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Evaluation of testicular torsion in rats by using the Superb Microvascular
Imaging Ultrasound technique comparison with Power Doppler Ultrasound
and Color Doppler Ultrasound techniques

Siganlardatestis torsiyonutanisinda kullanilan Power Doppler Ultrason ve Renkli Doppler
Ultrason tekniginin Stperb Mikrovaskdler Imaging Ultrason teknigi ile karsilagtiriimasi
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Abstract

Aim: Testicular torsion is a surgical emergency. This study aims to evaluate the superiorities of Power Doppler
Imaging, Color Doppler Imaging, and Superb Microvascular Imaging to each other in the diagnosis of testicular
torsion in rats.

Material and methods: This study included thirty pubertal, 26-30 days old Wistar-Albino male rats weighing
210-262 g. Rats were randomized to 5 groups, including group A-sham, group B-orchiectomy after one hour of
torsion, group C-orchiectomy after two hours of torsion, group D-orchiectomy after three hours of torsion, group
E-orchiectomy after four hours of torsion. All the rats were followed with Power Doppler Imaging, Color Doppler
Imaging, and Superb Microvascular Imaging before torsion, but also group B was done the three ultrasound
techniques after torsion's first hour, group C was done ultrasound after torsion's first and second hours, group
D was done ultrasound after the first, second and third hours of torsion, group E was done ultrasound after
the first, second, third and fourth hours of torsion. Ultrasound scanning was performed for all rats by the same
doctor using a 7-18 MHz linear probe (Aplio 500, Toshiba Medical System Company Tokyo, Japan). The images
were assessed with regard to the degree of vascularity and the presence of artifacts. Histologic examination was
performed at the designated conclusion of each hour.

Results: Superb Microvascular Imaging had higher staging scores in the torsioned testicles compared to Color
Doppler Imaging and Power Doppler Imaging, without a statistical significant difference. After 4-hour ischemia,
all three methods gave the same scores. When looking at histopathological staging, a statistical significant
difference was found between 1-hour ischemia and 2, 3, and 4-hours ischemia durations. No statistical significant
difference was found in histopathological staging performed after 2, 3, and 4-hour ischemia. All three devices
were found to be compatible with each other for each hour.

Conclusions: Comparing Superb Microvascular Imaging used to detect testicular torsion, with Power Doppler
Imaging and Color Doppler Imaging; all three techniques were found as effective and safe diagnostic methods.

Key words: Testicular torsion, superb microvascular imaging, power doppler imaging, color doppler imaging,
animal study.
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Oz

Amag: Testis torsiyonu cerrahi bir acildir. Bu ¢alismada siganlarda testis torsiyonu tanisinda Power Doppler
Ultrason, Renkli Doppler Ultrason ve Superb Mikrovaskiler Imaging Ultrason tekniklerinin birbirlerine
ustunliklerini degerlendirmeyi amacglamaktadir.

Gereg ve yontem: 210-262 gr agirhginda, 26-30 glinliik, 30 pubertal Wistar-Albino erkek sigani deneye dahil
edildi. Siganlar, grup A-sham, bir saatlik torsiyondan sonra grup B-orsiektomi, iki saatlik torsiyondan sonra grup
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D-orsiektomi, Ug¢ saatlik torsiyondan sonra grup C-orgiektomi, dort saat sonra grup C-orsiektomi grubu olmak
Uzere 5 gruba randomize olarak ayrildi. Tim siganlar torsiyondan énce Power Doppler Goriintiileme, Renkli
Doppler Gorlntiileme ve Super Mikrovaskiler Goriintileme ile takip edildi, ancak torsiyonun birinci saatinden
sonra B grubuna Ug ultrason teknigi, torsiyonun birinci ve ikinci saatlerinden sonra grup C'ye Ug ultrason teknigi
ile, grup D torsiyonun birinci, ikinci ve Uglncu saatlerinden sonra her G¢ ultrason teknigi ile, grup E'ye ise
torsiyonun birinci, ikinci, G¢inct ve dérdlncu saatlerinden sonra her ¢ ultrason teknidi ile ultrason yapildi.
Tum siganlara ayni doktor tarafindan 7-18 MHz lineer prob kullanilarak ultrason taramasi yapildi. Gérintiler,
damarlanma derecesi ve artefaktlarin varligi agisindan degerlendirildi. Her grubun torsiyon siresi sonunda
orsiektomi yapilmasi ile histopatolojik degerlendirme yapildi.

