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Abstract
BACKGROUND 
Trauma is a major cause of morbidity globally and the sixth leading cause of death, accounting for 10% of all mortalities. The genitourinary trauma is estimated for approximately 10% of all patients presenting with trauma, and the kidney is the most injured genitourinary organ globally. However, there is a paucity of data on genitourinary injury from the Sub-Saharan, and there may be variations from common genitourinary organs injured in developed nations. 

AIM 
To provide insight on the epidemiology and management of genitourinary trauma in Sub-Saharan Africa with recommendations based on international guidelines.

METHODS
A thorough literature search of genitourinary trauma was conducted using PubMed, Google Scholar and African Journal Online. 

RESULTS
A total of 30 studies from the Sub-Saharan region were eligible for the study and reviewed for epidemiology, biodata, types of injury, mechanisms of injury, treatment and follow-up. After evaluating 21904 patients presenting with urological emergencies, approximately 6.6% of cases were due to genitourinary trauma. The commonest injury was urethral 42.9% (22.2-62.2%) followed by injury to the external genitalia (penis, scrotum, testes) 25.1% (8.8-67.7%).

CONCLUSION
Genitourinary injury in Sub-Saharan Africa is underreported, and the presence of more trauma registries, trained urologists and trauma facilities could improve the overall standard of care as well as providing data for research and development in the field. 
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Core Tip: The genitourinary trauma accounts for about 10% of all patients presenting with trauma, and the kidney is the most injured genitourinary organ globally. In Sub-Saharan Africa, after evaluating 21904 patients presenting with urological emergencies, approximately 6.6% of cases were due to genitourinary trauma. The commonest injury was urethral injury followed by injury to the external genitalia (penis, scrotum, testes).


INTRODUCTION
Trauma is a major cause of morbidity globally and the sixth leading cause of death, approximately 10% of all mortalities[1]. Trauma is most common in the ages between 15-45 years with a male predominance[2,3]. A global trauma morbidity and mortality study by James et al[4] reported that in 1990, there were about 4260493 injury deaths, which subsequently increased to 4484722 deaths in 2017. The increasing trauma burden is now of global concern making it a component of the Sustainable Development Goal to promote the well-being of all ages affected. 
The genitourinary tract has continually been injured in about 10% of patients presenting with trauma[5]. Renal trauma is the most frequent injury occurring in about 5% of all traumatic injury and 10% of abdominal injuries[1]. A registry of 43000 trauma victims in France by Paparel et al[6] showed that the rate of genitourinary injury was 0.5%, with the kidney (43%) and testes (24%) most affected. Motor vehicle accidents account for more than 70% of blunt renal injuries.
Ureteral trauma is rare and occurs in less than 1% of all urological trauma[5]. A review of the National Trauma Data Bank in the United States revealed that ureteral injury is more common amongst the younger population usually due to penetrating trauma than blunt trauma[7]. About 88% of the penetrating trauma was due to gunshot wounds, while most blunt injuries were associated with motor vehicle accidents (50%)[5]. Nearly 91% of patients with ureteral injuries have associated injuries usually in the colon, appendix and small bowel[7,8]. The rate of iatrogenic injuries following gynecological procedures range from 0.2-7.3 per 1000 surgeries[9] with 80% involving the pelvic ureters.
The majority of bladder ruptures are extraperitoneal (70%) and associated with blunt trauma in 51%-86% of cases[5]. The rate of intraperitoneal bladder rupture is much lower at 17%-39%. Patients with bladder rupture are frequently diagnosed with pelvic fracture ranging from 35%-90%, which denotes a strong association between these injuries[10]. Penetrating bladder injuries are less common (14%-49%) and caused by gunshot wounds in about 88% of injuries[11].
Urethral injuries are rare and represent 4% of genitourinary trauma. Urethral injury is about 5 times more likely to occur in males than females[12]. Blunt trauma especially straddle type injury is more frequently associated with the anterior urethra, mainly the bulbar portion. Perhaps urethral catheterization could be the commonest cause of anterior urethral injury, but data is lacking to establish the exact incidence. Posterior urethral injuries associated with pelvic injury are the most common non-iatrogenic urethral injury in developed and industrialized countries[13].
Traumatic injury to the external genitalia is found in about 27%-68% of all patients with genitourinary trauma[5]. Blunt trauma accounts for 85% of scrotal and testicular injuries, and nearly 40%-60% of penetrating genitourinary injuries involves the penis, scrotum and testes. The rate of penile trauma ranges from 10%-16% of genitourinary injuries with penile fracture being even more underreported[14].
The epidemiology of genitourinary trauma is not well established in most parts of Sub-Saharan Africa due to the lack of trauma registries. Most reports are extrapolated from hospital-based data and does not reflect the true incidence. The rate of traumatic injuries to the genitourinary tract is expected to rise in Africa with the increase in motor vehicle accidents and gunshot wounds from civil or domestic conflicts.
This review has provided insight on the epidemiology and management of genitourinary trauma in Sub-Saharan Africa. Moreover, the standard management guidelines of genitourinary trauma have been summarized to identify the gaps in the standard of care.

