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Introduction

Among all penetrating genitourinary (GU) trauma, 60% of 
injuries involve the external genitalia (1,2). While injuries 
to the external genitalia may result from other mechanisms 
including accidents, sports injuries, injuries related to sexual 
activity, and domestic or community violence, penetrating 
trauma makes up 20–50% (3). Gunshot wounds (GSW) to 
the external genitalia represent ~50–90% of penetrating 
GU injuries and appear to be increasing in the US and 
similarly in Africa and parts of Europe (3-8). Furthermore, 
among military conflicts, damage to the external genitalia 
has been documented in 60% of GU injuries with GSWs 
and blast shrapnel making up the primary mechanism of 
penetrating trauma (1,9). As more casualties are survived on 

the frontline, an increasing number of non-lethal injuries, 
including those to the genitalia require treatment (10).

GSWs can cause devastating injuries to the structures 
of the penis and scrotum as well as causing significant 
concomitant injuries to other structures (3). Management 
of these urologic emergencies hinges on quick and correct 
identification of the injured structures to allow for the 
appropriate treatment. In conducting and assembling 
this review, we sought to provide a single comprehensive 
source for those caring for patients sustaining GSWs to the 
external genitalia in a wide range of settings. More than 
simply summarizing treatment guidelines, we discuss the 
types and mechanisms of ballistic injuries caused by GSWs 
to the external genitalia before answering the question of 
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how to best assess and treat affected patients in the civilian 
and military settings. We present the following article in 
accordance with the Narrative Review Checklist (available 
at: http://dx.doi.org/10.21037/tau-20-1175).

Methods

An exhaustive literature search was conducted using 
PubMed, Medline, and Google Scholar. The references of 
the resulting collection were further reviewed to identify 
additional articles of relevance. Keywords searched 
included: gunshot wounds, external genitalia, urologic 
trauma, ballistic trauma, civilian and military gunshot 
wounds, traumatic avulsion, penetrating trauma, and 
wound healing. Given the importance of both historical 
and contemporary perspectives on these types of injuries, 
our literature search included publications from 1968 to 
present. Any publication that was peer-reviewed and proved 
a novel or valuable addition to the existing, relatively 
limited, body of literature on this subject was included. 
This was additionally tempered with the experience of the 
authors. 

Discussion

The management of GSWs to the external genitalia, if not 
all GSWs, must include an understanding of the nature of 
ballistic injuries, including types of ballistics and the sequence 
of tissue-level events culminating in injury, before moving 
on to the consideration of evaluation and management. 
This review accordingly follows a natural progression from 
ballistic injury mechanisms, to patient evaluation, followed 
by specific anatomic considerations in management and 
lastly discussing high-energy battlefield injuries.

Ballistic injury mechanics

The ballistic injuries caused by GSWs are unique among 
penetrating traumas in how the projectile interacts with 
and injures surrounding tissues. Military literature has 
described the mechanics of GSWs, which are critical to 
understand to appropriately repair these tissues (11). While 
often simplified to high velocity injuries, i.e. rifles, vs. 
low velocity injuries, i.e., handguns, the most important 
factor in the injury pattern is the energy transferred by the 
projectile. The energy depends on the projectile’s structure, 
velocity, and distance from which it is fired. The energy (and 
resultant damage) may also depend on the integrity of the 
projectile, such as whether it breaks or shatters on impact. 

Low energy injuries are more often in a civilian setting 
while high energy injuries are more commonly seen in the 
combat setting (1,12-14). High energy tissue damage can 
result from a low velocity projectile fired at in close range, 
such as in shotgun injuries, resulting in catastrophic tissue 
damage. When evaluating a patient who has suffered from 
a GSW, it is important to obtain a thorough history of the 
type of weapon, ammunition, and distance at which it was 
fired to understand the pattern of tissue damage created by 
the projectile. Furthermore, information on the mechanism 
may prompt the clinician to investigate other possible 
concomitant injuries.

The two primary types of tissue damage that are 
applicable to GU trauma are direct tissue damage and 
cavitation. Damage from GSW is effectively caused by 
energy transfer from the projectile to the affected tissue, 
which is related to deceleration. Spin itself produces added 
gyroscopic effects, much like a spinning top. These motions 
are known as precision and nutation and form a combined 
movement known as yaw: the deviation of a bullet’s 
longitudinal axis from the midline of flight trajectory (15). 
Energy is released at each tissue plane which may make the 
projectile change direction, fragment or tumble.

