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PRACTICE MANAGEMENT GUIDELINES FOR THE EVALUATION OF 
GENITOURINARY TRAUMA 
 
I. STATEMENT OF THE PROBLEM 
 

Injury to the genitourinary tract is a common occurrence after both blunt and penetrating 
trauma.  Delayed recognition of these injuries may have the unique complication of 
urinary extravasation. To avoid the subsequent morbidity, a high index of suspicion must 
be maintained, and the appropriate radiographic evaluation performed.  The indications, 
timing, and method of diagnostic imaging performed in patients with suspected urinary 
tract injury have been controversial.  Additionally, improved imaging techniques have led 
to re-evaluation of methods of diagnosing potential urinary tract injury. 

 
We initiated our review by converting the need for information about diagnosis of urinary 
tract trauma into several answerable questions: 

 
1) What are the indications for preoperative imaging of the kidneys in blunt 

trauma? In penetrating trauma? 
2) What renal imaging study should be used for blunt trauma? Penetrating 

trauma? 
3) What are the indications for imaging of the bladder in blunt trauma? In 

penetrating trauma? 
4) What imaging study should be used to visualize the bladder? 
5) What are the indications for imaging of the urethra after blunt trauma? After 

penetrating trauma? 
6) What are the indications for imaging of the renal vessels in blunt trauma? In 

penetrating trauma? 
7) What imaging study should be used to visualize the renal vessels? 

 
II.  PROCESS 
 

A. IDENTIFICATION OF REFERENCES 
 

A computerized search was undertaken using Medline with citations published 
between the years of 1966 and 2001.  Using the search words “genitourinary”, 
“renal”, “kidney”, “urethra”, “renovascular”, “trauma”, “wounds”, and “injury”, 
and by limiting the search to citations dealing with human subjects and published 
in the English language, we identified over 3,200 articles.  From this initial 
search, case reports, review articles, editorials, letters to the editor, pediatric 
series, and meta-analyses were excluded prior to formal review.  Additional 
references, selected by the individual subcommittee members, were then included 
to compile the master reference list of 123 citations. 

 
Articles were distributed among the subcommittee members for formal review. A 
data sheet was completed for each article reviewed which summarized the 
purpose of the study, hypothesis, methods, main results, and conclusions.  The 
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reviewers classified each reference by the methodology established by the Agency 
for Health Care Policy and Research (AHCPR) of the U.S. Department of Health 
and Human Services. 

   
B. QUALITY OF THE REFERENCES 

 
Class I:  Prospective randomized controlled trials,  (0 references) 
Class II: Clinical studies in which the data was collected prospectively, and retrospective 

analyses which were based on clearly reliable data.  Types of studies so 
classified include: observational studies, cohort studies, prevalence studies, and 
case control studies. (23 references) 

Class III: Studies based on retrospectively collected data.  Evidence used in this class 
includes clinical series and database or registry review. (100 references) 

 
An evidentiary table was constructed using the remaining 136 references.  
Recommendations were based on studies included in the evidentiary tables. 

 
III.          RECOMMENDATIONS 
 
A.         RENAL TRAUMA 
 

1.  Level I 
 

There is insufficient Class I and Class II data to support any standards regarding 
evaluation of renal trauma. 

   
2.  Level II 

 
1) Patients who require urologic imaging after blunt trauma include those with gross 

hematuria and those with microscopic hematuria in the face of hemodynamic 
instability.  Microscopic hematuria can be reliably detected using urine dipstick, 
although different brands of dipstick may have different levels of sensitivity and 
specificity. 

2) CT has a higher sensitivity and specificity in the evaluation of blunt renal trauma 
as compared to IVP and is the diagnostic modality of choice in imaging patients 
with suspected blunt renal trauma. 

3) MRI equals CT in correctly grading blunt renal injuries and detecting the presence 
and size of perirenal hematomas.  MRI differentiates intrarenal hematoma from 
perirenal hematoma more accurately and is able to determine recent bleeding in 
the hematoma by regional differences in signal intensity.  Although MRI can 
replace CT in patients with iodine allergy and may be helpful in patients with 
equivocal findings on CT, it should be reserved for selected patients, due to 
increased cost and increased imaging time. 
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3. Level III  
 

1) There is a correlation between degree of hematuria in blunt trauma and likelihood 
of significant intra-abdominal injury not related to the genitourinary system. 

2) Negative ultrasound does not exclude renal injury. 
3) There is no correlation between presence and amount of hematuria and extent of 

renal injury after penetrating trauma. 
4) Limited one-shot IVP is of no significant value in assessing penetrating 

abdominal trauma patients prior to laparotomy, other than to determine the 
presence of a second kidney prior to nephrectomy. 

5) CT should be the primary diagnostic study in penetrating trauma at risk for renal 
trauma.  Renal hematoma area: total body area may be helpful in determining the 
grade of renal injury. 

6) In penetrating renal trauma, after IVP or CT, renal angiogram is the second study 
of choice because it reliably stages significant injuries and offers the possibility of 
embolization.  

 
B.  URETERAL TRAUMA 

 
1. Level I 

 
There is insufficient Class I and Class II data to support any standards regarding 
evaluation of ureteral trauma. 

 
 2. Level II 
 

There is insufficient Class II data to support any recommendations regarding 
evaluation of ureteral trauma. 

 
 3. Level III 
 

1) Urinalysis, IVP, and operative exploration may miss ureteral injuries, 
requiring a high index of suspicion during celiotomy. 

2) Delaying spiral CT for 5-8 minutes after contrast infusion may increase the 
sensitivity in detecting ureteral disruption from blunt trauma. 

 
C. BLADDER TRAUMA 
 

1. Level I 
 

There is insufficient Class I and Class II data to support any standards regarding 
evaluation of bladder trauma. 
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2.        Level II 
 

a. Routine Ct of the abdomen alone (without cystography) is inadequate to 
detect bladder rupture, even when the foley is clamped and bladder distended. 

b. CT cystography is as accurate as conventional cystography in the detecting 
bladder rupture and may be used interchangeably with conventional 
cystography. 

c. Gross hematuria, pelvic fluid, pelvic fractures (other than acetabular fractures) 
on CT should prompt conventional cystography or CT cystography.  Drainage 
films and adequate distension of the bladder with contrast medium increases 
the sensitivity of cystography in the detection of bladder injuries. 

 
2.         Level III   

  
There are no Level III recommendations for the evaluation of bladder trauma. 

 
D.  URETHRAL TRAUMA 
 

1. Level I 
 

There is insufficient Class I and Class II data to support any standards regarding 
evaluation of urethral trauma. 

 
2. Level II 

 
Urethral injury should be suspected when a pubic arch fracture exists and an 
urethrogram performed.  The risk of urethral injury is increased when there is 
involvement of both the anterior and posterior pelvic arch. 

 
3.         Level III 

 
a. Although blood at the urethral meatus, gross hematuria, and displacement of 

the prostate are signs of disruption and should prompt urologic work-up, their 
absence does not exclude urethral injury.  Successful passage of a foley does 
not exclude a small urethral perforation. 

b. Although the female urethra is relatively resistant to injury, it should be 
suspected in patients with either vaginal bleeding or external genitalia injury 
or with severe pelvic fractures and incontinence problems. 

 
E.  RENOVASCULAR TRAUMA 
 

1. Level I 
 

There is insufficient Class I and Class II data to support any standards regarding 
evaluation of renovascular trauma. 
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2. Level II 
 

There is insufficient Class II data to support any recommendations regarding of 
renovascular trauma. 

 
3. Level III 

 
There is insufficient Class III data to support any recommendations regarding 
evaluation of renovascular trauma. 

 
IV. SCIENTIFIC FOUNDATIONS 
 

A. RENAL TRAUMA 
 

The kidney is the most frequently injured urologic organ, with 70% to 80% being a 
consequence of blunt trauma.  Although few urologic injuries are immediately life 
threatening, they do account for some of the more frequent complications of trauma.  
Renal injuries are diagnosed by combining clinical, laboratory, and radiographic 
modalities.  Hematuria, defined as greater than five red blood cells per high-power field, 
is the single best primary indicator of renal injury and is present in 90% of renal injuries.  
Microscopic hematuria can be reliably detected using urine dipstick, although different 
brands of dipstick may have different levels of sensitivity and specificity 44, 48. 

 
In the adult, patients with clinically significant renal injuries usually demonstrate either 
gross hematuria or microscopic hematuria with hemodynamic instability 20, 33, 36, 37, 
38, 52 although the absence of hematuria does not exclude a vascular injury 110 . . . 
Hardeman et al prospectively studied 406 consecutive patients with suspected blunt renal 
trauma and found of the 365 patients with microscopic hematuria without hemodynamic 
ins7ability, only one patient had a renal injury sufficiently severe to warrant further study 
51.  Furthermore, 21 of 25 patients with documented renal injury in demonstrated gross 
hematuria.  In a prospective study of 996 patients with suspected renal trauma, the 4.4% 
who sustained significant blunt renal injury had either gross hematuria (>50 red blood 
cels per high-power field) or microscopic hematuria accompanied by hemodynamic 
instability 91.  Thus, the patients who require urologic imaging after blunt trauma include 
those with gross hematuria and those with microscopic hematuria in the face of 
hemodynamic instability. 

 
Penetrating flank wounds have generally been explored in the past to determine the 
extent of injury, but more recently, the extension of nonoperative therapy has been 
extended to these injuries, as well.  Although clinical examination can determine the need 
for exploration in up to 90% of patients, the remainder may have clinically significant but 
occult injuries.  Unfortunately, there is no correlation between presence and amount of 
hematuria and extent of renal injury after penetrating trauma 30, 48, 24.  In a 
retrospective review of 244 consecutive patients with renal proximity stab wounds, 
significant renal injury was found in 5 of 184 without hematuria, 24 of 46 with 
microscopic hematuria and all 14 patients with gross hematuria 30.  Similarly, Federele et 
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al found that 13 of 41 patients explored for penetrating flank and back trauma had renal 
pedicle injuries in the absence of hematuria.  In a retrospective series of 101 patients with 
penetrating renal injuries, Wilson et al found that 12% lacked hematuria, and 45% of 
those with renal pedicle injuries had a normal urinalysis 52. 

 
Traditionally, a one-shot IVP has been performed in patients with penetrating trauma 
prior to laparotomy.  IVP is unreliable with a high false-negative rate for patients with 
penetrating trauma.  Urinary extravasion and nonfunction, generally considered to be 
relatively reliable indications of renal injury, are seen in less than 50% of patients with 
major or vascular injuries 115, 160.  In a retrospective review of 40 patients with 
penetrating renal trauma, Patel et al found the IVP to have false-negative rate of 75% 76.  
Thus, limited one-shot IVP is of no significant value in assessing penetrating abdominal 
prior trauma patients to laparotomy 28, 56, 66, 73, 92.  Whether IVP should be performed 
to confirm the presence of a contralateral functioning kidney has not been addressed.  
Delaying definitive therapy to obtain a preoperative IVP in an unstable pt is not 
warranted 28. 

 
A number of imaging modes are available, including intravenous pyelography (IVP), 
computerized tomography (CT), ultrasonography (USG), and magnetic resonance 
imaging (MRI).  The choice of modality depends on both the sensitivity and specificity of 
the technique, as well as it’s availability.  Although IVP is the oldest and most widely 
available technique, CT appears to be more sensitive and specific in the diagnosis of 
renal trauma 36, 49, 54.  In a prospective study of 60 patients with blunt renal trauma, 
Halsell found five injuries detected on CT in patients with negative IVPs, all of which 
were managed nonoperatively 49.  In a prospective series of 22 patients, Cass et al 
compared IVP and CT findings.  IVP was indeterminate in 82%, whereas CT provided 
determinate diagnoses in all the cases of severe renal injury 54. 

 
CT provides precise anatomic and functional renal information, while also 
simultaneously detecting other coexisting intra-and extraperitoneal injuries.  In a 15 year 
review of 55 patients with blunt renal trauma, Ichigi et al found the renal hematoma area 
to total body area ratio to be helpful in grading renal injuries, facilitating selection for 
intervention 27.  Therefore, if CT is available, it should be the initial diagnostic modality 
of choice for the stable patient in the evaluation of suspected renal injury 48. 

 
Despite the popularity of USG for the rapid diagnosis of intra-abdominal injury, it has not 
been found to be accurate in the evaluation of renal injury.  In a prospective study of 32 
patients with known renal injuries, 78% of those with isolated renal injuries had negative 
renal sonograms7.  McGahan et al, whose retrospective series of 20 patients with isolated 
renal trauma demonstrated renal parenchymal abnormalities in 22% and free fluid in only 
35%, supported these findings 26.  Although sonography may be used in triage of 
patients with abdominal trauma and possible renal injury, a negative USG does not 
exclude renal injury and is not the definitive modality of choice. 

 
Although MRI has not been widely used in renal trauma because of the expense, the 
length of the examination, and the comparative accuracy of other techniques, it may be 
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valuable in selected patients.  MRI equals CT in correctly grading blunt renal injuries and 
detecting the presence and size of perirenal hematomas 81, 86.  MRI differentiates 
intrarenal hematoma from perirenal hematoma more accurately than CT, and is able to 
determine recent bleeding in the hematoma by regional differences in signal intensity.  
MRI can replace CT in patients with iodine allergy and may be helpful in patients with 
equivocal findings on CT.  It should be limited to selective patients, however, due to 
increased cost and imaging time 86. 

 
The evolution of high-resolution CT has reduced the necessity for angiographic staging 
of renal injuries.  CT will reliably detect renal artery injury 110, 111.  Occlusion is 
demonstrated by lack of renal enhancement with a normal renal contour.  Cortical rim 
enhancement takes a minimum of eight hours after injury to become apparent on CT scan 
76.  If CT identifies thrombosis of the renal artery and revascularization is indicated, 
surgical repair can be undertaken without angiography.  In the stable patient with 
persistent bleeding, angiography may allow selective arterial embolization, obviating the 
need for operative exploration 120.   

 
B. URETERAL TRAUMA 

 
Ureteral injuries from external trauma constitute less than 1% of all urinary tract injuries.  
95% result from gunshot wounds.  The early diagnosis of a ureteral injury is primarily 
based on 30% of patients with ureteral injuries 121, 122, 123.  Neither CT nor IVP 
acutely has been found to be reliable in the detection of ureteral injuries.  In a 
retrospective review of five patients with ureteral injuries secondary to blunt trauma, 80% 
of injuries were missed on initial CT and detected only on delayed CT 24 hours later 15.  
These findings were confirmed by Brown et al in a similar study, who recommended 
delaying spiral CT for five to eight minutes after contrast infusion to increase the 
sensitivity in detecting ureteropelvic junction disruption from blunt trauma 12. 

 
In a review of 118 patients with penetrating ureteral injury, Perez-Brayfield et al found a 
false-negative rate of IVP of 33%86. In Azimuddin’s review of 20 patients with 
penetrating ureteral injury, only one of seven patients demonstrated injury on 
preoperative or intraoperative IVP 123.  In another recent report on 12 ureteral injuries, 
the IVP missed the ureteral injury in all nine cases in which it was used 121. In this 
series, four of 20 injuries were missed at initial operation.  These authors concluded that 
since ureteral injuries are infrequent and few surgeons have significant experience with 
their management, a high index of suspicion is required during celiotomy 17.  When 
inspection is inconclusive, intraoperative recognition may be facilitated by the 
intravenous or intraureteral injection of indigo carmine or methylene blue.  

