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Abstract

Background/Objectives: Distinguishing melanoma from benign melanocytic nevi remains
a central diagnostic challenge, and vascular features may provide additional information
beyond surface morphology. Super-resolution ultrasound using the erythrocytes (SURE) is
a contrast-free imaging technique that uses endogenous erythrocyte scattering signals to
reconstruct microvascular architecture beyond the conventional diffraction limit. This study
evaluated the feasibility of SURE for in vivo visualization and quantitative assessment of
dermal microvasculature in clinically benign nevi. Methods: Eleven participants with
35 clinically benign dermal nevi were included. All lesions underwent clinical and dermo-
scopic assessment, conventional B-mode ultrasound, color and power Doppler imaging,
and SURE imaging. Eight larger nevi were imaged in two imaging planes, resulting in 43
SURE acquisitions. SURE reconstructions were assessed qualitatively for microvascular
morphology and quantitatively for vessel diameter and erythrocyte flow velocity in proxi-
mal, intermediate, and distal visible intralesional vessel segments. Results: Dermoscopic
and conventional ultrasound images were acquired for all lesions. SURE reconstructions
of sufficient quality for quantitative analysis were obtained for all included acquisitions,
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enabled contrast-free in vivo visualization and quantitative assessment of low-velocity
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dermal microvasculature in clinically benign nevi. These findings support the feasibility
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1. Introduction

Cutaneous melanoma represents the most lethal form of skin cancer, with approx-
imately 325,000 new cases and 57,000 deaths recorded globally in 2020 [1-6]. Incidence
rates are the highest in Australia and New Zealand, followed by Northern and Western
Europe, and projections estimate that annual global incidence may exceed 510,000 cases by
2040 [1-3,7,8]. In Denmark, age-standardized melanoma incidence has increased substan-
tially in recent decades, with current rates remaining high in both sexes and particularly
among women [9]. Incidence continues to rise, particularly among older age groups, while
mortality has stabilized in younger populations in several high-income countries. This
epidemiological shift is likely driven by a combination of increased cumulative ultraviolet
exposure, improved diagnostic activity, and demographic aging [1,4-6,10,11].

Prognosis is strongly stage-dependent, underscoring the importance of early and
accurate lesion characterization [2,12-14]. The primary diagnostic challenge lies in distin-
guishing melanoma from benign melanocytic nevi. Current evaluation relies predominantly
on dermoscopy followed by histopathological confirmation after excision [1,2,12,13,15-19].
However, diagnosis is highly operator-dependent and largely limited to superficial as-
sessment, driving a clinical tendency to biopsy or excise many lesions that turn out to be
benign [16,19-22].

Microvascular architecture is increasingly recognized as a biologically relevant feature
in the evaluation of melanocytic lesion, with alterations in vessel density, morphology, and
flow characteristics associated with increasing Breslow thickness, ulceration, and markers
of aggressive tumor biology (see Figure 1 for a detailed view on the microvasculature of a
melanocytic dermal nevus) [23-27]. Non-invasive visualization of the dermal microvas-
culature remains challenging [25,28]. Conventional Doppler techniques are limited by
diffraction and exhibit reduced sensitivity to low-velocity flow in small-diameter dermal
vessels. Advanced microvascular imaging approaches such as photoacoustic methods and
Superb Microvascular Imaging partially overcome these constraints [28-30].

PROMINENT LOBULATED TAN
VESSELS »~ PEDUNCULATED TUMOR

EPIDERMIS

DERMIS

«—— DERMAL BLOOD
VESSELS

Figure 1. Schematic, caricatured depiction of the histological architecture of a dermal nevus. On
the surface, a lobulated, tan, pedunculated tumor with prominent vessels is seen, while the dermis
contains melanocytic nests arranged around the dermal blood vessels. Morphological illustration
borrowed with permission from DermLoop’s Learning Library.
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Super-resolution ultrasound using the erythrocytes (SURE) is a novel contrast-free
imaging approach that localizes and tracks individual erythrocyte scattering signals across
thousands of ultrafast frames, enabling the reconstruction of microvascular architecture
beyond the conventional diffraction limit [31-33]. A recent proof-of-concept study demon-
strated the feasibility of SURE in a single melanocytic nevus [34].

We hypothesized that SURE would enable contrast-free visualization of dermal nevus
microvasculature and allow the quantification of small-vessel diameter and low-velocity
erythrocyte flow in benign dermal nevi, including microvascular structures that remain
poorly detectable using conventional Doppler ultrasound.

