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Abstract
Background Several strategies have been implemented to better identify the course of the ureters intra-operatively due of 
the morbidity associated with ureteric injuries especially during gynaecological surgery. We described our experience with 
pre-operative ureteric catherisation in women who underwent major endoscopic gynaecological surgery.
Methods A case-controlled study of 862 women who underwent major endoscopic gynaecological surgery sourced from 
two health institutions were conducted. Two groups were compared: those who had pre-operative prophylactic ureteric 
catherisation (study group) and those who had routine cystoscopy performed immediately post surgery (control group).
Results There were no intra-operative ureteric injuries or associated complications noted in the study group. When compared 
to the control group, length of hospital stay (2 days vs 5 days; p < 0.05) and overall mean time for cystoscopy (11 min vs 
35 min; p < 0.05) was significantly shorter in the study group. There was no long-term morbidity recorded in the study group.
Conclusion Our experiences with prophylactic pre-operative bilateral ureteric catheterisation for major endoscopic gynae-
cological surgeries were favourable and are associated with low complication rates. Routine or adjunct use before major 
gynaecological and pelvic surgery combined with meticulous surgical technique can help reduce iatrogenic and unintentional 
ureteric injuries.
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Injuries to the urinary tract system, especially the ureters, are 
uncommon complications of gynaecological surgery, but are 
nonetheless associated with significant morbidity. With the 
rising trend of minimally invasive endoscopic techniques, 
the reported incidence of ureteric injuries varies from 0.1 
up to 2% [1]. The risk is especially increased in patients 
with previous pelvic inflammatory disease, obesity, uterine 
fibroids, pelvic organ prolapse, and endometriosis [1, 2]. The 
normal anatomical course of the ureters may be distorted or 
dilated in these instances, making them prone to injuries if 
not exposed or identified adequately.

Several strategies have been implemented to better iden-
tify the course of the ureters intra-operatively due of the 
morbidity associated with ureteric injuries. One strategy 

includes the prophylactic placement of ureteric catheters 
prior to commencement of gynaecological surgery [3]—a 
common practice in our institutions overseeing complex 
endoscopic cases. Previous studies including randomised 
controlled studies have shown no difference in rates of ure-
teric injuries with such a procedure [1, 4, 5], however recent 
reviews have suggested there are advantages to this method 
in selected patients undergoing high-risk pelvic surgeries 
[6, 7]. We described our experience with pre-operative ure-
teric catherisation in women who underwent major complex 
endoscopic gynaecological surgery.

Methods

A retrospective case-controlled study of 862 women who 
underwent major complex endoscopic gynaecological 
surgery sourced from two health institutions was under-
taken. This was conducted according to the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) guideline (see Appendix 1). Surgeries include 
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laparoscopic hysterectomy (with complexity such as multi-
fibroid uterus, presence of adhesions/endometriosis obscur-
ing pelvic sidewalls, and obesity), excision of American 
Society for Reproductive Medicine (ASRM) grade 3–4 
endometriosis, pelvic reconstruction for Pelvic Organ Pro-
lapse Quantification (POP–Q) system grade 3–4 prolapse 
and post-hysterectomy adnexal surgery. All surgeries were 
attended by 3 consultant gynaecologists. Two groups were 
compared: those who had pre-operative prophylactic ure-
teric catherisation (study group) and those who had routine 
cystoscopy performed immediately post surgery (control 
group). This procedure in this latter group was to ensure 
ureteric patency through ureteric jet visualisation. Women 
who underwent laparotomy or surgery for gynaecological 
malignancies were excluded.

The demographics and clinical data extracted for all 
patients identified included age, ethnicity, body mass index 
(BMI), previous abdomino-pelvic surgery, indications for 
surgery, surgery performed as well as complications. Com-
plications were defined as injuries to urinary tract, post-
operative bleeding, urinary tract infection (UTI), need for 
blood transfusions, unplanned return to theatre (defined as 
defined as a return to the theatre due to complications or 
untoward outcomes related to the initial surgery), readmis-
sion to hospital, and length of hospital stay. All patients were 
followed-up at 6 weeks and 12 weeks post surgery.

