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Abstract Ureteral injury during hysterectomy is one of the
most troubling complications gynecologists need to be
aware of. In various studies, such injury occurred in
laparotomy, laparoscopy, and vaginal hysterectomy. The
objective of our study was to assess the necessity,
efficiency, and cost-effectiveness of cystoscopy at the end
of total or subtotal laparoscopic hysterectomy (TLH/
STLH). This is a retrospective analysis of 7 years’
experience in a university-affiliated hospital. All hyster-
ectomies were performed on an overnight basis by
experienced surgeons. Out of 338 patients, 106 patients
underwent TLH, and 232 underwent STLH. Four cases
(1.18%) of ureter injury were noted (one after TLH and
three after STLH). Diagnosis was clinically made by
postoperative vaginal sonography and was confirmed by
intravenous pyelography. A cystoscopy was performed
after intravenous indigo carmine injection. The study
period consisted of two phases. In the first phase, we used
bipolar cautery to occlude the uterine artery; consequently,
a nearby thermal injury could be misdiagnosed. In the
second phase we clipped the uterine artery with a new
hemoclip called Hem-o-lok (Weck Closure Systems,
USA), which forced an exact uterine artery closure. As a
result, in the second phase no cases of ureteral injury were
noted. In view of the fact that the equipment for cystoscopy
is used during surgery for TLH/STLH and is sterile and
available, the only additional cost of the cystoscopy is an
ampule of indigo carmine. Therefore, we conclude that
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cystoscopy at the end of surgery for TLH/STLH is an
important evaluation and provides the following significant
advantages: In patients presenting with postoperative flank
pain, cystoscopy may prevent the need for further
evaluation and expensive testing, and cystoscopy increases
the surgeon’s and the patient’s confidence in the integrity of
the urinary tract during the recovery period.
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Introduction

One of the most troublesome problems in gynecological
surgeries for hysterectomy is the potential occurrence of
ureteral or bladder injury. Seventy-five percent of ureteral
injuries occur during gynecological procedures, especially
hysterectomies, while the rest occur during other abdom-
inal operations [1]. The injuries in gynecology have been
noted to occur after total or subtotal hysterectomy by
laparotomy (TAH/STAH), after laparoscopic total or
subtotal hysterectomy (TLH/STLH), and after laparoscop-
ically-assisted vaginal hysterectomy (LAVH) or vaginal
hysterectomy (VH). The injury has also been recorded after
ovarian or endometriosis operations; 85% of cases
occurred during dissection of the cervix. According to
the literature, the rate for such injuries resulting from
hysterectomy by laparotomy is 0.03—2% [2—4], is less in
VH [2-5], and is up to 3.8% in LAVH [6].

Anatomically, the uterine artery passes anteriorly and
above the ureter at the level of the cervix and in the cardinal
ligament. Ureteral injury during laparoscopy is typically
caused by either partial or complete transection, by thermal
injury, by kinking with a nearby suture, or by stapler. Most
injuries involve the lower 3 cm of the ureter and are usually
unilateral. Injury to the ureter during laparoscopy can also
occur unexpectedly during a difficult (e.g., malignancy,
adhesions) or careless surgery. Thus, the objective of our
study was to assess the necessity, efficacy, and cost-
effectiveness of a routine cystoscopy after laparoscopic



hysterectomy. We examined the data for both total and
subtotal laparoscopic hysterectomies.

Materials and methods

A retrospective analysis of 480 women during a 7-year
period from January 1998 to August 2004 was performed.
The indications for hysterectomy were either benign or
malignant uterine diseases (Table 1). The following
patients were not included in the study: those with a uterus
larger than 16 weeks, those with pelvic inflammatory
disease, and those with contraindications to laparoscopy
due to anesthetic high risk (ASA 4). Preoperative
evaluation included history, physical examination, gyne-
cological ultrasound, and blood and urine tests. An
endometrial sampling was performed in cases of metror-
rhagia. All patients had undergone a Papanicolaou smear
within the year before the hysterectomy. One hundred
thirty-nine patients underwent total hysterectomy, and 341
underwent subtotal hysterectomy; 268 patients also had
unilateral or bilateral salpingo-oophorectomy. After receiv-
ing a thorough explanation, all patients provided their
informed consent. Three experienced laparoscopic sur-
geons performed all operations.