 
C. BLADDER TRAUMA 

 
Blunt trauma accounts for 60% to 80% of all bladder injuries.  Although only 10% to 
15% of patients with pelvic fractures sustain bladder injuries, greater than 70% of bladder 
injuries are associated with pelvic fractures.  In a recent retrospective review of 53 
patients with bladder rupture from blunt trauma, Morey et al found that 85% of patients 
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had pelvic fractures and all of the patients had gross hematuria 89.  In a prospective study 
of 157 patients with hematuria suspected to have bladder injury, Morgan et al identified 
12 patients with bladder rupture2.  Pelvic fractures were present in 75%, but isolated 
acetabular fractures were not correlated with rupture.  67% of patients with bladder 
rupture had gross hematuria, and 100% demonstrated pelvic fluid on standard contrast-
enhanced CT.  Gross hematuria or pelvic fluid in patients with pelvic fractures other than 
acetabular fractures should prompt cystography 1, 2, 224, 94, 109.  Existing data do not 
support diagnostic imaging for patients with either pelvic fractures or hematuria alone 22. 

 
IVP or conventional CT of the abdomen may demonstrate extravasated contrast material 
from a ruptured bladder, but there are many false-negatives, and they are not a substitute 
for cystography. In a retrospective series of 54 patients with clinically suspected bladder 
rupture by Pao et al, contrast extravasation was identified in only four of the eight 
patients with bladder rupture in whom contrast had been excreted into the bladder at the 
time of CT.  In two of the four patients without extravasation, the bladder was distended 
at the time of CT 3.  In a similar study by Haas et al, conventional abdominal CT 
identified only nine of 15 bladder ruptures which were diagnosed with CT cystography 
25.  Therefore, routine IVP or CT of the abdomen (without cystography) is inadequate to 
detect bladder rupture even when the foley is clamped and the bladder distended 3, 25, 
579, 82. 

 
CT cystography is as accurate as conventional cystography in the detection of bladder 
rupture and may be used interchangeably with conventional cystography.  In a 
prospective series, Peng et al screened 55 patients with hematuria and blunt abdominal 
trauma with CT cystograms, identifying five patients with bladder rupture1.  The injuries 
in these five patients were confirmed intraoperatively.  The 50 patients with negative CT 
cystograms underwent conventional cystography, and no other bladder rupture, CT 
cystography identified the rupture in 42 for an overall sensitivity and specificity of 95% 
and 100%, respectively.  For intraperitoneal rupture, sensitivity was 78% and specificity 
was 99% 10.  if CT scanning is being performed for abdominal evaluation, CT 
cystography may be performed; if not, conventional cystography is preferred. 

 
D. URETHRAL TRAUMA 

 
Urethral injuries are most often associated with pelvic fractures, especially anterior arch 
fractures with displacement 77.  Lowe et al found that the combining injuries of the 
sacro-iliac joint with pubic rami injuries had a positive predictive value of 86% and a 
negative predictive value of 73% in identifying patients with urethral injury 40.  In a 
prospective study of 203 male patients with pelvic fracture, Koraitim et al found the 
incidence of urethral injury was 24 times greater in patients with a straddle fracture when 
combined with diastasis of the sacro-iliac joint as compared to other pelvic fractures 77. 

 
Although blood at the urethral meatus, gross hematuria, and displacement of the prostate 
are signs of urethral disruption, their absence does not exclude urethral injury.  In a 
retrospective review of 405 patients with pelvic fracture, Lowe et al identified 21 patients 
with urethral injury.  Of these 21, only 12 demonstrated blood at the urethral meatus, 
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high-riding prostate, or perineal hematoma 39.  They determined that patients with 
urethral injuries examined less than one hour after injury may not show physical findings 
of urethral disruption.  In addition, the successful passage of a foley does not exclude a 
small urethral perforation 72. 

 
Female urethral injuries are rare but do occur and are frequently overlooked, leading to 
added patient morbidity 16, 18, 35.  Peng et al published a retrospective review of 130 
females with pelvic fractures; six (4.5%) of these patients were found to have an 
associated urethral injury. All six patients had vaginal bleeding associated with severe 
pelvic fractures and public diastasis.  50% had a delayed diagnosis.  In a similar review of 
twelve women with pelvic fractures and urethral injuries, Venn et al found that mild 
injuries present as incontinence, requiring a high index of suspicion 16. 

 
V. SUMMARY 

 
The urinary tract may be damaged by a variety of blunt or penetrating trauma to the 
abdomen.  Urinary system injuries occur in approximately 4% of trauma patients.  
Although some of the more frequent complications occurring after trauma involve the 
urinary tract, few GU injuries are immediately life threatening.  The appropriate 
indications, timing, and methods of diagnostic imaging remain controversial, partially 
due to a paucity of Class I and II studies in the literature. 

 
VI. FUTURE INVESTIGATIONS 

 
There is a paucity of Class I data analyzing the various methods of evaluation of 
genitourinary tract trauma, as evidenced by the complete lack of Level I 
recommendations for the evaluation of these injuries.  Future investigations should be 
carried out in a prospective, randomized manner with a sufficient number of patients to 
enable clinicians to draw valid, concrete conclusions as to the optimal methods of 
evaluating these patients.  Given the relative infrequency of some of these injuries, 
especially renovascular trauma, this will likely require large-scale multi-institutional 
projects. 
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the literature.  
Tech U

rol 1998;4:1-
11. 

H
aas  

III 
retrospective review

 
O

f bilateral R
A

 occasional, 
56%

 salvaged; of unilateral 
R

A
 occasional, 26%

 
successful (of these 67%

 had 
reduced renal function and 
12%

 developed H
TN

 at m
ean 

3.1 years; 32%
 w

ho did not 
have attem

pt at 
revascularization had H

TN
 by 

m
ean of 97 days 

R
evascularization in unilateral R

A occlusion is 
only very rarely successful; patients should be 
follow

ed long term
 for hypertension. 



 
©

 2003 Eastern A
ssociation For The Surgery of Traum

a 
19

6 
Significance of 
hem

atom
a size for 

evaluating the grade of 
blunt renal traum

a. 
Intern  
J U

rol 1999;6:502-8. 

Ichigi  
III 

R
etrospective15 year 

review
 of 55 pts w

ith blunt 
renal traum

a. G
roup I no 

intervention, G
roup II 

transcatheter 
em

bolization, G
roup III 

surgery. C
om

parison of 
hem

atom
a area (H

) to 
body area (B) in sam

e C
T 

plane 

G
roup I 20 pts, H

/B
 ration 

0.123, G
roup II and III 13 pts, 

H
/B
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hem
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operate. 
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atients w

ith H
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intervention. 
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patient w

ith acute 
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ahan  
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prospective study 
37 renal injuries in 32 patients 
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ere evaluated by U
S
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isolated injuries w

ere 
frequently associated w

ith 
norm

al renal sonogram
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(78%
) and absent free fluid 

U
S

 is not accurate in the evaluation of renal 
injury 
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V

alue of com
puted 

tom
ography in the 

evaluation of 
retroperitoneal organ 
injury in blunt 
abdom

inal traum
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m
 

J E
m

er M
ed 

1998;16:225-7. 

P
orter  
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466 stable patients w

ho 
underw

ent C
T had film

s and 
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course correlated; C

t w
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accurate for renal injury, but 
m

issed som
e duodenal 

injuries 

C
T is accurate in the evaluation of renal traum

a 

9 
U

rban free falls and 
patterns of renal injury: 
a 20-year experience 
w

ith 396 cases.  
J Traum

a 
1999;47:643-9. 
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randes  

III 
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423 patients w

ith renal 
injuries sustained in falls w

ere 
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ed; degree of 
hem

aturia did not predict 
extent of renal injury; 29%

 of 
grade 2 to 4 injuries w
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have been m

issed if patients 
w

ithout hem
aturia had not 

been im
aged 

The absence of hem
aturia or flank hem

atom
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should not exclude patients sustaining 
significant falls from
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aging 
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C

om
puterized 

tom
ography 

cystography for the 
diagnosis of traum

atic 
bladder rupture.  
J U

rology 
2000;164:43-6. 

D
eck  

III 
R

etrospective review
 

316 patients underw
ent C

T 
cystography as part of the 
evaluation for traum

a; C
T and 

operative findings and clinical 
course w

ere com
pared; 

sensitivity and specificity of 
C

T cystography w
ere 95%

 
and 100%

 respectively.   O
f 

the 44 patients w
ith the 

ultim
ate diagnosis of bladder 

rupture C
T cystography 

revealed bladder rupture in 
42. In the 316 patients C

T 
cystography detected bladder 
rupture w

ith an overall 
sensitivity and specificity of 
95%

 and 100%
, respectively. 

For intraperitoneal rupture 
sensitivity w

as 78%
 and 

specificity w
as 99%

.  

C
T cystography is accurate and useful 
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Lim

itations of routine 
spiral com

puterized 
tom

ography in the 
evaluation of bladder 
traum

a.  
J U

rol 1999;162:51-2. 

H
aas  

III 
R

etrospective review
 

24 patients w
ith bladder injury 

w
ho had both spiral C

T (w
ith 

IV
 contrast and bladder 

clam
ping) and retrograde 

cystography w
ere review

ed; 
C

T diagnosed only 60%
 of 

bladder ruptures. 

S
piral C

T (w
ith IV

 contrast and bladder 
clam

ping) w
ill m

iss m
any clinically im

portant 
bladder injuries; retrograde cystogram

s should 
be done if bladder injury is suspected. 

12 
Lim

itations of routine 
spiral com

puterized 
tom

ography in the 
evaluation of blunt 
renal traum

a.  
J U

rol 1998;160:1979-
81. 

B
row

n  
III 

R
etrospective review

 
35 patients w

ith blunt renal 
injury had spiral C

T w
ith IV

 
contrast; 3 or 35 (8.6%

) of the 
injuries w

ould have been 
m

issed if delayed scans 
(days later) had not been 
perform

ed for other reasons 
(such as flank pain) 

S
om

e renal collecting system
 injuries m

ay not 
be apparent on the initial C

T; the authors 
recom

m
end routine delayed scans, especially if 

sym
ptom

s persist in the face of know
n renal 

parenchym
al injury. 
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U
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im

aging in a sm
all 

series of penile 
fractures: a 
com

parison w
ith 

surgical findings.  
U

rol 1998;51:616-9. 

M
ydlo  

III 
R

etrospective review
 

7 patients w
ith penile fracture 

w
ere review

ed.  2 patients 
w

ho presented w
ith blood at 

the m
eatus had intact 

urethras, w
hereas 2 of the 3 

patients w
ho had urethral 

lacerations did not have a 
bloody m

eatus. In 2 cases the 
urethrogram

 and 
cavernosogram

 revealed 
lacerations that w

ere not 
initially detected surgically. 
H

ow
ever, in another 2 cases, 

the urethrogram
 and 

cavernosogram
 w

ere falsely 
negative.  

B
oth blood at the m

eatus and im
aging m

issed 
som

e urethral lacerations associated w
ith penile 

fracture; all penile fractures should be explored 
in such a w

ay that the urethra can be evaluated 
intraoperatively 

14 
The higher injury risk 
of abnorm

al kidneys in 
blunt renal traum

a. 
S

cand J U
rol &

 N
ephr 

1998;32:388-92. 

S
chm

idlin  
III 

R
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120 patients w

ith blunt renal 
injury w

ere review
ed; 23 

(19%
) had preexisting renal 

abnorm
alities; these patients 

tended to have low
er IS

S
. 

A
bnorm

al kidneys have a higher rate of injury 
for a given m

echanism
 than norm

al kidneys. 

15 
U

reteropelvic Junction 
D

isruption Secondary 
to B

lunt Traum
a: 

Excretory P
hase 

Im
aging (D

elayed 
Film

s) should help 
prevent a m

issed 
diagnosis. 
J U

rol 1998;159:67-70. M
ulligan 

III 
R

etrospective chart review
 

of 5 patients 
80%

 of diagnoses w
ere 

delayed at least 24 hours and 
not show

n on initial contrast 
spiral C

T.   

S
piral C

T m
ay not be giving the contrast 

enough tim
e for excretion, therefore m

issing the 
diagnosis of U

P
 junction injury.  R

ecom
m

end 
that scanning be delayed by 5-8 m

inutes after 
contrast infusion. 

16 
P

elvic fracture injuries 
of the fem

ale urethra. 
B

r J U
rol 1999;83:626-

30. 

V
enn 

III 
R

etrospective chart review
 

of 12 fem
ales  

M
ild injuries present as 

incontinence, severe injuries 
result in a longitudinal 
urethral tear or com

plete 
avulsion. 

The fem
ale urethra is relatively resistant to 

injury but m
ay be injured in association w

ith 
severe pelvic fractures. 

17 
P

enetrating ureteric 
injuries.  
Injury 1998;29:363-7. 

A
zim

uddin 
III 

R
etrospective chart review

 
of 20 patients. 

33%
 had m

acroscopic 
hem

aturia, 33%
 had 

m
icroscopic hem

aturia.  O
nly 

1 of 7 pre- or intra-operative 
excretory urogram

s 
dem

onstrated an injury.   

A high index of suspicion is necessary in 
patients w

ith a penetrating w
ound to the 

retroperitoneum
.  It is im

portant to thoroughly 
exam

ine the ureteric bed intraoperatively.  
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18 
Traum

atic Injuries of 
the Fem

ale external 
genitalia and their 
association w

ith 
urological injuries.  
J U

rol 1998;159:956-9. G
oldm

an 
III 

R
etrospective chart review

 
of 20 fem

ale w
ith traum

a 
to the external genitalia 
not due to parturition. 

11 patients had direct 
external traum

a not related to 
intercourse.  6 of these 
patients had an associated 
urologic injury, prim

arily to the 
bladder or urethra. 

W
henever traum

a to the fem
ale external 

genitalia is noted, it is crucial to rule out an 
associated injury to the bladder or urethra. 

19 
Injuries A

ssociated 
w

ith Fractures of the 
Transverse P

rocesses 
of the Thoracic and 
Lum

bar V
ertebrae.  

J Traum
a 

1984;24:597-9. 

S
turm

 
III 

R
etrospective chart review

 
of 92 patients w

ith 
transverse process 
fractures of the thoracic or 
lum

bar vertebrae. 

11%
 of patients w

ith 
transverse process fractures 
had an associated urologic 
injury.  55%

 of patients w
ith a 

fracture had hem
aturia w

hich 
w

as gross in 24%
: 42%

 of 
patients w

ith gross hem
aturia 

had a urologic injury.  13%
 of 

patients w
ith m

icroscopic 
hem

aturia had a urologic 
injury.  N

o patient w
ithout 

hem
aturia had a urologic 

injury. 

The presence of hem
aturia in a patient w

ith a 
transverse process fracture should alert the 
physician to rule out a urologic injury. 

20 
H

em
aturia after blunt 

traum
a:  w

hen is 
pyelography useful?  
J Traum

a 
1983;23:305-11. 

G
uice K

 
III 

R
etrospective review

 of 
156 IVP's over 1 year 
period 

13/56 IV
P

s w
ere  abnorm

al.  
5/13 required interventions, 
all of w

hom
 had gross or 4+ 

m
icroscopic hem

aturia. 

IV
P

 is indicated in blunt traum
a patients w

ith 
gross hem

aturia or 4+ m
icroscopic hem

aturia. 

21 
C

om
puterized 

tom
ography 

cystography for the 
diagnosis of traum

atic 
bladder rupture.  
J U

rol 2000;164:43-6. 

D
eck A

J 
III 

R
etrospective review

 of 
316 blunt traum

a pts 
undergoing C

T 
cystography 

42/44 bladder ruptures 
diagnosed by C

T 
cystography. O

verall 
sensitivity 95%

, specificity 
100%

 

C
T cystography is recom

m
ended over plain film

 
cystography for diagnosis of blunt bladder 
rupture. 