Surgical technique

Study group

A rigid 30-degree cystoscopy with a double channel bridge 
was performed in lithotomy position after general anaes-
thesia administration. Bilateral open-end ureteral catheters 
(Cook Medical 5.0 and 6.0 French) were inserted after iden-
tification of ureteral orifices through a 0.035 guide wire. 
The ureteral catheters were secured to a Foley indwelling 
urinary catheter with steri-strips. Both ureteral catheters 
were removed after immediate completion of gynaecological 
surgery. Intravenous fluids therapy (IVT) was administered 
post-operatively to encourage “flushing” of blood clots and 
debris, both of which may arise from mechanical manipula-
tion of ureters. All cystoscopy and ureteric catherisations 
were performed by 3 gynaecological surgeons.

Control group

A rigid 30-degree cystoscopy was performed upon immedi-
ate completion of gynaecological surgery to ensure ureteric 

patency. This involved direct visualisation of bilateral ure-
teric jets vermiculation.

Statistical analysis

Statistical analysis was conducted using InStat version 
3.1 (GraphPad Software, Inc). Descriptive statistics were 
reported using mean with interquartile range for continu-
ous data and frequencies with percentages for categorical 
data. Data was compared using Fisher’s and chi-square 
tests. Medians with interquartile ranges were compared 
using Mann–Whitney U test. Results are expressed as 
odds ratios (OR) with 95% confidence intervals (CI). All 
reported P values are two-sided, and p < 0.05 was consid-
ered significant. Ethics approval was obtained from both 
health institutions Human Research Ethics Committee.

Results

The mean age was 41.4 (range 17–89) and over 70% of 
women had a BMI of 25–30 kg/m2. The characteristics and 
complications of 862 women who underwent major endo-
scopic gynaecological surgery are presented in Table 1.

A total of 276/862 women (32%) were identified as 
smokers, with 142/862 women (16.4%) being on antico-
agulant therapy and 570/862 women (66.1%) with previ-
ous abdomino-pelvic surgery. Main surgical procedures 
performed included total laparoscopic hysterectomy 
564/862 (65.4%), excision of ASRM stage 3–4 endome-
triosis 186/862 (21.5%), and adnexal surgery (ovarian cys-
tectomy and/or oophorectomy) in the post-hysterectomy 
state 89/862 (10.3%). There were 148/862 (17.1%) cases 
of POP-Q stage 3–4 pelvic organ prolapse, where pelvic 
reconstruction surgery was performed in conjunction with 
hysterectomy. Indications for hysterectomies were heavy 
menstrual bleeding 206/564 (36.5%), uterine fibroids 
183/564 (32.4%), uterine prolapse 148/564 (26.2%) and 
complex endometrial hyperplasia 50/564 (8.8%).

A total of 489 women were identified in the study 
group. Seven women were excluded due to ureteric anom-
aly and technical difficulty. These include ureteric orifice 
strictures, the inability to pass guide wires, and obstruc-
tion of ureteric orifice due to bladder mass. Cystoscopy 
and bilateral ureteric catheterisation took an average mean 
time of 11.7 min (range: 8–15 min, median: 10 min) to 
perform. There were no intra-operative ureteric injuries or 
associated complications noted. Post-operative complica-
tions included hematuria 205/489 (43.2%), urinary tract 
infection 2/489 (0.4%) and post-operative bleeding 1/489 
(0.2%). A total of 440/489 women (90%) had follow-up 
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Table 1  Characteristics of 862 
women who underwent major 
endoscopic gynaecological 
surgery

IQR interquartile range; BMI body mass index; TLH total laparoscopic hysterectomy; BSO bilateral sal-
pingo-oophorectomy; LAVH laparoscopic assisted vaginal hysterectomy; POP-Q pelvic organ prolapse 
quantification; ASRM American society for reproductive medicine; UTI urinary tract infection

Variable Study group
(n = 489)

