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Abstract: Background: Due to the COVID-19 pandemic, teledermoscopy has been increasingly
used in the remote diagnosis of skin cancers. In a study conducted in 2020, we demonstrated a
potential role of an inexpensive device (NurugoTM Derma) as a first triage to select the skin lesions
that require a face-to-face consultation with dermatologists. Herein, we report the results of a
novel study that aimed to better investigate the performance of Nurugo™. Objectives: (i) verify
whether the NurugoTM can be a communication tool between the general practitioner (GP) and
dermatologist in the first assessment of skin lesions, (ii) analyze the degree of diagnostic-therapeutic
agreement between dermatologists, (iii) estimate the number of potentially serious diagnostic errors.
Methods: One hundred and forty-four images of skin lesions were collected at the Dermatology
Outpatient Clinic in Novara using a conventional dermatoscope (instrument F), the Nurugo™
(instrument N), and the latter with the interposition of a laboratory slide (instrument V). The images
were evaluated in-blind by four dermatologists, and each was asked to make a diagnosis and to
specify a possible treatment. Results: Our data show that F gave higher agreement values for all
dermatologists, concerning the real clinical diagnosis. Nevertheless, a medium/moderate agreement
value was obtained also for N and V instruments and that can be considered encouraging and indicate
that all examined tools can potentially be used for the first screening of skin lesions. The total amount
of misclassified lesions was limited (especially with the V tool), with up to nine malignant lesions
wrongly classified as benign. Conclusions: Nurugo™, with adequate training, can be used to build
a specific support network between GP and dermatologist or between dermatologists. Furthermore,
its use could be extended to the diagnosis and follow-up of other skin diseases, especially for frail
patients in emergencies, such as the current pandemic context.

Keywords: teledermatology; teledermoscopy; skin cancer diagnosis

1. Introduction

Since 1995, when it was applied for the first time, teledermatology (TD) has been
gradually applied in almost all dermatology sub-specialties [1,2] and, in the last few years,
has also been proposed in the dermatological research context [3-5]. TD finds its natural
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application in the diagnosis of melanocytic and non-melanocytic skin cancer with its spe-
cific branch, namely teledermoscopy (TDS). Since 2010, many private websites, such as
Dermoscopedia (from the International Dermoscopy Society), the ISIC (International Skin
Imaging Collaboration) archive, and the iDS score project [1,6], have been built with the
specific aim to collect, catalog, and share dermoscopic case libraries for educational pur-
poses. In addition, numerous algorithms have been developed for automatic dermoscopic
image segmentation and/or classification, with a recent focus on deep learning models, i.e.,
the convolutional neural networks (CNNs) [7-11].

In 2020, we conducted a study to verify the diagnostic reliability of images acquired
through an inexpensive smartphone microscope (Nurugo™), employing CNNs to classify
malignant melanoma (MM), melanocytic nevus (MN), and seborrheic keratosis (SK). The
CNN was tested on three different test sets: (i) ISIC images, (ii) images acquired with
the Nurugo™, and (iii) images acquired with a conventional dermatoscope [12]. The
Nurugo™ device showed an accuracy comparable to conventional dermatoscope (up to
80%), which demonstrates a potential role performing the first triage in TDS, selecting the
skin lesions that require a face-to-face consultation with dermatologists [12].

Based on these preliminary results, herein we report a novel TDS study, intending
to verify whether the Nurugo™ Derma can be useful to evaluate lesions through TD, in
two-way communication between the general practitioner (GP) and dermatologist. To meet
this goal, we evaluated the agreement degree between four dermatologists with different
dermoscopy experiences in evaluating images of skin lesions acquired with three different
tools. The secondary outcomes were: (i) to analyze the degree of diagnostic—therapeutic
agreement between the four dermatologists and (ii) to consider the number of potentially
serious diagnostic errors, i.e., the number of malignant lesions misclassified as benign.

