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Abstract

Purpose Gel pad is an aqueous, flexible, easy available, disposable spacer used for the ultrasound (US) scan of superficial
or difficult-to-visualize areas. In clinical practice, it is widely used in B-mode US approach of superficial lesions but, to
date, no data have been provided as to its efficacy in the Doppler detection of superficial flows. The aim of our study was
to demonstrate the role of stand-off gel pad in the detection of the otherwise-missed peri- or intra-lesional flow signals on
Doppler imaging.

Materials and Methods A total of 100 superficial lesions undergone to an US evaluation using a 7.5-12-MHz linear probe
were evaluated prospectively with and without interposition of a gel stand-off pad to detect the presence or absence of vas-
cularization and to classify the vascular pattern.

Results Peri- or intra-lesional flow was demonstrated in 56% of cases without and in 84% of cases with interposition of a
gel stand-off pad; moreover, a statistically significant difference (p value <0.001) was observed at Chi-square test in the
identification of the flow pattern between the use and no use of the pad.

Conclusions The use of a gel stand-off pad allows the detection of otherwise-missed peri- or intra-lesional flow signals on
Doppler imaging, increasing the diagnostic role of this technique in differential diagnosis of superficial lesions.
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Introduction

Sonography (US) of the skin is rapidly gaining importance
as a non-invasive, accurate, and reproducible method to
detect focal lesions and describe their morphologic appear-
ance. However, despite many accurate descriptions of skin
tumors with US, the vast majority of benign and malignant
lesions seem to share the same well-defined hypoechoic
pattern. Thus, although being highly sensitive in tumor
detection, US can be considered poorly specific in tumor
characterization [1-4].

Color Doppler US, being able to produce an accu-
rate map of tumoral vessels, is now considered as one of
the most sensitive methods to detect signs of malignant
neovascularity [5]. However, despite the use of high-fre-
quency transducers and low-flow scanner settings (high
transmission frequency, low pulse repetition frequency,
minimum wall filter, color gain increased up to the arti-
facts threshold), it is sometimes difficult or impossible to
detect flow signals of the superficial lesions at color- and
power-Doppler (CD and PD) US [6].

Gel pad is an aqueous, flexible, easy available, dis-
posable spacer used for the US scan of superficial and
difficult-to-visualize areas; improving the transmission of
acoustic energy by shifting the focus more superficially;
it is a useful tool to achieve a better B-mode US definition
of skin lesions with superior probe stability and contact
[7], particularly to scan uneven surfaces [8].

In our study, a commercial gel pad was used as a cou-
pling agent for dermatologic US. The purpose was to out-
line the technical aspects of gel pad application and to
evaluate the role of gel stand-off pad in the detection of
the otherwise-missed peri- or intra-lesional flow signals

on Doppler imaging. We believe that using a spacer, or
a huge amount of free gel when no spacer is not avail-
able, may be particularly helpful in US laboratories where
high-frequency transducers are not available. Despite an
extensive literature research, no data have been provided
as to the efficacy of the gel pad in the Doppler detection
of superficial flows; to the best of our knowledge, this is
the first study about this topic.

Materials and methods

Our single-center, prospective study was conducted over a
5-month period. We evaluated 100 superficial lesions using
a multifrequency linear probe with and without interposi-
tion of a gel stand-off pad. The criterion for the inclusion in
the study group was the detection of a superficial nodule as
assessed at B-mode US. Also, patients with a suspected or
certain clinical and US diagnosis of vascular anomaly (hae-
mangiomas and artero-venous malformations) or aneurysm/
pseudoaneurysm were excluded.

Each patient was subjected to a general clinical and der-
matological examination and, subsequently, addressed to the
US laboratory of our department to undergo a pre-operative
skin US examination. Ethics approval was obtained from
the local Institutional Research Ethics Board and informed
consent was obtained from every patient.

US examination was performed with a MyLab 70 Twice
scanner (Esaote, Genoa, Italy) using a multifrequency
(7.5-12 MHz) linear probe. A gel pad (Aquaflex®, Parker
Laboratories Inc., USA) approximately 2 cm in thickness
was applied between the skin and the probe (Fig. 1).