Bulgular: Superb Mikrovaskuler Imaging Ultrason, torsiyonlu testislerde Renkli Doppler Ultrason ve Power
Doppler Ultrasona gore kiyasla istatistiksel olarak anlamli bir fark olmaksizin daha yiiksek evreleme puanlarina
sahipti. 4 saatlik iskemiden sonra, her t¢ yonteme de ayni puanlari verdi. Histopatolojik evrelemeye bakildiginda
1 saatlik iskemi ile 2, 3 ve 4 saatlik iskemi slireleri arasinda anlamli fark bulundu. 2, 3 ve 4 saatlik iskemiden
sonra yapilan histopatolojik evrelemede anlamli bir fark bulunmadi. Her (i¢ cihazin da her saat igin birbiriyle
uyumlu oldugu goérualda.

Sonug: Testis torsiyonunu saptamak igin kullanilan Superb Mikrovaskiler Imaging Ultrason, Power Doppler
Ultrason ve Renkli Doppler Ultrason ile karsilastiriimasinda her Ug teknik de etkili ve glvenli tani yéntemleri
olarak bulundu.

Anahtar kelimeler: Testis torsiyonu, slperb mikrovaskuiler imaging ultrason, power doppler ultrason, renkli
doppler ultrason, sigan deneyi.

Genisol I, Karkiner OA, Geng S, Ergin M, Duman S, Oral A, Hosgér M. Siganlarda testis torsiyonu tanisinda
kullanilan Power Doppler Ultrason ve Renkli Doppler Ultrason tekniginin Stiperb Mikrovaskdiler Imaging Ultrason
teknigi ile karsilastiriimasi. Pam Tip Derg 2021;14:854-861.

Introduction reporting that Superb Microvascular Imaging
(SMI), which has been used in recent years,
gives more information about parenchymal
perfusion [8, 12]. The reason for preferring SMI
is because it shows the tissue perfusion better,
responds in a shorter time, is non-invasive, and
does not emit radiation, and it is used to detect
small vessels and low-velocity blood flow [8, 13].
This study aims to compare the superiorities of
PDI, Color Doppler Imaging (CDI), and SMI to
each other in the diagnosis of testicular torsion.
The study was carried out in the form of animal
experiments since the comparison of all three
techniques will increase the response time and
damage in the tissue in patients with testicular

Testiculartorsionis a surgical emergency that
requires rapid diagnosis and treatment, leading
to the acute scrotum in childhood and causes
permanent ischemic damage to the testicle [1].
This condition is caused by the blocked blood
flow of the testicles and its appendages due
to the rotation of the spermatic cord around
its axis [2]. The cause is testicular torsion in
15% of patients who apply with acute scrotum
[3, 4]. It peaks in two age groups, generally
in the neonatal period and 12-18 years [5]. If
correct diagnosis and proper treatment cannot
be achieved within the first 6 hours, irreversible

ischemic damage causes the testicle on that
side to be lost [6, 7]. Therefore, a rapid diagnosis
should be made, and manual detorsion and/or
surgical exploration should be performed for
treatment [6, 8]. Although imaging techniques
used in the diagnosis of diseases that cause
acute scrotum development, itis not always easy
to make a definite diagnosis. Power Doppler
Imaging (PDI) is the most frequently used,
rapidly responsive, non-invasive, gold standard
method for the imaging of torsioned testicles
[9-11]. However, the rate of misdiagnosis was
found to be 7-10% by pediatric urologists and
45% by family physicians.

The absence of blood flow in PDl is in favor
of testicular torsion. There are new publications
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torsion. Rats were preferred as experimental
animals since the size of the rat testicle is
appropriate, easy surgical intervention can be
performed, and imaging can be easily performed
with the ultrasound probe.

