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Abstract. — OBJECTIVE: We have compared
conventional Color Doppler (CD) and Power
Doppler (PD) techniques, which are used for
evaluating the testicular blood flow in small chil-
dren, and the Superb Microvascular Imaging
(SMI), which is a new technique. We have also in-
vestigated their contributions to testicular evalu-
ations.

PATIENTS AND METHODS: We evaluated
blood flow in testicles using a grading system
with CD, PD and SMI techniques. We determined
the average duration of the three techniques.

RESULTS: There was a statistically significant
difference between the SMI and CD techniques
for all patients (p < 0.001, p = 0.001). When we
compared the PD and SMI, either as much or
more vascular information was obtained (p =
0.106). There was a statistically significant differ-
ence between the application durations of the
tests (p < 0.05).

CONCLUSIONS: Superb Microvascular Imag-
ing yields more detailed vascular information in
blood flow in testicles in small children, than ei-
ther CD or PD. Furthermore, this technique de-
creases the duration of the examination at a sig-
nificant level. Superb Microvascular Imaging
may represent an alternative method that can be
used safely for evaluating blood flow in the testi-
cles of small children. Additional studies may in-
crease the reliability of SMI.
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Introduction

There are radiological imaging challenges as-
sociated with evaluating blood flow in the testi-

Corresponding Author: Leyla Karaca, MD; e-mail: karacaleyla4@gmail.com

cles of small children. Especially in acute cases
such as torsion in children, evaluating blood flow
may be extremely difficult in clinical practice.
For this reason, clinically evaluating patients
with acute scrotal pain is difficult, and frequent
misdiagnoses may occur. It has been reported
that misdiagnoses account for 7-10% of the work
of pediatric urologists, and 45% among practic-
ing physicians'.

It has been reported in various studies that a
Color Doppler examination (CD) is not sufficient
for making a diagnosis, particularly in children®3.
For this reason, it is important that the testicles
be evaluated in a quick and accurate manner. To-
day, the gold-standard test for evaluating testicu-
lar blood flow is Color-power Doppler*¢. Con-
trast-enhanced magnetic resonance imaging or
tomography may also be used for evaluating
blood flow according to clinical cases. However,
these techniques are both expensive and difficult
to use with children.

The blood flow detected with the conventional
CD technique yields information only about the
macro blood flow in testicles, and does not pro-
vide information about micro blood flow. Con-
trast-enhanced ultrasonography (US) techniques
have been used to evaluate micro blood flow, and
it has been reported that these techniques yield
useful information about blood flow in the testi-
cles and have contributed to diagnoses’®. Howev-
er, the use of contrast-enhanced US in children is
limited.

Superb Microvascular Imaging (SMI) is a new
Doppler sonography technique used to determine
micro-vascular blood flow. The Doppler signal is
formed both by the blood flow and the tissue
movement. In the Doppler technique, the power-
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ful movement signals suppress the lower blood
flow signals, and the primary image consists of
high-velocity blood flows. In SMI, on the other
hand, the tissue movement signals are decreased
and the low-velocity blood flows are detected. As
a result, both high-velocity and low-velocity
flows constitute the image in SMI technology.

Since the CD techniques apply a filter to de-
crease movement artifacts and noise, low-veloci-
ty flows are not observed in CD. In other words,
the CD technique cannot distinguish between
low-velocity flows and movement artifacts. How-
ever, SMI is not influenced by artifacts, and the
low-velocity flows constitute a component of the
image.

It is extremely difficult to evaluate testicular
blood flow in children because their testicles are
small, and the flows in the testicles are low-ve-
locity*?. Superb Microvascular Imaging is an in-
novative CD technique that has been developed
to detect low-velocity flows. It is possible to vi-
sualize small vessels with this technique. To the
best of our knowledge, there have been no clini-
cal studies conducted thus far that have reported
testicular blood flow in children using the SMI
technique. The purpose of this study is to com-
pare evaluations of blood flow in normal testicu-
lar tissues in children using conventional Doppler
techniques and SMI.

Patients and Methods

Patients

This work was approved by the Ethical Board
of our hospital, and all of the patients were in-
formed about the examinations and the proce-
dure, and their written consents were obtained.

