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Background: High- and ultra-high-frequency ultrasound (HFUS/UHFUS) may enhance early detection of clinically occult local 
recurrence at melanoma excision scars, where postoperative fibrotic or inflammatory changes can obscure subtle dermal–subcutaneous foci.
Methods: This single-center retrospective observational study included all consecutive patients with histologically confirmed 
cutaneous melanoma who underwent HFUS/UHFUS assessment of the excision scar between November 2024 and October 2025 at 
a tertiary referral center. Examinations were performed with a Vevo 3100 system using a 48–70 MHz linear transducer by an 
experienced radiologist (>10 years), following a standardized institutional protocol. Scars were classified as benign remodeling, 
indeterminate, or suspicious/highly suspicious according to predefined morphologic and vascular features. Suspicious/highly suspi
cious findings were referred for biopsy/excision; indeterminate findings underwent short-interval follow-up; benign-appearing scars 
were monitored per protocol. Histopathology and/or longitudinal follow-up served as reference standards.
Results: Among 320 patients (730 examinations), 53 scars were categorized as suspicious/highly suspicious; recurrence was 
histologically confirmed in 50 cases, while 3 represented fibroblast-rich extracellular matrix remodeling. All recurrences were 
clinically occult at imaging. No false negatives were observed within the available follow-up of ultrasound-negative scars (median 
12 months; range 3–12). Sensitivity, specificity, positive predictive value, negative predictive value, and overall accuracy were 100%, 
98.9%, 94.3%, 100%, and 99.1%, respectively.
Conclusion: In an expert setting, HFUS/UHFUS provides highly reliable detection of subclinical local recurrence at melanoma 
excision sites and robust discrimination from benign postoperative changes, supporting its integration as an adjunct tool in specialized 
follow-up pathways.
Keywords: cutaneous melanoma, excision scars, high-frequency ultrasound, local recurrence, postoperative surveillance, scar 
imaging, ultra-high-frequency ultrasound

Introduction
Cutaneous melanoma is an aggressive malignancy with a steadily increasing incidence worldwide and a disproportionate 
impact on skin cancer–related mortality.1–5 Complete surgical excision with histologically tumor-free margins, with or without 
sentinel lymph node biopsy according to stage and risk profile, remains the cornerstone of curative treatment for localized 
disease.6–10 In this context, structured postoperative surveillance plays a pivotal role in the timely detection of disease 
recurrence, guiding access to surgical, loco-regional, and systemic therapies that may significantly influence prognosis.11–14

Local recurrence at or near the melanoma excision scar—encompassing true local relapse, pericicatricial intradermal 
or subcutaneous nodules, and early in-transit deposits—represents a clinically relevant pattern of failure.15–19 These 
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events are often associated with biologically active disease and may herald further regional or distant spread. However, in 
their early stages, local recurrences are frequently small, located in the superficial soft tissues, and may be clinically 
subtle or entirely inapparent.20–25 Their detection is further complicated by the dynamic and heterogeneous nature of 
postoperative wound healing, which includes fibrosis, remodeling of the extracellular matrix, inflammatory responses, 
and occasional granulomatous or hypertrophic scarring.26–30 Under these circumstances, clinical inspection alone shows 
limited sensitivity for millimetric or deep dermal–subcutaneous foci, particularly in irregular or thickened scars.

Beyond morphologic ambiguity at the surgical bed, timing is a critical determinant of surveillance design. Large cohort 
analyses and reviews consistently show that the hazard of melanoma recurrence is highest in the first years after treatment, 
with stage-dependent distributions in which a substantial proportion of recurrences—particularly in higher-risk stages—occur 
within the first 2 years.31,32 In high-risk cohorts, median time to first recurrence has been reported in the order of months (eg, 
approximately 40 weeks), supporting a closer early surveillance interval.33 At the same time, late recurrences can occur, and 
follow-up duration must be considered when interpreting negative predictive value estimates.34

Dermoscopy has become integral to melanoma diagnosis and follow-up, but it primarily interrogates superficial 
epidermal and dermal structures and is not designed to systematically assess deeper components of the surgical bed.35–38 

Conventional ultrasound has been increasingly adopted for nodal staging and for the evaluation of cutaneous and 
subcutaneous lesions, yet its performance at the surgical site is constrained by the trade-off between penetration and 
spatial resolution.39–42 In the setting of recent or complex scars, conventional or standard high-frequency probes may 
struggle to discriminate between normal or reactive scar tissue and early neoplastic foci, and operator inexperience may 
further contribute to false reassurance or equivocal findings.43–46 As a result, very early local recurrences may remain 
undetected until they become clinically evident or reach a greater tumor burden, potentially reducing the window for 
optimal intervention.