Materials and methods

Study Groups, anesthesia and surgical
intervention

Ethical approval was obtained in line with the
decision taken in the session dated 23 August
2016, and decision number is 01/16/2016
of Dokuz Eylil University Multidisciplinary
Laboratory Animal Experiments Local Ethics
Committee.
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Pubertal, 26-30 days old Wistar-Albino male
rats weighing 210-262 g, produced by Dokuz
Eylul University Multidisciplinary Laboratory,
were used. Subjects were kept at 22+1°C
at Dokuz Eylil University Multidisciplinary
Laboratory, in an environment that was
darkened for 12 hours, lightened for 12 hours,
and humidified at a ratio of 50-60%. Standard
pellet feed and city potable water were used
to feed the rats until the day of the experiment.
No support was received for expenses. The
histopathology of the tissues excised at the end
of the experiment was studied by Dr. Behcet Uz
Children’s Hospital Pathology Laboratory.

General anesthesia was applied to the
subjects by administering 5-10 mg/kg dose of
xylazine (Rompun, Bayer-istanbul) and 50-70
mg/kg dose of ketamine hydrochloride (Ketalar,
Pfizer-istanbul) intramuscularly. Scrotum skin
was cleaned with a 10% povidone-iodine
solution. Ultrasound was performed on all
scrotums in the supine position by the same
pediatric radiologist with a 7-18 MHz linear
probe. The blood flow was staged by PDI, CDI,
and SMI as follows: Stage 0, no blood flow;

Table 1. Ultrasonography grading

stage 1, blood flow in one or two focal areas;
stage 2, blood flow in one linear or more focal
areas; stage 3, multiple linear blood flow [12]
(Table 1).

After imaging procedures, two cm long
vertical skin and subcutaneous incisions
were applied to the subjects on the midline of
the scrotum. After the first ultrasonographic
imaging of the testes of the rats in all groups,
orchiectomy was applied to the testicles of
the rats in the Group A-sham group. The
experimental extravaginal testicular torsion
model was created by rotating the left testicles
of the other subjects 720 degrees clockwise
with the cord elements (Figure 1). The torsioned
testicle was fixed in the inner scrotum surface
from two locations with 6/0 polydioxanone
(PDS) sutures. The testicle was placed back
into the scrotum. At the end of one-hour torsion,
re-imaging was obtained from the remaining 24
subjects, the incision was opened, and bilateral
orchiectomy was applied to 6 of the subjects
(Group B) (Figure 2). During the next two hours
of torsion, second-hour images were taken
from 18 subjects, and bilateral orchiectomy was

Testicular Vascularity Grading

Stage 0 No blood flow

Stage 1 Blood flow in one or two focal areas
Stage 2 Blood flow in one linear or more focal area
Stage 3 Multiple linear blood flow

Figure 1. Extravaginal testicular torsion in the rat testis
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performed on six subjects (Group C) at the end of
the second hour. During the three-hour torsion,
third-hour images were taken from 12 subjects,
and bilateral orchiectomy was performed on six
subjects (Group D) at the end of the third hour.
The last six subjects (Group E) within four-hour
torsion; bilateral orchiectomy was applied to all
of them at the end of the fourth hour. At the end
of the surgical procedures, cervical dislocation
was performed on all subjects.

Histopathological examination

Testicular tissues were fixated in 10%
formaldehyde solution after orchiectomy for
histopathological examination and sent to
Dr. Behget Uz Children’s Hospital Pathology
Laboratory. Samples that were followed-up after
fixation were blocked with paraffin. Standard
sections with a thickness of four microns
were prepared for microscopic examination

Figure 2. PDI, CDI and SMI images in the same testis at one clock after torsion

by staining with Hematoxylin-Eosin (H&E).
All preparations were examined and staged
by the same pathology specialist under the
light microscope (NikonEclipse E400, Tokyo,
Japan) with x100 and x200 magnifications as
follows: Stage 1; normal testicular tissue with
regular sequenced germ cells. Stage 2; less
regular germ cells and irregularly narrowed
seminiferous tubules. Stage 3; shrunken
pyknotic nucleus and seminiferous tubules with
distorted borders. Stage 4; seminiferous tubules
filled with irregular germ cells with coagulated
necrosis [14] (Table 2).