22 
U

tility of routine 
traum

a C
T in the 

detection of bladder 
rupture.  
Acad R

ad 2000;7:317-
24. 

P
ao D

M
 

III 
R

etrospective review
 of 54 

abdom
inal and pelvic C

T 
in w

hom
 bladder rupture 

w
as clinically suspected 

C
ystogram

s depicted bladder 
rupture in 10 patients. A

ll had 
extravesical fluid, but so did 
32/44 pts w

ithout bladder 
rupture 

R
outine abdom

inal/pelvis traum
a C

T is 
unreliable in the diagnosis of bladder rupture. 

23 
C

T cystography: 
radiographic and 
clinical predictors of 
bladder rupture. 
A

m
 J R

oent. 
2000;174:89-95. 

M
organ D

M
 

II 
18 m

onth prospective 
study of 154 traum

a pts 
w

ith hem
aturia referred for 

abdom
inal C

T 

12/157 w
ith bladder rupture, 

9/12 w
ith pelvic fx, 8/12 gross 

hem
aturia, 12/12 w

ith pelvic 
fluid on traum

a C
T 

G
ross hem

aturia, pelvic fluid, pelvic fx other 
than acetabular fx are associated w

ith bladder 
rupture. 
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24 
Penetrating ureteral 
traum

a at an urban 
traum

a center: 10 year 
experience.  
U

rol 1999;54:34-6. 

P
alm

er LS
 

III 
R

etrospective 10 year 
review

 of 20 pts w
ith 

penetrating ureteral 
traum

a 

8/12 pts w
ith isolated ureter 

injury had hem
aturia. 1/4 

IV
P

's abnorm
al. 15/20 injuries 

noted intraoperatively, 4/20 
m

issed at initial operation 

U
ninalysis and preoperative IVP m

ay m
iss 

ureteral injury requiring a high index of 
suspicion during operative exploration. 

25 
Lim

itations of routine 
spiral com

puterized 
tom

ography in the 
evaluation of bladder 
traum

a.  
J U

rol 1999;162:51-2. 

H
aas C

A
 

III 
R

etrospective review
 of 15 

pts undergoing both 
retrograde cystography 
and spiral C

T of 
abdom

en/pelvis 

15/15 diagnosed by 
retrograde cystography; 9/15 
identified on spiral C

T 

S
piral C

T w
ithout C

T cystography is not 
accurate in diagnosis of bladder rupture 

26 
U

se of 
ultrasonography in the 
patient w

ith acute 
renal traum

a.  
J U

ltrasound M
ed 

1999;18:207-13. 

M
cG

ahan JP
 

III 
retrospective 3 year review

 
of 32 pts w

ith 37 renal 
injuries w

ho had 
undergone ultrasound at 
adm

ission 

elim
inated pts w

ith 
concom

itant intra-abdom
inal 

injury. 7/20 pts w
ith renal 

injury had free fluid; 8/20 had 
parenchym

al injuries noted in 
U

S; 11/32 had norm
al 

ultrasound exam
s 

A
 negative ultrasound exam

 does not exclude 
renal injury. 

27 
Intravenous 
pyelography in 
penetrating traum

a. 
Am

 Surg 1994;60:384-
6. 

Tang E
 

III 
7 m

onth review
 of 67 IV

P
's 

in patients w
ith penetrating 

injury 

0/34 (19 stabs, 15 G
S

W
) 

patients w
ithout hem

aturia 
dem

onstrated renal injury 
requiring intervention. 

IV
P

 is not required in penetrating traum
a 

patients w
ithout hem

aturia. 

28 
The "O

ne-Shot" 
Intravenous 
P

yelogram
. Is It 

Indicated In U
nstable 

Traum
a P

atients 
B

efore C
eliotom

y.  
J Traum

a 
1994;36:828-34. 

S
tevenson 

III 
retrospective review

 of 239 
pre-operative "one-shot" 
ivp's in patients for w

hom
 

evaluation in the radiology 
suite w

as felt to be unsafe.

A
llergic reactions occurred in  

3/239(1.3%
).  31 pts (13%

) 
required renal exploration. N

o 
solitary kidneys w

ere 
identified. The IV

P
 w

as 
abnorm

al  in 53 pts (22%
) - 5 

bilateral non-visualization and 
15 unilateral non-
visualization.  87%

 of pts w
ith 

norm
al IV

P
 findings had renal 

injuries not detected by "one-
shot" IVP and norm

al and 
26%

 of pts w
ith abnorm

al 
IV

P
'S

 had no evidence of 
renal injury.   

D
elaying definitive therapy to obtain a 

preoperative IVP in an unstable pt is not 
w

arranted. 
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29 
U

rological evaluation 
and m

anagem
ent of 

renal proxim
ity stab 

w
ounds.  

J U
rol 1993;150:1771-

3. 

E
astham

 
III 

R
etrospective review

 of 
244 consecutive pts w

ith 
renal proxim

ity stab 
w

ounds. S
table pts w

ith 
hem

aturia &
/or suspected 

injury due to proxim
ity of 

entrance w
ound to the 

kidney w
ere assessed w

ith 
an IV

P
; 34 w

ere 
subsequently evaluated 
w

ith C
T and/or 

angiography 

R
enal injury w

as found in 
5/184 w

ithout hem
aturia, 

24/46 w
ith m

icroscopic 
hem

aturia and all 14 w
ith 

gross hem
aturia  .IV

P
 w

as 
96%

 accurate in establishing 
the presence or lack of injury.

The absence of hem
turia does not preclude 

renal injury.  .IV
P

 is an acceptable first-line 
study. R

enal angiogram
 is the second study of 

choice because it reliably stages significant 
injuries and offers the possibility of 
iem

bolization. M
ost renal stab w

ounds w
hen 

accurately staged can be m
anaged 

nonoperatively. 

30 
U

reteropelvic junction 
disruption follow

ing 
blunt abdom

inal 
traum

a.  
J U

rol 1993;150:33-6. 

B
oone 

III 
 R

etrospective review
 of 8 

cases (7 pts) as w
ell as an 

extensive literature review
 

D
elay in diagnosis in 4 

patients w
as greater than 36 

hrs.  3/4  patients w
ith m

issed 
injuries lacked hem

aturia and 
w

ere in hypovolem
ic shock 

unresponsive to fluid 
resuscitation.  A

ll patients 
w

ere em
ergently explored 

w
ithout im

aging studies due 
to hem

odynam
ic instability.  

R
etroperitoneal findings at 

operation failed to reveal 
evidence of a perinephric 
hem

atom
a. The kidneys w

ere 
palpably norm

al and, 
therefore, they w

ere not 
directly exam

ined. D
espite 

these negative retroperitoneal 
findings the patients 
sustained disruption of the 
ureteropelvic junction.   

The m
ajority (45/47) of pts w

ith ureteropelvic 
junction disruption present w

ith a substantial 
history of rapid deceleration injury and the 
presence of at least 1 of 4 associated findings: 
m

icroscopic hem
aturia w

ith shock, gross 
hem

aturia, direct flank tenderness/ecchym
osis 

or m
ultisystem

 failure.  H
ow

ever, a negative 
exploratory laparotom

y w
ithout direct 

visualization of the kidney should not exclude 
radiographic evaluations for retroperitoneal 
injuries. 
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31 
The single indication 
for cystography in 
blunt traum

a.  
Am

 Surg 1993;59:335-
7. 

Fuhrm
an 

IIII 
R

etrospective review
.  

First, a 15-m
onth 

retrospective evaluation 
revealed 26 patients w

ith 
bladder traum

a. A
ll 26 

patients presented w
ith 

gross hem
aturia. This w

as 
follow

ed by a random
ized 

prospective study of all 
patients w

ith blunt traum
a. 

P
atients w

ere random
ized 

to be evaluated w
ith 

cystography for any 
degree of hem

aturia or the 
diagnosis of pelvic fracture 
versus those to be 
evaluated only for the 
presence of gross 
hem

aturia.  

Eleven patients had pelvic 
fractures and no hem

aturia. 
O

ne hundred nine patients 
had m

icroscopic hem
aturia 

and a 39 per cent incidence 
of coexistent pelvic fractures. 
Thirty-one patients had gross 
hem

aturia and a 26 per cent 
incidence of pelvic fracture. 
B

ladder injuries w
ere seen 

only in this latter group. 

C
ystographic evaluation in blunt traum

a should 
only be done in the presence of gross 
hem

aturia. 

32 
H

em
aturia as a 

P
redictor of A

bdom
inal 

Injury after blunt 
traum

a.  
A

m
 J S

urg 
1992;164:482-5.  

K
nudson 

III 
R

etrospective review
 of 

160 pts w
ith blunt traum

a 
and extrarenal injury  

Incidence of abdom
inal injury 

in patients w
ith m

icroscopic 
hem

aturia and shock=29%
 vs 

patients w
ith gross hem

aturia 
and shock=>65%

. 

A
ll pts w

ith gross hem
aturia alone and all w

ith 
m

icrohem
aturia w

ith shock should be evaluated  
for both renal and non renal abdom

inal injuries. 

33 
R

adiographic 
A

ssessm
ent of A

dult 
patients w

ith B
lunt 

R
enal Traum

a. 
J U

rol 1992;148:266-7. E
astham

 
III 

R
etrospective review

 337 
pts w

ith blunt traum
a 

m
icroscopic hem

aturia) 
and no shock 

30/337 (9%
) had abnorm

al 
IV

P
 =greater 28 contusions 

U
P

J disruption   1-absent 
kid…

only 1 significant injury 
w

ould have been m
issed 

(0.37%
) 

G
U

 evaluation is  indicated in pts w
ith 

suspected intra-abdom
inal injury, those in m

ajor 
deceleration accidents and those w

ith shock, 
gross hem

aturia or both.  A
dditional staging not 

indicated in patients w
ith m

icrohem
aturia 

w
ithout shock. 

34 
Increasing R

ole of 
Angiography and 
S

egm
ental A

rtery 
Em

bolization in the 
M

anagem
ent of R

enal 
S

tab W
ounds.  

J U
rol 1992;147:1231-

4. 

H
eyns 

III 
R

etrospective review
 of 93 

pts.  79 w
ere initially 

evaluated and treated at 
the authors' hospital 
(G

roup I) and 14 w
ere 

referred w
ith com

plications 
(G

roup II). In G
roup I, 26 

pts (33%
) w

ere selected 
for  surgery on the basis of 
signs of severe blood loss 
or associated intra-
abdom

inal injury, or m
ajor 

A
t operation a m

ajor renal injury 
and/or associated intra-
abdom

inal laceration w
as found 

in 23 patients (88%
) and 

nephrectom
y w

as required in 7 
(27%

) of them
. N

onoperative 
m

anagem
ent w

as selected in 53 
patients (67%

) in group 1 and 
secondary hem

orrhage occurred 
in 8 (15%

). O
f the patients in 

group 2, 4 had undergone an 
operation elsew

here and 10 had 

Angiography and selective arterial em
bolization 

can be effectively used to treat vascular 
com

plications in pts being m
anaged non-

operatively. 
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abnorm
ality on the 

excretory urogram
.  

been m
anaged nonoperatively. 

R
enal arteriography w

as 
perform

ed in 14 patients w
ho 

had been m
anaged 

nonoperatively (6 from
 group 1 

and 8 from
 group 2) and 

dem
onstrated a traum

atic 
pseudoaneurysm

 in 6, an 
arteriovenous fistula in 5 and no 
large vessel injury in 3. Selective 
em

bolization of the involved 
segm

ental artery w
as successful 

in 9 of 11 patients (82%
) w

hen 
angiography show

ed a vascular 
lesion. 

35 
U

rethral injuries in 
fem

ale subjects 
follow

ing pelvic 
fractures.  
J U

rol 1992;147:139-
43. 

P
erry 

III 
R

etrospective review
 of 

130 fem
ale pts w

ith pelvic 
fracture 6/30 (4.5%

) had 
associated urethral injury  

3/6 had delayed diagnosis.  
All 6 had vaginal bleeding 
associated w

ith severe pelvic 
fractures and pubic 
diastases.. 

U
rethral injury is rare in fem

ale traum
a pts but 

should be considered in pts w
ith pelvic 

fractures, pubic diastasis and vaginal bleeding.  
U

rethrography w
ill be diagnostic. 

36 
Evaluation and 
Treatm

ent of blunt 
renal traum

a.  
J U

rol 1991;146:274-7. H
erschorn  

III 
R

etrospective review
 of 

126 pts w
ith blunt renal 

traum
a 

 All patients w
ho had 

m
icroscopic hem

aturia 
w

ithout shock had m
inor 

injuries. E
xcretory urogram

s 
(IV

P
s) w

ere norm
al in 74%

 
and 39%

 of the patients w
hen 

perform
ed for m

inor and 
m

oderate renal injuries, 
respectively. C

om
puterized 

tom
ography (C

T) w
as 

abnorm
al in all cases w

hen 
perform

ed, and w
as m

ore 
sensitive and specific than an 
IV

P
. 

R
adiologic evaluation is not needed in patients 

w
ith m

icroscopic hem
aturia and no shock.  If 

XR
ays are indicated, C

T is im
aging study of 

choice. 
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37 
H

em
aturia follow

ing 
B

lunt A
bdom

inal 
Traum

a the U
tility of 

Intravenous 
P

yelography.  
A

rch S
urg 

1988;123:1173-7. 

K
lein 

III 
R

etrospective review
 of 

134 pts w
ho had IV

P
s  and 

tom
ogram

s over a one yr 
period.  The X

R
ay findings 

w
ere correlated w

ith the 
degree of hem

aturia,  
associated injuries, 
m

anagem
ent &

 outcom
e. 

0/62 patients w
ith 0-10 

rbc's/hpf  had an abnorm
al 

IV
P

.   2/19 patients w
ith 10-

30 rbc's/hpf had renal 
contusions only, w

hich w
ere 

observed.  25/53 patients w
ith 

greater than 30 rbc's/hpf had 
renal injuries:  17 
(contusions), 3(m

ajor 
lacerations),5(bladder 
injuries).   

P
atients w

ithout penetrating or significant 
associated injuries and less than 30 rbc's/hpf on 
urinalysis can be m

anaged w
ithout IV

P
. 

38 
The Value of 
Sonography in the 
D

iagnosis and Follow
-

up of P
atients w

ith 
B

lunt R
enal Traum

a. 
B

r J U
rol 1988;62:110-

6. 

Furtschegger 
III 

R
etrospective review

 of 88 
patients w

ith blunt renal 
traum

a w
ho received renal 

ultrasound;  IV
P

 w
as 

perform
ed in 79. 

41 pts had kidney rupture of 
w

hich 34 w
ere confirm

ed at 
surgery.  45 patients had 
renal contusion.  A

 renal 
artery lesion w

as found in 2 
patients, both of w

hom
 had a 

norm
al renal ultrasound. 

S
onography is useful in follow

 patients after 
surgery as w

ell as  those patients being 
m

anaged conservatively.  

39 
R

isk factors for 
urethral injuries in m

en 
w

ith traum
atic pelvic 

fractures.  
J U

rol 1988;140:506-7. Low
e 

III 
R

etrospective review
 of 

405 pts w
ith pelvic fracture

21 injuries w
ere identified 

(4.7%
).  14/21 (67%

) had 
com

bined injuries of S
I joint 

and pubic ram
i.  The P

ositive 
predictive value of these 
pelvic fractures w

as 86%
; the 

negative predictive value w
as 

73%
. There w

ere no physical 
signs (blood at m

eatus, 
perirectal or scrotal 
hem

atom
a).  9 m

en had 
exam

ination findings &
 

urethral injuries (2 scrotal 
sw

elling alone, 3 high-riding 
prostate or nonpalpable 
prostate and blood at the 
m

eatus, and 1 had all 3 
physical findings. 12/21 m

en 
w

ith urethral injuries lacked 
any of these 3 physical signs.  R

etrograde urethrogram
 should be perform

ed in 
all pts w

ith fracture of sacroiliac joint and pubic 
ram

us in addition to perirectal or scrotal 
hem

atom
a, blood at the m

eatus, and/or high 
riding prostate.  P

atients w
ith urethral injuries  

exam
ined less than 1 hour after injury m

ay not 
show

 physical findings. 
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40 
H

em
aturia and C

linical 
Findings as Indications 
for Intravenous 
P

yelography in 
P

ediatric B
lunt R

enal 
Traum

a.  
P

ediatrics 
1988;82:216-22. 