MATERIALS AND METHODS
Search strategy
A thorough literature search of genitourinary trauma was conducted from 2000 to 2020 using the various search engines and databases (PubMed, Google Scholar, African Journal Online AJOL). The key search terms were “genitourinary trauma” and “traumatisme génito-urinaire.” Each keyword was appended with the following indexes: guideline, Sub-Saharan Africa, Africa, Senegal, Mali, Cote d’Ivoire, Ghana, Nigeria, Kenya, Liberia, Tanzania and Burkina Faso.

Inclusion and exclusion
Duplicated articles on genitourinary trauma during the search were also excluded from the study. Other publications on genitourinary trauma from Europe, United States and Asia were excluded from the analysis and used for discussion in the background and main text. The American Urological Association guideline on urological trauma and the European Association of Urologists guideline on genitourinary trauma were summarized to provide clarity on the current standard of care in the discussion section. A total of 123 articles were retrieved after selection of relevant articles on genitourinary trauma. Both the French and English language text were considered for inclusion and only publications from the Sub-Saharan region were included for both quantitative and qualitative analysis.

Eligibility and data extraction
The title, abstract and full text of the retrieved literature were screened for eligibility. About 30 publications on genitourinary trauma from the Sub-Saharan region met the desired objective for synthesis. Published articles on genitourinary trauma, urological emergencies as well as urological complication from obstetric and gynecological surgeries were assessed for epidemiology, biodata, types of injury, mechanisms of injury, treatment and follow-up. A PRISMA flow chart is used to summarize the selection criteria as shown in Figure 1.

RESULTS
Epidemiology of genitourinary injuries in the Sub-Saharan region
A pool analysis of eight retrospective studies (Figure 2) from Senegal[15-17], Burkina Faso[18], Benin[19,20], Guinea[21], Nigeria[22-24] and Ivory Coast[25,26] evaluating 21904 patients presenting with urological emergencies revealed that approximately 6.6% of cases were due to genitourinary trauma. Further analysis of genitourinary trauma in the Sub-Saharan region showed that the rate of urethral injury[16,19,21,27,28] was the highest 42.9% (22.2%-62.2%) followed by injury to the external genitalia (penis, scrotum, testes) [15,16,19-21,24-28] at a rate of 25.1% (8.8%-67.7%). The results showed the incidence rate bladder injury[16,19-22,24-28] to be 18.2% (3.8%-38.5%), ureteric injury[19,20,27] 16.6% (15.7%-18%) and kidney injury[16,19,20-22,24-28] 8.6% (1.9%-14.1%).