Statistical analysis

SPSS Windows v.21.0 was used for the
analysis. Data were given as mean # standard
deviation (SD). Histopathological data were
evaluated by Kruskal-Wallis variance analysis.
Mann-Whitney U test was used for inter-group
comparisons. Bonferroni correction was made.
Flow staging scores between three USG devices
were compared by using the Friedman test.
Wilcoxon test was used in paired comparisons.

Table 2. Histopathological grading

Compeatibility analysis of the three devices was
performed with weighted kappa. P<0.05 was
considered statistically significant.

Results

The subjects were divided into 5 groups and
there was no loss of rats from any group. Before
the torsion, the echogenicity of the testes of
all rats was homogeneous. Average testicular
volumes were found to be 17561423 mm3. The
blood supply of all testicles in PDI was evaluated
as Stage 3. In CDI, the left testicle of two of the
rats was evaluated as Stage 2(one of Group D
and the other one is Group E), and the blood
supply of the remaining testicles was evaluated
as Stage 3. In SMI, blood supply of all testicles
was evaluated as Stage 3.

At the 1st hour of the torsion, the blood
supply of the testicle of 1 ratin Group C in PDl is
Stage 1, the blood supply of the torsion testicle
of a rat in Group B is Stage 2, and the blood
supply of the 22 testicles is Stage 0. In CDI, the
blood supply of the same testicle, which was in

Stage 1 Normal testicular tissue with regular sequenced germ cells

Stage 2 Less regular germ cells and irregularly narrowed seminiferous tubules
Stage 3 Shrunken pyknotic nucleus and seminiferous tubules with distorted borders
Stage 4 Seminiferous tubules filled with irregular germ cells with coagulated necrosis
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Group B and had testicular blood in Stage 2 in
PDI, came as Stage 2, in PDI, the blood supply
of the same testicle with testicular blood in
Stage 0 came in Stage 2, and the blood supply
of the remaining 20 testicles came as Stage 0.
Testicular blood in PDI and CDI blood in the
same testicle in Group B with Stage 2 SMI in
Stage 3. Stage 2 in CDI blood in the testicle in
Group C, SMI in Stage 3. PDI in Stage 1, the
blood in the testicle in Group D came as Stage
2. In PDI and CDI, 1 testicle in Group B came as
Stage 0, 3 testicles were Stage 1, and 1 testicle
was Stage 2. In PDI and CDI, the blood supply
of 1 testicle in SMI from the testicles in Group C,
which is at Stage 0, Stage 0, the blood supply of
3 testicles Stage 1, the blood supply of 1 testicle
Stage 2 came. PDI and CDI were evaluated as
Stage 0 in Group D, 2 testes in SMI were Stage
0, 2 testicles were Stage 1 and 1 testicle was
Stage 2. 4 testes of the testicles evaluated as
Stage 0 in PDI and CDI came as Stage 0 in SMI,
and 2 testes as Stage 1.

At the second hour of the torsion, the blood
supply of all testicles (n=18) in PDI and CDI
came as Stage 0. However, in SMI in Group C,
1 testicle was Stage 3, 2 testicles in Group D
was Stage 1, 2 testes in Group E were Stage 1,
and the blood supply of 13 testicles was Stage
0.

At the third hour of the torsion, the blood
supply of all testicles (n=12) in PDI and CDI
came as Stage 0. However, in SMI in Group D,
the blood supply of 2 testicles was Stage 1, and
the blood supply of 10 testicles was Stage 0.

At the 4th hour of the torsion, the blood
supply of all testicles in PDI, CDI and SMI was
Stage 0.

