
TYPE Original Research

PUBLISHED 28 September 2022

DOI 10.3389/fped.2022.1001958

OPEN ACCESS

EDITED BY

Ezekiel E. Young,

University at Bu�alo, United States

REVIEWED BY

Marcos Figueiredo Mello,

Federal University of São Paulo, Brazil

Safendra Siregar,

Universitas Padjadjaran, Indonesia

Friday Ogbetere,

Edo University, Nigeria

*CORRESPONDENCE

Hongxia Luo

luohongxia0127@163.com

†These authors have contributed

equally to this work and share first

authorship

SPECIALTY SECTION

This article was submitted to

Pediatric Urology,

a section of the journal

Frontiers in Pediatrics

RECEIVED 24 July 2022

ACCEPTED 07 September 2022

PUBLISHED 28 September 2022

CITATION

Xu Z, Wu J, Ni S and Luo H (2022) The

diagnostic value of ultrasound in

pediatric testicular torsion with

preserved flow.

Front. Pediatr. 10:1001958.

doi: 10.3389/fped.2022.1001958

COPYRIGHT

© 2022 Xu, Wu, Ni and Luo. This is an

open-access article distributed under

the terms of the Creative Commons

Attribution License (CC BY). The use,

distribution or reproduction in other

forums is permitted, provided the

original author(s) and the copyright

owner(s) are credited and that the

original publication in this journal is

cited, in accordance with accepted

academic practice. No use, distribution

or reproduction is permitted which

does not comply with these terms.

The diagnostic value of
ultrasound in pediatric testicular
torsion with preserved flow

Zhihua Xu1†, Junbo Wu2†, Shuangshuang Ni1 and

Hongxia Luo1*

1Department of Ultrasonic Diagnosis, The Second A�liated Hospital and Yuying Children’s Hospital

of Wenzhou Medical University, Wenzhou, China, 2Department of Children’s Ultrasound Imaging,

Wuhan Children’s Hospital, Tongji Medical College, Huazhong University of Science and

Technology, Wuhan, China

Background: Testicular torsion is the reduction of blood flow to the testis

after spermatic cord torsion. For patients, the diagnosis of testicular torsion

is controversial and complicated by the fact that ultrasound blood flow

signals are not significantly reduced in comparison to the una�ected, healthy,

testis, despite persistent symptoms on the a�ected side. Our study aims to

investigate the diagnostic characteristics of high-resolution ultrasonography

(US) in pediatric testicular torsion with the preserved flow to increase

diagnostic accuracy.

Methods: Seven pediatric patients aged 49 days to 15 years old, with the

preserved blood flow, but surgically diagnosed as testicular torsion, from

October 2017 to August 2019, were retrospectively included in the study. The

imaging manifestations of high-frequency ultrasonography were evaluated.

Results: All cases had preserved testicular blood flow, but the surgical

findings showed various degrees of twist, from 90 to 540 degrees. Preoperative

ultrasound showed spermatic cord distortion in all cases, and testicular long

axis tilting in four cases (4/7 = 57.1%).

Conclusion: In some testicular torsion cases, Color Doppler may show normal

or increased blood flow signals in the testis. We should further observe the

morphology and position of the testes and epididymides, the echo of the

testicular parenchyma, and, especially evaluate the “whirlpool sign” in the

spermatic cord, to avoid missing testicular torsion with blood flow signals.

KEYWORDS

testicular torsion, ultrasound, pediatric, Color Doppler, whirlpool sign

Key points

- What is known about the subject: (1) Testicular torsion is a common scrotal

emergency, occurring in pediatric patients. (2) Testicular torsion is the reduction

of blood flow after spermatic cord torsion.

- What this study adds: (1) Preserved intratesticular blood flow may lead to a

false negative diagnosis. (2) The “whirlpool sign,” heterogeneous echotexture,

appearances of the epididymis are the critical features in patients with the

preserved flow.
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Background

Testicular torsion is a common scrotal emergency, occurring

in 5–25% of pediatric patients (1–3). The first peak onset appears

within 1 year after birth, followed by a second surge in early

adolescence; the incidence is 65% in the 12–18 years age cohort,

due to a rapid increase of testicular volume during puberty (4).