Direct tissue damage includes three key aspects: the 
prompt damage, the permanent wound tract, and the 
extravasation zone. Prompt damages include the initial 
direct crush/blunt injury from the projectile and are the 
main pattern of damage seen with low energy GSWs 
(16,17). Secondly, the permanent wound tract includes the 
total permanent area of damage including ischemia from 
burn injury, direct crush injury, and cavitation. This can 
be challenging to identify upon initial presentation leading 
to over-debridement, particularly in high energy injuries 
(18,19). Finally, the extravasation zone includes reversibly 
damaged tissue, hallmarked by edema and hemorrhage 
without macroscopic evidence of damage (11). In addition 
to these factors, debris or pieces of clothing may be 
embedded into the wound and cause additional damage and 
contamination.

In contrast to direct tissue injury, cavitation occurs in 
projectiles exceeding 600 m/s resulting in extensive damage 
seen in high energy ballistic injuries. While it rarely occurs 
in civilian injuries, it may be present in hunting related 
injuries or those with high caliber weapons making it critical 
to assess the mechanism of injury. These high energy 
injuries are discussed in further detail later in this paper.

Key points: 
	Ballistic injuries may be low or high energy, 

depending on projectile structure, velocity, and 
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distance from which it is fired.
	Tissue damage can be direct, from prompt damage, 

the wound tract, and extravasation.
	Tissue damage can also be caused by cavitation, seen 

typically in high energy injuries.

Patient evaluation

Patient history is critically important in the assessment 
of genital trauma. It is vital to assess the mechanism of 
injury, including the caliber of ballistic weapon, as well as 
the potential for concomitant non-urologic injury which 
may occur in up to 70% of penetrating penoscrotal trauma 
(3,20,21). While this information may not always be 
readily available, these variables should be gauged to tailor 
appropriate treatment when possible. Injuries to the thighs, 
pelvis, or buttocks are most common, and the patency of 
surrounding vasculature should be investigated if damage 
is suspected. Similarly, if the history or exam suggests or 
reveals a bladder injury, then a concomitant rectal injury 
should also be suspected or kept in mind. A focused physical 
examination should identify the locations of injuries, their 
depth, and the need for imaging.

The appropriate use and timing of imaging is one of the 
most controversial topics among penile/scrotal penetrating 
trauma. We recommend the use of CT urogram (CTU) 
with delayed picture (imaging can also be in the form of 
a plain X-ray 30 minutes later to look for extravasation) 
for any hemodynamically stable patients with suspected 
urologic injury to evaluate the entire GU tract (22). The 
history and exam and apparent wound trajectory are as 
always important. In the context of lower urinary tract and 
external genitalia injuries, the presence (but not exclusively 
the presence) of gross hematuria may warrant investigation 
for bladder and ureteric injury, and for this, CT cystogram 
would be most appropriate. Note should be made here that 
CT cystography requires sufficient distention of the bladder 
to achieve maximal sensitivity. This calls for clear and 
specific communication to the radiology team to ensure a 
false negative study does not result. Due to the prevalence of 
renal injuries and the risk of unrecognized ureteral injury to 
trauma patients, it is best to have a low threshold for CTU 
in the assessment of trauma patients. CTU has come to 
replace intravenous pyelogram, with rare exceptions such as 
centers without CT capabilities (22) Separate guidelines set 
forth by both the American Urological Association (AUA) 
and European Association of Urology (EAU) no longer 
recommend intravenous pyelogram as routine preoperative 

imaging in patients with penetrating abdominal trauma 
unless local factors of accessibility to CT force the need 
(23,24). Further imaging may be appropriate based on the 
location of injury and its depth, but should never delay the 
treatment of other life threatening traumatic injuries (25).

Key points: 
	History and physical exam are crucial in managing 

GSW of the genitalia.
	Findings should prompt further imaging as 

necessary.

Penile injury

When managing penetrating penile injuries, the goal is 
preservation and restoration of function and form. By 
minimizing bleeding and repairing damaged structures, 
risks of erectile and voiding dysfunction can be minimized 
while preserving cosmesis (2,26,27). Up to 30% of injuries 
may be superficial, but assessment of damage to underlying 
structures such as the urethra and corporal bodies is critical 
in triaging who will need operative exploration (22,27).

