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11 INJURIES TO THE UROGENITAL 
TRACT

The World Health Organization (WHO) predicts a dramatic
worldwide rise in the burden of disease caused by road traffic
accidents and war.1 This rise will directly influence the incidence
of urogenital trauma, in that motor vehicle crashes (MVCs) and
firearm injuries are responsible for the overwhelming majority of
major renal and pelvic injuries.2 In one population-based study,
the percentage of trauma patients in the United States who had
renal injuries was 1.2% (incidence, 4.9 per 100,000 population).3
Thus, in 1 year, some 14,000 patients with renal injuries are hos-
pitalized nationwide.Approximately 45,000 pelvic fractures occur
each year in the United States, 15% to 25% of which are associ-
ated with urologic injury. Urogenital injuries, though rarely fatal,
can cause profound long-term morbidity and permanently impair
quality of life.

Blood in the urine is the hallmark of injury to the urogenital
system; however, as an isolated indicator, it is not specific for
injury location or severity. In penetrating abdominal trauma,
hematuria is a signal that the kidneys, the ureters, and the bladder
must be evaluated. Urethral and genital injuries are suspected
only in the setting of wounds to the pelvis, the perineum, or the
buttocks. When hematuria occurs in association with blunt trau-
ma, the entire urogenital system must be evaluated: the forces
associated with high-speed MVCs and falls can cause injuries to
both the upper and the lower regions of the urogenital tract.

In what follows, each of the major urogenital organs is treated
separately. New imaging modalities and a growing emphasis on
nonoperative management of upper and lower urinary tract
injuries have dramatically changed the field of urologic trauma.
Concomitant injury to both the upper and the lower urinary tract
is rare, but extra vigilance must be maintained to detect such
injury when it does occur. Evaluation and management of trauma
to the female reproductive organs requires special expertise, par-
ticularly when the patient is the victim of a sexual assault.

Injuries to the Kidneys

INITIAL EVALUATION

The most reliable sign of injury to the kidney is hematuria [see
Figure 1], except in patients with renal artery thrombosis or pedi-
cle avulsion, who may have no blood in their urine. However, the
degree of hematuria correlates poorly with the severity of renal
injury,4 and as a result, criteria for imaging in these patients must
take into account both the mechanism of injury and the proba-
bility of severe kidney injury.5 Accordingly, a Consensus State-
ment from a Renal Trauma Subcommittee convened by the WHO
proposed guidelines for imaging renal injuries [see Table 1].6 As
with all guidelines, exceptions exist.A high degree of suspicion for
renal trauma is required for patients who do not meet the hema-
turia criteria for imaging but who have experienced a fall from a
height, have sustained a direct blow to the flank, or have other
indicators (e.g., persistent flank pain or severe associated injuries).

Computed tomography is the first-line imaging modality for all

cases of suspected renal trauma in hemodynamically normal and
stable patients. A standard examination includes helical (spiral)
CT with a portal venous phase (from the diaphragm to the ischial
tuberosities) to visualize active arterial bleeding [see Figure 2a],
followed after 10 minutes by delayed images (from the kidneys to
the ischial tuberosities) to identify urinary contrast extravasation
[see Figure 2b]. CT should not be used as the primary evaluation
method in hemodynamically unstable patients: other diagnostic
tests, such as diagnostic peritoneal lavage (DPL) or ultrasonogra-
phy, should be performed before renal imaging with CT.

The American Association for the Surgery of Trauma (AAST)
Organ Injury Scale is used to classify blunt and penetrating renal
injuries and corresponds closely to the appearance of the kidney
on CT [see Figure 3 and Table 2].7

MANAGEMENT 

Differences in the management of blunt and penetrating renal
trauma are a result of the greater instability of the patient after
penetrating trauma and the higher likelihood of severe renal
injuries after firearm and stab wounds.

Nonoperative

Increasing numbers of renal injuries are being been managed
nonoperatively.The accuracy and rapidity of helical CT, combined
with the improvements achieved in resuscitation methods, have
reduced the number of renal explorations performed.8 Currently,
one half of all penetrating renal injuries and fewer than 5% of blunt
injuries necessitate operative management.3 All grade I and II renal
injuries, regardless of the mechanism of injury, can be managed
with observation alone because the risk of delayed bleeding is
extremely low. Most grade III and IV injuries, including those with
devitalized parenchymal fragments and urinary extravasation, can
be managed nonoperatively with close monitoring, serial hemat-
ocrit measurement, and repeat imaging in selected cases. Active
arterial bleeding, in the absence of other associated injuries, can be
treated with emergency arteriography and angioembolization.

Thrombosis of the renal artery or its branches is treated expec-
tantly unless the contralateral kidney is absent or injured, in which
case emergency revascularization is indicated. Treatment with
modalities such as endoluminal stenting and thrombolytic thera-
py is a promising but still experimental approach.9-11

Operative

The only absolute indications for renal exploration are pedicle
avulsion, pulsatile or expanding hematoma, and hemodynamic
instability resulting from renal injury.6 Shattered kidneys (grade V)
and renal vascular injuries (grades IV and V) call for immediate
renal exploration and, usually, nephrectomy [see Figure 4].12,13 In
patients who require laparotomy for associated injuries, renal
exploration and reconstruction of grade III and IV injuries may
reduce the likelihood of delayed complications.Thus, exploration
of suspected kidney injuries (as determined by previous imaging or
on-table evaluation) in patients undergoing laparotomy for major
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splenic or bowel injury should be attempted by surgeons experi-
enced in repairing an injured kidney. In reality, the success of non-
operative management for most grade III and IV injuries means
that operative intervention in cases of blunt trauma is typically lim-
ited to patients with the most severe renal injuries, in whom con-
servative management fails either because of bleeding or because
of ongoing urinary extravasation despite ureteral stenting.14

A significant number of patients with a penetrating injury and
a minority of those with blunt trauma require immediate laparot-
omy before radiographic evaluation.15 Hematuria should alert the
surgeon to the possibility of renal injury, and the presence of a
perinephric hematoma visible through the mesocolon should
prompt further evaluation. If a major renal injury is suspected on
the basis of the size of the hematoma or an abnormal intraopera-
tive intravenous pyelogram (IVP), exploration is indicated.

Intraoperative IVP (so-called one-shot IVP) is indicated when
exploration of a kidney is planned and no preoperative imaging is
available.The main purpose of a one-shot IVP in this setting is to
confirm the presence of a contralateral functioning kidney; a
potential benefit is the ability to rule out major injury. The plain
abdominal film is obtained 10 minutes after injection of a 150 ml
bolus of iodinated contrast material. If the injured kidney is ade-
quately imaged and found to be normal, exploration may be omit-
ted16; otherwise, the kidney should be explored. In critically ill pa-
tients with multiple associated injuries, renal exploration is indicat-
ed only if a pulsatile or expanding hematoma is present, in which
case expeditious nephrectomy is necessary. If exploration is not
done, staging with CT should be completed once the patient is sta-
ble; angioembolization and percutaneous drainage can be used to
manage bleeding and urinary extravasation, respectively.17-19

Patient presents with signs, symptoms, or 
mechanism of injury suggestive of renal injury

Perform urinalysis.

Assess hemodynamic stability.

Grade III or nonvascular grade IV

Determine whether there are other intraperitoneal injuries 
that necessitate laparotomy.

Penetrating trauma

Perform CT with delayed cuts.

Grade injury.

Patient is stable

Blunt trauma

Grade I or II Vascular grade IV or grade V

Laparotomy is unnecessary Laparotomy is necessary

Patient is unstable or has expanding or 
pulsatile hematomas

Perform on-table I.V. pyelography (IVP).

Adult patient has 
microscopic hematuria 
and systolic BP    90 
mm Hg

Discharge from ED.

Repeat urinalysis in 3 wk.

Patient has gross hematuria 
or systolic BP < 90 mm Hg, 
or patient is not an adult

Perform CT with delayed cuts.

Grade injury.

Explore kidney.

Attempt reconstruction of all renal units. If kidney is unreconstructable 
or there is a major renal injury in a patient exsanguinating from other 
injuries, perform nephrectomy.

Keep patient on bed rest until urine is grossly clear.

Remove Foley catheter when patient is ambulatory.

Watch for delayed bleeding. If this occurs, consider renal 
angiography and selective embolization.
Treat persistent urinary extravasation with internalized 
ureteral stent.

Figure 1 Algorithm outlines management
of renal injuries.
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The priorities of operative management for grade III, IV, and V
injuries are hemorrhage control and definitive repair of the col-
lecting system. A midline transabdominal incision permits explo-
ration of the kidneys and provides optimal access to the renal
hilum. After intraperitoneal sources of bleeding have been con-
trolled, preliminary isolation of the renal artery and vein should
be achieved before Gerota’s fascia is opened.There is some con-
troversy regarding the value of early vascular control, with one
randomized controlled trial showing no benefit from early isola-
tion of the vessels in cases of renal gunshot wounds20; however, the
weight of the remaining evidence suggests that this technique is
still valuable if renal reconstruction is the goal of exploration.6,21,22

Isolation of the renal vessels is accomplished by opening the pos-
terior peritoneum medial to the inferior mesenteric vein or by
reflecting the ipsilateral colon (provided that the perineph-
ric hematoma is left undisturbed).

Once vessel loops have been placed around the renal artery and
vein, Gerota’s fascia is opened. If massive bleeding occurs when
the hematoma is entered, Rumel tourniquets or vascular clamps
are applied to occlude the renal artery. If this maneuver does not
stop the bleeding, one should suspect a venous injury and occlude
the renal vein as well. Surface cooling of the kidney is not advo-
cated, because of time constraints and concerns about possibly
exacerbating hypothermia.Total exposure of the kidney by means
of sharp and blunt dissection facilitates identification of injury to
the parenchyma, the renal pedicle, or the collecting system. The
renal capsule should not be pulled off the parenchyma: doing so
would complicate subsequent repair.

