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Objectives—To evaluate the utility of real-time strain elastography in experimentally
induced testicular torsion at different degrees and torsion hours.

Methods—Thirty-one Wistar albino rats were divided into 4 torsion groups by twisting
left testes (group I, sham operated; group 11, 360°; group 111, 720°% and group IV, 1080°).
Elastography was applied at the 8th and 24th hours of torsion. Elasticity patterns
(pattern 1, soft testis; pattern 2, moderately soft testis; pattern 3, predominantly hard
testis; and pattern 4, almost entirely hard testis) and strain ratios were recorded.
Histopathologic evaluation was done at the 24th hour. Interobserver agreement was

analyzed.

Results—Changes in elastographic patterns and strain ratios among groups II, III, and IV
were statistically significant at both hours as determined by both radiologists (P < .01).
Elastographic patterns changed from 2 to 3 in groups I and III to 4 in group III between
the 8th and 24th hours (P < .05), but in group IV, patterns were reversed, and pattern
1 was observed at both hours. Pathologically severe necrosis (grade 4) was seen in left
testes in group IV. In the other groups, pathologic grading in the left testes was as follows:
mostly grade 1 in groups I and IT and mostly grade 2 in group III. Elastography showed
that right testes were affected in group IV, with significant differences in elastographic
patterns and strain ratios (P <.01). Interobserver agreement for elastographic patterns
inright testes was substantial at the 8th hour (k = 0.72) and otherwise excellent (kK =0.81-
0.85). Concordance of strain ratios between observers was excellent for right and left testes
at the 8th and 24th hours (intraclass correlation coefficients, 0.990 at the 8th hour and
0.987 at the 24th hour).

Conclusions—Our results show that real-time strain elastography can be a comple-
mentary method in the evaluation of testicular tissue in testicular torsion and can guide
surgeons in their surgical approach.

Key Words—experimental animal models; genitourinary ultrasound; laboratory; rats;
strain elastography; testicular torsion; testis

occurs by twisting of the spermatic cord around itself and

results in either decreased or absent perfusion of the testicle.
Itis commonly seen in adolescent boys, and its incidence is reported
to be 1 per 4000 men by 25 years.! It is an ischemic injury to the
testes, and subfertility, infertility, and hormonal irregularity are the
impacts of this trauma.* Rapid diagnosis is critical for salvage of the
testicle. The salvage rate is almost 100% if testicular blood flow is
reestablished within 6 hours.2> However, it decreases to 70% between
6and 12 hours and to less than 10% after 24 hours.>* The degree of

T esticular torsion is an important cause of acute scrotum, which
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the spermatic cord twisting and duration of torsion are
both important because both cause testicular necrosis
when increased. For these reasons, prompt diagnosis is
very important for salvage of the testicle.

Elastography is an ultrasound-based imaging tech-
nique that provides images related to the mechanical prop-
erties of tissues (stiffness and elasticity). Real-time strain
elastography measures the response of a tissue to a force
applied by the examiner, whereas shear wave elastography
uses an acoustic push pulse, which measures the intrinsic
tissue elasticity. In this study, we applied real-time strain
elastography to experimentally induced testicular torsion
models of different degrees (360°, 720°, and 1080°) at the
8th and 24th hours of torsion in the same rats and evalu-
ated the efficacy and utility of real-time strain elastography
in testicular torsion as a decision making technique for the
salvageability of the testis. We wanted to establish elasto-
graphic differences that may exist between different tor-
sion degrees at the 8th and 24th hours of torsion. Apart
from the torsion degree, the possibility of reestablishment
of blood flow is reported to be high during the first 6 hours
of testicular torsion. However, it has been reported that
most cases attending hospitals are after this period; there-
fore, deciding about salvageability of the testis becomes
difficult.> These reasons affected our choice of time points,
both of which were greater than 6 hours after the torsion
procedure. We wanted to establish the role of real-time
strain elastography for diagnosis and salvageability of the
testis with delayed hospital attendance. To the best of our
knowledge, real-time strain elastography at different degrees
of testicular torsion and different durations in an experi-
mental rat model has not been investigated previously.

Materials and Methods

Ethical Issues

This study was performed in accordance with the recom-
mendations in the guidelines established by the Guide for
the Care and Use of Laboratory Animals from the US
National Institutes of Health (Bethesda, MD) and was
approved by the local Institutional Ethics Committee on
Animal Research. Experiments were conducted in the
Animal Research Laboratory; elastography was done in the
Department of Radiology; and histopathologic examina-
tions were done in the Department of Pathology.

