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Abstract: We present a comprehensive study of acral serpiginous hemangioma, a rare vascular pa-
thology. This distinctive manifestation was examined for the first time using high-resolution video 
dermoscopy (HRVD), high-frequency ultrasound (HFUS), and line-field confocal optical coherence 
tomography (LC-OCT). The combined application of these techniques provides new and detailed 
morphological features able to determine the in vivo structure of lesional skin. This innovative non-
invasive approach emphasizes the importance of incorporating advanced diagnostic tools able to 
provide a virtual histology in order to avoid unnecessary biopsies in benign lesions, often causing 
pain and functional/aesthetic discomfort. 
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1. Introduction 
Angioma serpiginosum (AS) is a rare cutaneous vascular disorder, originally de-

scribed by Hutchinson in 1889 and later named by Crocker in 1894 [1,2]. 
Typically emerging in childhood, with 80% of cases diagnosed before the age of 20 

and a noticeable female predominance (9:1 ratio) [3]. 
SA exhibits a slow and progressive development characterized by an increase in both 

the number and size of lesions, notably during adolescence. This evolution eventually 
stabilizes in adulthood, with occasional cases demonstrating partial regression [4]. 

The lower limbs are the most commonly affected site, while the palms, soles, and 
mucous membranes are usually spared. 

Clinical presentation is well-defined by punctate, purplish to copper-red angioma-
tous maculopapular lesions, either singular or multiple, clustered in linear, serpiginous, 
or circinate patterns on an erythematous background [5]. 

Although occurrences are generally sporadic, reports have documented an autoso-
mal dominant pattern of inheritance in some families [6]. 

Histopathological examination reveals dilated capillaries in both the papillary der-
mis and superficial reticular dermis. In general, there is an absence of inflammatory cells, 
erythrocyte extravasation, or hemosiderin deposits [7]. 

The exact etiopathogenesis of AS remains elusive. While some authors have sug-
gested the possible involvement of estrogen, due to the marked female predominance and 
increased expansion during adolescence and pregnancy, subsequent studies have refuted 
this hypothesis, primarily due to the lack of estrogen–progesterone receptors [8]. An al-
ternative hypothesis proposed by Neumann et al. suggests an abnormal response to cold, 
possibly in conjunction with other unidentified factors [9]. 
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Typically, AS has a unilateral distribution on a single limb. However, atypical clinical 
presentations characterized by unusual distributions are rarely reported [10]. Notably, 
among these reports, there are cases with extensive bilateral involvement, as well as cases 
exhibiting a linear distribution following Blaschko’s lines and some others with a derma-
tomeric segmental arrangement [11–13]. 

Recently, new non-invasive imaging devices that provide high-resolution skin im-
ages, such as high-resolution videodermoscopy (HRVD) [14–16], high-frequency ultra-
sound [15], and line-field confocal optical coherence tomography (LC-OCT) [15,17–19], 
have been successfully employed in vascular skin lesions [14,15,17,18], orienting the diag-
nostic suspect in atypical/featureless cases. 

Here, we described an unusual manifestation of AS presenting as a unique small 
plantar lesion investigated, for the first time, using combined non-invasive imaging: 
HRVD, HFUS, and LC-OCT. 

2. Case Report 
A 29-year-old woman presented a routine mole check. During physical examination, 

a pigmented lesion was noted on the right sole, in a pressure-bearing area (Figure 1). Upon 
physical examination, the lesion was a uniformly erythematous macule, approximately 3 
cm in diameter with well-defined margins (Figure 1), located between the medial longitu-
dinal arch and the transverse arch of the plantar surface of the foot. 

 
Figure 1. Clinical appearance of an angioma serpiginosum plantaris at presentation time (a); a 3 cm 
erythematous macule localized at central medial eminence of the sole, with clear-cut borders and 
homogeneous pigmentation, in a 29-year-old female (b). 

