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Abstract
Background To investigate the diagnostic characteristics of high-frequency ultrasound with color doppler �ow signal in pediatric testicular torsion to increase
the diagnostic accuracy.

Methods Seven pediatric patients from October 2017 to August 2019 with preserved blood �ow signal but surgically diagnosed as testicular torsion were
retrospectively included into the study. The imaging manifestations of high-frequency ultrasonography were evaluated.

Results Seven cases of testicular torsion with preserved blood �ow aging from 49 days to 15 years old were included in the study. All the cases had preserved
blood �ow in testis, but the surgical �ndings showed various twist degrees from 90° to 540°. Preoperative ultrasound showed spermatic cord distortion in all
cases, and the testicular long axis tilted in four cases.

Conclusion In some testicular torsion cases, color doppler may show normal or increased blood �ow signals in the testis. The “whirlpool sign” in the spermatic
cord is an important indicator suggestive of testicular torsion.

Background
Testicular torsion is a common scrotal emergency, occurring in 5–25% of pediatric patients(1–3). The �rst peak onset appears within one year after birth,
followed by a second surge in early adolescence, with an incidence of 65% between 12 and 18 years due to a rapid increase of testicular volume during
puberty. Intravaginal testicular torsion is the most common type, and it primarily occurs between 3 and 20 years old(4, 5). To prevent testicular necrosis, an
accurate and quick diagnosis is essential to determine the subsequent treatment(6). The salvage rate is less than 10% if the revascularization is operated after
24 hours in patients with testicular torsion (7–9). Therefore, the early identi�cation of risk factors in predicting testicular torsion and potential necrosis is
important to improve children’s outcomes.

Testicular torsion is the reduction of blood �ow to the testis after spermatic cord torsion, and the blood �ow signal and the degree of spermatic cord twist is
reported to be the most common risk factors in predicting testicular loss(10). Testicular ultrasonography (US) is an ideal imaging tool to diagnose testicular
torsion before the operation. The reduced or absence of testicular blood �ow signal has high diagnostic accuracy with the sensitivity of 86–100% and the
speci�city of 97.9–100% (11). Besides, color doppler US has been proven particularly useful in the differential diagnosis(12, 13).

However, for patients with intermittent and partial testicular torsion, the diagnosis is arguable and complicated as ultrasound blood �ow signals are not
signi�cantly reduced compared to the other healthy side despite having persistent symptoms(14). Therefore, preserved intratesticular blood �ow may lead to a
false negative diagnosis(5, 15). A recent study has shown that the ‘whirlpool sign,' which is de�ned as an abrupt change in the course of the spermatic cord
with a spiral twist at the external inguinal ring or in the scrotal sac(16), was the critical feature in patients with the preserved �ow. Therefore, the purpose of
this study was to investigate the ultrasound diagnostic indicators of testicular torsion with blood �ow signals in ultrasound color doppler, to avoid under
diagnosis of testicular torsion and save the testicles as much as possible.

Methods

Patient cohort
Keywords searing with 'torsion’ was performed in scrotal or testicular Imaging throughout the Picture Archiving and Communication System (PACS) from
October 2017 to August 2019 to retrieve patients with suspected testicular torsion. The patients in the absence of blood �ow in testis were excluded from this
study. This study was approved by the local Research Ethics Committee (Ethics Reference No.: L-2020-19), and the requirement of the patient consent form
was waived.

Instruments And Methods
All sonograms were obtained with a 5–12 MHz linear transducer (LOGIQ 7 of GE, EPIQ7 of PHILIPS). The children were placed in the supine position, and the
testes were scanned horizontally and longitudinally with a high-frequency probe. The position, size, morphology, internal echo, a spermatic cord of the testis
and epididymis and the testicular sheath cavity were observed. Color doppler contrasted the blood �ow signals in both testes. Torsion of the spermatic cord
was diagnosed by ultrasound if the degree of torsion larger or equal to one-quarter twist (90°) was observed(15, 17). The blood perfusion of parenchyma testis
at both sides were assessed and compared to the normal side.

Result

Clinical manifestations
Fifty-seven pediatric patients with suspected testicular torsion were identi�ed from PACS, and 50 cases without detectable blood �ow were excluded. Seven
cases were �nally included in the study, and all the seven pediatric patients received the surgery after US exams within three hours and were con�rmed to have
testicular torsion.

The age of the cohort ranged from 49 days to 15 years old. Six patients had scrotal pain and swelling, and one patient who was only 49 days had scrotal
swelling, including four on the left side and three on the right side. None of the patients reported a medical history of previous trauma. The demographics and
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clinical characteristics were summarized in Table 1.