Animals

Thirty-one male albino Wistar rats, 10 to 12 weeks old and
weighing 250 to 300 g, were used in this experimental
study. The rats were housed in wire mesh cages in a cross-
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ventilated room (temperature of 22°C + 2.0°C, with a 12-
hour light/dark cycle) and had free access to standard rat
chow and tap water.

Animal Model and Study Design

Experimental Design

Rats were divided randomly into 4 groups: a sham-
operated group labeled as group I (n = 7) and 3 experi-
mental groups labeled groups II, III, and IV (n = 8 per
group). Surgical procedures and radiologic examinations
were performed under ketamine/xylazine anesthesia and
sterile conditions. Intramuscular injections of 50-mg/kg
ketamine (Ketalar; Pfizer Pharma GmbH, Berlin, Ger-
many) and 10-mg/kg xylazine HCI (Alfazyne; Alfasan
International, Woerden, the Netherlands) were applied.
Half of the given doses were repeated if needed. The con-
trol group was assigned as group I, which included the rats
who had sham operations. Groups II, III, and IV under-
went 360°, 720° and 1080° of torsion of the left testes,
respectively.

After ketamine/xylazine anesthesia, a 3-cm vertical
incision was made on the left scrotum to gain access to the
left testes. In group I, left testes with their vascular bundle
were taken out of the scrotum for 1 minute and then replaced.
Testicular torsion was induced by twisting left testes in
clockwise direction. All left testes in the torsion groups
were fixed from their upper and lower poles to the scrotal
wall with 4/0 silk sutures to prevent detorsion. Scrotal inci-
sions were closed with 4/0 silk sutures. After elastographic
examinations at the 8th and 24th hours of torsion, rats under-
went bilateral inguinal radical orchiectomy procedures.
Orchiectomy materials were preserved in 10% formalde-
hyde solution and taken to the pathology laboratory.

Equipment and Scanning

The rats were brought to the Department of Radiology in
cages, and anesthesia was applied just before the examinations.
They were placed on a wooden tablet with 4 legs securely
fixed to the tablet by plaster. Examinations were performed
by 2 radiologists: radiologist 1 had 15 years of experience
in conventional sonography and 2 years of experience in
real-time strain elastography; radiologist 2 had 6 years of
experience in conventional sonography and 2 years of expe-
rience in real-time strain elastography. First, color Doppler
sonography was performed, and blood flow of bilateral
testes was evaluated by radiologist 1. Then the scanner was
switched to the elastographic mode. The radiologists did
the measurements separately one after other for each rat.
Static images were recorded at both hours and stored in
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the local ultrasound device for review after completion of
the whole study. The radiologists evaluated the real-time
strain elastograms that they had stored previously and were
blinded to each other’s measurements.

The examinations were performed witha LOGIQ E9
ultrasound scanner (GE Healthcare, Milwaukee, WI)
equipped with an elastography-compatible 11-15-MHz
linear transducer. The transducer was placed on the scro-
tum of the rats, with the scanning area including both the
right and left testes. Local strain was achieved by slight com-
pressions and decompressions by a freehand technique.%”
Maintenance of the applied force was controlled by a qual-
ity feedback bar, which indicated the quality of compres-
sion on a scale between 1 and 7. At least S bars of the
indicator should have been active for optimal compression.
The stiffness of the tissues was displayed in a color-coded
map, where soft tissues appeared in red, hard tissues in blue,
and intermediate degrees of elasticity in green.® The elas-
tograms were obtained by overlaying color images on B-
mode images. Ellipsoid regions of interest were placed over
the testes, including the whole testis area.

Radiologic Evaluation

We classified the real-time strain elastograms into 4 pat-
terns according to the tissue hardness by using a method
developed by different authors, which has been explained
in various studies (Figure 1).8-12 Figures 2—4 give examples
of cases with different elastographic patterns.

The elastographic pattern, as a qualitative variable, was
noted for all right and left testes at the 8th and 24th hours
of torsion. Elastographic patterns of the left and right testes
of all groups were compared with each other (groups II,
111, and IV compared with group I, groups Il and IV com-
pared with group II, and groups Il and IV compared with
each other) at the 8th and 24th hours of torsion separately.
Automatically calculated strain ratios were also noted sep-
arately for both hours of torsion. The right testes were con-
sidered the reference areas and the twisted left testes the
target areas. The strain ratio, which was automatically
derived by the scanner, was achieved by placing the first
region of interest on the right testes and the second region
of interest on the left testes. All strain ratios in the groups
were compared with each other (groups I, 111, and IV
compared with group I, groups III and IV compared with
group 11, and groups IIl and IV compared with each other)
separately at the 8th and 24th hours of torsion.