Thirty prospective patients who visited the Pe-
diatric Surgery Department with urinary system
infection complaints between January 2015 and
October 2015 were included in our study. The
average age of the patients was 15 months
(range: 2-84 month). None of the patients had
complaints about their scrotum. The evaluation
included testicular tissues that were detected as
normal, and the entire ultrasound examination
was conducted using Grayscale US, CD, PD
(Frame Rate 10-15 Hz) and SMI (Frame Rate >
50 Hz). A TOSHIBA Aplio 500 (Toshiba Med-
ical System Corporation, Tokyo, Japan) was used
in the examination with high-frequency (14 Mhz)
line array transducers.

To avoid intra-observer variability, all of the
sonographic evaluations were performed by two
independent radiologists MK (experienced in CD
and Testicles Sonography for 15 years; 3 months’
experience with SMI and; LK (experienced in
CD and Testicles Sonography for 8 years; 2
months’ experience with SMI). In each evalua-
tion, focal zone, depth and time gain compensa-
tion were adjusted in the gray scale, and the para-
meters were not changed until the end of the
study.

No image processing techniques were applied,
and the preset values were preserved. Mean-
while, during the evaluation, no pressure was ap-
plied to the transducer to prevent the collapse of
vascular structures. The examination was con-
ducted when the patient was relaxing in a supine
position and calm. The CD, PD and SMI vascular
blood flow images were obtained by taking the
same imaging area as the reference area for the
testicular tissue. The images were evaluated by
two radiologists in a qualitative manner and us-
ing the same grading system for each examina-
tion. A four-stage evaluation system was used for
grading (Figure 1):

Grade 0: No vascularity.

Grade 1 (Minimal): There are one or two spots
color encoding.

Grade 2 (Medium): There is one linear color en-
coding or several spots color encoding.

Grade 3 (Distinct): There are four or more spots
color and one linear flow color encoding.

Both sonographers measured three different
resistive indexes (RI) values using Color-power
Doppler and SMI. To measure the RI value, the
application continued until a spectrum with four
successive smooth waves was obtained (Figure
2). When the RI value was obtained for each ap-
plication, the other technique started. The time
when the RI value was measured and the dura-
tion of each application were recorded in minutes
since the beginning of the application. The time
evaluation was recorded as the number of min-
utes. Patients whose RI values could not be ob-
tained in the least 10 minutes were excluded
from the study (Figures 3 to 5).

Patients whose testicular tissue could not be
obtained at the US, who experienced testicular
tissue protruding out of their scrotum, who had a
pronounced difference in size between their two
testicles, or patients with parenchymal lesions
were excluded from the study.
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Figure 1. Qualitative evaluation of vascular blood build-up in the testicles. Grade 0 (A/, Grade 1 (BJ, Grade 2 (C) and
Grade 3 (D).
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Figure 3. Evaluation of blood build-up in the testicles with SMI and CD in a 7-month-old child. Grading was grade 2 (A)
with SMI and grade 1 /BJ with CD vascular flow in the left testicle.

Figure 4. Evaluation of blood build-up in the testicles with SMI and PD in an 11-month-old child. The grading was grade 2
(A) with SMI and grade 2 (B) with CD vascular flow in the testicles.

Figure 5. Evaluation of blood build-up in the testicles with SMI CD and PD in a 7-month-old child. The grading was grade 2
(A) with SMI and grade 0 /B-CJ with CD and PD vascular flow in the testicles.

Results

Each sample of testicular tissue was evaluated
using a qualitative grading method. The average
blood flow using CD was found to be 1.2000
(SD: 0.22341); the corresponding value for PD
was, 1.6500 (SD: 0.54695). In SMI, the average
blood-flow was 2.3667 (SD: 0.55132) (Figure 6).

There were no statistically significant differ-
ences among the three evaluation techniques re-
garding blood-flow. However, there were signifi-
cant differences among the CD, PD and SMI in
terms of the average values observed by the two
sonographers (Figures 7 and 8).

We compared the grading of the two doctors
using the CD, PD and SMI techniques with the
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Figure 6. The average values obtained by two sonographer
using CD.
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Figure 7. The average values obtained by two sonographer
using PD.

Figure 8. The average values obtained by two sonographer
using SMI.

Marginal Homogeneity Test (Stuart-Maxwell)
because the category number of the two depen-
dent groups was k = 3. In this context, there was
a significant difference between the grading of
the two doctors for the CD and SMI techniques
(p = 0.001; p < 0.001, respectively); no differ-
ences were found between the evaluations of the
doctors with the PD technique (p = 0.106).

When we considered the application times of
the techniques, we observed that they exhibited a
normal distribution (p < 0.05). No significant dif-
ferences were found between the evaluation
times of the doctors (p > 0.05).

