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Abstract

Introduction The power Doppler is a useful tool in the evaluation of pediatric acute scrotal pain. Nonetheless, it may have
some inherent limitations in scrotal vascularization analysis, potentially causing unnecessary surgery. The microvascular
imaging ultrasound (MicroV) is an innovative Doppler technique able to improve the detection of very low flow. This retro-
spective study aims to compare both power Doppler and MicroV in the evaluation of a pediatric population with early-stage
scrotal pain onset, first in testis vascularization analysis, and second in their diagnostic performances.

Materials and methods 69 patients met the following inclusion criteria, age < 18-year-old, a clinical diagnosis of acute scrotal
disease, pain onset <6 h, ultrasound examination (including B-mode, power Doppler, and MicroV), 3-months follow-up. For
both power Doppler and MicroV, through a defined vascularization scale, it was evaluated the agreement in vascularization
detection, and the sensitivity and specificity in US diagnostic abilities.

Results Retrospective diagnoses were of 8 testicular torsion, 15 orchi-epididymitis, and 46 children with other scrotal
conditions. Power Doppler provided inconclusive US evaluation in 37.68% of the cases, while MicroV only in the 1.45%
(»<0.0001). Testicular torsion and orchi-epididymitis were identified, respectively, with MicroV in 100% (sensitivity,
specificity, PPV, NPV, and accuracy of 100%) and 80% of patients (80% sensitivity, 100% specificity and PPV, 94.73% NPV,
95.65% accuracy); with power Doppler the identification was, respectively, of 87.5% (87.5% sensitivity, 100% specificity
and PPV, 98.38% NPV and accuracy) and of 73.3% (73.33% sensitivity, 98.14% specificity, 91.66% PPV, 92.98% NPV,
92.75% accuracy).

Conclusions Our findings indicate that MicroV is a reliable technique in vascularization detection of pediatric testes, being
able also to detect vascularization in healthy testicles with no-flow at power Doppler examination. Moreover, MicroV could
be a valuable ally in the US diagnostic of children with early-stage scrotal pain onset.
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promptly treated, leads to permanent vascular damage of the
testicle with loss of its function.

Given the low diagnostic specificity of the symptoms
and to avoid persistent testicular damage [1-4] usually the
patient is sent to the radiologist to perform a scrotal ultra-
sound (US) with color power Doppler to assess testicular
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vascularization and to define the diagnosis (e.g. torsion or
orchi-epididymitis).

By comparing both sides, the identification of vasculari-
zation in the symptomatic testis could rule out a torsion,
although a spontaneous detorsion or an incomplete torsion
may occur [5]. The complete absence of vascularization
confirms the clinical suspicion of testicular torsion. The
diagnostic confidence of testicular torsion increases if other
B-mode findings are associated, such as testicular increased
volume and structural inhomogeneity, and whirlpool sign of
the spermatic cord [6, 7].

On the other hand, increased vascularization US detection
in symptomatic testis commonly suggests orchi-epididymitis
[8,9].

Although the extensive use of US with color power Dop-
pler for acute scrotal pain is considered controversial by
some authors [10-13], it is an effective imaging modality
for the diagnosis of testicular torsion with a diagnostic sen-
sitivity and specificity ranging from 69 to 88% and from 68
to 100%, respectively [14-16].

When reporting color Doppler sensitivity, different stud-
ies take into account many variables in addition to vascular
signals, such as the preliminary clinical examination, mor-
pho-structural features, and whirlpool sign presence [4, 7].

Nonetheless, during the scrotal US examination, it should
be considered also that volumetric and structural changes are
time-related [17, 18], and that the vascular hemodynamics
of testes may affect the detection of vascular signals by color
power Doppler [17, 19, 20]. The tender age of the patient,
uncooperative patients, operator dependence, and machine
performance (constructive generation and flow sensitivity of
ultrasound scanners) are other factors that may affect Dop-
pler sensitivity.