Intravaginal testicular torsion is the most common type, and it

primarily occurs between 3 and 20 years of age (5, 6).

Testicular torsion is the rotation of the testis with torsion

of the spermatic cord. This leads to vascular insult, which

results in testicular ischemia and ultimately necrosis. To prevent

testicular necrosis, an accurate and quick diagnosis is essential

to determine the subsequent treatment (7). The golden time for

torsion reduction is 6–8 h. The salvage rate is almost 100%, if

treated within 6 h after onset, but decreases quickly with time,

declining to between 80 and 88% at 12 h, 31% at 24 h, and only

2.6% at 48 h (8).

The salvage rate is < 10% if revascularization is surgically

corrected after 24 h in patients with testicular torsion (9–11).

Therefore, early identification of risk factors for predicting

testicular torsion and potential necrosis is very important in

improving children’s outcomes.

A testicular ultrasonography (US) is an ideal imaging tool

for diagnosing testicular torsion before attempting surgical

correction. Using Color Doppler, the vascularity of the testis

can be evaluated. The reduction or absence of affected testicular

flow has a high diagnostic accuracy with a sensitivity of 86–

100%, and a specificity of 97.9–100% (12–14). Color Doppler

ultrasonography has proven particularly useful in the differential

diagnosis (13, 15). However, preserved vascularity on Color

Doppler does not exclude testicular torsion. Testicular torsion

may present as hyperemia in its early stages due to venous

dilation and preserved arterial flow (16, 17). Thus, normal or

increased blood flow in the affected testis is an obstacle to the

diagnosis of testicular torsion, as a result, testicular necrosis and

atrophy are caused. In addition, Martha’s study showed that the

diagnosis of testicular torsion is complicated by the fact that

ultrasound blood flow is not significantly reduced in comparison

with the unaffected, healthy, testis, despite persistent symptoms

on the affected side (18).

So, the preserved intratesticular flow may lead to a

false negative diagnosis (6, 19). The purpose of this study

was to investigate the diagnostic characteristics of high-

resolution ultrasonography in pediatric testicular torsion

with preserved flow, to increase the diagnostic accuracy of

testicular torsion.

Abbreviations: US, Ultrasonography; PACS, Picture Archiving and

Communication System.

Methods

Patient cohort

A search using the keywords “torsion in scrotal or testicular

torsion” was performed throughout the Electronic medical

record system from October 2017 to August 2019, to retrieve

patients with testicular torsion, who were confirmed by the

surgery. Then, searching these testicular images throughout the

Picture Archiving and Communication System (PACS), patients

with an absence of blood flow to the testis and age over 18

years old were excluded from this study. In addition, testes with

the preserved flow were included (Figure 1). We obtained the

surgical records of each patient from the electronic medical

record system, obtained the surgical results, and verified the

surgical results with the surgeon. This study was approved by

the local Research Ethics Committee (Ethic Reference Number:

L-2020-19); and the requirement of patient consent was waived.

Patient and public involvement

This is a retrospective study and no patient was involved.

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 evaluated

in at least 2 planes: longitudinal and transverse. Transverse

images were obtained in the superior, mid, and inferior portions

of the testes. Longitudinal views were obtained centrally as well

as medially and laterally. Each testis was evaluated in its entirety.

All the examinations were performed according to the AIUM

Practice Guideline for the Performance of Scrotal Ultrasound

Examinations (20).

We collected the position, size, morphology, internal echo,

and the spermatic cord in the testis, epididymis, and testicular

sheath cavity of pediatric patients. The size, echogenicity, and

blood flow of each testis and epididymis were compared to the

contralateral side. A comparison of the testes was accomplished

with a side-by-side transverse image. Color Doppler sonography

included at least 1 side-by-side image comparing both testes

(20). Torsion of the spermatic cord was diagnosed by ultrasound

whenever a degree of torsion larger or equal to one-quarter twist

(90 degrees) was observed (19, 21).