One of the first concerns in assessment of penile GSWs 
is in the integrity of the urethra. Urethral injury is present 
in 11–29% of penetrating penile injuries; initial exam 
should investigate any blood at the meatus, difficulty 
in catheter placement, nearby damage, or hematuria 
on voided urinalysis (5). Blood at the meatus has been 
consistently reported in 75% of patients with urethral 
injury (27,28). Foley placement may be delayed if there 
is concern for injury or discontinuity of the urethra. 
Retrograde urethrogram (RUG) remains the mainstay 
in the diagnosis of urethral injuries with a sensitivity of 
92% and specificity of 100% (27). Any stable patient with 
suspected urethral injury should undergo RUG (22). 
Classically, RUG has been recommended for all patients 
with a penetrating penile injury given the 50% rate of 
urethral injury reported by Miles et al. (29). However 
modern case series have demonstrated urethral injury in 
only 15–30% of patients, and multiple studies have shown 
it can be used more sparingly for superficial injuries if 
suspicion for urethral injury is low (6,7,30) (Figures 1,2). 
Patients with very superficial injuries without blood at 
the meatus, spontaneously voiding without hematuria 
may forgo RUG with a low potential of missed injury 
(27,30). If there is a high suspicion for urethral injury or 
bladder injury in a hemodynamically unstable patient, 
without availability of less invasive imaging (especially 
in the setting of concomitant injuries) it is necessary and 
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reasonable to consider abdominal exploration for direct 
visualization of bladder injury and placement of suprapubic  
catheter (23,31,32).

Cystogram may also be considered in certain cases. In 
patients with a high concern for pelvic or intraabdominal 
injury, CTU is recommended. If injury is noted or there 
are no exit wounds on physical exam, assessment of the 
bladder is more often done intraoperatively. However, in 
patients who do present with blood at the meatus with a 
negative RUG and no urgent need for intra-abdominal 
intervention, a cystogram may be valuable in locating the 
injury. After RUG is performed and deemed negative, 
catheter placement may precede CT cystogram for stable 
patients. Cystoscopy may be a good alternative as well in 
this setting, particularly if the patient presents with gross 
hematuria. Persistent gross hematuria despite large bore 
catheter placement should prompt evaluation with further 

imaging and endoscopy (cystoscopy and even proctoscopy) 
keeping in mind the possibility of concomitant vascular 
or rectal injury. Depending on these findings and severity, 
extraperitoneal or intraperitoneal abdominal exploration 
may be required for diagnosis and repair.

Once urethral injury is confirmed it is managed by either 
immediate primary repair or conservative non-operative 
management with immediate urinary diversion (26).  
Historic standard of care for penetrating urethral injuries 
was immediate urinary diversion with placement of a 
suprapubic tube (33-35). If strictures formed, they were 
later repaired in the outpatient setting. However, several 
large case series have shown that immediate primary repair 
of urethral GSWs results in a significantly lower stricture 
rate than diversion alone (27,36,37). Primary watertight 
repair, preferably in a spatulated fashion, over a foley 
catheter using absorbable sutures allows minimal stricture 

Figure 1 Urethrogram after GSW. (A) Retrograde urethrogram demonstrating bullet lodged near urethra; (B) operative exploration for 
bullet removal. Courtesy JB Myers. GSW, gunshot wound.

A B

Figure 2 Urethral injury after GSW. (A) Bullet lodged in perineum; (B) identification of urethral injury caused by bullet. Courtesy A van der 
Merwe. GSW, gunshot wound.

A B
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formation (19) (Figure 3). This has resulted in a shift in the 
AUA and EUA urotrauma guidelines that now recommend 
prompt repair in uncomplicated cases of penetrating trauma 
to the anterior urethra (23,24) (Table 1).

