 
 
Chapter 23: The Scrotum 
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Scrotum
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Septa testis
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Testicular vein
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Tunica vaginalis
Urethra
Variocele
Vas deferens
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LECTURE NOTES
Anatomy of the Scrotum
· The testes are symmetric, oval-shaped glands residing in the scrotum. 
· In adults, the testis measures approximately 3 to 5 cm in length, 2 to 4 cm in width, and approximately 3 cm in height. 
· Each testis is divided into more than 250 to 400 conical lobules containing the seminiferous tubules. These tubules converge at the apex of each lobule and anastomose to form the rete testis in the mediastinum. 
· The rete testis drains into the head of the epididymis through the efferent ductules. 
· Sonographically, the testes appear as smooth, medium gray structures with a fine echo texture. 
Epididymis
· The epididymis is a 6- to 7-cm tubular structure beginning superiorly and then coursing posterolateral to the testis.
· It is divided into a head, body, and tail. 
· The head is the largest part of the epididymis, measuring 6 to 15 mm in width. 
· It is located superior to the upper pole of the testis. 
· It contains 10 to 15 efferent ductules from the rete testis that converge to form a single duct in the body and tail. 
· This duct is known as the ductus epididymis. 
· It becomes the vas deferens and continues in the spermatic cord. 
· The body of the epididymis is much smaller than the head. It is difficult to see with ultrasound on normal individuals. It follows the posterolateral aspect of the testis from the upper to the lower pole. 
· The tail of the epididymis is slightly larger and is positioned posterior to the lower pole of the testis.
· The appendix of the epididymis is a small protuberance from the head of the epididymis. 
· The normal epididymis usually appears as isoechoic or hypoechoic compared with the testis, although the echo texture is coarser.
Appendix Testis
· At the upper pole of the testis, the appendix testis is attached. 
· It is located between the testis and epididymis. 
· Postmortem studies have shown the appendix testis to be present in 92% of testes unilaterally and 69% bilaterally. 
Tunica Albuginea
· The testis is completely covered by a dense, fibrous tissue termed the tunica albuginea. 
· The posterior aspect of the tunica albuginea reflects into the testis to form a vertical septum known as the mediastinum testis. 
Mediastinum
· The mediastinum supports the vessels and ducts coursing within the testis. 
· The mediastinum is often seen on ultrasound as a bright hyperechoic line coursing craniocaudad within the testis. 
Tunica Vaginalis
· The tunica vaginalis lines the inner walls of the scrotum, covering each testis and epididymis. 
· It is composed of two layers, parietal and visceral. 
· The parietal layer is the inner lining of the scrotal wall. 
· The visceral layer surrounds the testis and epididymis. 
· There is a small bare area, which is posterior. At this site the testicle is against the scrotal wall, preventing torsion. 
· Blood vessels, lymphatics, nerves, and spermatic ducts travel through the area.
	The space between the layers of the tunica vaginalis is where hydroceles form. It is normal to see a small amount of fluid in this space. 

Vas Deferens and Spermatic Cord
	The vas deferens is a continuation of the ductus epididymis. 
	It is thicker and less convoluted. 
 	The vas deferens dilates at the terminal portion near the seminal vesicles. 
	This portion is termed the ampulla of the deferens. 
	The vas deferens, testicular arteries, venous pampiniform plexus, lymphatics, autonomic nerves, and fiber of the cremaster form the spermatic cord. 
	The cord extends from the scrotum through the inguinal canal and internal inguinal rings to the pelvis. 
	The spermatic cord suspends the testis in the scrotum.
Vascular Supply
· Right and left testicular arteries arise from the abdominal aorta just below the level of the renal arteries. 
· They are the primary source of blood flow to the testis. 
· The testicular arteries descend in the retroperitoneum and enter the spermatic cord in the deep inguinal ring. 
· They course along the posterior surface of each testis and pierce the tunica albuginea, forming the capsular arteries, which branch over the surface of the testis. 
· The capsular artery is sometimes seen as a hypoechoic linear structure on the surface of the testis. Color Doppler can be used to confirm its identity. 
· The capsular arteries give rise to centripetal arteries, which course from the testicular surface toward the mediastinum along the septa. 
· Before reaching the mediastinum, they curve backward forming the recurrent rami (centrifugal arteries).
· These branch further into arterioles and capillaries. With sensitive color Doppler settings, the recurrent rami may be seen giving a candy-cane appearance.
· In approximately one half of normal testes, a transmediastinal (or transtesticular) artery is visualized coursing through the mediastinum toward the testicular capsule. 
· A large vein is often identified adjacent to the artery. 
	On color Doppler, the transmediastinal artery will be color encoded the opposite of the centripetal arteries, as its flow is directed away from the mediastinum and toward the capsule.
	Upon reaching the testicular surface opposite the mediastinum, the transmediastinal artery courses along the capsule as capsular arteries. 
	Spectral Doppler waveforms obtained from the capsular, centripetal, or transmediastinal arteries show a low-resistance waveform pattern in normal individuals. 
	The cremasteric and deferential artery accompany the testicular artery within the spermatic cord to supply the extratesticular structures. 
	They also have anastomoses with the testicular artery and may provide some flow to the testis. 
	The cremasteric artery branches from the inferior epigastric artery (a branch of the external iliac artery). 
	It provides flow to the cremaster muscle and peritesticular tissues. 
	The deferential artery arises from the vesicle artery (a branch of the internal iliac artery).
	It mainly supplies the epididymis and vas deferens. 