A new Doppler module, called microvascular imaging
ultrasound, has recently been introduced in some ultrasound
machines to increase sensitivity in identifying slow flows
thanks to the use of mathematical algorithms capable of
separating the low frequencies originating from static tissue
artifacts or very weak flows. This type of Doppler is named
MicroV in Esaote machines [21, 22] and Superb microvas-
cular imaging (SMI) in Toshiba machines [23]. In addition
to the macrovascularization typical of conventional Doppler
modality, this new technology outlines microcirculation rep-
resented by a richer and more detailed vascular map, with a
greater number of thinner distal branches. Furthermore, by
exploiting the feature of background subtraction, the vis-
ibility of the vascular structures is enhanced.

Easier identification of any testicular vascularization
alteration could have several advantages, especially in pedi-
atric patients affected by early acute symptoms.

Our study aims to compare both power Doppler and
MicroV in the evaluation of a pediatric population with
early-stage scrotal pain onset. The first endpoint of the

study is to investigate differences between microvascular
ultrasound (MicroV) and conventional power Doppler in
detecting vascularity in pediatric testes. The second one is to
investigate the diagnostic performance of power Doppler and
MicroV in the detection of torsion and orchi-epididymitis
and distinction from other pathological conditions in pedi-
atric patients affected by early-onset scrotal pain.

Materials and methods
Study design

We performed a retrospective comparative study and evalu-
ated a pediatric cohort with the acute scrotum, who under-
went emergency ultrasound in the period between June
2018 and December 2020. All procedures performed in our
study were in accordance with the ethical standards of the
institutional research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards.

This retrospective study was approved by the local Insti-
tutional Review Board with a waiver for written informed
consent.

In order to address the first endpoint of the study, we
investigated the agreement in vascularization detection
between power Doppler and MicroV, comparing both imag-
ing modalities for each subject. A vascularization scale was
attributed to each evaluation, according to an arbitrary scale
created for this purpose. The second endpoint was addressed
by comparing both techniques in performing different US
diagnoses (e.g., torsion or orchi-epididymitis, being blinded
to the final diagnosis), by using the same vascularization
scale.

Patients selection

We evaluated medical records of all consecutive patients
admitted to the Pediatric Emergency Department in the
period between June 2018 and December 2020 with the
diagnosis of acute scrotal pain, acute scrotum, suspected
epididymitis, and suspected testicular torsion that underwent
scrotal ultrasound.

Inclusion criteria were: age under 18 years; clinical diag-
nosis of acute scrotal disease; pain onset <6 h with ultra-
sound examination including B-mode, power Doppler, and
MicroV; follow-up with both clinical visit and ultrasound
within three months. Patients with unilateral pain>6 h,
bilateral scrotal pain, monorchidism, or without acute pain,
or with missing or incomplete follow-up were excluded from
the study.
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The final diagnosis was based on surgical findings and
follow-up; when surgery was not performed follow-up only
was used for this purpose.

Technical procedure

In our Radiology Department, the use of a standardized
US protocol in acute scrotal pain is mandatory, with a
specific pre-set program and the recording of images and
video clips. US examination for each patient was con-
ducted with a My Lab 70 scanner (ESAOTE SpA, Genoa,
Italy) with a 12 MHZ linear probe in B-mode, power Dop-
pler, and MicroV. In our department, the US service is
available 24 h a day and 7 days a week. The exam was
performed by the radiologist on duty according to the fol-
lowing standardized US protocol. This protocol includes
comparative longitudinal and transverse B-mode scans
between the two testes, bilateral evaluation of the sper-
matic cord and epididymis, followed by evaluation of the
vascularization with Doppler techniques. Technical param-
eters setting for power Doppler is PRF (pulse repetition
frequency) 750-1000 Hz; low wall filters; flow velocity
range 4-5 cm/sec (low-flow setting without noise); color
gain adjustment on the level just below the appearance
of color noise, with range 60-70%. Setting for technical
parameters for the MicroV is PRF 750-1000 Hz, low wall
filters; flow velocity range 1-2 cm/sec, color gain setting
at the level just below the occurrence of color noise, with
a range of 60-75%.

