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Following PRISMA guidelines, studies were selected based 
on relevance and then categorized.
Results 172 potentially relevant studies were identified. 
Given our focus on modern diagnosis and treatment, we 
then narrowed the studies in each category to those pub-
lished within the last 30  years, resulting in a total of 26 
studies largely consisting of Level IV retrospective case 
series. Our review found that bladder ruptures occur from 
penetrating, blunt, or iatrogenic mechanisms, and most are 
extraperitoneal (63%). Ureteral injuries are incurred from 
penetrating mechanisms in 77% of cases. The overall mor-
tality rates for bladder rupture and ureteral injury were 8 
and 7%, respectively.

Abstract 
Background Injuries to the ureter or bladder are rela-
tively rare. Therefore, a high level of clinical suspicion and 
knowledge of operative anatomy is of utmost importance 
for their management. Herein, a review of the literature 
related to the modern diagnosis, management, and progno-
sis for bladder and ureteral injuries is presented.
Methods A literature search was conducted through Pub-
Med. A thorough search of the world’s literature published 
in English was completed. Search terms included “injury, 
diagnosis, prognosis, and management for ureter and blad-
der”. All years, both genders, as well as penetrating, blunt, 
and iatrogenic mechanisms were evaluated for inclusion. 
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Limitations Limitations of this article are similar to all 
PRISMA-guided review articles: the dependence on previ-
ously published research and availability of references.
Conclusion The bladder is injured far more often than the 
ureter but ureteral injuries have higher injury severity. Both 
of these organs can be damaged by penetrating, blunt, or 
iatrogenic mechanisms and surgical intervention is often 
required for severe ureter or bladder injuries. Since symp-
toms of these injuries may not always be apparent, a high 
level of suspicion is required for appropriate diagnosis and 
treatment.

Keywords Bladder trauma diagnosis · Blunt bladder 
trauma · Penetrating bladder trauma · Ureter trauma 
diagnosis · Bladder trauma prognosis · Ureter trauma 
prognosis · Bladder trauma management · Ureter trauma 
management · Blunt ureter trauma · Penetrating ureter 
trauma

Background

Traumatic injury to the abdomen is one of the most 
common reasons for hospital admission in the USA [1, 
2]. Yet, less than 10% of all abdominal traumas involve 
injury to the genitourinary system [3]. Of genitourinary 
injuries, the bladder is most often injured, while ure-
teral injuries account for less than 1% [4]. Injuries to the 
bladder and ureter are graded by the American Associa-
tion for Surgery of Trauma Organ Injury Scale (AAST-
OIS) and may be managed according to the extent and 
type of injury (see Table 1) [5]. Furthermore, due to the 
anatomic relationship of the ureter and bladder, injury to 
both organs often occurs concomitantly, especially in the 

setting of multisystem trauma [6–8]. Given the severity 
of these genitourinary injuries, a high level of skill and 
knowledge of urologic anatomy is necessary to establish 
proper diagnosis and provide optimal treatment. This 
review of the literature evaluates modern diagnostic tech-
niques, approaches to management, and prognoses of 
injuries to the ureter and bladder.

Methods

In this study, the world’s literature was searched through 
PubMed following PRISMA guidelines. Search terms 
included “bladder trauma, diagnosis, prognosis, and man-
agement” as well as “ureter trauma, diagnosis, progno-
sis, and management”. A comprehensive and thorough 
approach was utilized following the PRISMA checklist and 
algorithm (see Fig.  1). Of the results generated from the 
search terms specified above, duplicates were removed and 
full-text articles published in English within the last thirty 
years were initially included. These resultant articles were 
then evaluated for content—articles, including literature 
reviews and case reports, containing information regarding 
human ureter and/or bladder injury cause, prognosis, diag-
nosis, and treatment were considered relevant and selected 
for categorization. From these resultant articles, only 
human studies reporting statistical Level I–IV evidence 
pertaining to the morbidity, mortality, treatment, diagnosis, 
and prognosis of ureter and/or bladder injury were chosen. 
Case reports and reviews of the literature were excluded. 
Using these specific selection criteria, the synthesized 
information resulted in a narrowed and selected reference 
list of 26 Level III and IV human studies.