The patients consisted of two groups: 1) 203 patients
who did not undergo cystoscopy at the end of surgery, and
2) 277 patients that did undergo cystoscopy at the end of
surgery. The study period consisted of two phases. In the
first phase, from January 1998 to May 2001, a bipolar
cautery was used to occlude the uterine artery; conse-
quently, a nearby thermal injury could be misdiagnosed or
not seen during the cauterization. In the second phase, this
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protocol was changed: the uterine artery was clipped with a
new hemoclip called Hem-o-lok (Weck Closure Systems,
USA), which forced an exact identification of the uterine
artery, its closure, and cutting.

Total hysterectomies had been done for cases of
endometrial hyperplasia, chronic cervicitis, cervical intra-
epithelial neoplasia, and endometrial carcinoma, and at
patient request. The laparoscopies were performed in the
operating room at the hospital day-care unit. Patients were
admitted to the day-care unit and, after a very short
administrative procedure, were operated on the same
morning. All patients received prophylactic antibiotics
1 h before surgery. After surgery, the patients were
hospitalized for 24 h and then were discharged home.

Description of surgery

All surgeries were performed with the patients under
general anesthesia in lithotomy position. A Foley catheter
was placed into the urinary bladder, and the urine amount
was measured constantly. In all cases we inserted the Koh
Colpotomizer and the RUMI manipulator (CooperSurgical,
USA) transvaginally to manipulate the uterus. In addition,
the manipulator was used to elevate the fornices of the
vagina so that the ureters deviated laterally. A subumbilical
cutaneous incision 1 cm long was made, through which a
Veress needle was then inserted into the peritoneal cavity
and CO, was insufflated. After an optimal intraperitoneal
insufflation (pressure was limited to 15 mmHg and flow to
3.5 /min), the Veress needle was replaced by a 10-mm
trocar.

Table 1 Patient characteristics (7LH laparoscopic total hysterectomy, BSO bilateral salpingo-oophorectomy, STLH laparoscopic subtotal

hysterectomy)

Characteristics Phase 1 (January 1998-May 2001) Phase 2 (June 2001-August 2004) p-value
Number of patients 203 277

Mean age in years (SD) 49.8 (6.5) 49.4 (6.7) 0.46
Age range in years 34-75 35-76

Number at menopause 103 (50.74%) 135 (48.74%) 0.66
Indications:

Fibroid uterus 161 (79.31%) 214 (77.26%) 0.59
Self/familial breast cancer 5 (2.46%) 12 (4.33%) 0.27
Menorrhagia 83 (40.89%) 105 (37.91%) 0.51
Metrorrhagia 1 (0.49%) 3 (1.08%) 0.64
Menometrorrhagia 47 (23.15%) 52 (18.77%) 0.24
Cervical intraepithelial neoplasia 23 1 (0.49%) 3 (1.08%) 0.64
Recurrent endometrial polyp 3 (1.48%) 3 (1.08%) 0.70
Recurrent postmenopausal bleeding 16 (7.88%) 26 (9.39%) 0.56
Ovarian cyst 5 (2.46%) 11 (3.97%) 0.36
Pelvic pain 11 (5.42%) 28 (10.11%) 0.063
Endometrial complex hyperplasia 9 (4.43%) 13 (4.69%) 0.89
Endometrial carcinoma 0 9 (3.25%) 0.012
Type of operation:

TLH [TLH+BSO] 90 [80] (44.33%) 49 [43] (17.68%) <0.001

STLH [STLH+BSO] 113 [88] (55.67%)

228 [158] (82.31%)
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The camera-laparoscope was then placed through the
trocar, and the first intraperitoneal view was enabled. The
pelvis and abdominal organs, including the upper abdo-
men, were thoroughly inspected. Two other trocars, 12 mm
in diameter each, had been placed under vision in the lower
abdomen bilaterally, about 2 cm above the McBurney point
and lateral to the superficial inferior epigastric artery. Then
a screw was placed into the lateral fundal myometrium and,
together with the vaginal manipulator, delivered enhanced
traction capabilities during the various stages of the
operation dissection. The dissection was started by bipolar
cauterization, scissors, and EndoGIA up to the level of the
uterine artery, leaving the adnexa intact to the pelvic wall
rather than to the uterus. Using this technique, we could
reach the area of the uterine artery more safely and without
the adnexa disturbing our visual field. The bladder was
pushed down before dissection of the uterine artery area
began.