Statistical analysis

The statistical method was descriptive due to the

small sample size. We used Excel for data description. We

reviewed and analyzed case data on age, gender, and clinical

manifestations. US findings, such as data on the position, size,
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FIGURE 1

A flowchart of enrollment.

morphology, internal echo, and the spermatic cord in the testes,

epididymis, and testicular sheath cavity, were collected.

Results

Clinical manifestations

In total, fifty seven pediatric ultrasound images with

testicular torsion were identified from the PACS. Of these, 50

cases without detectable blood flow were excluded. Therefore,

seven cases were included in the final study. All seven pediatric

patients received surgery after US examination within 3 h and

were surgically confirmed to have testicular torsion.

The age of the patients ranged from 49 days to 15 years

old. In addition, six patients (6/7 = 85.7%) had scrotal pain and

swelling, and one patient (1/7= 14.3%) whowas 49 days old, had

scrotal swellings, four (4/7 = 57.1%) on the left side and three

(3/7 = 42.8%) on the right side. None of the patients reported
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TABLE 1 The demographics, clinical characteristics, ultrasound performances and matching surgical results summary.

Sonographic findings Surgical results

Case Age Time

of

onset

Affected

side

Size Location Morphology Echo Blood

flow

Epididymis Hydrocele Spermatic

cord

Intraoperative

observations

The

endpoint

of the

surgery

1 14 years 3

months

7 h right increase normal plump uniform normal swelling yes whirl sign Twist 180 degrees

clockwise, ruddy testicles

Orchiopexy

2 14 years 7

months

3h right increase normal plump non-

uniform

normal swelling yes whirl sign Twist 360 degrees

counterclockwise, ruddy

testicles

Orchiopexy

3 8 years

3months

5days left increase tilt broad bean

shape

uniform increase swelling yes whirl sign Twist 90 degrees

counterclockwise, ruddy

testicles

Orchiopexy

4 13 years 8

months

4days left increase normal plump non-

uniform

normal normal none whirl sign Twist 180 degrees

counterclockwise, testis and

epididymis were dark

Orchiopexy

5 8 years

5months

15h left increase tilt plump non-

uniform

increase swelling none whirl sign Twist 540 degrees

clockwise, testicular silting

purple

Orchiopexy

6 49days 4days right increase tilt broad bean

shape

non-

uniform

normal swelling yes whirl sign Twist 90 degrees

counterclockwise, testicular

silting purple

Orchiopexy

7 6 years

4months

2days left increase tilt plump non-

uniform

increase swelling yes whirl sign Twist 540 degrees

clockwise, ruddy testicles

Orchiopexy
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FIGURE 2

A 13 years 8-month-old boy with a first episode of acute left scrotal pain for 4 days. The left testicle is twisted (A) and the testicular size is

significantly larger than that on the right (B).

a medical history of previous trauma. The demographics and

clinical characteristics are summarized in Table 1.

Ultrasound performance

The diseased testicles were enlarged. Furthermore, two of

seven (2/7 = 28.6%) cases were inboard bean-shaped, four

(4/7 = 57.1%) cases were tilted, and five (5/7 = 71.4%)

cases had heterogeneous signals of the parenchyma. Fissure-

free echogenic areas were seen around the mediastinum of the

testis. Color Doppler showed that the blood flow of the testis

parenchyma increased in three cases (3/7 = 42.8%) compared

with the opposite side, and no significant difference was found

in four cases (4/7 = 57.1%). Additionally, six patients (6/7 =

85.7%) had enlarged epididymis heads and increased blood flow.

