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Abstract Acute testicular torsion in
children is an emergency and has to be
diagnosed urgently. D oppler sonog-
raphy is increasingly used in imaging
the acute scrotum. Nevertheless, in
uncertain cases, surgical exploration is
required. In this study, we attempted to
define the role of Doppler sonography
in the diagnostic workup of the
acutely painful scrotum. All patients
admitted between 1999 and 2005 with
acute scrotal pain were included. After
clinical assessment, patients were im-
aged by Doppler sonography with a
“high-end” instrument. In cases of
absent arterial perfusion of the testis in
Doppler sonography, surgical explo-
ration was carried out. Patients with
unaffected perfusion were followed
clinically by ultrasound for up to

2 years. Sixty-one infants and children
aged 1 day to 17 years (median:

7.9 years) were included. In 14 cases,
sonography demonstrated absent cen-
tral perfusion, with abnormal paren-
chymal echogenicity in six. Absence

of venous blood flow together with
reduction of central arterial perfusion
was found in one infant. In these 15
patients, surgical exploration con-
firmed testicular torsion. Among the
other 46 patients, we found four cases
with increased testicular perfusion and
27 with increased perfusion of the
epididymis. In one infant, a testicular
tumour was found sonographically,
and orchiectomy confirmed diagnosis
of a teratoma. Follow-up examina-
tions of the conservatively treated
patients showed good clinical out-
come with physiologic central perfu-
sion as well as normal echogenic
pattern of both testes. No case of
testicular torsion was missed. By
means of Doppler sonography, an
unequivocal statement regarding tes-
ticular perfusion was possible in all
cases. The initial Doppler diagnosis
was confirmed by operative evalua-
tion and follow-up ultrasound. Testic-
ular torsion can therefore be excluded
by correctly performed ultrasound
with modern equipment.

Keywords Acute scrotum -
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Introduction

Acute testicular torsion in children is an emergency [1]. At
first glance, the triggering reason for scrotal swelling,
reddening and pain is not obvious. Besides testicular
torsion, torsion of the appendages of the testis, inflamma-
tory diseases or further underlying causes such as
Schoenlein-Henoch purpura can be responsible for acute
scrotal pain [2—4]. About 1:4,000 boys is affected, and two
age groups (infants and juveniles) are most likely to be
affected [5]. Testicular torsion is defined as a rotation of the
longitudinal axis of the spermatic cord, resulting in
strangulation of testicular blood flow. Because of the
occurrence of irreversible parenchymal damage after 6 h of
ischaemia [1, 6], testicular torsion should be differentiated
from other acute scrotal diseases.

In addition to careful clinical evaluation, Doppler
sonography is increasingly used in the management of
patients with suspicion for testicular torsion [4, 7—14]. This
can mainly be attributed to the quick technical progress
with excellent anatomical imaging and simultaneous
portrayal of blood flow [8, 10]. High-frequency transduc-
ers, power Doppler and tissue-harmonic functions are
increasingly used in daily routine care. However, to prove
testicular torsion, surgical exploration of the scrotum is still
fairly often performed. Taken into consideration that less
than 30% of infants with an acute scrotum suffer from
testicular torsion [11], it is obvious that most infants may
be managed conservatively. Therefore, accurate indication
for surgery aims to avoid unnecessary exploration without
missing torsion that may potentially lead to dangerous
consequences. This prompted us to determine the reliabil-
ity of Doppler sonography in the diagnostic workup of the
acutely painful scrotum.

Materials and methods

All patients admitted between 1999 and 2005 with acute
scrotal pain were included. After clinical assessment, a
Doppler sonographic examination with a “high-end” instru-
ment (Sonoline Elegra/Siemens) was performed. Sonography
was done by a highly experienced paediatric radiologist in

Fig. 1 a A 10 year old boy. No
central perfusion of the testis.
b Surgical exploration shows
intravaginal torsion of the testis

urosonography according to the following examining pattern
whereby a side comparison was undertaken.

