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Abstract: latrogenic ureteral injuries are a rare but serious complication of some gyneco-
logical and obstetric procedures with both high morbidity and legal implications. The
incidence varies widely depending on the type and extent of the surgeries with about 70%
unrecognized intraoperatively. When recognized intraoperatively and promptly managed, the
prognosis is good. Ureteral injuries recognized postoperatively come with dire consequences
for the patients and are litigation prone. Due to the proximity of the lower half of the ureters
to the pelvic organs, 50% of the cases of injuries to the ureter occur within the jurisdiction of
gynecological and obstetric practice. A good knowledge of the etiology, predisposing factors,
appropriate surgical skills, proper identification of the course and deviation of the ureters,
and intraoperative recognition of inadvertent damage to the ureter and its vasculature is
required by all obstetricians and gynecologists to reduce the incidence of ureteral injuries by
at least 50%. This review aims to add to what is already known, particularly among
obstetricians and gynecologists practicing in resource-constrained settings.
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Introduction

Ureteral injuries, defined as any recognized or unrecognized iatrogenic trauma to the
ureter that prevents it from functioning properly or effectively, are rare but constitute
one of the most serious complications of gynecological and obstetric surgeries.' The
concern for ureteral injuries, mostly by gynecologists, is justified because it accounts
for 17% of non-obstetric legal action instituted against gynecologists in the USA.?
Ureteral injuries occur in about 0.2—-1% of all pelvic surgeries and 30% of radical
hysterectomies.>* Obstetric and gynecological surgeries, however, account for about
50% of all these injuries.'~ They are quite rare during cesarean deliveries, but cesarean
hysterectomies increase the incidence to 3%, which is a 7-fold increase in injuries
compared to non-obstetric hysterectomies.®’ The simple fact that 50% of ureteral
injuries occur with obstetric and gynecological procedures means that there should
be in-depth knowledge of the subject of ureteral injuries among physicians in this
specialty. Even in the hands of excellent surgeons, because of the course, relations, and
the ability of the pathologies of some pelvic organs to revolve around or displace the
ureter, the ureter, may be inadvertently damaged during pelvic surgeries. This review
will add to what is already known on this subject and this may help to reduce the
incidence of ureteral injuries contributed by the practice of obstetrics and gynecology.
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Methods

We searched PubMed for both indexed and non-indexed
human-related studies before July 31st, 2021 for this review.
The following MeSH terms were used for the search; “ureter”,

LEINN13

“wound and injury”,

LEINT3

causality”, “prevention and control”,

LRI

“obstetrics”, “gynecological surgical procedure”. These terms
were combined using “AND” to generate a subset of citations
relevant for our review. Studies that vividly discussed the
etiology, preventive strategies, intraoperative recognition,
investigations, and management of ureteric injuries during
obstetrics and gynecological surgeries were included. We
also included other articles not captured on the PubMed

search but were frequently cited on Web of Science and

google scholars. Articles excluded were those not written in
the English language. Our searches yielded a total of 257
articles, which were screened to 45 as showing in the flow
chart below and formed the basis of this review (Figure 1).

Etiology

The possible causes of iatrogenic ureteric injuries include
gynecologic procedures like abdominal hysterectomy, vagi-
nal hysterectomy, anterior colporrhaphy, laparoscopic
hysterectomy;® obstetric causes and predisposing factors
like cesarean hysterectomy, fetal macrosomia, cephalopelvic
disproportion, placenta previa, and morbidly adherent pla-

centas involving the pelvic sidewalls, difficult neonatal

Articles identified from:
PubMed (n=212)
Web of Science and Google Scholars (n=46)

l

Total articles and abstracts screened (n=258)
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Figure | Showing the flowchart of the literature review.
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extraction, prolonged labor, and abnormal fetal lie.”'® Other
risk factors for iatrogenic injury include causes of pelvic
adhesion like the previous surgeries,'' endometriosis, and

radiation advanced

12-14
cancers,

prior therapy, abdominopelvic
enlarged uterus at hysterectomy, cervical
fibroids, and broad ligament fibroids, limited experience of
the surgeon, bleeding, and excessive use of diathermy,” and

transvaginal retrieval of oocytes (TOVR)."

Types and Classification
The types of ureteric injuries include crushing injury,
ligation, transection, angulation, excision, ischemia from
stripping, electrocoagulation, resection, and a combination
of the above.'®!” These injuries are classified into 5 grades
as described by Moore et al.'”

Grade I — Hematoma (contusion or hematoma without
devascularization)

Grade II — Laceration (< 50% transection)

Grade III — Laceration (= 50% transection)

Grade IV — Laceration (complete transection with
<2 cm)

Grade V -— Laceration (avulsion with > 2 cm of
devascularization)

Advance one grade if multiple lesions exist.

