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Risk of ureteric injury during ipsilateral uterosacral ligament vault
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Background: Post hysterectomy vaginal vault prolapse (PHVVP) occurs in up to 40% of women following
hysterectomy. Many authorities recommend a procedure such as uterosacral ligament vault suspension
(ULVS) is performed alongside hysterectomy to prevent future PHVVP. However, there is a concern that
ULVS increases the risk of ureteric injury. The incidence of ureteric injury during ULVS is unknown but
may be underestimated by studies which do not employ a reliable technique to detect ureteric complications.
Here we present a large case series detailing outcomes from transvaginal ULVS.

Methods: Intra-operative cystoscopy with indigocarmine dye was used in all cases to reliably detect ureteric
complications. Data were collected by review of the case notes for all ULVS procedures performed over a
4-year period (February 2010 and July 2014). One hundred twenty-seven cases were included for analysis.
Ureteric injury or obstruction was the primary outcome measure. Secondary outcome measures included
duration of operation, length of hospital stay and surgical complications.

Results: The overall complication rate was 7.1%. There was a single case of direct ureteric injury giving a
ureteric complication rate of 0.8%. The ureteric injury was identified intra-operatively using cystoscopy with
indigocarmine dye allowing prompt repair with minimal additional morbidity.

Conclusions: The results of this study suggest ULVS is a safe additional procedure to perform at the time
of VH to prevent PHVVP. The use of cystoscopy with indigo carmine dye represents a robust method for

identifying ureteric injury intra-operatively facilitating timely repair.
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Introduction

Post hysterectomy vaginal vault prolapse (PHVVP) occurs
in up to 40% of women (1) following hysterectomy with
6-8% of cases requiring surgery (2). The incidence of
PHVVP is up to five times higher when the hysterectomy
is performed for uterovaginal prolapse compared to
other indications (3). PHVVP often significantly impacts
quality of life with associated vaginal discomfort as well
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as bowel, bladder and sexual dysfunction. Risk factors for
PHVVP include advanced age, obesity, previous vaginal
delivery, post-menopausal status, genetic predisposition and
connective tissue disorders (4).

Knowledge of the anatomical structures which support
the vagina is essential to understand why hysterectomy
predisposes to vaginal prolapse. DeLancey (5) described
this support at three levels. The upper quarter is suspended
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by the cardinal and uterosacral ligament. The middle
two quarters by attachment to the arcus tendinous fascia
anteriorly and posteriorly to the pubococcygeus and
iliococcygeus fascia. Finally, the lower quarter of the
vagina is maintained by fusion to the urogenital diaphragm
anteriorly and the perineal body posteriorly. Additional
support is provided by the pubocervical fascia anteriorly
and the rectovaginal fascia posteriorly. The necessary
detachment of the vaginal apex from the supporting
cardinal/uterosacral ligament complex during hysterectomy
predisposes to PHVVP.

Unsurprisingly given the risk of PHVVP, many
recommend that a preventative procedure is performed at
the time of hysterectomy. Multiple procedures are described
including vaginal surgeries such as uterosacral ligament
vault suspension (ULVS), sacrospinous ligament fixation
and Moschowitz closure of the Pouch of Douglas, open
procedures and more recently laparoscopic procedures such
as sacrocolpopexy and uterosacral plication (1).

Modified McCall’s culdoplasty is a ULVS procedure
which involves re-attaching the uterosacral ligament to
the ipsilateral peritoneal side of the vaginal vault and is a
widely advocated method for the prevention of PHVVP.
Compared to sacrospinous fixation, it is associated with
reduced blood loss, reduced operating time, a lower failure
rate and has the added benefit of increasing the vaginal
length as well as maintaining the normal vaginal alignment
(6-8). Furthermore, ULVS is more effective than other
techniques such as a Moschowitz closure of the Pouch of
Douglas in the prevention of PHVVP (9).

