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Electrical impedance spectroscopy has clinical rele-
vance in diagnosing malignancy in melanocytic le-
sions. Sixty-eight lesions with changes during digital
follow-up of patients at very high risk of developing
melanoma were prospectively included in this study
from February to December 2016. Electrical impedan-
ce spectroscopy and reflectance confocal microscopy
were performed to evaluate their performance in this
subset of difficult lesions. Forty-six lesions were con-
sidered suspicious on reflectance confocal microscopy
and were excised, of these, 19 were diagnosed as me-
lanoma. Fifteen melanomas were detected by electri-
cal impedance spectroscopy, while 4 received a score
lower than 4, which suggested no malignancy. The
addition of reflectance confocal microscopy improves
accuracy while maintaining the same sensitivity. In
the case of electrical impedance spectroscopy sco-
res <4, lesions exhibiting changes in follow-up may
need short-term monitoring or excision if dermoscopy
shows criteria for melanoma. Results of electrical im-
pedance spectroscopy in this subset of very early le-
sions should be carefully considered due to the risk of
false negatives.
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arly diagnosis of melanoma in very high-risk pa-

tients requires specific strategies, such as the 2-step
method for digital monitoring, including total-body
photography and digital dermoscopy (1, 2). This system
has been internationally implemented and is considered
cost-efficient (3, 4). The specificity of the surveillance
may be improved with the additional use of reflectance
confocal microscopy (RCM) (5, 6). This increases the
specificity, reducing the number of lesions required to
be excised to remove 1 melanoma. Arguments against

SIGNIFICANCE

Electrical impedance spectroscopy is a diagnostic tool de-
veloped to support clinicians in detecting early melanoma
in the general population. This study examined its use in
very high-risk patients with difficult lesions. When electrical
impedance spectroscopy detected a lesion as suspicious it
was evaluated with reflectance confocal microscopy, which
is accurate, and, if lesions were considered suspicious, they
were excised. Most of the malignant lesions were detec-
ted. In conclusion, electrical impedance spectroscopy can
be useful in the detection of melanoma, but showed lower
accuracy than reflectance confocal microscopy. Follow-up
is recommended if lesions are considered not suspicious, in
order to rule out melanoma in these patients.

the implementation of RCM include the cost of the
equipment, the time required per lesion and the training
required to adequately perform the diagnosis.

In this scenario, other diagnostic techniques, such
as multispectral imaging and electrical impedance
spectroscopy (EIS) (registered as Nevisense®; Scibase,
Stockholm, Sweden), which is less expensive and easy
to apply for a trained nurse or technician, have been
developed, in order to help physicians detect melanoma
at early stages (7, 8).

A study by Malvehy et al. (9) in 2014 using EIS to eva-
luate the accuracy and safety of the instrument concluded
that a negative or positive EIS score could be used as
guidance to determine whether a lesion should be exci-
sed. This was the largest prospective multicentre study
performed in the field of melanoma diagnosis, showing
that EIS has a sensitivity of 96.6% and specificity 34.4%,
in the context of routine dermatological practice. A more
recent study by Rocha et al. evaluated the effect of adding
EIS measurement to the assessment of lesions undergoing
routine short-term digital follow-up, and found it reduced
the need for follow-up in almost half of cases (10). The
aim of the current study was to analyse the performance
of EIS and RCM in examination of changing lesions
identified during long-term digital follow-up in patients
at very high risk of developing melanoma.
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MATERIALS AND METHODS

