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Imaging of urinary bladder injury: the role of CT cystography
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Abstract
Although conventional radiographic cystography has been traditionally considered the reference standard in detecting bladder
injuries, computed tomography (CT) cystography has become the initial imaging method of choice in the acute setting. CT
cystography has been shown to provide comparable accuracy as conventional cystography, and can be easily performed in
conjunction with trauma CT surveys in patients with suspected bladder injuries. Despite increasing enthusiasm toward CT
cystography in dealing with patients with suspected bladder injuries, there is little information in this regard in the literature.
This article aims to discuss the role of CT cystography in the evaluation of bladder injuries.
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Introduction

Abdominal trauma is a common reason for hospital admission
in the USA. Up to 10% of patients sustain injuries to the
genitourinary system [1]. Urinary bladder injury has been re-
ported in 60–85% of cases with blunt trauma and in 15–51%
of patients with penetrating injury [1, 2]. Iatrogenic etiologies
are less common [3].

Urinary bladder injuries constitute 2–4% of abdominal sur-
gical cases. They are often missed early on in multi-trauma
patients, because life-threatening injuries are usually priori-
tized [4]. Misdiagnosis or delay in initiating appropriate man-
agement, however, can increase morbidity and mortality by
10–22% [5, 6]. Urinary tract infection, pelvic abscesses, uri-
nary incontinence, and fistula have been reported as common
complications of missed bladder trauma [7]. In this regard,
proper imaging is of paramount importance in the triage of
patients suspected of such injuries [8, 9]. Both conventional
and computed tomographic (CT) cystography have been
found highly accurate in detecting and grading bladder inju-
ries [2].

Anatomy

Anatomically, the bladder is a retroperitoneal organ firmly
attached to the symphysis pubis at its neck. The remaining
parts are unattached, allowing the bladder to distend andmove
freely upward during filling. The upper portion, or the
“dome,” of the bladder is an exception because it is lined by
the visceral peritoneum and, unlike other parts, is therefore
considered intraperitoneal. The dome is the weakest part of
the bladder against trauma [10].

Mechanisms of injury

Because of its location deep within the bony pelvic struc-
tures in adults, an empty bladder is usually well protected
against traumatic insults. When the bladder is distended
and/or its bony shelter is fractured, however, it becomes
susceptible to injury [11].

Overall, bladder injuries are categorized as traumatic
(majority) or spontaneous. Instigating traumatic insults could
be blunt, penetrating, or iatrogenic. Blunt and penetrating
traumas to the bladder are frequently associated with pelvic
fractures. While only 10–25% of patients with pelvic fracture
sustain a simultaneous bladder rupture, over 75% of bladder
injuries are complicated with pelvic fractures [12]. Combined
bladder and urethral injuries are seen in 10–15% of patients
[13, 14].

A full and elevated bladder is vulnerable to rupture at the
dome by a direct blow to the lower abdomen, usually
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secondary to motor vehicle accidents (90% of cases) including
ejection and compression of a seat belt on a full bladder. Other
less frequent causes are falls, pelvic crush injuries/industrial
trauma, and direct blows on the lower abdomen [13, 15, 16].
Bladder injuries after pelvic fractures are more likely due to a
shearing force of vesical attachments to the bone and some-
times a result of bladder laceration by a fractured bone [11,
17]. Penetrating injuries may occur by gunshot or stabwounds
[15].

Among the urologic organs, the bladder is the one that most
often is subject to iatrogenic insult during surgery or instru-
mentation [18]. This type of injury is a full-thickness lacera-
tion, caused by external and internal procedures. Again, the
common site is the dome, and in over half of the cases, the
rupture is detected and corrected intraoperatively [19, 20]. In
subtle or problematic cases, imaging plays a pivotal role in
both detecting injuries and providing invaluable information
to surgeons in deciding on an optimal therapeutic approach
[21].

The most common causes of iatrogenic bladder injuries in
the external category include urologic procedures, particularly
retropubic male slings, as well as synthetic midurethral and
pubovaginal slings, laparoscopic sacrocolpopexy, and

transvaginal mesh surgery; obstetrics and gynecologic opera-
tions; and general surgery [18, 20–22]. In the internal catego-
ry, transurethral resection of the bladder (TURB) and prostate
(TURP) are more common [22, 23].