High- and ultra-high-frequency ultrasound (HFUS/UHFUS), operating at significantly higher frequencies than 
conventional systems, offers markedly improved axial and lateral resolution for the epidermis, dermis, and superficial 
subcutis.47–51 This enhanced spatial definition allows detailed visualization of the microarchitecture of the excision scar, 
including the layered organization of cutaneous tissues, subtle focal distortions, and small nodular or infiltrative 
abnormalities arising in close continuity with the surgical site.52–55 The addition of sensitive Doppler techniques permits 
assessment of microvascular patterns that may support differentiation between quiescent fibrotic tissue and biologically 
active lesions.43,54,56,57 These characteristics make HFUS/UHFUS an appealing candidate for refining local surveillance 
strategies, particularly for the identification of clinically occult recurrences in high-risk or structurally complex scars.58

Despite this theoretical and technical potential, the role of HFUS/UHFUS in postoperative monitoring of melanoma 
excision scars has not been systematically defined. Recent reviews on sonographic assessment of locally recurring skin 
cancers emphasize that postoperative scars contain multiple mimickers (fibrosis, inflammatory changes) and that 
grayscale morphology combined with Doppler vascular patterns may improve discrimination between recurrence and 
benign remodeling.59,60 In parallel, scoping evaluations of melanoma follow-up guidelines highlight substantial varia
bility in recommended imaging strategies, with nodal ultrasound more consistently discussed than dedicated scar imaging 
and cross-sectional imaging more often reserved for higher-stage disease.61 Existing data are limited, often derived from 
small or heterogeneous series, and its use in routine follow-up remains restricted. Key barriers include the limited 
availability of ultra-high-frequency equipment and the need for operators with specific expertise in dermatologic and 
postoperative imaging, conditions that are not widely met across centers. Consequently, current guidelines continue to 
rely predominantly on clinical examination, dermoscopy, and, in selected settings, conventional ultrasound, leaving a gap 
in evidence regarding the added value of high-resolution ultrasound for early local recurrence at the surgical site.

Within this context, the present study provides a retrospective evaluation of a consecutive series of melanoma patients 
monitored in a dedicated HFUS/UHFUS outpatient clinic, in which systematic high-resolution assessment of melanoma 
excision scars forms part of the institutional follow-up strategy. The primary objective is to describe the diagnostic 
performance of HFUS/UHFUS for the detection of clinically occult local recurrence at the surgical site and to define 
reproducible sonographic criteria capable of distinguishing true recurrence from benign postoperative changes in a real- 
world, specialized setting.
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Methods
The study was conducted in accordance with the principles of the Declaration of Helsinki.

The research protocol received approval from the local ethics committee at the University Hospital of Campania “L. 
Vanvitelli” and AORN “Ospedale dei Colli”, Naples, with Protocol Number 4567/i/2024, 15th October 2024). Because 
the analysis was based on retrospective review of anonymized data obtained from routine clinical practice, the 
requirement for individual informed consent was waived by the local Ethics Committee.

Study Design
This single-center retrospective observational study was conducted at the University Hospital “Luigi Vanvitelli” in 
Naples, Italy, and was based on the routine activity of a dedicated high- and ultra-high-frequency ultrasound (HFUS/ 
UHFUS) outpatient clinic for postoperative surveillance of melanoma excision scars. The clinic operates within a tertiary 
referral melanoma setting and provides standardized high-resolution ultrasound assessment of the surgical site as part of 
institutional follow-up pathways.

Patient Population
All consecutive patients with histologically confirmed cutaneous melanoma who underwent HFUS/UHFUS examination 
of the excision scar between November 2024 and October 2025 were eligible for inclusion. Only examinations 
specifically performed for surveillance of melanoma surgical sites were considered; patients with non-melanoma primary 
tumors or incomplete clinical or imaging data were excluded. For each patient, clinical information (including primary 
tumor characteristics and time from surgery) and ultrasound reports and images were retrieved from institutional archives 
and reviewed.

Ultrasonographic Assessment
All examinations were performed in the same facility using a Vevo 3100 system (FUJIFILM VisualSonics, Toronto, 
Canada) equipped with a 48–70 MHz linear transducer. This configuration provides high axial and lateral resolution for 
the epidermis, dermis and superficial subcutis, with a penetration depth suitable for the evaluation of melanoma excision 
scars and adjacent tissue. A single radiologist with more than 10 years of experience in HFUS/UHFUS and in 
dermatologic and postoperative imaging performed all scans, ensuring technical consistency and uniform application 
of the protocol. The operator’s interpretation was based on predefined institutional semeiotic criteria that were used 
prospectively in the dedicated surveillance clinic. For the purposes of this retrospective analysis, scar-category assign
ment (benign/indeterminate/suspicious) was performed without reference to subsequent histopathology results; however, 
as in routine surveillance practice, the operator was aware of the clinical context and time from surgery at the time of 
image acquisition. Examinations were acquired in longitudinal and transverse planes along and across the scar, using 
a thin layer of coupling gel and, when necessary, a stand-off pad to optimize acoustic contact with superficial structures. 
Static B-mode imaging was systematically obtained in all cases; color Doppler assessment was performed when 
technically feasible to evaluate microvascularity.