2. Materials and Methods

This study included vessel diameter measurements and velocity measurements ob-
tained from the first 35 dermal nevi of 11 participants (10 with melanocytic and 1 with
vascular nevi). The study was approved by the Regional Committee on Health Research
Ethics for the Capital Region of Denmark (VEK number: H-24062143) and was conducted
in accordance with the Declaration of Helsinki. Written informed consent was obtained
prior to participation. Eligible participants were healthy adults aged 18 years or older with
clinically stable dermal cutaneous lesions that patients reported had remained morpho-
logically unchanged for at least three years. Exclusion criteria included a prior diagnosis
or current suspicion of malignant melanoma, symptomatic lesions (e.g., pain, pruritus, or
irritation), recent morphological changes, pregnancy, or anatomical inaccessibility of the
lesion for scanning. Recruitment was conducted through public advertisements.

2.1. Study Design

This study was designed as a technical feasibility study evaluating whether contrast-
free super-resolution ultrasound using erythrocytes (SURE) can be applied in vivo for the
visualization and quantitative assessment of microvascular structures in benign dermal nevi.
In accordance with established principles for feasibility study design, the study focused on
practical implementation, image acquisition feasibility, and limited quantitative assessment
rather than diagnostic accuracy or clinical decision-making [35]. Specifically, we assessed
whether SURE imaging could be performed in a clinical setting, whether reconstructed
microvascular images of sufficient quality could be obtained, and whether vessel diameter
and erythrocyte flow velocity could be extracted from selected intralesional vessels.

2.2. Examination Process

Prior to scanning, participants received written and oral information reiterating the
study procedures. Baseline demographic and anthropometric data were recorded, including
age, weight, and height (Table 1). Skin phototype was assessed using the Fitzpatrick scale,
and participants were interviewed regarding sun exposure habits, including history of
sunburn and solarium use. A clinical examination was subsequently performed by a
physician to identify eligible melanocytic nevi. All identified lesions were photographed
using the platform Dermloop (Melatech ApS, Valby, Denmark), including a clinical and
a dermoscopic photo, a location marked on a 3D avatar and a short medical history.
Lesions were reviewed by two experts with more than six years of experience in evaluating
melanocytic and non-melanocytic skin lesions. Only benign nevi without any malignancy
suspicious criteria were included in the study.
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Table 1. Demographics and characteristics.

Participant Demographics

Characteristics Value
Participants, n 11
Age, years 54.5 £ 12.2 (26-69)
Females 7 (63.6%)
Males 4 (36.4%)
Fitzpatrick skin type I 2 (18.2%)
Fitzpatrick skin type II 8 (72.7%)
Fitzpatrick skin type III 1(9.1%)
Lesion and Measurement Characteristics
Characteristics Value
Nevi 35
Lesion diameter, mm 7.7 + 3.4 (3.0-16.0)
SURE scans, n 43
Vessel diameter measurements, n 129
Velocity measurements, n 129
Vessel diameter range, um 48.1-173.0
Velocity range, mm/s 0.6-6.3

Age is presented as mean =+ standard deviation (range). Vessel diameter and velocity measurements refer to
intralesional measurements obtained across proximal, intermediate and distal vessel segments. Lesion diameter
is presented as mean =+ standard deviation (range). Vessel diameter and velocity ranges are presented as
minimum-maximum.

2.3. Scanning Procedure

The scanning region was selected based on clinical inspection, and the images and
location were documented within the Dermloop platform. Each lesion was subsequently
imaged using two ultrasound platforms for comparative evaluation. A conventional
clinical ultrasound system, GE LOGIQ E9 (GE HealthCare, Chicago, IL, USA), was used to
perform standard vascular assessments with color and power Doppler imaging (Figure 2).
When obtaining Doppler images, the setting was aligned for the lowest scale at which a
representative flow was presented without too much interference.

For SURE imaging, a Verasonics Vantage 256 research platform (Verasonics, Inc., Kirk-
land, WA, USA) was employed. The same linear transducer, GE L8-18i-D(GE HealthCare,
Chicago, IL, USA), was used for both acquisitions. A custom-designed probe holder was
developed to stabilize the transducer, minimize operator-induced motion and image the
same anatomical imaging plane, enabling a direct comparison between acquisition modali-
ties. For the SURE protocol, synthetic aperture ultrasound sequences were implemented,
achieving a frame rate of 208 Hz. The SURE sequence used a nominal transmit frequency
of 10 MHz; the measured center frequency of the transmitted pulse was 9.29 MHz, corre-
sponding to a wavelength of approximately 166 um in tissue (assuming a sound speed of
1540 m/s).