Penile trauma, penile fracture and post circumcision injury
A pool analysis of six publications (Table 1) from the Sub-Saharan[29-34] region involving 98 patients with penile trauma showed that about 75.2% of penile trauma presented fracture of the tunica albuginea with or without concomitant urethral injury. The mean age was 36.5 years with range of 0.003-73 years. Other penile injuries included rupture of the penile dorsal vein[29], penile contusion[30], genital mutilation, post-circumcision injury and penile gunshot injury[32]. Patients presenting with genital mutilation were either self-inflicted or due to assault. In 2012, Orakwe et al[35] also reported three cases of genital mutilation caused by ritualistic attacks in Nigeria. 
The commonest cause of penile fracture was sexual intercourse[29-34]. Other causes of penile fracture were masturbation[29,31-34] and rolling over an erect penis[33,34]. 
The management approach to the penile fracture was evacuation of the hematoma and repair of the tunica albuginea[29-34]. Few studies from Senegal, Congo and Nigeria reported a complications such as erectile dysfunction and abnormal penile curvature after albuginea repair for penile fracture[29-31,33,34].
A retrospective study of 23 patients by Oranusi et al[32] showed that post circumcision injury was seen in 13% of patients with penile trauma most of which was performed by untrained nurses. Another study by Appiah et al[36] in Ghana reviewing 72 patients with circumcision related injuries showed that urethrocutaneous fistula was the commonest injury (77.8%) followed by glans amputation (6.9%). The majority of these cases were operated during the neonatal period (94.7%), mostly by nurse practitioners (77.8%).

Urological complications of obstetrics and gynecology surgeries
A total of seven studies[37-43] were reviewed for urological complications of obstetric and gynecological operations involving 233 patients (Table 2). The mean age was 39.6 years with a range of 16-74 years. The ureters were the commonest urological organ injured (17.2%-87%)[37-43] followed by bladder injury (3.8%-28.6%)[37,39,41-43]. The ureters were frequently injured by either ligation, laceration or transection. The laterality of ureteric injury revealed left ureteric injury 34.1%, right ureteric injury 18.5% and bilateral ureteric injury 20.6%. Most of these injuries occurred following total abdominal hysterectomy 17.9% to 92.9% and to a lesser extent myomectomy, cesarean section and ovariectomy[37-43]. The distal ureters were the most commonly injured segment, as such a ureteroneocystostomy was performed more frequently (36.0%-81.3%). Other interventions included laceration repair, psoas hitch, Boari’s flap, nephroureterectomy in patient with right colonic tumor and nephrectomy for non-functioning kidney. 

DISCUSSION
Overview
To date, some urological or surgical institutions have formulated guideline statements for the management of urogenital trauma including the American Urological Association, European Association of Urologists, World Society of Emergency Surgery and the American Association for the Surgery of Trauma[1-3]. The contemporary management of genitourinary trauma in Sub-Saharan Africa is extrapolated from these guidelines. It is therefore essential that insight into the diagnostic and management algorithm of genitourinary trauma is available to all urologists in the region. 
Patients with genitourinary injuries should be approached systematically like all other trauma patients. The hemodynamic status, the mechanism of injury and associated injuries must be fully assessed to guide decision making[3]. The presence of hematuria, flank pain and lower ribs fracture should raise the index of renal trauma. Male patients with pelvic fracture associated with blood at the urethral meatus and high riding prostate may denote an associated urethral injury.
The exact incidence of urological injury in the Sub-Saharan region remains vague due to the lack of reporting and availability of trauma registry. Nevertheless, trauma represent a significant proportion of disease burden in the region. A pool analysis of 21904 patients presenting with urological emergencies from Senegal[15-17], Burkina Faso[18], Benin[19,20], Guinea[21], Nigeria[22-24] and Ivory Coast[25,26] revealed that approximately 6.6% of cases were due to genitourinary trauma. This finding is however lower than the global estimate of genitourinary injury at 10%. A 5-year audit of 527 deaths at a teaching hospital in Nigeria showed that trauma was the commonest cause of mortality (41.8%), and urological causes accounted for 6% of mortality[44].