	The scrotal wall also is supplied by branches of the pudendal artery. 
	Venous drainage of the scrotum occurs through the veins of the pampiniform plexus. 
	The pampiniform plexus exits from the mediastinum testis and courses in the spermatic cord. 
	It converges into three sets of anastomotic veins: the testicular, deferential, and cremasteric.
	The right testicular vein drains into the inferior vena cava and the left testicular vein joins the left renal vein. 
	The deferential vein drains into the pelvic veins and the cremasteric vein drains into tributaries of the epigastric and deep pudendal veins. 

Patient Positioning and Scanning Protocol
· Ultrasound examination of the scrotum is performed with the patient in the supine position. 
· The penis is positioned on the abdomen and covered with a towel. 
· The patient is asked to place his legs close together to provide support for the scrotum. 
· Alternatively, a rolled towel placed between the thighs can support the scrotum. 
· It is often unnecessary to place a towel for support if the legs are positioned close together. 
· This may be more comfortable for the patient in pain. 
· A generous amount of warmed gel is applied to the scrotum to ensure adequate probe contact and eliminate air between the probe and skin surface. 
· Rarely, a standoff pad may be needed to improve imaging of very superficial structures such as a tunica albuginea cyst. 
· Before beginning the scrotal ultrasound, it is necessary to determine the clinical question. 
· Was this patient referred because of a palpable mass, scrotal pain, swollen scrotum or other reason? 
· It is important to ask the patient to describe his symptoms including history, location and duration of pain. 
· Can he feel a mass? If so, ask the patient to find the lump. Then place the probe exactly over this location to examine the site. Did the patient experience trauma? When did the trauma occur? Ask him to describe what happened. 
· Has he had a vasectomy? When? 
· This information is not only helpful in guiding the examination, but also it is important to the interpreting physician and provides confidence to the patient in the quality of the ultrasound study.
· Scrotal ultrasound is always a bilateral examination, with the asymptomatic side used as a comparison for the symptomatic side. 
· To begin, it is best to perform a brief survey scan to determine what abnormalities, if any, are present. 
· Each testis is scanned from superior to inferior and carefully examined to determine if abnormal findings are present. 
· The size, echogenicity, and structure of each testis are evaluated. 
· The testicular parenchyma should be uniform with an equal echogenicity between sides. 
· Think of these questions as you scan. 
·  Is the parenchyma homogenous or heterogeneous? 
· Is there a mass? If so, is it cystic or solid? 
· Is it intratesticular or extratesticular? 
· Is one testis much larger than the other? 
· Which side is swollen or is one side shrunken? Each testis should appear similar in size and shape. 
· Is the epididymis normal? 
· Is the skin thickened? 
· Turn on color Doppler to assess the flow. 
· Is there an absence of flow in the testis or is it hyperemic? 
· How does the color Doppler compare between sides? 
· They should show about the same amount of flow when using the same color Doppler setup. 
· Check the flow in each epididymis. 
· Again, compare between sides. They should be similar. 
· After the survey scan, images are obtained that demonstrate the findings.  
· Representative images are obtained in at least two planes, transverse and sagittal, with additional imaging planes scanned as needed to demonstrate the findings. 
· In transverse, images are taken that show the superior, mid, and inferior portion of each testis. 
· The width of the testis is measured in the mid transverse view. 
· A transverse view of the head of the epididymis is included. 
· Superior to the epididymal head, an image is obtained to demonstrate the area of the spermatic cord. 
· In sagittal, images are taken to show the medial, mid, and lateral portions. 
· A long axis measurement of testicular length is obtained in the mid sagittal image. 
· Again, additional images may be taken to demonstrate abnormal areas. 
· An image is obtained of the epididymal head superior to the testicle. 
· The body and tail of the epididymis can be demonstrated coursing posteriorly on each side. 
· Scrotal skin thickness is evaluated and compared from side to side. 
· At least one image is taken to show both testes at the same time so the interpreting physician can compare size and echogenicity. 
· Additional views may be taken in patients with suspected varicocele. 
· These include upright positioning and the Valsalva maneuver. 
· Color and spectral Doppler are used in all examinations with representative images taken to demonstrate both arterial and venous flow in each testis.
Technical Considerations
· Real-time imaging of the scrotum is performed with a high-frequency linear array probe of at least 7.5 MHz. 
· Because high-frequency transducers have better spatial and contrast resolution compared with lower frequency transducers, they are preferred for scrotal imaging. 
· Probes with frequencies of 10 to 15 MHz usually are best. 
· Because there is a tradeoff between frequency and penetration, the highest frequency providing adequate penetration should be used.  
· In patients with considerable wall edema and thickening, frequencies as low as 5 to 7.5 MHz may be necessary to adequately penetrate through the testis. 
· Many ultrasound systems have a trapezoid or virtual convex feature that can be selected with the linear array probes. This is very helpful for measuring the long axis of the testis or when an abnormal area cannot be entirely imaged with the standard linear format. It is best to use this feature selectively instead of routinely because steering the beam to create the wider format negatively impacts image quality. The steering widens the distance between scan lines and degrades lateral resolution. 
· In cases of large hydroceles, hematomas, or swelling, an even larger field of view may be required. In these cases, a panoramic tool may be useful. This tool allows the image to build as the probe is moved over the skin surface. A very long image can be obtained that shows anatomic relationships. 
· Images also may be stitched together in a combine mode. The first image is obtained in one window, and then the probe is moved and another image is obtained, attempting to match the boundaries of the first image. 