Pathologic Evaluation

Pathologic evaluation of left and right testes that were sur-
gically removed at the 24th hour of torsion was done in the

J Ultrasound Med 2016; 35:2149-2158
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pathology laboratory. Testicular tissues were excised and
observed macroscopically. Excised testis tissue samples
were fixed and embedded into paraffin. Five-micrometer
tissue sections were cut from each slice, glass mounted, and
stained with hematoxylin-eosin. All slices were evaluated
under a light microscope by a single pathologist with 14 years
of experience in a blinded fashion. Testicular tissue injury
was scored according to a 4-point grading system proposed
by Cosentino et al.!3 Grade 1 showed normal testicular
architecture with an orderly arrangement of germinal cells.
Grade 2 injury showed less orderly noncohesive germinal
cells and closely packed seminiferous tubules. Grade 3
injury showed disordered sloughed germinal cells with
shrunken pyknotic nuclei and less distinct seminiferous
tubule borders. Grade 4 injury showed seminiferous tubules
that were closely packed with coagulative necrosis of the
germinal cells.'*

Statistical Analysis

Statistical analysis was performed with commercially
available statistical software (SPSS version 21.0; IBM
Corporation, Armonk, NY). Differences between variables

Figure 1. Elasticity patterns on elastography. Pattern 1: the testis is soft
with mostly red and green areas. Pattern 2: the testis is moderately soft
with a mixture of green and yellow areas. Some areas of hardness may
be present (blue), representing less than 10% of testicular parenchyma.
Pattern 3: the testis is predominantly hard with blue and green areas.
Blue areas account for greater than 50% of the image. Pattern 4: the
testis is almost entirely hard, ranging from light blue to dark blue on the
elastogram. Blue areas account for aimost 90% of the image.

~ “‘/ &
Pattern 1

Pattern 2

Pattern 4

Pattern 3
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were assessed by Kruskal-Wallis, Mann-Whitney U, and
Wilcoxon signed rank tests. P < .05 was defined as significant.
The elastographic patterns were compared between the radi-
ologists by the weighted Cohen’s K coefficient. The intraclass
correlation coefficient with its 95% confidence interval was
used to assess the concordance between the radiologists in
terms of strain ratio measurements. Interobserver agree-
ment was categorized as follows: 0 to 0.20, poor; 0.21 to
0.40, fair; 0.41 to 0.60, moderate; 0.61 to 0.80, substantial;
and 0.81 to 1.00, almost perfect.'S

Results

Color Doppler sonography done by radiologist 1 showed
no blood flow at both hours and confirmed torsion in the
left testes in all torsion groups. Left testes of the sham group
and right testes of all groups showed normal blood flow.
After Doppler sonography, real-time strain elastography
was applied by the radiologists one by one for each rat.
Statistical analysis of data regarding elastographic patterns
and strain ratios for each radiologist revealed similar results.

Figure 2. Grayscale image (left) and elastogram (right). Pattern 1in the right testis (circle) and pattern 2 inthe left testis (arrows) of a rat were observed
at the 8th hour of 360° torsion.

Figure 3. Grayscale image (left) and elastogram (right). Pattern 1in the right testis (circle) and pattern 4 in the left testis (arrows) of a rat were observed

at the 24th hour of 720° torsion.

Figure 4. Grayscale image (left) and elastogram (right) showing reversal in patterns at 1080° torsion. Pattern 1in the left testis (arrows) and pattern
4intheright testis (circle) of a rat were observed at the 24th hour of 1080° torsion.
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According to these results, almost all of the right testes of
the rats in groups I, II, and IIT had pattern 1, but in group
IV, right testes had pattern 4 at both the 8th and 24th hours
of torsion. There was no statistically significant difference
in elastographic patterns of the right testes between groups
I, I, and I1I, but the difference in elastographic patterns of
the right testes was significant between group IV and the
other groups (P < .01). The elastographic pattern of the
left testes (experimentally twisted) was consistent with
pattern 2 in group II and pattern 3 in group III at the 8th
hour of torsion. When evaluated at the 24th hour of torsion,
the pattern of the left testes in group II changed into pattern
3,and in group III, it changed into pattern 4, establishing an
increase in the hardness of testicular tissue. However, in
groups L and IV, elastographic patterns of the left testes did
not differ at the 8th and 24th hours of the experiment
and were noted as pattern 1, which showed softer tissue
properties. The changes in elastographic patterns of the
left testes between groups I and II, I and III, and IT and
III were statistically significant at both hours of torsion
(P <.01). Changes in the elastographic patterns of the left
testes between group IV and groups II and III were also
statistically significant at both hours of torsion (P < 0.01).
The left testes in groups IT and III were harder than in group
Ibutsofterin group IV at both hours of torsion. The changes
in elastographic patterns in groups I and III between the
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8th and 24th hours of torsion were also statistically sig-
nificant (P < .05). Table 1 describes the comparison of pat-
terns for right and left testes between groups and within
groups at the 8th and 24th hours of torsion.