The focal zone position was adapted according to the
position of the lesion in the superficial tissues and the

Fig. 1 Parker Laboratories, Inc (Fairfield, NJ) produces Aquaflex, an aqueous, flexible, easy available disposable, ultrasound gel pad that meas-
ures 9 cm in diameter and 2 cm in thickness for the US scan of superficial and difficult-to-visualize areas, which we used in our study
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magnification was adjusted as needed to enable better visu-
alization and measurement of the lesion. The transducer was
oriented so that the maximum axial diameter of the lesion
was parallel to the longitudinal axis of the probe; the maxi-
mum axial diameter and the antero-posterior diameter were
measured for each lesion. The lesional shape (round, ovoid,
irregular), margins (well-defined, ill-defined, irregular),
echogenicity (compared with the adjacent dermis, classi-
fied as anechoic, hypoechoic, isoechoic, and hyperechoic),
echostructure (homogeneous, heterogeneous) and localiza-
tion were evaluated. Calcifications were considered present
in case of focal hyperechoic deposits of any size, with or
without back-shadowing. Among the changes in the soft
tissues located deeply to the lesion, we considered dorsal
enhancement in case of posterior acoustic reinforcement
artifact (hyperechogenicity) and back-shadowing in case of
any degree of dorsal beam attenuation (hypoechogenicity).

In addition, the lesions were studied with CD and PD
Doppler to detect the presence or absence of vascularization
and to classify the vascular pattern.

Doppler sonographic parameters were adjusted for detec-
tion of low velocities. Specifically, the lowest pulse repeti-
tion frequency (PRF) and Doppler gain settings that did not
cause aliasing were used; the PRF used was 500-800 Hz
with 70-80% color gain, the wall filter was set at 25-50 Hz.
With a restricted field of view, the color box was maintained
in the area of interest and as small as possible to keep the
frame rate high.

The Doppler examination was divided into two steps.
First, for each lesion, a CD and PD study was performed
to detect absence or presence of flow signal with and with-
out gel pad application, to obtain two sets of sonograms.
Specifically, a vessel was defined as a linear or punctuate
colored signal not associated with adjacent color noise
(optimized setting of color gain is important to reduce arti-
facts). Then, the lesions were classified by assessment of the
vascular pattern according to Giovagnorio [5] as avascular
(type I), hypovascular with a single vascular pole (type II),

hypervascular with multiple peripheral poles (type III), and
hypervascular with internal vessels (type IV) (Fig. 2). For
evaluation of image quality, two experienced radiologists
reviewed all images together, with results determined by
consensus.

The diagnostic confirmation was obtained by pathologic
examination of specimens obtained from a surgical resection
(n=67) and US-guided percutaneous fine-needle aspiration
cytology/biopsy (n=33). A pathologist with expertise in
skin pathology examined the specimens according to stand-
ard criteria based on the World Health Organization (WHO)
classification system.

Correlation coefficients and statistical significance were
calculated by Pearson correlation coefficient analysis, Stu-
dent t test, and Chi-square test. All tests were performed
with a statistical software package (Statistical Package for
the Social Sciences, SPSS, Version 20, SPSS Inc, Chicago,
IL) and by an independent statistics analyst.

Results

A total of 100 lesions were gathered from 91 patients. There
were 50 males and 41 females aged from 13 to 82 years
(mean, 45 years old). Each patient had a single lesion type,
except one case of multiple primary malignancy. The lesions
were located in the face in 4 cases, neck in 3, thigh in 28
cases, leg in 15, arm in 25, elbow in 3, forearm in 18 and
hand in 4.