However, there may still be some patients who benefit 
from diversion with a delayed repair. Unstable patients 
who cannot tolerate anesthesia or require other operative 
interventions for concomitant injuries may not be able 
to undergo formal exploration and repair safely in the 
immediate setting. In some settings, delayed repair may 
be forced simply by the need for allocation of limited 
resources, where other patients requiring more acute care 
take precedence. Furthermore, it is the authors’ anecdotal 
experience that in a highly select subset of patients, 
immediate diversion with delayed primary repair of the 
urethra 24–72 hours in stable patients with no other 
operative injuries may be possible and may be beneficial. 
This allows the injury time to mature, with a theoretical 
benefit of improved delineation of tissue viability as the 
“blast effect” evolves. Contused corpus spongiosum, 
which may appear compromised in the acute setting, may 
not become necrotic, and may recover, given its robust 
vascularity (5). This may also be the best course of action if 

a urologist or operating room is not available at the initial 
time of treatment. However, there are no large prospective 
or retrospective series evaluating this subacute delayed 
repair, and while there are some theoretical advantages 
named here, the data at this time clearly supports immediate 
primary repair for patients who are able to tolerate it.

Penetrating injuries of the posterior urethra may be rare 
and are best managed conservatively with diversion and 
some believe with endoscopic realignment of the urethra. 
Formal urethral reconstruction can then be performed in 
a delayed fashion—typically a minimum of 3 months—to 
repair a stenosis if one develops. Thus, a pursuit of complex 
urethroplasty in an emergent situation can be avoided 
(7,19,30,38). If a rectal injury is present, posterior wounds 
should be managed with urinary diversion and attempted 
urethral closure with omental interposition. While it 
may not be mandatory, consideration should be given to 
diverting colostomy, presacral drainage, washout and rectal 
wound repair to prevent fistulation with the urethra during 
healing (19,24).

The presence of  a  urethral  injury and/or deep 
penetrating wound to the penis should raise suspicion for 
coexisting corporal injury. Further signs of corporal injury 

Figure 3 GSW of penis with corporal and urethral injuries. (A) Trajectory of penile GSW demonstrated using lacrimal probe; (B) penis 
degloved, corporal injury identified and repaired; (C) edges of urethral injury after debridement; (D) spatulated urethral repair. Courtesy K 
Venkatesan. GSW, gunshot wound.

A B

C D
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on exam may include a palpable corporeal defect, expanding 
hematoma, or uncontrolled bleeding of the penile shaft 
(2,27). Deviation of the penis may occur in the opposite 
direction of the corporal defect secondary to an overlying 
hematoma (39). If corporal injury is suspected secondary 
to penetrating penile trauma, urgent operative exploration 
degloving and repair is critical to preserve erectile function 
(Table 1). Operative exploration should not be delayed 
for imaging such as penile ultrasound or MRI. In the 
setting of penetrating penile trauma there is little role for 
penile Doppler ultrasound. This is in contrast to blunt 
penile trauma where there are some data supporting the 
use of penile Doppler (such as evaluation of some penile  
fractures) (40). While cavernosography has been used in 
a few selected patients, it has shown to have several false 
negatives limiting its scope (27,41). Similarly, MRI is rarely 
useful in the setting of acute penetrating penile trauma. 
While it can be used to evaluate the corpora in suspected 
penile fracture, it is less readily available, slower, more 
expensive, and can be challenging to interpret. It is safe to 
perform MRI in the setting of retained foreign bodies or 
bullet fragments, however if corporal injury is suspected 
most patients will require immediate exploration and repair. 
In the setting of a high index of suspicion for corporal 
injury, imaging should not delay intervention (42-45).

Penetrating trauma superficial to Buck’s fascia may 

be irrigated with local debridement at bedside, avoiding 
extensive operative exploration (5). These very superficial 
penetrating traumas where there is low concern for urethral 
or cavernosal damage represent up to 30% of penetrating 
trauma in some studies (2,5). However, the threshold for 
operative assessment and repair should be low for any penile 
GSW that appears deep to Buck’s fascia or suspicious for 
urethral or cavernosal injury. A negative exploration may be 
less morbid than a missed injury.

Peni le  explorat ion has  been described using a 
penoscrotal incision, or a subcoronal circumscribing 
incision with degloving (6,27). Integrity of the corporal 
bodies is assessed by injecting saline into the cavernosa. 
Any areas of visible damage or leakage can be repaired 
using buried absorbable suture below Buck’s fascia (44). 
Because of the variable position of the penis when injured, 
it is common to have complex bullet trajectories with 
multiple corporeal injuries resulting from a single gunshot. 
Immediate surgical interventions for corporal injury show 
an erectile dysfunction rate of 10–25% at four years, with 
one study demonstrating a peak rate of 54% (45-49). Only 
15% of 63 patients with penile GSW repaired by Kunkle 
et al. had erectile dysfunction, and all were responsive to 
pharmacotherapy (27). The vascularity of the penis works 
to its advantage in healing. Follow up is universally poor 
across civilian studies, in the authors’ experience one third 