Table 1  AAST OIS grades of injury to the bladder and ureter Adapted from Moore, et al. [5]

Grade Injury type Description of injury

Bladder Injury Scale
 I Hematoma Contusion, intramural hematoma

Laceration Partial thickness
 II Laceration Extraperitoneal bladder wall laceration <2 cm
 III Laceration Extraperitoneal (≥2 cm) or intraperitoneal (<2 cm) bladder wall laceration
 IV Laceration Intraperitoneal bladder wall laceration ≥2 cm
 V Laceration Intraperitoneal or extraperitoneal bladder wall laceration extending into 

the bladder neck or ureteral orifice (trigone)
Ureter Injury Scale
 I Hematoma Contusion or hematoma without devascularization
 II Laceration <50% transection
 III Laceration ≥50% transection
 IV Laceration Complete transection with <2 cm devascularization
 V Laceration Avulsion with >2 cm devascularization
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Results

The literature search yielded the following results for each 
term: “bladder trauma”—11,410 results, 54 relevant, 15 
selected; “bladder trauma and diagnosis”—6404 results, 
33 relevant, 0 selected; “bladder trauma and progno-
sis”—1517 results, 5 relevant, 0 selected; “bladder trauma 
and management”—2066 results, 8 relevant, 0 selected; 
“ureter trauma”—3042 results, 44 relevant, 10 selected; 
“ureter trauma and diagnosis”—1805 results, 15 rel-
evant, 1 selected; “ureter trauma and prognosis”—257 
results, 6 relevant, 0 selected; “ureter trauma and manage-
ment”—524 results, 7 relevant, 0 selected. After duplicates 
were removed, a total of 13,545 studies remained. Subse-
quently, 172 of these articles were appropriate after screen-
ing of the title, abstract, and body. Of these, 26 studies con-
tained Level III and IV data regarding mechanism or type 
of injury, management, and rates of mortality for human 
ureteral and/or bladder injuries (see Tables  2, 3). This 
tabulated list of references includes both retrospective and 
prospective Level III and IV studies with complete infor-
mation that correlates the type of urologic injury with the 
most common mechanism of trauma and associated mortal-
ity rate.

We found that the majority of bladder ruptures were 
extraperitoneal, which occurred in 63% of cases (range 

14–67%). Intraperitoneal bladder rupture occurred in 32% 
of cases (17–72%) and combined intra- and extraperitoneal 
bladder ruptures comprised the remaining cases (4.2% on 
average, range 0–20%). Mortality rates associated with 
bladder injury ranged from 0 to 34%, however, the average 
rate of mortality for all cases was 8% (see Table 2). Ure-
teral injuries occurred from penetrating mechanisms in 
77% of cases (range 62–100%). An overwhelming major-
ity of ureteral injuries required surgical management (96%) 
and the mortality rates for all ureteral injuries averaged 7% 
(range 0–25%).

Discussion

Trauma to the bladder

Two percent of all abdominal injuries that require surgical 
intervention involve the bladder [9]. Blunt trauma accounts 
for approximately 60–85% of these injuries while penetrat-
ing trauma accounts for 15–40% [6, 7]. Bladder injuries 
are graded by AAST organ injury scales (see Table 1) and 
defined as either contusion (grade I) or laceration, which 
may involve rupture (grades I–V) [3, 10]. Furthermore, 
rupture can be extraperitoneal (grade II, III, or V), intra-
peritoneal (grade III–V), or both depending on the nature 

Fig. 1  PRISMA diagram
Records identified through database 

searching
(n = 27,025)

Additional records identified 
through other sources

(n = 0)

Records after duplicates removed
(n = 13,545)

Records screened
(n = 13,545)

Full-text articles assessed 
for eligibility

(n =7,821)

Studies included in review
(n = 26)

Full-text articles excluded 
due to lack of level IV 

evidence regarding 
diagnosis, prognosis, or 

management of ureteral or 
bladder injury

(n = 7,795)

Records excluded: 
published in non-English 

language, published before 
1988 

(n = 5,724)
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and location of the injury [6]. Extraperitoneal bladder rup-
ture is strongly associated with pelvic fractures while intra-
peritoneal rupture usually results from a blunt force directly 
applied to a full bladder [6]. Upon review of the literature, 
extraperitoneal, intraperitoneal, and combined intra- and 
extraperitoneal bladder rupture occurred in 63, 32, and 4% 
of bladder injuries, respectively (see Table  2) [7, 11–20]. 
A distended bladder has a higher risk of rupture than an 
empty one because it projects into the abdominal cavity 
away from its protective location in the pelvis. More specif-
ically, the dome of the bladder is at highest risk of rupture 
owing to the weakened area around the urachal attachment 
[4, 6]. The bladder is also more vulnerable to injury in chil-
dren due to their underdeveloped pelvic bones [6].