Overall, of the 100 lesions examined, 32 were histo-
logically benign and 68 malignant. Specifically, the lesions
examined were 33 melanomas (33%) (Fig. 3), 12 basocellu-
lar carcinomas (12%), 10 spinocellular carcinomas (10%), 8
cutaneous lymphomas (8%), 5 merkel cell carcinomas (5%)
(Fig. 4), 15 complicated cysts (15%) (Fig. 5), 8 granulomas
(8%), 5 abscesses/cellulitis (5%) and 4 melanocytic nevi
(4%) (Table 1). Also, our patient with multiple primary
malignancies presented with the simultaneous occurrence

O 5

Type | Type |l

Type llI Type IV

Fig.2 The four vascular patterns observed in tumours lesions: avascular (type I), hypovascular with a single vascular pole (type II), hypervascu-
lar with multiple peripheral poles (type III), and hypervascular with internal vessels (type IV)
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Fig.3 Post-surgical back cutaneous melanoma recurrence. a Direc-
tional PD technique, split-screen mode (left without spacer, right with
spacer). More flow signals can be detected around and within the
cutaneous nodule by using a spacer, which allows to better focus the
beam superficially. b, ¢ Photomicrographs—hematoxylin-eosin stain,
magnification 4x (b) and 20x (c): proliferation of atypical melano-
cytes arising from the epidermis and infiltrating the dermis and char-
acterized by nests and sheets of cells epithelioid and spindle-shaped
with a high nuclear-cytoplasmic ratio, nuclear grooves and pseudoin-
clusions, large eosinophilic nucleoli and abundant mitotic figures.
The immunehistochemistry cytoplasmic positivity for HMB-45 and
MART-1 confirmed the diagnosis of melanoma

@ Springer

Fig.4 Arm merkel cell carcinoma. a Directional power-Doppler tech-
nique. Use of a gel pad to adequately depict the hypoechoic, bulging nod-
ule at US and PD: more peri- and intranodular flow signals are seen using
the spacer (left) than without any spacing (right), especially in the upper-
most aspect of the nodule. b, ¢ Photomicrographs—hematoxylin-eosin
stain, magnification 4x (b) and 20x (c): overgrowth of cells uniform in
size arranged in solid sheets and compact nests, which replaced the der-
mis and subcutaneous tissue without affecting the epidermis. The cyto-
plasm was scanty but visible as a thin acidophilic rim; the nuclei were
round and vesicular with a fine granular chromatin and multiple nucleoli.
Mitotic figures and fragmented nuclei were plentiful. The immunohisto-
chemistry cytoplasmic positivity for CK20, NSE, chromogranin and syn-
aptophysin confirmed the diagnosis of Merkel cell carcinoma
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Table 1 Pathologic confirmation of skin lesions in our study
Histological examination
Skin lesions
Benign lesions (32)

Complicated Cysts 15

Granulomas 8

Abscesses/Cellulitis 5

Melanocytic Nevi 4
Malignant lesions (68)
Melanomas 33
Non-Melanoma Skin Cancer

Basal Cell Carcinoma 12

Squamous Cell Carcinoma 10
Other Malignant Skin Tumors

Cutaneous Lymphoma 8

Merkel Cell Carcinoma 5

Fig.5 Axillary inflammed epidermal cyst (sebaceous cyst) with par-
tial rupture. a Directional PD technique, split-screen mode (left with-
out spacer, right with spacer). Doppler US demonstrates a lobulated
hypoechoic lesion in the superficial tissues of axillary region. The
adjunct of a pad spacer allows obtaining a better display of the vas-
cularity of the lesion, increased under inflammation-rupure phase. b,
¢ Photomicrographs—hematoxylin-eosin stain, magnification 4x (b)
and 20x (c): cyst lined by stratified squamous epithelium containing
lamellar keratin without calcification

of a malignant melanoma and a pigmented basal cell carci-
noma at two different sites (face and neck).

The size of the lesions at US ranged from 6 to 21 mm
(mean, 10 mm). The shape was round in 32 cases (32%),
oval in 49 (49%), and irregular in 19 (19%). The margins,
straight or polylobulated, were well defined in 78 cases
(78%), ill-defined in 15 (15%) and irregular in 7 (7%). The
echogenicity was hypoechoic in 81 lesions (81%), isoechoic
in 12 (12%) and hyperechoic in 7 (7%). Thirty-six lesions
were homogeneous (36%), forty-three slightly heterogeneous
(43%) and twenty-one overtly heterogeneous (21%). Calci-
fications were present in a single case. Dorsal enhancement
was present in 12 cases (12%).