Once questioned about it, the patient reported that the lesion became present within 
the last 10 years, with minimal gradual enlargement of the lesion and centrifugal expan-
sion shortly after a trip during which she had worn a new, tight boot. The patient did not 
experience any walking difficulties and denied any history of previous trauma or episodes 
of bleeding; the lesion was asymptomatic. There are no reported instances of similar cases 
within the family, and the patient has no history of contact allergies. We performed high-
resolution videodermoscopy (HRVD) and an examination using HS600 Horus (Adamo 
S.r.l., Trapani, Italy), with different enlargements, ranging from 15 to 100×, both in a con-
tact mode (Figure 2b–d) and non-contact mode (Figure 2a). 
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Figure 2. Dermoscopic appearance at different magnifications under polarized dermoscopy: (a) 20×, 
(b) 40×, (c) 80×, (d) 120×. Vascular ectatic capillaries appear as reddish globules (white squares) ar-
ranged in a parallel-ridge pattern, in a double line, along the plantar ridges; white dots (white circles) 
corresponding to the eccrine duct openings of sweat eccrine glands, which are visible inside the 
double lines. This dermoscopic pattern of one sweat eccrine gland ostium in between two ectatic 
capillaries structures is magnified in panel d and resembles a “beads bracelet”: with this enlargement, 
the ostia appears as white ovular structures instead of white dots, and this is due to both the en-
largement and the peculiar pressure-bearing area of the soles. The beads bracelet clue is thus ob-
served through all the lesions. 

Non-contact HRVD images were taken by applying a customized adapter between 
the skin and the probe—field of view (FOV) of 15 mm (~15×). Under HRVD 15×, multiple 
reddish globular structures were distinctly observed and linearly arranged (Figure 2a). 
Significant increases revealed that the reddish globules were disposed in two parallel lines 
along the epidermal ridges (Figure 2b–d), close to the openings of the eccrine ducts. 

The angiomatous macule resisted blanching upon diascopy, even though it was not 
purpuric. 

The LC-OCT can image skin/dermis up to a 500 µm depth, using a field of view of 
1.2 mm × 0.5 mm. Due to the combination with a polarized light dermatoscope (field of 
view of 2.5 mm, resolution of 5 µm), it is possible to simultaneously obtain a double im-
aging on the device of the screen, namely, the LC-OCT image and the dermoscopic frame 
(Figure 3). This allows a manual localization of the tip of the LC-OCT probe inside the 
lesion, as the red bar inside the dermoscopic frame corresponds to the tip of the probe. 

A sequential LC-OCT examination, including 2D (vertical and horizontal) examina-
tion and videos, were performed over the lesions at three main points (center of the lesion, 
lesion margin, perilesional skin, i.e., 1.5 cm from the lesion margin; an examination of 
healthy skin was also performed as a control). Each examination was performed by ap-
plying minimal to no pressure on the skin in order to ensure a correct visualization of the 
stratum corneum; a drop of paraffin oil was applied to the tip of the handheld probe before 
application to the skin. Then, by using specific software (MinIP, 3DSlicer, version 4.10.2), 
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it was possible to obtain a 3D image (1.2 × 0.5 × 0.5 mm) of the lesions from each video as 
previously described [17,20,21]. 

LC-OCT visualization of the affected skin showed clear patterns of ridges and fur-
rows, as well as ectatic capillaries (EC) located within the dermal papillae, corresponding 
to normal paired capillaries (PC) in healthy skin. Ectatic capillaries (Figure 3a–c) appear 
as multiple reflective structures with well-defined bright margins, corresponding to small 
vessel aggregates. The terminal part of the sweat eccrine gland (SEG) duct is clearly seen 
as a hyper-reflective bright helical structure crossing the stratum corneum: the white circle 
indicates the SEG opening; the curly bracket indicates the whole SEG duct. (Figure 3b,c) 
Inside a ridge, in the middle of the EC lines, the duct of sweat eccrine glands (SEGs) are 
visible within the papillary dermis and epidermis (Figure 3a–c): this dermoscopic and LC-
OCT appearance resembles a “beads bracelets” disposition, in horizontal and vertical 
view, respectively. 