Control group
(n = 373)

p value

Age, years (median (IQR)) 45 (29–50) 51 (45–72) –
Ethnicity, n (%)
 Caucasian 405 (82.8) 283 (75.8) –
 Aboriginal 48 (9.8) 44 (11.7) –
 Asian 24 (4.9) 33 (8.8) –
 Other 9 (1.8) 11 (2.9) –

BMI (kg/m2), n (%)
 < 25 44 (8.9) 37 (9.9) –
 25–30 347 (70.9) 290 (77.7) –
 > 30 97 (19.8) 44 (11.7) –

Smoker, n (%) 122 (25.4) 154 (41.3) –
On anticoagulant therapy, n (%) 74 (15.7) 68 (18.3) –
Previous abdomino-pelvic surgery, n (%) 343 (70.3) 227 (60.9) –
Indications for surgery; n (%)
 Heavy menstrual bleeding 107 (21.8) 99 (26.5) –
 Uterine fibroids 100 (20.4) 83 (22.2) –
 Pelvic organ prolapse 70 (14.3) 78 (20.9) –
 Infertility/pelvic pain due to endometriosis 143 (29.2) 43 (11.5) –
 Complex endometrial hyperplasia 30 (6.1) 20 (5.3) –
 Ovarian cysts 39 (7.9) 50 (13.4) –
 Others 15 (3.0) 8 (2.1)

Surgery performed; n (%)
TLH
 With BSO 100 (20.4) 68 (18.2) –
 Without BSO 62 (12.6) 41 (10.9) –

LAVH
 With BSO 57 (11.6) 64 (17.1) –
 Without BSO 23 (4.7) 37 (9.9) –
 With pelvic floor repair

  POP-Q Stage 3 30 (6.1) 51 (13.6)
  POP-Q Stage 4 20 (4.0) 11 (2.9) –

Excision of endometriosis
 ASRM Stage 3 66 (13.4) 28 (7.5) –
 ASRM Stage 4 77 (15.7) 15 (4.0) –

Post-hysterectomy adnexal surgery 39 (7.9) 50 (13.4) –
Others 15 (3.0) 8 (2.1) –
Surgery operative time, minutes (IQR) 120 (90–190) 150 (100–240) 0.1
Cystoscopy operative time, minutes (IQR) 11 (8–15) 35 (20–55) < 0.05
Complications, n (%)
 Hematuria 205 (43.2) 37 (10.1) < 0.05
 UTI/pyelonephritis 2 (0.4) 5 (1.3) < 0.05
 Hydronephrosis 2 (0.4) 1 (0.2) 0.5
 Acute renal failure 0 (0) 0 (0) –
 Ureteric injury 0 (0) 3 (0.8) < 0.05
 Bladder injury 0 (0) 1 (0.2) 0.1
 Unplanned return to theatre 0 (00 3 (0.8) < 0.05
 Post-operative bleeding 1 (0.2) 2 (0.5) 0.5
 Blood transfusion 0 (0) 0 (0) –
 Length of hospital stay, days (median (IQR)) 2 (1–3) 5 (4–6) < 0.05
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ranging from 4 to 12 weeks post-surgery. Twenty-four 
women relocated overseas and 14 had changed contact 
details; there was no attempt at follow-up. There was no 
long-term morbidity recorded in the study group.

When compared to the control group, overall mean 
time for cystoscopy was significantly shorter in the study 
group (11 min vs 35 min; p < 0.05). Rates of hematuria 
were higher for women in the intervention group (43.2% 
vs 10.1%; p < 0.05) and total operative times were shorter 
although this was not statistically significant (120 min 
vs 150 min; p < 0.1). Rates of ureteric and bladder inju-
ries were higher in the control group (40.8% vs 16.2%; 
p < 0.05) as well as length of hospital stay (2 days vs 
5 days; p < 0.05). There were no differences in prevalence 
of acute renal injury, or post-operative bleeding between 
both groups.