Follow-Up Protocol
Ultrasound examinations were integrated into an institutional surveillance schedule that recommended HFUS/UHFUS 
assessment of the excision scar every 3 months during the first 2 years after surgery and every 6 months from year 3 
to year 5. This timing was chosen to mirror the known temporal pattern of recurrence risk, which is typically front-loaded 
within the first 2–3 years after treatment (especially in higher-risk stages), while maintaining structured surveillance 
through year 5 to account for later events. Additional examinations could be scheduled in higher-risk patients, as defined 
by primary tumor stage, Breslow thickness, and multidisciplinary tumor board evaluation, or in the presence of equivocal 
clinical findings, but all within the framework of this structured protocol. For the purposes of the present study, patients 
could contribute one or more examinations according to their position along this follow-up pathway.

Clinical, Cosmetic and Investigational Dermatology 2026:19                                                                  https://doi.org/10.2147/CCID.S580359                                                                                                                                                                                                                                                                                                                                                                                                       3

Russo et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Ultrasonographic Semeiotic of Scar Findings
For the retrospective analysis, all available HFUS/UHFUS images and reports were systematically reviewed and each 
surgical site was categorized according to predefined sonographic criteria. Lesions were classified into three diagnostic 
categories: benign remodeling, indeterminate, and suspicious or highly suspicious for local recurrence. Benign remodel
ing was defined by linear or band-like hyperechoic scar tissue along the surgical axis, preservation or progressive 
reconstitution of the layered architecture, absence of discrete nodular components, and minimal or absent intralesional 
vascular signal. Indeterminate findings included subtle focal thickening or hypoechoic changes with partial architectural 
distortion but without a well-formed nodular lesion or clearly aberrant vascularity, in keeping with possible active 
remodeling or inflammatory changes. No absolute size threshold was prespecified for upgrading a finding; rather, 
categorization relied on morphology (discrete nodular lesion versus non-nodular thickening), degree of architectural 
disruption, orientation relative to the scar axis, and, when technically feasible, Doppler vascular signal. For indeterminate 
findings, evolution on short-interval follow-up (progression in size/echotexture/architecture/vascularity) was the prespe
cified trigger for reclassification as suspicious and referral for histologic verification. Suspicious or highly suspicious 
lesions were characterized by newly appearing or progressively enlarging hypoechoic or heterogeneous nodules within or 
immediately adjacent to the scar, disruption of normal cutaneous planes, nodular or ovoid morphology not aligned with 
the scar, and, when assessable, the presence of internal or peripheral vascular signals inconsistent with a quiescent scar. 
Classification was performed by the same experienced operator, with knowledge of the clinical context and timing from 
surgery but independently of subsequent histopathological results and therapeutic decisions.

Management Pathway and Reference Standard
Management decisions were guided by these categories within a predefined pathway. All lesions classified as suspicious 
or highly suspicious for local recurrence were systematically discussed in a multidisciplinary tumor board and referred 
for surgical excision or biopsy of the scar region. Histopathological examination of these specimens served as the 
reference standard to confirm or exclude melanoma recurrence. Indeterminate lesions were scheduled for short-interval 
HFUS/UHFUS re-evaluation, generally within 3 to 6 months. Lesions in this group that demonstrated progression in size, 
echotexture, architectural distortion, or vascularity were subsequently treated as suspicious and referred for histological 
verification; those that stabilized or normalized over time were reclassified as benign postoperative changes (Figure 1). 
Scars classified as benign remodeling were followed according to the institutional surveillance protocol; the absence of 
clinical or sonographic evidence of recurrence over a minimum follow-up period of 6 months, or until the end of the 
study period when shorter, was considered confirmatory for true negative status.

For the present analysis, follow-up duration for ultrasound-negative scars (benign and indeterminate lesions that 
stabilized/regressed) was calculated from the index HFUS/UHFUS examination to the last available clinical and/or 
ultrasound assessment, and summarized as median (range).

Diagnostic Performance Analysis
For the evaluation of diagnostic performance, melanoma local recurrence at the excision site, as documented by 
histopathology, represented the target condition. True positives were defined as lesions classified as suspicious/highly 
suspicious with histologically confirmed recurrence; false positives as suspicious/highly suspicious lesions with benign 
histology; true negatives as lesions classified as benign (or indeterminate lesions that normalized) with no local 
recurrence during follow-up; and false negatives as any scar classified as benign or indeterminate that later developed 
histologically proven local recurrence at the same site. Sensitivity, specificity, positive predictive value, negative 
predictive value, and overall accuracy of HFUS/UHFUS for local recurrence were calculated with corresponding 
proportions. Diagnostic performance was assessed at the scar level (one observation per excision site), using histopathol
ogy and/or longitudinal follow-up as reference standards as described above. Serial ultrasound examinations were used to 
document stability/regression or progression over time but were not treated as independent observations for performance 
calculations. We additionally report 95% confidence intervals for all diagnostic estimates using exact binomial methods 
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(Clopper–Pearson), given the limited number of recurrence events. Given the retrospective, exploratory design and 
single-center setting, no formal sample size calculation was performed.