During the first cases and at the beginning of our
learning curve, we occluded the uterine vessels by bipolar
cauterization and then cut the vessel with scissors. Later,
we changed the system and occluded the uterine artery by
three flexible hemoclips of the Hem-o-lok (Fig. 1) after a
meticulous dissection and isolation of the uterine artery,
and cut it between the medial clip and the other two
(Fig. 2). The clips were always placed on the uterine
artery and not on its branches.

After performing the procedure bilaterally in cases of
STLH, the uterus was morcellated. We found it easier and
faster to morcellate the uterus without disconnecting it
from the cervix prior to the morcellation procedure.
Anchoring the uterus to the cervix makes the uterus stable
and prevents it from rolling around. Two kinds of
morcellators were used, the X-Tract Tissue Morcellator
(Gynecare, Ethicon, Johnson & Johnson) and the
SAWALHE Electromechanical Morcellator (Karl Storz).
Cauterization of the cervical stump and cervical canal was
then done by unipolar cautery.

In cases of TLH (Fig. 3), the manipulator was pushed
cranially, and the colpotomy was made along the fornices

Fig. 2 The uterine vessels are cut lateral to the medial clip

by a unipolar cauter. The importance of pushing the
manipulator is paramount, resulting in a clear definition of
the vaginal fornices and an accurate dissection and control
while leaving the ureters far apart laterally. The uterus was
then pulled out through the vagina, and the vaginal stump
was closed laparoscopically by intracorporeal stitches
using Vicryl 0 with a 30-mm curved needle. If the ovaries
had to be removed, they were resected using bipolar
cauterization and scissors.

At the end of surgery, 4 cc of a blue dyeing material,
indigo carmine, was administered intravenously, and
cystoscopy was carried out. An inspection of the inner
bladder wall was performed, along with visualization of a
blue urine stream through the ureteral orifices bilaterally.
Usually, the blue dye was seen within 5 min from injection.
After the procedure, the patient was monitored in the
recovery room for 3 h. At the end of the recovery period,
the Foley catheter was removed, and the patient got up
from her bed and sat upright in a chair in the recovery unit
for an additional hour. About 6 h postoperatively, the
patient could walk within the unit by herself and was also
able to urinate spontaneously. On the morning following

Fig. 1 The Hem-o-lok clips are closed tightly on the uterine vessels
after a meticulous dissection. The bulging of the vaginal
manipulator can be clearly seen

Fig. 3 Total laparoscopic hysterectomy. The vaginal cuff is sutured
intracorporeally. The balloon of the manipulator is seen in the
vagina to prevent gas leak after removal of the uterus



their operations, most patients were discharged to their
homes.

Statistical analysis

Binary patient characteristics and injury frequencies were
compared between the two phases (groups) using the x>
test (and Fisher’s exact test when appropriate). Mean age
was compared between the phases using r-tests. Differ-
ences were considered statistically significant at p<05.

Results

The mean age of the patients was 49.16 years (range 34-76
years). In our study, there were four cases of ureteral injury
and one bladder laceration, all found in the noncystoscopy
group (Table 2). No cases of ureteral or bladder injury were
noted in patients who underwent routine cystoscopy. The
bladder laceration happened during TLH, was diagnosed
intraoperatively, and was then repaired laparoscopically.
Three cases of ureteral injuries were found following
STLH and one following TLH. The diagnosis in all patients
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was made postoperatively, 7-14 days after surgery, due to
patients’ complaints of prolonged flank pain and lower
abdominal pressure. No systemic fever was recorded.
Diagnosis was made clinically and by vaginal sonography,
which demonstrated a urinoma.

The diagnosis was then confirmed by intravenous
pyelography (IVP) or by computerized tomography. At
that point, we consulted with the urologists, and they were
involved in the treatment afterward. Out of the four
patients, one was treated satisfactorily by ureteral stent, and
three patients had to undergo nephrostomy for 3 weeks [7],
followed by definitive correction by reimplantation of the
ureter.