· Another way to obtain a larger field of view is to use a 5- to 7.5-MHz curved array transducer for a portion of the examination to demonstrate the entire scrotal contents. Again, this should be done selectively to obtain the necessary images, and then return to the high-frequency linear array probe for further evaluation of each testis. 
· Most modern ultrasound scanners offer additional features that enhance the quality of the ultrasound image: compound imaging, harmonics, extended field of view imaging, virtual convex, speckle reduction algorithms, and use of multiple focal zones. 
· Color and spectral Doppler play an important role in scrotal ultrasound. The typical color/spectral Doppler frequencies used for scrotal ultrasound are between 4 and 8 MHz. The upper frequency range is used to improve sensitivity to slow flow. This is important in evaluation of testicular torsion or tumor vascularity. Penetration is decreased with higher frequencies, so it is important to make sure that the color is penetrating to the depth of interest. Color and spectral Doppler findings in the symptomatic side are always compared with the asymptomatic side. 
· Power Doppler often is used as a way to quickly get to a sensitive setting that will demonstrate slow flow. 
· Power Doppler shows the amplitude or power of the moving signal, whereas color Doppler shows the frequency shift. 
· Power Doppler does not demonstrate flow direction or aliasing; and to some it offers a more straightforward display of blood flow. 
· Presets for power Doppler are often set at a lower pulse repetition frequency (PRF) than color Doppler because aliasing is not an issue. Therefore, pushing the power Doppler button may show more flow with less adjustment of controls. This often provides a quick way to get to a more sensitive flow setting. 
· Persistence is usually much greater with power Doppler, requiring a steady hand and slower movement of the probe. 
· To further enhance power Doppler, the same parameters are adjusted as for color Doppler. 
· Familiarity with color Doppler controls is very important when performing scrotal ultrasound. The sonographer may need to adjust some of the following color Doppler parameters throughout the study to enhance the visibility of scrotal perfusion: 
· Gain: The color gain control is used to amplify the reflected color Doppler signal. Whenever the expected amount of color is not visible in the image, the color gain should be increased until noise is present. Once color noise is visible, the gain can be decreased until it just disappears. At this point the color gain setting is optimized.
· Scale/PRF: The PRF is the number of pulses transmitted in one second. This important color parameter affects the sensitivity of the system to display slow flow. It also sets the point at which color aliasing occurs (Nyquist limit). The control has different names depending on the ultrasound equipment being used. It is variably named scale, PRF, or flow rate. The PRF is reduced to improve sensitivity to slow flow. This is critical when ruling out testicular torsion. If the PRF is set too high, slow flow may not be visible. When the PRF is set too low, excessive color aliasing occurs. This makes it impossible to determine flow direction or assess flow quality. Neither of these factors is significant in scrotal ultrasound; therefore, it is common to use low PRF settings. However, flash artifact from patient motion is more apparent with very low PRFs and may make scanning difficult. It is recommended to adjust the PRF so that the asymptomatic testicular flow is well demonstrated without excessive flash artifact. Then compare the same settings on the contralateral side. 
· Wall filter: The wall filter acts as an electronic eraser. Color echoes that lie below the filter cutoff do not appear on the image display. The wall filter is adjusted downward to enhance flow sensitivity. It is turned up to reduce flash artifact. On most ultrasound systems, the wall filter is automatically adjusted with the PRF. However, in some instances, it may be beneficial to make further adjustments.
· Line density: The line density is the number or density of the scan lines contained within the color box. It affects the lateral resolution of the color display. As line density is increased, lateral resolution is improved. The size of the intratesticular arteries is displayed more accurately when line density is high. Frame rate becomes slower as the line density is increased because more transmitted pulses are required to create each image frame. If the frame rate becomes too slow, the line density can be decreased. The user must choose the tradeoff between resolution and frame rate. 
· Threshold: The B/Color threshold is used to determine whether a grayscale or color pixel is displayed in any given location on the image. Color and power Doppler images are color overlays on top of an existing grayscale image. A problem arises when both grayscale and color information are received for the same pixel location. The threshold control allows the user to prioritize either grayscale or color. For most small parts ultrasound, including scrotal imaging, it is best to set the threshold so that color is prioritized. Based on the setting, when both color and grayscale information are received for the same pixel location, the one displayed is based on the brightness (amplitude) of the grayscale dot and the frequency shift and/or power level of the color signal. This feature is not as important when looking at large vessels such as the common carotid artery because the vessel lumen typically does not contain grayscale information and color can be freely displayed in those pixels. However, in small parts imaging, most vessels are so small that the lumen is either not seen or filled with grayscale echoes because of volume averaging. In these instances, color will not be displayed unless the threshold control is set to a level that prioritizes color. 
· Packet size: The packet size is the number of sound pulses transmitted on each scan line within the color box. The packet size is usually set between 8 and 16 pulses on each scan line. The packet size affects the signal-to-noise ratio, improving color sensitivity when more pulses are used. As the number of packets (pulses) is increased on each scan line, the frame rate gets slower. The packet size can be reduced to raise the frame rate when needed, or increased to improve color sensitivity. The key factor affecting color sensitivity, however, is the PRF.
· Color box/region of interest: The color box or region of interest is the area within the grayscale image in which flow is color encoded. The width of the color box affects the frame rate. If the color box is very wide, more scan lines are required to complete each image frame. This means that a greater number of pulses must be transmitted. This takes more time, so frame rate is reduced. Color box depth also affects frame rate. When the color box is placed deep in the image, the round trip time for the sound is increased. This slows down the frame rate. 