Table 1 Summary of American Urological Association (AUA) & European Association of Urology (EAU) guidelines for penetrating genital 
trauma (23,24)

Penile & urethral injury

Non-operative management is recommended in small superficial injuries where Buck’s Fascia is intact 

Perform evaluation for concomitant urethral injury if presenting with blood at meatus or gross hematuria or inability to void 

More significant injuries require exploration and debridement 

Uncomplicated penetrating trauma of the anterior urethra should be explored and repaired 

In penile avulsion, microvascular re-implantation of the penis should be performed where possible

Scrotal injury

When testicular rupture is suspected, scrotal exploration with debridement of nonviable tissue and reconstruction of the testis should be 
performed 

If reconstruction of the testis is not possible, orchiectomy should be performed 

In complete spermatic cord disruption, re-alignment without vasovasostomy can be considered 

In significant blast injury, immediate debridement and complex, staged repair may be necessary 

Ancillary counseling should be initiated for patients with genital trauma when loss of sexual, urinary or reproductive function is 
anticipated 

Damage control principles govern the management of the severely injured patient
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of patients treated for GSW to the external genitalia were 
completely lost to follow up, and another third failed to 
follow up after their first appointment. It is imperative 
that patient counseling is thorough and consistent even 
in the initial patient interaction, advising on risks such as 
erectile dysfunction and urethral stricture. To effectively 
care for this population, the first follow-up appointment 
should stress patient education, with the assumption 
that patients will not return. Despite these barriers, 
large case series report good outcomes with potency 
and voiding with recovery of erection within six weeks  
postoperatively (7,19,26,28).

Key points:
	The goal in managing penile injury is preservation of 

form and function.
	RUG is the mainstay in diagnosing urethral injury, 

and CT cystogram has utility if bladder injury is 
suspected.

	Prompt repair is recommended in uncomplicated 
anterior urethral injury.

	Posterior urethral  injury should be treated 
with urinary diversion, but repair attempted if 
concomitant rectal injury.

	Any suspected corporal injury requires exploration 
and repair.

Scrotal injury

As with penile injuries, initial assessment of any scrotal 
injury should investigate the depth of the wound as well 
as the caliber and proximity of the weapon used. Physical 

exam is critical to determine if a patient has a deep injury 
requiring urgent operative management, and a cord 
block using lidocaine may be required to allow adequate 
examination (39). Often, patients present with gunshot 
injuries of the scrotum that are inadvertently self-inflicted, 
because their weapon was stored at hip level in a waistband 
or pocket and was discharged. While ultrasound has limited 
use in penetrating penile trauma, it is a mainstay in the 
assessment of patients with penetrating scrotal trauma in 
assessing for testicular injury with good sensitivity and 
specificity (50,51). Modern scrotal ultrasound can reliably 
evaluate the testes and its blood flow, the presence of 
any hematoma, and the integrity of the tunica albuginea  
(Figure 4). Superficial injuries, those without disruption of 
the deep dartos layer, may not need operative intervention 
if the testes are uninjured. If a patient has no other injuries 
that would require operation, scrotal ultrasound with 
Doppler can be very helpful to determine if the patient 
needs exploration by allowing the echodense tunica 
albuginea to be identified for disruption (39,44). At times, 
scrotal swelling may make ultrasound assessment intolerable 
for the patient and suboptimal in visualization of the testes. 
In that setting, as well as when clothing or debris has been 
embedded even in low energy wounds, the scrotum should 
be explored (Table 1).

If there is no disruption or secondary ballistic injury 
to the testes, the superficial wounds itself can be treated 
with bedside local debridement and washout. Given the 
propensity for infection and the acceptable cosmetic results, 
wet to dry dressings with or without wide approximation 
of skin edges is recommended for these wounds. While 
large areas of injury with significant skin loss can be 
reapproximated using suture, formal closure or grafting are 
not recommended in the acute setting of civilian injuries.

