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Introduction

of the indirect indicators of testicular damage in undescended testes, and by evaluating the reduced micro-
vascular blood flow by superb microvascular imaging, and also to determine whether superb microvascular
imaging modes could detect microvascular blood flow in more detail in the decreased volume of unde-
scended testes. Material and methods: We compared testicular blood flow in undescended testes via con-
ventional Doppler imaging, color superb microvascular imaging, and monochrome superb microvascular
imaging techniques with contralateral normally located testis and normal control group. Each sample of
testicular tissue was evaluated using a qualitative method. Spot color encoding and linear flow color encod-
ing counts determined in testicular parenchyma were counted separately and expressed as numerical data.
The localization of the examined testes in the grayscale was noted (proximal inguinal canal, medial inguinal
canal, distal inguinal canal, and scrotal). The volume of undescended testes was calculated automatically
via a formula for volume. Results: Monochrome superb microvascular imaging is significantly superior in
visualizing the vascularity of undescended testes compared with color Doppler, power Doppler and color
superb microvascular imaging (p = 0.001). Also, undescended testes have a significantly lower blood flow
compared with contralateral normal testes (p = 0.001). The volume of undescended testes was significantly
lower than the contralateral normal testes. Conclusions: The volume, structure and blood flow are indirect
signs of testicular damage in undescended testes. Monochrome superb microvascular imaging can detect
vascularity in undescended testes better than the conventional Doppler imaging technique and color su-
perb microvascular imaging. Based on our findings, we can report that monochrome superb microvascular
imaging can be used to evaluate testicular injury and vascularity of undescended testes.

cated in the inguinal canal (80%). Approximately 70% of UDT cases
are palpable. Of those that are not palpable, 30% are in the inguinal

The testes consist of gonadal folds at the level of the kidneys and are
displaced from the abdomen towards the scrotum in intrauterine
life®. Undescended testis (UDT) is the most common disease of the
external genitalia in newborns. It is seen in 3% of full-term newborn
babies, and in 70-75% of cases the testes descend to the scrotum
within three months after birth. The rate decreases to 1% around the
one-year-old age mark. The condition is more frequently observed
in premature cases than those born at full-term®. UDT may be lo-
cated between the kidney and the inguinal canal, but it is usually lo-

area, 55% are intra-abdominal, and 15% are absent or vanishing®.

In cases that do not complete the descent after one year, atrophy
begins in the testes. Seminoma is the most common cancer in UDT.
In addition, torsion is a common complication in UDT, and microli-
thiasis may also be seen®. In the literature, the reported volume of
UDT is significantly smaller than normally located testes in all age
subgroups®. Progressive histopathological degeneration and atro-
phy delay germ cell maturation and reduce the number of germ cells
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that may develop due to aberrant (ectopic) location. Early diagnosis
is thus very important, and orchiopexy is recommended as early as
possible to prevent tissue damage®”. Therefore, children with UDT
should be operated on between six and 18 months of age. If UDT is
not treated, fibrosis will occur, leading to a decrease in testicular size
and, consequently, loss of function®1%,

Ultrasound (US) is the first preferred imaging method for evaluat-
ing the scrotum and testes in patients with UDT because it is a read-
ily available and easy-to-apply non-invasive imaging method. The
testes are most commonly located at the level of the inguinal canal
and can be easily assessed by US®!V. However, US may be insuf-
ficient to detect intra-abdominal or atrophic testes. Magnetic Reso-
nance Imaging (MRI) does not contain ionizing radiation and is,
therefore, a more attractive imaging method for localizing intra-
abdominal testes in pediatric patients. However, MRI is expensive
and hard to access. Also, MRI in children also requires anesthesia'?.

Testicular volume, structure, and blood flow (BF) of UDT are indi-
rect signs of testicular damage in UDT"2'%). The cryptorchid testis is
usually smaller and isoechoic or hypoechoic in comparison to the
normally located testis; in addition, testicular BF decreases com-
pared to the contralateral normally located testis, as reported in the
literature™?. Vascularity and volume should definitely be evaluated
in UDT, but there are some difficulties in the evaluation of BF in
the testicles of small children. Various studies have shown that con-
ventional Doppler imaging techniques (CDIT) may not be sufficient
to make a diagnosis, especially in children®'. CDIT can visualize
BF at a higher resolution, but they cannot distinguish between the
actual low-speed BF and motion artifacts. These techniques demon-
strate high-speed and macrovascular BF better®.

