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ABSTRACT ___

Testicular emergencies represent a critical spectrum of urological conditions where timely diagnosis is essential for
preserving testicular function, fertility, and patient quality of life. Ultrasound, particularly with high-frequency transducers
and Doppler evaluation, has emerged as the primary imaging modality for the initial and definitive evaluation of acute
scrotal pathology. This review discusses the role of ultrasound in major testicular emergencies, including torsion,
epididymitis, trauma, rupture, infarction, gangrene, hematoma, and mimics of neoplastic processes. The strengths,
limitations, and evolving adjuncts of ultrasound such as contrast-enhanced ultrasound (CEUS) and elastography are
also highlighted. By synthesizing evidence from recent literature, this article underscores ultrasound as the cornerstone
in guiding clinical decision-making, expediting surgical referral, and reducing unnecessary interventions.
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Introduction ____

Acute, severe testicular pain is a common presenting
symptom when patients visit the emergency department.
The typical clinical presentation involves sudden onset
of severe pain, swelling, or a combination of both. Initially,
these patients are often managed conservatively with
analgesics. However, certain conditions, such as
testicular torsion, require urgent surgical intervention
to preserve testicular viability. Testicular torsion is most
frequently observed in young males, with an average
age of presentation around 25 years.1

Diagnostic ultrasonography plays a crucial role in
guiding the surgeon to determine the appropriate mode
of treatment, whether surgical or conservative. It also
aids in narrowing the differential diagnosis of various
testicular pathologies. Considering the physics of ultra-
sound waves, higher frequency sound waves provide
less tissue penetration compared to lower frequency
sound waves. Lower frequency sound waves penetrate
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more deeply into the body, allowing imaging of abdo-
minal and pelvic organs. The choice of transducer is
dictated by the clinical circumstances and required
imaging depth.

For transabdominal ultrasound (TAUS), curvilinear
(convex) transducers are most commonly used,
producing a “pie-shaped” or triangular image that
provides a wider field of view. The typical frequency
range for TAUS is 3-3.5 MHz, with 2.5 MHz probes
recommended for obese patients and 5 MHz for thinner
patients. Lower frequency transducers provide greater
depth of penetration, enabling visualization of abdominal
and pelvic structures even in obese individuals.2

In contrast, testicular ultrasound requires the use of a
high-frequency linear transducer, typically within the
7—-10 MHz range, as the testes are superficially located.
Along with gray-scale B-mode imaging, color Doppler
is employed to evaluate testicular parenchymal
vascularity. Power Doppler can be used to assess
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perfusion, while pulsed-wave Doppler allows for quan-
titative assessment of testicular arterial parameters,
including peak systolic velocity, resistive index (RI), and
pulsatility index (P1).

Magnetic Resonance Imaging (MRI) is generally not
considered the investigation of choice in emergency
cases due to longer protocol times and preparation
requirements. However, dynamic contrast-enhanced
MRI (DCE-MRI), in combination with T2- and T2*-weigh-
ted sequences, can be useful in evaluating testicular
torsion in selected cases.3

TECHNIQUE OF PERFORMING TESTICULAR
ULTRASOUND

Ultrasound examination of the testes should be
performed using a high-frequency linear transducer.
Patient privacy and dignity must be ensured throughout
the procedure. No prior preparation, such as fasting or
bladder filling, is required. The preferred patient position
is supine unless pain or discomfort prevents it. The
penis should be placed against the abdomen, and the
scrotum should be adequately supported - commonly
by placing a rolled towel beneath it.

Application of ultrasound gel is essential, as it facilitates
transmission of sound waves by eliminating the air gap
between the probe and the skin, thereby allowing high-
resolution imaging.4 In cases of significant scrotal
edema, a high-frequency convex transducer may be
employed to allow deeper beam penetration into the
testicular parenchyma.

The ultrasound examination should ideally begin by
evaluating the symptomatic (injured) side, followed by
the unaffected side. This approach ensures that
diagnostic delays-particularly in emergencies such as
testicular torsion-are avoided. Any delay in diagnosis
and intervention can result in irreversible testicular
damage and subsequent infertility.

