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Abstract Multidetector computed tomography (MDCT)
cystography is rapidly becoming the most recommended
study for evaluation of the bladder for suspected trauma.
This article reviews the bladder trauma with emphasis on
the application of MDCT cystography to traumatic bladder
injuries using a pictorial essay based on images collected in
our level I trauma center.
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Bladder anatomy

The urinary bladder is a hollow muscular organ located
deep in the pelvis in adults and in the lower abdomen in
children. The bladder is separated from the pubic symphy-
sis by a potential prevesical space known as the space of
Retzius (Figs. 1 and 2). The pubovesical, medial, and
paired lateral umbilical ligaments strengthen the association
of the bladder with the anterior pelvic wall. The bladder
neck is contiguous with the prostate in males and it is
attached to the pubis by the puboprostatic ligaments
(Fig. 2). The pubourethral ligaments support the bladder
neck and urethra in females (Fig. 1). The bladder dome is
covered superiorly by the extraperitoneal fat and peritoneal
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reflections. The bladder is supported inferiorly by the
urogenital diaphragm and laterally by the obturator internus
muscles.

The type of urinary leakage, either intraperitoneal or
extraperitoneal, depends upon the location of the injury in
relation to the peritoneal reflections. If the rupture occurs
above the peritoneal reflections, the leakage is intraperitoneal.
If the injury occurs below the peritoneal reflections, the
leakage is extraperitoneal. Urinary leakage may be combined,
intraperitoneal and extraperitoneal, if the rupture occurs
directly at the level of peritoneal reflections.

Classification and mechanisms of bladder trauma

Trauma to the genitourinary system occurs in approximate-
ly 5-10% of all patients with trauma. Most of these injuries
are secondary to blunt trauma, and approximately 10% of
genitourinary injuries result in bladder trauma. Bladder
injuries occur in 1.6% of blunt abdominal trauma cases [1].
Bladder rupture occurs in 2—-11% of patients with pelvic
fractures. However, 60-90% of patients with bladder
rupture have a pelvic fracture [2, 3].

Bladder trauma may arise from a variety of mechanisms
divided into blunt trauma 60-85%, penetrating trauma 15—
40%, and iatrogenic injury 5% (cystoscopy, laparoscopy,
abdominal, and vaginal surgery).

Penetrating injury is often secondary to impaling objects,
missiles, or stab wounds. In penetrating traumas, the most
frequent causes are: gunshot wounds (85%) and stabbings
(15%).The penetrating bladder injuries occur in 3.6% of
abdominal gunshot wounds, 13% of penetrating injuries to the
rectum and 20% of penetrating injuries to the buttock [3].

Blunt pelvic trauma secondary to motor vehicle
accidents accounts for between 70% and 90% of cases
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Fig. 1 Female bladder anatomy: sagittal view. Space of Retzius (red
arrow), peritoneal reflections (blue arrows) over the dome of the
bladder, pubourethral ligaments (green arrow)

[4]. The most common mechanisms of blunt trauma are:
motor vehicle accidents (70-90%), falls (5-15%), and
assaults (5-10%).

Five types of bladder injuries seen with conventional
cystography were described by Sandler et al. [5].

Type 1 Type I Type III Type IV Type V

Contusion Intraperitoneal Interstitial or Extraperitoneal Combined

bladder Wa: Simple
wall 1Vb: Complex
hematoma

Extraperitoneal bladder rupture is the most common type
occurring in 70-80% whereas intraperitoneal and combined
bladder ruptures occurs in 15-20% and 5-10% of patients,
respectively [6].

Blunt injury to the urinary bladder usually results either
from an impact to the lower abdomen when the bladder is
distended, or when there is associated pelvic fracture with
loss of protective effect of the pelvic ring and disruption of
the bladder at its fascial attachments. A bony spicule may
also lacerate directly the bladder.

Bladder contusion is an intramural injury resulting from
damage to the bladder mucosa or muscularis without full-
thickness disruption of wall continuity.

Interstitial bladder rupture is an intramural or partial
thickness injury of the bladder wall without complete
perforation. In this type of rupture, the serosa is intact. This
results in an irregularity in the bladder wall on multidetector
computed tomography (MDCT) cystography, but without
frank leakage of contrast material outside the bladder.

Extraperitoneal bladder rupture is usually the result of
penetrating trauma, but in cases of blunt trauma it is
believed to be secondary to direct laceration of the bladder
by adjacent bone fragments. The mechanism of traumatic
extraperitoneal ruptures was considered to be from a direct
perforation by a bony fragment from the fractured pelvis.
However, the pelvic fracture is likely coincidental and the
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bladder rupture can also result from direct shearing. These
ruptures are usually associated with fractures of the anterior
pubic arch and the anterolateral aspect of the bladder can be
perforated by bony spicules. The classic cystographic
finding is contrast leakage around the base of the bladder
confined to the perivesical space. The contrast material may
extend to the thigh, perineum, and scrotum or into the
anterior abdominal wall with a more complex injury.

