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Abstract

Purpose of Review This review focuses on the evolving role
of surgical management for complex extraperitoneal bladder
injuries.

Recent Findings Despite recommendations from both the
AUA and EAU advocating bladder drainage for the treatment
of most extraperitoneal bladder injuries, there appears to be an
increasing role for early operative intervention in select cases
of extraperitoneal bladder injury. Although there is a paucity
of contemporary data regarding surgical outcomes, both sim-
ple and complex extraperitoneal bladder injuries are wrought
with short- and long-term sequelae that may warrant early
closure.

Summary Catheter drainage of bladder injuries is most appro-
priate for carefully selected, simple extraperitoneal bladder
injuries. Bladder injuries, however, with complex parameters
including those with intravesical bony fragments, concomitant
internal pelvic fixation, involvement of bladder neck, rectum,
and/or vagina, or those undergoing exploratory laparotomy
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for non-GU injuries, can benefit from early cystorraphy to
avoid deleterious short- and long-term complications.
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Introduction

Genitourinary (GU) tract injury comprises a small but signif-
icant cohort of patients with traumatic injuries. As such, nearly
10% of patients presenting with trauma will have GU tract
involvement, with 80-90% of these patients having comorbid
non-urologic injuries [1, 2]. Despite the bony pelvis confer-
ring some degree of protection, the bladder is still susceptible
to a variety of injuries and represents the third most commonly
injured GU organ. Blunt mechanisms, namely motor vehicle
collision (MVC; 50.5%), pedestrian versus automobile acci-
dents (29.1%), and falls (14.5%), account for a large propor-
tion (67-86%) of bladder trauma, with the remaining injuries
attributable to penetrating mechanisms [1, 3]. Classically,
bladder trauma is classified as either intraperitoneal,
extraperitoneal, or a combined intra- and extraperitoneal, with
reported incidences of 55, 38, and 5-8%, respectively [4].
Per current American Urological Association (AUA) and
European Association of Urology (EAU) guidelines, intraperi-
toneal bladder trauma necessitates surgical repair [5, 6].
Traditionally, extraperitoneal bladder injuries (EBI) were man-
aged with prolonged catheter drainage. Recently, management
strategies have evolved to include a growing role for the surgi-
cal repair complex EBI In this review, we aim to describe
current management strategies for EBI with a focus on the
importance of prompt surgical repair of complex EBL
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Extraperitoneal Bladder Injury
Current Epidemiology and Diagnosis

Extraperitoneal bladder injury in the traumatic setting is
most frequently caused by a traumatic disruption of the
pelvic ring. Pelvic fracture is present in upwards of 90%
of those with blunt bladder injuries, although only 3—8% of
pelvic fractures present with bladder injury [7, 8]. Avey
and colleagues were able to demonstrate that displaced
obturator ring fractures greater than 1 cm and a pubic sym-
physis diastasis greater than 1 cm were independent pre-
dictors of bladder rupture, with relative risks (RR) of 3 and
7.6, respectively [8]. In addition to blunt trauma,
extraperitoneal bladder injuries are also frequently the re-
sult of iatrogenic injury, commonly secondary to gyneco-
logic, general surgical, and urologic procedures [4, 9].
Much of the data regarding iatrogenic extraperitoneal blad-
der injury has been extrapolated from the complications of
transurethral resection of bladder tumors, where contrast
extravasation may be seen in up to 58% of patients [10].
An overwhelming majority of cases of extraperitoneal in-
jury secondary to transurethral resection can be managed
non-operatively with prolonged catheter drainage alone
with favorable success [11, 12].

Prior to the diagnosis and characterization of any blad-
der injury, practitioners must first suspect an injury based
on mechanism of injury and patient symptomatology.
Bladder trauma typically presents with varying degrees
of hematuria, with gross hematuria found in 93-100% of
cases [13, 14]. Other symptoms may include pelvic pain,
bruising, dysuria, abdominal distension, scrotal swelling/
hematoma, and/or lower abdominal pain among others
[15]. When bladder injury is suspected, cystography is
the gold standard imaging modality that not only charac-
terizes the presence of a bladder injury but also distin-
guishes between extraperitoneal and/or intraperitoneal in-
jury. As such, an absolute indication for cystography re-
mains pelvic fracture with gross hematuria while relative
indications include gross hematuria without pelvic frac-
ture, pelvic fracture with microscopic hematuria, or sim-
ply a high index of suspicion based on mechanism [5, 6,
16, 17].

Currently, CT cystogram is the gold standard imaging
choice for characterization of any bladder injury, but likely
remains underutilized [18] (Fig. 1A). Although sensitivity
and specificity are similar between plain-film cystography
and CT, axial imaging confers the advantage of finding con-
comitant, non-GU injuries—and this is extremely important
for the polytrauma patient [19]. Importantly, retrograde
cystography must be performed with adequate bladder
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distension (> 300 mL) and with post-drainage films or one
runs the risk of missing injuries [20].