TORSION OF THE SPERMATIC CORD (TESTI-
CULAR TORSION)

Testicular torsion, also referred to as torsion of the
spermatic cord, is a severely painful and acute condition
of the testes. For surgeons, early and accurate diagnosis
provided by radiologists is critical, as any delay may
result in irreversible testicular damage. Testicular torsion
is most commonly encountered in children and young
adults, particularly within the 12-18-year age group. It
may occur after strenuous exercise, during sleep, or
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following trauma to the scrotum, although in some cases,
the exact cause remains unknown.5

In children, the most common predisposing factor is
incomplete attachment of the spermatic cord to the
scrotum, which allows increased mobility and a higher
risk of twisting. The degree of torsion is variable, ranging
from 90° to 720°. Complete torsion typically occurs
when the cord is twisted by 360° or more, with higher
degrees of torsion leading to rapid and severe vascular
compromise.é Following torsion of the spermatic cord,
venous outflow is obstructed first, resulting in congestion
and engorgement. This is followed by arterial occlusion,
culminating in irreversible testicular infarction. (Fig.1)
Experimental and clinical evidence suggests that
complete infarction usually occurs within approximately
six hours of the torsion event.”

S |

Figure 1: Twisted Cord appearing as an ill-defined, heterogenous
circular mass showing ischemic changes

The intravaginal type of torsion is most frequently
associated with the “bell clapper” deformity. In this
anomaly, abnormally high attachment of the tunica
vaginalis leaves the testis free to rotate within the
hemiscrotum.8 By contrast, extravaginal torsion involves
twisting of the spermatic cord and tunica vaginalis
together, occurring outside the tunical sac. This variant
is predominantly seen in neonates, in whom the tunica
vaginalis is not yet fused to the scrotal wall, predisposing
the entire cord-tunica complex to rotate.? Contraction
of cremasteric fibers is thought to contribute to the
twisting. The persistence of an anatomical cleavage
plane between the scrotum and the tunica vaginalis fur-
ther explains the occurrence of extravaginal torsion.10
Early assessment of spermatic cord twisting is essential.
Many surgeons advocate immediate surgical exploration
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rather than ultrasonography in clinically obvious cases
of torsion, to avoid delays.!! However, in equivocal
cases, ultrasound is valuable in excluding alternative
causes of acute scrotal pain, particularly epididymitis.
On gray-scale ultrasonography, performed with a high-
frequency (=7 MHz) transducer, findings may include
an enlarged, heterogeneous spermatic cord consistent
with ischemia. In some cases, an ill-defined hetero-
geneous paratesticular mass is seen, representing the
edematous, twisted cord, along with associated scrotal
wall thickening.12 Laboratory investigations are gene-
rally of limited diagnostic utility, as no single test provides
sufficient sensitivity or specificity. They may be helpful
only when an alternative diagnosis is strongly suspected.

The TWIST (Testicular Workup for Ischemia and Sus-
pected Torsion) scoring system was developed to stratify
patients based on clinical findings.3 It incorporates the
following parameters:

e Testicular swelling (2 points)

¢ Hard testis (2 points)

¢ Absent cremasteric reflex (1 point)

¢ Nausea/vomiting (1 point)

e High-riding testis (1 point)

TWIST scores are interpreted as:

e (-2 points: Low risk

* 3-4 points: Intermediate risk

¢ 5-7 points: High risk

The TWIST system has demonstrated a negative
predictive value of 100% in excluding torsion.14

THE EARLY ONSET OF TORSION

Ultrasound performed immediately after the onset of
symptoms may occasionally appear normal. In such
cases, the sonologist must carefully weigh clinical signs
and symptoms before reporting, and in some circums-
tances may recommend repeat scanning after a few
hours. Surgeons, guided by TWIST scoring, may elect
to proceed directly to surgical exploration without waiting
for imaging.