1. Determination of sonomorphology of the scrotum and
epididymis, including echogenicity and echotexture

2. Testicle volume

3. Central and peripheral perfusion of the testicle via
power and colour Doppler sonography

4. Central arterial and venous flow curve in the testicle
using the triplex mode

A 7.5 MHz linear array transducer (7.5 140/Siemens)
with a frequency of 7.5-9 MHz was used for examination.
Speed scale of the colour Doppler setting was put at the
lowest detectable flow speed (low flow, low PRF).
Therefore, a low filter setting was important. This allowed
detection of flow speeds below 3 cm/s. Measurement of
serum electrolytes and C-reactive protein and a full blood
count completed the assessments. If Doppler investigation
documented a lack or reduction of central arterial perfusion
without an identification of a diastolic flow, the organ was
explored surgically (Fig. 1). Patients with intact central
perfusion (Fig. 2) had clinical and ultrasound follow-up up
to 2 years after initial presentation. Conservative treatment
included local antiphlogistic measures. In cases of
increased perfusion of testicular parenchyma or epididy-
mis, antibiotic therapy was performed.

Additionally, all cases of acute scrotum were evaluated
retrospectively (1985-1994) for determination of the
frequency of testicular torsion. Within this period, surgical
exploration in suspicion for testicular torsion was routinely
performed.

Results

Sixty-one infants and children aged 1 day to 17 years
(median: 7.9 years) were included (Fig. 3). Four patients
were neonates. All infants presented with acute scrotal
swelling, reddening and pain. In all cases, clinical
evaluation led to suspicion on testicular torsion.
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Fig. 2 Normal central arterial and venous perfusion of the testis

Surgical exploration

Fifteen infants were operated due to suspicion for testicular
torsion and 13 for other reasons. In 14 cases, sonography
demonstrated absent central venous and arterial perfusion.
In one patient, venous blood flow was absent and central
arterial perfusion of the testis was reduced (no diastolic
flow and hypoperfusion at power Doppler sonography).
Six of these testes presented inhomogeneous echogenic
parenchyma. Surgical exploration confirmed testicular
torsion in all 15 patients. Surgery was performed at an
average of about 6 h after the onset of symptomatic pain.
Neonates are not included in this estimate. Intravaginal
torsion was found in eight (one neonate) 2—14 years (mean
age: 6.8 years) and supravaginal torsion in seven (3
neonates) 1-17 years (mean age: 7.1 years). In four cases,
testes had to be removed because of necrosis. In 11 cases,
we performed detorsion and a two-point fixation by suture.

Contralateral orchidopexy was performed 4—6 weeks after
the first operation. In one infant (7 months), a testicular
tumour was found sonographically, and histologic analysis
following orchiectomy confirmed diagnosis of a teratoma.
Twelve boys with integral central testicular perfusion in the
initial workup had persistent intense pain for up to 2 days.
Torsion of the hydatid was suggested in preoperative
ultrasound in eight of these infants. Testicular torsion was
not found in any of them. In 11 cases, a torsion of the
hydatid was removed, and in one case only, hyperaemia
and swelling of the testis and epididymis was noted, as
shown by preoperative sonography.

Conservative therapy

Among the 33 nonoperated patients, one case with
increased testicular perfusion and 19 with increased

Fig. 3 Sonographic evaluation doppler-sonography
in case of acute scrotum (n=61) of the testis (n=61)
surgical therapy (n=28) conservative treatment (n=33)
no-periusionnald ; normal increased normal increased
na venousa and Testicular arterial perfusion  perfusion arterial perfusion perfusion
reduced arterial tumour n=9 e 52 s
perfusion n=1 n=1
persistent
pain
ooeraten sonographical
ex;:.:::m + examination
up to 2 years
orchidectomy (o 0.2 yomee)
testicular torsion surgical exploration
N=15 one patient without
Tollow up
(detorsion n=11 nation

orchidectomy n=4)

teratoma

initial reperfusion n=10

no atrophy

hydatide normal perfusion

torsion
n=9

hydatide  hyper-
torsion aemia
n=2 n=1
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Fig. 4 Epididymitis DD torsion of testis appendages. Sonographic
assessment of a 12-year-old boy with a swollen and painful scrotum.
The figure shows increased perfusion of the epididymis. Normal
vascularisation of the testis was found

