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Abstract: Noninvasive imaging techniques have recently outlined precise microscopic features of
acne elementary lesions and accurate quantifications for disease severity staging and therapeutical
efficacy follow-up. The aim of this review is to systematically describe current applications of
dermoscopy, reflectance confocal microscopy (RCM), and optical coherence tomography (OCT) in
acne vulgaris assessment and management. The study followed the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) guidelines. We included studies conducted
on human subjects with elementary lesions of acne vulgaris, reporting assessment of the lesions
with dermoscopy, RCM, and/or OCT. At present there are few large studies regarding acne and
noninvasive imaging techniques, representing the main limitation of this review. Clinical examination
represents the first line in acne diagnosis and treatment. However, dermoscopy, RCM, and OCT are
further tools that can improve acne classification, monitoring of treatment, and pathophysiologic
characterization. In the near future, dermoscopy, RCM, and OCT could become routinely used for the
evaluation of acne vulgaris to provide a deeper knowledge of the disease and to guide the clinician
in the prescription of tailored treatment protocols based on each patient’s characteristics.

Keywords: acne; reflectance confocal microcopy; optical coherence tomography; non-invasive
imaging; therapy; grading

1. Introduction

Acne vulgaris is a skin disease of the pilosebaceous unit, characterized by hyperk-
eratinization of the infundibulum and the development of multiple inflammatory and
noninflammatory lesions. Noninvasive imaging techniques have recently outlined precise
microscopic features of acne elementary lesions and accurate quantifications for disease
severity staging and therapeutical efficacy follow-up (Table 1) [1].

Dermoscopy is a noninvasive imaging technique that allows the identification of sev-
eral features in the epidermis and dermis that are not detectable to the naked eye. It is also
known as epiluminescence light microscopy and was previously known as dermatoscopy.
Dermoscopy utilizes a x10 to x100 microscope objective with a light source to magnify
and visualize structures present below the skin’s surface, such as melanin and blood ves-
sels [2]. There are three types of dermoscopy: conventional nonpolarized dermoscopy,
nonpolarized contact dermoscopy, and polarized contact dermoscopy. Many dermoscopic
structures have a high degree of correspondence with pathognomonic histopathologic

J. Clin. Med. 2022, 11, 1783. https://doi.org/10.3390/jcm11071783

https:/ /www.mdpi.com/journal /jem


https://doi.org/10.3390/jcm11071783
https://doi.org/10.3390/jcm11071783
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0003-2866-0783
https://orcid.org/0000-0003-3601-655X
https://doi.org/10.3390/jcm11071783
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm11071783?type=check_update&version=1

J. Clin. Med. 2022, 11,1783

20f11

features, allowing a significant increase of accuracy for the diagnosis of melanoma and
other skin tumors with respect to naked eye examination [2].

Table 1. Main dermoscopy, reflectance confocal microscopy, and optical coherence tomography and

their histopathologic correlation in acne elementary lesions.

Elementary Acne

Lesion Features Dermoscopy Features =~ RCM Features OCT Features Histopathology Features
A comedo is an altered
pilo-sebaceous unit
characterized by the

Enlarged infundibula IkjlreS‘Sﬁfeergtfinization at the
Dilated pilosebaceous Enlareed infundibula with hyperkeratinized irzlf}fm dibulum and the
Comedos units filled with a with agh erkeratotic borders and a variable istmus. The
white-yellow circle or a . yp darker appearance . i .
bright border . histopathologic appearance
brown plug depending on the ¢ o ch .
amount of keratin of comedos is characterized
' by the presence of a
cyst-like cavity with a
keratinous mass, colonized
by bacteria.
Pci)orliy defined lesions Dome-shaped lesions Pa.puleg are dome—shgped
with intact or . . . skin lesions characterized
excoriated epidermis with an either intact or by the accumulation of
Papules Erythematous roundish and an abunilant thin and uneven ir?flammator cells in
F lesions inflammatory infiltrate epidermal surface and dermis in a C}i,rcumscribed
) Ty ¥ . abundant inflammatory
in the epidermis or in henomena area around one or more
the dermis. P ’ pilosebaceous units
Inflammatory lesions Dome- shaped lesions ~ Pustules are dome-shaped
OLY characterized by skin lesions characterized
characterized by the . .
. . abundant inflammatory by the accumulation of
Inflammatory lesions accumulation of an . PR
. phenomena associated  neutrophils within
Pustules centered by a organized