Renal reconstruction includes sharp debridement of all devital-
ized tissue, achievement of hemostasis, closure of the collecting
system, coverage of the defect, and drainage [see Figure 5]. Renal
salvage should be possible in nearly 90% of grade III and IV
injuries. Nephrectomy is reserved for destroyed kidneys that can-
not be reconstructed or for cases of serious renal injury associat-
ed with other life-threatening injuries (e.g., vascular or hepatic
trauma) in which taking the time required for attempted renal
repair would jeopardize the life of the patient.3,23

A number of sophisticated products are available for enhancing
surgical hemostasis and reducing the need for tedious ligation of
individual small arterioles on the parenchymal surface. Such
products include a hemostatic bandage applied directly to the cut
surface of the kidney,24 polyethylene glycol–based hydrogels, fi-
brin glue, and a gelatin matrix–thrombin tissue sealant (FloSeal;
Baxter International, Inc., Deerfield, Illinois).25-28To date, none of
these products have been evaluated in the setting of blunt renal
injuries, but results in elective partial nephrectomy models are
encouraging.

Once hemostasis is satisfactory, the collecting system is scruti-
nized for evidence of injury. If the extent of the injury is unclear,
2 to 3 ml of methylene blue is directly injected into the renal
pelvis while the ureter is occluded with a vessel loop to identify
any openings in the collecting system. Open calyces or
infundibula are closed with 4-0 absorbable sutures. Often, the
renal capsule can be used to cover exposed renal parenchyma
and provide additional hemostasis.The defect in the parenchyma
can be filled with folded absorbable gelatin sponges as the cap-
sule is closed over the bolsters. If the capsule has been destroyed,
coverage may be obtained with an omental or perinephric fat flap
tacked down over the defect, a patch constructed from polygly-
colic acid or peritoneum, or an entire sac of polyglycolic acid
wrapped around the kidney, with the parenchymal edges kept
well apposed.29

At the end of the procedure, the kidney is returned to its loca-
tion within Gerota’s fascia, which is not reapproximated. Closed-
suction drainage of the renal fossa is recommended only after
repair of the collecting system; internalized stents are reserved for
complex injuries (e.g., large lacerations of the renal pelvis or the
ureteropelvic junction [UPJ]).

Table 1 Criteria for Imaging of Renal Injuries

Criteria for Imaging

Gross hematuria (visibly blood-tinged urine)
Adult with microhematuria (defined as ≥ 1 +

RBC on dipstick or > 3 RBC/hpf) with a period
of hypotension (systolic BP < 90 mm Hg)

Child (< 15 yr) with > 50 RBC/hpf

Stable patient with any degree of hematuria and
injury near urinary tract

Type of Trauma

Blunt

Penetrating

a b

Figure 2 Shown are (a) a deep laceration with vascular contrast extravasation (arrow) and (b) a deep laceration with
urinary contrast extravasation (arrow).
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Postintervention Care

Management of patients after operative or nonoperative inter-
vention for renal trauma depends to a large extent on the presence
and severity of associated injuries. The most significant urologic
complications are urinary leakage, urinoma formation, and delayed
bleeding.

After nonoperative management Bed rest is prescribed
until the urine becomes grossly clear. Drainage of the bladder with
a Foley catheter is necessary only until other injuries are stable and
the patient can void spontaneously. For grade IV injuries with large
amounts of urinary extravasation, follow-up imaging 48 to 72
hours after the initial scan is recommended to evaluate the degree
of ongoing extravasation. CT is recommended, though in children,
protocols that reduce the radiation exposure should be used. If at
72 hours the amount of extravasation has not decreased from that
seen on the initial scan, stenting is indicated. Cystoscopy and inter-
nal double J stenting allow successful treatment of the small per-
centage of cases in which the injury does not close spontaneously.30

When a double J stent is used to manage persistent extravasation,
the urinary bladder should be decompressed with a Foley catheter.

Parenchymal fragmentation and arterial thrombosis cause
ischemia and often delay resolution of urinary leakage.31

Nevertheless, internal stenting almost invariably suffices, though

resolution of extravasation can take weeks to months.
Ultrasonography is useful for following such collections and for
reducing the patient’s radiation exposure. For small uninfected
collections adjacent to the kidney, no intervention is needed. If a
perinephric fluid collection is large enough to compress the ureter
or becomes infected, additional percutaneous drainage is indicat-
ed [see Figure 6].The drain fluid is tested for creatinine, and if the
findings are consistent with a urine leak, the drain is left in place
until the collection resolves and leakage can no longer be demon-
strated on contrast imaging.

Delayed bleeding is a rare but serious complication of nonop-
erative management of major lacerations.32 Pseudoaneurysm for-
mation is the most common cause of delayed bleeding [see Figure
7].33 Gross hematuria usually, but not invariably, accompanies the
bleeding. If it is seen in conjunction with hypotension or a
decreasing hematocrit, urgent angiography is the best initial
approach; selective embolization is an effective treatment that ren-
ders exploration unnecessary in most instances.

After operative management Retroperitoneal drains are
removed within 48 hours after renal exploration unless the creati-
nine concentration in the drained fluid is higher than that in the
serum. Persistent urinary leakage is best evaluated by means of
repeat CT with delayed cuts. As with nonoperative management,

Grade I

Grade IV Grade V

Grade II Grade III

Figure 3 Illustrated is the AAST classification of renal injuries into grades I through V.
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internal stenting and percutaneous drainage are the mainstays of
treatment for leaks and urinomas, respectively. Postoperative
hemorrhage is rare if the injured parenchyma has been adequate-
ly debrided and repaired. Angiographic evaluation with emboliza-
tion is the best approach for postoperative renal bleeding.

Functional imaging Postoperative nuclear imaging is rec-
ommended in patients with grade IV and V injuries involving sig-
nificant parenchymal loss or vascular injury.34 The goal is to iden-
tify patients with significant loss of functioning renal tissue who
are at potential risk for chronic renal insufficiency. Patients whose
level of residual function in the injured kidney, as determined by
radionuclide scintigraphy, is less than 25% should be considered
as having a solitary kidney.This information is useful in counsel-
ing patients who participate in high-risk sports activities (e.g., sky-
diving, motocross, and hang gliding).The optimal timing of post-

operative nuclear imaging has not been determined, but by 3
months, the hematoma and inflammation related to the injury
usually have resolved.

Hypertension is a rare late complication of renal reconstruc-
tion, usually renin-mediated and deriving from an ischemic seg-
ment of renal parenchyma. Occasionally, angiography delineates
the ischemic segment of the kidney, and excision of the nonper-
fused segment or complete nephrectomy may be required.

Injuries to the Ureters

INITIAL EVALUATION

Ureteral trauma [see Table 2] is rare, accounting for fewer than
1% of genitourinary injuries. Furthermore, the absence of physi-
cal signs of injury makes diagnosis difficult, and a delayed presen-

AIS-90 Score

2; 2

2; 2

3

4; 4

5; 5

2

2

3

3

3

2; 3

4

4

4

4

2

2

2

3

4

Table 2 AAST Organ Injury Scales for Urinary Tract

Characteristics  of Injury

Contusion with microscopic or gross hematuria, urologic studies normal;
nonexpanding subcapsular hematoma without parenchymal laceration

Nonexpanding perirenal hematoma confined to renal retroperitoneum;
laceration < 1.0 cm parenchymal depth of renal cortex without urinary
extravasation

Laceration > 1.0 cm parenchymal depth of renal cortex without collect-
ing system rupture or urinary extravasation

Parenchymal laceration extending through renal cortex, medulla, and
collecting system; injury to main renal artery or vein with contained 
hemorrhage

Completely shattered kidney; avulsion of renal hilum that devascularizes
kidney

Contusion or hematoma without devascularization

< 50% transection

≥ 50% transection

Complete transection with < 2 cm devascularization

Avulsion with > 2 cm devascularization

Contusion, intramural hematoma; partial-thickness laceration

Extraperitoneal bladder wall laceration < 2 cm

Extraperitoneal bladder wall laceration > 2 cm or  intraperitoneal bladder
wall laceration < 2 cm

Intraperitoneal bladder wall laceration > 2 cm

Intraperitoneal or extraperitoneal bladder wall laceration extending into
bladder neck or ureteral orifice (trigone)

Contusion with blood at urethral meatus and normal urethrography

Stretch injury with elongation of urethra but without extravasation of 
urethrography contrast material

Partial disruption with extravasation of urethrography contrast material at
injury site with visualization in the bladder

Complete disruption with < 2 cm urethral separation and extravasation 
of urethrography contrast material at injury site without visualization in
the bladder

Complete transection with ≥ 2 cm urethral separation or extension into
the prostate or vagina

AAST Grade

I

II

III

IV

V

I

II

III

IV

V

I

II

III

IV

V

I

II

III

IV

V

Injured Structure

Kidney*

Ureter*

Bladder†

Urethra*

*Advance one grade for bilateral injuries, up to grade III.
†Advance one grade for multiple injuries, up to grade III.
AAST—American Association for the Surgery of Trauma AIS-90—Abbreviated Injury Score, 1990 version



tation is not uncommon. Gross or microscopic hematuria may be
absent in 25% to 70% of patients with ureteral injuries, and as
many as one half of all ureteral injuries resulting from blunt trau-
ma are not recognized immediately. A high index of suspicion and
a high degree of vigilance are necessary if the diagnosis is to be
made early enough to prevent late consequences such as urinoma,
sepsis, and nephrectomy.35-37

The mechanism of injury has a particular bearing on the diag-
nosis and management of ureteral injury. Overall, penetrating
wounds are the predominant cause of these injuries. CT with
delayed cuts should be performed when ureteral injury is sus-
pected and the patient is stable. Imaging is of variable usefulness
in the detection of ureteral injuries, but extravasation of the con-
trast agent is diagnostic.38 Only 10% to 20% of ureteral injuries
are caused by blunt trauma, and within this category, MVCs pre-
dominate.35 In children, ureteral injury at the UPJ often occurs
after severe deceleration.39 Children’s ureters are particularly
prone to injury at this location because the hyperextensibility of
their spines can result in ureteral avulsion at the UPJ.37,38,40

MANAGEMENT

All injuries to the ureter should be repaired surgically [see Figure
8] unless a delay in diagnosis has resulted in an abscess or a uri-
noma [see Figure 9]. If an abscess or a urinoma is present, drainage
by means of percutaneous nephrostomy, coupled with ureteral
stenting, allows infection and inflammation to resolve before
definitive management; in this setting, an operative approach is
likely to result in nephrectomy.