Results
Study Population and Examinations
During the study period, 320 consecutive patients with histologically confirmed cutaneous melanoma underwent HFUS/ 
UHFUS evaluation of the excision scar in the dedicated outpatient clinic. All examinations were performed exclusively 
for postoperative surveillance of melanoma surgical sites. According to the institutional follow-up schedule and risk- 
adapted adjustments, these patients contributed a total of 730 HFUS/UHFUS examinations, reflecting serial assessments 
at different time points along the surveillance pathway (Figure 2). To contextualize recurrence timing, recurrences 
detected at the excision site were summarized by time from surgery to ultrasound detection (≤12 months, 13–24 months, 
and >24 months), and corresponding descriptive performance estimates with confidence intervals are reported where 
sample size permits.

Figure 1 HFUS/UHFUS-based management algorithm for melanoma excision scars. Excision scars are systematically evaluated with high- and ultra-high-frequency 
ultrasound and classified as benign remodeling, indeterminate, or suspicious/highly suspicious for local recurrence according to predefined morphologic and vascular 
criteria. Benign scars continue routine surveillance. Indeterminate findings undergo short-interval HFUS/UHFUS reassessment (3–6 months), with lesions that progress being 
upgraded to suspicious. All suspicious/highly suspicious lesions are discussed within a multidisciplinary tumor board and referred for biopsy or re-excision of the scar region.
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Distribution of Scar Outcomes
Retrospective review of clinical, sonographic, and histopathological data allowed classification of surgical sites into three 
principal outcome groups. Histologically confirmed local recurrence at or adjacent to the excision scar was documented in 50 
patients during the observation period. One hundred patients showed complicated but non-neoplastic postoperative changes, 
including hypertrophic or keloid scars, nodular fibrotic remodeling, or inflammatory and granulomatous reactions, without 
evidence of melanoma recurrence. The remaining 170 patients exhibited uncomplicated scar remodeling, with regular or 
progressively normalized echotexture and no clinical or imaging suspicion of local recurrence throughout available follow-up.

According to the predefined HFUS/UHFUS criteria, 53 excision sites were prospectively or retrospectively categor
ized as suspicious or highly suspicious for local recurrence. All such cases were referred for surgical excision or biopsy 
following multidisciplinary discussion. Histopathological examination confirmed melanoma recurrence in 50 of these 
lesions, whereas 3 nodular abnormalities corresponded to benign fibroblast-rich extracellular matrix remodeling, and 
were therefore classified as false-positive ultrasound findings (Figure 3).

Lesions classified as indeterminate at initial assessment were managed with short-interval HFUS/UHFUS re-evaluation.
Overall, indeterminate findings comprised 53 excision sites. All of these demonstrated progression on short-interval 

imaging and were upgraded to suspicious and referred for biopsy/excision. For conservatively managed indeterminate 
scars, final ground truth was established by longitudinal stability/regression on ultrasound and absence of clinical/ 
sonographic recurrence during follow-up.

Those that demonstrated progressive normalization of echotexture and vascularity were ultimately considered benign 
postoperative changes. None of the scars initially classified as benign remodeling, nor the indeterminate lesions that stabilized 
or regressed during follow-up, developed histologically proven local recurrence at the same site within the study period.

Diagnostic Performance of HFUS/UHFUS
Using histologically confirmed local recurrence at the surgical site as the reference standard, HFUS/UHFUS correctly 
identified all 50 recurrent cases among the 53 lesions deemed suspicious or highly suspicious, resulting in 50 true 

Figure 2 HFUS/UHFUS-based management algorithm for melanoma excision scars. The figure depicts the schematic decision pathway used in our dedicated surveillance 
clinic. HFUS/UHFUS examinations are performed on melanoma excision scars and classified as benign remodeling, indeterminate, or suspicious/highly suspicious according 
to predefined morphologic and vascular criteria. Indeterminate findings undergo short-interval reassessment (3–6 months): lesions showing regression/stability return to 
routine follow-up, whereas lesions showing progression are discussed at the multidisciplinary team and managed as suspicious/highly suspicious. Suspicious/highly suspicious 
findings are triaged to biopsy or re-excision. Counts and denominators are explicitly distinguished at the figure level (n = 320 patients/excision sites; n = 730 examinations), 
while outcome accounting and denominators by final categories are reported in the study flowchart (Figure 1).

https://doi.org/10.2147/CCID.S580359                                                                                                                                                                                                                                                                                                                                                                                                                     Clinical, Cosmetic and Investigational Dermatology 2026:19 6

Russo et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



positives and 3 false positives. No false negatives were observed, as no patient with an HFUS/UHFUS classification of 
benign remodeling or indeterminate (subsequently regressing or stabilizing) experienced a documented local recurrence 
during follow-up. The median follow-up for ultrasound-negative scars was 12 months (range 3–12). On a per-patient 
basis, this corresponded to 267 true negatives.