Historically, the most common etiologies of blad-
der injury involved penetrating mechanisms which were 
responsible for 60–85% of cases [6]. Recent literature sug-
gests, however, that blunt mechanisms are now responsible 
for over 50% of bladder injuries [7]. Motor vehicle colli-
sions (MVCs) are the most common blunt mechanism 
(47.3%) while abdominal gunshot wounds (GSWs) are the 
most frequent penetrating mechanism (87.3%) involved 
in bladder trauma [7]. Trauma to the bladder also occurs 
in association with sports injuries to the abdomen, which 
accounts for up to 10% of all bladder cases [6]. Bladder 
perforations frequently occur in association with other inju-
ries, most commonly involving pelvic fractures (57.1%) 
and the bowel (23.3–89.2%). Isolated bladder injury is rare 
and typically occurs secondary to iatrogenic mechanisms 
[3, 21, 22]. Traumatic injury to the bladder may also occur 
from perineal impalement injuries—in fact, one study 
reported that 75% of females who suffered genital injury 
also presented with associated injuries to the bladder or 

other components of the renal system [23]. A recent study 
of male United States service members deployed to Iraq or 
Afghanistan reported that injury to the bladder may be sus-
tained during combat [24]. However, due to the increased 
utilization of personal protection equipment, injury to the 
external genitalia (urethra, penis, scrotum, testes) was more 
frequently encountered (73.2%) than injury to the bladder 
(9.5%) [24].

Diagnosis of trauma to the bladder

Physical penetration, bruising, and tenderness from blunt 
impact to the suprapubic region may signal injury to the 
bladder [4]. Bladder injury commonly presents with an 
associated pelvic fracture at a frequency of 57.1% in blunt 
and 3.6% in penetrating traumas [6]. Bladder rupture typi-
cally presents with gross hematuria, lower abdominal pain, 
and either increased frequency or difficulty with urination 
[6]. Conversely, if a patient has sustained a pelvic fracture 
and only exhibits microscopic hematuria, there is less than 
1% chance that the bladder has been injured according to 
the American Urological Association (AUA) Core Trauma 
Guidelines [25].

Imaging technology may be utilized to diagnose blad-
der injury; however, it is important to note that in cases of 
hemodynamic instability, imaging studies are not recom-
mended, as the patient should undergo surgical exploration 
expediently [10]. Hemodynamically stable patients can be 
studied with CT urography, cystography, or cystourethrog-
raphy [8, 10, 26]. According to the AUA, transurethral 
cystography is the mainstay for the diagnosis of bladder 
rupture in a trauma setting and must include three views 
(one with a scout, one with the bladder filled, and one 

Table 3  Trauma to the Ureter, 1988–present [18, 29, 36–46]

Year Author N Penetrating Blunt Conservative 
management

Operative management Total mortality

1988 Medina 20 19 (95%) 1 (5%) 0 (0%) 20 (100%) 5 (25%)
1991 Ozumba 48 48 (100%) 0 (0%) 1 (2.1%)
1992 Campbell 15 12 (80%) 3 (20%)
1996 Velmahos 41 41 (100%) 0 (0%) 3 (7.3%)
2001 Perez 118 118 (100%) 0 (0%) 3 (2.5%) 115 (97.5%)
2003 Elliot 36 32 (89%) 4 (11%) 2 (5.6%) 34 (94.4%)
2005 Best 57 55 (97%) 2 (3%) 6 (10.5%)
2006 Kunkle 40 37 (93%) 3 (7%) 0 (0%) 40 (100%)
2007 Fraga 20 20 (100%) 0 (0%) 0 (0%)
2010 Abid 20 20 (100%) 0 (0%) 2 (10%) 18 (90%)
2010 Siram 582 358 (62%) 224 (38%) 41 (7.0%)
2013 Cinman 10 10 (100%) 0 (0%) 1 (10%) 9 (90%)
2015 Zou 2 2 (100%) 0 (0%) 1 (50%) 1 (50%) 0 (0%)