Renal trauma
Adult and pediatric trauma patients presenting with gross or microscopic hematuria and decreasing systolic blood pressure require an enhanced intravenous contrast computed tomography (CT) scan with immediate and delayed images[1-3]. Imaging will also be required for patients with significant blunt force to the flank, rib fracture, rapid deceleration and penetrating injury to the abdomen, flank or lower chest. 
In stable patients with grade I-III renal injury (Table 3), expectant management is indicated. These include intensive care admission, bed rest, serial hematocrit and blood transfusion. These interventions lower the rate of nephrectomies and preserves renal function.
Patients who are hemodynamically unstable despite ongoing resuscitation suggest ongoing bleeding and will require immediate intervention. These patients can either benefit from surgery or angioembolization. The goal of surgery is to arrest further bleeding and repair the kidney if feasible. An on-table intravenous pyelogram is required to assess the function of the contralateral kidney as the possibility of nephrectomy is likely in most cases[1-3].
In centers with interventional radiologists, minimally invasive treatment like angioembolization of bleeding segment vessels is possible in selected patients.
A follow-up CT scan should be performed in patients with deep renal lacerations (American Association for the Surgery of Trauma Grade IV-V) (Table 3) undergoing observation who present with fever, worsening flank pain, falling hematocrit and abdominal distension. The risk of urinoma and hemorrhage is high in grade IV-V injury; as such, the rate of intervention is likely after 48 h[1]. Urinary drainage can be done using ureteral stent along with a percutaneous urinoma drain or percutaneous nephrostomy.
The rate of renal trauma in the Sub-Saharan Africa was approximately 8.6% with a range of 1.9%-14.1% from the review. A prospective study from Ofoha et al[28] in Nigeria evaluating 104 patients with genitourinary trauma showed that renal trauma accounted for 13.5% of urogenital trauma, and grade V renal injury was the commonest renal injury. About 80% of these cases required operative management with the rate of nephrectomy at 50%. A retrospective review of 86 patients with traumatic urological injury in Nigeria by Salako et al[22] found that the blunt trauma (57.1%) and motor vehicle accident (28.6%) were the commonest mechanisms of renal injury. Most of the patients in the study presented with total hematuria (78.6%) with associated injuries including intestinal perforation, spinal injury and limb fracture.

Ureteral trauma
In polytraumatized patients especially with visceral injuries, vascular injuries and complex pelvis or vertebral fractures, ureteral injury should be suspected[2]. The absence of hematuria does not rule out injury to the ureters. Therefore, stable patients not requiring exploratory laparotomy should undergo an intravenous contrast enhanced abdomino-pelvic CT scan with 10-min delayed images to assess for ureteral injury[1-3]. Contrast extravasation, absence of contrast distal to the suspected zone of injury and ipsilateral hydronephrosis are suggestive of ureteral injury.
Patients who proceed to laparotomy without preoperative imaging should have their ureters mobilized and inspected. Intra-ureteral dye using methylene blue can aid detection of the injured segment. Ureteral laceration discovered during laparotomy should be repaired in stable patients. Contused ureters should be managed with ureteral stenting or resection and primary repair in selected patients, particularly gunshot wounds[1,2]. Percutaneous nephrostomy and distal ligation of the injured ureter is a viable alternative following inability to stent especially for damage control in polytraumatized patients. Definitive repair is delayed until the patient is hemodynamically stable.
Females with ureterovaginal fistula from gynecological surgery or pelvic trauma can be initially managed with ureteral stent with a reported success rate of 64%[1,2]. Nevertheless, a ureteral reimplantation is necessary in the presence of stent failure. Ureteral reimplantation can be performed along with a Boari’s flap, psoas hitch or a transureteroureterostomy with good outcome.
Ureteral injuries occurring proximal to the iliac vessels are best repaired using a tension free spatulated end to end ureteral anastomosis over a ureteral stent. If primary repair is not feasible, a ureteroneocystostomy is another option. A simple ureteroneocystostomy is a viable procedure for ureteral injury distal to the iliac vessels[1-3]. To allow tension free repair, other maneuvers to mobilize the bladder should be performed when necessary. When the ureter is injured during an endoscopic procedure, a ureteral stent should be placed with or without a periureteral drain followed by delay repair in some cases. If urine drainage is unsuccessful, an open or laparoscopic ureteral repair is indicated.
After analysis of the seven studies in the review, findings showed the ureters are commonly injured following gynecological procedures especially abdominal hysterectomy at a rate of 17.9% to 92.9%[37-43]. Retrospective analyses by Kingsley et al[38] and Ekeke et al[39] evaluating ureteral injuries after gynecological surgeries in Nigeria revealed that leakage of fluid per vagina or surgical site was the commonest presentation. Other recorded presentations were the presence of abdominal pain, abdominal distension and prolonged ileus. A series involving 14 patients with bilateral ureteral obstruction at a teaching hospital in Ghana by Mensah et al[40] showed that 81% of the patients presented with hydronephrosis with 36% requiring hemodialysis for severe hyperkalemia. All the injuries involved the distal third of the ureter. The surgeon’s assessment of intraoperative conditions that might have contributed directly to the bilateral ureteric injury were excessive bleeding, distorted anatomy and adhesions. A retrospective review by Chianakwana et al[42] reporting ureteral injury following gynecological procedures mentioned that most of these operations were performed by senior registrars (43.8%) and general practitioners (43.8%) in peripheral hospitals. 