The chance of iatrogenic bladder injury increases when
some risk factors such as anatomical abnormalities/manipula-
tions, previous irradiation, obesity, infection, diabetes, and
advanced malignancy preexist [18, 24].

Bladder ruptures occur spontaneously in rare cases, partic-
ularly in patients with urinary tract infection, bladder stones,
urinary retention; in females with previous history of vaginal
delivery; and in alcoholics and those who received radiother-
apy [25].

Symptoms/clinical presentation

Gross hematuria is present in over 95% of patients with a
bladder injury. Other indicators are microscopic hematu-
ria, local pain and tenderness, ileus and abdominal disten-
tion, sepsis, elevated serum creatinine level, and voiding
problems such as urinary leakage and diminished urinary
output [13, 26, 27].

Fig. 1 A 27-year-old male with a bladder injury post-gunshot wound.
Non-contrast CT scan did not show any significant bladder abnormality.
A few hyperdense foci adjacent to the bladder represented bullet frag-
ments (arrow) (a). CT cystography in axial (b), coronal (c), and sagittal

(d) planes demonstrated extraperitoneal extravasation of the contrast ma-
terial (arrows). The non-contrast image helped to differentiate bullet frag-
ments from extravasated contrast
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Imaging techniques

In the past, conventional radiographic (retrograde)
cystography was the mainstay imaging technique in examin-
ing patients with suspected bladder tears [28]. With the advent
of CT, however, conventional cystography was increasingly
replaced by the new technique. The initial CTexaminations of
the bladder were performed after intravenous administration
of contrast material (i.e., anterograde opacification), but this
technique was found considerably less sensitive than conven-
tional cystography [28–33], primarily because the bladder
must be distended and under pressure to reveal an injury
[34]. Kane et al. [35] proposed delayed imaging to give the
bladder sufficient time to distend adequately. Despite some

improvements in image quality, this method increased scan
duration, which would delay turnaround times in busy emer-
gency departments and could delay addressing critical inju-
ries. According to the American Association for the Surgery
of Trauma (AAST; accessible from: www.aast.org), CT
cystography is performed with retrograde filling of the
bladder with 250–300 mL of iodinated contrast (50 mL dilut-
ed in 500 mL of sterile saline) after completion of routine
(general) abdominopelvic CT in stable patients. Patients with
potential bladder injuries most often suffer from amultisystem
trauma that requires a routine CTexamination [10, 36], so that
both bladder injury and additional multisystem trauma can be
assessed during the same exam. In our hospital, retrograde
filling of the bladder with dilute contrast material is performed

Fig. 2 A 40-year-old male with
multiple pelvic fractures after
being pinned at the pelvis by a
truck against a loading dock. The
patient presentedwith blood at the
urethral meatus. Axial CT
cystogram (a) showed
extravasated contrast material in
the base of the prostate (arrow)
due to comminuted right pelvic
fractures. CT cystogram in
coronal maximum intensity
projection (MIP) improved
visualization of full extent of
injury with contrast extravasation
along the right of the urethra
toward the right groin (arrow) (b).
The smooth contour of the
bladder dome confirmed the
absence of concomitant
intraperitoneal rupture of the
bladder
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prior to routine CT examination in the initial work-up of pa-
tients with suspected bladder injury.

CT cystography protocol

At our institution, bladder catheterization is performed by the
trauma surgery team after urethral injury has been excluded
based on clinical exam or retrograde urethrogram. This is
especially important in the presence of concomitant pelvic
fractures, bleeding in the meatus, voiding problems, high-
riding prostate, and swelling in the scrotum [10]. CT
cystography is performed on a dual-source multidetector CT
(SOMATOM Definition FLASH or SOMATOM Definition
DRIVE, Siemens Healthineers, Erlangen, Germany).
Acquisition parameters are optimized for each individual pa-
tient to minimize radiation dose, but are on the order of 100–
120 kVp, 290 reference mAs, pitch 0.6, tube rotation time, and
128 × 0.6 mm collimation. Images are reconstructed into
0.75 mm and 3 mm slice thickness with coronal and sagittal
reconstructions. Maximum intensity projection (MIP) and
volume-rendered (VR) images are generated from a volumet-
ric view of the block.