In B-mode, we evaluated the size and structure of testis
and epididymis, the course and thickness of the spermatic
cord, and the presence/absence of hydrocele and varico-
cele or other pathological conditions (torsion of the tes-
ticular or epididymal appendix, scrotal edema, hernias).

Image and video clip analysis

Power Doppler and MicroV images and video clips were
independently reviewed by two senior radiologists with
15 and 10 years of experience, respectively. The order of
examining each patient was randomly set and the raters
completed their evaluation blinded to the other’s assess-
ment, as well as blinded to surgical results and follow-up.
They were aware of the diseased side.

The images were anonymized and numbered with a
code by a technician not involved in the analysis. He also
eliminated images and frames of the clips containing the
whirlpool sign, in order not to influence the final radi-
ological diagnosis that was based exclusively on testes
vascularization.
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Testes vascularization scale and US diagnoses

In order to address the first study endpoint, the testicular
vascularization was assessed both with power Doppler and
MicroV with an arbitrary scale, for both testicles of each
subject. More specifically, vascularity was defined in terms
of the quantity and distribution of testicular vessels by the
following arbitrary scale (Fig. 1):

0 =absent (no color signal);

1 =poor (one internal or peripheral color spot per scan);
2 =satisfying (one internal or peripheral linear signal
with multiple internal spots per scan);

3 =very satisfying (many linear signals reproducing the
typical radial vascularity of the testis per scan).

The second endpoint was addressed judging conclusive
or inconclusive the final US diagnosis, based only on vascu-
larization. The final US diagnosis on symptomatic testes was
performed by comparing both testes with the vascularization
scale above-mentioned and attributing:

— aconclusive evaluation with the following categories:
torsion, orchi-epididymitis, other scrotal diseases;
— an inconclusive evaluation.

Torsions were attributed to symptomatic testis for
scores of 0 and 1, if healthy testis had a score >0 and > 1,
respectively. Orchi-epididymitis were attributed to symp-
tomatic testis for scores of 1,2,3, if healthy testis had a
score < 1, <2, <3, respectively. Inconclusive evaluations
were attributed to symptomatic testis for scores of 0 and
1 if healthy testis had the same score, respectively. Other
scrotal diseases were attributed for the remaining scores
combinations.

Table 1 shows the disease attribution method based on
each score of the vascularization scale.

Data analysis

Exploratory analysis was carried out to determine the dis-
tribution of the data and patient characteristics and it was
summarized using standard descriptive statistics. Continu-
ous variables are presented as mean + standard deviation
(SD). Distributions of categorical variables were presented
as frequencies and percentages.

Cohen’s Kappa was used to determine the agreement
between power Doppler and MicroV findings. Agreement
between power Doppler and MicroV findings was estimated
using Cohen’s Kappa index (k) and compared using McNe-
mar test. We used the Cohen’s weighted kappa (x ,,) for
ordered categories (vascularization scores) and unweighted
kappa (x) for binary categories (e.g. conclusive/inconclusive
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Fig. 1 Different vasculariza-
tion score attribution for power
Doppler and MicroV with the
corresponding scheme. a—d,
show power Doppler of differ-
ent patients, respectively, with a
vascularization score of 0,1,2,3.

C

a’—d’, show MicroV of different score =0

patients, respectively, with a

vascularization score of 0,1,2,3.

N.B. Coupled images of the first

and second row are from differ-

ent patients
score =1
score =2

score =3

Table 1 Disease attribution for each value of the vascularization scale comparing healthy and symptomatic testicle, both for power Doppler and
MicroV
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power Doppler MicroV

H vascularization scale for healthy testicle, S vascularization scale for symptomatic testicle, Vascularization scale: 0 = absent vascularization (no
color signal), 1 = poor vascularization (one internal or peripheral color spot per scan), 2 = satisfying vascularization (one internal or peripheral
linear signal and multiple internal spots per scan), 3 = very satisfying vascularization (many linear signals reproducing the typical radial vascu-
larity of the testis, per scan), i inconclusive diagnosis, 7 torsion, o orchi-epididymitis, osd other scrotal diseases. Number between brackets indi-
cates the number of patients for the specific score category; ‘ — ‘dash symbol indicates that no patients have been identified in the specific score
category
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evaluation). A Cohen’s Kappa coefficient of 0.4 or less was
considered as poor agreement, and a value greater than 0.8
was considered as excellent agreement [24]. The kappa coef-
ficients were recorded with their 95% confidence intervals
(95% CI).