Total 1009 772 (76.5%) 237 (23.5%) 9 (3.7%) 237 (96.3%) 56 (7.3%)
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taken post-drainage) [25]. To accurately diagnose a blad-
der injury, the Foley catheter must be clamped during these 
studies [10]. The bladder needs to be fully distended, opti-
mally to at least 350 ml, which is rarely achieved without 
retrograde filling. Bladder filling of less than 250 ml is con-
sidered inadequate and may result in a false negative study. 
A “drain-out” film is also recommended to complete the 
studies as up to 10% of all bladder injuries are identified 
only by these images. Both transurethral cystograms and 
CT cystograms are equally effective in diagnosing bladder 
injuries when properly performed. If the presence of blad-
der rupture is not evident on initial CT and existing asso-
ciated injuries are convincing enough to warrant further 
investigation for bladder or urethral involvement (especially 
when an anterior pelvic ring fracture is present), then the 
use of a retrograde urethrogram is indicated [10, 27].

Management of trauma to the bladder

The extent and type of bladder injury are factors that must 
be taken into account when selecting treatment options. 
AAST-OIS grade I injuries (hematoma or partial thick-
ness laceration) from blunt trauma generally do not require 
operative treatment (see Table  1) [8]. In contrast, grade 
II–V injuries may require immediate intervention as mor-
tality rates of bladder rupture range from 10 to 22% [7]. 
Bladder rupture has been successfully managed with 
conservative measures (catheter drainage and/or obser-
vation) 38% of the time, while surgical management was 
required in 55% of cases (Table  2) [7, 11–14, 17–20, 28, 
29]. Non-operative management of simple extraperitoneal 
bladder rupture with catheter drainage has been the stand-
ard of care for decades and is equally effective as opera-
tive repair in most patients. In patients undergoing surgical 
intervention for other injuries, cystorrhaphy decreases the 
risk for low- and high-grade urologic complications (70 vs. 
42 and 30 vs. 4%, respectively), time in the intensive care 
unit (9.0 vs. 4.0  days), and overall hospital stay (18.9 vs. 
10.6 days) [19]. If extraperitoneal urinary leaks are persis-
tent, embolotherapy may be utilized to intentionally block 
the site of bladder rupture with a copolymer [27]. The AUA 
Core Trauma Guidelines also lists several absolute indica-
tions for surgical management of extraperitoneal bladder 
injuries, which include persistent hematuria, associated 
pelvic organ injury, the presence of bladder foreign bodies 
or projecting bone, ongoing urinary leak, and penetrating 
trauma [25]. Furthermore, the safest approach to repair an 
extraperitoneal bladder injury in a patient with concomitant 
pelvic fracture is through the bladder lumen via the crea-
tion of an anterior cystostomy, which allows for full visu-
alization of the bladder lumen, thus, lessening the chance 
for massive bleeding.

Intraperitoneal rupture of the bladder is usually con-
sidered an absolute indication for surgical intervention; 
however, exploration of the deep pelvic retroperitoneum 
is not advised immediately following severe trauma, as the 
patient may exsanguinate from the pelvic venous plexus 
[20]. Additionally, if the intraperitoneal bladder injury in 
sustained in the context of a pelvic fracture, the intraperito-
neal injury should be opened wide enough to confirm that 
other additional extraperitoneal injuries have not occurred 
[25]. Recently, hemodynamically stable patients with intra-
peritoneal bladder rupture have been successfully treated 
using a minimally invasive laparoscopic approach [30, 31]. 
Immediately following bladder repair, either methylene 
blue or indigo carmine can be insufflated through the Foley 
into the bladder to identify any significant leaks. Then a 
closed-suction drain is usually placed in the prevesical 
space of Retzius to drain any developing urinary leaks and 
prevent future urinoma formation. Cystograms should be 
obtained 7–14 days after primary bladder repairs to dem-
onstrate any residual leaks; if none are found, the catheter 
can be removed. Optimally, the closed-suction drain is left 
in place until after the Foley catheter has been removed and 
the patient is voiding normally, in case of a delayed leak 
[32].