However, a justified concern of ULVS is the risk of
ureteric injury either directly or via obstruction secondary
to ureteric kinking. Several studies have been performed
investigating outcomes from ULS (10-17). Collective
weaknesses of these studies include small sample sizes
and the absence of a robust method for identifying
ureteric injury. This paper describes our experience of 127
consecutive cases of transvaginal ULVS with the routine
use of intra-operative cystoscopy with indigocarmine dye to
reliably detect ureteric injury.

Methods

A retrospective observational study was performed detailing
outcomes from vaginal surgical procedures with transvaginal
ULVS performed routinely during vaginal vault closure. All
procedures were carried out in a single UK hospital by the
senior author.
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In all cases ULVS was performed alongside a primary
procedure of either a vaginal hysterectomy (VH) with
bilateral salpingo-oophorectomy (BSO) or a vaginal
bilateral salpingo-oophorectomy (VBSO) in patients who
had previously undergone a hysterectomy. Indications for
surgery included endometriosis, menorrhagia, abnormal
uterine bleeding and PHVVP. The ovaries were removed
either prophylactically at the time of hysterectomy or due to
post hysterectomy pain due to “trapped ovary syndrome.”

Data collection involved review of the case notes for
all ULVS procedures performed over a 4-year period
(February 2010 and July 2014). One hundred and forty two
women initially met inclusion criteria. Exclusion criteria
were women with incomplete data available after case note
review (n=15). Data was collected on patient age, body mass
index (BMI), comorbidity, previous pelvic surgery, parity,
menopausal status and indication for surgery. The primary
outcome measure was the incidence of ureteric injury
or obstruction. Secondary outcome measures included
duration of operation, length of hospital stay, change in
haemoglobin concentration between the preoperative value
and the first post-operative day, surgical complications
and histology. Post-operative infections were included as
complications if antibiotics were received and excessive
blood loss was included if blood transfusion was required.

The surgical protocol ensured all patients received a
single dose of intra-operative intravenous antibiotics. Post-
operatively, patients wore thrombotic deterrent stockings
and received subcutaneous low molecular weight heparin
whilst in hospital unless there were contraindications.
Early discharge was facilitated where possible through
an enhanced recovery program. Patients were routinely
followed up 2-3 months post-operatively in clinic.

The surgical technique is described as follows with the
patient positioned in lithotomy throughout: Once the VH
(with or without BSO) has been undertaken by standard
methodology, a large roll gauze swab was inserted in the
pouch of Douglas to pack the bowels away. The uterosacral
ligament on the left side was put under tension at a
45 degree angle and palpated to ascertain its reliability and
strength. An illuminating retractor (Myaski) was introduced
in the pelvis to retract the rectum medially and to visualise
the uterosacral ligament. A set of three PDS (polydioxanone;
Ethicon) size Nol sutures were placed into the ligament;
the most caudal is placed below the ischial spine, the upper
is placed just above the ischial spine and the middle is placed
in-between (this is to avoid ureteric injury and constriction
of the pouch of Douglas). The same process was repeated
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Table 1 Patient characteristics

Characteristic

All procedures (n=127)

Age (year)
Mean 54.2
Range 36-83
Parity
Multiparous 122 (96.1%)
Nulliparous 5(3.9%)
Range 0-7
Body mass index (BMI)
Mean 29.4
Range 21-44

Post-menopausal 71 (55.9%)

Previous pelvic surgery 67 (52.8%)

All procedures include both VH with BSO with ULVS and VBSO
with ULVS. VH, vaginal hysterectomy; BSO, bilateral salpingo-
oophorectomy; ULVS, uterosacral ligament vault suspension;
VBSO, vaginal bilateral salpingo-oophorectomy.

on the contralateral uterosacral. The first cystoscopy
was then performed to identify ureteric injury (ureteric
transfixion or entanglement). All the sutures were then re-
sutured to the vaginal vault which will close the vault and
suspend it. At this point a second cystoscopy was performed
and the swab was removed before the vault was closed by
tying all the sutures. The third and final cystoscopy was
then performed after tying sutures, primarily to check for
kinking of the ureter which may occur during suture tying.