The imaging protocol includes a non-contrast phase limited
to the bladder, followed by full bladder and post-void images.
The non-contrast phase is essential for identifying intrinsically
hyperdense material (e.g., surgical material, bullet fragments,
and calcifications) that can be mistaken for extravasated con-
trast material. Then, the urine is drained via a Foley/
suprapubic catheter, and a water-soluble contrast material
(30 mL nonionic contrast/500 mL saline solution) is instilled
into the bladder under the pressure of gravity until either a
feeling of urgency (or discomfort) by the patient or more than
300 mL of diluted contrast solution is administered. The final

step is post-void; during which, the bladder is drained after
imaging is accomplished. In the case of persistent enhance-
ment, a bladder wall injury may exist [37–39] (Fig. 1).

Advantages

In an optimal setting, i.e., obtaining images after having the
bladder adequately distended and post-voiding, the sensitivity
and specificity for both conventional and CT cystography can
reach 95% and 100%, respectively, in detecting bladder rup-
tures [7, 33, 34, 40]. CT cystography, however, has several
extra advantages compared with conventional cystography.
First, CT cystography and conventional abdominopelvic CT
can be performed simultaneously, without the need for trans-
ferring an acutely ill patient to the fluoroscopy suite [34]. This
approach could prevent higher radiation exposure and addi-
tional cost associated with a separate study with conventional
cystoscopy [39]. Further, during conventional cystography,
the patient needs to be positioned in oblique planes to assess
bladder integrity, which can be technically challenging in pa-
tients with pelvic fractures. With CT cystography, the patient
can remain in the supine position for the duration of the exam,
without the need for oblique views. Second, CT cystography
can detect subtle leakages that can be obscured by the
distended bladder, superimposed bowel, or bones with con-
ventional cystography due to its ability to resolve overlapping
structures [21, 33]. This substantially increases the sensitivity
of CT cystography in detecting injury and classifying patterns
of bladder injury [13, 22, 25, 31, 33, 40–45]. Multiplanar
reconstructions and 3D reformations can illustrate the extent
of injury [34] and may assist in management decisions (Figs.
2–4). Furthermore, unlike conventional cystography, which
provides information confined to the bladder and close

Fig. 4 A 43-year-old male involved in a motorcycle accident. CT
cystogram in axial (a) and sagittal (b) views showed extraperitoneal
contrast extravasation into the right abdominal wall and subcutaneous

tissues (white arrows). The sagittal plane (b) more clearly depicted the
location and extent of the bladder defect (black arrow) compared with
axial plane (a)
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surroundings only, CT cystography extends the examination
field beyond the bladder, especially when it complements a
general abdominopelvic CT [34, 43]. This allows for efficient
examination of not only the bladder configuration and its lu-
men, but also the genitalia, pelvic bones (Figs. 1–3), surround-
ing intraperitoneal and extraperitoneal areas, and local gastro-
intestinal tract [33, 39, 44, 46], as well as the ready detection,
localization, and simultaneous classification of any abnormal
fluid collection in the pelvis, such as hematoma, abscess,
lymphocele, and urinoma [47].

Classification

A commonly used classification system of bladder injury con-
sists of contusion, intraperitoneal rupture, extraperitoneal

rupture, and combined intraperitoneal and extraperitoneal rup-
ture [13, 34].

At imaging, a contusion canmanifest as hematoma within the
bladder wall with or without bladder outline distortion,
representing a partial tear of the mucosa or muscularis layer with
preservation of the full-thickness wall continuity. Since many
contusions remain asymptomatic clinically and in imaging, the
true incidence is hard to estimate. Intraperitoneal bladder ruptures
are usually seen in less than 20% of patients following a sudden
rise in intravesical pressure in an already distended bladder.
Because of its high mobility and weak protection, the dome is
the most commonly involved part of the bladder, leading to
intraperitoneal leakage of the contrast material. The extravasated
material may fill the cul-de-sac, rectovesical pouch, or paracolic
gutter, and/or outline the intra-abdominal viscera, the bowel
loops in particular (Figs. 5 and 6). Extraperitoneal ruptures