2. Materials and Methods
2.1. Images Collection

One hundred and forty-four skin lesion images were collected. Based on clinical char-
acteristics, the images were classified as follows: 75 melanocytic naevi (MN), 6 melanomas
(MM), 27 basal cell carcinomas (BCC), and 36 seborrheic keratoses (SK). For all lesions,
images were acquired with three different devices: (i) a portable dermatoscope (Figure 1A)
connected to a reflex camera (Figure 1B), (ii) the NurugoTM Derma (Figure 1G) connected
to a smartphone (Figure 1H), and (iii) Nurugo™ Derma connected to the smartphone
(Figure 1I) with the interposition of a laboratory slide. The images were acquired by an MD
student, adequately trained in the use of these devices by an experienced dermatologist.
We assimilated the student to the GP, due to the limited experience in recognizing skin
lesions. The images were acquired during routine visits, after collection of signed informed
consent from the patients; the study was approved by the Local Ethics Committee (protocol
173/18, approved on 12 December 2018). To ensure the protection of the patients’ data,
images were encoded with an alphanumeric code. All the patients included in the study
were treated based on the clinical diagnosis made by the expert dermatologist with the help
of the conventional dermoscopy—in detail, all suspected lesions were surgically excised
and histologically examined, whereas patients with lesions evaluated as clinically benign
continued the regular dermatological follow-up.
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Clinical dermatoscope & camera Nurugo Derma™
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Figure 1. (Top) Representation of the portable dermatoscope connected to the camera (A,B) and of
the NurugoTM Derma (G) connected to the smartphone (H,I); (Bottom) Examples of images acquired
with the different devices and image pre-processing (Dermatoscope from (C-F); Nurugo™ Derma
from (J-L)).

2.2. Images Pre-Processing

The images collected with the portable dermatoscope and reflex camera, after cod-
ing, were sent to the Biolab engineers (Polito?*®Med Lab, Department of Electronics and
Telecommunications) for optimized cropping and color normalization according to specific
ad hoc algorithms. Indeed, cropping allows the reduction of the large area of black pixels
around the central circular area containing the photographed lesion, also making the aspect
ratio square. The employed algorithm proceeds according to the following steps:

1.  Transformation of the image into greyscale and binarization through global threshold-
ing (Figure 1C,D);

2. Identification of the coordinates and dimensions of the central area (Figure 1E);

3. Cropping (Figure 1F).

The same images were also acquired with the smartphone assembled with the Nurugo™
Derma lens and related to the respective dermatoscopic images. The lesions were acquired
both in “normal” and in “epiluminescence” settings, i.e., after applying paraffin oil and
positioning a laboratory slide as an interface between the skin and the Nurugo. Due to the
presence of an artifact that limits the field of view (FOV) when an epiluminescence image
is acquired, for large lesions, more images were acquired by modifying the positioning
of the Nurugo and the slide. To circumscribe the portion without reflection artifacts, an
automatic segmentation algorithm based on the circular Hough transform was developed
and applied (Figure 1J-L).

2.3. Images Classification

We collected 144 images that were adequately codified and normalized and/or
cropped, and were then entered on the REDCap (Research Electronic Data Capture) appli-
cation and divided based on the acquisition tool, with an encoding that did not allow users
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Tipologia lesione

Asportazione chirurgica

Tipologia lesione

Asportazione chirurgica

to trace the specific device used, and in a different sequence to randomize the evaluation
array and avoid bias.
In particular:

- Instrument F (dermatoscopic images): ordered from 1 to 144;
- Instrument N (Nurugo™ images): ordered from 144 to 1;

- Instrument V (Nurugo™ images in epiluminescence): ordered from 72 to 144 and
from 1 to 71.

Four identical records were created—each one was assigned to a skilled dermatolo-
gist who evaluated the images and expressed both a diagnostic and therapeutic opinion,
through a multiple-choice questionnaire. No additional clinical and /or anamnestic data
were available to the dermatologists. For each image, the dermatologist chose a diagnostic
option from those proposed: (i) MN, (ii) MM, (iii) BCC, or (iv) SK; in addition, the option
“yes” or “no” indicated the potential recommendation for surgical removal. For a better
interpretation, see Figure 2.

Record ID 289-1 Tipologia lesione
Dermatologo 1

Asportazione chirurgica
Data Collection Instrument  Status
Strumento F

Strumento N

Strumento V

Tipologia lesione

Asportazione chirurgica

Figure 2. Examples of images to be evaluated through the REDCap software; (A) Table of the
instruments in use. The images were acquired with instrument N (B), F (C) and V (D,E).

The dermatologists involved in the study had different experience in the dermoscopic
field (dermatologists 1 and 3: 5-10 years; dermatologists 2 and 4: >10 years).

2.4. Statistical Analysis

Based on literature [13] and our previous experience, we assumed that comparison
between a classic dermatoscope and other different dermatological tools had a disagreement
of 0.28 with a Cohen’s kappa of 0.61. Considering an interval confidence of 0.95 with a
width of 0.30, a minimum of 135 skin lesions were required. To avoid problems related to
missing data, blurry photos, or others, we performed 144 observations.