In contrast, urgent operative exploration is necessary for 
patients who present with deep penetrating injury on initial 
assessment, or if such injury is demonstrated on scrotal 
ultrasound (5). When exploration is clearly indicated on 
clinical assessment alone, such as with deep penetrating 
injuries to the scrotum extending beyond the dartos, scrotal 
ultrasound should not delay operative intervention (7).  
Expanding scrotal hematomas, extrusion of testicular 
contents, or any acute or severe bleeding unresponsive to 
compression should also be evaluated in the operating room. 
A midline raphe incision or transverse mid scrotal incision 
is made and scrotum is investigated for injuries to the testes 
or their vascular structures (2,19). Large hematomas should 
be drained and any sources of bleeding ligated, as there is 

Figure 4 Ultrasound demonstrating testicular rupture. Violation 
of tunica albuginea integrity. Courtesy K Venkatesan.
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limited ability for scrotal bleeds to tamponade themselves 
and increased pressure may cause later testicular atrophy 
(44,52-54). While only demonstrated in blunt trauma, 
patients with intra-testicular hematoma fare better with 
exploration, as many will have pain or infection resulting in 
eventual orchiectomy. In addition to the testes themselves, 
the spermatic cords should be assessed bilaterally for a pulse 
or Doppler flow of the testicular artery, as it is possible to 
have spermatic cord injury on one side and concomitant 
injury to the contralateral testis. Any disrupted vas should 
be tied off with nonabsorbable suture to allow identification 
for vasovasotomy later (30). If injury to the testes is 
identified, the testicle may be salvaged by debriding the 
seminiferous tubules and closing the tunica albuginea with 
small absorbable suture such as 4-0 polyglactin. Large case 
series have demonstrated that 35–50% of injured testicles 
can be salvaged by this method (7,30,51) (Figure 5). While 
the goal of scrotal exploration is testicular preservation, 
extensive injuries to the testicular hilum, spermatic cord, or 
catastrophic shattering of testis itself warrant orchiectomy 
at the time of exploration. While bilateral scrotal injuries 
occur in up to 31% of patients (53), deeper injury to the 
testes is rare bilaterally (7-11,30,51,53) (Figure 6). Efforts 
should be made to preserve as much testicular parenchyma 
as possible to maintain normal testosterone levels and in 
many cases sperm production (2,19,30,55). Urgent fertility 
consultation should be considered in patients who require 
bilateral orchiectomy. The scrotum can be closed using 
vertical mattress suture with a Penrose drain left in place 
for 24 hours and postoperative gram-positive organism 
coverage (44).

Key points:
	Ultrasound assessment is a mainstay of diagnosis 

of testis injury: disruption of the tunica albuginea 
should prompt scrotal exploration.

	Bilateral injuries are common and any suspicion of 
bilateral testis injury warrants exploration of the 
contralateral testis.

	Every effort should be made to spare the testis 
including debridement of seminiferous tubules and 
primary closure of disruption of the tunica albuginea.

High-energy injury (military bullets, IED/land 
mine/blast injury)

Injuries to the external genitalia are present in around 70% 
of combat related GU injuries and up to 5% of all military 
traumas (14,56,57). Penetrating injuries secondary to 
GSWs or blasts are the predominant type of trauma seen 
in the external genitalia in the military setting. Coexisting 
injuries to other organ systems occur with high energy 
projectiles in 80–96% of cases (56,58). Despite a period of 
relative global peace with low numbers of people killed in 
war in the early 2000s, the past two decades have shown a 
dramatic increase in civilian war deaths and disabilities due 
to global conflict. GU injury rates to military personnel 
increased from 7.2% to 12.7% in the US military personnel 
between 2009 and 2010 (59). The upward blast of hidden 
explosives and improvised explosive devices (IED) puts the 
lower extremities and external genitalia at particularly high 
risk of blast injury with limited protection compared to the  
torso (57,60-62).