The resulting observed diagnostic performance of HFUS/UHFUS for local recurrence at melanoma excision scars in 
this dedicated setting was as follows: sensitivity 100%, specificity 98.9%, positive predictive value 94.3%, negative 
predictive value 100%, and overall accuracy 99.1%. Exact 95% confidence intervals (Clopper–Pearson) were calculated 
to reflect estimate precision: sensitivity 100.0% (95% CI 92.9–100.0%), specificity 98.9% (95% CI 96.8–99.8%), 
positive predictive value 94.3% (95% CI 84.3–98.8%), negative predictive value 100.0% (95% CI 98.6–100.0%), and 
overall accuracy 99.1% (95% CI 97.3–99.8%). All confirmed local recurrences were clinically occult or only minimally 
apparent at the time of ultrasound detection, underscoring the contribution of high-resolution imaging in revealing early 
disease that was not confidently identifiable on clinical examination alone (Figure 4).

Sonographic Features and Management of Recurrent Lesions
Recurrent lesions consistently exhibited the predefined sonographic features associated with suspicion for local recur
rence (Figures 5 and 6). They appeared as newly detected or progressively enlarging hypoechoic or heterogeneous 
nodules arising within or immediately adjacent to the scar, with disruption of the normal layered architecture and 
morphology incongruent with linear fibrotic remodeling. In a relevant proportion of cases, color Doppler interrogation 
demonstrated internal or peripheral vascular signals supporting the presence of biologically active tissue rather than 
quiescent scar (Figure 7). Application of these criteria guided triage to surgical excision or biopsy, enabling histopatho
logical confirmation in all suspected cases and supporting the robustness of the HFUS/UHFUS-based classification in 
discriminating true local recurrence from benign postoperative changes in this specialized clinical context.

Figure 3 Diagnostic performance and outcome distribution. (A) Observed diagnostic performance of HFUS/UHFUS for detection of local recurrence at melanoma excision scars, 
reported with underlying event counts and exact 95% confidence intervals (Clopper–Pearson): sensitivity 100.0% (50/50; 95% CI 92.9–100.0%), specificity 98.9% (267/270; 95% CI 
96.8–99.8%), positive predictive value 94.3% (50/53; 95% CI 84.3–98.8%), negative predictive value 100.0% (267/267; 95% CI 98.6–100.0%), and overall accuracy 99.1% (317/320; 
95% CI 97.3–99.8%). Event counts are summarized as TP = 50, FP = 3, TN = 267, FN = 0 (excision-site level). (B) Distribution of final excision-scar outcomes among 320 sites: 
uncomplicated benign remodeling (n = 170), complicated but non-neoplastic postoperative changes (n = 100), and histologically confirmed local recurrence (n = 50).
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Discussion
This single-center retrospective experience shows that high- and ultra-high-frequency ultrasound, when implemented 
within a dedicated outpatient clinic and applied systematically to melanoma excision scars, can reliably detect clinically 
occult local recurrence with very high diagnostic performance. Across 320 consecutive patients and 730 examinations, 

Figure 4 Benign postoperative nodular scar mimicking local recurrence on high-frequency ultrasound. (A) HFUS image of the melanoma excision site showing a superficially 
located, heterogeneously hyperechoic nodular area along the scar, with partial distortion of the normal cutaneous architecture and features initially interpreted as suspicious. 
(B) Color Doppler assessment demonstrating discrete intralesional vascular signals, further supporting the provisional classification as highly suspicious. White box indicating 
Region Of Interest for Doppler signal detection. Surgical excision was performed, and histopathological analysis revealed fibroblast-rich collagenous extracellular matrix 
remodeling without evidence of melanoma, representing one of the HFUS false-positive cases. The blue dot in the upper-left corner denotes the ultrasound probe 
orientation marker (transducer notch), indicating the screen-left side of the image.

Figure 5 Clinically occult local recurrence at a melanoma excision scar detected by high-frequency ultrasound. (A) Clinical appearance of the linear excision scar on the 
lower limb, without evident nodular recurrence. (B) HFUS image demonstrating a well-defined hypoechoic nodule deep to the scar, with internal vascular signals on color 
Doppler, fulfilling predefined criteria for a suspicious lesion. (C) Corresponding histopathological section confirming melanoma recurrence within the nodular lesion. The 
blue dot in the upper-left corner denotes the ultrasound probe orientation marker (transducer notch), indicating the screen-left side of the image. Scale bar = 500 µm: 1cm. 
The green rectangular box indicates the color Doppler region of interest (ROI) over which flow is sampled.