The first step was to evaluate the agreement between dermatologists on the real clinical
diagnosis (i.e., diagnosis made through conventional dermoscopy and used as a standard
reference, or, in case of excised lesions, the histological report); diagnosis and possible
indications for surgical removal have been remotely evaluated (TDS) and the agreement
between dermatologists was noticed.
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Descriptive analyses were also conducted: for each instrument used (F, N, V) and
for each of the four dermatologists involved, the absolute and relative frequencies of each
diagnosed lesion and the relative decision about its treatment were calculated.

The agreement degree between the real clinical diagnosis (C), used as a standard
reference, and the diagnosis related to each instrument (primary outcome) was calculated
using the Cohen’s kappa with a 95% confidence interval [95% CI]. The Landis and Koch
scale was used as a reference system [14].

The agreement between dermatologists was then calculated concerning the three tools
used, both in terms of diagnosis and of treatment recommendations, using the Fleiss kappa
with 95% CI, a statistical parameter that allows for evaluation of the degree of agreement
between several elements [15]. The reference values of this parameter are the same as
Cohen’s K.

Finally, the “serious diagnostic errors” (that is, the number of malignant lesions [MM
and/or BCC] misclassified as benign [Mn and/or SK]), were calculated. This value was
expressed as % of the total malignant lesions analyzed.

All statistical analyses were conducted using SAS 9 and R.

3. Results

Table 1 summarizes the diagnoses suggested by the four dermatologists for each
lesion/instrument (dermatoscope F, Nurugo N, Nurugo in epiluminescence setting with
slide V), together with the real clinical diagnosis (C), and reports the final clinical decision
(removal or not).

A concordant diagnostic approach was found among dermatologists 1, 2, and 3, with
a tendency to overestimate melanomas with instruments N and V. Despite the 6 real clinical
diagnoses, 7 lesions were classified as MM with instrument N and 17 with the instrument
V for dermatologist 1, 16 with N and 29 with V for dermatologist 2, and 24 with N and
20 with V for dermatologist 3. Dermatologist 4 was better aligned to the real clinical
condition for the images evaluated with instruments F and N, and classified 72 MN, 3 MM,
41 SK, and 28 BCC with instrument F and, respectively, 46, 3, 57, and 38 with instrument N.
However, with instrument V, dermatologist 4 overestimated the SK and underestimated
the MN (respectively, 64 compared to 36 effective (C) and 37 compared to 75).

The tendency to treat the skin lesion increased by switching from instrument F (where
dermatologists 1, 2, 3, and 4, respectively, indicated excision for 30, 56, 31, and 44 lesions)
to instrument N (respectively, 36, 84, 75, and 57 lesions), and increased further with
instrument V (respectively, 50, 99, 79, and 48 treated lesions). Furthermore, it was noted
that dermatologist 2 generally had a greater tendency to remove lesions compared to
dermatologists 1, 3, and 4.

Table 1. Results of the descriptive analysis separated for the three different instruments and for the
four dermatologists. Absolute and % values are reported. Instrument F: dermatoscope; Instrument
N: Nurugo; Instrument V: Nurugo in epiluminescence setting with slide; C: real clinical condition.

Dermatologist1  Dermatologist2  Dermatologist3  Dermatologist 4 Real Clinical

Diagnosis C
LESION TYPE
Instrument F
Nevus 85 (59.03%) 64 (44.44%) 73 (50.69%) 72 (50%) 75 (52.08%)
Melanoma 10 (6.94%) 18 (12.5%) 9 (6.25%) 3 (2.08%) 6 (4.17%)
Seborrheic keratoses 29 (20.14%) 39 (27.08%) 44 (30.56%) 41 (28.47%) 36 (25.00%)

Basal cell carcinoma

20 (13.89%) 23 (15.97%) 18 (12.5%) 28 (19.44%) 27 (18.75%)
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Table 1. Cont.

Real Clinical

Dermatologist1  Dermatologist2  Dermatologist3  Dermatologist 4

Diagnosis C
Instrument N
Nevus 72 (50%) 68 (47.22%) 61 (42.36%) 46 (31.94%)
Melanoma 7 (4.86%) 16 (11.11%) 24 (16.67%) 3 (2.08%)
Seborrheic keratoses 36 (25%) 35 (24.31%) 36 (25%) 57 (39.58%)
Basal cell carcinoma 29 (20.14%) 25 (17.36%) 23 (15.97%) 38 (26.39%)
Instrument V
Nevus 76 (52.78%) 52 (36.11%) 70 (48.61%) 37 (25.69%)
Melanoma 17 (11.81%) 29 (20.14%) 20 (13.89%) 9 (6.25%)
Seborrheic keratoses 23 (15.97%) 44 (30.56%) 29 (20.14%) 64 (44.44%)
Basal cell carcinoma 28 (19.44%) 19 (13.19%) 25 (17.36%) 34 (23.61%)
TREATMENT
Instrument F
SI 30 (20.83%) 56 (38.89%) 31 (21.53%) 44 (30.56%) 48 (33.33%)
Instrument N
SI 36 (25.00%) 84 (58.33%) 75 (52.08%) 57 (39.58%)
Instrument V
SI 50 (34.72%) 99 (68.75%) 79 (54.86%) 48 (33.33%)