The differences between strain ratios of groups I, II,
and I, and group IV were statistically significant at the 8th
and 24th hours of torsion. Also, the differences between
strain ratios of groups I and II, groups I and III, and groups
IT and III were statistically significant at both hours of
torsion (Table 2). Strain ratios increased as the torsion
increased from 360° to 720°, but at 108°, left testes became
softer, and a sudden decrease in strain ratios was observed
(Table 2). Although the elastographic patterns of left testes
in groups I and IV were similar, strain ratios in group IV
were explicitly smaller than in the sham group. Table 2
describes the comparison of strain ratios between groups
at the 8th and 24th hours of torsion.

The concordance between the radiologists for elasto-
graphic patterns at the 8th hour of testicular torsion was
substantial for right testes (k = 0.72) and was excellent for
left testes (k = 0.85). At the 24th hour, concordance was
excellent for both right (k = 0.81) and left (k = 0.82) testes.
The concordance between the radiologists for strain ratios
was excellent for both testes at both hours of torsion (intra-
class correlation coefficients, 0.990 at the 8th hour and
0.987 at the 24th hour).

Table 1. Comparison of Elastographic Patterns for Right and Left Testes Between Groups at the 8th and 24th Hours of Torsion

Right Testes Pattern

Left Testes Pattern

Group 8thh 24th h 8thh 24thh
|
Observer 1 100+ 0.00 1.00+0.00 1.00+0.00 1.00+0.00
Observer 2 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
Average (observers 1and 2) 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
I
Observer1 125+0.25 112+012 212+ 0.222 3.00+0.002P
Observer 2 112+0.12 125+0.25 2.00+0.26° 2.87+0.1220
Average (observers 1and 2) 118+ 0.13 118+0.12 206+0.172 2.93+0.06,2P
1l
Observer1 1.00+£0.00 112+0.12 312+ 0128 4,00+ 0.0020¢
Observer 2 112+0.12 125+0.16 3.256+0.16%¢ 3.87+ 0.123b¢
Average (observers 1and 2) 1.06+0.06 118+0.10 318 +0.108a¢ 3.93+0.0620¢
Y
Observer 1 400+ 0.00¢ 3.57+0.12¢ 112+ 0.12¢ 112+ 0.12¢
Observer 2 375+ 0.16¢ 400+ 0.009 112 +0.12¢ 1.37+ 0.18¢
Average (observers 1and 2) 3.87+0.084 3.93+0.06¢ 112+ 0.08¢° 1.25+0.11¢

Data are presented as mean + SEM.

3P < .01 compared with group 1.

5P < 05 compared with 8th hour of torsion.
¢P < .01 compared with group Il.

dP< 01 compared with groups I, II, and I11.
€P < .01 compared with groups Il and IIl.

J Ultrasound Med 2016; 35:2149-2158
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According to histopathologic examination of right
testes, there was no statistically significant difference
between group I and the torsion groups and among the tor-
sion groups (groups II-IV). Most of them were evaluated
as grade 1. Percentages of histopathologic grading for right
testes in the groups were as follows: 100% grade 1 in group
11, 87.5% grade 1 and 12.5% grade 2 in group II, 62.5% grade
1 and 37.5% grade 2 in group I1I, and 75% grade 1 and 25%
grade 2 in group IV. However, according to histopathologic
evaluation of the left testes, there were statistically signifi-
cant differences in the pathologic grades between groups I
andIII (P=.002),Iand IV (P=.001),1and IV (P=.001)
and III and IV (P = .001). Pathologically severe necrosis
(grade 4) was observed in most of the left testes in group IV,
where the testes were softer than the testes of the other groups
with manual palpation. Percentages of histopathologic
grading for left testes in the groups were as follows: 835.7%
grade 1 and 14.3% grade 2 in group I, 50.0% grade 1,37.5%
grade 2, and 12.5% grade 3 in group II, 75.0% grade 2 and
25.0% grade 3 in group III, and 37.5% grade 3 and 62.5%
grade 4 in group IV. Figure S shows the pathologic scores
of both testes according to the grading system of
Cosentino et al.'® Figure 6 shows histopathologic samples
of grades from the left testes of the cases.