Since bladder injuries are, at times, associated with ure-
thral injuries, approaches to management must address both 
injuries. For the extremely rare female urethral disruptions, 
treatment depends on the location of the injury; proximal 
and mid-urethral injuries require primary repair via respec-
tive retropubic and transvaginal approaches [32]. Given the 
close proximity of the bladder and uterus, these organs are 
often injured concomitantly. Pregnant patients may require 
suprapubic cystostomy if indwelling catheter drainage is 
insufficient [33]. Treatment of male anterior urethral inju-
ries is dictated by mechanism of injury. Blunt injuries can 
be treated by early endoscopic realignment; however, this 
is not always easily achieved and may harm the urethra 
when multiple attempts are required. Otherwise, such an 
injury may be treated by suprapubic urinary diversion with 
a delayed urethroplasty at about three months post-injury. 
Penetrating urethral injuries may be managed by primary 
closure, anastomotic repair, or staged urethral marsupiali-
zation based on the severity of injury [32]. Overall, proper 
treatment of such injuries is necessary to minimize the risk 
for long-term urinary issues and sexual dysfunction [32].

Prognosis of trauma to the bladder

Mortality rates for bladder injury range from 0 to 34% 
with an average rate of 8% (see Table  2) [11–17, 19, 20, 
28]. Factors that affect the prognosis of bladder injuries are 
related to patient status upon presentation to the hospital. 
Variables associated with increased mortality include the 
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presence of a pelvic fracture, systolic blood pressure less 
than 90  mmHg, Injury Severity Score (ISS) less than 25, 
and Revised Trauma Score (RTS) less than 7.84 (RTS is 
calculated using respiratory rate, Glasgow Coma Scale 
(GCS) score, and systolic blood pressure) [7]. Conversely, 
hemodynamically stable patients with a higher GCS and a 
normal respiratory rate have lower morbidity and mortality 
rates [7]. Females are less likely to sustain bladder injury 
than males, but are at higher risk for having an undiagnosed 
bladder injury [34]. An overlooked, untreated bladder 
injury may allow leakage of urine into the abdomen result-
ing in infection and increased rates of morbidity and mor-
tality [19]. As mentioned above, extraperitoneal bladder 
rupture can be managed non-operatively which may lead 
to fewer associated complications than regimens involving 
a surgical approach [35]. Currently, a correlation between 
AAST-OIS bladder injury grade and mortality has not been 
described [7].

Trauma to the ureter

Similar to bladder trauma, ureteral injuries are graded by 
the AAST-OIS (see Table 3) [3]. Grade I injuries are contu-
sions or hematomas without devascularization while grades 
II–V involve varying degrees of laceration from less than 
50% transection to complete avulsion with devasculariza-
tion. Ureteral injuries may also be further divided into 
three categories based on mechanism of injury: penetrat-
ing, blunt, and iatrogenic. For purpose of this review and 
according to standard PRISMA-based approaches, iatro-
genic injury was categorized under penetrating due to the 
nature of these injuries. Penetrating ureteral injuries are 
more prevalent in the literature, occurring 77% of the time 
(most commonly due to gunshot and stab wounds). Con-
versely, blunt ureteral injuries occur less frequently and 
have been recorded in 23.5% of cases (see Table 3) [18, 29, 
36–46]. Penetrating ureteral injuries are more common in 
young males, often located at the distal third of the ureter, 
and have an overall mortality rate of 6% [3, 47, 48]. Data 
regarding blunt ureteral trauma is lacking, given the rarity 
of such events.

Iatrogenic injury is the prevailing etiology reported for 
ureteral injuries, which is most commonly encountered in 
the setting of gynecological surgery [10, 33]. As laparo-
scopic surgical techniques are utilized to a greater extent, 
it is expected that the ureter will continually be at risk [27, 
49, 50]. A 20-year retrospective study evaluating ureteral 
injury sustained during laparoscopic hysterectomy iden-
tified 41 ureteral injuries in 37 patients (4 with bilateral 
injury). The mean time to diagnosis was 29 days, which is 
concerning since time to diagnosis is an important prog-
nostic factor for such injuries [33]. Additionally, ureteral 

injury is a known complication of pelvic surgery in both 
males and females, occurring 0.5–1.0% of the time [50].