Testicular hydrocele existed in five cases (5/7 = 71.4%). The

spermatic cords were twisted and presented as a “whirlpool

sign” in all patients (7/7 = 100%), and the boundary with

the epididymis was unclear, forming pseudotumor-like nodules

beneath them. The overall results are displayed in Table 1.

Surgical results

All seven cases had unilateral testicular torsion, and all were

intrathecal testicular torsions. Furthermore, two cases (2/7 =

28.6%) had a one-quarter twist (90 degrees), two cases (2/7 =

28.6%) had a two-quarter twist (180 degrees), one case (1/7

= 14.3%) had 360 degrees in torsion; and two cases (2/7 =

28.6%) were twisted at 540 degrees. The blood supply was

preserved in four testicles (4/7 = 57.1%), and three cases (3/7

= 42.8%) had reversible ischemia. All 7 pediatrics were ended

in orchiopexy. The matching surgical results are displayed in

Table 1.

Discussion

Testicular torsion is a time-dependent diagnosis, a true

urologic emergency, and early evaluation can assist in urologic

intervention to prevent testicular loss. Ultrasound is the ideal

imaging modality to evaluate the scrotal contents (22–24). As

the testicle twists around the spermatic cord, venous blood flow

is cut off, leading to venous congestion and ischemia of the

testicle. The testicle will become tender, swollen, and possibly

erythematous. As the testicle further twists, the arterial blood

supply is cut off, which leads to further testicular ischemia and

eventually necrosis (25).

In the present study, we investigated the ultrasonographic

manifestations of testicular torsion with the preserved flow in 7

pediatric patients. The results indicated that the blood flow of the

testis parenchyma was not absent, and increased in three cases

(3/7 = 42.8%) compared with the opposite side. The present

study provided ultrasonographic manifestations of testicular

torsionwith the preserved flow and indicated the clinicians focus

on testicular torsion with preserved for early diagnosis.

Volume of testicle increases

When twisted, testicles increase in size due to congestion in

the parenchyma, presenting a full and spherical shape, which
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FIGURE 3

(A,B) A 6 years 4-month-old boy with a first episode of acute left scrotal pain for 2 days. (A) Normal testicle, no change in testicular axial

direction. (B) Torsion of the testicle and the testicle change in axial direction. (C,D) An 8 years 3-month-old boy with the third episode of acute

left scrotal pain for 5 days; initially misdiagnosed as epididymitis. (C) Normal testicle, no change in testicular axial direction. (D) Torsion of the

testicle, the testicle change in axial direction.

is often misdiagnosed as orchitis. Testicular volumes are easier

for comparison to the other side. A difference in the size of the

testicles on both sides, with the affected testis larger in volume

than the asymptomatic side, is a crucial feature suggestive of

testicular torsion (26), which is similar to the torsion of ovarian.

In the present study, testicular volume on the affected side was

larger than that on the contralateral side in all patients (7/7 =

100%) (Figure 2). A prospective study showed that testicular

volume increased in 11 of 12 (91.7%) patients with testicular

torsion (27).

Testicular position

The testes are commonly in an upright position. If the

long axis of the testicle is inclined or even horizontal 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

(28). In present study, four testicles (4/7 = 57.1%) were

oblique (Figure 3). Previous studies have reported that testicular

torsion was more likely to occur on the left side (5, 29).

A study by Obi showed that the left testis was more often

involved than the right: 53.3 vs. 37.8% (30) because the

left spermatic cord is longer than the right. In addition,

our study found that four testicular torsions (4/7 = 57.1%)

occurred on the left, whereas three testicular torsions (3/7 =

42.8%) occurred on the right side, which was consistent with

previous studies. However, studies with larger sample sizes

are warranted.