Discussion

Most intraoperative ureteral injuries occur during gyneco-
logical procedures [1]. The rate of urinary tract injury after
laparoscopic hysterectomy ranges between 1.4% and 2.8%
[8-10]. We think this kind of complication may occur
because of a perceptual error of the anatomy using the two-
dimensional view rather than the three-dimensional scope
[11]. In 1995 Whiskind and Thompson [12] showed that

Table 2 Ureteral and bladder injuries (7LH laparoscopic total hysterectomy, BSO bilateral salpingo-oophorectomy, STLH laparoscopic

subtotal hysterectomy)

First phase (n=203) Second phase (n=277) p-value
Bladder injury 1 (0.49%) 0 (0%) NS
Ureteral injury 4 (1.97%) 0 (0%) 0.031
Any urinary tract injury 5 (2.46%) 0 (0%) 0.013
Characteristics Phase 1 (January 1998—May 2001) Phase 2 (June 2001-August 2004) p-value
Number of patients 203 277
Mean age in years (SD) 49.8 (6.5) 49.4 (6.7) 0.46
Age range in years 34-75 35-76
Number at menopause 103 (50.74%) 135 (48.74%) 0.66
Indications:
Fibroid uterus 161 (79.31%) 214 (77.26%) 0.59
Self/familial breast cancer 5 (2.46%) 12 (4.33%) 0.27
Menorrhagia 83 (40.89%) 105 (37.91%) 0.51
Metrorrhagia 1 (0.49%) 3 (1.08%) 0.64
Menometrorrhagia 47 (23.15%) 52 (18.77%) 0.24
Cervical intraepithelial neoplasia 2—3 1 (0.49%) 3 (1.08%) 0.64
Recurrent endometrial polyp 3 (1.48%) 3 (1.08%) 0.70
Recurrent postmenopausal bleeding 16 (7.88%) 26 (9.39%) 0.56
Ovarian cyst 5 (2.46%) 11 (3.97%) 0.36
Pelvic pain 11 (5.42%) 28 (10.11%) 0.063
Endometrial complex hyperplasia 9 (4.43%) 13 (4.69%) 0.89
Endometrial carcinoma 0 9 (3.25%) 0.012
Type of operation:
TLH [TLH+BSO] 90 [80] (44.33%) 49 [43] (17.68%) <0.001
STLH [STLH+BSO] 113 [88] (55.67%) 228 [158] (82.31%)

First phase (n=203) Second phase (n=277) p-value
Bladder injury 1 (0.49%) 0 (0%) NS
Ureteral injury 4 (1.97%) 0 (0%) 0.031
Any urinary tract injury 5 (2.46%) 0 (0%) 0.013
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most ureteral injuries had not been noticed by the surgeons,
and that in extreme cases the delay in diagnosis may lead to
a permanent loss of renal function or to ureterovaginal
fistula. Therefore, they recommended performing a cys-
toscopy after every hysterectomy.

Makinen et al. [4] screened 2,434 cases of total
laparoscopic hysterectomies in Finland from 1996 and
found a rate of 1.1% ureteral injuries, with 2.2% when the
surgeon had less experience (<30 surgeries) and 0.5% with
experienced hands. A similar rate was found also by Seman
et al. with LAVH [13], and a much higher rate, 3.4%, was
found following TLH with vault suspension, according to
Riberio et al. [14]. Wattiez et al. [15], published in 2002,
found in their experience 0.6% ureteral damage and 1.6%
bladder lacerations in the first 700 cases and only 0.2% and
0.6% ureteral and bladder injuries, respectively, in the last
950 cases. They showed an actual improvement in surgical
performance along the learning curve. In the current study,
we also demonstrated a similar trend of improved
prevention of ureteral and bladder damage in the ensuing
years (Table 1).