Bladder trauma
Gross hematuria is a common sign of bladder injury. Patients presenting with gross hematuria and pelvic fracture is an absolute indication for bladder imaging using retrograde cystography to evaluate the presence of bladder injury[1-3]. Suprapubic pain, inability to void or low urine output are other indicators of a potential bladder rupture. Plain film cystography has similar sensitivity to CT cystography for assessing bladder rupture.
In the setting of blunt or penetrating trauma, intraperitoneal rupture must be repaired because it is unlikely to heal with catheter drainage alone[1-3]. Bacterial translocation leading to sepsis and peritonitis is the end result if intraperitoneal bladder rupture is left untreated. A follow-up cystography is required to assess for healing in complex repair.
Uncomplicated extraperitoneal rupture are drained using a urethral catheter for 2-3 wk to allow bladder healing. A follow-up cystography is essential to assess for bladder healing. Complicated extraperitoneal bladder injury with bony spicules, concurrent rectal/vaginal injury or bladder neck injury are best managed with primary repair during the repair of other injuries[1,2].
A quantitative analysis of 13 studies evaluating genitourinary trauma[16,19-22,24-28] in the Sub-Saharan region showed the incidence rate of bladder injury to be 18.2% (3.8%-38.5%). Another report from the Sub-Saharan region revealed blunt trauma from motor vehicle accidents was the most frequent mechanism of injury causing more intraperitoneal bladder rupture (26.1%) than extraperitoneal bladder rupture (21.7%)[22]. The presence of hematuria, abdominal distension, cystography and/or cystoscopy were used to diagnose bladder injury in the study[22].
A prospective study by Ofoha et al[28] in evaluating 104 patients with genitourinary trauma in Nigeria showed that 24% of patient had bladder injury. Intraperitoneal bladder rupture was more common at 64% compared to extraperitoneal rupture at 24%. The fact that gunshot and motor vehicle accident were the commonest mechanism of injury in this study explains the predominance of intraperitoneal rupture. 