3.1. Primary Outcome: Agreement between Dermatologists and Real Clinical Condition

The primary outcomes were: (i) to determine the concordance between the real clin-
ical condition and the dermatologists’ judgments on the images acquired with the three
instruments and (ii) to evaluate whether the mobile instruments (N and V) allowed a
reliable remote diagnosis, thus exploiting TDS. The Cohen’s kappa index (K) was calcu-
lated and represented the agreement degree between the two methods, with the respective
95% CI (Table 2).

Table 2. Cohen’s K values with respective 95% CI.

Dermatologist1 Dermatologist2 Dermatologist3 Dermatologist 4

LESION TYPE
Fvs. C 0.64 [0.53-0.75] 0.80 [0.72-0.88] 0.70 [0.60-0.80] 0.85[0.77-0.92]
Nvs. C 0.75[0.66-0.84] 0.78 [0.69-0.86] 0.62[0.51-0.71] 0.59 [0.49-0.69]
Vvs. C 0.65 [0.55-0.75] 0.60 [0.51-0.70] 0.66 [0.56-0.76] 0.53 [0.42-0.64]

TREATMENT
Fvs. C 0.69 [0.56-0.82] 0.79 [0.69-0.89] 0.67 [0.54-0.80] 0.87[0.79-0.96]
Nvs. C 0.63 [0.50-0.77] 0.42 [0.29-0.55] 0.38 [0.24-0.52] 0.57[0.43-0.71]
Vvs. C 0.60 [0.46-0.74] 0.37 [0.26-0.48] 0.50 [0.38-0.63] 0.63 [0.49-0.76]

Most dermatologists, with respect to the instrument considered, had a K > 0.61
(suboptimal agreement with K between 0.61 and 0.80). As regards the lower K values, we
found a minimum value of 0.37, therefore the degree of agreement was never lower than
“fair” (corresponding to K values between 0.21 and 0.40).

The agreement degree can also be expressed as a percentage (Table 3, part A), calcu-
lated as the ratio between the concordant values and the number of lesions. This value will
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always be greater than Cohen’s K, as it also includes the number of answers accidentally
corrected. For example, the lower K value found (0.37) corresponds to an agreement of
64.58%, while the best value of K (0.87) indicates the agreement (94.44%) obtained by
dermatologist 4 between instrument F and the real clinical condition.

Table 3. Part A. Percentage agreement (%). Part B. Absolute number and relative percentage of
“serious diagnostic errors”.

Part A Dermatologist1 Dermatologist2 Dermatologist3 Dermatologist 4
LESION TYPE

Fvs.C 77.78% 86.81% 81.25% 90.28%

Nvs. C 84.03% 85.42% 73.61% 72.22%

Vvs.C 77.78% 72.22% 77.78% 67.36%
TREATMENT

Fvs.C 87.50% 90.28% 86.81% 94.44%

Nvs. C 84.72% 69.44% 68.75% 79.86%

Vwvs. C 81.94% 64.58% 74.31% 83.33%

Part B Dermatologist1 =~ Dermatologist2  Dermatologist3  Dermatologist 4
LESION TYPE

Fvs.C 8 (24.24%) 3 (9.09%) 9 (27.27%) 4 (12.12%)

Nvs. C 6 (18.28%) 3 (9.09%) 5 (15.15%) 8 (24.24%)

Vvs.C 2 (6.06%) 4 (12.12%) 2 (6.06%) 3(9.09%)

3.2. Secondary Outcomes: Agreement between Dermatologists and Serious Diagnostic Error

Analysis of the agreement derived from the calculation of the Fleiss kappa (95% CI)
for each instrument and each variable considered (diagnosis and treatment).

The agreement was at least moderate (K = 0.41) as regards the type of lesion diagnosed.
In particular, an agreement degree was reached with K between 0.55 and 0.67; while for the
treatment it was suboptimal for instrument F (K = 0.61), dropped to moderate (K0.44) for
the Nurugo™ (N), and became fair (K = 0.38) with the Nurugo™ equipped with the slide
to obtain epiluminescence images (V).