Table 2. Comparison of Strain Ratios Between Groups at the 8th
and 24th Hours of Torsion

Strain Ratio (Left/Right Testis)

Group 8thh 24th h
I
Observer 1 107+ 0.31 093+0.15
Observer 2 107+ 0.29 0.88+0.14
Average (observers 1and 2) 107+ 0.29 090+014
I
Observer 1 161+ 0.34 2.28+0.61°
Observer 2 153+ 0.232 2.31+0.68°
Average (observers 1and 2) 1.57+0.282 2.30+0.62°
1l
Observer 1 3.48+£0.23°¢ 319+ 0.70bd
Observer 2 335+0.360¢ 312405104
Average (observers 1and 2) 3.41+030°¢ 315+ 0.59°4
\%
Observer 1 0.23+012°¢  0.42+0.090
Observer 2 0.21+0.07°¢  0.41+0.12°¢
Average (observers 1and 2) 0.22+096b¢  0.42+0.10b

Data are presented as mean + SEM.
3P < .05 compared with group .

bP< .01 compared with group .

¢P < .01 compared with group II.

dP< .05 compared with group Il.

€P < .01 compared with groups Il and Il
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Discussion

The results of this experimental study showed that necro-
sis in testicular torsion causes softer elastographic patterns
with very small strain ratios, and when necrosis occurs in
the torsion site, the contralateral testis is also affected,
representing harder tissue properties on elastograms with
quite high strain ratios. According to our results, the left
testes gradually became harder when the torsion increased
from 360° to 720° and the duration of torsion increased from
8 to 24 hours, but they became softer when the torsion
increased to 1080°. Strain ratios were approximately 1.0 in
the sham group and 3.0 to 3.5 in the 720° torsion group, but
elastographic patterns and strain ratios reversed in group IV.
Left testes in group IV were coded green and red, and right
testes were mostly blue. The strain ratio in group IV was
less than 1.0, indicating low stiffness in tissue behavior.
This change in group IV can be explained by pathologi-
cally proven severe necrosis, which was only seen in most
of the left testes of this group. We think that edema, which is
the first change in testicular torsion by obstruction of venous
outflow, causes hardness in the tissue, which presents as
mostly green and blue on real-time strain elastography.
However, with a longer duration, especially in delayed
cases or with increasing torsion degrees, arterial inflow is
obstructed after venous obstruction and causes necrosis,
which results in softer tissue characteristics, represented as
a mixture of red and green areas on real-time strain elas-
tography. Strain ratios also reflected this fact in this study.
Higher strain ratios in groups II and III indicated higher

Figure 5. Pathologic scores of both testes in all groups according to the
grading system of Cosentino et al. 3 Data are presented as mean + SEM,
tP< 01 compared with group |; ¥P< .01 compared with groups |, Il, and
IMl.

3.62:0.18%

2.2520.161

1.62:0.26

1.25:0.16

Group |

Group Il Group Il Group IV

i Right testicle 1l Left testicle
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stiffness in the tissue, and lower strain ratios in group IV
indicated lower stiffness. Therefore, according to these
findings, we can give opinions about the duration or
probable torsion degree by observing elastographic pat-
terns and strain ratios and can guide surgeons in their
choice of the surgical approach by giving opinions about
the salvageability of the testis. In group IV, right testes were
almost entirely blue, with prominent hardness on real-time
strain elastography, compared with right testes of other
torsion groups. Hence, we concluded that the contralat-
eral testes were affected more when the degree of torsion
increased, and this change in the elastograms represented

Herek et al—Strain Elastography in the Evaluation of Testicular Torsion

edema. These results showed us that the torsion degree
plays an important role in the elasticity of tissue and is
related to pathologic results.

Testicular torsion is an ischemic injury to testicular
cells that occurs frequently during the peripubertal period.!6
Testicular dysfunction and infertility are important com-
plications, which gradually increase as the degree and dura-
tion of torsion increase; therefore, prompt diagnosis and
surgical exploration are required.'”'® Hemorrhagic infarc-
tion between 4 and 8 hours and complete necrosis after
24 hours in the twisted testis have been reported.' Also,
various experimental studies also referred to damage to the

Figure 6. Hematoxylin-eosin staining (original magnifications x100 and x200). Grade 1 shows a normal testicular structure with regularly arranged
germinal cells. Grade 2 shows mild interstitial edema and hemorrhage with noncohesive germinal cells. Grade 3 shows seminiferous tubules with
nondistinct borders and apparent hemorrhage. Grade 4 shows coagulative necrosis of the germinal cells.

