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Best practices for repair of iatrogenic bladder
injury

Anna S. Zelivianskaia, MD; Sarah E. Bradley, MD; Vadim V. Morozov, MD, FACOG, FACS
Gynecologic surgery carries a known risk of injury to the urinary tract, especially in the presence of risk factors. Injury to the bladder, particularly a
mechanical injury, is more common than injury to the ureter. Urinary tract injuries occur in 0.3% to 0.8% of all gynecologic procedures, and injuries
to the bladder occur in 0.05% to 0.66% of such surgeries. The risk of bladder injury increases in hysterectomy procedures. Most research studies
have cited occurrence of bladder injuries to be 1.0% to 1.8% in laparoscopically assisted vaginal hysterectomies and vaginal hysterectomies.
Despite its frequency, there is limited research on best practices for bladder injury repair. The authors performed a literature search through the
PubMed database using the terms “bladder anatomy,” “bladder injury,” “bladder repair,” “cystotomy,” “routine cystoscopy,” and “vesicovaginal fis-
tula.” This review uses gynecologic and trauma literature and discusses prevention, recognition, types of iatrogenic bladder injuries, their clinical sig-
nificance, current guidelines on bladder injury repair, and the expected follow-up care, and concludes by identifying areas for further research.
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Bladder anatomy
The bladder is a hollow muscular organ
situated posterior to the pubic symphy-
sis and anterior to the cervicovaginal
junction that expands into the abdomi-
nal cavity when full. The superior and
part of the posterior surfaces of the
bladder are covered by peritoneum. The
inferior portion and inferolateral sides
of the bladder are covered by endopelvic
fascia.2 There are 4 anatomic parts to
the bladder: apex or dome, body, fun-
dus, and neck.2 The trigone is a triangu-
lar area in the body between the 2
ureteric orifices (Figures 1). The
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superior and inferior vesical arteries
provide the primary blood supply to the
bladder.2 The detrusor muscle is the pri-
mary muscle of the bladder, composed
of transitional epithelium or “urothe-
lium.” The detrusor is innervated by
muscarinic receptors under parasympa-
thetic control and beta-adrenergic
receptors under sympathetic control.2

As an empty bladder fills up, the sympa-
thetic response is stimulated on the
detrusor and internal sphincter via the
hypogastric nerves, which causes them
to respectively relax and constrict.2 To
allow micturition, the parasympathetic
response contracts the detrusor muscle
and relaxes the internal sphincter.2

Prevention and diagnosis of bladder
injury
Injury to the bladder can occur at sev-
eral points in gynecologic surgery. The
bladder is in danger during lysis of
adhesions, bladder dissection in all
routes of hysterectomy, or entry into
the anterior cul-de-sac in a vaginal hys-
terectomy.1 Bladder injury can also
occur when using a suprapubic incision
for trocar placement or tissue extrac-
tion. The authors always place the
suprapubic trocar under direct visuali-
zation to decrease the risk of penetrat-
ing bladder injury. Via a similar
mechanism, the bladder can be injured
in obstetrical procedures, such as cesar-
ean deliveries. A retrospective analysis
compared a Pfannenstiel incision with
vertical midline subumbilical incision
and demonstrated that the latter
involved a significantly higher risk of
bladder injury (P<.0001; odds ratio, 6.7;
95% confidence interval, 2.6−16.5).3

Bladder injuries can be characterized as
intra- or extraperitoneal, as further
described below.
Best practices for injury prevention

include using sharp, rather than
blunt, dissection, backfilling the blad-
der, and cephalad traction on a uter-
ine manipulator. Sharp dissection
rather than blunt tearing of tissues
avoids distortion of anatomic planes.1

Ensuring that the bladder is drained
can reduce injury during a cesarean
delivery. Retrograde filling of the
bladder with either normal saline or
sterile milk during laparoscopic or
vaginal hysterectomy can more clearly
delineate the borders of the bladder.
The dissection of the vesicouterine
peritoneum and cephalad traction on
a uterine manipulator help mobilize
the bladder away from the uterine
arteries, allowing ligation to be
accomplished safely.1 Lastly, electro-
surgical energy should be cautiously
used around the bladder because
thermal spread can lead to delayed
injury. Additional mechanisms of
injury include sharp instrumentation,
perforation, or placement of suture
into the bladder.
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FIGURE 1
Basic bladder anatomy

The peritoneum covers the dome of the bladder. The trigone is the area of the bladder contains the 2 ureteral openings and is the area most frequently
injured in gynecologic surgery.
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Cystoscopy can be used to diagnose
bladder injury intraoperatively. Because
of the low incidence rates of ureter and
bladder injury, most studies show an
absolute, but not a statistically signifi-
cant, increase in injury recognition with
routine cystoscopy after hysterectomy.4