Fig. 3 A 57-year-old male after a
motorcycle collision with
extensive sacral and pelvic
fractures. CT cystogram in axial
(a) and coronal (b) planes showed
extensive extraperitoneal contrast
material extravasation. Note the
contrast material seen in the
retropubic space (arrow) (a).
contrast material tracks along the
left pelvic sidewall into the left
perineum and into the left
adductor muscles of the left thigh.
Small amounts are seen in the
right adductor muscles. Moderate
amount of contrast noted to track
along the left psoas muscle to the
level of the left kidney (arrows)
(b). The extensive contrast
material extravasation is nicely
defined on the volume-rendered
3D image (arrows) (c)
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constitute themost frequent type of bladder injury (> 80%) (Figs.
1–4). This type of injury is often associated with pelvic fractures.
Lacerations are usually spotted on the anterolateral wall in

proximity to the bladder base (Fig. 2), unless a bony spicule
penetrates the wall directly. Extravasation may accumulate in
the perivesical (Retzius) space, producing “flame-shaped” areas

Fig. 6 A 34-year-old male
presenting with increasing
abdominal pain and history of
prior bladder rupture. CT
cystography in axial (a) and
sagittal (b) planes show
intraperitoneal contrast material
extravasation, which extends
between bowel loops as well as
into the mesentery and subhepatic
space throughout the peritoneal
cavity (arrows). CT cystogram in
sagittal maximum intensity
projection (MIP) (c) may be
helpful in demonstrating the full
extent of the injury

Fig. 5 A 52-year-old male with
pelvic fracture after a car accident.
CT cystography reveals extensive
intraperitoneal contrast material
extravasation, wrapping around
the small intestine loops on
coronal (a) and sagittal (b) images
(arrows), a feature typical of
intraperitoneal bladder rupture
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or a so-called molar tooth appearance on axial images (simple
extraperitoneal bladder tear), or may extend beyond the
perivesical space to the thigh (via the obturator foramen), scro-
tum (via the inguinal canal), anterior abdominal wall, or the
retroperitoneal compartment (complex extraperitoneal bladder
tear) (Figs. 3 and 4) [13, 48]. A combined intraperitoneal and
extraperitoneal condition may be seen in 12% of patients.
Patterns of extravasation in the combined category are typical
for both intraperitoneal and extraperitoneal injuries [25, 39].

Management

Patients with an intraperitoneal component (alone or in com-
bination) require surgical intervention. Urethral catheter drain-
age and observation, however, are adequate in cases with iso-
lated extraperitoneal injuries, and a conservative approach has
been proved ideal for managing contusions [28]. This is why
an accurate identification and classification of a suspected
bladder injury is of great clinical importance, as imaging clear-
ly plays a critical role in this regard [39].

Pitfalls

Like with conventional cystography, bladder under distention
can dramatically decrease the accuracy of CT cystography in
detecting lesions [7]. Although rare, interstitial bladder injury,
which is defined as partial-thickness or intramural lacerations
with intact overlying serosa, may pose a diagnostic challenge
using CT cystography [39]. Bladder diverticulum, which ap-
pears as a well-circumscribed collection of contrast beyond
the expected confines of the bladder, can be a potential
mimicker of acute bladder injury. The borders of the bladder
diverticulum should be smooth, as opposed to the ill-defined

contrast collection as seen with intraperitoneal or
extraperitoneal bladder injury (Fig. 7). Although with low
probability, the tip of an inserted Foley catheter may cover a
rift in the bladder wall, preventing sufficient contrast extrava-
sation required for revealing an injury. Conversely, when the
site of a rupture in a case with combined intraperitoneal and
extraperitoneal injury is large, most of the contrast material
extravasates into the extraperitoneal compartment owing to
insufficient bladder distention, leading to a false clinical inter-
pretation. sufficient bladder distention may be precluded by
the presence of a large intrapelvic hematoma/fluid collection
[49]. The presence of an intravesical clot may also prevent CT
cystoscopy from revealing a bladder rupture [7]. Finally, an-
other important caveat is a false negative finding at CT
cystography, possibly due to the spasm of the detrusor muscle
in reaction to the irritating effect of the contrast material,
which may cause a leak to become temporarily sealed [50].