Ureteral Exploration

In stable patients, blunt ureteral injuries are typically identified
by preoperative radiographic studies, which allow directed explo-
ration and repair (see below). With penetrating trauma, ureteral
injury may not be suspected until the time of laparotomy, when a

hematoma is found near the kidney or ureter. Direct inspection of
the entire trajectory of the offending agent requires particular vig-
ilance for direct injury to or contusions of the ureter. Injection of
indigo carmine into the collecting system identifies extravasation.
Direct injection saves time and ensures that injuries are not
missed as a result of low urine output from shock or renal injury.
One study found that all penetrating ureteral injuries were detect-
ed at laparotomy without previous imaging.36

Reconstruction and Repair

Ureteral injuries should undergo surgical reconstruction as
soon as they are recognized unless associated injuries prevent such
a strategy. For example, gunshot injuries to the iliac vessels or the
ureters may necessitate heroic vascular reconstruction. Ligation of
the ureter with subsequent nephrostomy tube drainage or exteri-
orization of a ureteral stent allows elective reconstruction months
later. Percutaneous and endoscopic approaches can also be used
to establish urinary drainage if ureteral exploration is not feasible.

Reconstructive steps in ureter repair include debridement of
devitalized tissue, creation of a spatulated tension-free anastomo-
sis, watertight mucosal approximation, stenting, coverage of the
repair with vascularized tissue when feasible, and appropriate
drainage.41 Stab wounds generally cause less tissue damage than
gunshot wounds and are more easily repaired; partial transections
may be closed primarily.

Upper ureter Disruption or transection of the upper ureter
or the UPJ is repaired by means of debridement and primary
anastomosis of the renal pelvis and the ureter. Mobilization of the
ureter is limited to ensure that the blood supply is not compro-
mised. Interrupted 5-0 or 6-0 absorbable sutures are preferred,
and a double J ureteral stent or a nephrostomy tube is inserted
before completion of the anastomosis.

Medial ureter Injuries to the abdominal ureter between the
UPJ and the pelvic brim are repaired by means of uretero-
ureterostomy [see Figure 10]. After debridement, the ends are
spatulated on opposite sides, and an interrupted approximation is
completed over a double J stent. In cases of overlying colonic,
duodenal, or pancreatic injury, the anastomosis should be covered
with omentum or retroperitoneal fat. Large defects in the abdom-
inal ureter may necessitate transureteroureterostomy, in which the
injured ureter is passed behind the mesocolon to the contralater-
al side. Anastomosis of the injured ureter to a 1 to 2 cm opening
in the medial side of the normal ureter can be achieved without
tension. With transureteroureterostomy, a stent (usually a 5
French pediatric feeding tube) should cross the anastomosis and
be brought out through the normal lower ureter or bladder.

Distal ureter Ureteral injuries in the pelvis should be man-
aged with reimplantation into the bladder. The distal stump is li-
gated, and after the anterior bladder wall is opened, the proximal
end of the ureter is brought through a new hiatus on the back wall
of the bladder.The ureter is then spatulated and approximated to
the bladder mucosa with interrupted chromic sutures. One 3-0
anchoring stitch brings the distal apex of the ureter to the muscle
and mucosa; the rest of the sutures approximate the mucosa. A
refluxing reimplantation is acceptable in adults. Larger defects can
be bridged by performing a vesicopsoas hitch, in which the bladder
is sewn to the central tendon of the psoas muscle. The dome is
mobilized by dividing the obliterated umbilical arteries bilaterally
and, if necessary, the contralateral superior vesical artery. Three
interrupted nonabsorbable sutures that enter the detrusor muscle
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Figure 4 Shown is the intraoperative appearance
of a shattered, ischemic, nonviable kidney that was
removed (grade V injury).



(but not the bladder lumen) anchor the dome above the iliac ves-
sels. Complex bladder or vascular injuries in the pelvis make trans-
ureteroureterostomy a more attractive option for avoiding further
dissection in the injured area. A ureteral stent should be used in all
ureteral reimplantations.The bladder is closed in two layers with a
continuous 2-0 absorbable suture. Closed-suction retroperitoneal
drainage and Foley catheter decompression of the bladder are
essential.

Postintervention Care

Postoperative care of ureteral trauma relates mainly to the
manipulation of drains and the management of complications.
Retroperitoneal drains may have significant output for several days
but are removed after 2 to 3 days unless output is consistent with
a urine leak as determined by creatinine measurement (see above).
Bladder catheterization is necessary for 7 days after ureteral reim-
plantation. In combined bladder and ureteral reconstructions, con-
trast cystography is indicated before catheter removal. Cystoscopic
removal of the double J stent is usually performed with local anes-
thesia 4 to 6 weeks after operation. CT, IVP, or renal scintigraphy
3 months after removal of the stent rules out the possibility of
asymptomatic obstruction.

Fistula formation, usually the result of distal obstruction or
necrosis of the ureter, should be managed by means of antegrade
or retrograde drainage of the collecting system with percutaneous
or endoscopic techniques. Drainage of periureteral fluid collec-
tions may also be necessary. If recognition of an injury or a com-
plication is delayed, reconstruction should be deferred for at least
3 to 6 months until all inflammation has subsided.

Injuries to the Bladder

INITIAL EVALUATION

Bladder injury [see Table 2] is most often caused by blunt
injuries, with penetrating trauma accounting for 14% to 33% of
civilian cases. About 9% of patients with a pelvic fracture have an
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Figure 5 Depicted are the steps in renal reconstruction. (a)
The patient has suffered a deep midrenal laceration into the
renal pelvis. If the renal capsule is present at the wound margins,
it should be peeled back and preserved for subsequent closure.
The devitalized renal parenchyma is removed with a scalpel until
bleeding occurs at the margin. Polar injuries can be debrided by
guillotine amputation of the parenchyma. (b) The collecting sys-
tem having been closed, vessels are ligated. Manual compression
usually controls bleeding during ligation. Ligation of individual
vessels with absorbable monofilament suture material achieves
hemostasis. Temporary release of renal artery occlusion for the
assessment of hemostasis is not recommended. Ligation of
venous bleeding points generally controls adjacent arterial
sources. (c) Sutures are placed to close the defect. (d) An absorb-
able gelatin sponge is placed. (e) Alternatively, the defect may be
closed with an omental pedicle flap.

Figure 6 CT scan shows an infected urinoma in a patient with
left grade IV injury who presented 7 days after injury with fever
and sepsis and subsequently underwent ureteral stenting. The
urinoma was drained percutaneously.

a b c

ed



associated injury to the bladder, though there is only a weak asso-
ciation between the type of fracture sustained and the likelihood
of bladder injury.42 Because the fracture type has poor predictive
value for the type of associated genitourinary trauma, all patients
with pelvic fractures and any degree of hematuria should be sus-
pected of having a bladder injury. Approximately two thirds of
bladder injuries are extraperitoneal and one third intraperitoneal,
a distinction that has important management ramifications.

The signs and symptoms of bladder injury are generally non-
specific [see Figure 11], though 95% of patients with bladder rup-
ture present with gross hematuria. Patients may complain of
suprapubic pain, dysuria, or an inability to void. Physical exami-
nation may reveal tenderness in the suprapubic region, ileus, or an
acute abdomen. The percentage of patients without any hema-
turia ranges from 0% to 3%.43,44 Laboratory studies are usually
inconclusive unless significant reabsorption of urine causes ele-
vated serum creatinine levels, hyperkalemia, or hyponatremia.45

Bladder rupture can be accurately diagnosed with either retro-
grade CT cystography or plain-film retrograde cystography. The
indications for cystography include blunt trauma with gross
hematuria in the presence of free abdominal fluid on CT; blunt
trauma with a pelvic fracture and any degree of hematuria (> 3
red blood cells [RBCs] per high-power field [hpf]); stable pene-
trating trauma with any degree of hematuria; and an injury to the
pelvis.The appearance of intraperitoneal and extraperitoneal rup-
ture with each modality is characteristic [see Figure 12].
Insufficient instillation of the contrast agent can yield false nega-
tive results. At one large center, the sensitivity and specificity of
CT cystography for bladder rupture caused by blunt trauma were
95% and 100%, respectively.44With current patterns of CT usage
for trauma evaluation, including imaging of pelvic bony fractures,
CT cystography appears to be more efficient than plain-film stud-
ies. Furthermore, CT cystography clearly identifies the location of
many bladder injuries and may be able to identify bladder neck
injuries [see Figure 12a].With penetrating trauma, there must be a
higher level of suspicion for bladder injury because the sensitivity
and specificity of cystography (CT or conventional) in this setting
has not been determined. If bladder injury is associated with a
pelvic fracture in a male patient, the possibility of a urethral injury
is 10% to 29% and must be excluded.46 A successfully placed
Foley catheter rules out a complete urethral disruption.