Superb Microvascular Imaging (SMI) is a new Doppler imaging
method developed to overcome the limitations of CDIT. SMI allows
the visualization of microvascular structures with low velocity flow
signals at a high image resolution and high frame rate (>50 fps),
which is why it is very useful especially in inflammatory conditions
in different body tissues*'®. SMI can be operated in two modes:
color SMI (¢SMI) and monochrome SMI (mSMI). The cSMI mode
simultaneously displays the conventional grayscale US and color-
coded Doppler signals. The mSMI mode increases the visibility of
vascular structures by eliminating background signals through fo-
cusing only on the vascular systems®.

In this study, we compared testicular BF in UDT patients via color
Doppler (CD), power Doppler (PD), cSMI, and mSMI techniques
with contralateral normally located testes and normal control group.
According to our knowledge, this is the first study in which vascu-
larity was evaluated and compared with the use of CDIT and SMI in
an isolated group of patients with UDT. Our aim was to gain an idea
about testicular injury by comparing the reduced volume, which is
one of the indirect indicators of testicular damage in UDT, and by
evaluating the reduced microvascular BF by SMI. We also sought
to determine whether SMI modes could detect microvascular BF in
more detail in decreased volume of UDT.

Patients and methods

This prospective controlled study was conducted between June 2019
and June 2021. The study was approved by the local research ethics

committee. All patients were informed about the planned examina-
tions and the procedure. Written consent was obtained before the
US examination from each participants parents. All study proce-
dures involving human participants were performed in accordance
with the ethical standards of the institution’s research committee,
and with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

The study enrolled pediatric patients with no scrotal pathology,
who visited our radiology clinic for other reasons, and patients who
visited our clinic with UDT, as well as pediatric patients who were
followed up after an operation for UDT (operated undescended tes-
tes — OUT). The localization of the examined testes in the grayscale
was noted (proximal inguinal canal, medial inguinal canal, distal
inguinal canal, and scrotal). The length of the inguinal canal was
measured in the grayscale, the total length was trisected, and the
localization of the testes in the inguinal canal was determined by
numerical measurement.

Patients whose testicular tissues could not be observed by US, pa-
tients with solid parenchymal lesions, active pediatric patients who
could not undergo the examination, and patients with orchitis (too
much BF that could not be counted) were excluded from the study.
All procedures were carried out with the patient in the supine posi-
tion. The probe was applied using an adequate amount of US gel. The
operator adjusted the pulse repetition frequency, focal zone, gain,
and wall filter as necessary to obtain optimal sonograms in each
case. All Doppler US examinations were performed by a single ra-
diologist (MSD) with 15 years of experience in Doppler ultrasound
(US) and five years of experience in SMI. The images obtained were
transferred to a US database and later to computer media. All sono-
graphic images were stored on computer media (23-inch, full HD,
1920 x 1080 resolution, Lenovo/CHINA) at the same time.

Each sample of testicular tissue was evaluated using a qualitative
method. Spot color encoding (SCE) and linear flow color encoding
(LECE) counts determined in testicular parenchyma were counted
separately and recorded as numerical data (Fig. 1). SCE was defined
as nodulary BE and BF with a long axis to short axis ratio of less than
three. BF with a long axis to short axis ratio of more than three was
defined as LFCE. The assessment was performed primarily visually,
but undecidable BFs were scaled by measuring the long and short
flow signal axis in a magnifying view and then classified depending
on the determined ratio.