white-yellowish area

inflammatory infiltrate

to the presence of

comedones, usually

purulent aggregates
inside the pustular
cavity.

leading to the rupture of
the original cystic cavity in
the dermis.

and increased
vascularity

Reflectance confocal microscopy (RCM) acquires en-face images of the epidermis
and the upper dermis, with a resolution comparable to that of histology [3]. It utilizes an
830 nm laser to capture horizontal en-face images of the skin with high resolution. The
RCM imaging technique is based on the principle that different skin structures harbor
different refractive proprieties, in order to generate black-and-white images. For instance,
keratin, melanin, and collagen appear brighter because they have highly refractive indices,
while other skin components appear darker, because of their low refractive index. The
commercially available RCM devices allow for fast and reliable acquisitions of digital
horizontal skin sections, with a resolution of 0.5-1 um.

Optical coherence tomography (OCT) utilizes light backscatter from infrared light to
noninvasively image the epidermis and the dermis (up to a depth of up to 1.5 mm). It
provides cross-sectional 2D and 3D skin images, and depending upon the device utilized,
can supply additional blood-flow information [4]. OCT is well established in noninvasive
diagnostics, especially for epithelial skin tumors, enabling the visualization of architectural
skin changes, but is without high cellular resolution. There are different types of OCT
devices available, including frequency-domain OCT (FD-OCT), or conventional OCT, high-
definition OCT (HD-OCT), and dynamic OCT (D-OCT). Recently, line-field confocal OCT
(LC-OCT), which is based on the echo-time delay and amplitude of light backscattered
from cutaneous microstructures through low-coherence interferometry associated with
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confocal spatial filtering, was implemented for the noninvasive imaging of skin lesions
with very promising results [5].

The aim of this review is to systematically describe current applications of dermoscopy,
RCM, and OCT in order to enhance our understanding of acne vulgaris and to improve
its management.

2. Methods
2.1. Study Selection Criteria

The study followed the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines [6]. We included studies conducted on human subjects with
elementary lesions of acne vulgaris, reporting assessment of the lesions with dermoscopy,
RCM, and/or OCT noninvasive diagnostic tools. Studies published in any language other
than English were excluded. Further criteria specified the exclusion of case reports, studies
on non-human subjects, and imaging of non-elementary (e.g., scarring) lesions.

2.2. Data Search

The MEDLINE (PubMed) and Cochrane library electronic databases were systemat-
ically searched using the following search terms: “acne” AND (“dermoscopy” OR “re-
flectance confocal microscopy” OR “optical coherence tomography”). There was no limit to
the search in terms of publication date, and the most recent search was run in January 2022.
A manual search of reference lists was also performed.

2.3. Study Selection and Data Collection

Two authors independently reviewed study abstracts for inclusion and exclusion
criteria (AA and AS). The following data were extracted from each of the included studies:
type of study, imaging device used, number of acquired skin areas, number of patients,
acne severity, aim of the study, type of treatment (Table 2).

Table 2. Data collection synthesis. (n.s., nonspecified).