Urethral trauma
Trauma patients presenting with blood at the urethral meatus should be offered prompt retrograde urethrogram to assess for partial or complete urethral disruption[1-3]. Blind catherization should be avoided in this setting or limited to single attempt by an experienced practitioner. In the presence of pelvic fracture urethral injury, a suprapubic catheter should be placed to establish proper drainage[1-3]. A good communication should be maintained between the urologist and orthopedics desiring open reduction and internal fixation to reduce the risk of plate infection from adjacent suprapubic tube. In patients who are hemodynamically stable, an endoscopic realignment can be attempted. However, prolonged attempts at realignment in the emergency setting only aggravate the risk of developing urethral stricture. Pelvic fracture urethral injury is associate with a high rate of urethral stricture, erectile dysfunction and urinary incontinence[1,2]. Therefore, these patients have to be followed over a year as most will require urethroplasty or endoscopic treatment with direct vision urethrotomy. Stable patients presenting with uncomplicated penetrating injury of the anterior urethra can undergo spatulated primary urethral repair. In the setting of extensive tissue destruction, a delayed repair should be offered. Patients with blunt trauma to the bulbar urethral from straddle injury should receive suprapubic catheter for urinary diversion. The rate of subsequent urethral stricture is high after straddle injury. Therefore, close monitoring using cystoscopy, uroflowmetry and retrograde urethrogram is essential for management[1-3]. 
The analyzed data from this review[16,19,21,27,28] showed that urethral trauma was the most frequent injury of the genitourinary system in the Sub-Saharan region at a rate of 42.9% (22.2%-62.2%). A report from a teaching hospital in Cotonou Benin assessing 32 patients with genitourinary trauma by Ouattara et al[20] showed that urethral rupture accounted for 50% of external genital injury. As such, acute urinary retention (42.1%) and urethrorrhagia (13.2%) were common presentations. Data from a teaching hospital in Nigeria assessing 104 patients with genitourinary trauma reported a high rate of urethral injury with 92% of patients receiving suprapubic urinary diversion and deferred urethroplasty[28].

Genital trauma
Penile fracture should be suspected when a patient presents with a history of penile snapping, swelling and ecchymosis during a sexual intercourse/manipulation followed by immediate detumescence[1-3]. Penile fracture can be diagnosed by history and physical exam alone. However, in equivocal cases, ultrasound can be done to evaluate penile fracture, which is cheaper and readily available. Magnetic resonance imaging should be reserved for cases with ambiguous sonographic findings[1,2]. Patients with penile fracture, blood at the urethral meatus and inability to void should be assessed for concomitant urethral injury using either urethroscopy or retrograde urethrogram. All cases of penile fracture should be repaired at presentation. The injured corpus cavernous should be properly exposed, and the tunica is repaired using absorbable sutures[1]. Early repair is associated with better outcome.
Patients presenting with scrotal swelling, scrotal ecchymosis and inability to identify the testicular contour on physical exam following a blunt or penetrating trauma should undergo scrotal exploration. Moderate debridement of devitalized tissues and tunica closure or orchidectomy for non-salvageable testes are options based on intraoperative findings[1,2]. Reconstructive techniques for extensive genital wounds include advancement flaps, pedicle flaps or skin graft.
Individuals with traumatic penile amputation will require urgent penile replantation. The amputated segment can be wrapped in a saline soaked gauze in a bag and placed in a separate ice bag. The urologist should perform a macroscopic repair with re-anastomosis of the corporal bodies, spatulated urethral repair and penile skin repair[1,2]. A vascular surgeon should be consulted for a microvascular repair of the dorsal veins, dorsal arteries and nerves[1]. 
Genital injuries often leave patients with scarred or poorly functional genitalia. The social and emotional intimacy of these patients are too frequently deterred by these injuries. It is always prudent to involve psychological and reproductive counseling for affected individuals.
The rate of external genital injury (penis, scrotum, testes) in the Sub-Saharan region[15,16,19-21,24-28] was also found to be relatively high at a rate of 25.1% (8.8%-67.7%). Data from a pool analysis of penile trauma in Sub-Saharan Africa[29-34] showed that about 75.2% of penile trauma were penile fracture (fracture of the tunica albuginea) with or without concomitant urethral injury. Most of these injuries had optimal outcomes with early repair. The review has also shown that post-circumcision injury is currently rising especially when these procedures are being performed in the neonatal period by untrained nurses. Circumcision is a delicate procedure that is mistaken by most health practitioners as minor. The anatomy of the genitals in neonates is delicate and as such should be handled by trained health practitioners preferably urologists. The lack of specialists in most Sub-Saharan settings compels mid-level health workers to assume major operative roles. 