Diagnosis of trauma to the ureter

Ureteral injury occurs in less than 1% of all urologic trauma 
[3, 22]. This low incidence is due to the protected location 
of the ureters by the bony pelvis, psoas muscles, and ver-
tebral bodies [3]. However, there is a significant morbidity 
rate associated with ureteral injury in the context of multi-
system trauma due to the likelihood of severe concomitant 
injuries. During a 10-year study, 20 ureteral injuries were 
associated with coexisting injuries involving the bowel 
(17), vascular structures (8), and other urologic trauma (4) 
[47]. Furthermore, there are no pathognomonic or classic 
signs and symptoms of ureteral injury, thus a high index of 
suspicion in the setting of penetrating abdominal trauma is 
necessary for prompt and appropriate intervention. When 
symptoms are identified, they often include hematuria, 
flank pain, ecchymosis, and hypotension, although hematu-
ria itself may not always be present (documented in 44.4% 
of cases) [22].

A single imaging technique best suited to diagnose acute 
ureteral injury has not been identified. The AUA recom-
mends intravenous contrast-enhanced abdominal/pelvic 
CT with 10-min delayed images (CT urogram) for accurate 
evaluation of the ureter [51]. Ureteral injury is suggested 
on CT by the presence of contrast extravasation, delayed 
pyelogram, hydronephrosis, and lack of contrast in the ure-
ter distal to the site of suspected injury [3, 4, 52]. Focused 
assessment of sonography in trauma (FAST) is commonly 
used during initial evaluation, but is unable to properly 
diagnose ureteral injuries due to the anatomic location of 
the ureters and their relatively small size [22]. A single shot 
intravenous pyelogram (IVP) may intraoperatively provide 
anatomic and functional information regarding a ureteral 
injury. IVP, however, is an unreliable method for exclusion 
of ureteral injury and should only be utilized once hemody-
namic stability has been achieved. For further anatomical 
delineation, a retrograde pyelogram can be considered and 
should be utilized when a delayed diagnosis of iatrogenic 
ureteral injury is suspected (due to the presence of uri-
noma, urinary fistula, and/or abscess formation) as it allows 
for simultaneous stent placement [3]. In hemodynamically 
unstable patients, ureteral injuries should be diagnosed 
through exploratory laparotomy, either by direct inspection 
or by visualizing extravasation of excreted intravenous dye, 
such as methylene blue or indigo carmine [3, 22].

Management of trauma to the ureter

Treatment of ureteral injuries depends on hemodynamic 
stability, site of injury, presence of associated injuries, and 
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extent of devitalized ureter. In this review of the literature, 
ureteral injuries were managed conservatively 3.7% of the 
time while the remainder of cases (96.7%) required surgi-
cal intervention (Table  3) [18, 29, 36, 40, 41, 43, 45]. If 
the situation allows, working closely with a urologist to 
address ureteral damage may provide additional benefit to 
the patient, particularly with regards to long-term follow-
up and overall continuity of care. The primary goal for the 
management of a ureteral injury is to maintain renal drain-
age. When injuries are identified early, surgical repair over 
a Double-J stent using fine absorbable suture, such as chro-
mic or vicryl, may be successful, but a closed-suction drain 
should be placed in the retroperitoneal space to control any 
leakage (see Tables 4, 5, 6, 7).   

When the patient is hemodynamically unstable and dam-
age control is required, surgical repair of the ureteral injury 
may be delayed for 48–72 h to allow for the correction of 
hypotension, coagulopathy, and trauma-induced hypother-
mia. In this instance, a percutaneous nephrostomy tube or 
an externalized Foley catheter should be used to tempo-
rarily divert urine away from the site of injury until future 

repair of the ureter may safely take place [3]. In contrast, 
if the patient is hemodynamically stable, imaging studies 
should be obtained [22]. Retrograde pyelography may be 
utilized to reveal an underlying injury for which urinoma 
drainage and urinary diversion by stent or percutaneous 
nephrostomy are recommended [22]. In this setting, ure-
teral stents may facilitate healing but their usage remains 
controversial, as they have been associated with complica-
tions such as stricture formation, inflammatory reaction, 
and discomfort [3]. Therefore, clinical judgment should be 
exercised when selecting the appropriate course of treat-
ment [3, 22]. Finally, if the above measures fail and issues 
persist, surgical exploration is indicated [22].