perfusion of the epididymis were detected (Fig. 4). Lab-
oratory assessments showed an increase in leukocyte count
in nine cases and an increase in C-reactive protein in four,
without correlation to testicular perfusion. One of these
patients showed obvious signs of a Schoenlein-Henoch
purpura. During the period, only one patient had to be
excluded because of restlessness while examination. In
four patients with initial uncomplicated hospital stay and
clinical course, follow-up examination was not possible. In
all other cases, normal central perfusion as well as normal
echogenic pattern and size of both testes were documented
during follow-up examinations. In sonography after surgi-
cal detorsion, we found adequate reperfusion in ten cases in
the initial stage. Three testes showed signs of atrophy, with
scars of testicular parenchyma over time. History of these
patients showed an onset of pain 4, 7 and 24 h before
reduction. Another patient (3 weeks old) with a reduction at
approximately 10 h after the onset of symptoms showed
normal morphology and testicular perfusion at 6 months of
age. When compared with the unaffected side, the
difference in testicular volume was +110% (mean: +
126% SD) in cases with surgically reduced torsion and +
15% (mean: +30% SD) in the group without torsion.
Altogether sonographic examination resulted in a
decisive statement about testicular perfusion in all cases,
and was, as a consequence followed by adequate treatment.
The use of Doppler sonography for detecting testicular

Table 1 acute scrotum-restrospective evalutaion 1985-94 (n=75)

diagnosis number of patients
testicular torsion 25

torsion of the appendages of testis 43

epididymitis

orchitis

scrotal skininfection
inguinal hernia

—_ — = A

torsion resulted in the correct diagnosis in all patients, with
a sensitivity, specificity and positive as well as negative
predictive value of 100% (15/15, 46/46, 15/15, 46/46,
respectively). By retrospective evaluation from 1985 to
1994, 75 cases of acute scrotum with an average of
6.3 years of age were identified. In all patients, testes were
explored surgically without preoperative sonographic
evaluation (Table 1). Testicular torsion was found in 25
cases only (33 %).

Discussion

In the last few years, ultrasound has become the most
important examination device in all types of paediatric
scrotal pathology [9-18]. This is mainly due to the
excellent imaging of anatomic details and perfusion as
well as the advantage of real-time examination. Because of
the prompt availability, low costs, short duration (<30 min)
and convenience of this examining method when compared
with alternative diagnostic tools such as magnetic reso-
nance imaging (MRI) or scintigraphy, sonography has
become the standard examination device in the acute
scrotum [19, 20]. Despite reports on strongly varying
results concerning the reliability for detecting testicular
torsion by Doppler sonography [1, 17, 21], recent studies
show an increasing sensitivity of this method [11, 12, 14,
22]. Nevertheless, surgical exploration is still mandatory in
uncertain cases. The aim of our study was to determine the
accuracy of ultrasonographic assessment of the acute
scrotum in infants in a recent time span (1999-2005).

In 61 cases, Doppler sonography resulted in an
unequivocal statement regarding testicular perfusion. Ther-
apy was performed on the basis of sonographic findings.
Suspicion on testicular torsion via impaired blood flow was
revealed preoperatively in all 15 cases of surgically
confirmed testicular torsion. In the remaining cases with
positive perfusion of the testicle, adequate therapy could be
achieved by supportive therapy or surgery if indicated as
for removal of a tumour or a painful torched appendix
testis. The present study thus confirms the reliability and
underlies the importance of sonography in the diagnostic
workup of the acute scrotum in infancy.