Military conflict is marked by higher energy wounds 
secondary to higher caliber weapons as discussed in wound 
ballistics above. These high energy projectiles are marked 
by a temporary cavity that leads to massive tissue destruction 

Figure 5 Identification and repair of GSW causing testicular rupture. (A) Injured testis exposed; (B) repaired testis. Courtesy JB Myers. 
GSW, gunshot wound.
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(1,12-16). Conservative treatments are not feasible options 
as they are in the civilian setting, most patients are taken 
to the operating room immediately to achieve appropriate 
hemostasis, debride and repair damaged structures. Wound 
debridement of devitalized tissue is a critical aspect of early 
management of high energy injuries, given their large zone 
of damage. Once patient’s other injuries are stabilized, high 
energy penetrating injuries to the external GU tract are best 
managed in the operating room. Immediate low-pressure 
irrigation should be used to wash away contamination 
and debris, and any actively bleeding vessels should be  
ligated (63). Irrigation is particularly important in the 
setting of blast and shotgun wounds where pellets, powder 
grains, shrapnel and other foreign materials may be present 
in the wound tract. Multiple debridements are often needed 
to address evolving devitalized tissue in the permanent 
wound tract and extravasation zones with care not to over-
debride tissues that may recover (12-14). Questionably 
viable tissues are left to subsequent debridement, as they 
are often salvageable given the vascularity of the external 
genitalia (14). Evaluation of the deep structures of the penis 
and scrotum should then be performed. Once all necrotic 
tissue has been debrided away to prevent infection, the 
wound is allowed to heal with planned staged reconstruction 
often a matter of months later (Table 1).

In Operation Iraqi Freedom (OIF), repair of penile and 
scrotal injuries was the most frequently performed surgical 
procedure (57). Penile injuries demonstrated extensive 
genital skin and soft tissue loss that mandated multiple 
returns to the OR and staged repairs. Soft tissue defects 

were further managed using negative pressure wound vac 
therapy, or split thickness skin grafting once granulation 
beds had evolved. These high velocity injuries are much 
more likely to require reoperation than civilian GSWs (57).  
Three patients described by Hudak demonstrated high 
velocity penile GSWs that spared the urethra, but with 
extensive loss of penile skin showed delayed necrosis 
after corporal repair and skin coverage, requiring serial 
debridement and eventual partial penectomy. While grafting 
may be necessary in the long term setting, this should not 
be done in the initial surgical repair until the wound has 
matured (63). Furthermore, while half of patients only 
required debridement and repair of superficial injuries 
in OIF, 46% demonstrated urethral or corporal injuries 
requiring penoplasty or corporoplasty (57). High energy 
wounds to the corporal bodies can cause hemorrhage, that 
can be (although rarely are) life threatening. Hemostasis 
can be achieved by repairing the tunica albuginea, as sutures 
deep within the corpora may affect erectile tissues with 
minimal hemostatic benefit. Additionally, glans injuries are 
common due to shearing trauma from upward blast injuries. 
Primary closure may be used for small glans injuries or 
debridement with reshaping of the glans for larger injuries 
with <50% of the glans involved (14). Injuries involving 
more than half of the glans may require grafting from split 
thickness skin grafts, or buccal mucosa grafts which can 
be used in a multistage repair to form a new meatus with a 
neourethra.

Distinct from other penetrating injuries, traumatic 
amputation or avulsion of the penis or scrotum by a 

Figure 6 Management of bilateral testicular injury. (A) Bilateral testicular injury from single GSW; (B) right testis repaired with tunica 
vaginalis flap. Left testis primary repair of tunica albuginea. Courtesy D du Plessis & A. van der Merwe.
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projectile are the most severe. These injuries are rare among 
civilian trauma injuries; up to 50% may be self-inflicted or 
accidental and can also occur from industrial or agricultural 
accidents, however they are more commonly reported in 
military blast trauma (3,5,20,51,64-67). Penile avulsions 
should be taken to the OR immediately for debridement, 
primary repair, and urinary diversion to assess if primary re-
anastomosis is possible. If the severed penis is present on 
initial presentation, it should be wrapped in saline soaked 
gauze and placed in a biohazard or plastic bag. That bag is 
placed in a second bag filled with saline to create a barrier 
against freezing, and the second bag is then placed on ice. 
While the method of repair must be tailored to surgeon 
experience, the best outcomes are seen with microsurgical 
re-anastomosis within twelve hours of ischemia (66-69) 
(Table 1). Microsurgical re-anastomosis of the deep dorsal 
vein, dorsal artery and nerve produces the lowest rates of 
penile sensation loss, infection, and urethral stricture, with 
up to 50% return of erectile function) (67,69,70). Shunts 
may also be used to maximize graft viability (71). If re-
anastomosis is not possible due to prolonged ischemic time 
or lack of the native phallus, the wound should be closed 
to allow future reconstruction, with urinary diversion and 
control of any other injuries. Depending on the amount of 
avulsed tissue and whether the corpora, scrotum or testes 
is intact, a method of delayed reconstruction using forearm 
free flap has been demonstrated by Rashid et al. in 35 men 
with high patient satisfaction (68). Recruitment of external 
pudendal blood supply may also be necessary to help 
prevent skin necrosis of the salvaged penile shaft (72). The 
challenge here, in addition to the microvascular anastomosis 
and delays from injury to repair, includes potential damage 
to the tissue surrounding the penis. This, depending 
on the severity, may present a significant and possibly 
insurmountable obstacle to re-implantation of the penis.