Blood supply to the ureters follows a segmental fashion 
from branches of the renal artery, aorta, and internal iliac 
artery. This pattern of distribution is important to consider 
when mobilizing and repairing the ureter to prevent ure-
teral devascularization [22]. The AUA suggests that when 
ureteral contusion or ischemia occurs as a result of injury 
induced by high-velocity projectiles, the injured portion of 
the ureter should immediately be resected or stented then 

Table 4  Levels of evidence. Adapted from Chung et al. [61]

Level of evidence Description

I High-quality randomized controlled trials
II Lesser-quality randomized controlled trials
III Retrospective comparative study; case con-

trol study; systematic review
IV Case series
V Expert Opinion or case report

Table 5  Bladder trauma and levels of evidence

Year Author N Data collection Level of 
evidence

2012 Deibert 816 Retrospective III
1988 Flancbaum 29 Retrospective IV
1990 Tan 36 Retrospective IV
1999 Madiba 120 Retrospective IV
2002 Hsieh 51 Retrospective IV
2003 Parry 51 Retrospective IV
2009 Petros 64 Retrospective IV
2010 Salako 23 Retrospective IV
2013 Cinman 42 Prospective IV
2013 Matlock 54 Retrospective IV
2013 Pereira 111 Prospective IV
2015 Bakal 10 Retrospective IV
2015 Zou 6 Retrospective IV
2016 Johnsen 161 Retrospective IV
2016 Osterberg 7 Prospective IV

Table 6  Bladder trauma—synopsis of studies

Level of evidence N (# of studies) Data collection (N)

Level I 0 (0)
Level II 0 (0)
Level III 816 (1) 1 Retrospective (816)
Level IV 756 (14) 11 Retrospective (596)

3 Prospective (160)
Level V 0 (0)
Total 1581 (15)

Table 7  Ureteral trauma—levels of evidence

Year Author N Data collection Level of 
evidence

1988 Medina 20 Retrospective IV
1991 Ozumba 48 Retrospective IV
1992 Campbell 15 Retrospective IV
1996 Velhamos 41 Retrospective IV
2001 Perez 118 Retrospective IV
2003 Elliot 36 Retrospective IV
2005 Best 57 Retrospective IV
2006 Kunkle 40 Retrospective IV
2007 Fraga 20 Retrospective IV
2010 Abid 20 Retrospective IV
2010 Siram 582 Retrospective IV
2013 Cinman 10 Prospective IV
2015 Zou 2 Retrospective IV

Total 1009
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followed with close observation [51]. Simple lacerations 
should be repaired perpendicular to the ureteral axis to pre-
vent stricture formation; however, formal reconstruction 
is required for large ureteral injuries [22]. Basic surgical 
reconstruction of large ureteral injuries includes a tension-
free, water-tight anastomosis, debridement of devitalized 
tissues, spatulation of each end, isolation of the ureteral 
repair from associated injuries, and adequate retroperito-
neal drainage via a closed-suction drain [3, 22]. Fibrin seal-
ant, commonly used in urology, has been proven safe for 
use in the trauma setting and may reinforce ureteral anasto-
mosis, although objective rates of efficacy are not reported 
in the literature [22]. Appendiceal-ureter, ileal-ureter con-
duits, or renal autotransplant may be considered for more 
extensive injuries or in cases of complete ureter loss [22]. 
Such reconstruction techniques are not ideal in the setting 
of acute multisystem trauma and should be utilized once 
the patient is stable.

Ureteral reconstruction depends on the location and 
length of injury. In rare cases, the patient may develop 
vesicoureteral reflux (VUR) following ureteral injury [53, 
54]. VUR has been successfully treated with periureteral 
injection of proper medication, such as polyacrylate poly-
alcohol copolymers [54]. When severe injury to the upper 
ureters prevents proper ureteral function, nephrectomy may 
be considered. Laparoscopic nephrectomy with autotrans-
plantation is an option in such cases where ureter trauma 
alters kidney viability, although this would be an unusual 
approach in the setting of acute multisystem trauma [55].

Iatrogenic ureteral injuries often go unrecognized 
until complications such as urinoma and fistula forma-
tion develop. In these cases, the AUA recommends use of 
a nephrostomy tube and/or stent to divert urine away until 
reconstruction may take place two to three months later 
[51]. However, if these injuries are identified within the 
first post-operative week, immediate repair may be con-
sidered. Specifically, endoscopic iatrogenic injuries may 
recover with the use of stenting alone [51].