LC-OCT examination of healthy contralateral skin highlighted the presence of small 
reflective areas with less-defined borders located in dermal papillae, corresponding to 
paired capillaries (PC) (Figure 3a–c). A normal helical SEG duct is visible across the stra-
tum corneum (Figure 3b,c, curly bracket).  

 
Figure 3. Appearance under the LC-OCT of lesional skin: vertical frame, 500 µm depth, 1200 nm 
width. Ridges and furrow are visible. Within a ridge, ectatic capillaries (EC) are seen in the dermal 
papillae at both sides of the sweat eccrine glands ducts (SEG). Ectasic capillaries (a–c) appear as 
multiple reflective structures with well-defined bright margins, corresponding to small-vessel ag-
gregates. The terminal part of the SEG duct ((a–c), white circle) is clearly seen as a hyper-reflective 
bright elicoidal structure crossing the stratum corneum and the dermal papilla ((b,c), curly bracket). 
[SC: stratum corneum, SG: stratum granulosum; SB: stratum basale; DEJ: dermal–epidermal junction; PD: 
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papillary dermis; EC: ectatic paired capillaries, PC: normal paired capillaries. The red line inside the dermo-
scopic frame the position of the probe tip within the lesion and corresponds to the field of view on a vertical 
plane of 1.2 mm]. 

HFUS was performed with minimal pressure at a frequency of 24–40 MHz (Figure 4) 
at the lesional site. The epidermis appeared as an intensely hyperechoic line, the dermis 
as a moderately hyperechoic layer, and the hypodermis as an anechoic space with inter-
pose bright lines corresponding to connective strands. Ectatic capillaries (EC) seen in the 
vertical section are located in the dermal papillae as anechoic structures (Figure 4a). 

HFUS paired with color Doppler analysis, revealed a normal vascular flow at large 
vessels, and a minimal increase of artero-venous mixed flow in correspondence of ectatic 
capillaries formations on the top of dermal papillae (Figure 4b, square). 

 
Figure 4. Appearance under the LC-OCT of controlateral normal skin, where normal paired capil-
laries (PC) are visible in dermal papillae, instead of ectatic capillaries. A normal elicoidal SEG duct 
is visible across the stratum corneum ((a,b), curly bracket)). 

Based on combined high-resolution imaging findings, a diagnosis of plantar AS was 
made at an early stage and the patient was scheduled for regular follow-up. 

3. Discussion 
SA has been the subject of classification debates among researchers [10–13]. Some 

classify it as a neoplasm driven by an increased proliferation of endothelial cells leading 
to the development of new capillaries. In contrast, an alternate perspective views the con-
dition as a malformation, pointing to abnormal morphogenesis marked by thickened ca-
pillary walls resulting from the deposition of fibrillar material intertwined with collagen 
fibers. 

Extensive lesions might be connected to retinal capillary angiomas or spinal angio-
mas, but an increased susceptibility to neoplasia has not been documented [3–6]. 
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Increased levels of estrogens have been proposed in the development of AS: this hy-
pothesis matched with the adolescence onset of the lesions, usually following the Blaschko 
lines, due to receptor hypersensitivity in those areas. 

Given that acral skin was usually spared, the plantar location was considered excep-
tional. However, from 2008, four cases with sole involvement have been described, as a 
continuum to the leg involvement. Immunohistochemical studies carried out on lesional 
tissue in one case showed the absence of estrogen and progesterone receptors within the 
involved blood vessels, thus another trigger should be addressed rather than hormonal 
abnormal stimulation [20–24]. Indeed, to the best of our knowledge, only five cases with 
plantar skin involvement have been reported in the medical literature so far: among them, 
only one patient had a unique plantar involvement, namely a woman of 51 with a late 
onset (40 years of age) (Table 1). 