Lieu 
III 

R
etrospective review

 of 78 
consecutive patients w

ho 
had an IV

P
 to evaluate 

blunt traum
a 

52/78 (67%
) had a norm

al 
IV

P
.  13/78 (17%

)  had an 
abnorm

al IV
P

.  8/13 of these 
patients had renal 
contusion(66%

).  There w
ere 

no fractures or pedicle 
injuries.  4/13 had lacerations 
w

ith extravasation.  1/13 had 
bladder rupture identified on 
IVP.  The IVP results did not 
lead to surgery in any patient.

IV
P

 is indicated in patients w
ith red blood cells 

too num
erous to count.  If it is im

portant to 
identify renal contusions, IV

P
 is indicated if 

greater than 20 rbc's/hpf .  IV
P

 or C
T should be 

perform
ed in patients w

ith lesser hem
aturia and 

extrem
ity fractures. 

41 
U

rinary Lactic 
D

ehydrogenase as a 
M

arker of R
enal Injury 

in Blunt Traum
a 

P
atients w

ith 
H

em
aturia.  

A
nn E

m
er M

ed 
1988;17:797-800. 

H
ennem

an 
III 

R
etrospective review

 of 36 
blunt traum

a patients w
ith 

hem
aturia . A

ll had IV
P

 
and urine and serum

 LD
H

 
levels 

 
LD

H
 is a nonspecific m

arker of cellular 
disruption anyw

here along the G
U

 tract and is 
not useful as a screening test for renal injury 

42 
D

etection and 
significance of 
m

icroscopic hem
aturia 

in patients w
ith blunt 

renal traum
a.  

J U
rol 1988;140:16-8. 

C
handhoke 

II 
339 pts  P

rospective 
consecutive pts;  P

atients 
w

ere initially evaluated 
w

ith urine dipstick,  
follow

ed by urinalysis and 
subsequent im

aging. 

>80%
 of 50-100 R

B
C

/hpf 
correspond to 3+ dipstick;        
m

icroscopic hem
aturia w

as 
detected reliably, high 
sensitivity and specificity by 
dipstick 

H
em

aturia can be detected reliably w
ith a high 

degree of sensitivity and specificity by urine 
dipstick.  The brand of dipstick m

ay m
ake a 

difference. 

43 
The R

ole of IV
P

 in 
B

lunt Traum
a.  

J Traum
a 

1988;28:502-4. 

W
ong L  

III 
139 IV

P
 pts  R

etrospective  
21 clinical param

eters 
applied 

 N
o com

bination of 21 clinical 
param

eters w
ere found to 

predict IV
P

 abnorm
alities 

C
linical param

eters w
hich determ

ine need for 
operation 90%

 of the tim
e include blood at 

urinary m
eatus, degree of hem

aturia, age, IS
S

, 
num

ber of ribs fractured.   

44 
D

ipstick E
valuation of 

H
em

aturia in 
A

bdom
inal Traum

a. 
A

m
 J C

lin P
ath 

1988;89:538-42. 

D
aum

 G
S

   
II 

178 pts  P
rospective 

consecutive pts;  R
andom

 
urine sam

ple w
ith dipstick 

evaluation 

>5-10 R
B

C
/hpf indicates 

need for IV
P

.  S
ensitivity for 

dipstick for m
icroscopic 

hem
aturia w

as 100%
, 

specificity 58.6%
; increases 

to 90%
 if proteinuria is added.  

There is a poor correlation of 
positive dipstick w

ith degree 
of m

icroscopic hem
aturia.  

N
egative urine dipstick does not require further 

testing.  There is a poor correlation of positive 
urine dipstick w

ith the degree of m
icroscopic 

hem
aturia.  The dipstick brand m

ay m
ake a 

difference. 
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45 
B

lunt U
rethral Injury: 

R
esults of Initial 

M
anagem

ent.  
Am

 Surg 1988;54:181-
4. 

M
alangoni 

M
A

   
III 

14 pts  R
etrospective   

C
hart review

 
13/14 pts had pelvic fracture 
of the anterior ring.  U

rethral 
disruption in assoc w

ith 
prostate displacem

ent 
occurred in 10/12.   

D
isplacem

ent of the prostate is a highly reliable 
sign of urethral disruption. The absence of 
blood at the urinary m

eatus and gross 
hem

aturia are not reliable alone to rule out 
urethral injury.   R

etrograde urethrography 
should be perform

ed if classic signs and 
sym

ptom
s are found in association w

ith anterior 
pelvic fracture on x-ray.   S

uprapubic 
catheterization is required.  If the patient has a 
partial tear, a foley m

ay be placed by the 
urologist. 

46 
Burn and Traum

a 
associated proteinuria: 
the role of lipid 
peroxidation, rennin, 
and m

yoglobin.  
Ann C

lin Biochem
 

1988;25:53-9. 

G
osling P

   
II 

P
rospective study of 10 

traum
a patients and 13 

burn patients 

In burn patients, m
axim

um
 

proteinuria occurs w
ithin -4-

8hr; serum
 lipid peroxides 

increase m
axim

ally w
ithin  2-

8hr.  In traum
a  patients, 

m
axim

um
 proteinuria occurs 

w
ithin 4hr; serum

 lipid 
peroxides increase after 12hr 
and peak betw

een 16hr and 
7d  In both burn and traum

a 
patients, recurrent protein 
leaks  2-5d post-injury 
generally are associated w

ith 
sepsis    N

o association w
ith 

m
yoglobinuria or increased 

renin activity. 

P
roteinuria suggests a rapid and reversible 

change in glom
erular filtration after burn or an 

acute inflam
m

atory response. 

47 
B

lunt B
ladder Traum

a: 
M

anifestation of 
S

evere Injury.  
U

rol 1988;31:220-2. 

Flancbaum
 L  

III 
29 pts  R

etrospective chart 
review

 of patients requiring 
operative m

anagem
ent 

H
ypotension and gross 

hem
aturia occurred in 68 and 

97%
 respectively, pelvic 

fracture in  93%
; 

intraabdom
inal injury in 48%

.  
The m

ajority of ruptures w
ere 

intraperitoneal (72%
).  

M
ortality w

as due to 
associated injuries at 34%

.  
U

rethral injury occurred in 
33%

 of m
ales.  

A
ll pts w

ith bladder injury had either pelvic 
fracture or gross hem

aturia.  R
ecom

m
end 

retrograde urethrogram
 follow

ed by cystogram
 

in pts w
ith hem

aturia and/or pelvic fracture.   
E

lim
inate cystography if the patient has no 

gross hem
aturia or pelvic fracture, or if 

evaluation of the upper urinary tract (C
T or IV

P
) 

dem
onstrates bladder extravasation.   
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48 
Penetrating R

enal 
Traum

a.  
J C

om
p A

ssist Tom
og 

1987;121:1026-30. 

Federle M
P

  
III 

27 pts  R
etrospective  

S
tab w

ounds  C
t if 

clinically stable  R
isk for 

renal injury - flank or back 
w

ound, hem
aturia, 

abnorm
al IV

P
 

M
ost patients w

ith penetrating 
renal injuries do not require 
exploration.  A

ngiography 
m

ay be used as an adjunct to 
C

T if vascular injury is 
suspected. 

There w
as no correlation betw

een the presence 
and am

ount of hem
aturia and extent of renal 

injury.  The com
bination of clinical exam

 and C
T 

allow
s for non-operative m

anagem
ent  C

T 
should be the prim

ary diagnostic study in 
penetrating back traum

a at risk for renal traum
a 

49 
The reliability of 
excretory urography 
as a screening 
exam

ination for blunt 
renal traum

a.  
Ann Em

erg M
ed 

1987;16:1236-9. 

H
alsell R

D
   

II 
60 pts  P

rospective  B
lunt 

criteria:   blunt abdom
inal 

traum
a, hem

aturia 
>5R

B
C

/hpf, low
 rib 

fractures, T12-L3 
transverse process 
fractures, fall >10’, flank 
m

ass, tender flank.  
W

orkup consisted of 
urinalysis, follow

ed by IV
P

, 
follow

ed by C
T. 

5 renal injury on C
T not seen 

on EU
; all m

anaged 
nonoperatively; C

T did not 
change m

anagem
ent   93%

 
pts w

ith hem
aturia, no 

dem
onstrable renal dam

age; 
m

icroscopic hem
aturia alone 

has low
 specificity as 

indicator of renal injury             
C

T m
ore sensitive than E

U
; 

m
ajority of traum

a pts w
ith 

clinical or lab indications for 
injury have either no injury or 
insignificant injury 

N
orm

al IV
P

 in blunt traum
a successfully 

excludes clinically significant injury. 

50 
Features of 164 
bladder ruptures.  
J U

rol 1987;138:743-5. C
ass A

S
   

III 
R

etrospective study of 164 
patients 

H
igh incidence of associated 

injuries (89%
) leading to a 

m
ortality rate of 22%

 .  The 
m

ost  com
m

on associated 
injury w

as  pelvic fracture.  
There w

as no significant 
relationship betw

een the type 
of pelvic fracture and the type 
of bladder rupture.  

R
etrograde cystography is sufficient for 

diagnosis if using 400m
l contrast; false 

negatives occur w
ith 250m

l. 
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51 
Blunt U

rinary Tract 
Traum

a.  
J U

rol 1987; 138:99-
101. 

H
ardem

an 
S

W
  

II 
 506 pts  P

rospective  
C

onsecutive, non-
random

ized patients.  
Initially, IV

P
 and 

C
ystography w

ere 
perform

ed.  These w
ere 

follow
ed by C

T, 
arteriography, retrograde 
urethrography and 
intraoperative  findings to 
confirm

 initial im
pression 

365 patients had m
icroscopic 

hem
aturia but no shock - 3 

urinary tract injuries; if used 
as a criteria for no further 
study, only one severe injury 
w

ould have been m
issed  

A
bsence of m

ajor associated 
injury and m

icroscopic 
hem

aturia w
ithout shock 

indicate patients w
ho do not 

require further G
U

 study.  
This protocol w

ill result in a 
less than 1%

 chance of 
m

issing a severe renal injury . 

G
ross hem

aturia or m
icroscopic hem

aturia w
ith 

shock indicate further study and likely renal 
injury. 

52 
D

iagnostic and 
treatm

ent problem
s in 

renal injuries.  
Am

 Surg 1987;53:399-
402. 

W
ilson R

F  
III 

112 pts R
etrospective 

74%
 P

E
N

E
TR

A
TIN

G
 G

SW
 

w
ith another 16%

 S
TA

B
; 10%

 
blunt P

reop evaluation - U
A

, 
IV

P
 except in life threatening 

injury                                         
D

egree of hem
aturia does not 

correlate w
ith degree of renal 

traum
a                                

Absence of hem
aturia does 

not rule out renal injury  12%
 

norm
al U

A
 for all injury; 45%

 
norm

al U
A

 for pedicle injury  
27%

 false negative IV
P

;           
S

m
all cortical laceration or 

contusion - lends w
ell to 

conservative m
anagem

ent       
S

hattered kidney, renal artery 
or vein, large expanding or 
pulsatile retroperitoneal 
hem

atom
a require surgery   

Extravasation and nonvisualization indicate 
m

ajor injury.  S
uspect injury in the  O

R
 if 

extravasation or nonvisualization on IV
P

 if 
unable to obtain arteriogram

 or C
T; severe 

shock not responding to resuscitation and in 
spite of other control of bleeding 
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53 
Intravenous pyelogram

 
results in association 
w

ith renal pathology 
and therapy in traum

a 
patients.  
J Traum

a 
1987;27:515-8. 

B
ergren C

T  
III 

127 pts R
etrospective          

P
enetrating vs 

nonpenetrating 

H
em

aturia should indicate the 
need for further study               
N

o correlation betw
een site of 

injury and type of renal injury   
N

o correlation betw
een 

m
icroscopic hem

aturia or 
gross hem

aturia w
ith the 

severity of renal injury              
P

E
N

E
TR

ATIN
G

  - IV
P

 
unreliable (high false negative 
rate)             BLU

N
T - IV

P 
effective in r/o serious renal 
injury                       
D

eterm
ine presence of 2nd 

kidney before nephrectom
y 

IVP - extravasation and nonvisualizualization 
are  significant for m

ajor renal injury; delayed 
filling or incom

plete filing are nonspecific 
findings requiring further evaluation.  

54 
C

om
parison of IV

P
 

and C
T findings in 

patients w
ith 

suspected severe 
renal injuries.  
U

rol 1987;29:484-7. 

C
ass A

S
   

II 
22 pts  P

rospective  non-
operative m

anagem
ent  

exclude - nonvisualization 
on IV

P
; pelvis fracture, 

norm
 IV

P
 and hem

aturia 
due to bladder injury 

IV
P

 not definitive diagnosis in 
5%

 contusion, 50%
 renal 

laceration, 29%
 renal pedicle  

C
T definitive diagnosis in all 

C
T provides a definitive diagnosis in all types of 

renal injury. 

55 
R

enal traum
a and the 

intravenous urogram
. 

J R
oyal Soc M

ed 
1987;80:21-2. 

O
akland C

D
  

III 
R

etrospective review
 of 81 

patients w
ith blunt traum

a 
Incidence of abnorm

al IV
P

 
w

ith M
icroscopic hem

aturia 
w

as low
 .  M

icroscopic 
hem

aturia occurs after m
inor 

renal traum
a and clears 

w
ithin 7 days - IV

P
 

noncontributory.  G
ross 

hem
aturia is evidence of 

injury.  

IVP should be perform
ed n abdom

inal traum
a 

prior to laparotom
y and in those 

hem
odynam

ically unstable w
ith expanding loin 

m
ass, gross hem

aturia, and prolonged 
m

icroscopic hem
aturia. 
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56 
Selective diagnostic 
uroradiography for 
traum

a.  
J U

rol 1987;137:449-
51. 

P
eterson N

E
 

III 
R

etrospective review
 of 

157 penetrating; 225 blunt 
pts    W

orkup consisted of 
IV

P
, retrograde cysto-

urethrography; occasional 
arteriography and C

T. 

P
E

N
E

TR
ATIN

G
 IN

JU
R

Y
 - 

m
ost often localized;                 

R
arely sim

ultaneous tract 
injury and usually indicates 
severe injury w

ith high 
m

ortality from
 assoc injuries 

S
elective evaluation should be perform

ed in pts 
w

ith associated injuries - low
er rib fractures or 

lum
bar transverse process fracture (upper renal 

injury) and pelvic fracture, urethral bleeding, 
prostate displacem

ent, rectal injury (low
er G

U
 

injury).  U
se IV

P
 or C

T for upper; retrograde 
urethrography or cystography o for low

er to 
save m

oney and tim
e.  E

xceptions are m
assive 

injury; angle of entry for penetrating.   There is 
no need for com

prehensive study if the clinical 
picture is lim

ited to upper or low
er G

U
 and the 

initial study is com
patible w

ith the clinical 
im

pression. 