A total of 30 testes in Group A, B, C, D, E
were staged histopathologically. All testicles in
Group A were pathologically Stage 1. 2 testicles
in Group B were Stage 2, and 4 testicles were
Stage 3. All testicles in Group C and D were
Stage 3. 4 testicles in the group were Stage 3,
and 2 testes were Stage 4.

When staging ofthree devices was compared,
it was observed that the evaluations made with
SMI had higher scores in the torsioned testicles
compared to CDI and PDI, except for 4-hour
ischemia. However, this difference was not
considered to be statistically significant. When
the staging scores after 4- hour ischemia were
compared, all three methods yielded the same
scores. Staging scores made with CDI and PDI
devices were always found similar.

When looking at histopathological staging,
a statistical significant difference was found
between 1-hour ischemia and 2, 3, and
4-hours ischemia durations (p=0.02). No
statistical significant difference was found in
histopathological staging performed after 2, 3,
and 4-hour ischemia. When the compatibility
analysis of the three devices was evaluated, all
three devices were found to be compatible with
each other for each hour (Table 3, 4).

Discussion

Testicular torsion is a surgical emergency,

Table 3. Comparison of grading scores among PDI, CDI and SMI

PDI MeantSD CDI MeantSD SMI Mean*SD p* value

Baseline all testes (n=60) 3.0£0.0
1 hour ischemia torsioned testis (n=24) 0.1£0.4
2 hours ischemia torsioned testis (n=18)  0.0£0.0
3 hours ischemia torsioned testis (n=12)  0.0£0.0
4 hours ischemia torsioned testis (n=6) 0.0£0.0

2.9+0.1 3.0+0.0 0.135
0.2+0.6 0.3+0.6 0.368
0.0+£0.0 0.1£0.3 0.146
0.0+0.0 0.1+0.3 0.135
0.0+0.0 0.0+0.0 0.986

*Friedman test

PDI: Power Doppler Imaging, CDI: Color Doppler Imaging, SMI: Superb Microvascular Imaging, SD: Standard Deviation
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Table 4. Agreement of three devices

PDI vs CDI PDI vs SMI CDI vs SMI
Kappa value p-value Kappavalue p-value Kappavalue p-value
1 hour ischemia 0.916 <0.01 0.702 <0.01 0.673 <0.01
2 hours ischemia 0.944 <0.01 0.87 <0.01 0.815 <0.01
3 hours ischemia 0.944 <0.01 0.889 <0.01 0.944 <0.01
4 hours ischemia 0.944 <0.01 0.944 <0.01 1 <0.01

Correlation strengths interpreted as: <0 less than chance agreement,

0.01-0.20 slight agreement 0.21-0.40 fair agreement,
0.41-0.60 moderate agreement, 0.61-0.80 substantial agreement,
0.81-0.99 almost perfect agreement

PDI: Power Doppler Imaging, CDI: Color Doppler Imaging, SMI: Superb Microvascular Imaging

and treatment delay often results in the loss of
a testicle. In this study, the superiority of PDI,
CDI, and SMI techniques was compared in the
experimental unilateral testicular torsion model.
This study is the first randomized and controlled
study to evaluate the use and effectiveness of
SMI in the diagnosis of testicular torsion.

While establishing our experimental model,
we used 26-30 day old rats that match the
testicular torsion age group with no sexual
reproduction capacity, since testicular torsion
is common before puberty. In our study, it
was observed that there was an infarct in the
testicles at the first hour of the torsion, there was
no increase in congestion at the second hour,
but disorganization started in the seminiferous
tubules. The venous congestion increased, and
the infarct in the testicle became evident. No
change was found in volume at the third hour
of the torsion due to the arterial blockage along
with venous congestion. Infarction occurred
in the entire testicle in 4 hours of torsion, and
seminiferous tubules and basal membrane
integrity were impaired. The testicle was
heterogeneous due to the extensive infarct
that occurred at the fourth hour of the torsion.
However, due to venous congestion and arterial
blockage, no blood flow was detected after
the second hour. Cosentino et al. [15] found
that the most severe changes occurred after
three hours and later when they examined the
testicles after torsion for different periods. In our
study, we found that histopathologically findings
are worsened after the second hour of testicular
torsion in rats.