The diagnostic performance of power Doppler and
MicroV versus the final diagnosis (made with a clinical visit,
surgical examination, and follow-up) was expressed in terms
of sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy.

The inter-rater reliability of the power Doppler and
MicroV was assessed using Cohen’s kappa for the vascu-
larization and diagnosis.

All hypothesis tests conducted were 2-tailed. A
p-value <0.05 was considered significant. All statistical
analyses were performed using the Stata software (Version
17. StataCorp. 2021. College Station, TX: StataCorp LLC).

Results
Population characteristics

We evaluated 134 pediatric patients' medical records con-
secutively admitted to our center for acute scrotal pain,
between June 2018 and Dec 2020. Only 69 patients were
eligible for the study according to inclusion and exclusion
criteria. The cohort has a mean age of 9.6 years (SD 4.4,
range 1 month—16 years). The mean time of pain onset was
3.3 h (SD 1.5, range 1-6 h). According to the retrospective
final diagnosis, 8 (11.59%) patients had a testicular torsion
(3 right testes and 5 left testes), 15 (21.74%) had an orchi-
epididymitis (8 right testes and 7 left testes), and the remain-
ing ones (46 pts—66.6%) had other scrotal disease such as
torsion of the testicular appendix, varicocele, hydrocele,
scrotal edema, hernia.

After the US and a visit from a pediatric surgeon, ten
patients underwent surgery for testicular torsion (n=8) and
testicular appendix torsion (n=2). No orchiectomy was per-
formed. The remaining patients received a prescription and
were discharged with the advice to return immediately if the
pain worsened. At follow-up, all patients were re-evaluated
with a surgical visit and US. All patients had a favorable
outcome.

The flowchart of patient selection is shown in Fig. 2.

Agreement of vascularity detection in healthy testes
The agreement on the vascularization in the healthy testes

between power Doppler and MicroV was poor (x ,,=0.14,
95% CI 0.06-0.22; p =0.0095).

@ Springer

Based on the vascularization scale MicroV provided
vascularity scores higher than power Doppler in 98.55% of
cases (68/69) (Fig. 3).

Attribution of a conclusive/inconclusive diagnosis

Based on vascular differences between the symptomatic tes-
tes and the healthy side, a diagnosis was judged conclusive
in 62.32% of cases by power Doppler (43/69) and in 98.55%
of cases by MicroV (68/69).

The agreement between power Doppler and MicroV in
providing conclusive or inconclusive diagnoses was poor
(k=0.047, 95% CI 0.0-0.345; p <0.0001).

Power Doppler was unable to provide a definite US diag-
nosis in our cohort (identified as inconclusive evaluation) in
37.68% (26/69) of the cases, while MicroV only in the 1.45%
(1/69) (Table 1) (p <0.0001). MicroV thus provided a con-
clusive diagnosis in 25 patients more than power Doppler.

Among power Doppler inconclusive diagnoses there
were retrospectively 1 testicular torsion (Fig. 4), 2 orchi-
epididymitis, and 24 were other scrotal conditions; the only
MicroV inconclusive diagnosis was retrospectively an ingui-
nal hernia.

Diagnostic performance for testicular torsion

MicroV correctly identified 8 out of 8 testicular torsions
(100%), while power Doppler correctly identified 7 cases out
of 8 (87.5%). In 1/8 case the power Doppler did not detect
any flow in healthy testis.