With progression of ischemia, gray-scale ultrasound
often demonstrates heterogeneous echotexture, or
diffusely hypoechoic testes, sometimes mimicking
epididymo-orchitis. This is because color Doppler may
still show some vascularity in early torsion or in cases
of partial torsion. Evaluation of the inguinal spermatic
cord for the presence of a “whirlpool” sign (a spiral or
coiled appearance of the cord) or abrupt change in its
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direction serves as an ancillary diagnostic clue.

In advanced cases, longitudinal gray-scale images reveal
a heterogeneous, enlarged, ischemic testis associated
with a thickened, edematous spermatic cord. The scrotal
wall may also demonstrate inflammatory thickening.
Careful side-to-side comparison of vascularity is
essential before confirming torsion.

Color Doppler findings vary with disease stage. Early
torsion may demonstrate reactive hyperemia due to
venous congestion or transient reperfusion after spon-
taneous detorsion. In established torsion, absent or
markedly reduced intratesticular blood flow is the
hallmark. One study reported absent intratesticular flow
in 46 out of 50 surgically confirmed torsion cases, while
4 cases demonstrated reduced flow compared with the
contralateral side.15 A study conducted in Lahore
showed that 90.1% of patients had decreased blood
flow on Doppler ultrasonography, with sensitivity and
specificity of 98.06% and 87.5%, respectively, using
surgical findings as the gold standard.16.17
Contrast-enhanced ultrasound (CEUS), which employs
intravenously administered microbubble contrast
agents, can provide detailed assessment of testicular
perfusion and aid in diagnosis.’8 However, its use in
emergencies is limited due to availability and operator
expertise requirements. Color Doppler remains highly
operator-dependent, underscoring the need for skill and
experience in narrowing the differential diagnosis.
Spectral Doppler has a limited role in diagnosing torsion.
Power Doppler, however, is more useful for evaluating
global perfusion and parenchymal vascularity. In cases
of testicular torsion, the resistive index (RI) generally
ranges between 0.48 and 0.75.

TESTICULAR APPENDIX TORSION

Another important cause of acute scrotal pain is torsion
of the testicular appendix. Scrotal appendages are
vestigial remnants located along the testis, epididymis,
and spermatic cord. There are five recognized appen-
dages: (1) appendix testis, attached to the superior pole
of the testis; (2) appendix epididymis, attached to the
head of the epididymis; (3) cranial vas aberrans, attached
to the body of the epididymis; (4) caudal vas aberrans,
attached to the tail of the epididymis; and (5) paradi-
dymis, attached to the lower spermatic cord. Identi-
fication of the specific appendage involved has little
clinical significance in terms of management, as all
cases are generally described as torsion of a testicular
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appendage regardless of the exact location.19

The appendix testis is the most frequently affected
appendage. Also referred to as the hydatid of Morgagni,
it represents a pedunculated remnant of the Mullerian
duct and is present at the superior pole of the testis in
approximately 92% of individuals. Due to its pedun-
culated morphology, it is particularly susceptible to
torsion. Clinically, the presentation can mimic that of
true testicular torsion; however, a characteristic finding
on physical examination is the presence of a “blue dot
sign”-a bluish discoloration seen superior to the testis
in some patients.20

On ultrasonography, a torsed appendix testis may appear
enlarged, typically exceeding 5.6 millimeters in size,
with absent vascularity on color Doppler imaging.21

EPIDIDYMITIS

Epididymitis is an inflammatory condition and represents
one of the common acute testicular emergencies
encountered when a patient presents to the emergency
department with severe scrotal pain. It may initially
mimic testicular torsion. Epididymitis and epididymo-
orchitis are the most frequent causes of acute scrotum,
with a reported prevalence of 40 per 10,000.22 Some
patients may also complain of dysuria and increased
urinary frequency. Reflux of urine into the ejaculatory
ducts is considered the most common cause of epidi-
dymitis in children younger than 14 years of age.
Treatment is guided by the patient’s age and the likely
causative organism. Clinically, epididymitis typically
presents with a gradual onset of posterior scrotal pain,
often accompanied by urinary symptoms such as
dysuria and frequency.23