Conclusion

Compared with conventional cystography, CT cystography
can expedite triage of patients with suspected urinary bladder
trauma and as an adjunct to routine abdominopelvic CT in
multi-trauma patients, and is more accurate in detecting as
well as classifying patterns of bladder injury. Although these
advantages can potentially decrease radiation exposure and
cost, future studies are required to further substantiate existing
evidence.

Compliance with ethical standards
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Fig. 7 A 74-year-old male with a bladder diverticulum (arrows). CT
cystogram in axial (a) and coronal (b) planes showed a well-
circumscribed collection of contrast along the left lateral bladder wall

connected via a thin neck (arrow). The well-circumscribed nature of this
contrast collection differs from the ill-defined contrast collections in in-
traperitoneal and extraperitoneal bladder rupture

Emerg Radiol (2020) 27:87–95 93



References

1. Phillips B, Holzmer S, Turco L, Mirzaie M, Mause E, Mause A,
PersonA, Leslie SW, Cornell DL,WagnerM, Bertellotti R, Asensio
JA (2017) Trauma to the bladder and ureter: a review of diagnosis,
management, and prognosis. Eur J Trauma Emerg Surg 43(6):763–
773. https://doi.org/10.1007/s00068-017-0817-3

2. Mahat Y, Leong JY, Chung PH (2019) A contemporary review of
adult bladder trauma. J Inj Violence Res 11(2):101–106. https://doi.
org/10.5249/jivr.v11i2.1069

3. Esparaz AM, Pearl JA, Herts BR, LeBlanc J, Kapoor B (2015)
Iatrogenic urinary tract injuries: etiology, diagnosis, and manage-
ment. Semin Interv Radiol 32(2):195–208. https://doi.org/10.1055/
s-0035-1549378

4. Haroon SA, Rahimi H, Merritt A, Baghdanian A, Baghdanian A,
LeBedis CA (2019) Computed tomography (CT) in the evaluation
of bladder and ureteral trauma: indications, technique, and diagno-
sis. Abdom Radiol (NY). https://doi.org/10.1007/s00261-019-
02161-6

5. Bryk DJ, Zhao LC (2016) Guideline of guidelines: a review of
urological trauma guidelines. BJU Int 117(2):226–234. https://doi.
org/10.1111/bju.13040

6. Pereira BM, de Campos CC, Calderan TR, Reis LO, Fraga GP
(2013) Bladder injuries after external trauma: 20 years experience
report in a population-based cross-sectional view. World J Urol
31(4):913–917. https://doi.org/10.1007/s00345-012-0871-8

7. Dane B, Baxter AB, Bernstein MP (2017) Imaging genitourinary
trauma. Radiol Clin N Am 55(2):321–335. https://doi.org/10.1016/
j.rcl.2016.10.007

8. Guttmann I, Kerr HA (2013) Blunt bladder injury. Clin Sports Med
32(2):239–246. https://doi.org/10.1016/j.csm.2012.12.006

9. Matlock KA, Tyroch AH, Kronfol ZN, McLean SF, Pirela-Cruz
MA (2013) Blunt traumatic bladder rupture: a 10-year perspective.
Am Surg 79(6):589–593

10. Harrahill M (2004) Bladder trauma: a review. J Emerg Nurs: JEN :
official publication of the Emergency Department Nurses
Association 30(3):287–288. https://doi.org/10.1016/j.jen.2004.03.
009

11. Carroll PR, McAninch JW (1984) Major bladder trauma: mecha-
nisms of injury and a unified method of diagnosis and repair. J Urol
132(2):254–257

12. Cass AS (1989) Diagnostic studies in bladder rupture. Indications
and techniques. Urol Clin North Am 16(2):267–273

13. Gomez RG, Ceballos L, Coburn M, Corriere JN Jr, Dixon CM,
Lobel B, McAninch J (2004) Consensus statement on bladder in-
juries. BJU Int 94(1):27–32. https://doi.org/10.1111/j.1464-410X.
2004.04896.x