MANAGEMENT

Nonoperative

Extraperitoneal bladder injuries caused by blunt trauma are gen-
erally managed nonoperatively with 10 days of catheter drainage.47

Contraindications to nonoperative management include urinary
infection; pelvic fractures requiring internal fixation; the presence
of bony fragments in the bladder; bladder neck injury, which may
compromise continence; rectal injury; and female genital lacera-
tions associated with pelvic fracture. After 10 days, plain-film or
CT cystography is performed to document healing. Once the
extravasation has resolved, catheter removal can be based on the
patient’s overall status and mobility. If extravasation persists, cys-
tography is repeated at appropriate intervals until healing occurs.

Operative

All penetrating injuries and all intraperitoneal ruptures of the
bladder are managed by means of bladder exploration and repair.
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Figure 7 Shown is a pseudoaneurysm of the left kidney after
blunt injury.

Patient presents with mechanism of injury 
suggestive of ureteral injury

Maintain high index of suspicion: physical signs 
are rare, and presentation may be delayed.

Perform urinalysis.

Assess hemodynamic stability.

Patient is unstable

Perform laparotomy.

Perform on-table I.V. pyelography (IVP) with 
one film at 10 min.

Look for periureteral hematoma.

Explore ureter, exposing entire ureter and renal 
pelvis.

Determine location and type of injury.

Repair injuries surgically over indwelling stent.

Remove retroperitoneal drains when output is low.

Remove Foley and suprapubic catheters after 
7–10 days.

Remove double J stent after 4–6 wk.

Perform follow-up IVP after 8 wk.

If recognition of injury is delayed or if abscess or 
urinoma occurs postoperatively, consider 
percutaneous nephrostomy and abscess drainage. 

Stent ureter if possible.

Patient is stable

Perform IVP or CT.

Findings are normal

Observe patient.

Findings are abnormal

Perform laparotomy.

Figure 8 Algorithm outlines management of ureteral injuries.



If the patient requires laparotomy for associated injuries and can
tolerate the extra operating time, repair of extraperitoneal bladder
injuries is also recommended. Conversely, in severely unstable
patients, catheter drainage can be used as a temporizing measure
until the patient is able to undergo exploration.

Bladder exploration can be performed via an intraperitoneal
approach or by entering the extraperitoneal space of Retzius in
the anterior pelvis. Intraperitoneal injuries present as a stellate
rupture of the dome of the bladder. By enlarging this opening,
one can inspect the interior of the bladder to exclude concomitant
extraperitoneal injuries, which occur in 8% of cases.48 In cases
involving orthopedic reconstruction of the pelvis, the bladder may
be approached extraperitoneally through the incision used to
expose the pubic symphysis. Although extensive hemorrhage has
been described in this scenario, it is a rare occurrence. Most
extraperitoneal bladder injuries associated with pelvic fractures
are anteriorly located, small in size, and easily closed without a
more extensive bladder exploration.

Penetrating injuries and unrecognized blunt injuries discovered
at laparotomy without previous CT cystography call for system-
atic evaluation. By opening the bladder vertically at the dome or
along the anterior surface, one can identify sites of injury intra-
vesically and inspect the ureteral orifices and the bladder neck.
Lacerations are closed with 3-0 absorbable sutures, which
approximate detrusor muscle and mucosa in one layer and pro-
vide hemostasis. In patients with penetrating injuries, entrance
and exit sites must be identified. The cystotomy is then closed
with two layers of continuous 2-0 slowly absorbable sutures.

Postintervention Care

Adequate urinary drainage is essential to successful healing of
the repaired bladder. There is no evidence that suprapubic
catheters are superior to urethral catheters in this context.49,50

However, the catheters placed during trauma resuscitation are not
of sufficient caliber to allow easy bladder decompression; there-
fore, a 20 French urethral catheter should be substituted at the
end of the operation. A closed-suction drain near the bladder clo-
sure (but not overlying the suture line) is recommended. Cases of
severe hematuria resulting from extensive injuries or coagulopa-
thy warrant additional drainage with a suprapubic cystostomy
tube to allow irrigation of clots and proper decompression of the
bladder.

The perivesical drain can be removed after 48 hours unless the
creatinine level in the drained fluid indicates ongoing urinary
leakage. In the majority of patients with a bladder repair, 7 days
of catheter drainage is sufficient to allow healing. Because blad-
der repair is reliable, any complications of bladder injury are usu-
ally related to a delay in diagnosis rather than to postoperative
morbidity. Azotemia, ascites, and sepsis can result from an un-
recognized intraperitoneal injury. Bladder neck injury, if over-
looked, leads to scarring and incompetence of the proximal
sphincter mechanism, with resultant incontinence, especially in
females.

Injuries to the Urethra

INITIAL EVALUATION

Almost all injuries to the male urethra [see Table 2] are caused
by blunt trauma. Prostatomembranous urethral distraction
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Figure 9 CT scan shows extravasation and urinoma caused by
unrecognized right upper ureteral injury.

Figure 10 Depicted are the steps in a ureteroureterostomy. (a)
The injured ureter is dissected free. (b) The ends are debrided
and spatulated. (c) A stent is placed, and the anastomosis is
begun. (d) The anastomosis is completed.

a b

c d
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injuries in males occur in 5% of pelvic fractures, which are the
most common cause of posterior urethral injury. Anterior urethral
(penile and bulbar urethral) injuries are commonly caused by
straddle injury but may be the result of penile fracture or pene-
trating injuries to the genitalia. The female urethra is rarely
injured, but when such injury occurs, it is usually associated with
bladder injury and pelvic fracture.51

Blood at the urethral meatus—the classic sign of injury to the
male urethra—is an indication for immediate urethrography.
Attempts at catheter placement risk converting an incomplete
injury to a complete disruption and are to be discouraged if ure-
thral injury is suspected.

Because signs of urethral injury are variable, retrograde ure-
thrography is the essential diagnostic test used for documenting
the location, nature, and extent of injury. Extravasation of the con-
trast agent is evidence of urethral injury [see Figure 13]. In the
absence of extravasation, a Foley catheter should be passed. If a
catheter has been placed but its position is unclear, contrast injec-
tion will confirm its placement in the bladder. In such cases, the
catheter should be left in place until a pericatheter contrast study
can fully evaluate the urethra. In cases of pelvic fracture and com-
plete posterior urethral injury, bladder injury must be excluded by
open bladder exploration or via cystography through a percuta-
neously placed suprapubic tube.

MANAGEMENT

Traumatic urethral injuries have traditionally been managed by
means of suprapubic cystostomy, with reconstruction delayed for
3 to 6 months; however, most urethral trauma patients can under-
go immediate realignment, with or without sutured repair. The
exception is the patient with a straddle-type crush injury to the
bulbar urethra, which should always be treated with urinary diver-
sion and delayed repair.The recommended treatment is based on
the location and mechanism of injury [see Figure 14 and Table 3].

Posterior Urethra

Posterior urethral (prostatic and membranous urethral) injuries
can be managed with suprapubic cystostomy or early primary ure-
thral realignment. Realignment without sutured repair renders
definitive reconstruction unnecessary in a significant percentage of
patients.52 Bladder neck injury and wide separation of the bladder
from the urethra warrant immediate surgical intervention.53

Simultaneous rectal injury often occurs in this setting and neces-
sitates evacuation of the pelvic hematoma, irrigation, placement of
drains, and primary realignment of the urethra. Primary realign-
ment is also preferred in cases of open reduction and internal fix-
ation of pelvic fractures because the risk of hardware contamina-
tion is considered to be lower with a urethral catheter than with
suprapubic cystostomy.54

Primary realignment is usually performed through a lower mid-
line abdominal incision, which allows antegrade passage of instru-
ments through the bladder at the same time as retrograde passage
of instruments from the urethral meatus. Flexible cystoscopes or
magnetic-tipped catheters advanced under fluoroscopic guidance
are used to place a wire into the bladder beyond the injury, and a
Council-tip Foley catheter is then advanced over the wire. Neither
mucosal approximation nor direct anastomosis is the goal. Supra-
pubic catheter drainage is not required, but a perivesical drain
should be left in place for 48 hours.

Anterior Urethra

Immediate surgical reconstruction is preferred for penetrating
injuries of the bulbar and penile urethra and for urethral injuries
associated with penile fracture. For these grade III and IV injuries,
primary repair is associated with a lower stricture rate than simple
realignment.55,56 Wounds accompanied by major tissue loss and
defects larger than 2 cm (e.g., grade V injuries) or major associated
injuries are best treated with suprapubic tube urinary diversion (see
below) and subsequent reconstruction at a tertiary referral center.

Suprapubic Cystostomy

Many centers continue to use suprapubic cystostomy as the pri-
mary management of prostatomembranous urethral disruption
and straddle injuries to the bulbar urethra. Suprapubic cystosto-
my, with the tube percutaneously placed under fluoroscopic guid-
ance, allows temporary urinary diversion for initial stabilization
and evaluation of the patient. Cystography can then be performed
via the suprapubic tube to rule out associated bladder injury.
Straddle injuries must be treated with suprapubic diversion unless
the urethral disruption is only partial and allows passage of a guide
wire or catheter under fluoroscopic guidance. Finally, suprapubic
cystostomy is also recommended for penetrating injuries to the
anterior urethra if the injuries were caused by high-velocity
weapons and are characterized by extensive tissue loss; if serious
associated injuries are present; or if bony fractures prevent proper
placement of the patient in the lithotomy position.