Ultrasound evaluation of epididymitis is performed with
gray-scale sonography and Doppler sonography using
a 7.5 MHz probe. Conventional radiography has no role
in the diagnosis of epididymitis unless alternative causes
are being considered. Ultrasound is advantageous
because it is a non-invasive modality and can be
employed as an initial investigation to rule out epididymo-
orchitis in both children and adult males presenting with
testicular pain.24

Color Doppler ultrasonography demonstrates a sensi-
tivity of 82-100% and specificity of 88.9-100% for testi-
cular torsion, while its sensitivity for epididymitis ranges
from 92-100%.25 Important ultrasound features of
epididymitis include:

e Scrotal wall thickening
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¢ Abnormal epididymal echotexture

¢ Increased epididymal vascularity on Doppler

¢ Epididymal enlargement

On gray-scale ultrasound, the affected epididymis typi-
cally appears enlarged and predominantly hypoechoic,
often associated with a reactive hydrocele in cases of
acute epididymitis. (Fig.2) Inflammation leads to increa-
sed blood flow within the epididymis, testis, or both.
Pulse-wave Doppler demonstrating an epididymal peak
systolic velocity (PSV) greater than 15 cm/sec is highly
suggestive of epididymitis, especially when the PSV on
the affected side is significantly higher than on the
unaffected side (ratio >1.732).26

Ultrasound findings on both gray scale and Doppler
should always be correlated with clinical symptoms
such as severe testicular pain, redness, and fever.

Figure 2: Hypoechoic epididymis with reactive hydrocele

FOURNIER’S GANGRENE

Fournier’s gangrene is a serious testicular emergency
characterized by acute scrotal edema, swelling, and
pain. In some cases, crepitus may be palpable over the
scrotal skin, suggesting infection by gas-forming orga-
nisms or anaerobes. This finding may be further suppor-
ted on radiographs, where multiple rounded lucent
shadows indicate the presence of subcutaneous gas.2”
On ultrasound, typical features include scrotal skin
edema with hyperechoic foci demonstrating acoustic
shadowing, consistent with air bubbles within the
edematous scrotal tissue.
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Fournier’'s gangrene represents a form of necrotizing
fasciitis that is rapidly progressive, involving the external
genitalia and perineal region. Although uncommon, it
carries a high mortality rate ranging between 20-40%,
with some reports noting incidences as high as 88%.
Both aerobic and anaerobic bacteria are implicated,
and the infection can extend to the lower abdominal
fascial planes. The condition most commonly affects
men between 50 and 60 years of age. Several predis-
posing factors have been identified, including end-stage
renal disease, chronic liver disease, alcohol abuse,
obesity, smoking, and diabetes mellitus.28

TRAUMATIC INJURY OF TESTIS

The outermost layer of the scrotum is the scrotal skin,
which is rugose in appearance. Beneath it lies a series
of fascial layers that are continuous with the fascia of
the abdominal wall, penis, and perineum. Although these
individual layers are not well appreciated on ultrasound
when using a low-frequency transducer, they can be
visualized with a high-frequency probe (>7 MHz).
The next layer is the tunica vaginalis, composed of an
outer parietal layer and an inner visceral layer, forming
a potential space where fluid can accumulate. Deep to
this lies the tunica albuginea, a tough, white, fibrous
capsule-like layer that surrounds the seminiferous
tubules of the testis. On ultrasound, this layer is well
delineated as an echogenic structure, with the visceral
layer of the tunica vaginalis closely adherent to it. Due
to its fibrous nature, the tunica albuginea is the most
frequently involved layer in testicular trauma.29
Scrotal injuries can be broadly classified as extra-
testicular or intratesticular.

e Extratesticular injuries involve lesions confined to the
scrotal wall, which may appear as post-traumatic
hematomas without testicular involvement. Abrasions
may also occur following blunt trauma. Scrotal edema
is commonly seen on gray-scale imaging with a high-
frequency probe (>7 MHz). In some cases, localized
fluid collections may be observed within the scrotal
skin, often accompanied by hyperemia on color Doppler.
The echogenicity of hematomas varies depending on
the time elapsed since injury, showing either variable
or reduced echogenicity.29