. Number of .
Author Numl{er Study Design Acne Severity Technique Acquired Aim of the Type of Treatment
of Patients Grade . Study
Skin Areas
Manfredini 2015 [3] 35 Observational ~ Absent to RCM 55 Acpe gharac— s
study moderate terization
.. Observational ~ Mild to RCM and 70 RCM and Acne charac-
Manfredini 2019 (6] 10 pilot study moderate OCT 70 OCT terization s
. Absent to RCM and 108 RCM and  Acne charac-
Fuchs 2018 [7] 21 Explorative moderate OCT 54 OCT terization ns

Acne charac-
Guenot 2018 [8] 42 Prospective n.s. RCM 42 terization in n.s.
adult women

. , Observational ~ Mild to Treatment Hydroypinacolone
Manfredini 2017 [9] 19 study moderate RCM 76 monitoring retinoate /BIOPEP
Benzoylperoxide
Treatment 4%, retinol 0.5%,
Garofalo 2019 [10] 20 Pilot study Mild RCM 60 catmer mandelic acid 1%,
monitoring .
and lactobionic
acid 1%
Fuchs 2021 [11] 15 Prospective Mild to RCM and 60 RCM and Treatment Adapalen-benzoyl

study moderate OCT 60 OCT monitoring peroxide
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Table 2. Cont.

. Number of .
Author Numb‘er Study Design Acne Severity Technique Acquired Aim of the Type of Treatment
of Patients Grade . Study
Skin Areas
Manfredini 2017 [12] 31 Prospective Mild to OCT 132 Treat.mept Oral antibiotic
moderate monitoring tratment
Treatment Mixed RetinSphere-
Capitanio 2014 [13] 28 Prospective Absenttomild RCM 8 . vitamin E
monitoring f .
ormulation
Absent to RCM and 109 RCM and  Treatment Gold
Fuchs 2019 [14] 12 s moderate OCT 120 OCT monitoring microparticles
Rossi 2018 [15] 2 n.s. n.s. RCM 4 Treat.mept Plasma exeresis
monitoring

2.4. Study Outcomes

The current study was designed to summarize elementary acne lesion features as
observed with noninvasive techniques, including dermoscopy, RCM, and OCT. Secondary
outcomes included a summary of acne pathophysiology and acne treatment monitoring.

3. Results
Study Selection

Following the removal of irrelevant references, the initial database search identified
110 bibliographic records. Study titles and abstracts were reviewed, and duplicates were
removed; 78 were excluded. Full texts of 32 studies were assessed for further eligibility.
Fifteen articles were excluded according to exclusion criteria. Finally, 17 papers were

included in the qualitative synthesis/analysis (Figure 1).

110 Bibliografic records identified
through MEDIine (PubMed) search

32 Studies assessed for eligibility after
revision and removal of duplicates

17 Papers included in the qualitative
synthesis/analysis after exclusion of 15
articles according to exclusion criteria

Figure 1. Study selection synthesis.

4. Dermoscopy in Acne Lesions

Dermoscopy is a noninvasive, universally employed technique that allows the identi-
fication of several features of the epidermis and dermis that are not detectable to the naked
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eye. Even if dermoscopy has been essentially applied for the diagnosis and differentiation
of skin tumors, recent studies have demonstrated further applications in the identification
and monitoring of several inflammatory skin diseases [7,8].

Our search identified two manuscripts reporting dermoscopy features of acne pa-
tients [7,9]. With dermoscopy, typical acne elementary lesion features are described and
defined with comedos, which appear as dilated follicles filled with a white-yellow circle
or a brown plug that represents oxidized keratin, papules, which appear as erythematous
roundish lesions, as a result of local inflammation, and pustules, which are centered by
a white-yellowish area that corresponds to the collection of purulent material inside the
cavity of the lesion (Figure 2a—d). Our search did not identify any description of peculiar
vascular pattern in any of the included elementary lesions.