Heterogeneous echotexture of the
testicles

Testicular torsion can be present with various degrees

of twist, thus resulting in the heterogeneous parenchymal

echotexture seen in testicular torsion. Assessing echogenicity
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FIGURE 4

A 49 days old boy with a first episode of acute right scrotal swelling for 4 days. (A) Normal testicle, in which echo was even. (B–D) Torsion of the

testicle; the echo of testicular parenchyma was uneven and anechoic fissure arounded the mediastinum (arrows).

is useful in predicting the likelihood of testicular salvage

on scrotal exploration. The parenchymal echotexture of the

affected testis, compared with the contralateral testis, has

been used as an indicator for viability. Middleton et al. (31)

demonstrated that sonography could provide useful information

regarding testicular viability. Additionally, other studies

concluded that the presence of significant heterogeneity

indicated a late torsion and testicular non-viability;

whereas a homogeneous signal of testicular parenchyma

may indicate the viability of the testicles (32, 33). Kaye

et al. (33) reported in a study involving 55 patients that

heterogeneous echotexture was predictive of organ loss

with an accuracy rate of 96.4%. In the present study, there

were five cases (5/7 = 71.4%) with the heterogeneous echo

of testis parenchyma, and anechoic fissure arounded the

mediastinum (Figure 4). These results matched surgical

findings. Heterogeneous echo indicated that the testicular

torsion’s rate was 71.4% (5/7) in the present study. So,

careful mapping of testicular echotexture can help with the

early diagnosis of potential segmental necrosis, and can also

aid follow-up examinations when the echotexture returns

to normal.

Epididymal enlargement

Observation of the epididymis is also essential. Galina

et al. (34) showed that the position and morphology of

the epididymal head were abnormal in all nine of the

children in that study with acute testicular torsion but

preserved testicular flow. In the present study, there were

enlarged epididymis heads and increased blood flow in 6

boys (6/7 = 85.7%). That is an abnormal configuration

and displaced position of the head of the epididymis,

which may be sonographic findings indicative of torsion.

Therefore, observation of the epididymis is especially

important in cases of incomplete torsion with the preserved

testicular flow.
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FIGURE 5

(A) An 8 years 3-month-old boy with the third episode of acute left scrotal pain for 5 days, initially misdiagnosed as epididymitis. (B) A 14 years,

3-month-old boy with a first episode of acute right scrotal pain for 7 h. The conglomerate of edematous epididymis and convoluted spermatic

cord (“epididymal-cord complex”), formed pseudomass (arrows).

The epididymis is inevitably involved in torsion, and

it is often enlarged. In our study, the epididymides were

enlarged to varying degrees, which may be commonly

misdiagnosed as epididymitis. An 8-year 3-month-old boy

from the current study with a third episode of acute

left scrotal pain for 5 days was initially misdiagnosed

as epididymitis. In addition, the enlarged epididymis and

convoluted spermatic cord are easily entangled together to

form pseudo masses (Figure 5, Supplementary Video 1). The

appearance of the pseudo masses was similar to that of an

inflamed epididymis. A 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 present with both epididymitis and torsion of an

appendage, both of which should be treated therapeutically, not

surgically (18).

The spermatic cord–“whirlpool sign”

The diagnosis of torsion is based on a lack of blood flow

in the testes or a marked reduction in blood flow in the

affected testes (35). In the present study, three cases (3/7 =

42.8%) showed an increased blood flow, and four cases (4/7 =

57.1%) had preserved blood flow (Figure 6); which indicated

the low yield of blood perfusion in diagnosing testicular

torsion by US. Four cases (4/7 = 57.1%) with hyperperfusion

were described as follows: (1) Enlarged testicular volume may

increase the diagnostic sensitivity of Color Doppler US (36). (2)

Inflammatory response in the ischemic testicular parenchyma

may increase parenchymal perfusion (37). (3) There are different

types of testicular torsion, such as complete testicular torsion,

intermittent testicular torsion, and partial or incomplete torsion,

based on the various degrees of twist (18).