57 
C

om
puterized 

tom
ography in bladder 

rupture: diagnostic 
lim

itations.  
J U

rol 1987;137:207-9. M
ee S

L 
III 

Tw
o patients w

ith blunt 
traum

a and gross 
hem

aturia or w
ith blunt 

traum
a, pelvic fracture, 

and m
icroscopic 

hem
aturia, C

T w
as 

perform
ed first follow

ed by 
retrograde cystography. 

C
T scan w

as negative or 
equivocal for evidence of 
bladder rupture in the first tw

o 
patients studied. 

R
outine abdom

inopelvic C
T is not a reliable 

m
ethod of evaluating bladder rupture.  

R
etrograde cystography rem

ains the m
ost 

accurate diagnostic technique. 
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58 
D

em
onstration of 

R
esidual C

ontrast 
M

edium
 in R

enal 
Parenchym

a U
sing 

C
om

puterized 
Tom

ography.  
J U

rol 1987;137:11-4. 

B
raedel H

U
 

III 
11 patients 6 w

ith renal 
traum

a, 1 w
ith intrarenal 

abscesses, 2 w
ith 

pyelonephritis, 1 w
ith renal 

tum
or em

bolization, and 1 
w

ith a solitary renal cyst 
w

ere inadvertently found 
to have increased residual 
contrast m

edium
 present 

after C
T.  This search w

as 
initiated after a solitary 
patient w

ith transitional cell 
carcinom

a and several 
patients w

ith renal failure 
w

ere found to have 
persistence of contrast 
m

edium
 at other 

institutions.  C
Ts w

ere 
perform

ed at initial 
evaluation (@

referral 
hospital or the study 
center w

ithout tim
es 

indicated) and in 24 to 48 
hrs.  P

referable 
dem

onstration of retention 
w

as by perform
ing C

T 
approxim

ately 1 hr after  
contrast injection.   

O
f the 6 renal traum

a patients 
(blunt vs. penetrating w

as 
never specified), 5 of the 
initial C

T scans revealed 
residual contrast m

edium
 on 

the injured side w
ith reduced 

contrast enhancem
ent of the 

renal parenchym
a.  In only 

one patient, did the C
T 

dem
onstrate increased 

uptake of contrast m
edium

 at 
the site of injury. 

P
rotracted residual contrast m

edium
 in 

dam
aged renal tissue leads to density changes 

w
hich are highly evident on C

T exam
ination. If 

there is clinical suspicion of renal parenchym
al 

dam
age in cases of traum

a, infection, or 
vascular disturbance a C

T scan should be 
deferred for at least 1 hr after intravenous 
contrast m

edium
 adm

inistration  
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59 
C

linical Indications for 
R

adiologic Evaluation 
of B

lunt R
enal 

Traum
a.  

J U
rol 1986;136:370-1. C

ass A
S

 
III 

847 consecutive patients 
w

ith hem
aturia follow

ing 
blunt external traum

a 
adm

itted to the hospital 
w

ere review
ed.  16 

patients w
ere excluded 

due to assoc. urinary tract 
injuries w

hich could cause 
hem

aturia.  C
linical 

findings recorded on initial 
evaluation w

ere the 
degree of hem

aturia found 
on U

A
, shock (S

B
P

 
<100m

m
H

g), and all assoc 
injuries including intra-
abdom

inal. injuries that 
w

ere found at adm
ission 

laparotom
y.  R

adiographic 
evaluation. consisted of 
and initial IVP follow

ed by 
a repeat IV

P
, C

T, or 
arteriography if the IV

P
 

w
as indeterm

inate or 
nonvisualized.  R

enal 
injuries w

ere classified as 
renal contusion, laceration, 
rupture, and pedicle injury.  
Follow

-up 3 m
onths after 

injury included clinical 
evaluation, B

P
, and IV

P
 or 

C
T. 

M
icroscopic hem

aturia 
w

ithout shock w
as noted in 

160 of 241 patients w
ithout 

and 334 of 590 w
ith 

associated injuries. O
f the 

form
er 160 patients 159 had 

renal contusion and 1 had a 
renal laceration, w

hile of the 
latter 334 patients 329 had 
renal contusion, 3 had renal 
laceration, 1 had renal 
rupture and 1 had a pedicle 
injury. M

ost patients w
ith 

m
icroscopic hem

aturia and 
no shock after blunt renal 
traum

a had a renal contusion, 
especially those w

ith no 
associated injury. 

M
ost patients w

ith m
icrohem

aturia and no 
shock after blunt renal traum

a had a renal 
contusion and experienced no com

plications 
w

ith nonoperative m
anagem

ent, but a sm
all 

num
ber w

ith this clinical presentation had 
severe renal injuries that w

ould have been 
m

issed w
ithout radiographic evaluation. 
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60 
C

om
puterized 

Tom
ographic S

taging 
of R

enal Traum
a: 85 

C
onsecutive C

ases.  
J U

rol 1986;136:561-5. B
retan P

N
 

II 
466 consecutive patients 
btw

. Ages 3 and 84 yrs 
w

ere evaluation. A
t S

an 
Fran G

en. H
osp.  

Evaluation w
as based on 

the presence of 
m

icrohem
aturia or gross 

hem
aturia w

ith norm
al 

low
er genitourinary tract 

assessm
ent (pelvic 

fractures. A
nd bladder 

ruptures excluded), rapid 
deceleration injury, flank 
tenderness, or ecchym

osis 
or entrance w

ound in the 
vicinity of the kidneys, or 
retroperitoneal hem

atom
a 

discovered during C
T 

staging and/or laparotom
y 

for assoc. abdom
inal. 

injuries.  85 patients w
ith 

renal traum
a w

ere staged 
w

ith C
T (87.1%

 blunt and 
12.9%

 penetrating.  
Surgical exploration w

as 
required in 33 patients 
(38.8%

) w
ith findings on 

C
T verified in all patients. 

O
f their selected study group 

of 33 patients, C
T had a 

100%
 specificity and 100%

 
sensitivity for staging renal 
traum

a.  There w
ere no false 

negative or false positive 
findings on C

T.   B
y direct 

com
parison w

ith IV
P

 and 
renal arteriography, C

T is 
m

uch m
ore accurate in 

staging renal traum
a. 

C
T is a m

ore sensitive and specific staging 
technique than IV

P
 or nephrom

otography and in 
m

any cases arteriography.  It differentiates 
m

inor from
 m

ajor lacerations, and assesses 
associated chest and abdom

inal injuries 
precisely.  
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61 
R

enal Traum
a in 125 

C
ases of B

lunt 
A

bdom
inal Traum

a. 
C

ent A
fr J M

ed 
1986;32:16-20. 

G
ordon JA

 
III 

R
etrospective review

 
O

f 125 cases of blunt 
abdom

inal traum
a, 38 cases 

had an IV
P

 (criteria for IV
P

 
not stated) and 14 of these 
cases show

ed som
e 

abnorm
ality. The latter 14 

w
ere divided into tw

o groups 
5 cases w

ith m
acroscopic 

hem
aturia and 7 w

ith 
m

icroscopic hem
aturia w

ith 2 
cases w

hich had no 
hem

aturia.  The m
acroscopic 

hem
aturia cases all had IV

P
 

follow
ed by U

S
 ,and/or 

R
adionucleotide scan, or 

arteriography. O
nly one case 

w
ent to the O

R
 after IV

P
 and 

arteriography.   The 
m

icroscopic cases underw
ent 

IV
P

 follow
ed by 

R
adionucleotide scan, U

S
, 

and or A
ortogram

 w
ith no 

surgical intervention. 

IV
P

 is used to dem
onstrate the presence of 

both kidneys w
hich is vital should surgery be 

perform
ed.  S

econd, IV
P

 m
ay be norm

al in the 
presence of renal injury and other studies 
should be considered if clinical suspicion is high 
including radionucleotide scanning. 

62 
D

iagnosis of R
enal 

Injury w
ith C

om
puted 

Tom
ography.  

M
inn M

ed 
1986;69:207-9. 

V
ieira J 

III 
R

etrospective review
 w

ith 
review

 of the literature 
IV

P
 findings are often 

indeterm
inate w

ith m
ajor 

renal injuries w
hile C

T clearly 
defines renal parenchym

al 
injuries, hem

atom
a form

ation, 
and extravasation of urine 
w

ith dye. 

C
T gives a definitive diagnosis in alm

ost all 
cases of renal injury w

ith the exception of renal 
artery injury and should be the initial 
radiographic study.  If there is no parenchym

al 
perfusion or enhancem

ent on C
T proceed to  

renal arteriogram
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63 
Pathogenesis and 
M

anagem
ent of 

U
reteric Injuries.  

S
o A

fr M
ed J 

1985;68:811-4. 

G
rizic A

M
 

II 
R

etrospective review
 for 5 

years and prospective for 
2 years. H

istories w
ere 

review
ed w

ith regard to 
etiology, m

ode of 
presentation, m

anagem
ent 

of the injury, and result as 
determ

ined by the clinic 
F/U

 notes.  68 patients 
w

ith 72 ureteric injuries 
w

ere included.  53 of these 
injuries w

ere due to 
operative traum

a and 19 
w

ere secondary to 
external violence.  O

f the 
external traum

a cases, 7 
w

ere blunt and 12 
penetrating (9 knife and 3 
gunshot) 

Injuries of the ureter are of 
tw

o m
ain types occurring 

m
ost frequently during intra-

abdom
inal and pelvic surgery 

w
hile a m

inority are caused 
by external traum

a.  The first 
type is typically accidental.  
Excretory urography is the 
single m

ost valuable 
diagnostic tool and is 
accurate in over 90%

 of 
cases.  In cases of suspected 
ureteric injury due to external 
traum

a, urography is 
essential before exploratory 
laparotom

y. U
S

, renal isotope 
studies and C

T can be 
em

ployed to aid the 
diagnosis.  N

o further 
com

m
ents are m

ade in the 
decision process of using the 
latter. 

M
ost ureteric injuries are due to operative 

dam
age and m

any of these are caused by 
personnel unfam

iliar w
ith the surgery they are 

perform
ing.  The diagnosis is difficult and a high 

index of suspicion is essential w
hen operating 

in the vicinity of the ureter and in all cases of 
blunt or penetrating abdom

inal traum
a. 

64 
D

iagnosis and 
M

anagem
ent of 

B
ladder Traum

a.  
J Traum

a 
1973;13:687-94. 

B
rosm

an S
A

 
III 

90 patients w
ith traum

atic 
bladder injuries w

ere 
classified according to 
type of injury: contusion, 
extraperitoneal rupture, 
intraperitoneal rupture, 
and com

bined injuries.  

 78 of these patients had 
sustained blunt injury, and 12 
had penetrating injuries.  The 
diagnosis w

as m
ade by 

cystography (indications not 
stated).  In patients w

ith blunt 
traum

a, contusions w
ere 

found in 45%
, extraperitoneal 

lacerations in 28%
, 

intraperitoneal lacerations in 
13%

, and com
bined injuries 

in 14%
 

Early diagnosis and therapy are necessary to 
reduce the m

orbidity and m
ortality due to 

traum
atic bladder injury.  E

very patient w
ith 

pelvic fracture should be suspected of having a 
bladder injury and should be studied. 
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65 
U

rinary Tract Lesions 
A

ssociated w
ith 

Fractures of the 
P

elvis.  
A

cta C
hir S

cand 
1973;139:201-7. 

Iversen H
G

 
III 

275 patients w
ere 

adm
itted w

ith a diagnosis 
of pelvic fracture over a 10 
year period.  C

ases fell 
into three groups of 
traum

a stratification: road 
accidents, accidents at 
w

ork, and m
iscellaneous, 

the latter w
hich w

as 
com

prised prim
arily of 

sim
ple falls at hom

e or on 
the street.  G

roup I 
com

prises 59 patients w
ith 

fractures not involving the 
w

hole of any part of the 
pelvic ring.  G

roup II 
com

prises 143 patients 
w

ith single com
plete pelvic 

ring fractures.  G
roup II 

com
prises 73 patients w

ith 
double fractures , both 
com

plete, or a single 
pelvic ring fracture 
associated w

ith sym
physis 

rupture or sacro-iliac 
dislocation. 

8 patients w
ere identified w

ith 
urinary tract ruptures over a 
10 year period.  A

 num
ber of 

cases w
ere m

issed or treated 
late.  Insufficient attention 
w

as give to the possibility of 
urinary tract lesions in m

any 
pelvic fracture patients.  U

rine 
m

icroscopy  w
as 

inconsistently undertaken in 
all groups and urographic 
studies w

ere not routine even 
in group III patients.  W

ith the 
dem

onstration of hem
aturia, 

x-ray studies w
ere conducted 

in only half the total cases 
and m

ay have included 
urography, cystography, or 
urethrography or a 
com

bination of the above. 

R
outine urographic studies should be 

undertaken in cases of pelvic injuries.  N
o 

specific recom
m

endations are m
ade for G

U
 

radiographic evaluation. 

66 
The M

anagem
ent of 

R
enal Injuries 

coincident w
ith 

penetrating w
ounds of 

the abdom
en.  

J Traum
a 

1973;13:502-8. 

Tynberg P
L 

III 
R

eview
 of 60 patients w

ith 
penetrating renal injuries 

H
em

aturia w
as present in 

83%
.  IV

P
 w

as norm
al in 

35%
.  A

ll contralateral 
kidneys w

ere norm
al in 

location and function 

Absence of hem
aturia or presence of psoas 

shadow
 does not rule out renal injury 
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67 
Bladder Traum

a 
A

ssociated w
ith P

elvic 
Fractures in S

everely 
Injured P

atients.  
J Traum

a 
1973;13:205-12. 

C
ass A

S
 

III 
73 patients w

ith bladder 
rupture w

ere adm
itted to 

S
t. P

aul-R
am

sey H
ospital 

over an 11 year period. 
E

tiology of injury w
as blunt 

in 68 patients and 
penetrating in 7 (3 gunshot 
w

ounds and 2 knife 
w

ounds).  R
etrograde 

cystogram
 w

as perform
ed 

w
hether m

icroscopic or 
m

acroscopic hem
aturia 

w
as present.  P

elvic R
ing 

Fractures included w
ere: 

A
nterior 

(unilateral/bilateral), 
A

nterior and P
osterior 

(unilateral/bilateral), 
P

rotrusio acetabulum
, 

S
ym

physis separation n, 
C

om
bined P

rot. 
acetabular/sym

 
separation, A

nt/P
ost., 

O
thers (not specified) 

C
ystogram

s revealed no 
extravasation in 31 patients 
w

ith bladder contusion, 
Intraperitoneal extravasation 
w

as present in 17 patients 
w

ith intraperitoneal rupture of 
the bladder.  The rem

aining 6 
patients did not have 
cystogram

s.  The diagnosis 
w

as m
ade at the tim

e of 
im

m
ediate laparotom

y in 4 
cases and in 2 at autopsy.  
Extravasation occurred in 13 
patients w

ith extraperitoneal 
rupture.  Three patients did 
not have cystogram

s w
ith 

diagnosis at im
m

ediate 
laparotom

y and 2 at autopsy.  
N

orm
al cystogram

s w
ere 

present in 3 patients w
ith 

extraperitoneal rupture.  In 
these 3 cases, cystogram

s 
perform

ed w
ith only 250cc of 

dye and there w
as only 1 

post-w
ashout film

 w
as 

perform
ed. 

A
 cystogram

 w
ith a post-w

ashout film
 perform

ed 
in the severely injured patient diagnosed 
bladder injury.  False negatives do occur w

ith 
penetrating w

ounds and extraperitoneal rupture, 
m

aking bladder distention w
ith 400 cc of dye 

m
andatory. 