In patients who have previously had a hysterectomy the
technique differed from above as follows: The vaginal scar
of the previous hysterectomy is excised to allow entry or
access to the pouch of Douglas. A moist abdominal pack
is then placed in the pelvis to pack the bowels away. A
tension suture is inserted at 5 and 7 o’clock through the
vaginal vault which would also include the caudal end of
the uterosacral ligament; a traction is applied to this suture
at 45° direction to place the uterosacral ligament under
tension and palpable so that its integrity and strength are
assessed. An illuminated retractor was then introduced and
all adhesions from previous surgery are divided by sharp
dissection under direct vision. Once the tubes and ovaries
are removed; a set of three sutures are inserted in the
uterosacral ligament as described above.

Intra-operative cystoscopy with indigocarmine
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(Indigotridisulfonate sodium) dye was used during in all
cases as it increases detection rates of ureteric injury from
50% to 80-90% and bladder injury from 25% to 80% (18).
The cystoscopy was performed as follows: firstly,
3—4 mL of dye was administered to the patient intravenously
immediately prior to cystoscopy. Indigo carmine is known
to be safe (19) and has a half-life of 4-5 minutes with
predominately renal excretion. It is usually present in urine
5-10 minutes after injection. A 70-degree cystoscope is
then introduced into the bladder to visualise efflux of urine
through both ureteric orifices. Failure to visualise the dye
thirty minutes after injection warrants further investigation
of ureteric patency with an intravenous pyelogram or
retrograde ureteropyelogram (18) and/or uterosacral suture
removal if there is a concern regarding ureteric kinking.
Statistical analysis was performed using standard statistical
techniques. Statistical significance was determined using
the two tailed #-test. P<0.05 was considered statistically
significant for all comparisons. Ethical approval was not
required for this study as it was retrospective case series.

Results

One hundred and forty two consecutive cases of modified
McCall’s culdoplasty met initial inclusion criteria. One
hundred twenty-seven (90%) had complete data sets
available and were analysed. One hundred and nine of these
cases involved VH with BSO and 18 cases involved a VBSO
without hysterectomy (hysterectomy having already been
performed in these cases). ULVS was performed in all cases.

Table 1 details the patient group characteristics. The
majority of patients were multiparous, post-menopausal
and had undergone previous pelvic surgery. Indications
for surgery are detailed in 7able 2. The most common
indication was uterovaginal prolapse (71.7%).

The outcomes following surgery are detailed in Table 3.
The overall complication rate was 7.1%. There was a
single case of direct ureteric injury giving a ureteric injury
rate of 0.8%. This injury occurred during the religation
of the uterine artery pedicle to secure haemostasis whilst
performing the hysterectomy. This injury was identified
intra-operatively from cystoscopy allowing successful repair
via laparotomy. There was no long term morbidity reported
from this case. This series did not demonstrate any cases of
ureteric obstruction due to kinking of the ureter.

The most common complication in this series was blood
loss requiring transfusion which accounted for 50% (4 cases)
of complications. However, in 3 out of these 4 patients the
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Table 2 Indications for surgery
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Indication VH + BSO (n=109) (%) Vaginal BSO (n=18) (%) Combined (n=127) (%)
Vaginal wall prolapse 72 (67.0) 17 (94.4) 89 (70.1)

HMB 22 (20.2) 0 22 (17.3)
Uterine fibroids 4(3.7) 0 4(3.1)

FH of ovarian malignancy 1(0.9) 0 1(0.8)
Chronic pelvic pain 6 (5.5) 1(5.6) 7 (5.5)

PMB 2(1.8) 0 2(1.6)

Within the 7 cases of chronic pelvic pain there were 4 cases of endometriosis, 1 case of adenomyosis, 1 case of severe pelvic
inflammatory disease with endometriosis and 1 case of “trapped ovary syndrome”. VH, vaginal hysterectomy; BSO, bilateral salpingo-
oophorectomy; HMB, heavy menstrual bleeding; FH, family history; PMB, post-menopausal bleeding.