Patients undergoing total-body photography and digital dermo-
scopy at our institution at Hospital Clinic Barcelona, who were
considered at very high risk of developing melanoma, as pre-
viously described (2, 11), were eligible for the current study. Mole
Max HDs (Derma Instruments; Vienna, Austria) were used for
total-body photography and digital dermoscopy monitoring. High-
resolution dermoscopy using Dermlite Foto (3Gen, Dana Farber,
San Juan Capistrano, CA, USA) attached to a Canon PowerShot
G11 camera was obtained for dermoscopic evaluation of changing
lesions detected during follow-up. The study included changing
melanocytic lesions detected on digital monitoring prospectively
from February to December 2016. Subsequent to written informed
consent, every lesion was evaluated with an EIS device (Nevisense,
Scibase, ) then sent for RCM to inform management decisions. The
clinicians making the decisions to excise the lesions after RCM
evaluation (all with more than 5 years of expertise in interpreting
RCM) were unaware of the EIS results. Following standard clinical
practice, lesions suspicious for malignancy according to RCM
were excised, histopathology evaluation performed and managed
accordingly. If RCM was not exhibiting criteria of malignancy,
lesions were then followed up for 18 months, at intervals of 6
months, to detect additional changes.

Prior to EIS measurement, the skin was moistened for 30 s with
saline solution, after which a reference measurement of healthy
skin close to the lesion was performed. The procedure was then
repeated on the lesion under study. The system measures the overall
electrical resistance and reactance at 35 different frequencies loga-
rithmically distributed between 1.0 kHz and 2.5 MHz at 4 depth
settings with a total of 10 permutations. The applied voltage and
resulting current is limited to 150 mV and 75 pA, respectively,
and is not felt by the patient. Measurements take approximately 8
s, and, within seconds, the system computes both a score (0—10)
and a dichotomous output (EIS negative/positive) at a fixed cut-off
point. The threshold limit is set at 4, i.e. scores <4 are EIS-negative
and scores of >4 are EIS-positive.

To capture RCM images, a Vivascope 1500® (MAVIG GmbH,
Munich, Germany) was used. Mosaic images were captured
horizontally by VivaBlock® (Caliber Imaging and Diagnostics,
Rochester, NY, USA).

Excised lesions were formalin fixed and paraffin embedded,
total inclusion and step sectioning performed for haematoxylin and
eosin staining. HMB45, S-100, SOX 10 and double immunohisto-
chemistry with MelanA and Ki-67 was performed when needed.

Pearson’s 2 test and Student’s #-test were preliminarily perfor-
med to compare categorical and continuous variables, respectively,
and to evaluate potential differences in the distribution of variables
among groups.

This study had 2 co-primary aims: to demonstrate the accuracy
of'both the Nevisense device in this specific difficult scenario, and
the accuracy of dermoscopy using a well-established score: the
total dermoscopy score (TDS) from the ABCD rule of dermoscopy,
where each of the criteria is multiplied by a given factor to yield
a total dermoscopy score. TDS values less than 4.75 indicate a
benign melanocytic lesion, values between 4.8 and 5.45 indicate
a suspicious lesion, and values of 5.45 or greater are highly sug-
gestive of melanoma, as reviewed by Carrera et al. (12), and to
compare the outcome with the performance of RCM in clinical
practice: (i) a 1-sided exact 95% confidence bound of the sensiti-
vity in detecting cutaneous melanoma of >90% (sensitivity >0.90
to detect melanoma); (if) non-random result at the given sensitivity,
i.e. sensitivity + specificity >1.0. The analysis was conducted on
eligible and evaluable lesions.

All analyses were performed using Stata/MP 15.0 Statistical
Software (StataCorp, College Station, TX, USA).
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RESULTS