Patient presents with trauma suggestive of bladder injury

Perform retrograde plain-film cystography or CT cystography 
with adequate bladder filling.

Perform retrograde urethrography if there are signs 
of urethral injury.

Patient has extraperitoneal rupture 
from blunt trauma

Assess for contraindications to 
conservative management: urinary 
tract infection, bony fragments in the 
bladder, bladder neck injury, female 
genital lacerations from pelvic fracture, 
and requirement for laparotomy for 
associated injuries.

No contraindications 
to conservative 
management are present

Manage with large-bore 
catheter drainage for 
10 days.

Patient has 
intraperitoneal rupture 
or penetrating injury

Conservative management 
is contraindicated

Explore bladder via intraperitoneal
or extraperitoneal approach.

Repair injuries from inside bladder.

Close bladder in two layers.

Provide adequate urinary drainage.

Remove perivesical drain when output is low.

Obtain follow-up cystogram at 7–10 days.

Remove catheters when there is no extravasation.

Figure 11 Algorithm outlines the management of bladder injury.
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Postintervention Care

Catheter care is of great importance after urethral reconstruc-
tion or suprapubic cystostomy. Urethral catheters should be
secured to the abdominal wall in the early postoperative period.
After immediate reconstruction of the anterior urethra, the Foley
catheter should remain in place for 3 weeks, at which time a con-
trast voiding cystourethrogram should be obtained. If extravasa-
tion is present, the catheter should be replaced for 1 week and the
study repeated. After primary realignment of urethral injuries, the
urethral catheter is left in place for 6 weeks, at which time a peri-
catheter retrograde urethrogram is obtained, with the expectation
that any extravasation will have resolved.

If the patients initially underwent diversion with a suprapubic
tube alone, the tube should be changed after a tract has formed
(usually about 4 weeks after the procedure) and then monthly until

reconstruction can be performed. Stricture formation or complete
obliteration of the urethra may be the final result of this nonoper-
ative approach. Subsequent radiographic studies will indicate
whether secondary endoscopic or open procedures are needed.

Injuries to the Vagina, Uterus, and Ovaries

Injuries to the female genitalia [see Table 4 and Figure 15] must
be regarded as especially morbid because of their association with
sexual assault and interpersonal violence, as well as because of the
potential medical complications (infection and bleeding). Genital
trauma is reported in 20% to 53% of sexual assault victims.57,58

Blunt unintentional trauma, including pelvic fracture and straddle
injuries, often results in perineal and vaginal injuries and, less
commonly, cervical and uterine trauma.59-61 Enlargement of a
reproductive organ predisposes that organ to injury.62 Penetrating

Figure 12 (a) CT cystogram shows extraperitoneal bladder rupture. A definitive discontinuity in
the bladder wall is visible (arrow). (b) CT cystogram shows intraperitoneal bladder rupture.

a b

a b

Figure 13 (a) Retrograde urethrogram of a posterior urethral injury after pelvic fracture shows extravasation
at the level of the urogenital diaphragm. (b) Retrograde urethrogram of an anterior urethral injury caused by a
gunshot wound shows extravasation at the level of the bulbar urethra.
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injuries account for almost all injuries to the fallopian tubes, the
ovaries, and the nongravid uterus.63

INITIAL EVALUATION

A history of sexual trauma must be sought; if such a history is
elicited, appropriate police and support services must be noti-
fied.64 In addition, if sexual assault has occurred, informed con-
sent for the rest of the patient assessment must be obtained.This
assessment includes a history, physical examination, collection of
evidence and laboratory specimens, and treatment, as outlined by
the American College of Obstetricians and Gynecologists.65 The
percentage of assault victims with identifiable spermatozoa in the
vaginal specimens is lower than 50%.66

All female patients with evidence of lower urinary tract and 
urethral injury should undergo examination of the external geni-
talia, as well as speculum examination of internal organs.The find-
ing of blood implies vaginal laceration. In the presence of pelvic
fracture or impalement injury, vaginal laceration warrants com-
plete evaluation (with cystourethrography, proctoscopy, and
laparotomy, as indicated) to rule out associated urinary tract and
GI tract injuries. Failure to identify vaginal injury associated with
pelvic fracture may lead to abscess formation, sepsis, and death.

MANAGEMENT

Perineal lacerations in the absence of associated urinary tract
and rectal injury can be managed in the emergency department.

Only large hematomas must be incised and drained, with ligation
of vessels. Lacerations of the vulva may be closed primarily after
irrigation and debridement. Interrupted absorbable sutures allow
any accumulated fluid to drain and eliminate the need for suture
removal. Drains are used if there is a large cavity; if hemostasis is
suboptimal, the wound may be packed.61

Vaginal and cervical lacerations from either blunt or penetrat-
ing injury will bleed extensively if the pudendal vessels are
injured.61 If bleeding is not severe, examination and repair with
local anesthesia is possible in the ED. If large lacerations are asso-
ciated with bleeding and hematoma, speculum examination under
anesthesia permits more complete assessment and repair of
injuries. Vaginal lacerations should be closed with continuous or
interrupted absorbable sutures that include mucosal and muscu-
lar layers. Antibiotic-soaked vaginal packing should be left in place
for 24 hours. Perioperative administration of broad-spectrum
antibiotics is sufficient, unless injuries are more complex.

Complex vaginal and perineal lacerations associated with pelvic
fracture must be managed much more aggressively to prevent the
morbidity and mortality characteristic of open fractures.67

Evaluation of vaginal injuries with the patient under anesthesia,
cystography, and rigid proctoscopy are mandatory.The vaginal lac-
eration should be closed with absorbable sutures. Even in the
absence of injury to the bladder or the rectum, diversion of the uri-
nary and fecal streams should be considered to facilitate care of the
perineal wound67; however, I rarely divert the fecal stream unless
the perineal injury extensively involves the rectum or the sphinc-
ter.68 Extraperitoneal bladder rupture associated with vaginal lac-
erations must be repaired operatively to prevent infection of a
pelvic hematoma or formation of a vesicovaginal fistula. Urologic,
gynecologic, and orthopedic consultations are necessary for care of
associated injuries.

Injury to the pelvic genital organs is rare in a nongravid patient.
Penetrating trauma is the most common cause, and the majority of
patients have associated injuries necessitating laparotomy.62 Blunt
injury of the nongravid uterus and the pelvic organs occurs in the
face of preexisting abnormalities; DPL demonstrates hemoperi-
toneum in these instances.63 The uterus, the organ most commonly
injured, is repaired with figure-eight sutures or a two-layer closure
using slowly absorbable sutures.62 Avulsion of the uterine artery or
extensive blast destruction of the uterus may necessitate hysterecto-
my.61 When hysterectomy is necessary for trauma, the vaginal cuff
should be left open to allow drainage of the operative bed.69 Lacera-
tions to the ovary or the fallopian tube are managed by primary clo-
sure or salpingo-oophorectomy if contralateral structures are normal.

After hysterectomy or repair of vaginal lacerations, a vaginal pack
should remain in place for 24 hours. Hemorrhage caused by uter-
ine injury has been treated with oxytocin, which increases uterine
tone and controls bleeding. Fertility after injury to the female repro-
ductive organs is not well documented, but patients must be coun-
seled about the possible adverse consequences of uterine and
adnexal trauma.

Posterior

Anterior

Figure 14 Shown are the posterior and anterior portions of the
urethra. The posterior portion comprises the prostatic urethra and
the membranous urethra; the anterior portion comprises the bul-
bar urethra and the penile urethra. Treatment of urethral injury
depends on the location and mechanism of injury.

Table 3 Management of Urethral Trauma

Penetrating

Realignment

Surgical repair

Penile Fracture

NA

Surgical repair

Location of Injury

Posterior (prostatic and membranous urethra)

Anterior (bulbar and penile urethra)

Blunt

Realignment or suprapubic cystostomy

Suprapubic cystostomy

Mechanism of Injury



Injuries to the Penis

Injury to the flaccid penis is rare, occurring mainly as a result
of penetrating trauma and machinery accidents.56,70,71 The
increased use of protective armor on the torso has caused a shift
in battlefield urologic injuries from renal structures to pelvic and
genital organs.72 Penile fracture is an uncommon injury of the
tunica albuginea that occurs only with full penile rigidity.73-75

Prompt operative treatment allows recovery of erectile function
after most penile injuries [see Table 5]. Remarkably, in many cases,

penile replantation successfully restores erectile capability.