Then, we calculated the number of misdiagnosed malignant lesions (MM and BCC).
In particular, we evaluated how many of these were classified as MN or SK and, therefore,
assimilated to benign lesions; this corresponds to the number of patients in which the
lesions should be surgically removed but in which, without a correct diagnosis, only a
follow-up visit was planned. This misclassification has been defined as a “serious diagnostic
error” and is shown in Table 3, part B (both absolute number and the percentage calculated
on the total number of malignant lesions in the study [6 melanomas + 27 BCCs]).

For all the dermatologists involved, there were fewer serious diagnostic errors with the
V instrument (maximum of four misclassified lesions) than with the F and N instruments
(nine lesions misclassified); dermatologists 1 and 3 had an error rate that increased moving
from instrument V (two errors) to instrument N (six and five errors, respectively), and
increased even more to F (eight and nine misclassifications, respectively), whereas for der-
matologist 2, we did not observe substantial differences based on the different instruments
utilized (3—4 errors). Instead, dermatologist 4 had comparable results for instruments V
and F (three—four lesions misclassified) and showed more errors (eight lesions misclassi-
fied) with N. This highlights the importance of exploiting the Nurugo Derma™ to obtain
epiluminescence images (V). Nevertheless, the total amount of misclassified lesions was
limited, with a maximum of nine malignant lesions incorrectly classified (27.27%).
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4. Discussion

The main purpose of this work is to evaluate whether the Nurugo Derma™ inexpen-

sive smartphone microscope could be potentially considered for the exchange of dermatologi-
cal images between GP and specialist, to carry out a first “remote” patient screening.

The comparison between the images obtained with the Nurugo Derma™ in two dif-
ferent settings and with conventional dermoscopy confirmed that the latter gave excellent
agreement values (0.64 < K < 0.80) concerning the clinical reality (C) for all dermatolo-
gists. Instrument N gave good results but with average agreement values lower than
the conventional dermoscopy (0.59 < K < 0.78), whereas the V instrument obtained a
medium/moderate agreement, lower than the two previous instruments (0.53 < K < 0.66).
The interpretation of these results concerns the different dermoscopical skills of the four
dermatologists: with instrument F, the more experienced dermatologist 4 obtained “almost
perfect” results (K = 0.85). However, the trend tended to reverse for N and V, for which
dermatologists 1, 2, and 3 obtained higher agreement degrees. Indeed, TD, and more
specifically, TDS, have developed recently and even a less experienced eye could be more
versatile in adapting to the new required standards. Both for instrument F (K = 0.87) and
instruments N and V, the same trend was recorded for the treatment indication. In addition,
this result can be attributed to the high experience of dermatologist 4, who could identify,
despite the artefacts, the lesion to be treated.

The secondary outcome of our study was to establish the agreement between the
four dermatologists concerning diagnosis and treatment indication of the lesions evalu-
ated through the three instruments. The degree of the diagnostic agreement was moder-
ate/suboptimal, with better K values for F (K = 0.67), intermediate values for N (K = 0.63),
and slightly lower values for V (K = 0.55). The excision indication reached a suboptimal
agreement (K = 0.61) with F, while the N and V recorded moderate/intermediate agreement
(respectively, K = 0.44 and K = 0.38). These results indicate that all the instruments can be
potentially used for a first dermatological screening, while for the final treatment decision,
the gold standard remains the dermatoscope.

Finally, the number of misdiagnosed malignant lesions (defined as “serious diagnostic
errors”) was evaluated. We have shown that even the V instrument is effective in the first
screening, with a limited number of errors (maximum 4/33 lesions). Moreover, dermatolo-
gist 4 demonstrated the importance of epiluminescence for a correct characterization of the
malignant lesions (eight errors for N against three and four, respectively, for V and F).

Despite the novelty of this topic, we identified some already published similar studies
with which to compare our results. Jesse et al. [16] evaluated the agreement between a
multidisciplinary team in the analysis of images using store-and-forward teledermatology.
In this study, the grade of agreement of the teledermatologist was moderate (K = 0.49)
with the dermatologist and slightly lower (K = 0.40) with a primary care team. The gap
widened when considering treatment, with a poor agreement reached by the hospital team
(K =0.12 for topical and K = 0.19 for systemic treatment). Our results are comparable to
those obtained in this study by the dermatologist (K > 0.55 and K = 0.49, respectively);
regarding the treatment, the final level of agreement was medium/moderate (K between
0.38 and 0.47 in both studies).