A total of 68 lesions were identified to have signifi-
cant changes (11) and were included in the study. The
mean TDS was 4.26 (1.51, range 1-8.8) and mean EIS
4.75+1.92 (range 0-9). Of the 68 lesions included, after
the evaluation with RCM, 46 were considered suspicious
and consequently excised. Histopathological diagnosis
evaluated by 2 different dermatopathologists was me-
lanoma in 19 lesions and naevi in the remaining 27. Of
the 19 melanomas detected, 11 were in situ and 8 were
invasive (mean Breslow thickness was 0.52 mm, range
0.16-0.94 mm). Two melanomas were detected in one
patient with previous personal and familial history of
melanoma. The mean + standard deviation (SD) age of
patients included in the study was 48+ 12.9 years (range
18-79); 49% were women. Sixty percent had a previous
personal history of melanoma and 39% had a familiar
history of melanoma. The mean age of patients with
excised lesions was 46.61 years and for patients with non-
excised lesions 49.59 years. The mean age of patients
with a diagnosis of melanoma was slightly higher than
those with non-melanoma (48.95+18.5 compared with
47.04+10.1; p=0.002).

The clinical characteristics of 18 patients with a diag-
nosis of melanoma are shown in Table I and indicate
the extreme level of risk of the patients: 12 previously
diagnosed with multiple primary melanomas, 10 belong-
ing to melanoma families, and 6 carriers of mutations
in CDKN2A.

Total dermoscopy score

Mean TDS was 4.2+1.5, with no differences between
melanoma and naevi (5.1+0.3 vs 3.9+0.2; p=0.38) nor
between mean TDS for excised lesions and those not
excised (4.68+1.49 vs 3.38+1.17; p=0.43). Mean TDS
for invasive melanomas was 5.76+1.79 higher compared
with melanoma in situ 4.7+1.9, p=0.006.

Of the 19 melanomas, TDS scored as malignant (TDS
>5.45) in only 5 lesions, and 5 additional lesions scored
as suspicious (TDS >4.8 and <5.45). TDS for suspicion
of malignancy (TDS >4.8) had a sensitivity of 52.66%
and specificity of 61.22%. For in situ melanoma, TDS
sensitivity was 45.45% and specificity 57.89% (positive
predictive value (PPV) 17.24 and negative predictive
value (NPV) 84.62). Regarding invasive melanoma, TDS
sensitivity was 62.5% and specificity 60%, with a PPV
0f 21.43% and a NPV of 90.74%.

Electrical impedance spectroscopy

EIS identified 53 lesions as suspicious (a score of
more than 3, as previously described). Of these, 15
were melanomas and 38 were naevi. Four melanomas
had an EIS score <4 (Fig. 1). Sensitivity and specifi-
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Table I. Clinical dermoscopic features of 19 melanomas included

Age,
years/ EIS
N  Sex Background Location  score DP pattern TDS Breslow
1 F/18 Familiar MM, CDKN2 mutation Leg 1 Multicomponent 4.7 Melanoma in situ arising on naevus
2 F/44 DNS Trunk 2 Globular 5.1 SSM 0.42
3 F/78 Familiar MM, Multiple MM Trunk 3 Reticular 4.3 Melanoma in situ
4 F/78 Familiar MM, Multiple MM Leg 3 Reticulo globular 3.2 Melanoma in situ
5 F/41 DNS, Familiar MM Trunk 4 Reticular 4.7 Melanoma in situ arising on naevus
6 M/46 Multiple MM Leg 4 Reticular 4.1 SSM 0.78
7 M/46 Multiple MM Trunk 9 Reticular 4.6 Melanoma in situ arising on congenital naevus
8 M/48 Multiple MM Trunk 4 Reticular- inverted network 5.0 Melanoma in situ arising on compound naevus
9 M/40 Multiple MM Trunk 5 Reticular 5.4 Melanoma in situ on naevus
10 M/68 Multiple MM Trunk 5 Reticular-inverted network 4.1 SSM 0.32
11 M/43 Familiar MM, CDKN2 mutation, Multiple MM Arm 6 Reticular 5.3 SSM 0.16
12 F/37 DNS, Familiar MM, Multiple MM Trunk 6 Reticular 4.9 Melanoma in situ arising on congenital naevus
13 M/31 DNS, Familiar MM Trunk 6 Reticular 3.8 SSM 0.6 arising on congenital naevus
14 M/44 DNS, Familiar MM Trunk 7 Reticular 3.3 Melanoma in situ
15 F/77 Actinic Damage Arm 7 Reticular 6.0 Melanoma in situ
16 M/79 Multiple MM, CDKN2A mutation Trunk 7 Reticular 5.6 Melanoma in situ
17 M/36 Familiar MM, Multiple MM, CDKN2 mutation  Trunk 9 Multicomponent 7.7 SSM 0.43
18 M/36 Familiar MM, Multiple MM CDKN2 mutation ~ Trunk 8 Multicomponent 8.8 SSM 0.94 arising on congenital naevus
19 M/36 Familiar MM, Multiple MM CDKN2 mutation  Leg 7 Multicomponent 7.2 SSM 0.54