Due to age-related incidence and diagnostic difficulties,
a separating patients into neonates and others was proposed
[23]. Our results, however, indicate that an evaluation of
testicular perfusion can be achieved with a sensitivity and
specificity of 100% independent of the infant’s age.
According to van der Sluijs, sonography may even serve
to identify prenatal torsion [24]. Especially important,
therefore, is differentiation to the neonatal neoplasia [25].
Due to difficulties in clinical assessment and differentiation
between neoplasm and torsion of the testicle, we
recommend urgent surgical exploration in the absence of
central testicular perfusion in neonates.
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Fig. 5 A 4-year-old boy with symptoms of an acute scrotum.
Sonographic evaluation shows a round mass next to the epididymis.
Normal perfusion of the testis is found. The diagnosis of torsion of
the appendages of the testis was proven by surgical exploration

Volumetry was not helpful in differential diagnosis of the
acute scrotum. Considering the large variability of testic-
ular size, volumes ranged from normal until elevated in
either underlying pathology. Laboratory parameters did not
correlate to any cause of the disease.

As well as excluding the absence of perfusion, sonog-
raphy was useful in further aetiological differentiation of
diseases. Differentiation between epididymitis and torsion
of the testis appendix via sonography can be inconclusive
since an existing hydatid cannot always be seen (Fig. 5). In
nine of 11 infants with excision of the hydatid, only
hyperperfusion was found in sonography. However, if
hyperperfusion of the epididymis is found, sonographic
examination of the entire urinary tract to exclude structural
anomalies is recommended. Surgical exploration of the
testis in persistent pain with intact perfusion is controver-
sial. We believe that for suspicion of hydatid torsion,
surgical exploration can be justified since hydatid excision
may potentially reduce ongoing inflammation and pain.

Moreover ultrasonography was helpful in evaluating he
recovery of the testis after reduction. In one remarkable
case, reperfusion was documented following a duration of
about 10 h, clearly longer than the 6 h after which
ischaemic damage is believed to be irreversible. As
intraoperatively the degree of irreversibility of tissue
damage cannot be judged conclusively, we recommend
extraction of the testis only in strongly evident destruction,
but otherwise we recommend detorsion and sonographic
follow-up evaluation.

The present data suggest that obligatory emergency
scrotal exploration was not necessary in more than 75% of
cases presenting for acute scrotum. This was also
confirmed by retrospective evaluation. The diagnostic
benefit of routine surgical evaluation is small in relation to
the risk-taking of aspiration and wound infection. None-
theless, acute testicular torsion is an emergency requiring
immediate diagnostic intervention when suspected. In all
cases, torsion was revealed sonographically. We believe
that diagnostic ultrasound, if performed correctly (central
arterial and, if possible, venous perfusion signal during
tranquil examining conditions) and with modern equip-
ment, may reliably be used to exclude testicular torsion in
infants and children. Last but not least, total costs may be
reduced by replacing scrotal exploration with a less
extensive evaluation method (2,300 euro vs 1,300 euro,
respectively, according to the German diagnosis-related
group’s catalogue).

For consistent and comparable results, documentation
should always include description of echogenicity and
tissue structure of testis and epididymis of both sides,
scrotum volumetry in side comparison and assessment of
central and peripheral blood flow of the testicles at power
and colour Doppler sonography, including documentation
of the central arterial and venous flow curve at the triplex
mode. In case of given perfusion, the resistance index (RI)
should be included to recognise possible partial torsion
(180°) [25]. At 0.6-0.7, the RI in the infantile testicle is
usually rather low [11, 25]. In an inflammatory process, RI
even declines, and at a partial torsion, higher counts are to
be expected [11, 25]. Special attention has to be paid to the
fact that spontaneous reduction in intermittent torsion can
appear as reactive hyperfusion of the testicular parenchy-
ma. Additionally, one should take into consideration that,
in case of testicular torsion with absent central blood flow,
peripheral perfusion can be maintained via collateral
arterial supply. Preoperative sonographically controlled
reduction might be beneficial until emergency surgery [26]
but there is little experience with this proceeding so far.

In our study, central arterial perfusion was a reliable
diagnostic parameter to exclude testicular torsion. To be
sure not to fail to notice a partial torsion, sonographic
identification of central venous perfusion should be
reached. We conclude that Doppler sonography, if
performed correctly with modern equipment as a standard
procedure, may replace surgical exploration in case of
suspected testicular torsion. In case of doubt, surgical
exploration is still indicated.
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