Prevention
Preventive strategies for ureteric injuries can be general
and specific. The general preventive strategies include
preoperative radiological assessments like ultrasound
scanning, intravenous pyelography (IVP), computerized
tomography (CT) scanning, and magnetic resonance ima-
ging (MRI) in selected patients to estimate the size of the
masses to be excised and to delineate the path of the
ureters.'¥2!

Also, the passage of the urethral catheter is able to
monitor urine output in the intra-operative and postopera-
tive periods and also able to identify hematuria or anuria
as possible indicators of ureteric injury.*>

During the intraoperative period, general preventive
measures include generous surgical exposure to limit the
risk of inadvertent ureteric injury, use of appropriate inci-
sion to ensure adequate access, and reduce the need for
manipulation of the pelvic organs at the surgery.'®?%*% It
is very important to avoid blind clamping and ligation
when bleeding occurs and identifying the ureters within
the operation field to avoid iatrogenic damage. Adequate
mobilization of the bladder away from the surgical field

with a retractor will also remove the lower segments of the
ureters away from inadvertent injuries.”*?>

The specific prevention of injuries includes ligation
and suturing of cardinal ligaments as close to the uterus
as possible and mobilization of the ureters laterally and the
bladder caudally during abdominal uterine surgeries.’**
During vaginal approaches, uterine vessels should be
ligated as close to the uterus as possible. Proper exposure
of the vesical and uterine areas is very necessary as well as
pulling off the cervix towards the lower end, to avoid
injury to the ureter. While performing anterior colporrha-
phy, dissection on lateral angle should be avoided as
should the placement of deep sutures during the plication
of the bladder.'®** During laparoscopic surgery, mobiliza-
tion of the fallopian tubes far from the pelvic sidewalls
before electrocoagulation.?%>!

In obstetric procedures, a high index of suspicion is
necessary to prevent ureteral injuries. When peripartum
hysterectomy becomes inevitable, sound operative techni-
ques and direct visualization of the ureters as well as pro-
phylactic stenting to reduce morbidity during peripartum
hysterectomy for placenta accreta are some of the preven-
tive measures.>* Gentle atraumatic fetal delivery to prevent
lateralization of uterine incision when the head of the fetus
is deeply impacted during cesarean section in the second
stage of labor, careful repair of lateralization to the broad
ligament and vagina, identification of the ureter after repair,
and evaluation for patency are cardinal to preventing ure-
teric injuries. Preference for partial or subtotal to total
cesarean hysterectomies by less experienced obstetricians

is a wise decision during the learning curve.”

Common Sites of Ureteral Injuries
During Obstetrics and Gynecological

Surgeries

Figure 2 Approximately half of the entire length of the ureter
crosses into the pelvis in a course fraught with hazard.***’ In
the female genital tract, some pathologies can distort,
encroach or encase the ureter, making it susceptible to iatro-
genic injury during gynecological, obstetrics, and pelvic
surgeries.’®*” The common sites of ureteric injury include
the level of the infundibulopelvic ligament where the ureters
run parallel to the ovarian vessels and the ureter forms the
posterior boundary of the ovarian fossa.”* In this position,
the ureters may be compromised by pelvic adhesions, endo-
metriosis, ovarian tumors, and malignancies. Surgeons per-
forming adnexectomies and laparoscopies should bear this in
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Site of injuries during
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hysterectomy

Figure 2 Showing the common sites of ureteral injuries.

mind to maintain good traction, avoid uncoordinated dissec-
tion, and excessive electrocoagulation to avoid transection or
thermal injury to the ureter.?'?*?® At the ischial spine, the
ureter lies lateral to the peritoneum of the uterosacral liga-
ment and at the level of the internal os, about 1.5 cm lateral to
the cervix, the uterine artery crosses the ureter from above.
Large broad ligament fibroid and cervical fibroid can
encroach on the ureter.”*?” This is the point that the ureter
is susceptible to injury during abdominal, vaginal, and
laparoscopic hysterectomies. Over the anterior vaginal for-
nix, the ureter turns anteriorly and medially to enter the
bladder, within the ureteric tunnel of the cardiac ligament

<4— Ureter

Ovarian artery

Site of injuries
during
adnexectomy

Site of injuries during
anterior colporrhaphy

Bladder

(tunnel of Wertheim) and the intravesical part, where it
traverses the musculature of the bladder.® At this point,
morbidly adherent placenta and repair of lateralization of
uterine incision can make the ureter vulnerable to injuries.