EIS: electrical impedance spectroscopy; DP: dermoscopy; TDS: total dermoscopy score; MM: malignant melanoma; DNS: dysplastic naevus syndrome; SSM:

superficial spreading melanoma.

city of EIS was 78% and 22%, respectively. PPV was
28% and NPV 73%. Mean EIS in excised lesions was
4.98+1.90 vs 4.27+1.93 in non-excised lesions (p=0.9).
Mean EIS in melanoma was 5.42+2.26 and in naevi
4.49+1.73 (p=0.11). In the case of in sifu melanoma
EIS had 72.73% sensitivity and 21.05% specificity (PPV
15.09%, NPV 80%). For invasive melanoma EIS had
87.5% sensitivity and 76.67 specificity with PPV 17%
and NPV of 92%.

Reflectance confocal microscopy

In this study, the sensitivity and specificity of RCM was
100% and 44%, respectively. PPV was 41% and NPV
100%. For in situ melanoma, RCM was 100% sensitive
and 40.35% specific (PPV 24.44% and NPP 100%).
Regarding invasive melanoma, RCM had 100% sen-
sitivity and 38.33% specificity, with PPV 17.78% and
NPV 100%. Clinical and dermoscopic features of the
19 melanomas are shown in Table 1.

DISCUSSION

RCM following dermoscopic selection is as sensitive as,
but more specific than, any other imaging technique for
the diagnosis of melanoma (13). Limitations to its full
implementation in the dermatological field include the
cost of the equipment and the need for specific training
for both the imaging and interpretation of images for
diagnosis. On the other hand, EIS is a less expensive
technique that does not require training for interpretation
and has been developed as a tool to support clinicians
in detecting early melanoma in the general population
(9, 14). The current study focused on very high-risk
patients (> 50 naevi and a personal or familial history of
melanoma) (2, 15). In these types of patients, the clinical
diagnosis of a melanocytic lesion should be interpreted
according to each patient’s personal history (phenotype,
genotype, family history, age, etc.), since in such cases a
very low TDS could still be associated with a malignant
lesion (16).

Fig. 1. Dermoscopy of 4 melanomas with an electrical impedance spectroscopy score below 4. (A) Case 1. Asymmetrical melanocytic lesion
with multicomponent pattern, an irregular light-brown network on the periphery of the lesion, dotted vessels in the centre of the lesion and an area
with inverted network (total dermoscopy score (TDS) 4.7). (B) Case 2. Asymmetrical melanocytic lesion, with an irregular globular pattern: globules of
different size and colour at the periphery and a papillomatous component in the centre of the lesion (TDS 5.1). (C) Case 3. Asymmetrical melanocytic
lesion with an atypical hyperpigmented network (TDS 4.3). (D) Case 4. Asymmetrical melanocytic lesion with different shades of brown and a few