Before the study, comprehensive safety evaluations were conducted, including ther-
mal, acoustic intensity, and electrical assessments to ensure compliance with safety stan-
dards. The measured mechanical index (MI) was below 0.5 (FDA limit: 1.9), and the
derated spatial-peak temporal-average intensity (I_spta) was below 7.5 mW /cm? (FDA
limit: 720 mW/cm?).
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Figure 2. The figure shows four representative benign dermal nevi arranged in rows (the first
3 are melanocytic and the last vascular). The first column displays dermoscopic images used
for clinical lesion assessment and diagnostic characterization, with a millimeter scale included
for size reference. The second column shows corresponding power Doppler ultrasound images,
demonstrating absent or only sparse detectable vascular signal within the lesions. The third column
shows the corresponding super-resolution ultrasound using the erythrocytes (SURE) reconstructions,
revealing detailed microvascular architecture with visualization of small-caliber dermal vessels
extending throughout the lesions. White arrows indicate approximate corresponding regions across
the ultrasound images to facilitate visual comparison between conventional Doppler and SURE.

2.4. SURE Imaging Reconstruction

After acquisition, SURE scan data were processed in Matlab 2021b (MathWorks,
Natick, MA, USA) using a locally developed post-processing program at the Center for
Fast Ultrasound Imaging (CFU), Technical University of Denmark. For each lesion, 10 s of
ultrasound data was acquired and processed through the established local SURE pipeline.
If motion artifacts were present, affected frames or segments were excluded during post-
processing, and reconstruction was performed using the remaining data with sufficient
image stability. Minor scan-specific adjustments were performed when required, including
corrections related to lesion position and clutter suppression. Each reconstructed SURE
image was visually assessed to ensure adequate quality. Beamforming was performed
using a GPU-accelerated implementation in MATLAB R2021b. Transverse oscillation-based
motion estimation was applied to estimate and compensate for tissue motion, and singular
value decomposition (SVD) filtering was used to suppress stationary tissue clutter while
preserving blood flow components. The amplitude and spatial location of signal peaks
in the filtered data were used to generate SURE intensity images representing the spatial
distribution of erythrocytes, and a recursive nearest-neighbor tracking algorithm was
applied to estimate flow velocity and generate the corresponding velocity maps. For more
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in depth explanation on the SURE pipeline please see the following references [31,33,34,36].
Previous validation of the SURE method demonstrated a spatial resolution of approximately
29 um [33], supporting its ability to visualize vascular structures substantially smaller than
the acoustic wavelength.

From the processed SURE data, secondary reconstructions were generated as intensity
and velocity maps. For quantitative analysis, the SURE imaging plane and time segment
with the least motion and highest reconstruction quality were selected. Vessel measure-
ments were performed manually by a trained physician on vessels located within the
dermal nevus. Measurement points were categorized according to visible intralesional ves-
sel segment as proximal, intermediate, or distal vessels, as illustrated in Figure 3. Proximal
segments were defined as the first third of the visible vessel or the segment before the first
branch point, when identifiable. Distal segments were defined as the most peripheral visi-
ble vessel segment or the segment beyond the last identifiable branch point. Intermediate
segments comprised the remaining vessel course between proximal and distal segments.
This classification referred to the visible course of individual vessel segments within the
two-dimensional SURE reconstruction and did not represent depth from the skin surface
or distance from the center of the nevus.

Intensity Map

Axial distance [mm]

-8 -6 -4 -2 0 2 4 6 8
Lateral distance [mm]

Figure 3. Representative quantitative SURE analysis of dermal microvasculature. The reconstructed
branching microvascular network allows localized assessment of vessel diameter and erythrocyte
flow velocity. The upper panel shows the intensity map, with white line segments indicating the
sites of vessel diameter measurements. The corresponding vessel diameters are displayed directly
on the image in micrometers (um). The lower panel shows the velocity map, where white line
segments indicate the sites of velocity measurements, with corresponding flow velocities displayed
in millimeters per second (mm/s). In both panels, the x-axis represents lateral distance in millimeters
(mm), and the y-axis represents axial distance in millimeters (mm).
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Vessel diameter was estimated directly from the SURE intensity maps. For each
selected vessel, an intensity profile was obtained perpendicular to the vessel axis at the
place of highest visual quality, ensuring optimal data quality. Vessel diameter was defined
as the full width at half maximum (FWHM) of the normalized intensity profile. Blood flow
velocity was obtained from the corresponding SURE velocity maps by selecting the same
vessel segment, and the peak velocity was recorded for each measurement point.