Figure 2. Dermoscopic images of closed comedo (a), open comedo (b), papule (c), and pustule (d).
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5. Rem in Acne Lesions and Perilesional Skin

RCM is noninvasive imaging technique that allows the visualization of microscopic
architectural features and individual cells of the epidermis and upper dermis at nearly
histologic resolution. The histologic correspondence of structures seen using both der-
moscopy and in vivo RCM has been widely demonstrated [10,11]. The use of in vivo RCM
has rapidly increased over recent years because of the feasibility of the instrument and
the possibility of having a more accurate presurgical diagnosis for different skin tumors,
resulting in a demonstrated improvement in the diagnostic accuracy [12-14]

We identified three studies that describe the microscopic changes observed with
RCM of acne lesions [15-17]. Comedos are described as being characterized by enlarged
infundibula (compared to follicles of normal skin), with a hyperkeratotic bright border.
In detail, closed comedones present well-defined infundibula, with thick bright borders,
while open comedos present larger infundibula with irregular borders that are filled by
amorphous keratinized material containing multiple bright dots. Noninflamed comedos
usually do not show any inflammatory infiltrate or increased vascularity in the adjacent
epidermis (Figure 3a,b).

Figure 3. RCM images of a closed comedo (arrow), with well-defined infundibula and thick bright
borders (a); an open comedo (arrow), with large infundibula and hyper-reflecting irregular borders
filled by amorphous material (star) (b); a papule, showing an abundant inflammatory infiltrate
composed of many sparse hyper-reflecting cells (arrow) at the spinous layer of the epidermis (c), and
a pustule characterized by the presence of a hyper-reflecting organized inflammatory infiltrate inside
the pustular cavity (star) (d).
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Papules are characterized by a variable RCM appearance, with abundant inflamma-
tory phenomena, ill-delimitated borders, increased vascularity, and intact or excoriated
epidermis, showing a central dark area with necrotic content and detached cellular debris
(Figure 3c).

Pustules are characterized by the presence of single or multiple dark cavities filled by
a granular organized inflammatory infiltrate that appear brighter than the surrounding
skin. They are characterized by an abundant inflammatory infiltrate in the perilesional skin
with increased vascularization in the adjacent upper dermis (Figure 3d).

In perilesional uninvolved skin, pilosebaceous units often present distinctive RCM
features compared to non-acne patients. The studies report a variable amount of amorphous
material inside the infundibular opening, a larger diameter, and a brighter border. These
altered pilosebaceous units, which have been previously identified as microcomedos,
represent the precursor lesions of acne [16].

Most studies of acne are performed on adolescent acne patients. One study reported
RCM features of a population of adult women with acne and described the same RCM
features commonly identified in adolescent patients [18]. Interestingly, the authors observed
that microcomedones are more frequently observed in the mandibular region compared
with the forehead, suggesting a correlation between microcomedones and adult acne
lesions, and that pilosebaceous unit alterations are probably influenced by the topological
anatomy of the face of adult women [19].

Fuchs et al. demonstrated that acne severity was positively correlated to RCM and
OCT features of lesional and perilesional acne skin [15]. Higher severity grades of acne
were associated with the increased detection of enlarged infundibula, hyperkeratosis,
and hyperreflective keratinous content. In addition, the amount of the inflammatory
phenomena was more intense in severe acne, demonstrating that a strong correlation exists
between the phlogistic skin status and acne severity.

6. Oct in Acne Lesions

OCT is a well-established noninvasive diagnostic device, with a lateral resolution in
the 3-15 um range and a penetration depth of 1-2 mm. Dynamic OCT (D-OCT) allows
the visualization of the epidermis and dermis and of the relative microvascular changes
in blood flow, in order to allow the morphological and functional characterization of skin
lesions [20-22].