Table 1

Sonographic �ndings Surg

case Age Time of
onset

Affected
side

Size Location Morphology Echo Blood
�ow

Epididymis Hydrocele Spermatic
cord

Intra
obs

1 14 years
3 months

7 hours right increase normal plump uniform normal swelling yes whirl sign 180
rudd

2 14 years
7 months

3hours right increase normal plump nonuniform normal swelling yes whirl sign 360
cou
rudd

3 8 years
3 months

5days left increase tilt broad bean
shape

uniform increase swelling yes whirl sign 90°
cou
rudd

4 13 years
8 months

4days left increase normal plump nonuniform normal normal none whirl sign 180
cou
test
epid

5 8 years
5 months

15hours left increase tilt plump nonuniform increase swelling none whirl sign 540
test
purp

6 49days 4days right increase tilt broad bean
shape

nonuniform normal swelling yes whirl sign 90°c
test
purp

7 6 years
4 months

2days left increase tilt plump nonuniform increase swelling yes whirl sign 540
rudd

Ultrasound Performance
The diseased testicles were enlarged. Two of seven cases were inboard bean-shaped, four were tilted, �ve had heterogeneous signals of parenchyma. Fissure-
free echogenic areas were seen around the mediastinum of the testis. Color doppler showed that the blood �ow signal of the testis parenchyma increased in
three cases compared to the opposite side, and no signi�cant difference was found in four cases. In addition, six patients had enlarged epididymis heads and
increased blood �ow signals. Testicular hydrocele existed in �ve cases. The spermatic cords were twisted and presented as “whirlpool sign” in all patients, and
the boundary with the epididymis was unclear, forming pseudotumor-like nodules beneath them. The overall results were displayed in Table 1.

Surgical Results
All seven cases had unilateral testicular torsion, and all of them were intrathecal testicular torsion, two cases had a one-quarter twist (90°), two cases had a
two-quarter twist (180°), one case had 360° in torsion, two cases twisted at 540°. The blood supply was preserved in four testicles, and three cases had
reversible ischemia. The matching surgical results were displayed in Table 1.

Discussion

The volume of the testicles increases
 When twisted, testicles increased in size due to the congestion of parenchyma and presented a full and spherical shape, which is often misdiagnosed as
orchitis. A difference in the size of testicles at both sides, with the affected testis larger in volume than the asymptomatic side, is a crucial feature, suggestive
of testicular torsion(16). The testicular volume of the affected side in the present study is larger than that of the contralateral side in all patients (Figure1).

Testicular position
The testes are commonly in an upright position. If the long axis of the testicle is inclined or even horizontally relative to the long axis of the thigh or long axis
of the femur, especially if the orientation of the testicular mediastinum changes in the cross section, it may indicate testicular torsion(18). Four testicles were
oblique (Figure 2).

Besides, previous studies have also reported that testicular torsion is more likely to occur on the left side (4,19) because the left spermatic cord is longer than
the right. This study also found that four testicular torsions occurred on the left, whereas three testicular torsions happened on the right side, which was
consistent with previous studies. But the study with a larger sample size is warranted. 

Heterogeneous echotexture of the testicles
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Testicular torsion can have a various twisting degree and thus result in heterogeneous parenchymal echotexture seen in testicular torsion. The presence of
signi�cant heterogeneity indicates a late torsion and testicular nonviability. Whereas, the homogeneous signal of testicular parenchymal may indicate the
variability of testicles(20,21). In the present study, there were �ve cases with the heterogeneous echo of testis parenchyma and �ssure anechoic around
mediastinum (Figure3), and the result matched with surgical �ndings. Careful mapping of the testicular echotexture can help with the early diagnosis of
potential segmental necrosis and can also aid the follow-up exam when the echotexture returns to normal.

Epididymal enlargement
The epididymis is inevitably involved in the torsion, and it is often enlarged. In our study, the epididymis was enlarged in various degrees, and it thus can be
commonly misled to epididymitis. An 8 years 3month-old boy from the current cohort with the third episode of acute left scrotal pain for �ve days and was
initially misdiagnosed as epididymitis. In addition, the increased epididymis and the convoluted spermatic cord are also easily entangled together to form
pseudo mass (Figure 4, Video1). The appearance of the pseudo mass is similar to that of an in�amed epididymis. Sonographic review of the spermatic cord
can differentiate testicular torsion with pseudo mass formation from epididymitis. The presence of a straight spermatic cord with a hyperemic epididymis but
no pseudo mass can be seen with both epididymitis and torsion of an appendage, both of which should be treated medically, not surgically(14).