Figure 6 High-frequency ultrasound detection of a small nodular local recurrence at a melanoma excision scar. (A) Clinical inspection of the lateral trunk scar reveals no 
evident nodular recurrence on palpation. (B) HFUS with color Doppler demonstrates a small hypoechoic nodule adjacent to the scar with internal vascular signals, fulfilling 
predefined criteria for a suspicious lesion; dotted alphabetical labels “A” and “B” in this panel denote measurement reference markers used to identify the lesion’s axial 
dimensions. (C) Corresponding gray-scale HFUS image confirms a well-defined hypoechoic focus disrupting the normal superficial architecture; the same “A” and “B” 
markers indicate the axial measurement references. (D) Histopathological section of the excised lesion shows dermal melanoma recurrence, correlating with the ultrasound 
findings. The blue dot in the upper-left corner denotes the ultrasound probe orientation marker (transducer notch), indicating the screen-left side of the image. The green 
rectangular box indicates the color Doppler region of interest (ROI) over which flow is sampled. Green dotted lines represent the ultrasound system’s electronic calipers/ 
crosshair used for positioning and measurement; the (+) symbol marks the cursor/intersection point. Scale bar = 500 µm: 1.
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HFUS/UHFUS correctly identified all histologically confirmed local recurrences at the surgical site, with three false- 
positive findings and no documented false negatives during the observation period.

Importantly, these estimates are based on 50 histologically confirmed scar-site recurrences (and three false positives), 
and we now report exact 95% confidence intervals for sensitivity, specificity, PPV, and NPV to reflect estimate precision. 
In addition, we clarify that the observed NPV reflects no false negatives observed within the available follow-up of 
ultrasound-negative scars; the median and range follow-up in benign scars and indeterminate scars that stabilized/ 
regressed, as well as the proportion with ≥12 months follow-up, are reported to support true-negative classification and to 
contextualize the potential impact of delayed recurrences on NPV. These data support the concept that, under appropriate 
technical and organizational conditions, high-resolution ultrasound can distinguish true local recurrence from benign 
postoperative changes in a challenging anatomical and biological context.

The early detection of local recurrence at the melanoma excision site is clinically relevant and non-trivial. Local 
relapse and pericicatricial or in-transit disease may represent biologically active tumor, are associated with an increased 
risk of further spread, and can modify both staging and therapeutic strategy. However, the surgical bed is a complex 
environment: fibrosis, extracellular matrix remodeling, reactive nodularity, suture granulomas, hypertrophic or keloid 
scars, and low-grade inflammation may all mimic or obscure small foci of recurrent melanoma. Clinical examination and 
dermoscopy, although essential, are inherently limited in their ability to interrogate deep dermal and superficial 
subcutaneous compartments, especially in thickened or irregular scars. Conventional ultrasound, in turn, may not provide 
sufficient spatial resolution at the very superficial layers and is particularly vulnerable to interpretative uncertainty in 
non-expert hands, which may result in both over-calling and, more critically, false reassurance.

Within this framework, our findings illustrate how HFUS/UHFUS can address part of this unmet need. By offering 
micrometric resolution of the epidermis, dermis, and superficial subcutis, HFUS/UHFUS enables direct visualization of 
the fine architecture of the scar and adjacent tissues. In our cohort, recurrent melanoma at the surgical site displayed 
a consistent set of sonographic features: newly appearing or progressively enlarging hypoechoic or heterogeneous 

Figure 7 High-frequency ultrasound of a suspicious nodular lesion at a melanoma excision site. Gray-scale HFUS shows a well-defined hypoechoic nodule within the 
superficial soft tissues contiguous with the scar; electronic calipers indicate the maximal long- and short-axis diameters, with dotted alphabetical markers “A” and “B” 
denoting the measurement reference labels for the lesion’s axial dimensions. Color Doppler demonstrates discrete internal vascular signals, fulfilling predefined criteria for 
a “suspicious” lesion within our HFUS/UHFUS framework. According to the management algorithm, such findings are triaged to multidisciplinary discussion and referred for 
biopsy or re-excision of the scar region. The blue dot in the upper-left corner denotes the ultrasound probe orientation marker (transducer notch), indicating the screen-left 
side of the image. The green rectangular box indicates the color Doppler region of interest (ROI) over which flow is sampled. Green dotted lines represent the ultrasound 
system’s electronic calipers/crosshair used for positioning and measurement; the (+) symbol marks the cursor/intersection point.
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nodules arising within or immediately adjacent to the scar, disruption of normal layered architecture, morphology 
discordant with linear fibrotic remodeling, and, in many cases, internal or peripheral vascularity suggestive of viable 
tumor. When these predefined criteria were present, histopathological examination confirmed melanoma recurrence in the 
vast majority of cases. Conversely, lesions corresponding to benign fibroblast-rich remodeling and other non-neoplastic 
changes, although sometimes nodular, lacked the full combination of structural and vascular abnormalities and were 
ultimately classified as false positives in only a very small fraction of patients. Scars with sonographic features of benign 
remodeling and indeterminate findings that normalized or remained stable during follow-up did not evolve into proven 
recurrence, supporting the robustness of the classification framework.