Prognosis of trauma to the ureter

After careful review of published studies, mortality rates 
for ureteral injury range from 0 to 25% with an average of 
7% (see Table 3) [18, 36, 37, 39, 42, 44, 46]. Ureteral inju-
ries themselves are not usually life-threatening, but they 
often occur in the setting of severe multisystem trauma 
and, therefore, are associated with higher rates of mortality. 
The AAST grading of ureteral injuries may assist in deter-
mining outcome. In a series of 57 patients with ureteral 
injuries, Best reported injuries by AAST-OIS: grade I (5), 
grade II (8), grade III (13), grade IV (18), and grade V (13) 
with mortality rates of 0, 0, 15, 18, and 8%, respectively 
[42]. In Best’s opinion, mortality resulted from associated 

injuries and was not directly related to the ureteral injury 
itself. However, there was a positive correlation between 
complexity of ureteral repair and injury grade.

Many ureteral injuries are left undiagnosed and only 
identified after complications such as urine leaks, uri-
noma formation, sepsis, periureteral abscess, ureteral fis-
tula, and stricture development occur [56]. Renal failure 
may also result if ureteral injury is not managed appropri-
ately [22]. Higher rates of morbidity and mortality have 
been correlated with delays in diagnosis; thus, proper and 
early diagnosis is necessary [22]. With appropriate stent-
ing and placement of a nephrostomy tube, many compli-
cations can be prevented. Delayed complications, such as 
fistulas and strictures, may necessitate surgical repair [22]. 
In severe cases, a nephrectomy or even an auto-transplant 
may be required. As a general rule, kidneys with less than 
20% function may not be worth extensive salvage surgery 
and are often best treated with a nephrectomy, especially if 
symptomatic.

Limitations

Limitations of this article are similar to all PRISMA-
guided review articles: the dependence on previously pub-
lished research and availability of references. In addition, 
there is a paucity of Level I and Level II evidence regarding 
this specific traumatic injury.

Conclusion

Bladder and ureteral injuries are rare and proper knowl-
edge of diagnosis and treatment are essential for favorable 
prognoses. Bladder injuries may be caused by penetrating, 
blunt, or iatrogenic trauma, with GSW and MVC contribut-
ing to the majority of blunt and penetrating injuries, respec-
tively. Upon hospital admission, prognostic factors for 
bladder injury include systolic blood pressure, respiratory 
rate, GCS, ISS, and the presence of pelvic fracture. AAST-
OIS bladder injury grade has not been found to correlate 
with rates of mortality, but may be used to aid management 
decisions [7]. Management of minor bladder trauma with 
external drainage tends to be effective. Severe rupture may 
require further surgical intervention.

Ureteral injuries also occur by penetrating and blunt 
mechanisms, but iatrogenic mechanisms predominate. 
The main prognostic factor for ureter injury is time to 
diagnosis as renal failure may result when appropriate 
care is delayed. Unlike minor bladder injury, management 
of ureteral injury usually requires surgical reconstruc-
tion [22]. Outcomes following trauma to the bladder and 



772 B. Phillips et al.

1 3

ureter improve when a high level of clinical suspicion is 
maintained and individualized approaches for each injury 
type are utilized.

This collective review of the literature is relevant and 
important given the potential harm of these injuries—both 
short and long-term. Most recently, an epidemiologic study 
of genitourinary injuries resulting from traffic accidents 
revealed that the bladder and ureter were involved in 10 and 
1% of all MVCs, respectively [57]. Though genitourinary 
injuries most commonly involve the kidney, healthcare pro-
viders must be prepared to promptly recognize and initiate 
the appropriate treatment for ureteral and bladder inju-
ries, as outcomes have been directly correlated with time 
to intervention. A recent study specific to iatrogenic post-
hysterectomy ureteral injury further supports this claim, 
as patients who presented early (within the two week post-
operative period) had higher success rates with endouro-
logical procedures, avoiding the need for open repair [58]. 
Though delayed diagnosis of ureteral injury should be 
avoided at all cost, prompt diagnosis is not always possi-
ble due to the nature of such injuries. It has recently been 
reported that retrograde stenting is an effective initial treat-
ment in these cases where diagnosis of iatrogenic ureteral 
injury has been delayed [59]. Though genitourinary injury 
is relatively uncommon, the morbidity and mortality asso-
ciated with such injuries is quite significant. The prognoses 
of ureteral and bladder injuries have been directly corre-
lated with time to diagnosis thus current knowledge regard-
ing appropriate treatment and intervention is a must in any 
healthcare setting.
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