2.5. Statistical Analysis

Statistical analyses were performed using R2025.09.2+418 (R Foundation for Statis-
tical Computing, Vienna, Austria). Distributional assumptions were assessed by visual
inspection of histograms and Q-Q plots. Microvascular measurements were categorized
according to intralesional vessel segment as proximal, intermediate, and distal. Vessel
diameter was summarized as mean =+ standard deviation, while blood flow velocity was
summarized as median with interquartile range due to right-skewed distribution.

Vessel diameter and blood flow velocity were analyzed using separate mixed-effects
models with intralesional vessel segment as fixed effect and nevus identity as random inter-
cept to account for repeated measurements within the same lesion. Blood flow velocity was
log-transformed prior to model fitting to improve residual normality. Overall differences
between locations were assessed from the mixed-effects models, and proximal location was
used as the reference for location-specific comparisons. Descriptive values are presented as
observed mean = standard deviation for vessel diameter and observed median [IQ range]
for blood flow velocity. Model-based p-values are reported for overall and location-specific
comparisons. A p-value below 0.05 was considered statistically significant.

3. Results

A total of 11 participants with 35 dermal nevi were included (Table 1). In total, 27 nevi
contributed to one SURE acquisition each and 8 larger nevi contributed two acquisitions
each, yielding a total of 43 SURE acquisitions. No nevi were suspected of malignancy based
on medical history and dermoscopy. Conventional ultrasound (B-mode, color Doppler, and
power Doppler) and dermoscopic images were successfully acquired for all lesions. SURE
reconstructions of sufficient quality were obtained from all included acquisitions, result-
ing in 129 vessel diameter measurements and 129 corresponding velocity measurements
across proximal, intermediate and distal intralesional segments. Conventional Doppler
demonstrated absent or minimal detectable flow in the majority of lesions.

SURE imaging repeatedly demonstrated branching structures consistent with mi-
crovascular network, with clearly delineated vessel trajectories extending throughout the
dermal nevi. Vessels below 100 um in diameter were repeatedly resolved, with an overall
mean vessel diameter of 85.0 £ 20.2 um, while the overall median flow velocity was 1.80
[1.30-2.50] mm/s (Table 2).

To assess whether measurements varied depending on where along the visible vessel
course they were sampled, diameter and velocity were recorded at three points per lesion
(proximal, intermediate, distal; see Methods). Measurements were closely similar across
the three sampling points (diameters: 89.4 & 23.4, 82.7 £ 19.0, 83.0 & 17.4 pm; p = 0.165;
velocities: 1.90 [1.20-2.95], 1.90 [1.45-2.50], 1.70 [1.30-2.30] mm/s; p = 0.591), indicating that
measurements were consistent regardless of sampling location within the lesion (Table 2).
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Table 2. Microvascular measurements by intralesional location.

Variable Statistics Overall Proximal Intermediate Distal
1.80[1.30-2.50] 1.90 [1.20-2.95] 1.90 [1.45-2.50] 1.70 [1.30-2.30]
Velocity, mm/s Median [IQR] n=129 n=43 n=43 n=43
p=0.591 Reference p =0.985 p=0.707
Vi 1 di " 85.0 £ 20.2 894 +234 82.7 £19.0 83.0+174
esse Il;lme er, Mean <+ SD n=129 n=43 n=43 n=43
H p =0.165 Reference p=0.209 p = 0.247

Velocity is presented as median [IQR] and was analyzed using a log-transformed mixed-effects model. Vessel
diameter is presented as mean £ SD and was analyzed using a linear mixed-effects model. Nevus identity was
included as a random intercept. Overall p-values represent the fixed effect of location. Pairwise p-values are
Tukey-adjusted comparisons with proximal as reference.