Scrotal Pathology
Acute Scrotum
Scrotal Trauma
 	Scrotal trauma presents a challenge to the sonographer because the scrotum is often painful and swollen. 
 	Trauma may be the result of motor vehicle accident, athletic injury, direct blow to the scrotum, or a straddle injury. 
 	The most important goal of the ultrasound examination in testicular trauma is to determine if rupture has occurred. 
 	Rupture of the testis is a surgical emergency requiring a prompt diagnosis. If surgery is performed within 72 hours after injury, up to 90% of testes can be saved, but only 45% can be saved after 72 hours. 
 	Hydrocele and hematocele are both complications of trauma; however, neither is specific to trauma. 
· Hematoceles contain blood and are also found in advanced cases of epididymitis or orchitis. 
· Sonographic findings: 
· The sonographic features associated with scrotal rupture include a focal alteration of the testicular parenchymal pattern, interruption of the tunica albuginea, irregular testicular contour, scrotal wall thickening, and hematocele. 
· These findings also may be associated with abscess, tumor, or other clinical conditions. When combined with a history of trauma, they suggest rupture. 
· The sonographic appearance of hematoceles varies with age. An acute hematocele is echogenic with numerous, highly visible echoes that can be seen to float or move in real time. With time, hematoceles show low-level echoes, and develop fluid–fluid levels or septations. The presence of a hematocele does not confirm rupture. They result from bleeding of the pampiniform plexus or other extratesticular structure. 
· Hematomas associated with trauma may be large and cause displacement of the associated testis. Hematomas appear as heterogeneous areas within the scrotum. They tend to become more complex with time, developing cystic components. Hematomas may involve the testis, epididymis or be contained within the scrotal wall. Because hematomas are avascular, color Doppler is helpful in identifying them as areas with no flow. 
· Other uses of color Doppler in testicular trauma include identification of blood flow disruption across the surface of the testis. This is an indication of rupture. 
· Color Doppler can aid in separating a normally vascularized testis from one that is disrupted by hematoma. 
· Epididymitis may result from trauma, and color Doppler imaging can be used to identify the associated increased vascularity in the epididymis. 
· Torsion also may be associated with trauma. Color Doppler is used to confirm an absence of flow in the testis with torsion. 
Epididymo-Orchitis
· Epididymo-orchitis is infection of the epididymis and testis. 
· It most commonly results from the spread of a lower urinary tract infection via the spermatic cord. 
· Less common causes include mumps, syphilis, tuberculosis, viruses, trauma, or chemical causes. 
· Epididymo-orchitis represents the most common cause of acute scrotal pain in adults. 
· The epididymis is the organ primarily involved with infection, spreading to the testis in about 20% to 40% of cases. 
· Orchitis almost always occurs secondary to epididymitis. Patients typically present with increasing scrotal pain over 1 or 2 days. The pain may be mild or severe. Symptoms also may include fever and urethral discharge. Chlamydia is the most common cause of orchitis but can also be mumps, viral, or idiopathic in nature.
	Sonographic findings: 
· Sonographically, epididymitis appears as an enlarged, hypoechoic gland. 
· If secondary hemorrhage has occurred, the epididymis may contain focal hyperechoic areas. 
· Hyperemic flow is confirmed with color Doppler. 
· The normal epididymis shows little flow with color Doppler. 
· The amount of color flow signal should be compared between sides. 
· The affected side shows significantly more flow than the asymptomatic epididymis. 
· It is important to use the same color Doppler settings when comparing the amount of flow between sides. 
· With epididymitis, Doppler waveforms demonstrate increased velocities in both systole and diastole.
·  A low-resistance waveform pattern is present. 
· If the infection is isolated to the epididymis, the testis appears normal. 
· When orchitis has developed, ultrasound imaging shows an enlarged testis. 
· The infection may be focal or diffuse, with the affected areas appearing hypoechoic compared with the surrounding tissue. 
· Focal areas of infection within the testis results in a heterogeneous appearance on ultrasound. 
· A diffusely infected testis appears enlarged and homogenous with a hypoechoic echogenicity.
· Up to 20% of patients have a normal-appearing epididymis and testis on ultrasound. 
· Ultrasound grayscale findings associated with epididymo-orchitis are not specific and also may be seen with torsion or tumor. 
· Color and spectral Doppler are key tools in differentiating between epididymo-orchitis and torsion in the patient with acute scrotal pain. 
· Epididymo-orchitis causes hyperemic flow with significantly more visible vessels on color Doppler compared with the asymptomatic side. 
· The hyperemic flow is seen in the epididymis and testis when both are involved, but isolated to the epididymis if the testis is normal. 
· Documentation of the findings with ultrasound must include an image showing both testes so the size and echogenicity can be compared. 
· It is also recommended to obtain an image with the color box opened wide enough to show portions of both testes so that the amount of flow between sides can be compared easily.
· Other findings associated with epididymitis and epididymo-orchitis include scrotal wall thickening and hydrocele. 
· Hydroceles are abnormal accumulation of fluid in the tunica vaginalis and are found around the anterolateral aspect of the testis.  
· Hydroceles may appear anechoic or contain low-level echoes. 
· Complex hydroceles may be associated with severe epididymitis and orchitis. These have thick septations and contain low-level echoes.  Hydroceles may also been seen in cases of orchitis, spermatic cord torsion, and trauma.