Table 1. Literature review of angioma serpiginosum with plantar skin involvement, including the 
present case. 

Year Author ref Gender Age  
(Years) 

Age of Onset Acral Skin Involved 

2008 Bayramgurler [22] F 16 Early 
childhood 

Whole left lower limb involving 
left sole 

2008 Chen [23] F 48 43 Left sole to toes 
2015 Freites-Martinez [20] F 35 30 Right toe and sole 

2019 Diociaiuti [24] M 14 From birth 
Both the lower limbs including 

the soles 
2019 Lo [21] F 51 40 Left sole 
2024 Our Case F 29 19 Left sole 

This description, therefore, allows for expanding the morphological spectrum of the 
pathology and provides, at the same time, an additional pathophysiological hypothesis of 
development related to chronic trauma. Repetitive micro-traumatism at the plantar site 
was temporally linked to the lesion development in our case. 

Non-invasive imaging techniques reaching a high resolution/definition are emerging 
as extremely helpful tools for dermatologists in daily practice [14–19]. Among the five 
cases with plantar involvement, only two included dermoscopic investigations with 
standard resolutions of the plantar lesional skin [20,21]. In the late lesions of an adult pa-
tient, dermoscopy showed well-demarcated erythematous and round-to-oval vascular la-
cunae of different dimensions irregularly distributed along the ridges [21]. 

Conversely, serpiginous globules regularly arranged in a parallel ridge pattern were 
observed in a recent lesion [20]. These dermoscopic findings are in line with the clinical 
findings reported upon observing early- or middle-stage AS cases (flat lesions) [22,24] or 
late-stage AS cases (lesions composed of internal raised globules) [23]. 

Here, in this case, HRVD imaging provided the first high-definition dermoscopic ap-
pearance of an early AS in a young patient, making it possible to see the two parallel lines 
of red globules (i.e., ectatic capillaries) with a white dot (sweat eccrine gland ostium) in 
between: this dermoscopic pattern resemble a “beads bracelet” and was detected as repeti-
tive through all the lesion surface; therefore, it is proposed as a new dermoscopic clue for 
diagnosing AS with polarized light at 30× magnification (Figure 2). 

The LC-OCT examination revealed, for the first time, the tridimensional in vivo dis-
position of these adnexal structures within the dermal papillae underlying a single ridge 
area; (Figures 3 and 4) moreover, LC-OCT imaging allowed to correlate the HRVD der-
moscopic features with the histological findings [3,4]. 

The same examination carried out on the healthy plantar skin of the patient’s other 
sole revealed capillaries of normal caliber and disposition, conventionally named as 
“paired capillaries” according to histopathology [20,21,23]. Indeed, conventional vertical 
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histopathological slides of AS lesions available in the literature showed a section of an 
ectatic capillary structure located in a dermal papillae, as this clue was required as diag-
nostic confirmation for AS of other skin areas. However, since on acral skin the sweat ec-
crine glands are numerous and homogeneously arranged, defining their exact position in 
vivo is necessary to explain the acral AS dermoscopic findings and define a more specific 
dermoscopic diagnostic clue. Indeed, the few cases of AS on acral skin described with 
histopathologic imaging are derived from slices that are not precisely sectioning a ridge 
with a 45° angle [20,21,23]. Finally, the LC-OCT findings described here are supported by 
LC-OCT studies on healthy acral skin carried out by our group in previous studies [25]. 

The visualization under HFUS and the power Doppler analysis allowed dilated ec-
tatic vascular structures corresponding to hypo/anechoic areas to be visualized with in-
creased vascular flow in the papillary dermis (Figure 5). Findings in perilesional healthy 
skin were normal. 