The diagnostic performance of MicroV for the detec-
tion of testicular torsion was 100% sensitivity (95% CI
59.77-100%), 100% specificity (95% CI 92,61-100%),
100% PPV (95% CI 59.77-100%), 100% NPV (95%
CI 92.61-100%), with an accuracy of 100% (95% CI
94.79-100%).

On the other hand, the diagnostic performance of power
Doppler was 87.5% sensitivity (95% CI 46,67-99.34%),
100% specificity (95% CI 92.61-100%), 100% PPV (95%
CI 56.09-100%), and 98.38% NPV (95% CI 90.16-99.91%),
with an accuracy of 98.38% (95% CI 92.19-99.90%). There
was no significance in accuracy comparison between power
Doppler and MicroV (p =0.29).

Diagnostic performance for orchi-epididymitis

MicroV correctly identified 12 out of 15 orchi-epididymitis
(80%), while power Doppler correctly identified 11 cases
out of 15 (73.33%).

The diagnostic performance of MicroV for the detec-
tion of orchi-epididymitis was 80% sensitivity (95% CI
51.37-94.68%), 100% specificity (95% CI 91.72-100%),
100% PPV (95% CI 69.87-100%) and 94.73% NPV (95%
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Fig.2 Flowchart of patient
selection

Scrotal Ultrasound for pediatric Emergency Department
Jun 2018 - Dec 2020
(acute scrotal pain, acute scrotum, suspected epididymitis, and
suspected testicular torsion)

134 patients

Excluded from the study:
24  bilateral pain
20 pain onset >6h

04 monorchidism

05 incomplete data

12 lost to follow-up

Eligible patients

69 patients

Testicular torsion
8 patients

Orchi-
epididymitis
15 patients

Other scrotal diseases:
testicular appendix
torsion, varicocele,

Healthy testes vascularization scores
35

33

35

28

N
LY

21 15

very satisfying
(score of 3)

satisfying
(score of 2)

absent poor
(score of 0) (score of 1)

EPD ™ MicroV

Fig.3 Different vascularization scores in healthy testes evaluated
both with power Doppler (PD) and MicroV

CI 84.45-98.63%), with an accuracy of 95.65% (95% CI
87.82-99.10%).

The diagnostic performance of power Doppler was
73.33% sensitivity (95% CI 44.83-91.08%), 98.14%
specificity (95% CI 88.88-99.9%), 91.66% PPV (95% CI
59.57-99.56%) and 92.98% NPV (95% CI 82.16-97.72%),

hydrocele, scrotal
edema, hernia
46 patients

with an accuracy of 92.75% (95% CI 83.89-97.61%). There
was no significance in accuracy comparison between power
Doppler and MicroV (p=0.47).

Inter-observer agreement

The inter-rater agreement of vascularization score of patho-
logical and healthy sides was excellent when assessed by
MicroV (k,,=0.92, 95% CI, 0.89-0.94; p <0.001, and
k,,=0.91, 95% CI, 0.82-1.00; p <0.001, respectively) as
well as when assessed by power Doppler (k,,=0.86, 95%
CIL 0.82-0.92; p <0.001, and k,,=0.88, 95% CI, 0.82-0.91;
p <0.001, respectively).

Discussion

The acute scrotum may be a critical pathological condition,
which can underlie a surgical emergency when a testicular
torsion is responsible. In patients affected by torsion, the out-
come could be favorable if the surgical treatment is promptly
proposed and performed. A de-torsion within 6 h from the
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Fig.4 Left testicle torsion in

an 11-year-old patient with
inconclusive US diagnosis for
power Doppler and conclusive
US diagnosis for MicroV. Ultra-
sound of an 11-year-old with
left acute scrotal pain onset 2 h
before the examination. Right
(healthy) testicle vasculariza-
tion at power Doppler a with a
score of 0 (absence of vascular
signal), and at MicroV a’’

with a score of 2 (many color
spots and a linear color flow);
B-Mode as a reference image
a’. Left (symptomatic) testicle
vascularization at power Dop-
pler b and MicroV show a score
of 0 vascularization; B-Mode as
a reference image b’

onset of symptoms, may save up to 90-100% of the testicles,
while the percentage decrease to 20-50% if the surgery is
performed after 12 h and is drastically reduced to 0-10%
after 24 h [25]. However, a delayed surgical de-torsion may
also affect testicular function in the testicles that seem vital
at the time of surgery, resulting in the development of atro-
phy and infertility [26, 27].