Canon Aplio 500 (Canon Medical System Corporation, Tokyo, Ja-
pan) with high-frequency (4-14 MHz) linear array transducers was
used for the examination. In all the patients, testicular grayscale US,
CD, and PD examinations were performed in the supine position.
After the measurement of the three axes was completed [length (L)
x width (W) x height (H)], the volume of the testis was automatically
calculated by the built-in software of the US device using the formu-
laL x W x H x 0.523. In the next step, grayscale and CD, PD (frame
rate 10-15 Hz), cSMI, and mSMI (frame rate >50 Hz) examinations
were performed in the supine position (5 s for every examination).
An additional 40 s period was allocated to each patient for vascu-
lar assessment. During the examination, by centering the focal zone
on testicular parenchyma, the depth of testicular parenchyma was
adjusted to the highest value that was possible within the imaging
area, and it remained unchanged during the examination. Testicular
Doppler examination was performed by observing the entire testicu-

J Ultrason 2023; 23: eb66-e72

e67



Fatih Ates, Mesut Sivri, Mehmet Sedat Durmaz, Tamer Sekmenli, Metin Gunduz, Ilhan Ciftci

Fig. 1. Right testis in the medial section of inguinal channel was demonstrated by grayscale ultrasonography and testicular volume was calculated (A, B). No spot
color encoding (SCE) and linear flow color encoding (LFCE) counts were observed in CD (C). In PD (D) and cSMI mode (E) one LFCE was observed. In
mSMI; two LFCE and three SCE were observed, as shown with arrows (F, G). (CD: color Doppler; PD: power Doppler; cSMI: color superb microvascular
imaging; mSMI: monochrome superb microvascular imaging; SCE: spot color encoding; LFCE: linear flow color encoding)

lar parenchyma in one maximum longitudinal plane within the ex-
amination area at the testicular hilus level from where the maximum
vascular signal could be obtained for every four examinations. CD,
PD, c¢SMI, and mSMI examinations were performed in all the pa-
tients at the constant parameters, as specified. The parameters were
adjusted by an applicator before the study to obtain the most suit-
able images, and the parameters remained unchanged throughout
the study. The average time spent on one patient’s examination was
approximately 10 minutes.

A total of 92 patients (181 testes, 90 left, 91 right), between 1 and 216
months old, were included in the study. The mean age of the patients
was 73.8 + 10.4 months. The testes of three patients who underwent
unilateral orchiectomy (two left, one right orchiectomy) because
of UDT were evaluated as unilateral testes; the other patients were
evaluated as bilateral testes. The patients included in the study were
recruited from a heterogeneous population.

A total of 40 patients (44 OUT) who had undergone surgery for UDT
were included in our study. Four of these patients were operated for bi-
lateral UDT (four OUT bilateral, 36 OUT unilateral, 36 normal scrotal
placement since birth). A total of 44 testes which had an operation

history due to UDT [26 right (59.1%), 18 left (40.9%)] were classified
as Group A. The patients’ age at operation and period elapsed since
surgery in Group A testes were noted and compared with the CDIT
and SMI SCE and LFCE numerical values. A total of 39 testes were
classified as Group B (six testes proximal of inguinal canal, 18 testes
middle of inguinal canal, 15 testes distal of inguinal canal). Overall, 24
UDT were newly diagnosed and had inguinal canal placement (nine
bilateral UDT, six unilateral UDT; five proximal of inguinal canal, 14
middle of inguinal canal, five distal inguinal canal). In total, 15 UDT
were in follow-up (one right, six left: one middle of inguinal canal, six
distal of inguinal canal). In total, 90 testes were classified as Group
C; these were from 33 control group patients (66 testes) who agreed
to participate in the study and were randomly selected from a group
of patients who had undergone US for other reasons. We also used
as part of the control group contralateral normally located testes of
the patients who had unilateral OUT history (36 testes with normal
placement) and contralateral normally located testes of patients who
had UDT diagnosis (six testes). Group C testes had normal scrotal
placement since birth, and their US findings were normal. Patients in-
cluded in the study and groupings of testes are summarized in Tab. 1.
The testes of patients included in Groups A, B, and C were statistically
compared in terms of the CDIT, SMI SCE and LFCE numerical values.
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Tab. 1. Testes included in the study according to localization, operation his-
tory, and grouping of testes. UDT was classified as inguinal canal
proximal, inguinal canal medium, and inguinal canal distal. Control
group including contralateral normally located of OUTs, follow-up
UDT and control group of normally located bilateral testes