· In severe cases, a pyocele may be present. A pyocele occurs when pus fills the space between the layers of the tunica vaginalis. It usually contains internal septations, loculations, and debris. This same appearance can occur after trauma or surgery. 
· In severe cases of orchitis, testicular infarction may occur. The swollen testis is confined within a rigid tunica albuginea. Excessive swelling can cause obstruction to the testicular blood supply. Color Doppler shows decreased or absent flow compared with the contralateral testis. With decreased flow, spectral Doppler waveforms have high resistance with little or no diastolic flow. A Doppler waveform demonstrating reversed diastolic flow is a serious finding indicating threatened testicular infarction. 
· Infarction can affect the entire testis or be confined to a focal area. With focal infarction, color shows perfusion in only portions of the testis with an absence of color signals in the affected areas. Grayscale imaging depicts a heterogeneous pattern. The areas of infarction tend to appear hypoechoic compared with the surrounding testicular parenchyma. If the entire testis becomes infarcted, the findings cannot be differentiated from testicular torsion. 

Torsion 
 	Torsion of the spermatic cord occurs as a result of abnormal mobility of the testis within the scrotum. 
	An anomaly termed the bell clapper deformity is the most common etiology of this condition.
	Normally, the testis and epididymis are surrounded by the tunica vaginalis, except at the bare area, where they are attached to the posterior scrotal wall. 
 	The bell clapper anomaly occurs when the tunica vaginalis completely surrounds the testis, epididymis, and distal spermatic cord, allowing them to move and rotate freely within the scrotum. 
 	This movement is similar to that of a clapper inside a bell, hence the name. 
 	Torsion results when the testis and epididymis twist within the scrotum, cutting off the vascular supply within the spermatic cord. 
 	In patients with torsion, up to 60% have an anatomic anomaly on both sides. 
 	Undescended testes are 10 times more likely to be affected by torsion than normal testes. 
 	Torsion compromises blood flow to the testis, epididymis, and intrascrotal portion of the spermatic cord. 
 	Venous flow is affected first with the occluded veins, causing swelling of the scrotal structures on the affected side. 
 	If torsion continues, the arterial flow is obstructed and testicular ischemia follows. 
 	Torsion of the spermatic cord is a surgical emergency. It is important to obtain the diagnostic images as quickly as possible because the salvage rate of the testis depends on the elapsed time since torsion. If surgery is performed within 5 to 6 hours of the onset of pain 80% to 100% of testes can be salvaged. Between 6 and 12 hours the salvage rate is 70%, but after 12 hours only 20% are saved. The degree of torsion (or number of twists) also affects testicular salvage. 
 	Torsion is the most common cause of acute scrotal pain in adolescents. Although it is more common in young adults and adolescents, torsion can occur at any age, with the peak incidence at age 14. 
 	Patients with torsion most often present with a sudden onset of scrotal pain accompanied by swelling on the affected side. The severe pain causes nausea and vomiting in many patients. Patients with torsion frequently report previous episodes of scrotal pain. 
 	The clinical differentiation between torsion and epididymo-orchitis is difficult because patients present with similar symptoms. 
	Sonographic findings: 
· Grayscale findings on ultrasound depend upon how much time has passed since the torsion occurred. 
· In the early stages, the scrotal contents may have a normal ultrasound appearance. After 4 to 6 hours, the testis becomes swollen and hypoechoic. 
· The lobes within the testis usually are well identified during this time because of interstitial and septal edema. 
· After 24 hours, the testis becomes heterogeneous because of hemorrhage, infarction, necrosis, and vascular congestion.
· The epididymal head appears enlarged and may have decreased echogenicity or become heterogeneous. 
· In some cases the twisted spermatic cord knot may be seen as a round or oval extratesticular mass that can be traced back to normal spermatic cord. 
· Other findings may include scrotal skin thickening and reactive hydrocele. 
· Color Doppler imaging is used to make the diagnostic images of torsion. An absence of perfusion in the symptomatic testis with normal perfusion demonstrated in the asymptomatic side is considered to be diagnostic of torsion. The color or power Doppler parameters must be adjusted for optimal detection of slow flow. The PRF and wall filter should be set at a low level. Flow around the ischemic testis appears normal or decreased.
· Depending on how long the testis was torsed and how long it has been since relief, the intratesticular flow may be minimal or hyperemic. 
· Extratesticular flow is usually increased. This is very difficult to differentiate from epididymo-orchitis. 
· Torsion of the appendix epididymis and appendix testis also occurs and further complicates the clinical picture. The clinical presentation is similar to that of testicular torsion and epididymo-orchitis. Ultrasound may show a small, hypoechoic mass located between the head of the epididymis and superior testis. Color Doppler shows increased flow around the mass. Hemorrhage may cause the mass to appear hyperechoic. 


Extratesticular Masses
Epididymal Cysts, Spermatoceles, and Tunica Albuginea Cyst
· Cysts are benign fluid collections that may be located within the testis or in extratesticular structures. 
· Most scrotal cysts are extratesticular. 
· Extratesticular cysts are found in the tunica albuginea or epididymis. These include spermatoceles, epididymal cysts, and tunica albuginea cysts. 
· Spermatoceles are cystic dilatations of the efferent ductules of the epididymis. They are always located in the epididymal head. Spermatoceles contain proteinaceous fluid and spermatozoa. They may be seen more often after vasectomy. 
· Epididymal cysts are small, clear cysts containing serous fluid. They can be found anywhere within the epididymis. Sometimes small cysts are found between the layers of the tunica vaginalis or between the tunica vaginalis and tunica albuginea. 