Intraoperative Diagnosis

Prompt diagnosis and appropriate treatment of identified
cases should also be done to prevent the possible complica-
tions that may arise from the injuries. Prognosis is better
when the diagnosis is made intraoperatively. It is, however,
sad to note that approximately 70% of iatrogenic ureteric
injuries are diagnosed postoperatively.'®2%! Intraoperative
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identification enables prompt repair and decreased morbid-
ity with fewer legal risks.®*° In obstetric surgeries, diag-
nosis of intraoperative ureteric injuries could be difficult
due to the reduced ureteral peristalsis in the third trimester
as well as from the hypoperfusion and reduced urinary flow
from hypotension and ongoing blood loss. A high degree of
suspicion and specific vigilance is needed to decrease the
incidence of missed injuries. Intraoperatively, it is impor-
tant to first ensure adequate exposure of the sites where
ureters are susceptible to injuries by packing bowel out of
the way, controlling bleeding, and ensuring the theatre
lights are appropriately positioned. Ureteral integrity should
be checked by isolation and visual inspection of the ureters
for contusion, suture ligation, wall discoloration, and lack
of capillary refill. Furthermore, where a ureteric injury is
suspected intraoperatively, the use of dyes to reveal the site
of damage has been advocated. Indigo carmine, methylene
blue, sodium fluorescein, phenazopyridine and riboflavin of
vitamin B-complex are among the dyes that have been
used.! Indigo carmine was commonly used before 2014
when the United States Department of Food and Drug
Administration announced its worldwide shortage.*'~*
Sodium fluorescein has been suggested as a good
alternative.’** It results in very bright yellow tinge urine,
which can be highly reflective and easier to detect when
compared with methylene blue and phenazopyridine.*® It
has also been found to be associated with a more favorable

side effects.*>*

surgeons’ satisfaction with fewer
Resistance to cystoscopic passage of a retrograde ureteral
catheterization would suggest ureteral obstruction (most
definitive diagnostic method). Failure of advancement of
the catheter indicates kinking, ligation, or crush injury,
while the appearance of the catheter in the abdominal cavity
indicates transection, whether partial or complete.

On table retrograde pyelography, a common definitive
diagnostic method is done via an incision made in the
bladder or via a cystoscope. It is a very accurate method
of establishing the presence or absence of ureteric injury. It
also allows simultaneous placement of the ureteric stent in
the injured ureter. It also enables both ureters to be easily

examined to rule out bilateral injuries."'**¢

Clinical Presentation

The clinical presentation of missed ureteral injury is
usually apparent in the first few days following surgery,
but it may be delayed by weeks, months, or years depend-
ing on the nature of the intraoperative injury. It includes
ileus (due to urine within the peritoneal cavity), prolonged

post-operative fever or overt urinary sepsis, persistent
drainage of fluid from drains, the abdominal wound, or
the vagina. Flank pain and costovertebral angle tenderness
are common if the ureter has been ligated. An abdominal
mass may be felt, representing a urinoma. A continuous
leak of urine suggests a ureterovaginal fistula. Hematuria,
gross or microscopic, oliguria, elevated serum creatinine
levels, persistent abdominal distention, peritonitis, and

secondary hypertension have been reported.?!"-3*

Postoperative Diagnosis

Radio diagnostic investigations that could aid the diagno-
sis of ureteric injuries include intravenous pyelography
(IVP), abdominal and pelvic computerized tomography
scanning with intravenous contrast, magnetic resonance
imaging, retrograde and antegrade pyelography, renal

ultrasound scanning, cystoscopy, and dye tests.'>"

Management
Management is based on the timing of diagnosis, the
etiology, the length and location of the injury, the patient’s
overall status, and other associated injuries. It ranges from
an excellent reconstruction to a more conservative
approach (in unstable patients). The precise nature of the
injury should be defined to decide the best method of
repair. The general principles of repair include minimal
tension on anastomotic sites, preservation of blood supply,
adequate debridement, adequate drainage, water-tight spa-
tulated anastomosis, and use of only healthy ureters for re-
anastomosis. Preservation of the adventitial sheath and its
blood supply with tension-free anastomosis by ureteric
mobilization and minimal use of fine absorbable sutures
to attain watertight closure should be ensured. Use of
peritoneum or omentum to surround the anastomosis
(omental wrap) may also be done.** An abdominal
drain that could be removed in 3—5 days should be placed
and the bladder catheterized for continuous drainage for
about a week.'” The stent may be removed in 3-6 weeks
under cystoscopy as an office procedure and an intrave-
nous pyelography (IVP) should be done to confirm ureteral
integrity afterward.'*°

The options depend on whether the injury is recognized
immediately, the level and type of the injury, and the
presence of morbidities.