Furthermore, most bladder injuries are
recognized during surgery. One system-
atic review reported that 84% and 94%
of bladder injuries were identified intra-
operatively without and with routine
cystoscopy, respectively, and the differ-
ence was not statistically significant.5

When examining the detection of ure-
teral injuries specifically, cystoscopy has
a sensitivity and specificity of 94.4%
and 95.5%, respectively.6 Given that
cystoscopy detects nearly all unrecog-
nized bladder and ureteral injuries
(another study found a 97.4% combined
2 AJOG Global Reports August 2022
detection rate) and is likely cost-effec-
tive, the American Association of Gyne-
cologic Laparoscopists4 recommends
that surgeons and institutions “consider
the routine implementation” of cystos-
copy with hysterectomy.4 Several agents
can be used to help assess patency dur-
ing cystoscopy, including dextrose, phe-
nazopyridine, sodium fluorescein, and
indigo carmine.6 All these agents have a
high success rate.6 The specific cost-
effectiveness and adverse effects of each
agent are outside the scope of this
review.
Types of bladder injury and clinical
impact of each type
The bladder is one of the weakest
organs in relation to tissue strength.
Despite the thin bladder wall, the
bladder is an incredibly resilient organ
with rapid gain in tissue strength after
injury and subsequent repair. There are
multiple types of mechanical bladder
injury based on whether the injury is
extra- or intraperitoneal and the injury
size. Iatrogenic injuries to the bladder
are staged by the American Association
for the Surgery of Trauma injury sever-
ity scale as follows:

� Grade 1: contusion, intramural
hematoma, or partial thickness
laceration

� Grade 2: extraperitoneal bladder
wall laceration <2 cm

� Grade 3: extraperitoneal >2 cm or
intraperitoneal <2 cm bladder wall
laceration

� Grade 4: intraperitoneal bladder
wall laceration >2 cm

http://www.ajog.org


FIGURE 2
Types of bladder injury
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� Grade 5: intra- or extraperitoneal
bladder wall laceration involving
the trigone or bladder neck1

Extraperitoneal injuries can be fur-
ther classified as having complex fea-
tures, which are defined as:

� Open pelvic fracture with exposed
bone within the bladder lumen

� Concurrent rectal or vaginal injury
to prevent subsequent fistula for-
mation to the bladder

� Bladder neck injury
� Persistent hematuria as a conse-
quence of the bladder injury, with
clots interfering with adequate
bladder drainage (Figures 2 and
Table 1)7

The above classification is accepted
by various organizations, including the
American Urological Association
(AUA) and the European Association
of Urology (EAU), to aid with catego-
rizing repair guidelines. Most guidelines
noted here are published by these socie-
ties or resulted from independent
research studies, as cited.

Bladder injuries of grade 1 or 2
should be managed with prolonged
drainage with indwelling urethral cathe-
ter for at least 7 to 14 days, and some
studies recommend up to 3 weeks.
Grade 1 and 2 injuries are not managed
surgically.7,8 Bladder injuries of grade
≥3 require surgical management.8,9

Intraperitoneal injuries are generally
more significant and involve higher risk
of complications than extraperitoneal
injuries.
Various factors can increase the risk

of bladder injury. In obstetrics, risk fac-
tors for bladder injury during cesarean
delivery include previous cesarean deliv-
ery, adhesions, emergent cesarean deliv-
ery, and cesarean delivery performed at
the time of the second stage of labor
and/or after failed instrumentation.3 In
both obstetrics and gynecologic surgery,
risk factors include coexisting medical
August 2022 AJOG Global Reports 3
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TABLE 1
Types of bladder injury
Grade 1 contusion, intramural hematoma, or partial thickness laceration

Grade 2 extraperitoneal bladder wall laceration <2 cm

Grade 3 extraperitoneal >2 cm or intraperitoneal <2 cm bladder wall laceration

Grade 4 intraperitoneal bladder wall laceration >2 cm

Grade 5 intra- or extraperitoneal bladder wall laceration involving the trigone or bladder neck
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conditions that can lead to adhesions,
such as endometriosis and Crohn’s dis-
ease, and previous abdominal surgery,
including cesarean delivery.10 Complica-
tions of intraperitoneal bladder injury
include uroascites and infection leading
to urosepsis. Complications of extraperi-
toneal bladder injury managed conser-
vatively include urethral stricture and
bladder hyperreflexia. Both types of
injuries can lead to persistent hematuria,
infection, and incontinence.