Table 3 Surgical outcomes

Outcome VH + BSO (n=109) Vaginal BSO (n=18) Combined (n=127)
Operation completed via vaginal route 108 (99.1%) 18 (100%) 126 (99.2%)
Mean operating time (min) 192 182 189
Post-operative hospital stay (days)

Mean 2.65 2.72 2.68

Range 1-6 1-8 1-8
Mean decrease in Hb g/L 2.47 2.35 2.44
Benign histology 108 (99.1%) 18 (100%) 127 (100%)
Complications

Ureteric injury/obstruction 0 1(0.8%)

Infection 0 1(0.8%)

Haemorrhage with transfusion 0 4 (3.1%)

Return to theatre 0 1 (0.8%)

ACS

1

Haemoglobin (Hb) change between pre-operatively and 1% post-operative day. Failure to pass urine following removal of the catheter
post operatively is a relatively common complication not included in the above table. VH, vaginal hysterectomy; BSO, bilateral salpingo-

oophorectomy; ACS, acute coronary syndrome.

pre-operative haemoglobin was suboptimal, being less than
10.5 g/L, meaning these patients were more susceptible to
post-operative anaemia even without excessive blood loss.
There was a single patient who returned to theatre in the
post-operative period due to inadequate haemostasis from
the uterine vascular pedicle which required resuturing.
There were no bowel or bladder injuries, no intensive care
admissions and no deaths.

The surgery was completed via the vaginal route in
99.2% of the women (126/127). There was a single case of
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conversion to laparotomy to complete the procedure. Over
the entire 4-year period, 18.2% of patients were discharged
on the first post-operative day and 47.2% on the second
day. However, when analysing cases from the final year of
data collection (n=29), the figures are 58.6% and 93.1%
respectively which is likely to represent a staff learning curve
and experience with the principles of enhanced recovery. The
uterine histology was benign in all except one case where an
unexpected endometrial malignancy was found. The mean
specimen weight was 121.8 g with a range of 30-441 g.
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Figure 1 Right uterosacral ligament and right ureter as seen

during laparoscopy.

Rt Ovarian pedice

Rectum

1= Cervical part
2= Ischial part
3= Sacral part
Figure 2 Uterosacral ligament and relationship to proximal

structures as seen from a vaginal view.

Discussion

McCall first published his description of a transvaginal
culdoplasty technique to support the vaginal vault
following VH in 1957 (20). Since then, numerous
studies using modified versions of this procedure have
demonstrated benefit in the prevention and treatment
of PHVVP (8,9,21,22). Therefore, many recommend
ULVS is performed routinely during hysterectomy (18)
despite studies finding it to be a statistically significant risk
factor for perioperative complications, especially ureteric
obstruction (23).

"The results of this study suggest ULVS is a safe additional
procedure to perform at the time of VH to prevent PHVVP.
The single ureteric injury that occurred in this series was
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unrelated to the ULVS part of the procedure, but if included
gives an injury rate of 0.8%. This compares favourably
with previous estimates of the ureteric injury rate following
ULVS which range from 0.6-10.9% (10-16,24) and is similar
to the incidence of urinary tract injuries from all types of
gynaecological surgery [0.2 to 15 per 1,000 cases (18)].

There are two previous studies (1,25) which involve
the routine use of cystoscopy with indigocarmine dye
allowing the closet comparison to this series. Niblock and
colleagues (1) demonstrated a single case of ureteric
obstruction and no direct ureteric injuries in 70 cases of VH
with ULVS. As in this study, the routine use of cystoscopy
allowed intra-operative detection and correction of the
problem avoiding significant morbidity. Aronson and
colleagues (25) described a ureteric injury rate of 0.24% in
a series of 411 patients undergoing ULVS with cystoscopy
and indigo carmine. The authors advocated placing the
uterosacral sutures deeper posteriorly and less cephalad to
reduce the risk of ureteric injury.