68 
C

om
parison of the 

conservative and 
surgical m

anagem
ent 

of the m
ore severe 

degrees of renal 
traum

a in m
ultiple 

injured patients.  
J U

rol 1973;109:8-10. 

C
ass A

S
 

II 
R

etrospective review
 

D
elayed operation w

as 
needed in 37.5%

 of survivors 
m

anaged non-operatively and 
an additional 25%

 w
ere 

discharged w
ith unilateral 

non-function.  H
ospital stay 

w
as 45 percent longer.  

S
urgical treatm

ent had less 
m

orbidity but loss of the 
kidney w

as 3 tim
es m

ore 
frequent. 

A
 cystogram

 w
ith a post-w

ashout film
 perform

ed 
in the severely injured patient diagnosed 
bladder injury.  False negatives do occur w

ith 
penetrating w

ounds and extraperitoneal rupture, 
m

aking bladder distention w
ith 400 cc of dye 

m
andatory. 



 
©

 2003 Eastern A
ssociation For The Surgery of Traum

a 
41

69 
M

anagem
ent of 

bladder and urethral 
injury in conjunction 
w

ith the im
m

ediate 
surgical treatm

ent of 
the acute severe 
traum

a patient.  
J U

rol 1972;108:581-5. D
el V

illar 
III 

R
etrospective review

 
C

ollected data w
ithout 

sufficient details to allow
 a 

critical analysis of the 51 
patients w

ith bladder injuries 
or 24 patients w

ith urethral 
injuries. 

R
adiologic evaluation w

ith a cystogram
 and 

post-w
ash out film

 and a retrograde 
urethrogram

 allow
 im

m
ediate diagnosis of 

bladder and urethral injury. 

70 
Evaluation of renal 
traum

a by infusion 
urography.  
J U

rol 1971;105:620-2. S
m

alley  
III 

R
etrospective review

 
40 patients w

ith rapid infusion 
(150 m

l m
axim

um
) of 

contrast.  83%
 w

ere 
diagnostic.  6 true positive, 0 
false positive, 34 true 
negative, unknow

n num
ber of 

false negative. 

Infusion urography increases the num
ber of 

diagnostic studies w
ithout risk to the patient and 

gives pathological significance to non-
visualization of all or part of a kidney 

71 
R

enal traum
a.  

J U
rol 1970;104:649-

53. 

M
orrow

  
III 

R
etrospective review

 
D

iagnostic value of high dose 
pyelography confirm

ed by 
correlation (87%

) w
ith 

selective angiography. 

Infusion urography increases the num
ber of 

diagnostic studies w
ithout risk to the patient and 

gives pathological significance to non-
visualization of all or part of a kidney 

72 
M

anagem
ent of 

U
rethral Injuries in 

W
ar C

asualties.  
M

il M
ed 

1970;135:748-51. 

R
ohner TJ 

III 
49 patients (9 blunt, 40 
penetrating) Injury 
locations:  penile 24, 
bulbous 4, 
prostatom

em
branous 12 

[penetrating] 
P

rostatom
em

branous 9 
[blunt] 

 U
rethrogram

s w
ere not done 

to evaluate either penetrating 
penile or perineal w

ounds.  
O

perative m
anagem

ent:  
1.Bulbous and penile urethra 
(P

enetrating) prim
ary repair 

w
/tissue loss up to 3 

centim
eters.  2. M

em
branous 

U
rethra (B

lunt) S
uprapubic 

cystostom
y and Foley 

catheter traction for 3 w
eeks.  

3. P
rostatic M

em
branous 

(P
enetrating) S

uprapubic 
cystostom

y and splinting 
urethral catheter w

/traction for 
3 w

eeks.  S
ix patients under 

w
ent prim

ary approxim
ation 

of the urethra to the bladder, 
poor results.  4.  P

enile 
W

ounds.  P
rim

ary skin 
closure w

hen there is no 
urethral involvem

ent 

S
uccessful passage of a foley do not exclude a 

sm
all urethral perforation.  
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73 
The R

ole of "O
ne-

S
hot" Intravenous 

P
yelogram

 in 
E

valuation of 
P

enetrating A
bdom

inal 
Traum

a. 
Am

 Surg 1997;63:350-
3. 

P
atel V

G
 

III 
R

etrospective review
 of 40 

patients.  Technique w
as 

1.5 M
L per K

G
 non ionic 

contrast IV
 injection. 

P
ortable film

s w
ere 

obtained 5-10 m
inutes 

follow
ing the injection. 

19 patients (47.5%
) w

ere 
hypotensive (B

P
 = 90 m

m
 H

g. 
B

efore this, 19 patients put in 
36 gunshot w

ounds, 4 stab 
w

ounds.  Tw
o of 10 patients 

w
ith urologic injuries had 

positive IV
P

s; 7 renal injuries 
and 3 bladder injuries w

ith no  
ureteric injuries.  Tw

o of the 7 
renal injuries had a positive 
IV

P
.  N

ine patients had gross 
hem

aturia and only 2 positive 
IV

P
s.  N

ine patients w
ith 

m
icroscopic hem

aturia had 3 
positive IVPs and only 2 
injuries.  O

f 18 patients w
ith 5 

positive IV
P

s, only 1 patient 
had a urologic injury.  Eighty 
percent of norm

al one-shot 
IV

P
s had renal injuries 

identified at laparotom
y.  

Tw
enty percent of patients 

w
ith abnorm

al IV
P

 findings 
had no intraoperative 
evidence of a renal injury. 

Lim
ited one-shot IV

P
 is of no significant value in 

assessing penetrating abdom
inal traum

a 
patients prior to laparotom

y. 
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74 
G

unshot W
ounds to 

the M
ale G

enitalia.  
J Traum

a 
1995;38:855-8. 

M
onga M

 
III 

R
etrospective review

 of 50 
cases of gunshot w

ounds 
to the m

ale genitalia 

D
istribution of injuries: penis 

(14), scrotum
 (26), penis &

 
scrotum

 (10).  Fifty percent of 
patients had associated 
injuries.  All 36 penile w

ounds 
w

ere evaluated w
ith 

retrograde urethrogram
s and 

dem
onstrated anterior 

urethral injuries in 8 patients.  
Five injuries involved the 
pendulous urethra and 3 the 
bulbous urethra.  Six of 8 
partial transections of the 
urethra underw

ent prim
ary 

repair.  Tw
o underw

ent 
staged procedures w

ith an 
initial suprapubic cystostom

y.  
Ten corpora cavernosal 
injuries w

ere prim
arily 

repaired.  P
enile injuries w

ere 
also repaired prim

arily.  Five 
of 17 testicular injuries w

ere 
salvaged w

ith drainage of 
hem

atom
as and prim

ary 
repair of the tunica albuginea 
and/or partial orchiectom

y.  
Follow

 up for all patients w
as 

very lim
ited. 

A
lgorithm

s w
ith nice system

atic steps for 
diagnosis and m

anagem
ent w

hich led to good 
functional integrity 

75 
U

reteropelvic Junction 
Injuries S

econdary to 
B

lunt A
bdom

inal 
Traum

a.  
R

adiology 
1997;205:487-92. 

K
aw

ashim
a A

III 
R

etrospective review
 of 10 

patients (2 pediatric, 8 
adults).  Im

aging studies 
included C

T, excretory 
urography and retrograde 
pyelography. 

C
T and urography played 

com
plim

entary roles in 
diagnosis.  U

P
J avulsion 

(N
=4), U

P
J laceration (N

=6).  
A

ll 10 patients had m
edial 

perirenal contrast  
extravasation.  This did not 
differentiate avulsion from

 
laceration.  A

 distinctive 
pattern of contrast m

aterial 
extravasation at C

T term
ed 

"circum
renal urinom

a" w
as 

present in 5 patients and 
specific for U

P
J injury. 

M
edial perinephric contrast m

aterial 
extravasation w

as highly suggestive of U
PJ 

injury.  D
em

onstration of ureteral filling 
differentiated U

P
J laceration from

 avulsion. 
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76 
A

ssessm
ent of the 

C
ortical R

im
 S

ign in 
P

osttraum
atic R

enal 
Infarction.  
J C

om
p A

sst Tom
 

1996;20:803-6. 

K
am

el IR
 

III 
R

etrospective review
 of 20 

patients diagnosed by 
dynam

ic C
T scan to have 

post injury focal or global 
infarcts.  C

T scans w
ere 

review
ed to evaluate the 

size of the infarction 
presence and appearance 
of the rim

 sign. 

Tw
elve patients had a single 

C
T scan w

hile 8 patients had 
m

ultiple C
T exam

inations.  
Fourteen cases dem

onstrated 
a rim

 sign, 8 of w
hich had 

m
ore than 1 C

T.  The earliest 
appearance of the rim

 sign 
w

as 8 hours.  S
ix cases 

w
ithout any rim

 sign w
ere 

evaluated w
ithin 10 hours of 

injury w
ith a m

edian tim
e of 4 

hours. 

In spite of the presence of renal collateral 
circulation, it takes a m

inim
um

 period of 8 hours 
after injury for the collateral circulation to 
expand and becom

e apparent on C
T scan.  C

T 
dem

onstrated a rim
 sign on all cases perform

ed 
1 w

eek after injury. 

77 
R

isk factors and 
m

echanism
 of urethral 

injury in pelvic 
fractures.  
B

r J U
rol 1996;77:876-

80. 

K
oraitim

 M
M

 
II 

P
rospective study of 203 

consecutive m
ale patients  

w
ith pelvic fracture.  D

ata 
included clinical 
exam

ination, radiographic 
studies of the pelvis, 
excretory urography and 
retrograde urethrography. 

Thirty nine patients (19%
) 

had a urethral injury. Five 
patients (2.5%

) had a bladder 
injury and 12 patients (6%

) 
had com

bined urethral and 
bladder injuries.  U

rethral 
injuries included 13 stretching 
and 13 (25.5%

) partial rupture 
and 13 (25%

) and com
plete 

rupture in 25 (49%
).  U

rethral 
injury w

as consistently 
associated w

ith pubic arch 
fractures.  The risk of urethral 
injury w

as increased w
hen 

there is involvem
ent of the 

anterior and posterior  pelvic 
arch. 

The highest risk of urethral injury w
as 

associated w
ith a straddle fracture w

hen 
com

bined w
ith diastasis of the S

I joint (24 x 
m

ore than the rest of the pelvic fractures).  This 
is straddle fracture alone (3.85 x) and 
M

algaigne's fracture (3.4 x). 

78 
The U

se of C
om

puted 
Tom

ography in Blunt 
A

bdom
inal Injuries. 

A
m

 S
urg 1996;62:56-

9. 

O
dekw

u P
O

 
III 

A
 retrospective review

 of 
256 patients (Total = 
2,047) undergoing C

T 
scans.  S

ixty tw
o (24.2%

) 
w

ere positive for visceral 
injury.  Injury-specific 
sensitivities w

ere low
est 

for pancreas (0%
), 

intestinal tract (41.6%
), 

and bladder (50%
).  False 

negative scans occurred in 
1.9%

.  N
o deaths or m

ajor 
com

plications attributable 
to delay in diagnosis. 

S
ensitivity of w

ith visceral 
injury w

as 92.4%
, specificity 

w
as 99.5%

 and overall 
accuracy w

as 97.6%
.  U

rine 
dipsticks and urinalysis 
perform

ed poorly as 
predictors of either significant 
urologic injury or intra-
abdom

inal injury in general. 

Yield for patients scanned w
ith obtundation as 

an isolated indication w
as dim

inished.  C
ost of 

C
T exceeds that of D

P
L, but low

er procedure-
related risk and low

er estim
ated rate of 

nontherapeutic laparotom
y leads to clinical 

favor of C
T scan. 
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79 
The R

ole of 
H

aem
aturia in the 

D
iagnosis of B

lunt 
R

enal Traum
a.  

S
can J U

rol &
 N

ephro 
1995;172;99-101. 

M
oller C

M
 

III 
R

etrospective review
 of 

114 patients during a ten 
year period.  

 Thirteen of 14 patients w
ith 

m
ajor renal traum

a had 
m

acroscopic hem
aturia.  

Three of the 13 patients w
ere 

in shock and required an 
acute operation for 
stabilization.  O

ne m
ajor renal 

lesion w
as diagnosed by 

acute IV
P

 before urinalysis. 

M
icroscopic hem

aturia in a hem
odynam

ically 
stable patient does not require radiographic 
im

aging of the G
U

 system
 in adults.  In contrast, 

all children should have radiographic evaluation 
after blunt renal traum

a. 

80 
D

iagnostic difficulties 
in patients w

ith a 
ruptured bladder.  
B

r J S
urg 1995;82:69-

70. 

M
okoena T 

III 
R

etrospective review
 of 

blunt urinary bladder 
patients diagnosed w

ith 
blunt urinary bladder 
rupture.  P

atients w
ithout 

pelvic fracture, w
hose only 

intra-abdom
inal injury w

as 
bladder rupture form

ed the 
basis of this report. 

M
acroscopic hem

aturia w
as 

present in 7/44 patients.  A
 

definitive diagnosis w
as m

ade 
by  voiding 
cystourethrography in 36/44 
patients.  Five w

ere 
diagnosed at laparotom

y 
w

hich w
as perform

ed for 
acute abdom

en.  Three w
ere 

diagnosed by aspiration of 
urine ascites.  A

ll had cupola 
lacerations.  Thirty six bladder 
injuries w

ere intraperitoneal 
and 8 extraperitoneal.  S

erum
 

urea and creatinine w
ere not 

diagnostic. 

N
one stated. 

81 
C

om
parison of H

igh-
Field M

agnetic 
R

esonance Im
aging 

w
ith C

om
puted 

Tom
ography in the 

E
valuation of B

lunt 
R

enal Traum
a.  

J Traum
a 

1995;38:420-7. 

Leppaniem
i A

II 
A

 prospective study  of 14 
patients w

ho underw
ent 

C
T and high-field (1.0 T) 

M
R

I. 

M
R

I equaled C
T in correctly 

grading the renal injury.  M
R

I 
im

ages w
ere helpful in 

determ
ining the extent the 

renal parenchym
al lesion.  

B
oth m

ethods w
ere accurate 

in finding perirenal 
hem

atom
as, assessing the 

viability of renal fragm
ents 

and detecting preexisting 
renal abnorm

alities but failed 
to visualize urinary 
extravasation on initial 
exam

ination. 

M
R

I im
aging can com

plim
ent the gold standard 

C
T in patients w

ith severe renal injury, 
preexisting renal abnorm

alities, equivocal C
T 

findings or w
hen repeat radiographic follow

 up 
is required.  M

R
I could replace C

T in patients 
w

ith iodine allergy and be used for initial staging 
if C

T is not available. 
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82 
U

tility of routine 
traum

a C
T in the 

detection of bladder 
rupture.  
Acad R

adiol 
2000;7:317-24. 

P
ao D

M
 

III 
R

etrospective review
 of 

108 patients w
ith blunt 

pelvic traum
a, 10 of w

hom
 

had bladder ruptures, w
ho 

underw
ent both standard 

abdom
inal/pelvic C

T and 
conventional cystography 

10/10 bladder ruptures w
ere 

identified by conventional 
cystography.  E

xtravasation 
of bladder contrast w

as noted 
in only 4/10 patients on 
abdom

inal/pelvic C
T.  9/10 

patients w
ith bladder rupture 

had extraperitoneal pelvic 
fluid on abdom

inal/pelvic C
T. 

The absence of pelvic fluid on abdom
inal/pelvic 

C
T indicates that bladder rupture is unlikely.  

B
ladder injury m

ay be present despite absence 
of contrast m

aterial extravasation of 
abdom

inal/pelvic C
T 

83 
S

evere blunt renal 
traum

a: a 7-year 
retrospective review

 
from

 a provincial 
traum

a center.  
C

an J U
rol 

2001;8:1372-6. 