Pathophysiology of wound healing
After mechanical bladder injury, the
bladder epithelium, known as the uro-
thelium, takes a shorter amount of time
to heal than other organ types. The
force needed for tissue disruption
approaches that of unwounded tissue in
14 to 21 days after wounding in animal
models.11 The urothelium is covered by
a smooth muscle layer called the lamina
propria, followed by the covering serosa
layer called the adventitia.8 Wound
healing has 3 general stages: inflamma-
tion, new tissue formation and prolifer-
ation, and remodeling. Bladder wound
healing relies primarily on proliferation
and migration of epithelial cells to
wound edges, without a significant
inflammatory phase.8 Animal studies
have suggested that bladder injury heals
in as little as 2 to 10 days because of
rapid increase in urothelial turnover
rate and exponential upregulation.8

However, the time frame for this pro-
cess varies by magnitude and depth of
injury, and there is no consensus on a
more specific time frame. Furthermore,
animal studies use different in vitro and
in vivo models to study wound healing
pathophysiology, and the lack of unifor-
mity makes comparison of studies
4 AJOG Global Reports August 2022
challenging. In conclusion, bladder
wound healing after mechanical injury
follows a somewhat different process
and occurs in a shorter amount of time
compared with other types of epithelia
wound healing, but the exact mecha-
nism and duration of this process is still
unknown.
Repair techniques
As outlined above, large or complex
intra- and extraperitoneal injuries
require surgical management.7 Ade-
quate visualization is particularly
important when starting the surgical
repair. If the injury occurred during lap-
aroscopic surgery, the repair can either
be accomplished using intracorporeal
suturing laparoscopically or via an
exploratory laparotomy. Visual inspec-
tion is the most reliable method of
assuring bladder integrity.12 The most
common sutures used for bladder repair
are polyglactin or poliglecaprone
absorbable sutures, which are well-
suited given the minimal tissue reaction
they cause and their absorption by
21 days.5,11,14,15 Plain catgut sutures
lead to an even lower amount of bladder
tissue reaction but last for a longer
amount of time than polyglactin or
poliglecaprone, which is unnecessary
given the speed of bladder tissue heal-
ing.13 Silk and Mersilene sutures pro-
duce the greatest tissue reaction and are
not recommended for bladder
repair.5,13 Bladder defects can be closed
in 1 or 2 layers using a running non-
locked stitch, or with interrupted
sutures, although there is much varia-
tion in closure techniques
(Figures 3).16,17 There is very limited
research comparing suture types and
mechanism of repair in patients, which
is a limitation of these guidelines.
Recent studies have started to explore

barbed suture for bladder repair because
its use increases in laparoscopic surgery.
Several ex vivo studies demonstrated no
difference in mean leak pressure of
sheep bladders closed with barbed vs
nonbarbed suture.18,19 In vivo studies in
humans are limited, but a meta-analysis
in the urologic literature indicated
barbed suture had an equivalent post-
operative leakage rate and other surgical
outcomes in urethrovesical anastomo-
sis.20 A recent study examined laparo-
scopic cystotomy closure using 1 or 2
layers of barbed suture in 14 patients
without major complications.18 This
study suggested that barbed suture is
also an acceptable material for bladder
repair in gynecologic surgery, but was
limited by a small sample size and sin-
gle-site design.
If a second layer is performed with

any type of suture, it can be in an imbri-
cating fashion incorporating the bladder
serosa.5 Most cystotomies >2 cm
require a 2-layer closure for a watertight
seal.21 Checking if the closure is water-
tight should be performed after the first
layer of a 2-layer closure. This is done
by gravity filling, which allows water to
drain in passively into the bladder with
the goal of 300 mL of normal saline, vs
pressure filling, which may unnecessar-
ily strain the sutures. These closure
techniques are widely used in practice
but are based largely on animal models.