We observed that there was a significant dif-
ference between the application durations of all
of the techniques when we applied one-way vari-
ance analysis (p < 0.05) (Table I).

Table 1. Variance analysis evaluation comparing the CD, PD and SMI durations.

Sum of Squares df Mean Square F Sig.
CD time Between groups 30.817 1 30.817 34.527 0.000
Within groups 51.767 58 0.893
Total 82.583 59
PD time Between groups 4.817 1 4.817 9.385 0.003
Within groups 29.767 58 0.513
Total 34.583 59
SMI time Between groups 2.400 1 2.400 5.495 0.023
Within groups 25.333 58 0.437
Total 27.733 59
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Discussion

Ultrasound is an easily available and non-inva-
sive imaging technique. Generally, the first tech-
nique requested given a pathology of the testicles
is Doppler ultrasound*. Since conventional
Doppler techniques do not reveal low-velocity
flows and small vessels>¢, the Doppler technique
provides limited data, especially in small children.

There have been various studies reporting that
conventional Doppler techniques have important
limitations in evaluating testicle vascularity in 2
and 4-year-old children!'®!4,

There have been several studies in the litera-
ture on this topic; however, there have been few
studies related to the testicles of very young pa-
tients'>!. We believe that our study affords first-
time, valuable data about this subject because the
average age of our patients was low (15 months
on average). Superb Microvascular Imaging
yields more detailed vascular flow data in pa-
tients with lower ages, which are limited in con-
ventional Doppler techniques; this technique ac-
cordingly ensures that many testicle pathologies
are evaluated, and distinctive diagnoses are
made.

Although conventional Doppler techniques
provide valuable data for evaluating blood flow,
they do not reveal low-velocity flow data. As a
result, conventional Doppler techniques are asso-
ciated with a loss of data due to movement arti-
facts. To prevent this loss, the contrast-enhanced
Doppler applications have been employed; how-
ever, technical applications have been limited.

It has been reported in the literature!” that SMI
is a technique that enables imaging of tissue vas-
cularity without the need for contrast materials.

In our study, the differences among the CD,
PD and SMI average values revealed that CD
yields the least data about testicular blood flow,
and PD and SMI provide more data in terms of
evaluating vascularity (Figure 5). There have
been various studies!”!” reporting that PD pro-
vides more data about testicular blood flow than
CD. We found that PD provided more vascular
data than CD, which is consistent with findings
in the literature. Superb Microvascular Imaging
provides more vascular flow data compared with
CD in blood flow in the testicles. There have
been several studies®*?! in this area conducted on
tissues such as the thyroid and breasts.

According to our research, this study is the
first conducted on testicles in children of young
ages. Superb Microvascular Imaging provides

more detailed data about testicular vascular struc-
ture compared with the CD technique. When we
compared SMI and PD in terms of the blood flow
in testicles, we observed that the evaluated cases
an equal or higher vascularity grade (p = 0.106).
We believe that valuable data will be provided on
this topic with a wider series of studies. Superb
Microvascular Imaging provides more than data
than PD for evaluating tissue vascularity of the
testicles.

When we considered the duration of the appli-
cations of the three techniques, we are observed
that the SMI technique ensured the fastest evalu-
ation (p < 0.05). Since it is difficult to ensure pa-
tient agreement in small children, the SMI tech-
nique may yield important advantages because it
ensures a fast evaluation.

There are several limitations to this paper.
First off, the number of patients that we consid-
ered was relatively small. There is the need for
additional studies. However, we evaluated the du-
ration of the techniques, the conventional tech-
niques were applied prior to the SMI. By doing
so, the RI value measurement of the vascular
structure may have provided an advantage in the
SMI technique for the sonographer because it
evaluates the same area, and SMI can measure
the RI value faster.

Conclusions

We evaluated blood build-up in the testicles of
small children using conventional Doppler tech-
nique and SMI. Our study revealed that SMI
yields more data for evaluating blood flow in the
testicles than the CD technique. At the same
time, SMI can provide at least as much data as
the PD technique for evaluating testicular blood
flow. Superb Microvascular Imaging may also
shorten the evaluation time of testicle sonogra-
phy, which is a difficult examination in children.
For this reason, it may contribute to vascularity
evaluation of the testicles more than the conven-
tional Doppler technique. Additional investiga-
tions conducted in the future pertaining to evalu-
ating different disease groups may contribute to
the wider use of Superb Microvascular Imaging
in the future.
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