In the study by Kroemer et al. [17], images from 113 skin lesions were acquired
through a smartphone equipped with a dermatoscopic lens, examined by a TDS-expert
dermatologist, classified according to four diagnostic categories, and compared to the
clinic-pathological diagnosis. An almost perfect agreement degree emerged, with K = 0.84.
Additionally, this report is in line with our results, especially with the F instrument.

The aim of the study by Nami et al. [18] was to evaluate the efficacy and reliability of
a web application system developed for mobile phones, comparing the classic face-to-face
dermatological exam and the store-and-forward TD. A further objective was to investigate
whether there was a real saving of time compared to a traditional visit. A total of 982 images
of non-pigmented skin lesions were acquired by GPs using a smartphone equipped with an
app facilitating the acquisition of digital images, patient data collection, and transmission
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to a secure website. Six dermatologists with similar experience performed the face-to-face
exam, while an expert teledermatologist assessed all the cases. The study confirmed an al-
most perfect agreement (K = 0.906) between face-to-face and TD diagnosis, both for benign
and malignant lesions, even if two skin tumors were misdiagnosed by the teledermatologist.
In addition, this study highlighted the absolute importance of the dermatoscopy image
for the correct identification of skin neoplasms. Even in our study, the misclassification
of malignant lesions was reduced by using device V to acquire epiluminescence images
(maximum 3/33 errors compared to a maximum of 8/33 for instrument N). Differences in
the agreement grade regarding the treatment in comparison to our results can be explained
by the higher sample size and the superiority of the camera used in this study [18]. This
study [18] also underlined that the duration of the teleconsultation had an average time
25% higher than a face-to-face visit (19 min vs. 15 min), but there is a reduction in wait-
ing times and in those required to reach the hospital, with a substantial time saving for
the patient.

Finally, a Norwegian pilot study [19], tested an app (Askin®) that allowed GPs to
write a short patient medical history and take clinical and dermatoscopic photographs of
neoplastic and non-neoplastic skin lesions, recorded using a dermoscopy lens attached to
the smartphone camera. All consultations were screened by a dermatologist; face-to-face
specialist consultation was avoided for 70% of patients. According to our study results,
TDS may be part of a triage system in which patients presenting suspicious skin lesions
can be referred to the specialist through priority classes.

Despite the fact that artificial-intelligence-based algorithms have previously been
demonstrated to outperform human experts in the diagnosis of the pigmented skin le-
sions [20], we strongly believe that clinical data could help increase the sensibility of
human-guided teledermoscopy, and this was recently confirmed by Blum et al. [21]. On
the contrary, given that in our study the same lesion was acquired with different tools (F, N,
and V), in order to avoid image identification, the dermatologist did not have access to any
clinical and/or anamnestic information related to the dermoscopy image.

In conclusion, our study demonstrates that the Nurugo™ Derma, an inexpensive
(~$50) device created for amateur use, can represent a useful tool for a first-level dermato-
logical and dermatoscopy screening, and with a specific support network, can allow the GP
to carry out a preliminary screening of the patients to be referred to an expert dermatologist.
This has considerable advantages in terms of rationalizing resources and reducing potential
inconvenience for patients, especially in the current pandemic context.

The potential applications of this device in the dermatological field are numerous
and its use could be extended to other skin disease diagnoses and follow-ups, such as
chronic inflammatory diseases, especially when face-to-face visits are difficult. Therefore,
Nurugo™ Derma could be exploited also by fragile, immunosuppressed, or disabled
patients, or in emergency contexts in which access to the hospital is limited to a non-
deferrable situation. Furthermore, such a tool could also be used in the dialogue between
dermatologists, to get a quick opinion from a colleague about a lesion of a dubious nature.
However, adequate training for use of the device is fundamental in order to acquire good-
quality images. In our experience, despite some artifacts connected to the instrument
(poor focus, presence of air bubbles or streaks, and reduced FOV), the obtained images
can adequately show the characteristics of the skin lesions and the dermoscopic patterns
necessary for an accurate diagnosis. Therefore, by developing adequate correction and
normalization algorithms of the acquired images, the Nurugo™ Derma® can represent a
useful and valid tool in clinical practice.

Author Contributions: Conceptualization, F.V. and E.Z.; Methodology, E.Z. and K.M.M.; Software,
M.S. and E.B. (Francesco Branciforti); validation, KM.M. and P.S.; formal analysis, C.A. and KM.M.;
investigation, V.T., F.B. (Francesca Biacchi) and S.S.; resources, P.S. and K.M.M.; Data curation, M.S.;
Project administration, P.S.; Supervision, P.S.; Visualization, P.S.; Writing—original draft, EV. and S.S.;
Writing—review & editing, V.T., E.Z.,, C.A., PS. and KM.M. funding acquisition, not applicable. All
authors have read and agreed to the published version of the manuscript.