Among the 100 lesions examined with CD and PD,
peri- or intra-lesional flow was demonstrated in 56% of
cases without and in 84% of cases with interposition of a
gel stand-off pad; a statistically significant difference (p
value <0.001) was observed at Chi-square test in the iden-
tification of flow signal between the use and no use of the
pad (Fig. 6). Moreover, statistical analysis revealed a strong
correlation between the flow pattern, and the use or no use of
the gel pad; in particular, vascular pattern type II was found
in 26 lesions with and in 10 lesions without application of
a gel pad (p <0.005). A minor correlation was found also
for types III and IV vascular patterns and the use of gel pad
(Table 2).

Discussion
Since the early 1980s reports of high-frequency sonography

application to skin study, the development of technologies
has allowed US to become a useful tool associated with
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Fig.6 Among the 100 lesions examined with CD and PD, intra- or
peri-lesional flow was demonstrated in 56% of cases without and in
84% of cases with interposition of a gel stand-oft pad; a statistically
significant difference (p value <0.001) was observed at Chi-square
test in the identification of flow signal between the use and no use of
the pad

clinical examination in various indications, particularly with
the development of 20-MHz probes [9, 10].

Indeed, in the study of superficial organs, particularly
in the field of dermatology, the depth of the region to be
investigated is about 1-2 cm. Therefore, the use of high-
frequency probes, allowing high-resolution imaging, is
of crucial importance. Nevertheless, currently used 7- to
17-MHz linear arrays probes, as the one by which we per-
formed our study, also allow the visualization of deep layers
up to 3.5 cm in depth with a fairly good axial resolution, thus
permitting an adequate approach to the study of superficial
tissues [6].

Nodular lesions of the skin are a frequent and serious
clinical problem, because some of the most aggressive neo-
plasms originate from the skin (melanoma, lymphoma) and
manifest with a nodular pattern, so to result indistinguish-
able from benign ones [5].

US has been employed extensively in this field but it
lacks specificity, since many nodular lesions share the same
sonographic appearance, suggesting that the method may be
useful only when a morphologic description of an already
diagnosed malignancy is needed [6].

Doppler techniques are a simple, non-invasive method
able to increase the specificity of US by providing a real-
time evaluation of vascularity, which is an important clue
in distinguishing benign from malignant lesions; malignant
tumors show an increased number of vessels, which gener-
ally appear distorted and deformed, and multiple peripheral
poles [5, 6].

In previous studies, Doppler US is used to assess the vas-
cularization of the skin tumors before surgical excision, high
vascularization being correlated with an important risk of
metastasis [11, 12]. Also, there are several studies concern-
ing the relationship between the thickness of skin melano-
mas and the presence and aspect of vascularization. Lassau
et al. [13] and Srivastava et al. [14] found a strong positive
correlation between the vascularization and Breslow tumor
thickness, reporting that Breslow thickness and vascularity
offer information for the prognosis of these patients. Cata-
lano et al. [15] demonstrated that the presence of intratu-
moral vessels is correlated with the Breslow index and with
patient survival.

Therefore, knowing that vascularization is related to
tumor aggressiveness, relapsing or metastatic potential and
long-term survival, Doppler US evaluation is very important
for dermatologic patients not only for diagnostic characteri-
zations, but also for a good management of both pre- and
post-operatively [16].