Contemporary Management of Extraperitoneal Bladder
Injury

For EBI, management is predicated on the complexity of the
injury. Although historic management strategies revolved
around prolonged catheter drainage alone, contemporary re-
ports have reshaped the treatment of EBI to include a role for
surgery. After diagnosis of EBI, it is necessary to then catego-
rize the injury as simple or complex, which will then direct the
most appropriate treatment strategy. Criteria defining complex
EBI are listed in Fig. 2.

For patients with simple extraperitoneal ruptures, current
AUA and EAU guidelines recommend prolonged bladder
drainage for a period of around 3 weeks with success rates
ranging between 74 and 85% [4, 21¢, 22]. Repeat cystography
is then recommended at an interval of 7-10 days following the
index injury to confirm healing, with high rates of resolution
[23] (Fig. 1B). It is important to note, however, that while
most EBI can resolve with catheter drainage, this is not with-
out risk as notable complications can be noted with this strat-
egy. In one of the first reports with larger sample size assessing
morbidity following non-operative treatment of EBI, Kotkin
and Koch reported a 10-year experience treating a total of 29
patients solely with catheter drainage, of which 26% (7/27)
experienced significant complications, including fistula for-
mation, delayed healing, and infection, among others [21¢].
Similar findings were also demonstrated in an earlier series by
Cass and Luxenberg who reported both early and late compli-
cations of bladder drainage alone in a historic retrospective
series of 105 patients with EBI, of whom 34 were treated
conservatively [24].

In the past decade, there has been an increasing trend to-
wards operative repair of EBI, especially in the setting of
exploratory laparotomy for non-GU injuries and/or internal
fixation of pelvic fractures [3]. Wirth and colleagues pub-
lished a contemporary series of 22 patients with EBI, of which
55% (12/22) underwent primary closure of the bladder during
non-GU surgery for fear of infection and pelvic hematoma;
the remaining patients underwent a trial of conservative man-
agement with catheter drainage [25]. There was no difference
in complications between the two groups, although the study
was not large enough to detect statistical significance. This
report demonstrated the feasibility of early operative repair
for polytrauma patients with EBI.

More recently, Johnsen et al. described a series of 56 pa-
tients who underwent catheter drainage versus 24 who
underwent early cystorraphy as a secondary procedure follow-
ing concomitant non-GU injuries [26¢]. In this series, early
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Fig. 1 a CT cystogram demonstrating an extraperitoneal bladder injury
in the setting of pelvic fracture. Contrast can be seen tracking anteriorly in
the bony pelvis. This finding is in contrast to intraperitoneal injuries that
will demonstrate contrast within the peritoneal cavity outlining loops of

repair of EBI resulted in fewer urologic complications
and decreased ICU and hospital stay, as well as an
earlier time to negative cystography. Importantly, how-
ever, this study had been met with some valid criticisms
regarding patient selection for conservative management
as evidenced by the high rate of fistula formation (6/56)
in the catheter drainage group, as well as the conclu-
sions regarding ICU and hospital stay since these are
unlikely to be affected by bladder injury management
[27]. In a follow-up series, the authors further charac-
terized the rare finding of fistula formation in the non-
operative group following extraperitoneal injury and

Fig. 2 This is our preferred
management algorithm for
extraperitoneal bladder injury.
Our criteria for complex
extraperitoneal injury are
delineated as well

Suspected
Bladder Injury

CT or plain-film
cystography

Intraperitoneal
Bladder Injury
(I1BI)

Open surgical

. Simple EBI
repair

2 weeks bladder
drainage

Persistent
leak/contrast
extravasation

Consider open
surgical repair

bowel. b Plain-film cystogram following successful pelvic fixation and
surgical repair of extraperitoneal bladder injury. It is of vital importance to
fill the bladder to capacity to ensure highest sensitivity in detecting injury/
persistent leak

contended that surgical management should play an in-
creasing role in the management of EBI [28¢]. Although
such investigations might be limited by its retrospective,
single-institutional nature, these reports provide valuable
insight into the management of EBI and argue towards
surgical management of complex EBIL.

Pelvic fractures in the setting of bladder injury represent
another complex scenario which necessitates immediate
cystorraphy for several reasons: (1) bony fragments within
the bladder preclude spontaneous closure with catheter drain-
age and (2) open-reduction and internal fixation (ORIF) of
fractures is often required, and persistent urine leak represents

Extraperitoneal
Bladder Injury
(2:0))

Complex EBI*

Open surgical
repair

*Complex Extraperitoneal Bladder Injuries (C-EBI)

 Bladder neck injury

¢ Bony fragments within bladder

e Concomitant rectal or vaginal injury

¢ Need for exploratory laparotomy for non-GU injury
* Pelvic fixation
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a potential source of infection of orthopedic hardware. Indeed,
multi-disciplinary recommendations from Grady Hospital in
Atlanta, GA, echo the above sentiment [29].