Tab. 2. Testes of operated 44 patients (OUT, testes having contralateral ingui-
nal canal distal placement under follow-up and contralateral normal-
ly located testes) in terms of age, volume, and SCE-LFCE numerical
values. (SCE: spot color encoding, LFCE: linear flow color encoding,
CD: color Doppler, PD: power Doppler)

Testicular localization Group Total n (%)
n=44
ouT Scrotal A (24.31%)
Newly diagnosed | Inguinal canal proximal
uDT (n=6) (15.39%)
(n=24).(13.26%) | |nguinal canal medium 5
(n=18) (46.15%) n=39
Follow-up UDT - - (21.55%)
(n=15),(829%) |!nguinal canal distal 2270
(n=15) (38.46%)
Contralateral
normally located
of OUT (n =27),
(27.56%)
Contralateral
normally located | gc1qtg) n=98
of UDT ((n =5), C (54.14%)
(5.1%)
Bilaterally normal
testes
(n =66), (67.34%)
Total U n=181
(n=173), (100%) Scrotal or inguinal A+B+C (100%)

Statistical analysis

Statistical analysis was performed using the Statistical Package for
Social Sciences version 24 (IBM, Armonk, NY) software to evalu-
ate the data. Descriptive statistics were expressed as mean, standard
deviation, minimum-maximum values, frequency, and percentile.
The Kolmogorov-Smirnov test was used to analyze the normal dis-
tribution of data. Kruskal-Wallis test, a non-parametrical test, and
the Mann-Whitney U test were used to assess the SCE and LFCE
numerical of the CDIT-SMI values and testicular volumes in Groups
A, B, and C. The same statistical method was used to determine the
relationship between SCE and LFCE numerical values and testicular
localization. Spearman’s correlation coefficient was used to assess
the relationship with alterations of SCE and LFCE numerical values
and testicular volume, age at operation, and period since the opera-
tion. P values of less than 0.05 were considered statistically signifi-
cant with a 95% confidence level.

Results

A total of 88 patients [173 testes, 86 (49.7%) left, 87 (50.3%) right]
between 1 and 216 months old were included in the study. The tes-
tes were evaluated bilaterally in 85 patients. The testes of three pa-
tients who underwent unilateral orchiectomy (two left, one right
orchiectomy) because of UDT were evaluated unilaterally; testes
in the other patients were evaluated as bilateral testes. The patients
included in the study were recruited from a heterogeneous popula-
tion. The median age of the patients was 48 months (interquartile
range: 87); and the median testicular volume was 0.5 (interquartile
range: 0.3).

Operated Inguinal canal Normal
UBT (44) distal under contralateral
follow-up (7) testicle (27)
Age (months) 7406 £ 56.17 54.57 £45.06 60.2+423
Volume 1.31+3.12 060+0.14 0.74 +0.28
-SCE 0.50+1.62 0.001 +0.001 0.70+ 227
cD
-LFCE 0.16+0.57 0.001 £ 0.001 0.22+097
-SCE 1.09 + 240 0.001 £ 0.001 133+271
PD
-LFCE 0.34+0.80 0.14+0.38 0.89+1.55
-SCE 1.68 +4.25 0.001+0.001 3.25+899
cSMI
-LFCE 047+1.13 0.001+0.001 111 +£221
-SCE 6+658 214+ 146 7.78 £14.08
mSMI
-LFCE 161 +1.82 043 +0.53 326+362

In the patients operated on for UDT (Group A), the age at operation
and period since the operation differed in our study. The median
age at operation was 28.5 (interquartile range: 30.5) months. The
median post-operative period was 14 (interquartile range: 19.75)
months. When SMI and CDIT numerical values were compared
with the age, no significant correlation was found. When the testes
were operated on (period when testis was passed in the abnormal
localization), no significant correlation was identified (p = 0.736).
In addition, when Doppler numerical values were compared with
the post-operative time, no significant correlation was found, either
(p=0.582).

A total of 40 patients operated for UDT (44 testes, four of the pa-
tients were operated on for bilateral UDT) were evaluated in terms
of age, volume, and CDIT and SCE-LFCE numerical values. OUT
patient group was compared with inguinal canal distal placement
under follow-up and contralateral normally located testes in terms
of age, volume, and Doppler numerical values (Tab. 2). There was no
statistically significant difference between the three groups in terms
of age. When testicular volumes were compared, the testicular vol-
ume of OUT group was significantly higher with followed UDT (p =
0.001). Furthermore, the testicular volume of Group C was signifi-
cantly higher compared to Group B and Group A.