The spermatic cord--“whirlpool sign”
The diagnosis of torsion is based on a lack of blood �ow in the testes or a marked reduction in blood �ow in the affected testes(22). However, in the present
study, three cases showed an increased blood �ow signal, and four cases had preserved blood �ow (Figure5), which indicated the low yield of blood perfusion
in diagnosing testicular torsion by US. Four cases with even hyperperfusion were given by the reasons as follows:1) enlarged testicular volume may increase
the diagnostic sensitivity of color doppler US(23);2) in�ammatory response happening surround the ischemic testicular parenchyma may increase the
parenchymal perfusion(24); 3) There are different types of testicular torsion including complete testicular torsion, intermittent testicular torsion, and partial or
incomplete torsion based on the various twist degrees(14).

In the present study, all of the patients were intrathecal testicular torsion which was con�rmed by surgery with various twisting situations from 90° to 540°.
Taken together, the residual blood �ow in all cases may be caused by intermittent or spermatic cord torsion. In this case, the ‘whirlpool sign' was the key
feature(Figure6), which was consistent with early studies(5,14,18,25). The "whirlpool sign" of the spermatic cord is considered to be a more direct and speci�c
sign of testicular torsion and is valuable for the diagnosis of complete, intermittent, and incomplete torsion of the testis, regardless of color doppler US
�ndings(5,18,25). In patients with preserved blood �ow, the position of the spermatic cord and testes should be assessed comprehensively. Therefore, in the
diagnosis of testicular torsion, ultrasound examination needs to evaluate the full length of the spermatic cord.

Study limitations
This study had some limitations. First, the study has a small sample size. Second, all the patients we had tested color doppler, but resistive index (RI) and
venous �ow were not assessed. Third, we did not recruit normal volunteers but using the opposite healthy side of the testis as the reference group. The
prospective case-control study with a larger sample size should be conducted to con�rm our �ndings in the future.

Conclusion
Testicular ultrasonography has an indelible importance to the preoperative diagnosis of testicular torsion in the pediatric patient and is a great evaluation for
acute scrotal pain. What’s more ,ultrasonography and color Doppler US have proven particularly useful in the differential diagnosis (12, 13).Despite its high
sensitivity and speci�city, both false-negative and false-positive �ndings occur. Testis with color doppler �ow signals might be a obstacle for surgical
exploration with resultant testicular loss in the false-negative cases.In patients with swollen and painful testicles, we should pay attention to these testicles
with no blood �ow signals, which is highly suggestive testicular torsion. However, patients with increased or no change in testicular blood �ow signal should
also be paid attention to.The presence of preserved intratesticular blood �ow, which is often observed in these cases, may lead to a false negative diagnosis(5,
15). We should further observe the morphology and position of the testis, the echo of the testis parenchyma, especially evaluate the spermatic cord
throughout its course(18), so as to avoid missing testicular torsion with blood �ow signals.
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Figures

Figure 1

13 years 8 month-old boy with �rst episode of acute left scrotal pain for 4 days.The left testicle was twisted(A) and its testicle size was signi�cantly larger
than that of the right(B).
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Figure 2

A,B.6 years 4 month-old boy with �rst episode of acute left scrotal pain for 2 days. A.Normal testicles, no change in testicular axial direction.B.Torsion of the
testicles, testicles change in axial direction. C,D.8 years 3month-old boy with third episode of acute left scrotal pain for 5 days,initially misdiagnosed as
epididymitis.C.Normal testicles, no change in testicular axial direction.D.Torsion of the testicles, testicles change in axial direction.
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Figure 3

49 days boy with �rst episode of acute right scrotal swelling for 4 days, A was normal testicles, which echo was evenly. B,C,D were the torsion of the testicles,
The echo of testis parenchyma was uneven and �ssure anechoic around mediastinum(arrows).

Figure 4

A.8 years 3month-old boy with third episode of acute left scrotal pain for 5 days,initially misdiagnosed as epididymitis.B.14 years 3month-old boy with �rst
episode of acute right scrotal pain for 7 hours.The conglomerate of edematous epididymis and convoluted spermatic cord-“epididymal-cord complex”to form
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pseudomass(arrows).

Figure 5

A and B,49 days boy with �rst episode of acute right scrotal swelling for 4 days.C and D, 14 years 3month-boy with �rst episode of acute right scrotal swelling
for 7hours.AC were normal testicle, testicle color doppler �ow is normal. BD were testicular torsion, testicular color doppler blood �ow slightly increased.

Figure 6

A.6 years 4 month-old boy with �rst episode of acute left scrotal pain for 2days. B.8 years 5 month-old boy with �rst episode of acute left scrotal pain for15
hours. A,B showed a “whirlpool sign” in spermatic cord(arrows).
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