Concomitant rectal and vaginal injuries remain an indica-
tion for the surgical management of EBI, although these rec-
ommendations are derived from observations made through
small case series. Elliott and McAninch reported two inci-
dences of EBI resulting from gunshot wounds and motor ve-
hicle collisions, respectively, that were complicated by rectal
and vaginal lacerations managed without formal cystorraphy
[30+]. Both patients subsequently developed vesicocutaneous
fistulae that required multiple invasive and non-invasive pro-
cedures. Additionally, in another series of 20 females with
external genital injuries from a variety of mechanisms, four
patients presented with bladder injuries that were all subse-
quently repaired with early cystorraphy, although long-term
outcomes were not reported [31]. This series did, however,
highlight that delayed intervention on concomitant bladder
injuries could potentially delay healing and even propagate
pelvic/perineal abscess formation, urinoma, infection, and
hematoma.

Injuries to the bladder neck represent an indication for early
operative management of EBI, as significant sequelae are as-
sociated with non-operative measures. As a result of the inju-
ry, patients managed with concomitant bladder neck injury are
less likely to achieve complete continence and often require
complex reconstructive procedures such as future artificial
urinary sphincter insertion and/or appendicovesicostomy per-
formance [32¢]. However, it should be noted that despite early
intervention, patient morbidity following repair might also
remain significant. In one such characteristic series, Black
and associates presented a cohort of 25 female patients with
both pelvic fracture and bladder neck injury [33]. Despite
early primary repair in 21/25 patients, complications included
vesicovaginal fistula (VVF; 16%), urinary incontinence
(55%), and moderate-severe lower urinary tract symptoms
(LUTS; 43%). Nonetheless, despite the high incidence of
postoperative complications requiring further reconstruction,
it is overall felt that delayed repair or non-operative manage-
ment results in non-healing injuries and worse longer-term
outcomes. As a result, early and immediate repair of concom-
itant bladder neck injury remains the recommendation of the
AUA and EAU.

Our Technique of Cystorraphy for Extraperitoneal
Bladder Injury

Surgical closure of bladder injury (cystorraphy) has been well
documented through a variety of surgical techniques reported
in the literature [4, 6, 32¢, 34-36]. Our technique is to perform
a low, vertical midline incision for repair of any bladder injury.
We then incise the rectus fascia and dissect away from the
underlying rectus muscle to gain access to the bladder.
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Exposure can be improved with the aid of a Balfour or
Bookwalter retractor. At our institution, we prefer a
transvesical approach to repair via a bivalving vertical
cystotomy which allows full inspection of the bladder includ-
ing the ureteral orifice. Often in the trauma setting, it might be
uncertain as to if there is concomitant ureteral trauma, and we
ordinarily use the opportunity of our exposure to verify good
efflux of urine from both ureteral orifices at the bladder
trigone. Importantly, if the cystotomy extends too close to
the bladder neck, we routinely place a 2—0 absorbable suture
transversely to prevent tearing of the bladder neck. We have
often maintained a Foley catheter that a circulating RN can
readily flush in order with up to 200 cm® of saline or water in
order for us to inspect any injuries. We then perform formal
closure of the bladder in at least two layers with absorbable
suture. We also access the Foley catheter following comple-
tion of the repair in order to re-interrogate and test the viability
of our bladder closure. For complex repairs that involve a
large suture line on the bladder (>5 cm), we generally elect
to leave a JP drain overlying the repair, although if the repair is
watertight, we tend to leave a Foley alone. If the insult is a
combined intra- and extraperitoneal injury, we do not hesitate
to cover our suture line with any available omentum encoun-
tered during the abdominal exploration in the trauma setting.
We do not recommend concomitant suprapubic tube place-
ment with Foley placement during surgical management of
EBI, as complication rates have not been demonstrated to be
lower with multiple drainage tubes [5, 37—40].

Current/Ongoing Areas of Interest

Although there is a paucity of contemporary reports with large
sample sizes and minimal confounding bias, many of the cur-
rent treatment strategies regarding extraperitoneal injuries are
derived from expert clinical opinion and through extrapolation
from smaller case series and single-institutional reports.
Importantly, a current large-scale multi-institutional AAST ef-
fort led by Myers and associates at the University of Utah aims
to determine whether operative repair of EBI is associated with
decreased leak rate and improved outcomes [41¢]. Additionally,
the investigators are assessing whether risk stratification of EBI
can predict the patients that are more likely to benefit from early
repair. This investigation is currently underway and will likely
have outcomes suitable for reporting by early 2018. It is likely
many of the current management recommendations will be
further clarified with this important work.

Conclusions
The dogma that extraperitoneal bladder injuries simply require

catheter drainage may be outdated as contemporary reports
suggest worse outcomes with conservative management of
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certain types of complex EBI. Although there are several re-
cent studies advocating for early cystorraphy, long-term data
regarding the surgical management of these injuries is needed.
Nevertheless, considering the numerous complications asso-
ciated with complex EBI managed with catheter drainage
alone, it is imperative to consider the role of early operative
intervention in select patients. Current large multi-institutional
assessments are necessary to characterize and further define
best-practice management of surgical repair compared with
conservative treatments alone.
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