In all groups (Groups A, B, C) in SCE; PD was significantly higher
when compared to CD (p = 0.001). However, no significant differ-
ence was observed between ¢SMI and PD (p = 0.369). mSMI was
significantly superior to cSMI and PD (p = 0.001). In LECE, PD was
significantly superior to CD (p = 0.001). Also, mSMI was signifi-
cantly superior to ¢SMI (p = 0.001) and PD (p = 0.001) - CD (p =
0.001). There was no significant difference between cSMI linear en-
coding and PD linear encoding (p = 0.420).

Operation history, age, volume, and Doppler numerical values of
a total of 173 testes included in the study are summarized in Tab. 3.
The volumes in Group C were significantly higher when compared
with Group A and Group B.
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Tab. 3. Age, volume, and CDIT-SMI numerical values of testes according to
the groups. (SCE: spot color encoding, LFCE: linear flow color en-
coding, CD: color Doppler, PD: power Doppler)

Group A Group B Group C
Age (months) | 7406 +56.17 59.95 + 4093 8348 + 76.80
Volume 1314312 0.56 % 0.31 2744515
-SCE 050+ 162 0.16 + 048 1624271
v -LFCE 0.16+057 0.04+020 0.24+ 061
PD - SCE 1.09 +240 0.54+098 543 +7.84
-LFCE 0.34+0.80 025+074 0.77 +1.01
cSMI | -SCE 168 +4.25 104221 592+1033
-LFCE 047 +1.13 05+098 068+ 120
e -SCE 6+658 354+ 290 1068 + 14.28
-LFCE 1614182 175+ 145 2274222

Tab. 4. Age, volume, and Doppler numerical values of all undescended tes-
tes (newly diagnosed and follow-up undescended testes) (SCE: spot
color encoding, LFCE: linear flow color encoding, CD: color Dop-
pler, PD: power Doppler)

Inguinal Inguinal .
Inguinal
canal canal . Scrotal
. . canal distal
proximal medium (n=15) (n=98)
(n=6) (n=18) -
Age (months) |39.00 + 2236 | 65.16 +40.77 | 60.40 + 42.64 | 7803 + 68.35
Volume 0.27 +0.08 0.56+0.26 057+027 | 274+515
-SCE | 0.001 +0.001| 0.22+055 |0.001+0.001| 1.10+2.38
cD
-LFCE |0.001 +0.001| 0.05+024 |0.001+0.001 | 0.21 +0.68
PD -SCE |0.001+0.001| 061+1.09 | 020+041 |333+6.13
-LFCE | 0.001 +0.001| 039+085 |0.001+0.001 | 0.68+ 1.01
-SCE 066+ 1.63 094 + 241 033+072 | 414+878
cSMI
-LFCE | 050+1.22 0.33+068 020+0.77 | 0.73+145
- -SCE 266+ 234 411 +£295 3.80+£529 |862+1245
m
-LFCE 116+ 147 166+ 1.61 093+096 | 231+250

Tab. 5. UDT testicular volumes and mSMI numerical values were compared.
When volume values increased, mSMI SCE and LFCE values were
significantly increasing (correlation coeflicient form SMI SCE: 0.312;
correlation coefficient form SMI LFCE: 0.365). No significance was
observed between mSMI numerical values of the post-operative pe-
riod and age at operation

mSMI Post-op.eratlve Age ) Volume
period at operation

-SCE p=0914 p=0.728 p <0.001

-LFCE p =0.006 p=0.698 p <0.001

Testes were compared by their placement levels without including
those operated on (Tab. 4). Testicular volumes in the proximal in-
guinal canal were significantly lower when compared with the mid
and distal inguinal canal (p = 0.001). In addition, the mean age of
the proximal inguinal canal group was significantly lower when

compared with the mid and distal inguinal canal placements of
UDT.