· All three entities generally are asymptomatic, although they may be palpable and cause concern to the patient. 
	Sonographic findings: 
· Sonographically, spermatoceles may be seen as simple cysts or multilocular cystic collections containing internal echoes. 
· Epididymal cysts appear as simple fluid-filled structures having thin walls and posterior acoustic enhancement. 
· Ultrasound imaging cannot reliably differentiate epididymal cysts and spermatoceles. 
· Tunica albuginea cysts usually are quite small and appear as anechoic, thin-walled structures with ultrasound. They can become large and cause displacement and distortion of the testis. This helps to differentiate them from hydroceles, which do not distort the testis.
Variocele 
· A varicocele is an abnormal dilation of the veins of the pampiniform plexus (located within the spermatic cord). 
· Varicoceles usually are caused by incompetent venous valves within the spermatic vein. These are called primary varicoceles. 
· They are more common on the left. This is probably because of the mechanics pertaining to the left spermatic vein and left renal vein. The spermatic vein empties into the left renal vein at a steep angle, which may inhibit blood flow return. The left renal vein can become compressed between the aorta and superior mesenteric artery. 
· Secondary varicoceles are caused by increased pressure on the spermatic vein. This may be the result of renal hydronephrosis, abdominal mass, or liver cirrhosis. An abdominal malignancy invading the left renal vein may cause a varicocele with noncompressible veins. 
· Any noncompressible varicocele in a man more than 40 years of age should prompt a search for a retroperitoneal mass. 
· Varicoceles have a relationship with impaired fertility. They are more common in infertile men. 
· Treatment of the varicocele has been shown to improve sperm count in up to 53% of patients, but there is controversy surrounding the treatment of varicoceles for infertility. 
· Uncommonly, varicoceles may extend within the testis. These are located near the mediastinum. Intratesticular varicoceles have an unknown clinical significance, but it is possible that they affect male fertility by the same mechanism as extratesticular varicoceles. 
	Sonographic findings: 
· Ultrasound imaging of a varicocele shows numerous tortuous tubes of varying sizes within the spermatic cord near the epididymal head. 
· The tubes may contain echoes that move with real-time imaging. This represents slow venous flow. 
· Varicoceles measure greater than 2 mm in diameter. They tend to increase diameter in response to the Valsalva maneuver. 
· Scanning with the patient in an upright position enhances the visibility of a varicocele because the veins become more distended. Some authors advocate using a standing position routinely; however, others feel that supine scanning with the Valsalva maneuver and color Doppler imaging is adequate. 
· With either protocol, color and spectral Doppler are used to confirm the presence of venous flow and to demonstrate retrograde filling with the Valsalva maneuver. 
· Color Doppler settings must be sensitized for slow flow in order to detect the venous signal in varicoceles. 
· Flash artifact may be a problem with color Doppler imaging during a Valsalva maneuver. 
· It is helpful to instruct the patient to hold as still as possible during the maneuver and carefully adjust the color settings so that the PRF and wall filter are sensitized but not so low that flash artifact fills the screen with a small movement. 
· Intratesticular varicocele has the sonographic appearance of either straight or serpiginous channels coursing from the mediastinum into the testicular tissue. Color and spectral Doppler are used to identify these channels as dilated veins. On grayscale imaging, the appearance can mimic that of tubular ectasia of the rete testis. Color Doppler differentiates between intratesticular varicocele and tubular ectasia of the rete testis, as the latter shows no flow.
Scrotal Hernia
· Hernias occur when bowel, omentum, or other structures herniated into the scrotum.
· Bowel is the most commonly herniated structure, followed by omentum. 
	Sonographic findings: 
· Peristalsis of bowel, seen with real-time imaging, confirms the diagnosis of a scrotal hernia. This can be captured on videotape or as a cine clip for the interpreting physician to review. Unfortunately, peristalsis may not always be visible. 
· Fluid-filled bowel loops are easily recognizable by ultrasound. Air-filled loops or loops containing solid stool are more difficult to recognize. On ultrasound, air appears as bright echoes with a dirty acoustic shadow or ring down artifact. 
· Omental hernias appear brightly echogenic because of the omental fat.
Hydrocele, Pyocele, and Hematocele
· A potential space exists between the visceral and parietal layers of the tunica vaginalis.
· This space is where a hydrocele, pyocele, or hematocele develop. Normally, a small amount of fluid is present in this cavity and should not be confused with the presence of a hydrocele. 
· A hydrocele contains serous fluid and is the most common cause of painless scrotal swelling. 
· Hydroceles may have an unknown cause (idiopathic), but are commonly associated with epididymo-orchitis and torsion. 
· They also may be found in patients after trauma or a neoplasm. 
· Hydroceles associated with neoplasms tend to be smaller than those associated with other causes. 
· Pyoceles and hematoceles are much less common than hydroceles. 
· Pyoceles are collections of pus. They occur with untreated infection or when an abscess ruptures into the space between the layers of the tunica vaginalis. 
· Hematoceles are associated with trauma, surgery, neoplasms, or torsion. They are collections of blood. 

	Sonographic findings: 
· Ultrasound imaging of a hydrocele displays a fluid-filled collection located outside the anterolateral aspect of the testis. 
· Hydroceles may be anechoic but most often contain some low-level echoes resulting from cellular debris. 
· The display of low-level echoes is enhanced with high-frequency transducers and harmonic imaging. 