Grade 3

JUltrasound Med 2016; 35:2149-2158
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contralateral testis.!”!#20 Immunologic mechanisms, reflex
vasoconstriction, and decreased blood flow to the con-
tralateral testis have been shown to be the theories for this
kind of damage.® In this study, we found that elastographic
patterns and strain ratios reversed in group IV (1080° tor-
sion) in both testes at both hours of torsion. When patho-
logically compared with the other torsion groups, the
only difference in group IV was the obvious necrosis in
left testes. Hence, necrosis in the testicular tissue is the only
explanation for this reversal in pattern and strain ratios.
In a previous study, cervical lymph nodes were evaluated
by real-time strain elastography, and intranodal necrosis
was reported to force the investigators to modify their scor-
ing system, in which the necrotic part was shown by less
stiffness and high strain areas.!> We also think that necro-
sis inside the testicular tissue caused softer elastographic
behavior, which was represented by green and red areas
and very low strain ratios. Necrosis occurs when the torsion
degree increases, and contralateral testes are affected more
at torsion of greater than 720°. These findings, unlike
Doppler sonography, which showed absent blood flow in
all torsion groups, suggest that the testes are not salvage-
able at torsion of greater than 720° and may be rescued by
surgical detorsion at torsion of less than 720°. The only
downside of this finding is that the same elastographic pat-
tern was also observed in the nonoperated group (group I),
which might be confusing. However, the strain ratio, which
was calculated at less than 1.0 in group IV and very much
smaller than that of group I, was more effective here in
distinguishing between necrotic tissue and a normal tes-
ticular texture.

The first and common radiologic method used in
testicular torsion evaluation is sonography combined with
color Doppler imaging.>!~** In testicular torsion, no blood
flow is seen on Doppler sonography. However, this classic
finding depends on the duration and degree of torsion.?!*3
In the early phases, testicular venous dilatation may cause
increased blood flow in the parenchyma, which canlead to
a wrong diagnosis.?3 Also, prepubertal normal testicular
vasculature is inherently hard to visualize even with power
Doppler sonography, creating a risk of a false-positive
diagnosis. On the contrary, intermittent testicular torsion
may lead to a false-negative result.?"*>?5 These diagnos-
tic difficulties sometimes cause misdiagnosis and unnec-
essary surgical procedures. In our study, color Doppler
sonography also showed no blood flow in all torsion
groups, which did not help us decide whether the testes
were salvageable.

There are reports showing that scintigraphy and
Doppler sonography have similar diagnostic sensitivity in
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testicular torsion.?>?¢ However, scintigraphy involves a risk
of ionizing radiation, is expensive, and may not be per-
formed at a proper time, causing delays in diagnosis.?>*’
Magnetic resonance imaging (MRI) is another method
that can be done with or without contrast enhancement.?®
In an experimental study, it was stated that torsion caused
ipsilateral hypoperfusion, resulting in decreased gadolin-
ium uptake on MRL? It was reported that contrast-enhanced
subtraction MRI could provide information about testicu-
lar perfusion in testicular torsion, which shows no or little
contrast enhancement regarding hemorrhagic necrosis.*
However, MRI is expensive, not widely available, takes
longer to apply, and is difficult to do in childhood because
of the need for anesthesia to keep the child immobile
during the examination. Thus, testicular torsion, which is
seen mostly in childhood, may not be effectively evaluated
by MRI in the proper time.