Intraoperative Diagnosis and Management
Most gynecological and obstetric-induced ureteral injuries
are located in the distal half of the ureters. If a ureter is
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included in the ligature and recognized intraoperatively,
the ligature should be removed immediately, the integrity
of the affected and non-affected ureters should be checked
to rule out other associated injuries. The ureteral stent
should be inserted and left in-situ of the affected ureter
for 3—-6 weeks. Intravenous pyelography should be done
after the removal of the stent to confirm ureteral patency
and exclude stricture.'"

In a case of an inadvertent laceration and the transec-
tion less than 50% of the diameter of the ureter, an end-to-
end anastomosis of the healthy portions of the damaged
ureter is preferable to avoid post-operative persistent uret-
eral leak or stenosis."'*'? This is followed by a ureteral
stenting for 3—6 weeks and followed by an IVP as stated
above.

If the transection involves greater than 50% or almost the
entire width of the ureter, and the defect between the ends of
the ureter is of a length where a tension-free anastomosis is
possible, the surgical option involves direct ureter to ureter
1,14,16 ThlS

approach is also useful in ureteral contusion as a result of

anastomosis (primary uretero-ureterostomy).
clamping by forceps. In this regard, the clamped segment is
resected, and a primary uretero-ureterostomy is done ensur-
ing a tension-free anastomosis. Caution must be exercised,
however, as minor-appearing ureteral contusions may stric-
ture later or break down secondary to unappreciated micro-
vascular damage to the ureter. When in doubt, the injured
portion of the ureter should be debrided before uretero-
ureterostomy. A ureteral stent should be left in-situ for 3—-6
weeks and followed with an intravenous pyelography.
Another option for the management of ureteral injuries is
re-implantation of the ureter into the bladder (ureteroneocys-
tostomy). Ureteroneocystostomy is used to repair injured distal
ureter that occurs so close to the bladder that the bladder does
not need to be brought up to the ureteral stump with a psoas
hitch or 1.14.16

involves the creation of a submucosal tunnel for a non-

Boari procedure. Ureteroneocystostomy
refluxing ureteral repair or a refluxing non-tunneled anastomo-
sis that can be considered if the ureteral length is insufficient
for tunneling. The distal portion is ligated using permanent or
delayed absorbable suture, making it into a blind-ended tube.
The repair should be stented postoperatively.

However, Vesico-Psoas hitch (mobilization of the blad-
der upwards to meet the proximal ureter and then affixing
it to the psoas muscle) may be preferable to have
a tension-free ureteroneocystostomy and because the distal
third of the ureter has a tenuous independent blood supply.
The procedure has a high (near 95%) success rate.*’

Injuries to the lower two-thirds of the ureter with long
ureteral defects (too long to be bridged by bringing the
bladder up in the psoas hitch procedure) can be managed
with a Boari flap."**' A pedicle of the bladder is swung
cephalad and tubularized to bridge the gap to the injured
ureter. Abdominal drain for continuous abdominal drai-
nage is done for 3-5 days, the stent is removed after 6
weeks and an IVP is done in 3—6 months after to ensure

patency and to rule out stricture.*>**°

Options for Delayed Recognition

In cases of intraoperative missed diagnosis and delayed recog-
nition, some urologists suggest stent placement as the first line
of therapy for ureteral injuries with delayed recognition,'
while others recommend that these injuries be repaired openly
as soon as possible.'*'*?* These authors cite low complication
rates, which can be as low as in the repair of injuries that are
recognized immediately.'*® However, delayed diagnosis of
the ureteral injury itself increases the complication rate of the

42,43

repair significantly from 10% to 40% in one series, and

some have advocated late repair up to 6 weeks to allow
maximal resolution of perioperative inflammation.'%%
Usually, failure to place a stent is due to complete obstruction
of the ureter or to a gap too long to bridge."** If stent place-
ment is achieved, open repair is required only in those patients
with persistent leakage or ureteral stricture."'®* The options
of open repair depend on the length of the ureteral stricture and
associated complications like fistulas, abscess formation, and

the presence of urinomas (Figure 3).'*%

Conclusion

The lower half of the ureters enter the pelvis and run in
a course too close to the organs of interest to the obstetricians
and gynecologists in the female. These organs at times
encroach on, encase or displace the ureters, making them
vulnerable to injuries during gynecological and obstetrics
procedures. Injury to an innocent ureter can make
a surgeon presumed to have violated the principle of “first,
do no harm” (“primum non nocere” or “non-maleficence”).
Therefore, pelvic surgeons, obstetricians, and gynecologists
must thread with caution to avoid medicolegal pitfalls that
may follow ureteral injuries during gynecological and obste-
trics procedures.
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Figure 3 Showing double ] ureteral stent.
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