CONCLUSION
The management of genitourinary injury is challenging. The choice of conservative or operative management for genitourinary trauma is crucial for optimal outcome especially in renal injury. Prompt repair of external genital injuries can produce satisfactory results. However, patients should be counseled about the possibility of sexual dysfunction. Genitourinary injury in Sub-Saharan Africa is underreported. The presence of more trauma registries, trained urologists and trauma facilities can improve the overall standard of care and provide data for research and development in the field. 

ARTICLE HIGHLIGHTS
Research background
The research tends to highlight the burden of genitourinary injury in the Sub-Saharan region and the differences in the injury pattern from developed nations.

Research motivation
Due to paucity of information and publication on urological injuries in the Sub-Saharan nations, it was essential to review and synthesize the available data in the region.

Research objectives
The manuscript has provided insight into management challenges of genitourinary trauma in developing nations of Africa and summarized the available international guidelines to identify progress and gaps in the region.

Research methods
This research is a systematic review in accordance with the PRISMA guideline.

Research results
Amongst urological emergencies, genitourinary trauma accounted for 6.6% of cases. Urethral injury and injury to the external genitalia accounted for most of the trauma burden as compared to renal injury in developed nations.

Research conclusions
A trauma registry is necessary to promote research and improvement in trauma care. Prompt repair of injuries to the external genitalia has shown satisfactory results.

Research perspectives
The manuscript has highlighted the paucity of data on genitourinary trauma in Sub-Saharan Africa. The research intends to project the need for investment in trauma care and to establish trauma registries around the continent. 
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Figure Legends
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Figure 1 PRISMA chart shows eligibility of studies on genitourinary trauma in Sub-Saharan Africa. GU: Genitourinary; AJOL: African Journal Online.
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Figure 2 Flowchart of genitourinary injuries in the Sub-Saharan region. 

Table 1 Penile trauma, causes of injury, treatment and complications
	Ref. 
	Country/Territory
	No. of patients
	Age range in yr
	Mean age in yr
	Penile injury
	Causes of penile injury 
	Treatment
	Complications

	Sow et al[29] 
	Senegal
	23
	19-47
	32.4 
	Fracture of tunica albuginea-82.6%; Fracture of tunica albuginea + partial urethral injury
Rupture of the penile dorsal vein 
	Sexual intercourse, masturbation, firearm, self-circumcision attempt
	Evacuation of hematoma and repair of the albuginea 
	ED, coital penile pain, penile chordee

	Paré et al[30]
	Burkina
	6
	30-43
	38.3 
	Fracture of tunica albuginea - 83.3%; Penile Contusion
	Sexual intercourse
	Evacuation of hematoma and repair of the albuginea 
	No ED

	Odzébé et al[31]
	Congo Brazzaville
	09
	25-73
	46.3 
	Fracture of tunica albuginea
	Sexual intercourse; Masturbation
	Evacuation of hematoma and repair of the albuginea
	ED; Penile chordee

	Oranusi et al[32]
	Nigeria
	23
	0.003-43
	28.9 
	Penile fracture (34.8%) - (Sexual intercourse); Genital mutilation 26% (self-inflicted/assault); Post circumcision 13% (untrained nurses), Penile gunshot injury

	Repair of albuginea, refashioning of residual penile stump, repair of albuginea
	Not specified

	Omisanjo et al[33]
	Nigeria
	15
	23-56
	35.2
	Penile fracture 100% + concomitant urethral injury 26.7%
	Sexual intercourse 66.7%; 
Rolling over erect penis 20% Masturbation 13%
	Evacuation of hematoma and repair of the albuginea
	ED 6.7%; Penile chordee 13.3%

	Barry et al[34]
	Guinea
	22
	22-51
	37.8
	Penile fracture 100% 

	Sexual intercourse 59.1%; Masturbation 31.8%; Rolling over erect penis 9.1% 
	Evacuation of hematoma and repair of the albuginea
	No ED


ED: Erectile dysfunction.