14. Hanno PM, Wein AJ, Malkowicz SB (2007) Penn clinical manual
of urology. Saunders/Elsevier, Philadelphia

15. Corriere JN Jr, Sandler CM (2006) Diagnosis and management of
bladder injuries. The Urologic clinics of North America 33(1):67–
71, vi. https://doi.org/10.1016/j.ucl.2005.10.003

16. Palmer JK, Benson GS, Corriere JN Jr (1983) Diagnosis and initial
management of urological injuries associated with 200 consecutive
pelvic fractures. J Urol 130(4):712–714

17. Corriere JN Jr, Sandler CM (1988) Mechanisms of injury, patterns
of extravasation and management of extraperitoneal bladder rupture
due to blunt trauma. J Urol 139(1):43–44

18. Armenakas NA, Pareek G, Fracchia JA (2004) Iatrogenic bladder
perforations: longterm followup of 65 patients. J Am Coll Surg
198(1):78–82. https://doi.org/10.1016/j.jamcollsurg.2003.08.022

19. SiowA, NikamYA,NgC, SuMC (2007) Urological complications
of laparoscopic hysterectomy: a four-year review at KK Women’s
and Children’s Hospital, Singapore. Singap Med J 48(3):217–221

20. Gilmour DT, Dwyer PL, Carey MP (1999) Lower urinary tract
injury during gynecologic surgery and its detection by intraopera-
tive cystoscopy. Obstet Gynecol 94(5 Pt 2):883–889. https://doi.
org/10.1016/s0029-7844(99)00456-1

21. Paspulati RM, Dalal TA (2010) Imaging of complications following
gynecologic surgery. Radiographics 30(3):625–642. https://doi.org/
10.1148/rg.303095129

22. Summerton DJ, Kitrey ND, Lumen N, Serafetinidis E, Djakovic N,
European Association of U (2012) EAU guidelines on iatrogenic
trauma. Eur Urol 62(4):628–639. https://doi.org/10.1016/j.eururo.
2012.05.058

23. Golan S, Baniel J, Lask D, Livne PM, Yossepowitch O (2011)
Transurethral resection of bladder tumour complicated by perfora-
tion requiring open surgical repair - clinical characteristics and on-
cological outcomes. BJU Int 107(7):1065–1068. https://doi.org/10.
1111/j.1464-410X.2010.09696.x

24. Ostrzenski A, Ostrzenska KM (1998) Bladder injury during lapa-
roscopic surgery. Obstet Gynecol Surv 53(3):175–180

25. Gross JS, Rotenberg S, Horrow MM (2014) Resident and fellow
education feature bladder injury: types, mechanisms, and diagnostic
imaging. Radiographics : a review publication of the Radiological
Society of North America, Inc 34(3):802–803. https://doi.org/10.
1148/rg.343140022

26. Morey AF, Iverson AJ, Swan A, HarmonWJ, Spore SS, Bhayani S,
Brandes SB (2001) Bladder rupture after blunt trauma: guidelines
for diagnostic imaging. J Trauma 51(4):683–686

27. Traxer O, Pasqui F, Gattegno B, Pearle MS (2004) Technique and
complications of transurethral surgery for bladder tumours. BJU Int
94(4):492–496. https://doi.org/10.1111/j.1464-410X.2004.04990.x

28. Corriere JN Jr, Sandler CM (1999) Bladder rupture from external
trauma: diagnosis and management. World J Urol 17(2):84–89

29. Horstman WG, McClennan BL, Heiken JP (1991) Comparison of
computed tomography and conventional cystography for detection
of traumatic bladder rupture. Urol Radiol 12(4):188–193

30. Sivit CJ, Cutting JP, Eichelberger MR (1995) CT diagnosis and
localization of rupture of the bladder in children with blunt abdom-
inal trauma: significance of contrast material extravasation in the
pelvis. AJR Am J Roentgenol 164(5):1243–1246. https://doi.org/
10.2214/ajr.164.5.7717239

31. Mee SL, McAninch JW, Federle MP (1987) Computerized tomog-
raphy in bladder rupture: diagnostic limitations. J Urol 137(2):207–
209