B
averstock R

III 
R

etrospective review
 of 

227 patients w
ith renal 

injuries, blunt 93.4%
, 

penetrating 6.6%
 

O
f G

rade III, IV
, or V

 injuries, 
80%

 had gross hem
aturia 

and 80%
 had associated 

traum
a.  M

anagem
ent w

as 
conservative in 87.5%

 of 
G

rade III and 77.7%
 of G

rade 
IV

; 90.9%
 of G

rade V
 injuries 

underw
ent im

m
ediate 

surgery.  N
o outpatient follow

-
up. 

B
lunt renal traum

a m
anaged conservatively is 

associated w
ith few

 intrahospital com
plications 

in the hem
odynam

ically stable patients.  G
rade 

V
 injuries result in a nephrectom

y rate of 90.9%
 

due to hem
odynam

ic instability 

84 
The role of 
interventional 
radiology in the 
m

anagem
ent of blunt 

renal injury: a practical 
protocol.  
J Traum

a 
2001;51:526-31. 

H
agiw

are A
 

III 
R

etrospective review
 of 28 

patients w
ith blunt renal 

artery injury 

The incidence of diagnosis of 
blunt renal artery injury w

as 
0.08%

 w
hich increased over 

tim
e 

A
t this institution the incidence of blunt renal 

artery injury diagnosis is increasing w
hich is 

attributed to the increased use of C
T scan. 

85 
B

lunt R
enal A

rtery 
Injury: Incidence, 
D

iagnosis, and 
M

anagem
ent.  

Am
 Surg 2001;67:550-

6. 

B
ruce LM

 
III 

R
etrospective review

 of 28 
patients w

ith blunt renal 
artery injury 

 M
ost renal artery injuries 

w
ere diagnosed by C

T scans 
(93%

) w
ith seven 

confirm
atory angiogram

s.  

The frequency of diagnosis of blunt renal artery 
injury is increasing at this institution 
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86 
Is there a role of 
m

agnetic resonance 
im

aging in renal 
traum

a?  
Int J U

rol 2001;8:261-
7. 

K
u JH

 
II 

P
rospective study of 12 

patients w
ith blunt renal 

traum
a w

ho underw
ent 

contrast-enhanced C
T 

follow
ed by M

R
I 

There w
as no difference on 

staging of renal injury 
betw

een C
t and M

R
I. M

R
I 

could delineate intrarenal 
hem

atom
a from

 perirenal 
hem

atom
a and betw

een 
hem

atom
a and renal 

parenchym
a m

ore accurately 
than C

T.  B
oth C

T and M
R

I 
w

ere accurate in diagnosing 
renal infarction in 3 patients.  

The presence and size of perirenal hem
atom

a 
could be detected by both C

T and M
R

I, and 
both techniques accurately graded renal injury.  
M

R
I w

as able to determ
ine recent bleeding in 

hem
atom

as, differentiated intrarenal from
 

perirenal hem
atom

a.  M
R

I should be lim
ited to 

carefully selected patients, such as those w
ith 

severe renal injury or equivocal findings on C
T, 

as it requires longer im
aging tim

e and increases 
the cost. 

87 
G

unshot w
ounds to 

the ureter: a 40-year 
experience at G

rady 
M

em
orial H

ospital.  
J U

rol 2001;166:119-
21. 

P
erez-

B
rayfield M

R
I

III 
R

etrospective review
 of 

118 patients w
ith G

S
W

 to 
the ureter 

33%
 false negative IV

P
 

P
reoperative testing is of poor reliability 

88 
C

om
puterized 

tom
ography 

cystography for the 
diagnosis of traum

atic 
bladder rupture.  
J U

rol 2000;164:43-6. 

D
eck A

J 
III 

R
etrospective review

 of 
316 blunt traum

a patients 
w

ho underw
ent C

T 
cystography 

C
T cystography detected 

bladder rupture w
ith a 

sensitivity of 95%
 and 

specificity of 100%
.  C

T 
cystography detected 
intraperitoneal bladder 
rupture w

ith a sensitivity of 
78%

 and specificity of 99%
 

C
T cystography rather than plain film

 
cystography should be perform

ed in patients 
w

ho are already undergoing C
T for other 

injuries 

89 
Bladder rupture after 
blunt traum

a: 
guidelines for 
diagnostic im

aging.  
J Traum

a 
2001;51:683-6. 

M
orey A

F 
III 

R
etrospective review

 of 53 
patient w

ith blunt bladder 
rupture from

 four 
institutions 

100%
 had gross hem

aturia 
and 85%

 had pelvic fracture 
P

elvic fracture w
ith gross hem

aturia is an 
indication for cystography in blunt traum

a 
patients 
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90 
Preoperative 
radiographic staging 
for ureteral injuries is 
not w

arranted in 
patients undergoing 
celiotom

y for traum
a. 

Am
 Surg 2001;67:969-

73. 

D
iG

iacom
o 

JC
 

III 
R

etrospective review
 of 27 

patients w
ith ureteral injury 

due to penetrating traum
a 

13/23 patients had 
docum

entation of urine 
appearance preoperatively: 5 
gross hem

aturia, 3 dipstick 
positive, 5 dipstick negative.  
2/23 patients had 
preoperative IV

P
, 1/2 

dem
onstrated a transected 

ureter, 1/2 failed to visualize 
ureter or kidney on the injured 
side.  A

ll 23 patients 
underw

ent operative 
exploration and there w

ere no 
m

issed ureteral injuries. 

P
reoperative radiographic staging for ureteral 

injuries is not w
arranted in patients undergoing 

celiotom
y for traum

a 

91 
R

adiographic 
assessm

ent of renal 
traum

a: a 10-year 
prospective study of 
patient selection.  
J U

rol 1989;141:1095-
8. 

M
ee S

L 
II  

P
rospective study of 996 

patients w
ith suspected 

renal traum
a, 140 

penetrating and 856 blunt.  
A

ll patients w
ith blunt 

traum
a and m

acroscopic 
hem

aturia +/- shock or 
m

icroscopic hem
aturia + 

shock w
ere im

aged 
radiographically; all 
patients w

ith penetrating 
renal traum

a w
ere im

aged 
radiographically.  404 of 
the 812 patients w

ith blunt 
traum

a, m
icroscopic 

hem
aturia w

ithout shock 
w

ere radiographically 
im

aged 

S
ignificant renal injuries w

ere 
found in 44 patients w

ith blunt 
traum

a, gross hem
aturia +/- 

shock or m
icroscopic 

hem
aturia + shock.  N

o 
significant renal injuries 
occurred in the 812 patients 
w

ith blunt traum
a and 

m
icroscopic hem

aturia 
w

ithout shock.  S
ignificant 

renal injuries w
ere found in 

63%
 of patients w

ith 
penetrating traum

a to the 
flank or abdom

en. 

P
atients w

ith blunt traum
a, m

icroscopic 
hem

aturia and no shock w
ho do not have 

associated m
ajor intra-abdom

inal injuries can 
be m

anaged safely w
ithout excretory 

urography.  C
om

plete radiographic staging is 
m

andatory in patients w
ith penetrating traum

a 
to the flank or abdom

en. 

92 
R

enal traum
a: re-

evaluation of the 
indications for 
radiographic 
assessm

ent.  
J U

rol 1985;133:183-7. N
icolaisen 

G
S

 
II  

P
rospective study of 359 

consecutive patients w
ith 

blunt (306) or penetrating 
(53) renal traum

a 

N
o com

bination of 
param

eters (degree of 
hem

aturia, presence of 
shock, associated injuries) in 
patients w

ith penetrating 
traum

a w
as able to predict a 

severe injury.  A
ll blunt 

traum
a patients w

ith 
m

icroscopic hem
aturia but no 

shock had renal contusions 
and w

ere successfully 
m

anaged nonoperatively. 

Excretory urography is indicated in patients w
ith 

blunt renal traum
a and either m

acroscopic 
hem

aturia +/- shock or m
icroscopic hem

aturia + 
shock, and also in penetrating traum

a; it is not 
indicated in patients w

ith m
icroscopic hem

aturia 
but no shock after blunt renal traum

a 
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93 
Blunt urinary tract 
traum

a: identifying 
those patients w

ho 
require radiological 
diagnostic studies.  
J U

rol 1987;138:99-
101. 

H
ardem

an 
S

W
 

II 
P

rospective study of 506 
consecutive patients w

ith 
blunt traum

a and 
hem

aturia 

25/506 patients had urinary 
tract injuries.  21 of these 25 
presented w

ith gross 
hem

aturia.  1/25 w
ith 

m
icroscopic hem

aturia w
as in 

shock.  The rem
aining 3 

patients w
ith m

icrohem
aturia 

w
ithout shock w

ere 
successfully m

anaged 
conservatively. 

R
adiographic im

aging is indicated in patients 
w

ith blunt renal traum
a and m

acroscopic 
hem

aturia +/- shock or m
icroscopic hem

aturia + 
shock, but not m

icroscopic hem
aturia w

ithout 
shock. 

94 
U

rological injury and 
assessm

ent in patients 
w

ith fractured pelvis.  
J U

rol 1984;13:712-4. 

Fallon B
 

III 
R

etrospective study of 200 
patients w

ith pelvic 
fractures, 32 of w

hom
 had 

urologic injury. 

29 of 31 patients w
ith pelvic 

fracture and urologic injury 
had gross hem

aturia; urine 
specim

en w
as not obtained in 

1.  1/77 patients w
ith 

m
icroscopic hem

aturia had 
serious urologic injury. 

U
rethrography and cystography is not indicated 

in all patients w
ith pelvic fractures.  It is 

indicated in patients w
ith gross hem

aturia or 
w

hen other clinical signs indicate a high 
likelihood of bladder or urethral traum

a 

95 
C

linical indications for 
radiographic 
evaluation of blunt 
renal traum

a.  
J U

rol 1986;136:370. 

C
ass A

S
 

III 
R

etrospective review
 of 

831 patients w
ith 

hem
aturia and blunt 

traum
a.   

160/241 patients w
ith 

m
icroscopic hem

aturia but 
w

ithout shock had associated 
injuries; 334/590 patients had 
m

icroscopic hem
aturia 

w
ithout shock and lacked 

associated injuries.  1/160 
had a renal laceration; 3/334 
had a renal laceration, 1/334 
had renal rupture, 1/334 had 
a pedicle injury. O

nly 7 
patients w

ith significant 
injuries had m

icroscopic 
hem

aturia alone. 

R
adiographic evaluation in patients w

ith blunt 
renal traum

a plus m
icrohem

aturia and no shock 
w

ill m
iss a few

 cases of severe renal injury 

96 
Significance of 
hem

aturia after 
traum

a.  
J U

rol 1978;120:455-6. B
right TC

 
II 

P
rospective study of 142 

consecutive patients w
ith 

hem
aturia (120 blunt &

 22 
penetrating) 

19 patients had G
U

 injuries, 
8/19 required an operation.  
The degree of hem

aturia did 
not correlate w

ith the severity 
of injury. 

The degree of hem
aturia does not correlate w

ith 
the severity of injury in patients. 
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97 
The role of com

puted 
tom

ography in renal 
traum

a.  
R

adiology 
1981;141:455-60. 

Federle M
P

 
II 

P
rospective study of 15 

patients suspected of 
having renal traum

a w
ho 

received C
T &

 IV
P

 

C
t dem

onstrated 
extravasation of urine not 
detected by urography.  
P

arenchym
al injuries &

 
extrarenal hem

atom
as w

ere 
depicted m

ore accurately by 
C

T, differentiating m
inor from

 
m

ajor/catastrophic injuries. 

C
T is m

ore accurate than IV
P

 

98 
Evaluation of renal 
injuries w

ith 
com

puterized 
tom

ography.  
J U

rol 1982;128:456-
60. 

M
cA

ninch JW
II 

P
rospective study of 24 

patients suspected of renal 
injury w

ho received C
T 

and IV
P

, and/or 
nephrotom

ography 

C
T dem

onstrated 
extravasation not seen on 
IV

P
 in 4 patients.  R

enal 
lacerations, perirenal and 
intrarenal hem

atom
as w

ere 
defined m

ore clearly on C
T.  

C
T detected liver, spleen or 

pancreas injuries in 4 
patients. 

C
T is m

ore accurate than IV
P

 

99 
P

enetrating renal 
traum

a: C
T evaluation. 

J C
om

p A
sst Tom

o 
1987;11:1026-30. 

Federle M
P

 
III 

R
etrospective study of 27 

consecutive patients w
ith 

S
W

 of the flank 

22 patients received C
T, 11 

IV
P

, 3 angiogram
.  IV

P
 

underestim
ated, 

overestim
ated, or w

as 
indeterm

inate in m
any cases.  

A
ngio w

as rarely required to 
better define renal vascular 
injuries.  C

T w
as accurate.  

20 patients w
ere m

anaged 
nonoperative.   

N
o correlation w

as found betw
een the presence 

and am
ount of hem

aturia and the extent of 
renal injury in penetrating traum

a patients.  IV
P

 
w

as of little use; C
T should be the prim

ary 
diagnostic study in patients w

ith penetrating 
back or flank traum

a judged to be at risk for 
renal or other retroperitoneal injury. 

100 
R

enal traum
a: 

radiological studies; 
com

parison of 
urography, com

puted 
tom

ography, 
angiography, and 
radionuclide studies. 
R

adiology 1985;154:1-
6. 

Lang E
K

 
III 

R
etrospective study of 388 

patients w
ith renal traum

a.  
S

om
e patients received 

IV
P

, radionuclide 
urography, angio, 
conventional or dynam

ic 
C

T. 

IVP excluded renal injury w
ith 

an accuracy of 87%
.  

D
ynam

ic C
T established the 

correct diagnosis in 129/130 
com

pared to 116/130 for 
conventional C

T.  A
ngio 

correctly diagnosed 43 renal 
artery injuries. 

C
T is m

ore accurate than IV
P

. 
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101 
B

ladder injury in blunt 
pelvic traum

a. 
R

adiology 
1986;158:633-8. 

S
andler C

M
 

III 
R

etrospective study of 97 
patients w

ith bladder injury 
secondary to blunt traum

a 

44 patients had 
extraperitoneal bladder 
rupture; 35 had 
intraperitoneal rupture; 2 had 
insterstitial bladder injury; 5 
had com

bined intraperitoneal 
& extraperitoneal bladder 
rupture.  O

f 61 patients w
ith 

film
 studies available, 2 w

ith 
intraperitoneal rupture had 
false-negative cystogram

s.  In 
2 other cases, the diagnosis 
w

as m
issed w

ith urography 
but dem

onstrated on 
cystography.   

C
ystography is m

ore accurate in the diagnosis 
of bladder injuries than IV

P
. 

102 
M

ajor bladder traum
a: 

the accuracy of 
cystography.  
J U

rol 1983;130:887-8. C
arroll P

R
 

III 
R

etrospective review
 of 51 

patients w
ith blunt bladder 

rupture 

E
xtravasation w

as noted in all 
32 cases for w

hich retrograde 
cystogram

s w
ere available.  

O
f 32 cystogram

s found, 4 
show

ed rupture on the 
drainage film

 only.   

D
rainage film

s and adequate distension of the 
bladder w

ith contrast m
edium

 increases the 
sensitivity of cystography in the detection of 
bladder injuries. 

103 
M

ajor bladder traum
a: 

m
echanism

s of injury 
and a unified m

ethod 
of diagnosis and 
repair.  
J U

rol 1984;132:154-7. C
aroll P

R
 

III 
R

etrospective review
 of 51 

patients w
ith bladder 

traum
a; 32 blunt, 13 

penetrating, 1 
spontaneous &

 5 
iatrogenic injuries. 