Table 2 Urological complications of obstetrics and gynecology surgeries
	Series
	Country/territory
	Patient population
	Age range in yr 
	Mean age in yr
	Urological injury
	Causes of injury
	Intervention

	Papoola et al[37]
	Nigeria
	11
	28-65 
	43.8 
	Ureteric injury (45.5%); Bladder injury (18.2%)
	TAH-60%; Ovariectomy 
	UNC: 36%; Uretero-ureterostomy; Bladder repair; Catheter drainage

	Kingsley et al[38]
	Nigeria
	20
	N/A
	34.5 ± 3.8
	L. ureteric injury (50%); R. ureteric injury (21.4%); 
Bilateral (28.6%)
	TAH-55%; Myomectomy, CS, excision of right colonic tumor
	UNC: 67.8%; Psoas hitch, Boari’s flap, TUU, R. Nephroureterectomy

	Ekeke et al[39]
	Nigeria
	25/8270
	24-62
	38.4
	L. ureteric injury (37.5%); R. ureteric injury (33.3%); 
Bilateral (29.2%); 
Bladder injury (28%)
	TAH-48%, Subtotal H-16%, CS:12%, ovariectomy, VVF repair.
	Ureteric laceration repair- 40%, UNC: 44%, Boari’s flap, bladder repair

	Mensah et al[40]
	Ghana
	14
	18-74 
	N/A
	Bilateral ureteral injury
	TAH-92.9%; VVF repair-7.1%
	Dialysis-36%; UNC, deligation, psoas hitch, TUU

	Sebukoto et al[41]
	Tanzania
	105/11219
	N/A
	N/A
	Ureteral injury 17.2%; R. ureter 6.7%; L. ureter 4.8%; Bilateral 5.7%; Bladder injury 3.8%
	C-Section 34.3%; TAH- 17.1%
	

	Chianakwana et al[42]
	Nigeria
	32
	N/A
	N/A
	Ureteric injury 87%; Bladder injury 9.4%; Urethral Injury 2.1%
	TAH, Myomectomy
	UNC 81.3%; Bladder repair; Tube ureterostomy

	Obarisiagbon et al[43]
	Nigeria
	16
	16-50
	41.5
	Left ureter 44%;
Right ureter 12.5%; Bilateral 18.8%; Bladder injury 25%
	TAH 75%; C-section 31%
	UNC 68.8%; Bladder repair; Conservative;
Nephrectomy


L: Left; R: Right; N/A: Not available; CS: Cesarean section; TAH: Total abdominal hysterectomy; TUU: Transureteroureterostomy; UNC: Ureteroneocystostomy; VVF: Vesicovaginal fistula; H: Hysterectomy.

Table 3 Renal injury scale – American Association for Surgery of Trauma[3]
	Grade
	Type
	Description

	Grade (I)
	Contusion
	Gross or microscopic hematuria

	
	Hematoma
	Non-expanding subcapsular hematoma, parenchyma spared

	Grade (II)
	Hematoma
	Confined non-expanding perirenal hematoma

	
	Laceration
	< 1 cm parenchymal tear without urine extravasation

	Grade (III)
	Laceration
	> 1 cm parenchymal tear without urine leakage

	Grade (IV)
	Laceration
	Parenchymal tear across the renal cortex, medulla and collecting system

	
	Vascular
	Injury to major branch of renal artery or vein with contained hemorrhage

	Grade (V)
	Laceration
	Kidney is completely shattered

	
	Vascular
	Devascularized kidney from renal hilum avulsion
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