 
Figure 5. Sonographic appearance (ultra-high frequency ultrasound—HFUS) of lesional tissue under 
24 MHz and 40 MHz. The epidermis appears as an intensely hyperechoic line, the dermis as a mod-
erately hyperechoic layer, and the hypodermis as an anechoic space with interpose bright lines cor-
responding to connective strands (a). Ectatic capillaries (EC) seen in the vertical section are located 
in the dermal papillae as anechoic structures. Vascular flow is investigated under color Doppler 
analysis (b): increased vascular flow and dermal papillae corresponding to ectatic capillaries are 
present. [E: epidermis; D: dermis; H: hypodermis; EC: ectatic capillaries, square]. 

Clinically, the differential diagnosis of late-stage AS includes purpura pigmentata 
[25], unilateral nevoid telangiectasia [26], and angiokeratoma [3,18]. Purpura pigmentata 
can be differentiated on a clinical level, as it presents with multiple lesions of the lower 
legs, symmetrically. Unilateral nevoid teleangectasia can be ruled out based on both clin-
ical appearance and dermoscopic level. Clinically, unilateral nevoid teleangectasia ap-
pears in multifocal erythematous macules/papules with unilateral linear distribution. 
Dermoscopy examination reveals red tortuous capillaries arranged in a homogeneous re-
petitive reticular pattern. However, the clinical history may be similar, as unilateral nevoid 
teleangectasia can be present at birth or appear during puberty/pregnancy under hormo-
nal stimulation [27]. 

However, since our case was an early-stage presentation, with a smooth surface and 
no raised globular structures, those differentials can be ruled out a priori. Instead, a drug-
induced plantar pigmentation and circumscribed plantar hypokeratosis can be considered 
on clinical grounds. Indeed, drug-induced plantar pigmentation is usually seen as unique 
lesions with clear-cut margins and pigments on the ridge under dermoscopy [16]; how-
ever, the color is usually orangish/reddish, and the clinical history of our patient was oth-
erwise mute for drug intake and the color for homogenous pigmentation. 

Circumscribed palmar or plantar hypokeratosis (CPH) is a rare, acquired epidermal 
malformation similar to AS, which is frequently observed in women but between the ages 
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of 40 and 80 years. The clinical examination of CPH usually reveals a rounded, well-cir-
cumscribed erythematous depressed lesion with a slightly raised scaly border [28]. The 
dermoscopy of CPH shows a “ragged” border, mild erythema, some engorged blood ves-
sels and white macules on the base of lesion, with overlying white streaks [29]. This der-
moscopic appearance is similar to that of plantar AS; however, CPH is caused by a reduc-
tion of about 80% in the thickness of the stratum corneum at the lesional site, making 
paired capillaries appear bigger, while they are actually just more visible than in normal 
skin (where the stratum corneum act as an optical barrier) [29,30]. This was clarified by 
our group in our previous study on multiple CPH cases examined using both dermoscopy 
and LC-OCT [19]. In our case, the appearance of a depressed surface was only an optical 
artifact (Figure 1a) that disappeared when observed close up (Figure 1b). 

4. Conclusions 
Although SA is a benign and asymptomatic dermatological condition, it necessitates 

careful management due to its substantial aesthetic impact, significantly affecting the 
quality of life of young individuals with the condition. 

There are multiple advantages of the combined non-invasive approach of HRVD, LC-
OCT, and HFUS. Firstly, a quick and non-invasive diagnostic investigation at the patient’s 
bedside; secondly, the possibility of planning a non-invasive follow-up monitoring; and 
thirdly, the advantage of avoiding a surgical incision in the plantar area, thus reducing 
functional and clinical discomfort, especially in young active patients. 

To the best of our knowledge, this is the first case of AS presenting as a unique small 
plantar lesion, occurring during adolescence, and investigated with combined non-inva-
sive imaging, such as HRVD, HFUS, and LC-OCT [24–28]. Further investigations into 
other cases are desirable to confirm the present findings, describing these new observa-
tions in a case with unconventional clinical patterns and trauma-induced etiology contrib-
ute to our broader understanding of the dermatological presentations of AS at the plantar 
site. This emphasizes the importance of a comprehensive and adaptable diagnostic ap-
proach in clinical practice. 
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