The low dependent nature of the scrotum makes it 
especially susceptible to penetrating trauma in wartime. 
During the civil conflicts of Bosnia-Herzegovina, 26% 
of patients sustained scrotal injuries compared to 9.5% 
with penis injuries (73). In US military members in the 
Iraqi civil war, 31% presented with penile injuries, 55.6% 
presented with scrotal injuries, and 33% presented with 
testicular injury (74). High energy scrotal injuries can be 
debrided more aggressively than penile injuries given the 
excess soft tissue of the scrotum (14). However, unlike in 
low energy settings, visible appearance of the scrotum alone 
is unreliable in high energy projectile injury, as significant 
damage such as testicular rupture may result from what 

appear to be small superficial lacerations (56,57). Scrotal 
exploration should be routine for all penetrating injuries 
to the scrotum in the military setting. Testicular damage is 
more commonly bilateral than in the civilian population, 
often with one testicle demonstrating tissue loss while the 
other is merely contused (62). While 90% of testicular 
injuries were treated with orchiectomy in the Vietnam era, 
salvage rates have consistently been reported at or above 
50% in modern military data comparable to the civilian 
population (1,5,16,56,57).

Key points:
	High energy injuries cause massive tissue damage by 

cavitation effect.
	Conservative management is rarely feasible in this 

setting, and prompt exploration and debridement 
should be undertaken.

	Staged repair may be necessary depending on the 
extent of damage.

	Penile avulsion requires immediate debridement and 
urinary diversion, and when possible, microvascular 
repair.

	Scrotal exploration is necessary for all high-energy, 
military setting injuries.

Limitations and areas of debate

Most recommendations in GSW management do not 
attract controversy, but there are still some varied opinions 
and debate about the timing of reconstruction, particularly 
in high energy injuries. The data, overall, tends to favor 
delayed reconstruction in most cases. This brings to light 
one of the main limitations of reviewing and practicing 
GSW management: the variables surrounding these injuries 
are innumerable, meaning real-life situations may not 
replicate those in text, and may not conform to planned, 
systematic principles of care. Conversely, the chaotic 
nature of these injuries also makes them more difficult to 
systematically organize into pathways with clear decision 
points.

In that vein, most studies referenced here are accordingly 
retrospective in nature, with the inherent limitations 
therein. Since trauma management is not easily amenable 
to randomization or prospective study, evolution or 
innovation in management is more difficult to bring about 
in an evidence-based fashion. Progress will most likely 
be found in multi-disciplinary approaches with trauma 
surgeons and plastic reconstructive surgeons, as well as 
in multi-institutional efforts to examine larger, aggregate 
experiences.
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Conclusions

Assessment of the mechanism of GSW and energy of the 
ballistic is critical to appropriately treating GSWs in the 
civilian and military setting. In the civilian setting, a third of 
patients with superficial injuries may only need local wound 
care; CTU, cystogram, RUG and scrotal ultrasound can 
be helpful tools in the evaluation of a patient’s operative 
needs depending on damage to deeper structures. Patients 
with injuries deep to the dartos or Buck’s fascia will likely 
need operative exploration and repair. Primary repair of 
the urethra is the current standard of care for low energy 
GSWs. The vascularity of the external genitalia allows 
excellent recovery from trauma.

High energy wounds cause more extensive damage to 
GU tissues and while available imaging may be helpful, 
these wounds should almost exclusively be assessed in 
the operating room. Most high energy wounds will need 
multiple explorations with serial debridement and later 
staged repair. Even superficial high energy penetrating 
trauma to the scrotum should always be assessed in 
the operating room as hidden testicular damage is not 
uncommon. Testicular tissue should be salvaged whenever 
possible in the civilian and military setting. 
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