The SMI USG device used in this study
is a non-invasive technique showing tissue
blood flow [16]. It has been used as a vascular
imaging technique for breast, thyroid, brain
masses, and undescended testicle in various
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publications [12, 16-19]. The SMI technique
is used by loading a different program in the
same ultrasonography device. Unlike Doppler
ultrasonography, it has been reported in
publications that it prevents movement-related
artifacts and shows blood supply better [12].
Since we know that ultrasonography is difficult
to do because children are very mobile, we
aimed to get more accurate results with this
technique.

Although SMI USG is a USG technique is
capable of showing even micro blood flows,
there is not enough data on the effectiveness of
this technology in determining the blood flow of
the testicle [17]. Therefore, we aimed to show
even minimal blood flow in torsioned testicle
tissue. In the USG evaluation, SMI and PDI and
CDI were compared, and stage 1-2-3 blood flow
from SMI USG was considered significant for
the testicle, which was accepted as Stage 0 (no
blood build-up) in Doppler examinations, and
histopathological evaluation after orchiectomy
was performed according to the classification
described by Cosentino et al. [15]. When
looking at the results of our study, no statistical
significant difference was found between SMI
and PDI and CDl in torsioned testicles in the four
experimental groups. However, in testicles with
extensive infarction and coagulation necrosis in
histopathological evaluation, it was thought that
tissue blood flow could be misinterpreted as
normal due to the minimal blood flow imaging with
SMI. Therefore, with SMI, which can be used in
the diagnosis of testicular torsion, we think that
it should not be perceived that the testicle that
has gone into necrosis can be left in its place
during the surgical procedure. At the end of the
experiment, color changes due to hemorrhage
secondary to trauma during orchiectomy were
observed in macroscopy of all of the torsioned
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testicles. Because of the sudden changes in
circulation, edema and vascular congestion
were also observed in the early period and even
in the non-torsioned testicle. The reason for this
may be that when the testicular torsion occludes
the veins, the arteries do not accompany, and
finally, edema that occurs, widespread ischemia,
or hemorrhagic infarction in the testicle can be
seen [20]. Degenerate seminiferous tubules
and germ cells with pyknotic nucleus were
noteworthy in a few of the torsioned testicles.
The clinical study by Puri et al. [21] in which
prepubertal patients were subjected; examined
the testicles after puberty, in which severe
necrosis was detected but left in the scrotum
with the hope of showing a little testicular
function, they observed severe atrophy in the
detorsioned testicles, sperm examinations of
these testicles were found to be normal, and
all married people had children. In our study,
since orchiectomy was performed at the early
histopathological stage, it does not give an
idea about the future damage and autoimmune
damage to the contralateral testicle. However,
due to hypoxia and ischemia, germ cell and
Leydig cell loss are observed, even in the early
period, and this situation gets worse within
hours. Therefore, it is very important to make an
accurate diagnosis in the early period.

Comparing SMI used to detect testicular
torsion, which is a surgical emergency requiring
rapid evaluation and intervention with PDI
and CDI, all three techniques were found as
effective and safe diagnostic methods. As
testicular torsion in rats results in necrosis after
2nd hour for 720 degrees, there is no need to
continue the experiment for 3th and 4th hours
for this study.

This study has several limitations. Firstly,
since our study was conducted under
anesthesia, there was no need for screening in
PDI to prevent artifacts caused by movement,
and even low currents could be displayed.
Therefore, we recommend the study to be
used in active boys and re-evaluate the
results. The second limitation is the histologic
assessment of the torsed testicle was based on
the pathologist’s reading, not on an objective
evaluation using a grading system. The third
one is that we used 7-18 MHz linear probe for
ultrasonography, but the rat testicle is smaller
than newborn child testicle. At the same time
other differential diagnoses that caused acute

scrotum were not included in the study. The last
limitation we found in this article is to use the
SMI technique in other organs and to determine
which tissue shows better blood supply.

Conflict of interest: No conflict of interest was
declared by the authors.
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