4. Discussion

A recent proof-of-concept study demonstrated the feasibility of SURE in a single
melanocytic nevus [34]. In recent years, SURE has been applied to other human tissues,
including lymph nodes and tendons, with similar findings; however, most of these studies
are based on single participant cases [37—40]. The present study extends this work by
presenting the first systematic in-human application of super-resolution ultrasound using
the erythrocytes (SURE) for the visualization and quantitative assessment of dermal nevus
microvasculature in 35 nevi from 11 participants. SURE resolved structures consistent
with microvascular architecture below 100 um and detected flow velocities in the low
millimeter-per-second range across benign dermal nevi. Conventional color and power
Doppler demonstrated absent or minimal vascular signal in most lesions, consistent with
the known limitations of flow-sensitive ultrasound techniques in dermal microvascular
imaging. Beyond simple vessel detection, SURE enabled the visualization of organized
intralesional microvascular networks with a similar branching morphology observed across
lesions. These findings demonstrate the feasibility of SURE for in vivo characterization of
dermal microcirculation.

The branching networks visualized with SURE are biologically plausible in benign
dermal nevi. The vessel dimensions and flow velocities observed in the present study
are consistent with the expected scale of superficial dermal microcirculation, in which
vessels are reported to range approximately from 50 to 150 um in dermis and below
50 um in the superficial plexus, with vertically oriented branching vessels connecting
the superficial and deep horizontal plexuses (see Figure 1) [29]. For comparison, high-
frequency ultrafast ultrasound studies on human skin have previously reported detectable
dermal microvascular diameters in a similar range, including microvessels of approximately
141-153 pm in healthy dorsal hand skin and detectable diameters from 40.69 um to more
than 1 mm in keloid tissue (the upper range reflecting larger feeding vessels within the
highly vascularized scar tissue rather than true microvasculature) [29,41-43]. This study
found a mean vessel diameter of 85.0 + 20.2 um and the smallest measured vessels of
48.1 um. The measured SURE data therefore fall within a biologically plausible range
for dermal microvascular structures as well as previously measured microvasculature
structures (Table 3).
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Table 3. Comparison of SURE and related contrast-free super-resolution ultrasound microvascular
imaging studies.

Smallest Vessel

Study Technique Tissue Subjects Resolved Velocity Range
. 11 participants 48.1 um mean 1.80 [1.30-2.50]
Present study SURE Human, dermal nevi (35 nevi) 85.0 + 202 um mm/s (median)
Salari et al. Human, melanocytic .
2005 [34] * SURE ‘mole 1 participant 65 pm As low as 3.2 mm/s
Naji et al. 2025 [40] * SURE Human, lymph node 4 lymph nodes 40 um 2-15mm/s
Naji et al. 2024 [39] * SURE Human, ar:‘;gzry lymph 1 lymph node 67 um Up to 16.4 mm/s
Tabatabaei Majd et al. Human, injured
2025 [37] * SURE patellar tendon ) 44 pm )
Naji et al. 2025 [38] * SURE Rat, liver and kidney 1 rat 53.3 um 4-10 mm/s
Li et al. 2026 [44] * Contrast-free eULM Cerebrovasculature - 7.3 um -

* Vessel diameters and velocities are reported as described in the cited studies; direct comparison across tissues,
species, and acquisition protocols should be made with caution.

The measured flow velocities were likewise within the low millimeter-per-second
range expected for superficial cutaneous microcirculation. Dermal vessels are known to be
challenging for conventional Doppler imaging because of their small caliber, superficial
location, and slow flow. For comparison, previously reported values include very low
velocities of approximately 0.5 mm/s in 100-300 pm vessels in cutaneous microcircula-
tion, as well as velocities of 1-4 mm /s in nailfold microvasculature [43,45]. The median
SURE-derived velocity of 1.80 [1.30-2.50] mm /s is therefore physiologically plausible and
supports the interpretation that the reconstructed vascular signals represent slow dermal
microvascular flow rather than macroscopic vascular structures.

Conventional Doppler ultrasound is challenged in the assessment of dermal micro-
circulation due to the combination of extremely small vessel caliber and very low flow
velocities [29,30,46—48]. Conventional Doppler and microvascular Doppler techniques
depend on clutter suppression to separate blood flow from tissue signal. However, tissue
clutter is a high-energy, predominantly low-velocity signal, and slow microvascular blood
flow may overlap with this signal in the low-velocity spectral range. Aggressive clutter
filtering may therefore suppress slow blood flow together with tissue motion, reducing
sensitivity to physiological dermal microvascular flow [49-51]. In the present study, this
limitation was reflected by absent or minimal vascular signal on color and power Doppler
despite clearly visible microvascular networks on SURE (Figure 2).

