were no failed intra-operative 
stent insertions in this time period. Excluding 4 patients who were 
palliated within 2 months to 4 months of surgery with progressive 
disease, all patients in this cohort were prospectively followed up for 
cystoscopic stent replacement or removal. Median overall follow-up 
from the index surgery was 18.1 months (range 3.2 to 231.0). In the 
existing literature, there is no consensus about the preferred time of 
stent removal and the median time for stent removal was 4 months (2 

Figure 1C: Intra-operative trans-ureteric insertion of 6 French Bard® 
Silicone Ureteral Coil Stent (C.R. Bard Inc., Covington, GA, USA) through a 
longitudinal incision. C) Over a semi-rigid guidewire, the stent is caudally and 
palpated to be correctly placed within the pelvic hilum before re-positioning 
the guidewire to insert the distal end into the bladder.

Figure 1D: Intra-operative trans-ureteric insertion of 6 French Bard® 
Silicone Ureteral Coil Stent (C.R. Bard Inc., Covington, GA, USA) through a 
longitudinal incision. D) The guidewire is removed to leave the stent securely 
held in position by the double pigtail ends.

Figure 1E: Intra-operative trans-ureteric insertion of 6 French Bard® 
Silicone Ureteral Coil Stent (C.R. Bard Inc., Covington, GA, USA) through a 
longitudinal incision. E) Interrupted 3-0 vicryl closes the incision transversely 
to avoid stricture formation.
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Table 1: Patient characteristics (n=42).
Demographic Median (range)

Age (years) 70.2 (41.8-88.5)

 Frequency (%)

Histological subtype

High Grade Serous (HGS) 24 (57.1)

Endometrioid 6 (14.3)

Carcinosarcoma 3 (7.1)

Low Grade Serous (LGS) 1 (2.4)

Clear cell 1 (2.4)

Granulosa cell 3 (7.1)

Mucinous 1 (2.4)

Other 3 (7.1)

FIGO Stage

I (recurrence) 3 (7.1)

II (recurrence) 1 (2.4)

III 32 (76.2)

IV 6 (14.3)

Surgery

Primary 28 (66.7)

Interval cytoreduction (after neoadjuvant chemotherapy) 5 (11.9)

Secondary surgery for recurrence 9 (21.4)

Residual disease 

Complete (no macroscopic disease) 9 (21.4)

Optimal (< 1 cm in greatest dimension) 23 (54.8)

Suboptimal (≥ 1 cm) 10 (23.8)

Radicality score (n=32: surgery in the first line treatment phase). 

Low (≤ 3) 13 (40.6)

Intermediate (4-8) 16 (50.0)

Radical (≥ 8) 3 (9.4)

Median (range) 4 (2 – 13)

ASA (n=34)

1 10 (29.4)

2 12 (35.3)

3 11 (32.4)

4 1 (2.9)

ECOG (n=37)

0 9 (24.3)

1 25 (67.6)

2 3 (8.1)

3 0 (0)

Table 2: Indications for intra-operative ureteric stent insertion (n=42).

  Frequency (%)

Laterality

Unilateral 37 (88.1)

Right 17 (40.5)

Left 20 (47.6)

Bilateral 5 (11.9)

Indication

Unresolved hydroureter 15 (35.7)

Extensive ureterolysis / Devascularized 12 (28.6)

Ureteric stricture 6 (14.3)

Defect following tumor excision 6 (14.3)

Injury 3 (7.1)

Pre-operative hydronephrosis
Unilateral 6 (14.3)

Bilateral 1 (2.4)
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months to 15 months), with stent removal deferred in some cases until 
completion of adjuvant chemotherapy. Stents were replaced in the 
setting of a persistent stricture or fistula. There were no complications 
from stent insertion or removal, no complications of stent migration, 
problematic malposition and no post-operative ureteric fistulas.

This patient subgroup was high-risk and included 9 (21.4%) 
patients aged over 70 years, 9 (22.5%) patients undergoing secondary 
cytoreduction for recurrent disease and 28/37 (75.7%) patients with 
performance status of ECOG 1 or more. 24/34 (70.6%) patients had 
an ASA grade of ≥ 2. Median blood loss was 1500 ml (100 ml to 
6000 ml) and 24 (57.1%) patients were electively admitted to Level 
2 Care post-operatively. There were 4 patients with intra-operative 
morbidity, which included 3 bladder injuries and 1 vessel injury, all of 
which were repaired intra-operatively with no residual deficits. There 
were no surgical mortalities (<30 days of surgery) and 24 individual 
post-operative morbidities in 7 (16.7%) patients. These included 
3 venous thromboembolisms, 2 superficial wound dehiscence’s, 3 
urinary tract infections and 1 episode of sepsis resulting from a lower 
respiratory tract infection causing pre-renal stage 2 Acute Kidney 
Injury (AKI). One further patient developed transient AKI and 
one patient underwent insertion of a permanent pacemaker post-
operatively for new onset heart block. There was one post-operative 
rectovesical fistula, which resolved with conservative management.

Discussion
This study demonstrates that intra-operative ureteric stenting, 

using a trans-ureteric technique by a gynecologist is feasible and 
safe with no excess of urological morbidity. Stenting is needed 
infrequently in complex cytoreductive surgery in our institute and 
the reported rate of 1.9% is below many series reporting the incidence 
in routine benign gynecological procedures [17-19]. Since our first 
review [14], the incidence of stenting in our institution has remained 
stable. We present the largest series of ureteric stents in ovarian 
cancer, with an overall incidence of 2.4% of which 1.9% were inserted 
intra-operatively. This study supports the findings from the previous 
publication [14] and this expanded series confirms its safety. It is 
however, a retrospective review and we acknowledge that success is 
critically dependent upon technique and careful selection of patients. 
A close relationship with urology is needed to provide joint specialist 
care of this small subgroup.