In our study, we illustrated that the use of a gel stand-
off pad allows to detect flow signals within superficial skin

Table 2 A statistical analysis revealed a strong correlation between the grade of flow signal and the use or not of the gel pad; in particular, vas-
cular pattern type II was found in 26 lesions with and in 10 lesions without application of a gel pad (p <0.005)

Vascular pattern With gel pad Without gel pad p

Typel 16 44

Type I 26 10 0.005

Type III 28 22

Type IV 30 24

p<0.001 With gel pad Without
gel pad

Vessels + 84 56

Vessels 0 16 44

A minor correlation was found also for types III and IV vascular patterns and the use of gel pad

@ Springer



Journal of Ultrasound (2020) 23:45-53

51

lesions. These signals were not seen without the use of the
gel pad or were seen in a lesser extent. Our observations
also demonstrate that the use of gel pad is helpful in clinical
practice, allowing achievement of a presumptive or definitive
diagnosis of superficial lesions otherwise indeterminate, and
better identifying those with hypovascular pattern (type II).

Technically, it is well known that the body area closer
to the transducer, the Fresnel zone or near-field, is the area
better seen during US scanning since the beam is collimated
and the resolution is high. Instead, at some point distal to
the transducer, the beam begins to diverge with decreased
resolution: this is the far-field or Fraunhofer zone. However,
the nearest region to the transducer, including the cutaneous
tissues, is compressed on US image for a length that depends
on the transducer quality and on the emission frequency [17,
18]. Gel stand-off pad, increasing the distance between the
transducer and the target, enables that the latter falls into the
best focus area, maximizing the axial resolution at the depth
where the focus is manually placed by the operator. Thus,
more flow signals can be detected within the small cutaneous
nodules using a spacer [19].

Moreover, our study casually documented a case of coex-
istence of malignant melanoma and basal cell carcinoma,
which we diagnosed as multiple primary malignancy accord-
ing to criteria given by Warren and Gates [20] and modified
later by Moertel et al. and National Cancer Institute for their
surveillance, epidemiology and end results (SEER) program
[20-24]. To our knowledge, there are only few reports of
similar cases in literature [25].

Our study has, however, some limitations. It has a selec-
tion bias, as the patients enrolled were selected from a popu-
lation of patients entering a cancer institute. It is, therefore,
obvious that among these patients, there was a high preva-
lence of malignant lesions. Furthermore, another limit of
our study was to not include superficial lesions of vascular
origin. Indeed, although US and Doppler appearance of this
type of lesions has been extensively documented [26-33]
and they may sometimes not be easily differentiated from
hypervascularized malignant ones, especially if they show
high vessel density such as some hemangiomas or artero-
venous malformations [26], we preferred not to include them
in our case studies because of their different histopathogen-
esis, also considering the low case number we encountered
during the study period. Finally, in our study, we have not
performed an integration with the administration of contrast
medium, which surely would have been beneficial to the
study of the vascularity of lesions.

Contrast-enhanced ultrasound (CEUS) using second-gen-
eration contrast agents is a “new” simple, immediate, and
effective tool: microbubbles circulate freely inside the body
and constitute an intravascular contrast agent [34—37]; there-
fore, they permit analysis of tissue perfusion and regional
blood flow [38—-41]. To date, the value of CEUS for the

examination of superficial lesions has not been studied in
detail [42, 43]. CEUS previous studies of soft-tissue tumors
demonstrated that microbubble-enhanced US can improve
the detection of perfusion if compared with CD: in a sub-
stantial number of tumors that appear only sparsely vascular-
ized with CD, CEUS gives a completely different impres-
sion by depicting more vessels and more intense perfusion
[38—41]. Therefore, with these results, our group is planning
to evaluate tumor neovasculature with CEUS.

However, the apparent possibilities of Doppler US, even
if increased by the use of the spacer as we demonstrated, are
balanced by some weak points, which will probably prevent
the technique from gaining a leading role in the diagnostic
protocols of skin nodule. First, such a superficial and eas-
ily accessible disease can be effectively characterized with
physical examination and biopsy alone; so that dermatolo-
gists are generally unwilling to perform further examina-
tions. Second, since most of skin nodules are removed surgi-
cally, Doppler sonography cannot be proposed for follow-up.

In conclusion, gel pad is able to increase significantly the
specificity of Doppler US in the evaluation of skin nodules,
but the availability of well-known and affordable gold stand-
ards, such as physical examination and biopsy, will probably
limit its diagnostic role to some well-defined fields.
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