On gray-scale ultrasound, the tunica albuginea typically
appears as a continuous echogenic line surrounding
the testis. Testicular rupture is most effectively evaluated
using ultrasound, which is the first-line imaging modality
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in the assessment of testicular trauma. Typical ultra-
sound features of rupture include:

¢ Focal parenchymal echotexture heterogeneity due to
hematoma or contusion

¢ Discrete intraparenchymal fracture plane

¢ Abnormal outer testicular contour

e Disruption of the tunica albuginea

e Associated hematocele formation

In cases managed conservatively, follow-up ultrasound
plays a critical role in monitoring for enlarging hema-
tomas. Current management guidelines recommend
surgical exploration and repair, ideally within 72 hours,
to maximize testicular salvage.30

Complications of testicular rupture include ischemia or
testicular infarction. On ultrasound, these appear as
hypoechoic, ill-defined regions, reflecting disruption of
blood supply to the testis. Such vascular compromise
may result from injury to either the testicular artery or
vein. Increased scrotal pressure and edema can further
obstruct blood flow, ultimately leading to ischemia or
infarction.31

TESTICULAR FRACTURE

Blunt trauma to the testis can result in a tear or fracture
of the tunica albuginea accompanied by hematoma
formation. In severe cases, rupture of the tunica albu-
ginea may occur with extension into the outer layers,
including the skin, dartos, spermatic fascia, cremasteric
fascia, internal spermatic fascia, and tunica vaginalis.
Testicular fracture is defined by a breach in the tunica
albuginea, which represents a disruption of the fibrous
tissue layer. This fibrous tissue normally encases the
corpora cavernosa of the penis, and a similar breach in
the penis can lead to penile fracture.

According to a study published in the Journal of Urology,
ultrasound identified a breach in the tunica albuginea
in 65% of cases, while contour loss and heterogeneity
were present in 100% of cases. Of the 87.5% of patients
who underwent surgical management, one required
orchiectomy followed by testosterone replacement
therapy. Testicular fracture can be diagnosed sonographi-
cally by the presence of a relatively linear, hypoechoic,
avascular area within the testicular parenchyma, which
may or may not be associated with rupture of the tunica
albuginea.32

HEMATOCELE
Hematocele formation following trauma is another acute
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testicular emergency. A hematocele is defined as a
collection of blood between the layers of the tunica
vaginalis, which can be detected on ultrasound using
a high-frequency probe (7-10 MHz). It can be differen-
tiated from a hydrocele by its heterogeneous echo-
genicity with occasional internal septations, whereas a
hydrocele typically appears as an anechoic lesion on
ultrasound.33 Similar to other blood-containing lesions,
the echogenicity of a hematocele varies depending on
the time elapsed since the trauma. (Fig.3)

RIGHT TESTICLE

LOGIOEES
G

Figure 3: A focal lesion with heterogenous echogenicity in a
trauma patient suggestive of a hematocele

TESTICULAR DISLOCATION

Testicular dislocation can be classified into superficial
or internal types and may occur unilaterally or bilaterally.
The most common form of superficial dislocation is
inguinal, in which the testis is displaced from the scrotum
into the superficial inguinal ring, lying superficial to the
external oblique fascia within the subcutaneous tissue
of the groin. The mean age of affected patients is approxi-
mately 25 years (range 18-38).34

Conclusion ____

This comprehensive 3000-word review synthesizes over
30 evidence-based recommendations for scrotal
ultrasound, highlighting the importance of protocol
standardization to minimize operator variability and
improve diagnostic consistency. It underscores the value
of multiparametric interpretation, combining gray-scale
imaging, Doppler assessment, and clinical scoring
systems to enhance accuracy and clinical relevance.
The review also emphasizes the critical role of close
interdisciplinary collaboration with urology, particularly
in time-sensitive scenarios where prompt diagnosis and
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management can significantly impact outcomes. Looking
ahead, future editions may benefit from incorporating
supplemental digital content, such as video clips of
dynamic signs including the whirlpool and arterial flicker,
to further enrich diagnostic utility and training.
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