The location of extraperitoneal injury is most commonly
at the bladder base. A blow directed to the inferior portion
of the bladder, often associated with pelvic fractures, can
result in rupture of the bladder into the extraperitoneal
space. Traumatic extraperitoneal ruptures usually are
associated with pelvic fractures (89—-100%).

Intraperitoneal bladder rupture is less common than
extraperitoneal bladder rupture. Delayed diagnosis of intra-
peritoneal bladder rupture results in an increased mortality. It
has the highest morbidity and mortality due to the risk of
chemical peritonitis and requires operative management. The
mechanism of traumatic intraperitoneal ruptures is a sudden
large increase in intravesical pressure in a full bladder when
the bladder dome fibers are widely separated with little
resistance to sudden changes in intravesical pressure. The risk
of bladder rupture rises proportionally to the extent of bladder
filling at the time of injury [7].

Intraperitoneal bladder ruptures are believed to occur
more frequently in small children undergoing motor
vehicular accidents than adults as the seat belt fits over
the anterior lower abdomen rather than the superior iliac
spines and the bladder is positioned in the lower abdomen
rather than deep in the pelvis [3].

Combined intraperitoneal and extraperitoneal ruptures
account for approximately 5-10% of all traumatic bladder-
perforating injuries. The diagnosis of combined intraperi-
toneal and extraperitoneal rupture may be missed if the

Fig. 2 Male bladder anatomy: sagittal view. Space of Retzius (red
arrow), peritoneal reflections (blue arrows) over the dome of the
bladder, puboprostatic ligaments (green arrow)
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rupture site is large to the extent that full bladder distention
cannot be achieved, and most of the contrast agent leaks
into the extraperitoneal compartment but not into the
intraperitoneal one [8].

MDCT appearance of bladder trauma

While bladder injuries will frequently be seen on standard CT
with intravenous contrast bolus and a clamped bladder
catheter, this antegrade approach to bladder distension cannot
reliably exclude bladder injury [9]. MDCT cystography is
indicated if bladder rupture is suspected especially when
blood is seen clinically in the meatus or pelvic fracture is seen
on conventional abdominal trauma MDCT. In the absence of
pelvic fluid, especially if only microscopic hematuria is
present, MDCT cystography may be avoided [10]. The
presence of fluid, however, is not as strong a positive
predictor because hematoma can result from orthopedic
injury alone. MDCT cystography should be done when
pelvic fluid is present, especially when there are fractures or
gross hematuria, to define which of the patients has a bladder
rupture and to define the type of bladder rupture [10].
Compared to helical CT, MDCT improves temporal and
spatial resolution, decreases image noise and provides
longer anatomic coverage. The thin-section scanning in
MDCT allows the production of higher quality multiplanar
reformation (MPR) images [11]. MPR images provide
better anatomic delineation. Sagittal and coronal multi-
planar reformations may be helpful in identifying most sites
of bladder rupture, especially in visualizing intraperitoneal
rupture where the bladder dome which is parallel to the
scanning plane of the axial scan (Figs. 3 and 4). Coronal

Fig. 3 Intraperitoneal bladder rupture: sagittal reformatted image
from MDCT cystography demonstrates rupture through dome of
bladder with leakage of contrast between bowel loops. Intraperitoneal
leakage of contrast identified outlining the uterus. The green arrow
depicts the site of bladder dome disruption

Fig. 4 Extraperitoneal bladder rupture: sagittal MPR image of
retrograde MDCT cystography shows leakage of contrast into
extraperitoneal soft tissues (green arrow). Contrast filled bladder with
Foley catheter in place. Site of bladder injury is identified anteriorly
(blue arrow) at bladder base

MPR reformatted images constitute a helpful asset to
surgeons because the orientation of structures is similar to
that seen during exploratory laparotomy Fig. 5.

MDCT cystography is performed after assessment and
appropriate management of urethral injury, due to the high
incidence of concomitant urethral injury [12]. Diagnosis is
made with either direct instillation of contrast medium
(350—400 ml) into the bladder via a urethral or suprapubic
catheter. CT cystography is accurate as conventional cysto-
gram in diagnosing bladder trauma [9, 13-15]. MDCT
cystography is 95% sensitive and 99% specific in detecting
overall bladder rupture [13]. To reliably diagnose bladder
injury, sufficient distension must be obtained to initiate
detrusor muscle contraction. A normal MDCT cystogram
finding does not exclude entirely a bladder rupture due to

Fig. 5 Intraperitoneal bladder rupture: coronal reformatted image
from MDCT cystography demonstrates rupture through the dome of
the bladder with leakage of contrast between bowel loops and into the
left paracolic gutter. The green arrow depicts the site of bladder wall
disruption at the dome
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Fig. 6 Interstitial bladder rupture: coronal reformatted image from
MDCT cystography demonstrates an irregularity in the bladder wall
(green arrow) but without frank extravesical leakage of contrast

spasm of the detrusor muscle, which is possibly secondary to
the irritation effect of the contrast medium causing a leak to
become sealed. With general anesthesia, the detrusor relaxes
and therefore the eventual intraoperative leakage can be seen.