Real-time strain elastography is a relatively new tech-
nique that measures tissue stiffness. A stressing force as com-
pression is applied, and strain, which is displacement of the
tissue as a response to a stress, is produced.® Real-time strain
elastography gives information about tissue hardness
marked by different colors as red, green, yellow, and blue.
Mostly, blue represents hard and sclerotic parts, and red
represents softness in the tissues.>! In this study, we also
set the color mapping as blue for the hardest and red for
the softest tissue parts. According to these settings, pat-
terns showed higher tissue stiffness, and strain ratios grad-
uallyincreased at 360° and 720° of torsion, but reversal was
seen at 1080° at both times. After pathologic evaluation,
necrosis was observed in these testes, which showed us that
damage at 1080° is irreversible. This study also revealed
that the contralateral testes are also affected during torsion.
According to our study, although no pattern change on
elastography was observed in the contralateral testes in
groups Il and III, they were coded mostly blue on elastog-
raphy in group IV, indicating harder tissue behavior at
both hours. Therefore, we think that this kind of damage
(torsion >720°) is irreversible, in which softer patterns
resulting from evident necrosis are seen in testes with
torsion and harder patterns are observed in the contralat-
eral testes. Elastographic patterns are also useful for decid-
ing whether a testis can be surgically saved in suspected
cases when Doppler sonography is confusing. Doppler
sonography is challenging in cases of partial torsion which
corresponds to variable torsion degrees ranging between
180° and 720°.>* In these cases, elastography may be more
useful than Doppler sonography for deciding about the via-
bility and salvageability of the testis via elastographic pat-

terns and strain ratios.
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This study had some limitations. First, preliminary
results of our experimental study show that elastography
can be an adjunct method in the evaluation of testicular
torsion, but we cannot know the real reflection of the
results on humans. Therefore, the results of this study
should also be observed in clinical cases. Second, patho-
logic evaluation was only achieved at 24th hour because
we aimed to compare results of testicular torsion in the
same rats at both hours. Third, we did not evaluate the
testicular tissue at a time point earlier than 6 hours.
However, most of testicular torsion cases reach the hospi-
talin alate period (>6 hours after the onset of symptoms),
causing confusion in the diagnosis and determination of
salvageability. These factors affected our choice 8 and 24
hours as time points.

In conclusion, our experimental study shows that
real-time strain elastography can be an adjunct to Doppler
sonography in the evaluation of tissue in testicular torsion.
According to an elastographic evaluation, it is possible to
say that testes twisted greater than 720° with long-lasting
(>6-hour) torsion periods possibly have necrosis, show-
ing lower stiffness on elastography. These testes are non-
viable and not salvageable; therefore, they should be
removed surgically. When reversed elastographic patterns
are observed, which is pattern 1 in a twisted testis and pattern
4 in the contralateral testis, damage is irreversible on the
twisted side, and the contralateral testis is also affected
by the ischemic situation. When Doppler sonography is
inconclusive in partial testicular torsion, elastographic pat-
terns and strain ratios become important in showing tes-
ticular viability, and elastography may replace Doppler
sonography as a main radiologic tool. These results show
that real-time strain elastography can guide surgeons in
their choice of the surgical procedure for testicular torsion.
However, our work was an experimental study; therefore,
these results need to be proven by clinical cases in the
long run.

References

1. GokgeA Oktar S, KocA, etal Protective effect of thymoquinone in exper-
imental testicular torsion. Urol Int 2010; 85:461-468.

2. Rampaul MS, Hosking SW. Testicular torsion: most delay occurs out-
side hospital. Ann R Coll Surg Engl 1998; 80:169-172.

3. Cassar S, Bhatt S, Paltiel HJ, Dogra VS. Role of spectral Doppler sonog-
raphy in the evaluation of partial testicular torsion. ] Ulfrasound Med 2008;
27:1629-1638.

4. Davenport M. ABC of general surgery in children: acute problems of the
scrotum. BMJ 1996; 312:435-437.

J Ultrasound Med 2016; 35:2149-2158

10.

1L

12.

14.

16.

17.

18.

19.

20.

21

22.

Herek et al—Strain Elastography in the Evaluation of Testicular Torsion

Aso C, Enriquez G, Fité M, et al. Gray-scale and color Doppler sonogra-
phy of scrotal disorders in children: an update. Radiographics 2005;
25:1197-1214.

Ophir J, Alam SK, Garra B, et al. Elastography: ultrasonic estimation and
imaging of the elastic properties of tissues. Proc Inst Mech Eng H 1999;
213:203-233.

Doyley MM, Bamber JC, Fuechsel F, Bush NL. A freehand elastographic
imaging approach for clinical breast imaging: system development and
performance evaluation. Ultrasound Med Biol 2001; 27:1347—1357.
Dowell B. Real-time tissue elastography. Ultrasound 2008; 16:123-127.
Tan S, Ozcan MF, Tezcan F, et al. Real-time elastography for distin-
guishing angiomyolipoma from renal cell carcinoma: preliminary obser-
vations [published erratum appears in AJR Am ] Roentgenol 2013;
201:698] AJRAm] Romt’genol 2013;200:369-375.