INITIAL EVALUATION

Missed intromission, acute bending of the penis, and a snapping
or popping sound followed by acute pain and immediate detumes-
cence are characteristic of penile fracture. Delayed presentation,
attributable to embarrassment, is common. Penetrating injuries to
the penis may result from deliberate attempts at mutilation, as well
as from accidental firearm injury (typically occurring when a
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Table 4 AAST Organ Injury Scales for Female Reproductive Tract

Characteristics of Injury

Contusion or hematoma

Superficial laceration (mucosa only)

Deep laceration (into fat or muscle)

Complex laceration (into cervix or peritoneum)

Injury to adjacent organs (anus, rectum, urethra, bladder)

Contusion or hematoma

Superficial laceration (skin only)

Deep laceration (into fat or muscle)

Avulsion (skin, fat, or muscle)

Injury to adjacent organs (anus, rectum, urethra, bladder)

Contusion or hematoma

Superficial laceration (< 1 cm)

Deep laceration (≥ 1 cm)

Laceration involving uterine artery

Avulsion or devascularization

Hematoma or contusion

Laceration < 50% of circumference

Laceration ≥ 50% of circumference

Transection

Vascular injury or devascularized segment

Contusion or hematoma

Superficial laceration (depth < 0.5 cm)

Deep laceration (depth ≥ 0.5 cm)

Partial disruption of blood supply

Avulsion or complete parenchymal destruction

Contusion or hematoma (without placental abruption)

Superficial laceration (< 1 cm) or partial placental abruption (< 25%)

Deep laceration (≥ 1 cm) in second trimester or placental abruption 
> 25% but < 50%; deep laceration in third trimester

Laceration involving uterine artery; deep laceration (≥ 1 cm) with 
> 50% placental abruption

Uterine rupture in second trimester; uterine rupture in third trimester;
complete placental abruption

AIS-90 Score

1

1

2

3

3

1

1

2

3

3

2

2

3

3

3

2

2

2

2

2

1

2

3

3

3

2

3

3; 4

4; 4

4; 5; 4–5

Injured Structure

Vagina*

Vulva*

Nongravid uterus*

Fallopian tube†

Ovary†

Gravid uterus*

AAST Grade

I

II

III

IV

V

I

II

III

IV

V

I

II

III

IV

V

I

II

III

IV

V

I

II

III

IV

V

I

II

III

IV

V

*Advance one grade for multiple injuries, up to grade III.
†Advance one grade for bilateral injuries, up to grade III.



handgun goes off while in a man’s pants pocket). Because of the
pliability of the flaccid penis, entry and exit wounds may be com-
plex. Penile swelling is usually limited to the shaft of the penis by
Buck’s fascia; scrotal and perineal ecchymosis develop if the deep
investing fascia of the penis is disrupted. Imaging of the corpora
cavernosa with contrast cavernosography has limited sensitivity
and specificity and thus is not recommended.76 Associated ure-
thral, scrotal, bladder, and rectal injuries must be excluded.

Inability to void, gross hematuria, and blood at the meatus all
imply urethral injury and warrant further investigation. A uniform
policy of exploration for all penile fractures and penetrating injuries
will ensure that urethral injuries are identified. Passage of a
catheter in the operative field with inspection of the involved ure-
thra allows identification and primary repair of a lacerated or tran-
sected urethra.

Penile Amputation

Whether caused by a jealous lover or by self-mutilation, penile
amputation is a catastrophic event.77 Proper preservation of the

amputated organ is critical for successful restoration of function.
The amputated part should be placed on saline-soaked gauze
inside a clean bag, which should then be sealed and placed inside
a second bag containing ice slush.77 Cold ischemia times longer
than 24 hours are acceptable and allow transport of the patient to
tertiary centers, where replantation can be performed. Even at
normal temperatures, replantation 16 hours after injury has been
successful.78 Microsurgical repair techniques have certain advan-
tages, including better preservation of the penile shaft skin and
the possibility of a sensate glans and normal orgasmic func-
tion. However, astonishing results have also been reported with
the conventional technique of corporal reattachment with-
out microvascular reanastomosis of the dorsal neurovascular
structures.

MANAGEMENT

A circumferential subcoronal incision provides exposure after
penile fracture and most penetrating injuries of the shaft and per-
mits corporal and urethral repair. The superficial layers and skin
are bluntly degloved back to the base of the penis. For deeper
injuries, proximal to the suspensory ligament or in the crura, a
penoscrotal or perineal incision is required to provide access to
the corpus cavernosum. Rupture of the corpus cavernosum as a
result of a fracture, a stab wound, or a bullet wound is signaled by
the presence of active bleeding and a defect in the fibrous tunica
albuginea. Careful exploration and inspection of the corpus spon-
giosum are mandatory, even if urethrography shows no extravasa-
tion.Tunical ruptures caused by fracture are transversely oriented
[see Figure 16] and sometimes extend behind the spongiosum; this
structure may have to be mobilized and retracted for adequate
visualization of the injury.

The tunica albuginea is closed with interrupted 3-0 slowly
absorbable sutures. Debridement and curettage have occasionally
been used in this setting but generally are reserved for late pre-
sentations. Skin closure is possible with most penetrating injuries
to the penis. The extensive vascular supply to the skin is rarely
compromised. Interrupted chromic sutures provide a cosmetic
closure and allow drainage of residual blood between the sutures.
A lightly compressive dressing is sufficient; tight wraps are to be
avoided because they may lead to necrosis of swollen shaft skin.
Catheter drainage is mandatory if urethral injury is present.
Sexual intercourse is contraindicated for 1 month after penile
injury.

Penile Amputation

Microsurgical replantation differs from simple corporal reat-
tachment in that the neurovascular structures are reanastomosed
in addition to the urethra and the tunica albuginea.With corporal
reattachment, a spatulated end-to-end urethral anastomosis is
performed with interrupted absorbable sutures over a urethral
catheter. The adventitia of the corpus spongiosum is reapproxi-
mated in a second layer, and the tunica albuginea and its septum
are then connected.The restored cavernosal blood flow preserves
the distal corpora, the glans, and the urethra. Ischemic skin loss is
expected without reanastomosis of the dorsal artery and vein.
When microsurgical techniques are available, the dorsal nerves,
the dorsal arteries, and the deep dorsal vein are each reanasto-
mosed with fine nonabsorbable sutures. Meticulous closure of the
superficial tunica dartos and the skin completes the repair.

Temporary ectopic replantation of the penis has been described
in cases where the perineum is heavily contaminated or too exten-
sively damaged for immediate replantation.79 Postoperative care
includes urinary diversion, bed rest, anticoagulation (in selected
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Patient presents with evidence of gynecologic injury or 
sexual assault

Examine external genitalia and, by speculum, internal organs.

Notify support services if there is evidence of sexual trauma.

Patient has 
perineal injury

Look for associated
rectal and urinary
tract injuries.

Small hematomas:
treat conservatively.

Large hematomas:
treat with incision,
drainage, and 
ligation of vessels.

Lacerations: treat 
with irrigation, 
debridement, and
primary closure.

Patient has simple vaginal or 
cervical lacerations

Place antibiotic-soaked vaginal 
pack and leave for 24 hr.

Give perioperative broad-
spectrum antibiotics.

Minor lacerations: close 
primarily.

Major lacerations: examine via 
speculum with patient under 
anesthesia, and repair injury.

Large hematomas: evacuate 
and drain.

Patient has complex vaginal 
or perineal lacerations

Evaluate vaginal injuries with 
patient under anesthesia.

Perform contrast cystography 
and rigid proctoscopy.

Close vaginal injuries primarily.

Give I.V. antibiotics.

Consider urinary and fecal 
diversion.

Patient has pelvic 
genital organ injury

(Such injury is usually 
found at laparotomy 
rather than on 
examination, and there 
is a high incidence of 
associated injuries.)

Close ovarian 
lacerations primarily; if 
injury is severe, consider 
salpingo-oophorectomy.

Repair uterus in two 
layers. 

If bleeding is 
uncontrolled or uterine 
artery is avulsed, 
consider hysterectomy.

Patient has 
cervical or
vaginal 
injury

Differentiate 
between 
simple 
and complex 
injuries.

Figure 15 Algorithm outlines management of injuries to the
female genitalia.



cases), hydration, and monitoring of arterial flow in the distal
penis.

Injuries to the Scrotum and Testes

INITIAL EVALUATION

Scrotal trauma may result in testicular injury or genital skin
loss [see Table 5]. Because blunt injuries to the testicle are difficult
to recognize, high-resolution ultrasonography has become a key
element in the evaluation of scrotal trauma [see Figure 17].When
a straddle injury or penetrating mechanism suggests the possibil-
ity of urethral injury, retrograde urethrography is indicated.

Penetrating scrotal injuries commonly involve not only the testis
but also the corpora cavernosa, the urethra, and the spermatic
cord. Ultrasonography is useful to ascertain the integrity of the
arterial inflow to the testis.80The excellent blood supply of the scro-
tal skin allows most penetrating injuries to be debrided and closed.
Even simple bite injuries can be irrigated and closed with appro-
priate antibiotic coverage. Exceptions to this general rule include
complex contaminated human and animal bites, which are left
open and are treated with intravenous antibiotics and local wound
care (or debridement in cases of severe soft tissue infection).81

Rupture of the testicle is often immediately painful, with rapid
onset of swelling. Falls, straddle injuries, and direct blows are
common mechanisms of injury.82 However, seemingly minor
degrees of trauma may be associated with delayed onset of pain;
in this scenario, testicular torsion must be included in the differ-
ential diagnosis. Physical signs of rupture include scrotal swelling,
tenderness, and ecchymosis. Injury to the scrotal wall or the tuni-
ca vaginalis may cause significant swelling without rupture of the
tunica albuginea of the testis; pelvic hematoma caused by fracture
can result in massive scrotal swelling. For these reasons, blunt
injury to the scrotum should be evaluated by ultrasonography
unless the findings from the physical examination are normal.

The ultrasonographic characteristics of testicular rupture [see
Figure 18] include loss of normal homogeneity of the testicular
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Table 5 AAST Organ Injury Scales for Male Genitalia

Characteristics of Injury

Contusion

Laceration < 25% of scrotal diameter

Laceration ≥ 25% of scrotal diameter

Avulsion < 50%

Avulsion ≥ 50%

Contusion or hematoma

Subclinical laceration of tunica albuginea

Laceration of tunica albuginea with < 50% parenchymal loss

Major laceration of tunica albuginea with ≥ 50% parenchymal loss

Total testicular destruction or avulsion

Cutaneous laceration or contusion

Laceration of Buck’s fascia (cavernosum) without tissue loss

Cutaneous avulsion, laceration through glans or meatus, or caver-
nosal or urethral defect < 2 cm

Partial penectomy or cavernosal or urethral defect ≥ 2 cm

Total penectomy

AIS-90 Score

1

1

2

2

2

1

1

2

2

2

1

1

3

3

3

Injured Structure

Scrotum

Testis*

Penis†

AAST Grade

I

II

III

IV

V

I

II

III

IV

V

I

II

III

IV

V

*Advance one grade for bilateral injuries, up to grade III.
†Advance one grade for multiple injuries, up to grade III.