32. Haas CA, Brown SL, Spirnak JP (1999) Limitations of routine
spiral computerized tomography in the evaluation of bladder trau-
ma. J Urol 162(1):51–52. https://doi.org/10.1097/00005392-
199907000-00013

33. PengMY, Parisky YR, Cornwell EE 3rd, Radin R, Bragin S (1999)
CT cystography versus conventional cystography in evaluation of
bladder injury. AJR Am J Roentgenol 173(5):1269–1272. https://
doi.org/10.2214/ajr.173.5.10541103

34. Chan DP, Abujudeh HH, Cushing GL Jr, Novelline RA (2006) CT
cystography with multiplanar reformation for suspected bladder
rupture: experience in 234 cases. AJR Am J Roentgenol 187(5):
1296–1302. https://doi.org/10.2214/AJR.05.0971

35. Kane NM, Francis IR, Ellis JH (1989) The value of CT in the
detection of bladder and posterior urethral injuries. AJR Am J
Roentgenol 153(6):1243–1246. https://doi.org/10.2214/ajr.153.6.
1243

36. Hsieh CH, Chen RJ, Fang JF, Lin BC, HsuYP, Kao JL, Kao YC,Yu
PC, Kang SC (2002) Diagnosis and management of bladder injury
by trauma surgeons. Am J Surg 184(2):143–147

37. Gross JA, Lehnert BE, Linnau KF, Voelzke BB, Sandstrom CK
(2015) Imaging of urinary system trauma. Radiol Clin N Am
53(4):773–788, ix. https://doi.org/10.1016/j.rcl.2015.02.005

38. Morey AF, Brandes S, Dugi DD 3rd, Armstrong JH, Breyer BN,
Broghammer JA, Erickson BA, Holzbeierlein J, Hudak SJ, Pruitt

94 Emerg Radiol (2020) 27:87–95

https://doi.org/10.1007/s00068-017-0817-3
https://doi.org/10.5249/jivr.v11i2.1069
https://doi.org/10.5249/jivr.v11i2.1069
https://doi.org/10.1055/s-0035-1549378
https://doi.org/10.1055/s-0035-1549378
https://doi.org/10.1007/s00261-019-02161-6
https://doi.org/10.1007/s00261-019-02161-6
https://doi.org/10.1111/bju.13040
https://doi.org/10.1111/bju.13040
https://doi.org/10.1007/s00345-012-0871-8
https://doi.org/10.1016/j.rcl.2016.10.007
https://doi.org/10.1016/j.rcl.2016.10.007
https://doi.org/10.1016/j.csm.2012.12.006
https://doi.org/10.1016/j.jen.2004.03.009
https://doi.org/10.1016/j.jen.2004.03.009
https://doi.org/10.1111/j.1464-410X.2004.04896.x
https://doi.org/10.1111/j.1464-410X.2004.04896.x
https://doi.org/10.1016/j.ucl.2005.10.003
https://doi.org/10.1016/j.jamcollsurg.2003.08.022
https://doi.org/10.1016/s0029-7844(99)00456-1
https://doi.org/10.1016/s0029-7844(99)00456-1
https://doi.org/10.1148/rg.303095129
https://doi.org/10.1148/rg.303095129
https://doi.org/10.1016/j.eururo.2012.05.058
https://doi.org/10.1016/j.eururo.2012.05.058
https://doi.org/10.1111/j.1464-410X.2010.09696.x
https://doi.org/10.1111/j.1464-410X.2010.09696.x
https://doi.org/10.1148/rg.343140022
https://doi.org/10.1148/rg.343140022
https://doi.org/10.1111/j.1464-410X.2004.04990.x
https://doi.org/10.2214/ajr.164.5.7717239
https://doi.org/10.2214/ajr.164.5.7717239
https://doi.org/10.1097/00005392-199907000-00013
https://doi.org/10.1097/00005392-199907000-00013
https://doi.org/10.2214/ajr.173.5.10541103
https://doi.org/10.2214/ajr.173.5.10541103
https://doi.org/10.2214/AJR.05.0971
https://doi.org/10.2214/ajr.153.6.1243
https://doi.org/10.2214/ajr.153.6.1243
https://doi.org/10.1016/j.rcl.2015.02.005