A question that arises concerning routine cystoscopy
after laparoscopy is its cost-effectiveness. In 2001 Visco et
al. [16] evaluated the cost-effectiveness of routine cystos-
copy at the time of abdominal hysterectomy, VH, and
LAVH in terms of cost per ureteral injury identified and
treated. They found that it was dependent on the rate of
ureteral injury. If the rate exceeds 1.5% for abdominal
hysterectomy and 2% for LAVH or VH, then routine
cystoscopy is cost-effective. However, in the current
description, cystoscopy is suggested during a specific
procedure: laparoscopy. Because all the cystoscopic
equipment during laparoscopy is available and sterile, the
only additional cost would be the ampule of indigo
carmine. The cystoscopy is performed by one surgeon,
while at the same time the other surgeon closes the fascia
and the skin, so there is little or no additional operating
time.

An interesting observation is that in three out of the four
mentioned cases, ureteral injuries occurred during supra-
cervical hysterectomies rather than in total hysterectomies.
Accordingly, one would expect to find more of such
injuries in total hysterectomies because of this procedure’s
further and deeper dissection. The explanation for this
result was the complexity and anatomical difficulty in these
three patients, which is why they were scheduled for STLH
in the first place. The symptoms of ureteral injury depend
on the type of the injury, whether it is a cutting damage
(complete or incomplete) or closure. The patient might
complain of flank pain and lower abdominal pressure.
Upon examination, costovertebral tenderness may be
detected. In the case of delayed diagnosis, the patient
may present with fever, ileus, urine peritonitis (due to
urinoma), and pyelonephritis. Anuria may occur in cases of
complete bilateral occlusion or be due to peritonitis.
Sonographic signs of absence of a ureteric jet, ascites,
and the presence or absence of hydronephrosis are
significant for differentiating complete, partial, or non-
obstructive surgical ureteral injuries [17].

During laparoscopy, ureteral damage can occur directly
by transection with scissors or by misapplication of a
clamp. Thermal damage direct to the ureter or propagating
from a distance may also occur. Thermal damage usually
shows a late onset. Another cause of occlusion is kinking
with a nearby suture.

A complete obstruction of the ureter does not necessarily
compromise the ipsilateral renal function. Shapiro and
Bennett [18] presented three cases with a recovery of renal
function after apparent occlusion for 28—158 days. Cases of
renal recovery after complete occlusion of more than 100
days were also reported by Everett and Williams [19]. The
significance of these findings is that even in the 3rd month
following hysterectomy, if ureter occlusion is suspected
then it is reasonable to relieve the obstruction to salvage the
kidney. However, if symptoms of infection occur, antibi-
otic treatment must be given before urologic surgery in
order to avoid intra- and postoperative complications.

Once an injury to the ureter has occurred and has been
diagnosed during laparoscopy, the ureter should be
repaired at the same time. In most medical centers,
consultation with a urologist is recommended for proper
handling of the case. Exposure of the ureter is mandatory
for achieving successful correction. Nezhat and Nezhat
[20] were the first to describe laparoscopic repair of the
ureter; however, if laparoscopic repair is not possible, a
laparotomy should be done.

Performing a cystoscopy at the end of laparoscopic
hysterectomy is also important because it has educational
value for young residents as a routine procedure and allows
them to gain experience in that procedure [21].

Regarding thermal damage to the ureter, it is possible
that cystoscopy at the end of the hysterectomy could show
a patent ureter, as the result of the damage may not show
until some days later. To avoid such a pitfall (or at least
minimize it), we insist on seeing a symmetrical, good, wide
jet of blue urine coming out through the orifice of both
ureters. Also, as mentioned above, the use of diathermy for
closing the uterine vessels, which is the main area of
possible thermal damage to the ureter, was abandoned for
selective clamping with the Hem-o-lok.

In summary, cystoscopy at the end of laparoscopic
hysterectomy is as important as hemostasis inspection. It
enables immediate recognition and correction of a possible
ureteral injury in the same session and, as a result, a
decreased morbidity rate. The cystoscopy also gives
confidence to the surgeon and patient. In patients
presenting with urinary complaints during the recovery
period, cystoscopic inspection at the end of laparoscopic
hysterectomy prevents the need for expensive and invasive
tests (which are also inconvenient for the patient), the vast
majority of which will show no injury.

From our study, we drew the following two lessons:
1) using Hem-o-lok clips for closing the uterine vessels
after a thorough dissection of the uterine vessels, rather
than using coagulation, and 2) conducting a routine
cystoscopy at the end of every laparoscopic hysterectomy.
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