A key strength of this study lies in the structured methodology underpinning this experience. All examinations were 
performed using the same high-end HFUS/UHFUS platform by a single radiologist with specific expertise in dermato
logic and postoperative imaging, ensuring technical uniformity and consistent application of diagnostic criteria. The 
cohort included consecutive melanoma patients undergoing routine institutional surveillance, reducing selection based on 
suspicion alone and anchoring the findings in real-world clinical practice. The use of explicit, a priori criteria to classify 
scars into benign, indeterminate, and suspicious/highly suspicious categories, combined with a predefined management 
algorithm, allowed clear linkage between imaging findings, clinical decisions, and outcomes. Importantly, all lesions 
categorized as suspicious or highly suspicious for local recurrence were systematically referred for surgical excision or 
biopsy and underwent histopathological verification, thereby providing a solid reference standard for performance 
estimates. The absence of observed false negatives within the available follow-up period, although interpreted with 
due caution, further supports the reliability of HFUS/UHFUS in this dedicated context. The absence of observed false 
negatives in this cohort is therefore reassuring but cannot be interpreted as an absolute guarantee of perfect sensitivity 
beyond the observed follow-up. Accordingly, limited follow-up of ultrasound-negative scars could inflate the observed 
negative predictive value if delayed scar-site recurrences occur beyond the available observation window; this underlines 
the need for longer prospective follow-up to confirm durability of NPV estimates.

Equally relevant is the ability of HFUS/UHFUS not only to detect recurrence, but also to prevent overtreatment by 
supporting confident recognition of benign postoperative changes. In a setting where scar irregularities and nodularities are 
common, the capacity to differentiate reactive or fibrotic remodeling from lesions that warrant excision has tangible clinical 
and organizational implications. By anchoring management decisions to well-defined sonographic categories, this approach 
favors targeted biopsy or re-excision of truly suspicious findings and reduces unnecessary procedures in patients with 
physiologic healing, while maintaining a high level of safety through continued ultrasound-based surveillance.

These strengths, however, also delineate the principal limitations and boundaries of interpretation. The study is 
retrospective, single-center, and based on the experience of one highly trained operator working in a specialized clinic 
equipped with ultra-high-frequency technology. The excellent diagnostic metrics observed here must therefore be 
regarded as “best-case scenario” performance in an optimized environment, not automatically generalizable to centers 
without similar expertise or resources. Operator dependency is intrinsic to ultrasound, and the learning curve for HFUS/ 
UHFUS in dermatologic applications is non-negligible; it is plausible that both sensitivity and specificity would be lower 
in less experienced hands or with less standardized protocols. Moreover, while the institutional surveillance schedule was 
clearly defined, risk-adapted intensification of follow-up for selected patients introduces the possibility of surveillance 
bias, with closer monitoring in higher-risk individuals potentially favoring earlier detection. The real-world nature of this 
adaptation reflects good clinical practice but should be acknowledged when extrapolating results.

Another limitation is the restricted temporal window of this analysis. Although scars classified as benign or normal
ized indeterminate findings were followed for at least several months and, in many cases, longer, the study period does 
not fully capture very late local recurrences. The absence of false negatives in this cohort is therefore reassuring but 
cannot be interpreted as an absolute guarantee of perfect sensitivity beyond the observed follow-up. Similarly, although 
all suspicious lesions underwent histopathological confirmation, not every benign or indeterminate lesion was biopsied, 
and classification in these groups relies on combined imaging and clinical follow-up as a reference standard, with the 
inherent, albeit limited, risk of residual misclassification.
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Similarly, although all suspicious lesions underwent histopathological confirmation, not every benign or indetermi
nate lesion was biopsied, and classification in these groups relies on combined imaging and clinical follow-up as 
a reference standard, with the inherent, albeit limited, risk of residual misclassification.

Finally, this study did not include a formal, parallel-arm comparison with conventional ultrasound, and claims of 
superiority of HFUS/UHFUS over standard techniques should be made with caution.

Nevertheless, comparison with the existing literature supports the plausibility and clinical relevance of our approach. 
Reviews focused on ultrasound assessment of local recurrence in skin tumors describe recurrence as a focal mass with 
architecture distortion and possible low-flow vascularity, while underscoring the interpretative challenge posed by 
postoperative scarring and inflammatory mimickers—elements directly reflected in our three-category scar 
framework.59,60 Evidence syntheses on high-resolution ultrasonography during melanoma surveillance also acknowledge 
heterogeneity and limited high-level data specifically addressing local recurrence/satellite disease near the scar, reinfor
cing the need for scar-dedicated studies with standardized criteria and clear reference standards.