In the early stage, no changes in the US grayscale are
detectable and the differentiation between torsion/no torsion
is usually based on vascular signals on color power Doppler,
comparing the diseased testis with the healthy side. This
differentiation may be challenging if there is not any flow
identification in the healthy testis. Flow absence at power
Doppler in untwisted testes is reported as a possible occur-
rence in some clinical series (patients < 13-year-old), with a
percentage range from 15 to 38% [3, 28-30].

This consistent percentage of no-flow in healthy testes,
in addition to the cases with a paucity of vascular signals on
both sides, plays a crucial role in the diagnostic management
of patients with acute early-stage scrotal pain. In our cohort,
power Doppler showed no detectable blood flow in 15/69
(21.74%) healthy testicles and poor flow in 20/69 (28.99%)
ones. Twenty-six patients (37.68%—26/69), with no-flow and
poor flow at power Doppler, presented also no difference
in vascularization score between healthy and symptomatic
sides. In our study, this condition of a draw score (for no/
poor flow) was considered as an inconclusive US diagno-
sis since testis vascularization assessment should take into
account a comparison of both testes [8, 9, 31]. Among these
inconclusive power Doppler diagnoses, there were retrospec-
tively 1 testicular torsion (Fig. 4), 2 orchi-epididymitis, and
24 were other scrotal conditions.

Relying on power Doppler alone, these patients would
have been candidates for unnecessary surgery or a “wait-
and-see” approach that could be detrimental in the event
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of undiagnosed torsion. Contrary to the power Doppler,
MicroV was able to detect flow in all 69 healthy testes
(100%). At MicroV, flow absence was observed only in
patients with testicular torsion. MicroV performed in only
1 case out of 69 (1.45%) an inconclusive US diagnosis,
which at the retrospective final diagnosis was an inguinal
hernia.

In our experience, there was a highly significant differ-
ence (p <0.0001) in performing inconclusive diagnosis
between MicroV (1/69) and power Doppler (26/69).

Orchi-epididymitis is another common pathological con-
dition that often causes early-stage acute scrotal pain in the
pediatric population due to an infectious-inflammatory con-
dition. It is commonly diagnosed as an increment of vascular
signals in the symptomatic testes compared to the healthy
ones [8, 9]. In our experience, in the US diagnosis of orchi-
epididymitis, MicroV had a slightly higher sensitivity and
specificity if compared to power Doppler, respectively, 80%
vs 73.33% and 100% vs 98.14% (Fig. 5).

On the other hand, according to our vascularization
scale, MicroV provided 3 false-negative cases. Notably, all
3 false-negative cases were attributed with the maximum
vascularization since their high vascularization in both
testes. This scoring could be biased by probably inherent
difficulties of this new technique in the discrimination of
slightly different high vascularization scores. Power Doppler
provided 3 false-negative and 1 false-positive diagnoses of
orchi-epididymitis.

Microvascular imaging ultrasound, also called 3rd gen-
eration Doppler [32], was developed to overcome the lim-
its of conventional wall filters used in traditional Doppler
techniques. In traditional Doppler wall filters eliminate low
frequencies due to motion artifacts (slow-moving stationary
tissue and vascular wall), indicated as clutter [33]. The fre-
quencies generated by the slow flow of small vessels also fall
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Fig.5 Left orchi-epididymitis
in a 16-year-old patient with
both power Doppler and
MicroV. Right (healthy) testicle
vascularization at power Dop-
pler a and MicroV a’ with a
score of 2 (many color spots
and a linear color flow). Left
(symptomatic) testicle vascu-
larization at power Doppler b
and MicroV b’ with a score of 3
(many linear signals reproduc-
ing the typical radial vascularity
of the testis per scan). Higher
vascularization score for symp-
tomatic testicle suggested an US
diagnosis of orchi-epididymitis
with both techniques

into this low-frequency range. Thus conventional Doppler
eliminates both real artifacts and slow flows.