MDCT cystography is applied to a classification scheme
for bladder injury based on the degree of wall injury and
anatomic location with demonstrating characteristic imaging
features for each type of injury [14].

In bladder contusion (type I), findings at conventional
and MDCT cystography are normal. Manifestations of
interstitial injury (type III) include intramural hemorrhage
and submucosal extravasation of contrast material without
transmural extension. Interstitial bladder rupture results in
an irregularity in the bladder wall on MDCT cystography,
but without frank extravesical leakage of contrast Fig. 6.

In intraperitoneal rupture (type II), MDCT cystography
demonstrates intraperitoneal contrast material around bowel
loops, between mesenteric folds, and in the paracolic
gutters (Fig. 7).

In extraperitoneal rupture (type IV), the pathway of
extravasated contrast material is variable: extravasation is
confined to the perivesical space in simple extraperitoneal
ruptures (type IVa), Fig. 8, whereas in complex extraper-
itoneal ruptures, Fig. 9, contrast material extends beyond
the perivesical space and may dissect into a variety of
fascial planes and spaces (type IVb).

Fig. 7 a Intraperitoneal bladder
rupture: axial MDCT cystogra-
phy shows rupture of bladder
with intraperitoneal leakage of
contrast between bowel loops
(green arrow). Note large
filling defect within bladder,
compatible with clot. b Intra-
peritoneal bladder rupture:
coronal reformatted image from
MDCT cystography shows
rupture of the bladder with
intraperitoneal leakage of
contrast between bowel loops
(green arrow). There is a large
filling defect within the
bladder, compatible with clot.

¢ Intraperitoneal bladder

rupture: sagittal reformatted
image from MDCT cystography
demonstrates rupture through
the dome of the bladder (green
arrow) with intraperitoneal
leakage of contrast between
bowel loops (red arrow)
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Fig. 8 a Extraperitoneal simple
bladder rupture: axial MDCT
cystography shows contrast
leakage confined to perivesical
space (green arrow). b Extrap-
eritoneal simple bladder rupture:
coronal MDCT cystography
shows left pubic ramus fracture
(red arrow) with contrast in
perivesical space: (green arrow).
¢ Extraperitoneal simple rupture:
Sagittal MDCT cystography
shows bladder rupture at bladder
base (green arrow). Note left
pubic ramus fracture (red arrow)

Free contrast-enhanced urine pooling in the paravesical  and extraperitoneal rupture (type V) usually demonstrates
spaces has been described as having a “molar tooth”  extravasation patterns that are typical for both types of
appearance on axial MDCT (Fig. 10). Combined intra-  injury (Fig. 11).

Fig. 9 a Extraperitoneal com-
plex bladder rupture: axial
MDCT retrograde cystography
shows leakage of contrast into
perivesical space extending into
fascial planes of right abdominal
walls (green arrows). b Extrap-
eritoneal complex bladder
rupture: axial MDCT retrograde
cystography shows leakage of
contrast into perivesical space
extending into fascial planes of
anterior abdominal wall (green
arrow), perineum (red arrow),
and soft tissues of upper thigh
(blue arrow). Pelvic fracture is
seen (yellow arrow)
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Fig. 10 a Extraperitoneal
bladder rupture: axial MDCT
cystography shows leakage of
contrast into perivesical space
creating “molar tooth” appear-
ance (green arrows). Note
comminuted fracture of right
iliac bone (blue arrow).

b Extraperitoneal bladder
rupture: Axial MDCT cystogra-
phy shows leakage of contrast
into perivesical space (green
arrows) associated with
comminuted fracture of right
iliac bone extending to the
acetabulum (blue arrows)

Leakage of opacified urine into the posterior fornix of
the vagina can mimic intraperitoneal bladder rupture.
Familiarity with these MDCT cystographic features allows

Fig. 11 a Combined bladder
rupture: axial MDCT cystogra-
phy demonstrates rupture in the
left lateral bladder wall with
leakage of contrast into the
perivesical space (blue arrow)
creating the molar tooth appear-
ance (yellow arrow). Note
contrast extension into the
fascial planes of the anterior
abdominal wall (green arrow).
The more cranial image demon-
strates contrast in the peritoneal
space outlining bowel loops
(red arrow). b Combined
bladder rupture: coronal MDCT
cystography demonstrates
rupture in the left lateral bladder
wall with leakage of contrast
into the perivesical space
(vellow arrows) extending
intraperitoneally around
intestinal loops (green arrows)
and extraperitoneally (red
arrows) though multiple

pelvic fractures (blue arrows)
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accurate classification of bladder injury and allows prompt,
effective treatment with less radiation exposure than and
without the added cost of conventional cystography [14].
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Conclusion

Rapid diagnosis and accurate identification of bladder
injury are crucial for optimal patient management and in
decreasing patient morbidity and mortality [14]. Knowledge
of the mechanisms, classifications, and imaging features of
bladder trauma assist the clinician in clinical decision
making and promote improved patient outcomes. Immedi-
ate MDCT cystography is required in the presence of free
fluid, hematuria, and pelvic fracture.
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