Consideration of the anatomy of the uterosacral ligaments
and their relationship to the ureters may explain some of the
observed variation in the ureteric injury rate. The uterosacral
ligaments are two bands of fibroelastic and smooth muscle
tissue which run from the sacrum (presacral fascia and first
four sacral vertebrae) to the posterior aspect of the cervix
and upper vagina. The ureters run lateral to the uterosacral
ligaments beneath the peritoneum of the pelvic side wall
descending anteromedially into the pelvis (Figure I).

Previous authors (6,26) have described the proximity of
different parts of the uterosacral ligaments to the ureter.
There is an average 1.4 cm distance at the cervix and a
larger 4.1 cm (0.6 cm) distance at the level of the sacrum
with a more variable 4.9 cm (x2 cm) distance at the level of
the ischial spines. Based on this the authors recommend the
intermediate part of the uterosacral ligament as the safest
site to place suspension sutures (Figures 1,2). Although the
cervical portion of the uterosacral ligament is often the most
accessible for suspension sutures it is likely to represent the
highest risk.

An inexperienced surgeon, higher BMI, increased uterine
size, extra-uterine pathology, blood loss over 800 mL and a
longer procedure increase the likelihood of ureteric injury
(18,27). With specific regard to ureteric injury during ULVS,
a concomitant anterior repair procedure increases the risk of
ureteric injury and the use of a suture-capturing device for
suspension suture placement reduced the risk of injury (28).

However, the ureters are at risk of injury or kinking
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during vault suspension procedures even with the most
cautious surgical technique by an experienced surgeon.
Occult ureteric injury or obstruction is relatively common
resulting in a delayed diagnosis often by several weeks.
This delay can lead to significant morbidity including
chronic infection, urinary incontinence, ureteric fistula
formation and even the loss of the connected kidney (27).
Intra-operative diagnosis is desirable as early recognition
and repair of ureteric injury reduces post-operative
complications, overall morbidity and the need for repeat
operations.

The use of cystoscopy with indigocarmine dye represents
a robust method for identifying ureteric injury intra-
operatively. The sensitivity and specificity are 94.4% and
99.5% respectively, with reassuringly low false positive and
false negative rates at 0.4% and 0.3% respectively (24). The
complication rate from cystoscopy itself is extremely low with
post-operative infection being the most common. It is also a
relatively quick and simple procedure to perform during the
operation. Therefore, the authors of this study recommend it
is used routinely during hysterectomy with ULVS.

In this series the overall complication rate was 7.1%
with bleeding requiring blood transfusion being the most
common. It is likely that by attempting to optimise these
patients pre-operatively with investigation and treatment
for anaemia the blood transfusion rate could have been
reduced. Furthermore, there was no excessive bleeding
reported from performing the McCall’s culdoplasty part
of the procedure and in these cases the majority of the
blood loss occurred during the hysterectomy part of the
procedure.

Limitations of this study include the fact that the patient
group were selected from a single gynaecological unit and
all operations were performed by a single surgeon limiting
application of these findings to the wider population.
However, the age, parity and levels of co-morbidity of
patients in this study were comparable to other studies
suggesting they may be applicable. Other limitations
include the retrospective nature of the study and the three
month maximum follow up period meaning long term
outcomes were not determined.

In conclusion, ULVS represents a feasible and safe
procedure for the prevention of PHVVP with a low rate
of ureteric obstruction or injury. However, given the
anatomical proximity of the ureter to the uterosacral
ligament the authors recommend that intra-operative
cystoscopy with indigocarmine dye should be used routinely
as a simple method to identify ureteric injury or obstruction
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allowing immediate correction.
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