Alternative modalities provide complementary—but not interchangeable—information. Dermoscopy and reflectance 
confocal microscopy have been studied mainly for evaluating new pigmentation within/adjacent to melanoma scars, where 
RCM can support biopsy triage by improving assessment of superficial recurrence patterns; however, these techniques have 
limited ability to interrogate deeper dermal–subcutaneous compartments, which are central to the clinically occult nodules 
targeted in our study. Conversely, cross-sectional imaging (CT/MRI/PET/CT) is principally oriented to regional/distant 
disease detection and is variably recommended across guidelines, more commonly at higher stages, making it less suited to 
systematic detection of millimetric superficial scar foci.62 Despite these constraints, the present experience has relevant 
clinical implications. It demonstrates that integration of HFUS/UHFUS into a structured melanoma follow-up program is 
feasible and highly informative in a specialized setting, and that systematic use of predefined sonographic criteria can 
translate into accurate triage of scars into benign, reactive, and truly recurrent categories. These findings support the 
inclusion of HFUS/UHFUS as an adjunct to clinical and dermoscopic examination in tertiary centers, particularly for high- 
risk patients and in the presence of complex or evolving scars. From an implementation perspective, we propose integrating 
HFUS/UHFUS scar imaging into routine follow-up as a risk-adapted adjunct, with the strongest justification in patients at 
increased recurrence risk (eg, stage IIB–IIC and stage III, thick/ulcerated primaries, positive sentinel node, or multi
disciplinary-defined high-risk profiles) and in scars that are clinically difficult to assess (hypertrophic/keloid remodeling, 
graft/flap reconstruction, or anatomically challenging sites). Stage-based melanoma follow-up recommendations support 
risk-adapted surveillance strategies over uniform imaging, typically extending at least 5 years.63,64 Given that recurrence 
hazard is often front-loaded in the first few years but remains heterogeneous, we consider scar HFUS/UHFUS at 3-month 
intervals in years 0–2 and 6-month intervals in years 3–5 a pragmatic schedule in higher-risk patients, while reserving scar 
ultrasound for selective indications (equivocal clinical findings, symptoms, or complex scars) in lower-risk stages. Recent 
recurrence-timing data in high-risk cohorts—showing that most recurrences occur within the first few years—support 
closer early surveillance while acknowledging the possibility of later events.65,66 Future research should focus on multi
center prospective validation of the proposed criteria, assessment of interobserver agreement, evaluation of performance 
across different levels of expertise and equipment, and formal comparison with conventional ultrasound-based protocols. 
Such efforts are essential to define the role of HFUS/UHFUS within evidence-based guidelines and to determine under 
which conditions its routine use is justified.

In conclusion, this retrospective single-center study indicates that HFUS/UHFUS, when applied within a dedicated 
and experienced clinical environment, provides highly reliable detection of clinically occult local recurrence at melanoma 
excision scars and robust discrimination from benign postoperative changes. While further validation is required, these 
findings contribute to bridging an important gap in postoperative surveillance and outline a pragmatic framework for the 
rational use of high-resolution ultrasound in specialized melanoma care.

Conclusion
This single-center retrospective study suggests that high- and ultra-high-frequency ultrasound, when implemented in 
a dedicated follow-up clinic and applied using predefined criteria, can support detection of clinically occult local recurrence 
at melanoma excision scars and differentiation from postoperative changes in a specialized setting. Within this optimized 
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setting, HFUS/UHFUS correctly identified all histologically confirmed local recurrences, with a very limited number of false- 
positive findings supporting its role as a sensitive and safe imaging tool for surveillance of the surgical site.

These results should be interpreted in light of the specific context in which they were obtained—namely, a tertiary 
referral center with dedicated technology, a standardized protocol, and an experienced operator—and do not justify 
uncritical extrapolation to all practice environments. Moreover, the observed negative predictive value is contingent on 
the duration of longitudinal confirmation in ultrasound-negative scars, and delayed scar-site recurrences beyond the 
available follow-up could reduce NPV; therefore, broader clinical adoption should await prospective multicenter 
validation with longer follow-up and multi-operator assessment. However, they provide a coherent and clinically 
meaningful framework for the use of HFUS/UHFUS as an adjunct to clinical and dermoscopic examination in 
specialized centers, particularly for high-risk patients and complex scars. Prospective multicenter studies, formal 
comparison with conventional ultrasound protocols, and assessment of performance across different levels of expertise 
are warranted to validate these findings and to define the conditions under which high-resolution ultrasound may be 
incorporated into evidence-based guidelines for postoperative surveillance of cutaneous melanoma.
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