Diagnostics 2022, 12, 1371 10 of 11

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (Comitato Etico Interaziendale) (protocol
173/18, approved on 12 December 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Tognetti, L.; Fiorani, D.; Russo, F.; Lazzeri, L.; Trovato, E.; Flori, M.L.; Moscarella, E.; Cinotti, E.; Rubegni, P. Teledermatology in
2020: Past, present and future perspectives. Ital. . Dermatol. Venerol. 2021, 156, 198-212. [CrossRef] [PubMed]

2. Perednia, D.A.; Brown, N.A. Teledermatology: One application of telemedicine. Bull. Med. Libr. Assoc. 1995, 83, 42—47. [PubMed]

3. Moscarella, E.; Pasquali, P; Cinotti, E.; Tognetti, L.; Argenziano, G.; Rubegni, P. A survey on teledermatology use and doctors’
perception in times of COVID-19. J. Eur. Acad. Dermatol. Venereol. 2020, 34, €772-€773. [CrossRef] [PubMed]

4. Laggis, C.W.; Williams, V.L.; Yang, X.; Kovarik, C.L. Research Techniques Made Simple:Teledermatology in Clinical Trials. J.
Investig. Dermatol. 2019, 139, 1626-1633.el. [CrossRef] [PubMed]

5. Beer, ].; Hadeler, E.; Calume, A.; Gitlow, H.; Nouri, K. Teledermatology: Current indications and considerations for future use.
Arch. Dermatol. Res. 2021, 313, 11-15. [CrossRef]

6.  Tognetti, L.; Cevenini, G.; Moscarella, E.; Cinotti, E.; Farnetani, F; Lallas, A.; Tiodorovic, D.; Carrera, C.; Puig, S.; Perrot, J.; et al.
Validation of an integrated dermoscopic scoring method in an European teledermoscopy web platform: The iDScore project for
early detection of melanoma. J. Eur. Acad. Dermatol. Venereol. 2020, 34, 640-647. [CrossRef]

7. Chuchvara, N.; Patel, R,; Srivastava, R.; Reilly, C.; Rao, B.K. The growth of teledermatology: Expanding to reach the underserved.
J. Am. Acad. Dermatol. 2020, 82, 1025-1033. [CrossRef]

8.  Esteva, A.; Kuprel, B.; Novoa, R.A ; Ko, J.; Swetter, S.M.; Blau, HM.; Thrun, S. Dermatologist-level classification of skin cancer
with deep neural networks. Nature 2017, 542, 115-118. [CrossRef]

9. Han,SS,; Kim, M.S,; Lim, W,; Park, G.H.; Park, I.; Chang, S.E. Classification of the Clinical Images for Benign and Malignant
Cutaneous Tumors Using a Deep Learning Algorithm. . Investig. Dermatol. 2018, 138, 1529-1538. [CrossRef]

10. Fujisawa, Y.; Otomo, Y.; Ogata, Y.; Nakamura, Y.; Fujita, R.; Ishitsuka, Y.; Watanabe, R.; Okiyama, N.; Ohara, K.; Fujimoto, M.
Deep-learning-based, computer-aided classifier developed with a small dataset of clinical images surpasses board-certified
dermatologists in skin tumour diagnosis. Br. |. Dermatol. 2019, 180, 373-381. [CrossRef]

11. Phillips, M.; Marsden, H.; Jaffe, W.; Matin, RN.; Wali, G.N.; Greenhalgh, J.; McGrath, E.; James, R.; Ladoyanni, E.; Bewley, A.; et al.
Assessment of Accuracy of an Artificial Intelligence Algorithm to Detect Melanoma in Images of Skin Lesions. JAMA Netw. Open
2019, 2, €1913436. [CrossRef] [PubMed]

12.  Veronese, F; Branciforti, F.; Zavattaro, E.; Tarantino, V.; Romano, V.; Meiburger, K.; Salvi, M.; Seoni, S.; Savoia, P. The Role in
Teledermoscopy of an Inexpensive and Easy-to-Use Smartphone Device for the Classification of Three Types of Skin Lesions
Using Convolutional Neural Networks. Diagnostics 2021, 11, 451. [CrossRef] [PubMed]

13. Borve, A.; Terstappen, K.; Sandberg, C.; Paoli, ]. Mobile teledermoscopy-there’s an app for that! Dermatol. Pract. Concept. 2013, 3,
41-48. [CrossRef] [PubMed]