In the present study, all patients represented cases of

intrathecal testicular torsion, which was confirmed by surgery,

with various twisting states from 90 to 540 degrees. Taken

together, the residual blood flow in all cases may be caused

by intermittent or permanent spermatic cord torsion. In this

case, the “whirlpool sign” was the crucial feature (Figure 7),

which was consistent with early studies (6, 18, 28, 38). The

“whirlpool sign” is defined 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 (26). The “whirlpool sign”

of the spermatic cord is considered to be a more direct

and specific sign of testicular torsion, and is valuable in the

diagnosis of complete, intermittent, and incomplete torsion

of the testis, regardless of Color Doppler US findings (6, 28,

38).

A meta-analysis (39) showed that the “whirlpool sign” was

positive in 120 out of 184 (65.2%) patients with testicular

torsion, with a pooled sensitivity of 0.73 and a pooled

specificity of 0.99. This review proved that the “whirlpool

sign” was present in most cases of torsion, but not in all

patients. Studies in the perinatal age group did not record

the presence of the “whirlpool sign” in any of the subjects

with testicular torsion (40). It indicated that the value of the

“whirlpool sign” in the neonatal is limited, due to anatomical

differences, such as the smaller size of anatomical structures and

extravaginal location.
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FIGURE 6

(A,B) A 49 days old boy with a first episode of acute right scrotal swelling for 4 days. (C,D) A 14 years 3-month-old boy with a first episode of

acute right scrotal swelling for 7 h. (A,C) Normal testicle, Color Doppler showed blood flow of the testicle was normal. (B,D) Testicular torsion,

testicular Color Doppler showed blood flow of the testicle was slightly increased.

FIGURE 7

(A) A 6 years 4-month-old boy with a first episode of acute left scrotal pain for 2 days. (B) An 8 years 5-month-old boy with a first episode of

acute left scrotal pain for 15h. (A,B) The “whirlpool sign” in spermatic cord (arrows).
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With regard to the value of operator experience, the

sensitivity for visualizing the spermatic cord twist with high-

resolution ultrasonography was 81.8% in junior radiologists

compared with 97.3% in senior radiologists (39). The “whirlpool

sign” is a valuable characteristic in diagnosing testicular torsion.

It is reliant on the operator’s skill and experience. The “whirlpool

sign” should not be utilized in isolation, but must be interpreted

in combination with clinical findings as well as other ultrasonic

features that have been described.

In patients with preserved blood flow, the position of

the spermatic cord and other ultrasonic features should be

assessed comprehensively, especially evaluate the full length of

the spermatic cord.

Follow-up

During the follow-up, 2 patients (2/7 = 28.5%) were

lost. In addition, three patients (3/7 = 42.8%) underwent

testicular ultrasound within 1 month after operation, 1 patient

(1/7=14.3%) within 3 months, and 1 patient (1/7 = 14.3%)

within 6 months, and ultrasound images indicated there were

no complications in these testes at the operating side.

Study limitations

This study had some limitations. First, the study has a

small sample size. Second, all patients were tested by Color

Doppler; however, resistive index (RI) and venous flow were

not assessed. Third, we did not recruit normal volunteers as

controls, but instead, used the opposite side of the healthy testes

as the reference group. Fourth, the quality of a sonogram is

dependent on the child’s condition and the sonographer’s skill,

and these factors may have affected the results of this study.

In future, prospective, double blind, case-control studies with

larger sample sizes should be conducted to confirm our findings.

Conclusion

In our retrospective study, 7 cases of testes with preserved

flow, we can not diagnose testicular torsion based on Color

Doppler. The results showed that testicular torsion was

confirmed in all 7 patients after surgery. This gives us a great

indicator, when we examine pediatrics with testicular swelling

and pain, we should not give a diagnosis of testicular torsion

only based on blood flow signals. Testes with Color Doppler flow

signals might be obstacles to surgical exploration, with resultant

testicular loss in false-negative cases. We should further observe

the morphology and position of the testes and epididymis,

the echo of the testicular parenchyma, and, especially evaluate

the spermatic cord throughout its course, whether there is a

“whirlpool sign” or not, so as to avoid missing testicular torsion

with preserved flow.
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