Our search identified three studies that define the microscopic changes that character-
ize OCT images of acne lesions [15,23,24]. Comedos usually show well-defined borders
and a variable darker appearance depending upon on the amount of hyperkeratinization.
Closed comedos present a smaller infundibular opening and a reverse-V-shaped morphol-
ogy. Sometimes, hyperechogenic structures may be found, corresponding to enlarged
sebaceous glands. Open comedos are characterized by a more superficial hyperkeratinized
component, with a rectangular shape and a superficial keratinized plug of variable di-
ameters. Digital OCT (D-OCT) shows the presence of a normal vascularization in the
dermis adjacent to non-inflamed comedos and an increase of vascular signal in proximity
to inflamed comedos. Open comedos are characterized by a rectangular hypoechogenic
structure at their boundaries with a large and thick hyper-intense plug at the top of the
infundibulum. The vascular component is the same as that of closed comedos without any
vascular signal in correspondence to the core of the lesion (Figure 4a—d).
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Figure 4. D-OCT images of a closed comedo (arrow) with the typical reverse-v-shaped morphology
(a) showing the presence of significant vascular signal (red color) in dermis mainly at the border
but not at the core of the lesion (b); open comedo (arrow), which is characterized by a rectangular
hypoechogenic structure, with a large and thick hyper-intense plug at the top (c) showing the presence
of significant vascular signal (red color) in dermis mainly at the border but not at the core of the
lesion (d); papule (arrow), which is a dome-shaped lesion characterized by a diffuse inflammatory
infiltrate at the epidermis and dermis (e) showing a prominent vascular signal (red color) in dermis
both at the border and at the core of the lesion (f); pustule (arrow), which is a dome-shaped lesion
with multiple central oval cavities containing hyper-intense inflammatory aggregates (g) showing
enhanced vascular signal (red color) in dermis both at the border and at the core of the lesion (h).

Papules appear as well-defined, dark gray, dome-shaped structures with an excoriated
or intact epidermis. The rete ridge is often flattened in the central part of the lesion and
a hyperechogenic component in the superficial dermis is often observed. The vascular
network appears prominent both in the surrounding dermis and near the core of the lesion
(Figure 4e,f).

Pustules appear as well-defined, dome-shaped structures with multiple central oval
cavities containing hyper-intense material inside the epidermis and the dermis. The vascu-
lar network is prominent in the dermis adjacent to the lesion. Reconstructed vascular flow
is often very close to the dermal core of the pustule (Figure 4g,h).

In acne patients’ clinically uninvolved skin, there does not seem to be a remarkable
difference in morphology or blood flow, compared with healthy subjects [23]. Fuchs
et al. demonstrated that D-OCT blood flow was significantly increased in Investigator
Global Assessment (IGA) 3 compared to IGA 1 acne patients, highlighting that blood flow
parameters may be useful for the grading of acne severity [25].

7. Acne Pathophysiology

RCM and OCT are noninvasive diagnostic tools that can help clinicians to better
understand the pathophysiology of acne. Several studies have been performed, analyzing
lesional and nonlesional skin in acne patients and healthy controls. Fuchs et al. found that
lesional and nonlesional skin of acne patients was characterized by an increased presence
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of hyperkeratinized follicles and by inflammatory changes that were positively correlated
with disease severity compared with healthy controls [15].

Our group recently analyzed the progression of acne skin from the absence to the
appearance and resolution of an inflammatory acne lesion [19]. Morphologic and functional
data allowed the generation of an acne disease progression model characterized by the
subsequent steps:

(1) Initially, acne skin is characterized by an increased number of small bright follicles
(microcomedos).

(2) Subsequently, several large bright follicles appear in the area of interest, associated
with increased hyperkeratinization of the infundibula, leading to its occlusion (comedos).

(3) Abruptly, several inflammatory phenomena occur with the appearance of papules,
pustules, or nodular lesions with increased vessel density, exocytosis, and organized
inflammatory infiltrate and an increase of adjacent small bright follicles.

(4) Finally, resolution of the inflammatory lesion is characterized by the absence of
inflammatory phenomena and the persistence of an increased number of small and
large bright follicles associated with dilated sebaceous gland morphology.