14. Landis, J.R.; Koch, G.G. The measurement of observer agreement for categorical data. Biometrics 1977, 33, 159-174. [CrossRef]
[PubMed]

15. Fleiss, ].L. Measuring nominal scale agreement among many raters. Psychol. Bull. 1971, 76, 378-382. [CrossRef]

16. Keller, J.J.; Johnson, J.P.; Latour, E. Inpatient teledermatology: Diagnostic and therapeutic concordance among a hospitalist,
dermatologist, and teledermatologist using store-and-forward teledermatology. |. Am. Acad. Dermatol. 2020, 82, 1262-1267.
[CrossRef]

17.  Kroemer, S.; Frithauf, J.; Campbell, T.M.; Massone, C.; Schwantzer, G.; Soyer, H.P.; Hofmann-Wellenhof, R. Mobile teledermatology
for skin tumour screening: Diagnostic accuracy of clinical and dermoscopic image tele-evaluation using cellular phones. Br. J.
Dermatol. 2011, 164, 973-979. [CrossRef]

18. Nami, N.; Massone, C.; Rubegni, P.; Cevenini, G.; Fimiani, M.; Hofmann-Wellenhof, R. Concordance and time estimation of
store-and-forward mobile teledermatology compared to classical face-to-face consultation. Acta Derm. Venereol. 2015, 95, 35-39.
[CrossRef]

19. Rizvi, SM.H,; Schopf, T.; Sangha, A.; Ulvin, K.; Gjersvik, P. Teledermatology in Norway using a mobile phone app. PLoS ONE

2020, 15, €0232131. [CrossRef]


http://doi.org/10.23736/S2784-8671.21.06731-6
http://www.ncbi.nlm.nih.gov/pubmed/33960751
http://www.ncbi.nlm.nih.gov/pubmed/7703938
http://doi.org/10.1111/jdv.16843
http://www.ncbi.nlm.nih.gov/pubmed/32745276
http://doi.org/10.1016/j.jid.2019.04.004
http://www.ncbi.nlm.nih.gov/pubmed/31331443
http://doi.org/10.1007/s00403-020-02145-3
http://doi.org/10.1111/jdv.15923
http://doi.org/10.1016/j.jaad.2019.11.055
http://doi.org/10.1038/nature21056
http://doi.org/10.1016/j.jid.2018.01.028
http://doi.org/10.1111/bjd.16924
http://doi.org/10.1001/jamanetworkopen.2019.13436
http://www.ncbi.nlm.nih.gov/pubmed/31617929
http://doi.org/10.3390/diagnostics11030451
http://www.ncbi.nlm.nih.gov/pubmed/33807976
http://doi.org/10.5826/dpc.0302a05
http://www.ncbi.nlm.nih.gov/pubmed/23785643
http://doi.org/10.2307/2529310
http://www.ncbi.nlm.nih.gov/pubmed/843571
http://doi.org/10.1037/h0031619
http://doi.org/10.1016/j.jaad.2020.01.030
http://doi.org/10.1111/j.1365-2133.2011.10208.x
http://doi.org/10.2340/00015555-1876
http://doi.org/10.1371/journal.pone.0232131

Diagnostics 2022, 12, 1371 11 of 11

20. Tschandl, P; Codella, N.; Akay, B.N.; Argenziano, G.; Braun, R.P; Cabo, H.; Gutman, D.; Halpern, A.; Helba, B,;
Hofmann-Wellenhof, R.; et al. Comparison of the accuracy of human readers versus machine-learning algorithms for
pigmented skin lesion classification: An open, web-based, international, diagnostic study. Lancet Oncol. 2019, 20, 938-947.
[CrossRef]

21. Blum, A.; Bosch, S.; Haenssle, H.A.; Fink, C.; Hofmann-Wellenhof, R.; Zalaudek, L; Kittler, H.; Tschandl, P. Artificial intelligence
and smartphone program applications (Apps): Relevance for dermatological practice. Der. Hautarzt. 2020, 71, 691-698. [CrossRef]
[PubMed]


http://doi.org/10.1016/S1470-2045(19)30333-X
http://doi.org/10.1007/s00105-020-04658-4
http://www.ncbi.nlm.nih.gov/pubmed/32720165

	Introduction 
	Materials and Methods 
	Images Collection 
	Images Pre-Processing 
	Images Classification 
	Statistical Analysis 

	Results 
	Primary Outcome: Agreement between Dermatologists and Real Clinical Condition 
	Secondary Outcomes: Agreement between Dermatologists and Serious Diagnostic Error 

	Discussion 
	References