MicroV uses a new adaptive algorithm that achieves a
selective reading of the two different clutter components,
preserving the low frequencies originating from slow flows.
As aresult, MicroV could better suppress tissue motion arti-
facts and effectively displays very slow flow signals (Fig. 4).
Some authors reported also advantages of the high spatial
resolution with higher frame rate, lower pulse repetition
rates (PRF), and fast execution with no complex setting [21,
22, 34, 35].

To date, given the recent application of microvascular
imaging ultrasound, there are still few studies in the litera-
ture, particularly on the assessment of the scrotum. These
studies mainly investigate vascularization in normal subjects
or heterogeneous population (adult and pediatric patients)
[34, 36, 37]. Nonetheless, each study agreed that this new
Doppler modality is quick, easy to apply, and more sensi-
tive than conventional colorimetric techniques both in the
scrotum and in other districts [22, 30, 34, 36-40].

To our knowledge, our work is the first to perform a com-
parative evaluation between MicroV and power Doppler in
pediatric patients with acute scrotum in the early stage.

In our experience, MicroV made simple the demonstra-
tion of color signals in 100% of normal testes, enhanced the
vascular differences with the affected side, and improved the
diagnostic confidence, safely reducing unnecessary surgical
explorations, which are reported to be between 15 and 62%
[3,41].

Notably, to provide a better evaluation of MicroV the
following key points should be considered. The software
performs background subtraction and the image is char-
acterized exclusively by the vascular map. Therefore,

for a correct interpretation, it is necessary to work with
the ‘double image’ mode in which there is a simultane-
ous real-time view of the grayscale image on one side
and the MicroV view on the other side (Figs. 4 and 5).
Moreover, the latest generation power Doppler module is
bidirectional, whereas, MicroV is monochromatic with
no information about the flow direction.

There are some limitations to our study. First, since it is
a retrospective study, it does not always guarantee a power
Doppler and MicroV evaluation on the same testicular sec-
tions and does not consider the spectral analysis as it was
not performed on all patients. Second, in our cohort there
were no cases of incomplete torsion, thus we could not
provide information about possible differential elements
that may favor the perception of this pathological condi-
tion with power Doppler or MicroV. Third, the statistical
power of our study is limited due to the small sample size
of patients with torsion and orchi-epididymitis. Further
study with a larger pediatric cohort should be encouraged
to confirm the diagnostic power of MicroV in acute scrotal
pain. Finally, being MicroV a new modality, the param-
eters that can optimize the signal collection could not
have been yet well identified. The vascularization richness
could make challenging US diagnosis of orchi-epididymi-
tis. Further studies could be useful for testing different
PRFs to establish an optimal cut-off between normal and
increased vascular design with MicroV.

Nevertheless, our study provides further evidence in
support of the usefulness of this new Doppler technique.
Our results agreed with data from previous studies and
may help in providing value in a prompt differential diag-
nosis of early-stage acute scrotum in pediatric patients.
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Conclusions

Demonstration of vascularity is crucial for the differential
diagnosis in early-stage acute scrotal pain. In particular,
the early phase diagnosis of testicular torsion commonly
relies on the color power Doppler. However, due to the
well-defined limitations of this conventional method, the
patient might undergo unnecessary surgical intervention as
well as delayed treatment, and novel sensitive diagnostic
techniques are urgently needed. Our study, although pre-
liminary, suggests that MicroV can improve the detection
of slow flows allowing accurate discrimination between
healthy and diseased testicles. Furthermore, due to the fast
execution and the easy vascular representation, MicroV
may become in the next future the modality of choice to
study pediatric testicular vascularization in acute events.
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