8. Noninvasive Acne Therapy Monitoring

Cutaneous noninvasive techniques represent a useful tool to obtain an objective repro-
ducible evaluation of morphological changes within the skin, following pharmacological
or other treatments.

Manfredini et al. [17] evaluated acne topical therapy efficacy using a combined method
of clinical and RCM evaluation, showing that a clinical improvement was associated with
a reduction of hyperkeratinized follicles, a decrease of inflammatory phenomena, and an
increase of normal-appearing follicles at the end of treatment.

Fuchs et al. [26] combined in vivo RCM and OCT imaging on a total of 14 patients with
acne severity IGA 0-3 to investigate trans-follicular delivery of gold microparticles (GMPs).
This study demonstrated that RCM and OCT reliably visualize delivery of topically allied
GMPs and that RCM detected laser-mediated thermal effects following GMP application.

Rossi et al. [27] described the first two acne patients treated with plasma exeresis
using clinical picture and RCM images to objectively assess the microscopic ad macroscopic
changes induced by the treatment, showing an almost complete resolution of skin lesions.

Garofalo et al. [28] applied RCM as a tool to establish the role of benzoylperoxide 4%,
retinol 0.5%, mandelic acid 1%, and lactobionic acid 1% for the treatment of mild facial
acne in 20 patients. They observed a remarkable reduction (>65%) of comedonic, papular
and pustular lesions following treatment. These results were confirmed by RCM showing
a reduction of dermal inflammation and exocytosis, and improvement of infundibular
hyperkeratinization of target lesions.

Villani et al. [29] evaluated the efficacy of a gel formulation containing retinol en-
capsulated in glycospheres and hydroxypinacolone retinoate, an antimicrobial peptide,
salicylic acid, glycolic acid, and niacinamide in 20 patients with mild acne. RCM con-
firmed that inflammation was reduced and infundibular hyperkeratinization improved
following treatment.

Capitanio et al. [30] recruited 18 patients with mild comedonal acne in order to study
the effects of RetinSphere-vit E formulation treatment. RCM highlighted the reduction of
hyperkeratinization of infundibula and inflammation after treatment.

RCM and OCT imaging have also been used by Fuchs et al. [31] as a monitoring
tool to assess the efficacy of adapalene-benzoyl peroxide. RCM showed a reduction of
hyperkeratinization of follicular borders and intrafollicular content. OCT showed an
increase of epidermal thickness that was associated with an improvement of skin trophism.

Finally, Manfredini et al. [23] demonstrated that oral antibiotic treatment improved
morphologic features and decreased the vascular signal over time, as shown by OCT imaging.
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9. Conclusions

Clinical examination represents the first line in acne diagnosis and treatment. How-
ever, dermoscopy, RCM, and OCT are further tools that can improve acne classification,
monitoring of treatment, and pathophysiologic characterization.

At present there are few studies regarding acne and noninvasive imaging techniques,
representing the main limitation of this review. Dermoscopy is a straightforward tool
to evaluate the patient, helpful in the first approach to many diseases, routinely used in
adjunct to clinic evaluation. RCM has proved useful in the evaluation of the microscopic
pilosebaceous alteration at the early stages of the disease and to differentiate acne from
other diseases, such as demodicosis. D-OCT enables the study of skin morphology and
dermal blood flow, allowing a functional and structural characterization of acne inflamma-
tory lesions.

To conclude, dermoscopy, RCM, and OCT give important data regarding acne lesions
and patients” skin characteristics, which should be integrated with clinical information to
identify the best treatment and management possible. Noninvasive imaging devices can
help clinicians to detect early new lesions, detecting ultrastructural changes and monitoring
microscopic alterations, to improve treatment timing and effectiveness.

In the near future, dermoscopy, RCM, and OCT could become routinely used for the
evaluation of acne vulgaris to provide a deeper knowledge of the disease and to guide the
clinician in the prescription of tailored treatment protocols based on each patient’s characteristics.
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