Although, routine pre-operative imaging may in a proportion 
of cases identify hydroureter, hydronephrosis or the presence of 
infiltrative disease around the ureter, thereby alerting the surgeon 
to consider pre-operative stenting or urological intervention, pre-
operative need is not always apparent and strategies for intra-operative 
stent insertion and management of urological complications are still 
necessary.

There is little debate that pre-operative stenting to correct 
obstructive renal failure is needed. However, published evidence 
regarding the value of pre-operative stent insertion in the absence of 
renal impairment is minimal and different hypotheses are proposed 
regarding its utility [20,21]. Although contentious, prophylactic stents 
may aid visualization of ureters during extensive retroperitoneal 
dissections and may help identification of accidental injury [20] 
but they do not decrease the rate of injury [22]. The alternative 
viewpoint is that a stent decreases the ureter’s natural pliability, 
therefore, increasing the risk of inadvertent injury [23]. A recent 
study reviewed the value of stent insertion before cytoreductive 

surgery and hyperthermic intraperitoneal chemotherapy [24]. The 
authors suggested that stenting reduced the risk of operative ureteric 
complications without an increase in complications. Pre-operative 
insertion should, however, not be regarded as risk free. There are 
well documented complications associated with short- and long-term 
stent use [25,26]. Minor side-effects include hematuria, dysuria and 
pain, with major complications including vesicoureteric reflux, stent 
migration, infection, fistulation and a ‘forgotten stent’. Ovarian cancer 
patients often have a pelvic mass, which is commonly responsible for 
ureteric obstruction or the tortuous path of the ureter and successful 
cystoscopic stent insertion, even for an experienced urologist, is a 
challenging procedure. Failure rates have been reported between 14% 
to 35% [27-30] and resolution of the obstruction is not guaranteed, 
therefore, necessitating conversion to an invasive percutaneous 
nephrostomy [31]. The decision to undergo pre-operative stenting, 
even with evidence of hydroureter, is further complicated by the fact 
that in a large proportion, the obstruction spontaneously resolves 
following removal of the pelvic mass and thus there is no need for 
stent insertion.

A decision to insert a stent intra-operatively should only be made 
following excision of all possible disease with adequate visualization 
of the ureter. As stent placement was performed by the trans-ureteric 
route intra-operatively, no additional equipment or re-positioning of 
the patient was required. The value of stent placement ‘on demand’ 
during laparotomy has previously been assessed in complex colorectal 
surgery showing it does not influence operating time nor cost [32]. 
This intra-operative technique may simplify the insertion of stents 
with the creation of a watertight tract between the kidney and bladder 
without need for patient re-positioning or re-instrumentation of the 
bladder, which further increases the risk of infection.

There are two distinct groups of patients within this series. 
Firstly, the group who required stenting for injury or ureteric defect 
and, secondly, the group who underwent stenting due to persistent 
hydroureter or devascularization following extensive ureterolysis 
(‘prophylactically’). For the first subgroup, alternative approaches 
would include intra-operative attendance of a specialist urologist, 
located off-site, along with their specialist cystoscopic equipment. 
Cystoscopic retrograde stent insertion would necessitate patient 
repositioning and there is a small risk of failed insertion and of 
extension of the defect. In this circumstance, cystotomy for a 
further attempt of retrograde insertion or antegrade stenting via 
nephrostomy could be considered. In cases with an open abdomen 
and an identifiable ureteric defect, however, many urologists may 
choose to opportunistically use the defect as an entry point for the 
stent in the same way that we have described in this series. This 
avoids further iatrogenic injury, the need for repositioning and use of 
additional specialist equipment.

The second group of patients, in which stents were placed 
prophylactically, is perhaps more controversial, stimulating discussion 
around alternative approaches. Following extensive ureterolysis, with 
potential devascularization, or in the setting of persistent hydroureter 
despite decompression at laparotomy, a conservative approach could 
be adopted. This however, risks fistula formation, expected to occur 7 
days to 10 days post-operatively following necrosis of devascularized 
tissues. A paucity of robust evidence surrounding this conservative 
approach means that there is no genuine understanding of the 
incidence of fistula formation in this specific circumstance. However, 
a recent population-based analysis, including 1,700 patients with 
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ureteric injury, showed a 10 fold increase in need for nephrostomy, 
a 6-fold increase in risk of sepsis, a 21-fold increase in urinary fistula 
comparing recognized and treated vs. unrecognized injuries, with 
increased odds of renal insufficient and death [33]. Management of 
a post-operative fistula is usually managed by diversion nephrostomy 
[34], with a variable success rate of 14% to 19% in published series 
[35-37]. In this circumstance, further delay in recovery and impact 
on delivery of adjuvant chemotherapy is likely. Delay or failure to 
complete adjuvant chemotherapy in ovarian cancer is known to have 
a detrimental impact on survival, hence, our more interventional 
approach aiming to actively minimize complication rates.

Conclusion
This study has demonstrated that trans-ureteric stenting by 

gyne-oncologist is feasible and we suggest that it may reduce 
morbidity associated with post-operative fistula formation in a 
high-risk subgroup of patients, ensuring optimal timing of adjuvant 
chemotherapy. Use of this novel approach, in the absence of specialist 
urological input, may equip gynecological oncology surgeons with 
the confidence to ensure maximal surgical effort in complex cases, 
further facilitating attainment of complete cytoreduction.
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