E
xtraperitoneal rupture w

as 
noted in 32, intraperitoneal 
rupture in 13, com

bined 
intraperitoneal & 
extraperitoneal rupture in 6.  
30/31 w

ith blunt traum
a had 

pelvic fractures.  A
ssociated 

organ injuries w
ere found in 

62%
 w

ith penetrating and 
93%

 w
ith nonpenetrating 

injuries. 

D
rainage film

s and adequate distension of the 
bladder w

ith contrast m
edium

 increases the 
sensitivity of cystography in the detection of 
bladder injuries. 

104 
Indications for 
em

ergency 
intravenous 
pyelography (IV

P
) in 

blunt abdom
inal 

traum
a: a reappraisal. 

J Traum
a 

1986;26:1086-9. 

K
isa E

 
III 

R
etrospective review

 of 50 
consecutive patients 
undergoing IV

P
 for blunt 

traum
a.   

S
ignificantly abnorm

al IV
P

 
w

as found in 6/7 patients w
ith 

gross hem
aturia.  N

o patient 
of 43 w

ith m
icroscopic 

hem
aturia had a clinically 

significant abnorm
ality.   

P
atients w

ith post-traum
atic m

icroscopic 
hem

aturia alone do not require radiographic 
im

aging.  R
adiographic im

aging is indicated in 
patients w

ith post-traum
atic gross hem

aturia. 
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105 
M

icroscopic hem
aturia 

after blunt traum
a.  Is 

pyelography 
necessary?  
Am

 Surg 1989;55:145-
50. 

Thom
ason 

R
B

 
III 

R
etrospective review

 of 
102 consecutive patients 
undergoing IV

P
 after blunt 

traum
a.   

26 patients had gross 
hem

aturia; of these, 7 had 
abnorm

al IV
P

s, and 2 of 
those required surgery.  76 
patients had m

icroscopic 
hem

aturia; of these, none 
required urologic surgery. 

M
icroscopic hem

aturia alone is not an indication 
for radiographic im

aging after blunt traum
a.  

Im
aging is indicated in the presence of gross 

hem
aturia. 

106 
R

enal traum
a: 

evaluation by 
com

puterized 
tom

ography.  
J U

rol 1985;133:946-9. E
rturk E

 
III 

R
etrospective review

 of 22 
patients suspected of 
m

ajor renal traum
a 

17 w
ere successfully 

m
anaged nonoperatively; 5 

w
ere surgically explored.  C

T 
provided precise anatom

ical 
detail of the renal injuries and 
only 2 required angiography 
for further detail. 

C
T should be the prim

ary diagnostic m
odality in 

patients suspected of sustaining m
ajor renal 

injury and/or other organ injuries. 

107 
R

enal artery and vein 
injury follow

ing blunt 
traum

a.  
Ann Surg 
1975;182:606-8. 

S
turm

 JT 
III 

R
etrospective review

 of 15 
patients w

ith blunt renal 
vascular traum

a 

D
iagnosis w

as m
ade 

im
m

ediately in 6 patients, 
delayed in 5, and at autopsy 
in 3.  The diagnosis w

as 
suggested by IV

P
.   

An IVP should be m
andatory follow

ing severe 
blunt traum

a, especially w
hen hem

aturia is 
present.  A

ngiography is indicated w
hen 

distortion of calyces, extravasation or 
nonfunction is seen on IV

P
 and allow

s a 
definitive diagnosis of renal vessel injury to be 
m

ade. 

108 
Evaluation and 
Treatm

ent of blunt 
renal traum

a.  
J U

rol 1991;146:274-7. H
erschorn S

 
III 

R
etrospective review

 of 
126 patients w

ith blunt 
renal traum

a 

86 patients had gross 
hem

aturia; 37 had 
m

icroscopic hem
aturia.  A

ll 
patients w

ith m
icroscopic 

hem
aturia w

ithout shock had 
m

inor injuries.  2 patients had 
pedicle injuries; both had 
gross hem

aturia.   

R
adiological investigations are not needed in 

those patients w
ith m

icroscopic hem
aturia and 

no shock.  W
hen radiologic investigations are 

indicated, C
T scan is the im

aging study of 
choice. 

109 
M

anagem
ent of 

G
enitourinary Injuries 

in P
atients w

ith pelvic 
fractures.  
Ann Surg 
1979;189:717-23. 

W
eem

s W
L 

III 
R

etrospective review
 of 

282 m
ale patients w

ith 
pelvic fractures. 

80 patients had urologic 
injuries; there w

ere 19 
bladder injuries, 20 urethral 
injuries, &

 9 renal injuries.  
H

em
aturia occurred in 38 

patients. 

H
em

aturia w
as the only evidence of injury in 

38/80 patients w
ith urologic injuries. 
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110 
C

om
puterized 

tom
ography 

cystography for 
C

om
puted 

tom
ographic 

evaluation of blunt 
renal injuries. 
R

adiology 
1981;141:461-6. 

S
andler C

M
 

III 
R

etrospective review
 of 10 

patients w
ith blunt renal 

injuries 

C
T dem

onstrated the renal 
injury in 9/10 patients. 

C
T is valuable in providing definition of urologic 

injuries and in avoiding angiography. 

111 
R

enovascular traum
a: 

risk assessm
ent, 

surgical m
anagem

ent, 
and outcom

e.  
J Traum

a 
1990;30:547-54. 

C
arroll P

R
 

III 
R

etrospective review
 of 36 

patients (23 penetrating 
and 13 blunt) w

ith 37 
renovascular injuries 

The renal artery alone w
as 

injured in 9 kidneys, the renal 
vein alone in 12, and both 
renal artery and vein in 6.  
S

egm
ental vessel injuries 

alone w
ere found in 10 

kidneys.  G
ross hem

aturia 
w

as present in 16 patients, 
m

icroscopic hem
aturia in 10, 

no hem
aturia in 7, and 

unrecorded in 3.  O
nly 4 

patients had isolated renal 
injuries.  IV

P
 w

as perform
ed 

in 11, angio in 5, and C
T in 6.  

IV
P

 dem
onstrated unilateral 

nonfunction in 7 patients and 
urinary extravasation in 1.  
N

onspecific findings (delayed 
opacification) w

ere noted in 3.  
A

ngiography accurately 
identified renovascular injury 
in all 5 cases in w

hich it w
as 

perform
ed.  C

T show
ed the 

presence of vascular injury in 
the 6 patients in w

hom
 it w

as 
perform

ed. 

Although hem
aturia is usually present, it m

ay be 
absent despite renovascular traum

a.  R
enal 

nonfuction is not specific for renovascular injury.  
C

T m
ay accurately stage renal pedicle injuries 

w
ithout angiography. 
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112 
Arteriography in the 
assessm

ent of renal 
traum

a.  
J Traum

a 
1975;15:553-66. 

Lang E
K

 
III 

R
etrospective review

 of 
190 patients w

ith renal 
traum

a (51 penetrating, 
139 blunt). 

A
rteriogram

s w
ere perform

ed 
in 176 patients; the rem

aining 
patients w

ere clinically 
unstable.  The decision to 
m

anage surgically vs 
nonoperatively w

as based on 
angiogram

.  113/139 patients 
w

ith blunt traum
a w

ere 
m

anaged nonoperatively; 
25/51 patients w

ith 
penetrating renal traum

a 
w

ere m
anaged 

nonoperatively.  
C

om
plications developed in 

3%
 of patients m

anaged 
nonoperatively. 

A
ngiography m

ay allow
 triage of patients w

ith 
renal traum

a into nonoperatively and 
operatively m

anaged groups. 

113 
R

enal pedicle injury in 
the m

ultiple injured 
patient.  
J Traum

a 
1985;25:892-6. 

C
ass A

S
 

III 
R

etrospective review
 of 31 

patients (25 blunt, 6 
penetrating) w

ith renal 
pedicle injuries 

G
ross hem

aturia w
as found in 

13, m
icroscopic hem

aturia in 
5, no hem

aturia in 12, and 
unknow

n in 1.  A
 

nonfunctioning kidney w
as 

found in 18/21 patients w
ho 

underw
ent IV

P
.  O

f the 
rem

aining 5 patients, 2 had 
extravasation and 3 had 
incom

plete filling, requiring 
arteriography in 1 and 
laparotom

y in 2 for the 
diagnosis.  8 patients did not 
undergo IVP and the 
diagnosis w

as m
ade at 

laparotom
y in 6 and at 

autopsy in 2. 

H
em

aturia, both m
acroscopic and m

icroscopic, 
w

as absent in 40%
 of the renal pedicle injuries, 

requiring a high index of suspicion based on 
m

echanism
 of injury. 

114 
R

enal vascular 
injuries.  
A

m
 S

urg 1986;52:30-
6. 

M
eacham

 
P

W
 

III 
R

etrospective review
 of 17 

patients (6 blunt, 9 
penetrating) w

ith renal 
vascular injuries 

G
ross hem

aturia w
as present 

in 6 patients and m
icroscopic 

hem
aturia found in 5.  IV

P
 

w
as abnorm

al in 4/5 patients 
w

ith renal artery injury and 
1/1 patients w

ith renal vein 
injury.  A

rteriogram
 w

as 
abnorm

al in 5/5 patients w
ith 

renal artery injury. 

N
one stated. 
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115 
Traum

atic renal artery 
occlusion: a 15-year 
review

.  
J Traum

a 
1998;45:557-61. 

H
aas C

A
 

III 
R

etrospective review
 of 12 

patients w
ith blunt renal 

artery injury. 

7/8 patients had hem
aturia, 

results unknow
n for 4 

patients.  C
T established the 

diagnosis in 9/9 patients w
ho 

underw
ent this test. 

D
iagnosis requires a high index of suspicion.  

H
em

aturia w
as absent in 12.5%

 of patients. 

116 
A

ccuracy of com
puted 

tom
ography in 

diagnosing renal artery 
injuries.  
U

rology 1989;34:249-
51. 

C
ass A

S
 

III 
R

etrospective study of 7 
patients w

ith renal artery 
injury. 

All 7 patients w
ere diagnosed 

successfully by C
T 

dem
onstration of lack of 

opacification or lack of 
enhancem

ent of kidney 

C
T is accurate in the diagnosis of renal artery 

injury. 

117 
R

enal traum
a: 

reevaluation of 
indications for 
radiographic 
assessm

ent.  
J U

rol 1985;133:183-7. N
icolaisen 

G
S

 
II 

P
rospective study of 369 

consecutive patients w
ith 

renal traum
a (306 blunt, 

53 penetrating) 

In patients w
ith penetrating 

injuries, neither hem
aturia, 

shock, or associated injuries 
could predict the 
presence/extent of renal 
traum

a.  P
atients w

ith 
m

icroscopic hem
aturia 

w
ithout shock did not require 

operation and therefore 
should not be w

orked up 
urographically.  O

nly patients 
w

ith penetrating injuries or 
blunt injury w

ith gross 
hem

aturia or blunt injury w
ith 

m
icroscopic hem

aturia should 
undergo evaluation. 

B
lunt traum

a patients w
ith m

icroscopic 
hem

aturia w
ithout shock should not undergo 

urographic evaluation.  This should be reserved 
for patients w

ith penetrating injuries or blunt 
traum

a patients w
ith either gross hem

aturia +/- 
shock or m

icroscopic hem
aturia + shock. 

118 
C

T diagnosis of renal 
pedicle injury.  
U

rol R
adiol 1985;7:63-

8. 

S
clafani S

J 
III 

R
etrospective review

 of 6 
patients w

ith renal 
vascular injury. 

The m
ost specific C

T signs of 
renal vascular injury included 
nonexcretion, "rim

" 
enhancem

ent, and abrupt 
term

ination of an enhanced 
renal artery.  N

onspecific C
T 

signs included central 
retroperitoneal hem

atom
a 

associated w
ith lim

ited 
perinephric hem

atom
a.  

C
T allow

ed for differentiation of causes of 
absent or poor urographic nephrogram

 after 
traum

a and m
ay obviate the need for tim

e-
consum

ing angiography.  C
T should replace 

IV
P

 for the evaluation of polytraum
a. 

119 
The C

T appearance of 
renal pedicle injury.  
J U

rol 1984;132:1163-
4. 

S
teinberg D

L 
III 

R
etrospective review

 of 2 
patients w

ith traum
atic 

renal artery occlusion, w
ith 

an additional review
 of 60 

cases of renal traum
a 

w
ithout renal artery injury. 

C
T dem

onstrated 
nonfunctioning, norm

al-sized 
kidney w

ith m
inim

al or no 
contrast enhancem

ent in both 
patients. 

These C
T findings appear to be specific for 

occlusion of the renal pedicle 



 
©

 2003 Eastern A
ssociation For The Surgery of Traum

a 
56

120 
M

anagem
ent of 

traum
atic hem

aturia by 
selective renal artery 
em

bolization.  
J U

rol 1984;132:662-7. U
flacker R

 
III 

R
etrospective review

 of 17 
patients w

ith renal injury 
and hem

aturia w
ho 

underw
ent angiography 

and selective renal arterial 
em

bolization 

8/17 patients had urinary 
extravasation, 6/17 had 
traum

atic A
V

 fistulas, 5/17 
had pseudoaneurysm

. 

Angiography and em
bolization should be 

perform
ed in patients w

ith renal traum
a and 

uncontrolled hem
aturia before any surgical 

attem
pt is m

ade. 

121 
U

reteral and renal 
pelvic injuries from

 
external traum

a: 
diagnosis and 
m

anagem
ent.  

J Traum
a 

1989;29:370-4. 

P
resti JC

 
III 

R
etrospective review

 of 18 
patients w

ith 19 collecting 
system

 injuries (16 
penetrating, 3 blunt) 

IV
P

 w
as diagnostic of ureteral 

injury in 3/8.  R
etrograde 

pyelography w
as diagnostic 

in 1/1 patients. 

IVP & initial urinalysis m
ay be unreliable 

indicators of ureteral and renal pelvic injury, and 
high suspicion m

andates exploration. 

122 
U

reteral injuries from
 

penetrating traum
a.  

J Traum
a 

1994;36:766-9. 

B
randes S

B
 

III 
R

etrospective review
 of 12 

patients w
ith penetrating 

ureteral injuries w
ho 

underw
ent exploratory 

laparotom
y upon 

adm
ission 

11/12 injuries w
ere diagnosed 

at surgery.  D
iagnosis w

as 
delayed in one patient for 2 
w

eeks, w
hen C

T 
dem

onstrated a urinom
a.  

H
igh-dose IVP w

as 
nondiagnostic in 9/9 patients.  
H

em
aturia w

as absent in 5/11 
patients. 

U
rinalysis and high-dose IV

P
 are not reliable for 

detecting penetrating ureteral injury.  In 
addition, 1/12 ureteral injuries w

as not initially 
identified, despite routine surgical exploration, 
urinalysis, and IVP.  A high index of suspicion is 
required to diagnose ureteral injury. 
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Penetrating ureteric 
injuries.  
Injury 1998;29:363-7. 

A
zim

uddin K
 

III 
R

etrospective chart review
 

of 20 patients. 
33%

 had m
acroscopic 

hem
aturia, 33%

 had 
m

icroscopic hem
aturia.  O

nly 
1 of 7 pre- or intra-operative 
excretory urogram

s 
dem

onstrated an injury.  A
ll 

operative repairs w
ere 

stented w
ith a double-J stent.  

3 patients had a urinary leak 
post-operatively. 

A high index of suspicion is necessary in 
patients w

ith a penetrating w
ound to the 

retroperitoneum
.  It is im

portant to thoroughly 
exam

ine the ureteric bed intraoperatively.  A
 

double-J stent should be used for all repairs. 

   