Figure 16 Shown is a case of penile fracture. A lin-
ear tear in the tunica albuginea can be seen (arrow).



parenchyma, loss of continuity of the tunica albuginea, and intra-
parenchymal hematoma.83 A discrete break in the tunica is rela-
tively rare. In cases of pelvic fracture with massive scrotal edema,
ultrasonography can document the integrity of the testis and allow
conservative management of the swelling. If rupture is not docu-
mented, treatment with ice packs, analgesics, and elevation allows
resolution of swelling.

MANAGEMENT

Exploration of the scrotum through a vertical incision allows
inspection of the scrotal contents; when spermatic cord injury is
discovered, the incision can be extended cephalad to the groin.
The goal is preservation of testicular parenchyma for endocrine
and cosmetic purposes; normal sperm production and transport
are not expected after repair of rupture. Clots and extruded sem-
iniferous tubules are debrided with scissors to allow closure of the
tunica albuginea over the edematous parenchyma. A continuous
3-0 slowly absorbable suture is sufficient.

When spermatic cord injury is detected, the first priority is
determination of the viability of the testis.A small incision into the
tunica albuginea should cause some bleeding; if the testis is cyan-
otic and does not bleed when cut, orchiectomy should be per-
formed. If only the vas deferens or spermatic vessels are injured,
the testis will remain viable. Ligation of the spermatic vessels is
performed in the standard fashion; if vasal ligation is necessary,
use of nonabsorbable suture with long tails enables later identifi-
cation for reconstruction if infertility ensues.

Scrotal skin lacerations can be closed primarily in most
instances. Exceptions arise if there is a prolonged delay between
injury and definitive care or if grossly contaminated wounds are
associated with rectal injuries. Hemostasis should be meticulous.
Interrupted suture closure of the tunica dartos and skin in sepa-
rate layers, with a Penrose drain brought out through a separate
dependent stab wound, limits postoperative hematoma forma-
tion. Fluffed gauze should be used for dressing, and a scrotal sup-
porter should be used to keep the scrotum elevated.The Penrose
drain is removed on postoperative day 1. There are no major
restrictions to activity after scrotal surgery, and patients can be
discharged once they have recovered from associated injuries.

Scrotal avulsion can be devastating and must be differentiated
from complex lacerations. Skin avulsed by shear forces in MVCs
may be suitable for cleansing and preparation for full- or split-
thickness grafts; however, when high-speed rotating machinery is
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Patient presents with injury to scrotum

Obtain retrograde urethrogram to rule out urethral 
injury if indicated.

Injury is blunt

Perform scrotal ultrasonography.

No evidence of rupture 
is seen

Manage conservatively 
with ice, analgesia, and 
elevation.

Injury is penetrating

Patient has testicular injury Patient has spermatic cord injury

Evidence of rupture is seen

Explore scrotum through vertical 
incision.

Extend any penetrating lacerations.

Debride devitalized scrotal skin.

Testis is viable

Debride extruded 
seminiferous tubules 
sharply.

Preserve all viable 
tissue.

Close tunica 
albuginea.

Close skin primarily, 
leaving Penrose 
drain in scrotum.

Consider contralateral
exploration.

Testis is viable

If vas is injured,
debride both ends
and ligate with 
nonabsorbable suture.

Ligate bleeding vessels.

Extend incision 
cephalad as needed.

Testis is 
not viable

Perform 
orchiectomy.

Ligate vas 
and vessels
separately.

Figure 17 Algorithm outlines management of injury to the scro-
tum or testes.

a b

Figure 18 (a) Ultrasonogram of ruptured testes shows intraparenchymal hematoma and het-
erogeneous echotexture. (b) Ultrasonogram of ruptured testes shows indistinct testicular con-
tour and abnormal echotexture.



the mechanism, as when clothing and skin are caught in a power
takeoff, this approach is not recommended. The intrinsic
microvasculature of the skin is probably damaged. Scrotal skin
loss caused by burns or electrical or mechanical injury usual-
ly spares the testis, which has a separate blood supply.
Conservative debridement is possible if there is no infection, but

the demarcation between viable and nonviable tissue should be
identified before extensive debridement.84 Management de-
pends on the amount of skin remaining. Options include prima-
ry closure, immediate coverage with meshed split-thickness skin
grafts, and placement of the testes in subcutaneous pouches in
the thigh.

© 2004 WebMD, Inc. All rights reserved.
7 TRAUMA AND THERMAL INJURY

ACS Surgery: Principles and Practice
11 Injuries to the Urogenital Tract — 17

References

1. World Health Organization: http://www.who.int/
msa/mnh/ems/dalys/table.htm, accessed May 31,
2004

2. American College of Surgeons: National Trauma
Data Bank Report.
http://www.facs.org/dept/trauma/ntdbannualre-
port2002.pdf, accessed March 21, 2003

3. Wessells H, Suh D, Porter JR, et al: Renal injury
and operative management in the United States:
results of a population-based study. J Trauma
54:423, 2003

4. Bright TC, White K, Peters PC: Significance of
hematuria after trauma. J Urol 120:455, 1978

5. Miller KS, McAninch JW: Radiographic assess-
ment of renal trauma: our 15 year experience. J
Urol 154:352, 1995

6. Santucci RA,Wessells H, Bartsch G, et al: Evalua-
tion and Management of Renal Injuries: Consen-
sus Statement of the Renal Trauma Subcommit-
tee. BJU Int 93:937, 2004

7. Moore EE, Shackford SR, Pachter HL, et al:
Organ injury scaling: spleen, liver, kidney. J
Trauma 29:1664, 1989

8. Hammer CC, Santucci RA: Effect of an institu-
tional policy of nonoperative treatment of grades
I to IV renal injuries. J Urol 169:1751, 2003

9. Villas PA, Cohen G, Putnam SG, et al:Wallstent
placement in a renal artery after blunt abdomi-
nal trauma. J Trauma 46:1137, 1999

10. Paul JL, Otal P, Perreault P, et al: Treatment of
posttraumatic dissection of the renal artery with
endoprosthesis in a 15-year-old girl. J Trauma
47:169, 1999

11. Whigham CJ, Jr, Bodenhamer JR, Miller JK: Use
of the Palmaz stent in primary treatment of renal
artery intimal injury secondary to blunt trauma.
J Vasc Intervent Radiol 6:175, 1995

12. DiGiacomo JC, Rotondo MF, Kauder DR, et al:
The role of nephrectomy in the acutely injured.
Arch Surg 136:1045, 2001

13. Santucci RA, McAninch JW, Safir M, et al:Valida-
tion of the American Association for the Surgery of
Trauma organ injury severity scale for the kidney.
J Trauma 50:195, 2001

14. Cheng DL, Lazan D, Stone N: Conservative man-
agement of type III renal trauma. J Trauma 36:
491, 1994

15. Sagalowsky AI, McConnel JD, Peters PC: Renal
trauma requiring surgery: an analysis of 185
cases. J Trauma 23:128, 1983

16. Morey AF, McAninch JW,Tiller BK, et al: Single
shot intraoperative excretory urography for the
immediate evaluation of renal trauma. J Urol
161:1088, 1999

17. Hagiwara A, Sakaki S, Goto H, et al:The role of
interventional radiology in the management of
blunt renal injury: a practical protocol. J Trauma
51:526, 2001

18. Wilkinson AG, Haddock G, Carachi R: Separation
of renal fragments by a urinoma after renal trau-
ma: percutaneous drainage accelerates healing.
Pediatr Radiol 29:503, 1999

19. Steffens MG, Bode PJ, Lycklama a Nijeholt AA,

et al: Selective embolization of pseudo-aneurysms
of the renal artery after blunt abdominal injury in
a patient with a single kidney. Injury 27:219, 1996

20. Gonzalez RP, Falimirski M, Holevar MR, et al:
Surgical management of renal trauma: is vascu-
lar control necessary? J Trauma 47:1039, 1999

21. McAninch JW, Carroll PC: Renal trauma: kidney
preservation through improved vascular con-
trol—a refined technique. J Trauma 22:285, 1982

22. Atala A, Miller FB, Richardson JD, et al: Prelimin-
ary vascular control for renal trauma. Surg Gyn-
ecol Obstet 172:386, 1991

23. Nash PA, Bruce JE, McAninch JW: Nephrec-
tomy for traumatic renal injuries. J Urol 153:
609, 1995

24. Morey AF, Anema JG, Harris R, et al:Treatment
of grade 4 renal stab wounds with absorbable
fibrin adhesive bandage in a porcine model. J
Urol 165:955, 2001

25. Ramakumar S, Roberts WW, Fugita OE, et al:
Local hemostasis during laparoscopic partial
nephrectomy using biodegradable hydrogels: ini-
tial porcine results. J Endourol 16:489, 2002

26. Richter F, Schnorr D, Deger S, et al: Improve-
ment of hemostasis in open and laparoscopically
performed partial nephrectomy using a gelatin
matrix-thrombin tissue sealant (FloSeal).
Urology 61:73, 2003

27. Richter F, Tullmann ME, Turk I, et al: [Improve-
ment of hemostasis in laparoscopic and open par-
tial nephrectomy with gelatin thrombin matrix
(FloSeal)]. Urologe A 42:338, 2003