· Hydroceles are more likely to appear anechoic with transducer frequencies below 7 MHz or when low-dynamic range settings are used. 
· Hydroceles associated with infection show more internal echoes and septations. 
· Sonographically, pyoceles and hematoceles are indistinguishable. They both contain internal echoes, thickened septations, and loculations. 
· Ultrasound depiction of air within the space indicates an abscess, although an abscess may occur without the presence of air. 
Sperm Granuloma
· Sperm granulomas occur as a chronic inflammatory reaction to extravasation of spermatozoa. They are most frequently seen in patients with a history of vasectomy. 
· A sperm granuloma may be located anywhere within the epididymis or vas deferens. 
· The main role of ultrasound imaging is to determine if the mass is intratesticular or extratesticular. 
· Extratesticular masses have a much lower rate of malignancy than do intratesticular masses. 
· Sperm granulomas cannot be reliably differentiated from epididymal tumors by ultrasound imaging. However, a clinical history of vasectomy helps to target the differential consideration. 
· Additionally, sperm granulomas are often painful. This aids in their differentiation from epididymal tumors, which usually are painless. 
	Sonographic findings:
· Ultrasound imaging shows a well-defined, solid mass that may appear hypoechoic or isoechoic to the epididymis. They are often heterogeneous. 
· Calcifications are not commonly present. They may show increased flow with color Doppler when inflammation is present. 
Benign Testicular Masses
Tubular Ectasia of the Rete Testis
· The rete testis is located at the hilum of the testis where the mediastinum resides. 
· Tubular ectasia of the rete testis is an uncommon, benign condition. It is associated with the presence of a spermatocele, epididymal or testicular cyst, or other epididymal obstruction on the same side as the dilated tubules. 
· It is more commonly seen in patients 45 years or older. 
	Sonographic findings: 
· The normal rete testis may not be clearly depicted with ultrasound imaging. 
· High-resolution imaging sometimes allows visualization of the normal rete testis as very tiny tubular structures near the mediastinum. 
· Tubular ectasia appears as prominent hypoechoic channels near the echogenic mediastinum testis. 
· Color Doppler can confirm the avascular nature of the tubules. 
· Tubular ectasia has a similar sonographic appearance to intratesticular varicocele. 
· These conditions can be differentiated using Doppler interrogation, because the varicocele demonstrates slow venous flow. 
· To demonstrate slow flow, the color Doppler must be sensitized by using a low PRF and wall filter setting. 
· The Valsalva maneuver should be used to enhance flow if a varicocele is present. 
· If these and other adjustments are not made to the color controls, flow within a varicocele may not be detected, with misinterpretation of the results. 
Cyst
· Intratesticular cysts were once thought to be uncommon, but with the more frequent use of ultrasound imaging, are seen more often. 
· Cysts are more common in men over 40 years of age and have an association with extratesticular spermatoceles. 
· They are located near the mediastinum. 
· They may be single or multiple and of variable size. 
· Cysts are incidental findings on sonography and do not require treatment. 
	Sonographic findings: 
· The ultrasound appearance of cysts is the same throughout the body. 
· Simple cysts are anechoic with posterior acoustic enhancement and a smooth border. 
Microlithiasis
· This is an uncommon condition characterized by tiny calcifications within the testis. 
· These microcalcifications are smaller than 3 mm. 
· Microlithiasis is usually a bilateral condition. 
· It has been reported to have an association with testicular malignancy, but the exact nature of this is unknown. 
· Annual follow-up of patients with testicular microlithiasis is recommended by some to exclude the development of neoplasm. 
· Microlithiasis also has been associated with cryptorchidism, Klinefelter syndrome, infertility, varicoceles, testicular atrophy, and male pseudohermaphroditism. 
	Sonographic findings: 
· The ultrasound appearance of testicular microlithiasis is of multiple bright, nonshadowing foci scattered throughout the testis. 
· The microliths may be quite numerous or few, but are not considered to be abnormal unless more than 5 appear on any single image. 
Malignant Testicular Masses
Germ Cell Tumors
· Testicular cancer is not common, comprising only 1% of cancers in men, but it is the most common malignancy in men between the ages of 15 and 35. 
· Fortunately, testicular cancer is one of the most curable forms of cancer. 
· It is more common in Caucasian men than African American men. 
· Testicular cancer occurs most frequently between the ages of 20 and 34 years. 
· Undescended testes are 2.5 to 8 times more likely to develop cancer. 
· Most patients have no other symptoms except a painless lump, testicular enlargement, or vague discomfort in the scrotum. 
· The primary goal of the ultrasound examination in testicular tumors is to determine mass location and differentiate between cystic and solid composition. 
· Extratesticular masses usually are benign, whereas intratesticular masses are more likely to be malignant. 
· Intratesticular cysts are benign masses, but care must be taken to ensure a cyst is simple because some testicular cancers contain cystic components. Some benign conditions may mimic malignancy. These include hematoma, orchitis (especially when focal), abscess, infarction, and sperm granuloma. 
· Obtaining a thorough patient history is very important because it helps to differentiate between these conditions.
· In general, testicular tumors are divided into germ cell and non–germ cell tumors. 
· Germ-cell tumors are associated with an elevated level of human chorionic gonadotropin and alpha-fetoprotein. Approximately 95% of all testicular tumors are of germ cell type and are highly malignant. 
· [bookmark: _GoBack]Non–germ cell tumors are generally benign. The most common type of germ cell tumor is seminoma followed by mixed embryonal cell tumors and teratocarcinomas. Other less common germ cell tumors include yolk sac, choriocarcinomas, teratomas, and other combinations of these cell types. 