Discussion

Our experiences with prophylactic pre-operative bilateral 
ureteric catheterisation for major complex endoscopic 
gynaecological surgeries were favourable and are associated 
with low complication rates. This procedure facilitates real-
time intra-operative identification of the ureters during surgi-
cal dissection, and took significantly shorter time to perform 
when compared to cystoscopy with at the end of surgery. 
It is important to note that the long operative time for cys-
toscopy in the control group relates to the waiting time for 
ureteric jets to vermiculate and expel urine, rather than the 
act of performing the cystoscopy itself. In some instances, 
administration of frusemide and/or use of 50% dextrose as 
a distending medium were used to facilitate visualisation.

The high rates of asymptomatic hematuria in the study 
group were due to mechanical manipulation of the ureters 
during catherization. We observed this to be a transient phe-
nomenon that resolved in the first 24 h post-operation with 
IVT, with no short or long-term morbidity. There was one 
case of reflex oligo-anuria reported, which is recognised 
as a complication of ureteral catheterization [8]. The etiol-
ogy is not well understood, and is thought to be caused by 
transient ureteric obstruction after removal of catheters. It 
is hypothesised that manipulation and irritation of the ure-
ters causes local edema and spasm, leading to symptoms 
of suprapubic and flank pain, as well as low urine output. 
We believe that our routine practice of post-operative IVT 
provided a continuous diuresis, which prevented this uncom-
mon complication.

The 3 cases of ureteric injuries occurred in the con-
trol group—the first occurred during excision of endome-
triosis was diagnosed during cystoscopy. The remaining 
two occurred on transection of the uterine arteries during 

hysterectomy where excessive haemorrhage transpired; 
both were diagnosed 24–48 h post-operatively. The delay 
in diagnosis, compounded by further recovery from sub-
sequent return to theatre contributed to the longer median 
length of hospital stay. There were also two cases of com-
plicated UTI in the control group which required pro-
longed intravenous administration of antibiotics.

It is important to highlight that ureteric catherisation 
is different to ureteric stenting, as the latter involves a 
plastic device (e.g. double-J stents) that may be left in situ 
to alleviate obstructive symptoms. Stenting can be associ-
ated with pain and infection, and requires removal a few 
weeks, or months, after initial placement. Apart from ure-
teric catherisation, other techniques described to better 
identify ureters intra-operatively include the use of meth-
ylene blue injection and intraureteral indocyanine green 
[9]. Nevertheless, it is important to emphasise that ureteral 
catheters should not be employed at the expense of a clear 
appreciation of retroperitoneal pelvic anatomy, safe elec-
tro-surgery procedural knowledge as well as meticulous 
surgical dissection techniques during endoscopic surgery. 
Surgeons with high surgical volume load as well as train-
ing in fellowship program of minimally invasive gynae-
cologic surgery (MIGS) have shown lower than average 
rate of ureteric injuries as well as other complications in 
surgeries performed [10].

The limitations of our study include the potential for 
recall bias given the retrospective nature of analysis. Grading 
of hematuria was not performed though majority were mild. 
We did not divide cases based on each surgeon’s operative 
experience and skill, although all 3 surgeons are trained or 
have been practicing MIGS inside their scope of specialisa-
tion. Other aspects to consider include the cost saving and 
effectiveness of routine ureteric catherisation in high-risk 
surgeries. Nevertheless, our routine use of ureteric catheri-
sation has shown to be efficacious in complex surgeries in 
identifying and preventing ureteric injuries. Such practice 
may be beneficial during peripartum hysterectomy [11] and 
other surgical specialities [12]. It may also play a role in 
resource-limited healthcare settings where prevalence of uri-
nary tract injuries are much higher, given the risk of delayed 
diagnosis and access to treatment [13].

Conclusion

Our study shows that prophylactic pre-operative ureteric 
catheterisations facilitates real-time intra-operative iden-
tification of the ureters during complex surgeries, and are 
associated with low morbidity rates. Routine or adjunct use 
before major complex gynaecological surgery combined 
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with meticulous surgical technique can help reduce iatro-
genic and unintentional ureteric injuries.
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tary material available at https:// doi. org/ 10. 1007/ s00464- 023- 10359-5.
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