Recent advances in microvascular ultrasound imaging, such as Superb Microvas-
cular Imaging (SMI), have partly addressed these challenges through improved clutter
filtering and increased sensitivity to slow flow within small-caliber vessels [29,49,52]. Sev-
eral studies have demonstrated improved the visualization of dermal vascularization
using these approaches compared with conventional color and power Doppler imag-
ing [29,30,46,50,53]. Nevertheless, these techniques remain Doppler-based and rely on
flow-sensitive signal detection rather than localization-based reconstruction of individual
intravascular scatterers [31-33,54,55]. In contrast, super-resolution ultrasound techniques
achieve sub-diffraction imaging by repeatedly localizing and tracking isolated scatterers
across ultrafast acquisitions [32,54,56,57]. Unlike previously described super-resolution
ultrasound approaches that rely on intravenously administered microbubble contrast
agents, SURE utilizes endogenous erythrocyte scattering signals as native intravascular
tracers [31,33,34,40].

Vessel diameter and velocity were sampled at three points in each nevus as a check of
measurement consistency. The measurements showed no significant positional differences
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across proximal, intermediate and distal regions. The absence of significant differences
indicates that measurements did not depend on where along the vessel course they were
obtained. This should not be interpreted as evidence for or against a true proximal-to-distal
anatomical gradient, since the classification reflected the visible two-dimensional vessel
course rather than histologically verified parent-daughter branching relationships. The lack
of a proximal-to-distal gradient may therefore reflect both the relatively organized vascular
pattern of benign nevi and methodological factors such as two-dimensional sampling,
vessel tortuosity, mixed vessel types, and manual selection of measurable segments.

Several limitations should be acknowledged. First, this was a preliminary feasibility
study with a relatively small cohort consisting exclusively of benign dermal nevi, and no
histopathological correlation was performed. Consequently, the present findings do not
allow conclusions regarding diagnostic performance or discrimination between benign
and malignant lesions. The underlying SURE technique has previously been validated
against independent anatomical and technique-based references, including ex vivo micro-
computed tomography and concordant flow profiles with microbubble-based ultrasound
localization microscopy in animal models [33,36,58]. However, the present study did not
include an independent anatomical reference standard (e.g., histopathology or co-registered
optical coherence tomography angiography) specific to human dermal nevi, and direct
validation of the technique in this tissue and clinical context remains an important ob-
jective for future work. In the present study, SURE imaging was analyzed in selected
two-dimensional imaging planes and therefore did not provide volumetric assessment
of the entire nevus. This should be regarded as a limitation of the current study design
rather than an inherent limitation of the SURE technique. Third, quantitative vascular
analysis was based on a limited number of manually selected vessel segments, which may
introduce observer dependency and sampling bias. Vessel selection and measurement
were performed by a single trained observer, and intra- or inter-observer reliability was
not assessed. As vessel segments were selected at the location of highest visual image
quality, this introduces a potential selection bias, and the reported measurements should be
interpreted as illustrative of the achievable range rather than a systematically sampled or
fully reproducible estimate. Future studies should include formal reliability assessment
(e.g., repeated measurements by independent observers). In addition, super-resolution
ultrasound remains technically demanding and currently requires high-frame-rate acquisi-
tions combined with computationally intensive offline processing, which limits real-time
clinical implementation. Finally, comparison was limited to conventional color and power
Doppler, and future studies should include comparison with advanced microvascular
Doppler techniques such as Superb Microvascular Imaging. Larger studies including
malignant lesions, histopathological validation, standardized acquisition protocols, and
automated quantitative analysis will therefore be important for future translation into
clinical practice. Importantly, future clinical studies evaluating diagnostic accuracy should
be aligned with the STARD guidelines to support translation into clinical practice [59].

5. Conclusions

In conclusion, SURE enabled contrast-free visualization and quantitative assessment
of dermal microvasculature in benign nevi. The technique resolved structures consistent
with low-velocity microvascular architecture that remained largely undetectable using
conventional Doppler imaging and demonstrated similar branching patterns across dermal
nevi. These findings support the foundation for future studies investigating whether
microvascular architecture may contribute to non-invasive differentiation and biological
characterization of melanocytic skin lesions.
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