28. User HM, Nadler RB: Applications of FloSeal in
nephron-sparing surgery. Urology 62:342, 2003

29. Lee SS, Cheng CL,Yu DS, et al:Vicryl mesh for
repair of severely injured kidneys: an experimen-
tal study. J Trauma 34:406, 1993

30. Matthews LA, Smith EM, Spirnak JP: Nonopera-
tive treatment of major blunt renal lacerations with
urinary extravasation. J Urol 157:2056, 1997

31. Moudouni SM, Patard JJ, Manunta A, et al: A
conservative approach to major blunt renal lac-
erations with urinary extravasation and devital-
ized renal segments. BJU Int 87:290, 2001

32. Wessells H, McAninch JW, Meyer A, et al: Criteria
for nonoperative treatment of significant penetrat-
ing renal lacerations. J Urol 157:24, 1997

33. Lee RS, Porter JR: Traumatic renal artery
pseudoaneurysm: diagnosis and management
techniques. J Trauma 55:972, 2003

34. Knudson MM, Harrison PB, Hoyt DB, et al:
Outcome after major renovascular injuries: a
Western trauma association multicenter report. J
Trauma 49:1116, 2000

35. Elliott SP, McAninch JW: Ureteral injuries from
external violence: the 25-year experience at San
Francisco General Hospital. J Urol 170:1213,
2003

36. Digiacomo JC, Frankel H, Rotondo MF, et al:
Preoperative radiographic staging for ureteral
injuries is not warranted in patients undergoing
celiotomy for trauma. Am Surg 67:969, 2001

37. Palmer LS, Rosenbaum RR, Gershbaum MD, et

al: Penetrating ureteral trauma at an urban trau-
ma center: 10-year experience. Urology 54:34,
1999

38. Medina D, Lavery R, Ross SE, et al: Ureteral
trauma: preoperative studies neither predict
injury nor prevent missed injuries. J Am Coll
Surg 186:641, 1998

39. Boone TB, Gilling PJ, Husmann DA: Uretero-
pelvic junction disruption following blunt abdom-
inal trauma. J Urol 150:33, 1993

40. Brandes SB, Chelsky MJ, Buckman RF, et al:
Ureteral injuries from penetrating trauma. J
Trauma 36:766, 1994

41. Presti JC, Carroll PR, McAninch JW: Ureteral
and renal pelvic injuries from external trauma:
diagnosis and management. J Trauma 29:370,
1989

42. Aihara R, Blansfield JS, Millham FH, et al:
Fracture locations influence the likelihood of
rectal and lower urinary tract injuries in patients
sustaining pelvic fractures. J Trauma 52:205,
2002

43. Hsieh CH, Chen RJ, Fang JF, et al: Diagnosis
and management of bladder injury by trauma
surgeons. Am J Surg 184:143, 2002

44. Deck AJ, Shaves S,Talner L, et al: Computerized
tomography cystography for the diagnosis of
traumatic bladder rupture. J Urol 164:43, 2000

45. Ciftci AO,Tanyel FC, Senocak ME, et al: Biochem-
ical predictors for differentiating intraperitoneal
and extraperitoneal bladder perforation. J Pediatr
Surg 34:367, 1999

46. Cass AS: Diagnostic studies in bladder rupture:
indications and techniques. Urol Clin North Am
16:267, 1989

47. Corriere JN, Sandler CM: Extraperitoneal blad-
der rupture. Urol Clin North Am 16:275, 1989

48. Peters PC: Intraperitoneal rupture of the blad-
der. Urol Clin North Am 16:279, 1989

49. Ali MO, Singh B, Moodley J, et al: Prospective
evaluation of combined suprapubic and urethral
catheterization to urethral drainage alone for
intraperitoneal bladder injuries. J Trauma 55:
1152, 2003

50. Parry NG, Rozycki GS, Feliciano DV, et al:
Traumatic rupture of the urinary bladder: is the
suprapubic tube necessary. J Trauma 54:431,
2003

51. Takayama T, Mugiya S, Ohira T, et al: Complete
disruption of the female urethra. Int J Urol 6:50,
1999

52. Porter JR,Takayama TK, DeFalco AJ:Traumatic
posterior urethral injury and early realignment
using magnetic urethral catheters. J Urol
158:425, 1997

53. Webster GD: Perineal repair of membranous ure-
thral stricture. Urol Clin North Am 16:303, 1989

54. Routt ML, Simonian PT, Defalco AJ, et al: Internal
fixation in pelvic fractures and primary repairs of
associated genitourinary disruptions: a team
approach. J Trauma 40:784, 1996

55. Husmann DA, Boone TB, Wilson WT: Manage-
ment of low velocity gunshot wounds to the ante-



© 2004 WebMD, Inc. All rights reserved.
6 TRAUMA AND THERMAL INJURY

ACS Surgery: Principles and Practice
11 Injuries to the Urogenital Tract — 18

rior urethra: the role of primary repair versus uri-
nary diversion alone. J Urol 150:70, 1993

56. Mohr AM, Pham AM, Lavery RF, et al: Manage-
ment of trauma to the male external genitalia:
the usefulness of American Association for the
Surgery of Trauma organ injury scales. J Urol
170:2311, 2003

57. Sugar NF, Fine DN, Eckert LO: Physical injury
after sexual assault: findings of a large case
series. Am J Obstet Gynecol 190:71, 2004

58. Riggs N, Houry D, Long G, et al: Analysis of
1,076 cases of sexual assault. Ann Emerg Med
35:358, 2000

59. Mandell J, Cromie WJ, Caldamone AA: Sports-
related genitourinary injuries in children. Clin
Sports Med 1:483, 1982

60. Haefner HK, Andersen HF, Johnson MP:Vaginal
laceration following a jet-ski accident. Obstet
Gynecol 78:986, 1991

61. Knudson MM, Crombleholme WR: Female gen-
ital trauma and sexual assault. Abdominal
Trauma. Blaidsell FW, Trunkey DD, Eds.
Thieme Medical Publishers, New York, 1993, p
311

62. Quast DC, Jordan GL:Traumatic wounds of the
female reproductive organs. J Trauma 4:839,
1964

63. Maull KI, Rozycki GS, Pedigo RE: Injury to the
female reproductive system. Trauma. Mattox
KL, Moore EE, Feliciano DV, Eds. Appleton-
Lange, San Mateo, California, 1988

64. Bottomley CP, Sadler T,Welch J: Integrated clin-
ical service for sexual assault victims in a geni-

tourinary setting. Sex Transm Infect 75:116,
1999

65. American College of Obstetricians and Gynecol-
ogists ACOG: Sexual assault. ACOG Educ Bull
(242):1, 1997

66. Grossin C, Sibille I, Lorin de la Grandmaison G,
et al: Analysis of 418 cases of sexual assault.
Forensic Sci Int 131:125, 2003

67. Niemi TA, Norton LW: Vaginal injuries in
patients with pelvic fracture. J Trauma 25:547,
1985

68. Woods RK, O’Keefe G, Rhee P, et al: Open
pelvic fracture and fecal diversion. Arch Surg
133:281, 1998

69. Shires GT: Trauma. Principles of Surgery.
Schwartz SI, Shires GT, Spencer FC, et al, Eds.
McGraw-Hill, New York, 1984, p 199

70. Monga M, Moreno T, Hellstrom WJG: A strate-
gy for success: managing gunshot wounds to the
male genitalia. Contemp Urol 7:58, 1995

71. Cline KJ, Mata JA,Venable DD, et al: Penetrating
trauma to the male external genitalia. J Trauma
44:492, 1998

72. Thompson I, Flaherty SF, Morey AF: Battlefield
injuries. J Am Coll Surg 187:139, 1998

73. Eke N: Urological complications of coitus. BJU
Int 89:273, 2002

74. Uygur MC, Gulerkaya B, Altug U, et al: 13
years’ experience of penile fracture. Scand J Urol
Nephrol 31:265, 1997

75. Karadeniz T,Topsakal M, Ariman A, et al: Penile
fracture: differential diagnosis, management and
outcome. Br J Urol 77:279, 1996

76. Gross H: The role of cavernosography in acute
fracture of the penis. Radiology 144:787, 1982

77. Jordan GH, Gilbert DA: Management of ampu-
tation injuries of the male genitalia. Urol Clin
North Am 16:359, 1989

78. Wei FC, McKee NH, Huerta FJ, et al: Microsur-
gical replantation of a completely amputated penis.
Ann Plast Surg 10:317, 1983

79. Matloub HS, Yousif NJ, Sanger JR: Temporary
ectopic implantation of an amputated penis.
Plast Reconstr Surg 93:408, 1994

80. Tsai HN,Wu WJ, Huang SP, et al: Bilateral trau-
matic testicular dislocation—a case report.
Kaohsiung J Med Sci 18:95, 2002

81. Wolf JS, Gomez R, McAninch JW: Human bites
to the penis. J Urol 147:1265, 1992

82. Gomez R: Genital injuries. Probl Urol 8:279,
1994

83. Wessells H, McAninch JW: Testicular trauma.
Urology 47:750, 1996

84. Wessells H: Genital skin loss: unified reconstruc-
tive approach to a heterogeneous entity. World J
Urol 17:107, 1999

Acknowledgments

The author expresses his thanks to Jack W. McAninch,
M.D., F.A.C.S., for guidance and help in preparing
earlier versions of this chapter.
Figures 3, 5, and 10 Susan Brust, C.M.I. Adapted
from originals by P. Stempen.
Figures 1, 8, 11, 15, and 17 Marcia Kammerer.