Dumitriu D, Dudea S, Botar-Jid C, Baciut M, Baciut G. Real-time sonoe-
lastography of major salivary gland tumors. AJR An | Roentgenol 2011;
197:-W924-W930.

Itoh A, Ueno E, Tohno E, et al. Breast disease: clinical application of US
elastography for diagnosis. Radiology 2006; 239:341-350.

Choi Y], Lee JH, Baek JH. Ultrasound elastography for evaluation of cer-
vical lymph nodes. Ultrasonography 2015; 34:157-164.

Cosentino MJ, Nishida M, Robinowitz R, Cockett AT. Histopathology
of prepubertal rat testes subjected to various durations of spermatic cord
torsion. ] Androl 1986; 7:23-31.

UKEssays. The testicular torsion. UKEssays website. http://www.
ukessays.co.uk/essays/health/the-testicular-torsion.php. Accessed
Qctober2,2015.

Landis JR, Koch GG. The measurement of observer agreement for cate-
gorical data. Biometrics 1977; 33:159-174.

Yurteu M, Abasiyanik A, Avunduk MC, Muhtaroglu S. Effects of mela-
tonin on spermatogenesis and testicular ischemia-reperfusion injury after
unilateral testicular torsion-detorsion. ] Pediatr Surg2008; 43:1873-1878.
Wei SM, Yan ZZ, Zhou J. Beneficial effect of taurine on testicular
ischemia-reperfusion injury in rats. Urology 2007; 70:1237-1242.
Parlaktas BS, Atilgan D, Ozyurt H, et al. The biochemical effects of
ischemia- reperfusion injury in the ipsilateral and contralateral testes of
rats and the protective role of melatonin. Asian | Androl 2014; 16:314—
318.

Mikuz G. Testicular torsion: simple grading for histological evaluation of
tissue damage. Appl Pathol 1985; 3:134-139.

Lievano G, Nguyen L, Radhakrishnan J, Fornell L, John E. New animal
model to evaluate testicular blood flow during testicular torsion. ] Pediatr
Surg 1999; 34:1004-1006.

Yusuf GT, Sidhu PS. A review of ultrasound imaging in scrotal emergen-
cies. ] Ultrasound 2013; 16:171-178.

Nussbaum Blask AR, Bulas D, Shalaby-Rana E, Rushton G, Shao C, Majd
M. Color Doppler sonography and scintigraphy of the testis: a prospec-
tive, comparative analysis in children with acute scrotal pain. Pediatr Emerg
Care2002; 18:67-71.

2157



Herek et al—Strain Elastography in the Evaluation of Testicular Torsion

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

2158

Dudea SM, Ciurea A, Chiorean A, Botar-Jid C. Doppler applications in
testicular and scrotal disease. Med Ultrason 2010; 12:43-51.

Artul S, Fahoum B, Khoury R, Abu Rahmah Y. Pack of ice: grey scale sign
of testicular torsion. BMJ Case Rep 2014; 15:2014.

Ringdahl E, Teague L. Testicular torsion. Am Fam Physician 2006;
74:1739-1743.

Paltiel HJ, Connolly L], Atala A, Paltiel AD, Zurakowski D, Treves ST.
Acute scrotal symptoms in boys with an indeterminate clinical presenta-
tion: comparison of color Doppler sonography and scintigraphy. Radiol-
ogy 1998;207:223-231.

Boettcher M, Krebs T, Bergholz R, Wenke K, Aronson D, Reinshagen K.
Clinical and sonographic features predict testicular torsion in children: a
prospective study. BJU Int2013; 112:1201-1206.

Cramer BM, Schlegel EA, Thueroft JW. MR imaging in the differential
diagnosis of scrotal and testicular disease. Radiographics 1991; 11:9-21.
Kaipia A, Ryymin P, Mikeli E, Aaltonen M, Kihira V, Kangasniemi M.
Magnetic resonance imaging of experimental testicular torsion. Int ] Androl
20085;28:355-359.

Watanabe Y, Dohke M, Ohkubo K, et al. Scrotal disorders: evaluation of
testicular enhancement patterns at dynamic contrast-enhanced subtrac-
tion MR imaging. Radiology 2000; 217:219-227.

LiYY, Wang XM, Zhang YX, Ou GC. Ultrasonic elastography in clinical
quantitative assessment of fatty liver. World | Gastroenterol 2010; 16:4733—
4737.

Dogra VS, Gottlieb RH, Oka M, Rubens DJ. Sonography of the scrotum.
Radiology 2003;227:18-36.

J Ultrasound Med 2016; 35:2149-2158