	Sonographic findings:
· Ultrasound is nearly 100% sensitive for detecting tumors. 
· Sonographically, most tumors appear as focal, hypoechoic masses. 
· Seminomas tend to be homogeneous, hypoechoic masses with a smooth border. They do not often contain calcification or cystic components. 
· In comparison, embryonal cell carcinoma is heterogeneous and less well circumscribed. They may contain areas of increased echogenicity resulting from calcification, hemorrhage, or fibrosis.
· Cystic components are found in up to one third of embryonal cell carcinomas. 
· Embryonal cell tumors are more aggressive than seminomas, often invading the tunica albuginea and distorting the testicular contour. 
· Teratomas may show dense foci that produce acoustic shadowing. They are normally heterogeneous but have well-defined borders. Teratomas usually are benign in children but malignant in adults. 
· Choriocarcinoma has a varied sonographic appearance because of mixed cell types. Their appearance is determined by the dominant cell type, but they typically have irregular borders 
· Ultrasound imaging cannot differentiate malignant from benign masses. Neither color Doppler nor Doppler waveforms can reliably distinguish between flow patterns of benign and malignant tumors.

Metastasis
· Metastasis to the testicle is rare, normally occurring later in life. 
· The primary tumor may originate from the prostate or kidneys; less common sites include lung, pancreas, bladder, colon, thyroid, or melanoma. 
· Metastasis to the testicle is bilateral, with multiple lesions found.
	Sonographic findings: 
· Sonographically, metastasis appears as a solid hypoechoic mass, although it has been reported as hyperechoic or a mixture of both 
Lymphoma and Leukemia
· Malignant lymphoma makes up 1% to 7% of all testicular tumors and is the most common bilateral secondary testicular neoplasm affecting men greater than 60 years old. 
· Leukemia involvement of the testicle is the next most common secondary testicular neoplasm, most often found in children. Of children with leukemia, 8% have been reported to have testicular involvement.
· Clinically, patients may experience weight loss, anorexia, and weakness. The testicle may become enlarged and the tumor may be bilateral or unilateral. 
	Sonographic findings:
· Sonographically, lymphoma and leukemia appear similar. 
· The testes may appear homogenously hypoechoic, or contain multiple focal areas of decreased echogenicity. 
· Chronic lymphocytic leukemia may appear as a focal, well-circumscribed, anechoic mass with through transmission. Increased vascularity is seen with color Doppler imaging.
Congenital Anomalies
Cryptorchidism (Undescended Testicle)
· During fetal growth, the testes first appear in the retroperitoneum near the kidneys. 
· They descend into the scrotum from the inguinal canal shortly before birth or early in the neonatal period. 
· The terms undescended testis and cryptorchidism describe a condition in which the testis has not descended into the scrotum and cannot be brought into the scrotum with external manipulation. 
· The undescended testis may be located in the abdomen, inguinal canal, or other ectopic location. 
· In most cases (up to 80%) the testis is found in the inguinal canal and is usually palpable. 
· Since the testes do not descend until late in pregnancy, this condition is more common in premature babies. 
· Cryptorchidism is bilateral in 10% to 25% of cases.
· Surgical treatment of an undescended testicle by freeing it from the structures and implanting it into the scrotum is known as orchiopexy. If orchiopexy is not performed at an early age, multiple complications can occur. 
· The exposure of the testis to higher temperatures than when it is located in the scrotum can prohibit spermatogenesis and result in infertility. 
· Undescended testes are much more likely to develop testicular cancer. The risk of cancer is not reduced by orchiopexy, but it does allow the testis to be more easily palpated so that a lump may be detected and treated earlier. 
· Testicular torsion is also more common with undescended testes.
 	Sonographic findings: 
· The undescended testis is smaller and less echogenic than the normal testis. 
· It is usually oval with a homogenous texture. 
· Rarely, the mediastinum is seen.
Testicular Ectopia 
· Testicular ectopia is a very rare condition. 
· Unlike an undescended testicle, an ectopic testicle cannot be manipulated into the correct path of descent. 
· The most common site for the ectopic testicle to rest is the superficial inguinal pouch. 
· Other sites include perineum, femoral canal, suprapubic area, penis, diaphragm, and the other scrotal compartment.
Anorchia 
· Anorchia is also rare. 
· Unilateral anorchia, or monorchidism, is found in 4% of patients with a nonpalpable testis. 
· It is more common on the left side, and definitive diagnosis depends on surgical diagnosis. 
· Causes include intrauterine testicular torsion or other forms of decreased vascular supply to the testicle in utero. 
· Bilateral anorchia is only found in 0.6% to 1.0% of patients with nonpalpable testis. 
· Patients have a male XY genotype. 
· On physical examination, the scrotum is an empty, hypoplastic sac with a micropenis. 
· These patients also have delayed onset of puberty, usually caused by an imbalance of hormones.
Polyorchidism (Testicular Duplication) 
· Polyorchidism is a very rare disorder, with only 80 cases reported. 
· It is more common on the left side (75%) and bilateral in 5% of cases. 
· The testicular duplication is usually found in the scrotum, but also has been found in the inguinal canal or retroperitoneum. 
· There is an increased incidence of malignancy, cryptorchidism, inguinal hernia, and torsion with polyorchidism. 
· The duplicated testis is usually small, and its efferent spermatic system is completely absent.