Postoperative care: indwelling catheter
After bladder injury repair, the blad-
der is decompressed with an indwell-
ing catheter for 7 to 14 days, but
there is no consensus on the exact
duration.16,17,21 As mentioned previ-
ously, animal studies suggest that
bladder tissue heals in 2 to 10 days,
and reepithelialization of bladder
mucosa and serosa specifically occurs
after 3 to 4 days.1 One randomized
trial compared indwelling Foley cath-
eter duration of 10 with that of
14 days following surgical repair of
vesicovaginal fistula and did not find
a statistically significant difference in
cure rates or complications between

http://www.ajog.org


FIGURE 3
Various ways of repairing a bladder injury

The injury can either be repaired in 2 separate layers or in a single layer. If a 2-layer closure is used, the bladder should be backfilled after the first layer
to test for a watertight closure.
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the 2 groups.22 In a small proportion
of cases, the bladder is not completely
healed after 14 days and the catheter
must be kept in place for as long as 3
weeks. This suggests that in most
cases, earlier removal would lead to
similar cure rates while reducing the
risk of infection, but more research is
needed. Prophylactic antibiotics are
not required during short-term
indwelling catheter use.1

Postoperative care: cystogram
There are mixed recommendations on
the necessity of a cystogram before
Foley catheter removal. A cystogram is
a fluoroscopic study that evaluates the
bladder. It is performed by instilling
water-soluble contrast through the cath-
eter to a volume of 150 to 300 mL and
looking for contrast extravasation.23

Several experts suggest removal of the
Foley catheter only after a normal cysto-
gram confirms lack of extravasation.16

Others recommend it before removal
after all instances of conservative treat-
ment without surgical intervention, but
August 2022 AJOG Global Reports 5
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only in certain complex cases of surgical
repair.7 Yet other studies conclude that
routine cystogram is not universally rec-
ommended unless there was extensive
injury.16,24

Multiple studies have demonstrated
that following surgical repair of simple
intraperitoneal bladder injury, nearly all
patients have normal cystograms, but as
many as 22% of patients with extraperi-
toneal bladder injury have a positive
cystogram showing extravasation
requiring further intervention.1,25 Cur-
rent guidelines by the AUA and EAU
recommend cystography after conserva-
tively treated bladder injuries and surgi-
cally repaired extraperitoneal injuries,
but do not recommend it after surgical
repair of simple intraperitoneal inju-
ries.12 We recommend further research
into this area to potentially decrease
unnecessary procedures, radiologic
exposure, and increased cost to patients.

Bladder injury during sling placement
Urethral sling placement is a particu-
larly high-risk procedure for bladder
injury, which complicates between 3%
and 9% of procedures.26 The transob-
turator approach to sling placement
decreases the risk, although it has
other adverse events, such as greater
incidence of groin pain.27 If bladder
perforation occurs, trocar removal
and reinsertion is recommended.26

There seems to be no difference in
postoperative complications or suc-
cess rates when the sling is correctly
replaced, thus the entire procedure
does not need to be abandoned.26

Urethral perforation, which is uncom-
mon (0.4%−1%), is a contraindication
to maintenance of the sling.26 Intrao-
peratively, universal cystoscopy is rec-
ommended by the EAU after
suburethral sling procedures via the
retropubic route.12,26

Postoperative care: complications
Bladder injury and repair are associated
with several short- and long-term com-
plications. One large study of the Amer-
ican College of Surgeons National
Surgical Quality Improvement Program
database found that patients who
experienced bladder injury and
6 AJOG Global Reports August 2022
intraoperative repair were more likely
to experience urinary tract infection,
sepsis, and bleeding.28 Delayed recogni-
tion of bladder injury was rare, but
patients who experienced delayed repair
were noted to have a higher overall
complication rate, but not a statistically
significant difference in 30-day mortal-
ity or morbidity.28

Bladder injury, particularly after
gynecologic surgery, can also lead to
a vesicovaginal fistula, which is an
abnormal communication between
the bladder and vagina that leads to
leakage of urine from the vagina.29

This is a rare complication with prev-
alence rates after hysterectomy rang-
ing from 0.2 to 2.2 in 1000 patients.29

It can be diagnosed in an outpatient
setting by clinical evaluation, but cys-
toscopy and imaging studies may be
helpful in the assessment.29 Small
early-detected and nonmalignant vesi-
covaginal fistulas may be managed
conservatively with transurethral
Foley catheter placement for 2 to 8
weeks.29 For larger fistulas or those
discovered later in the postoperative
course, surgical management may be
necessary.29 The details of complex
fistula management and the surgical
approach are outside the scope of this
article.
Areas for further study
In conclusion, much is known about
bladder composition and healing from
animal models alone. Based on this
information, there is a consensus on
types of bladder injury that need to be
repaired surgically vs injury types that
can be managed conservatively with an
indwelling Foley catheter. Furthermore,
there is relative standardization in
suture types used for surgical repair.
However, more research is needed to
determine duration of indwelling Foley
catheter and the risk-to-benefit ratio of
cystograms before catheter removal.
Research on bladder injury is challeng-
ing given the small sample size at any
one institution, thus further studies
should be multiinstitutional and multi-
disciplinary to gather a large sample
size. &
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