When volume values were increased, mSMI SCE and LFCE values
were significantly increasing (correlation coefficient for SMI SCE:
0.312; correlation efficient for SMI LFCE: 0.365). No significance
was observed between mSMI numerical values and post-operative
period (p = 0.914 for SCE, 0.006 for LECE) and the age at operation
(p =0.728 for SCE, p = 0.698 for LECE) (Tab. 5).

Discussion

Early diagnosis and treatment are particularly important for preserv-
ing fertility and preventing possible future testicular malignancy in
patients with UDT®. US is an ideal imaging modality for children
with UDT. Widespread availability, absence of ionizing radiation,
and relatively shorter operating time are well-known advantages of
the modality. It is the most common diagnostic imaging tool used for
the evaluation of cryptorchidism and the scrotum. On conventional
grayscale US; UDT appears as a hypoechoic, round, or oval structure
between six and 16 mm in the maximum diameter in the inguinal
canal"?”. Higher temperature in the inguinal canal and abdomen,
and higher pressure in the inguinal canal, which inhibits testicular
circulation, are the main causes of progressive damage in UDT®.
In our study, there was a significant difference in testicular volumes
across Groups A, B, and C. The volume in Group C was significantly
higher compared to Group A and Group B. We evaluated Group B
in three stages as inguinal canal proximal, inguinal canal medium,
and inguinal canal distal. The testicular volume in inguinal canal
proximal was significantly lower in relation to inguinal canal me-
dium and distal. These findings confirm that testicular volume tends
to decrease in UDT.

Although US is usually the first preferred imaging modality used to
detect cryptorchid testes in the inguinal canal in routine radiology
clinic, it has a very low success rate in locating non-palpable abdom-
inal testes. In patients with intra-abdominal testes which were not
detected by US; CT or MRI should be chosen to determine testicu-
lar localization®. In our study, we did not include intra-abdominal
testes detected by CT or MRI. The patients in this group were oper-
ated on to prevent the risk of testicular malignancy in the abdomen
after they were examined by cross-sectional imaging methods. We
included UDT in the inguinal canal which was detected by sono-
graphic examination.

In addition to the risk of infertility and testicular cancer, testicular
torsion is a major complication of UDT. The incidence of torsion
is reported to be 10 times higher in patients with UDT®. There-
fore, demonstrating vascularization in the testicular tissue in such
patients is also important in terms of emergency treatment, since
the testicular volume is smaller in patients with UDT and especially
if torsion is suspected, it is very difficult to detect vascularization
in atrophic testes by CDITs. It is extremely challenging to evaluate
testicular BF in children because of the small testes, low velocity of
blood flow in the testicles, and decreased testicular volume in UDT.
SMI, especially mSMI, was quite successful in showing testicular BF
in such cases, as in our study, compared to CDITs. There are several
studies reporting significant limitations of CDITs in assessing testic-
ular vascularity in young children®*?”. When the difference between
the mean values of CD, PD and SMI was compared in our study, it
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was revealed that CD gave the least comprehensive data about testic-
ular BF and PD, while SMI provided more data in terms of evaluat-
ing vascularity. Several studies reporting that PD provides more data
on testicular BF than CD are available in the literature®***?”. In our
study, in consistency with the findings reported in the literature, PD
was significantly superior to CD in demonstrating vascularization.
However, PD is too sensitive to motion artifacts. On the other hand,
SMI is superior to CD and PD in demonstrating vascularization by
eliminating motion artifacts in detecting BF in testicles, in accor-
dance with the literature®. mSMI was significantly superior to other
methods in visualizing vascularization. In this area, there have been
studies conducted with SMI on various organs in the body®'¢2%.

There are several limitations of this paper. We did not evaluate the
duration of CD, PD and SMI techniques in the busy clinic conditions.
However, in the study by Karaca ef al.?? it was reported that the SMI
technique had the fastest evaluation in testicular BE. We did not have
the opportunity to detect degeneration histopathologically in atrophic
testicles and operation of intra-abdominal testicles. This is the subject
of another study. One operator did all the examinations; therefore, we
could not evaluate interobserver variability. In addition, we could not
evaluate whether the participants of the study had premature or term
births, since no sufficient clinical information was available.

Conclusion

UDT is the most common congenital abnormality of the urogenital
system. Early detection and testicular tissue determination are espe-
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