JH, Reston JT, Santucci RA, Smith TG 3rd, Wessells H, American
Urological A (2014) Urotrauma: AUA guideline. J Urol 192(2):
327–335. https://doi.org/10.1016/j.juro.2014.05.004

39. Vaccaro JP, Brody JM (2000) CT cystography in the evaluation of
major bladder trauma. Radiographics 20(5):1373–1381. https://doi.
org/10.1148/radiographics.20.5.g00se111373

40. Quagliano PV, Delair SM, Malhotra AK (2006) Diagnosis of blunt
bladder injury: a prospective comparative study of computed to-
mography cystography and conventional retrograde cystography.
J Trauma 61(2):410–421; discussion 421-412. https://doi.org/10.
1097/01.ta.0000229940.36556.bf

41. Lis LE, Cohen AJ (1990) CT cystography in the evaluation of
bladder trauma. J Comput Assist Tomogr 14(3):386–389

42. Myers JB, Taylor MB, Brant WO, Lowrance W, Wallis MC,
Presson AP, Morris SE, Nirula R, Stevens MH (2013) Process
improvement in trauma: traumatic bladder injuries and compliance
with recommended imaging evaluation. J Trauma Acute Care Surg
74(1):264–269. https://doi.org/10.1097/TA.0b013e318270df2b

43. Tonolini M, Bianco R (2012) Multidetector CT cystography for
imaging colovesical fistulas and iatrogenic bladder leaks. Insights
Into Imaging 3(2):181–187. https://doi.org/10.1007/s13244-011-
0145-9

44. Deck AJ, Shaves S, Talner L, Porter JR (2000) Computerized to-
mography cystography for the diagnosis of traumatic bladder rup-
ture. J Urol 164(1):43–46

45. Alperin M, Mantia-Smaldone G, Sagan ER (2009) Conservative
management of postoperatively diagnosed cystotomy. Urology
73(5):1163 e1117–1163 e1169. https://doi.org/10.1016/j.urology.
2008.03.047

46. Morgan DE, Nallamala LK, Kenney PJ, Mayo MS, Rue LW 3rd
(2000) CT cystography: radiographic and clinical predictors of
bladder rupture. AJR Am J Roentgenol 174(1):89–95. https://doi.
org/10.2214/ajr.174.1.1740089

47. Gayer G, Zissin R, Apter S, Garniek A, Ramon J, Kots E, Hertz M
(2002) Urinomas caused by ureteral injuries: CT appearance.
Abdom Imaging 27(1):88–92

48. Novelline RA, Rhea JT, Bell T (1999) Helical CT of abdominal
trauma. Radiol Clin N Am 37(3):591–612 vi-vii

49. Power N, Ryan S, Hamilton P (2004) Computed tomographic
cystography in bladder trauma: pictorial essay. Can Assoc Radiol
J = Journal l’Association canadienne des radiologistes 55(5):304–
308

50. Rajiah P, Banerjee B (2008) Surgical radiology: clinical cases.
PasTest, Cheshire

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Emerg Radiol (2020) 27:87–95 95

https://doi.org/10.1016/j.juro.2014.05.004
https://doi.org/10.1148/radiographics.20.5.g00se111373
https://doi.org/10.1148/radiographics.20.5.g00se111373
https://doi.org/10.1097/01.ta.0000229940.36556.bf
https://doi.org/10.1097/01.ta.0000229940.36556.bf
https://doi.org/10.1097/TA.0b013e318270df2b
https://doi.org/10.1007/s13244-011-0145-9
https://doi.org/10.1007/s13244-011-0145-9
https://doi.org/10.1016/j.urology.2008.03.047
https://doi.org/10.1016/j.urology.2008.03.047
https://doi.org/10.2214/ajr.174.1.1740089
https://doi.org/10.2214/ajr.174.1.1740089

	Imaging of urinary bladder injury: the role of CT cystography
	Abstract
	Introduction
	Anatomy
	Mechanisms of injury
	Symptoms/clinical presentation
	Imaging techniques
	CT cystography protocol
	Advantages
	Classification
	Management
	Pitfalls

	Conclusion
	References