irregular globules on the periphery (TDS 3.2).
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In the current study, EIS was not able to detect 4 me-
lanomas that had a relatively high TDS, which reduced
the sensitivity compared with a previous study in the
general population (9). Dermoscopic images of 4 lesions
can be seen in Fig. 1. Case 1 showed the dermoscopic
features of early melanomas in low phototype, including
dotted vessels and shiny white streaks on a light-brown
atypical pigment network pattern. Digital follow-up
showed increased size, with pigmentation at the peri-
phery and new melanoma-associated structures, such
as white shiny streaks. Dermoscopic digital follow-up
images and histological sections of this difficult lesion
are shown in Fig. 2. Putting all the information together,
this lesion should be excised (17). Considering case 2, the
presence of dark globules in an asymmetrical distribu-
tion in dermoscopy was indicative of excision, because
of the suspicion of a Spitzoid lesion (17) or melanoma.
The other 2 lesions were small and with fewer suspici-
ous features in dermoscopy, on a patient with multiple
previous melanomas and familial history of melanoma.
In particular, case 3 was an asymmetrical lesion in terms
of colour, with only reticular structure, while case 4
showed the presence of reticular and globular patterns
together in the context of a very small diameter lesion.
Both lesions were melanoma in situ, and, in both cases,

et

digital follow-up was able to detect significant changes
compared with the previous images.

The 4 lesions all showed an atypical epidermal pattern
at RCM with pagetoid cells, giving reason to suspect a
malignant lesion (Fig. 3). Moreover, case 2 also showed
some dermal malignant features (different refractivity of
dermal nests), reflecting the existence of dermal invasive
structures.

There are several plausible explanations for the re-
latively low sensitivity of EIS observed in the present
study compared with previous studies. First, those lesions
detected during digital monitoring were incipient (3 out
of 4 were in situ) and small in diameter. The semiology
of those lesions was quite scarce in terms of malignant
dermoscopic features. The suspicion of melanoma,
and thus the indication of excision, was based mainly
on observed changes seen through digital dermoscopy
and the melanoma-specific criteria identified in RCM.
In previous studies the benefits of the addition of RCM
in a subset of lesions under digital follow-up has been
reported (5, 6, 18, 19). RCM increases accuracy in the de-
tection of melanoma in these very difficult patients. The
current results are similar to those reported by our group
(5) and Stanganelli et al. (6) in previous studies. Even if
our sensitivity was 100%, the results from Stanganelli

(B Lt

Fig. 2. (A) Melanoma in situ (electrical impedance spectroscopy (EIS) <4) on the lower leg of a woman with atypical mole syndrome and personal
and familial history of melanoma (5 mm diameter). (B and C) One-year digital dermoscopy follow-up of case 1. Asymmetrical melanocytic lesion with
multicomponent pattern, irregular growth of the brown network at the periphery of the lesion can be appreciated after 1 year, persistent dotted vessels
in the centre of the lesion and area with subtle inverted network. (D) Histopathological section of the lesion, melanoma arising on a naevus, single/
isolated atypical melanocytic proliferation, continuous on suprapapillary areas and confluence of different sized nests. At dermal level, deep melanocytic
proliferation (magnification x 10). (E) Detail of D. At greater magnification, isolated melanocytic proliferation with confluence in suprapapillary areas and

pagetoid cells (magnification x 20).
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et al. (6) were inferior in accuracy using RCM and the
authors concluded that these negative lesions should be
considered for further follow-up to rule out a melanoma
even if RCM is negative.

In a previous large prospective study, Nevisense ex-
hibited a high sensitivity for melanoma detection (9).
However, Nevisense (EIS) seems to be less sensitive in
the detection of incipient malignant lesions. In the multi-
centre prospective study, sensitivity of EIS for melanoma
in situ was significantly lower (93.8%) compared with
sensitivity of 100% for lesions with a Breslow thickness
of more than 1 mm, or thinner but ulcerated. In a different
study by Rocha et al. (10), they used Nevisense (EIS) in
lesions that were suspicious at the first visit, to decide
whether short-term monitoring was needed. In that study,
Nevisense showed good performance, detecting lesions
that should be excised without missing melanomas. In
contrast to the study by Rocha, the current study focuses
on very high-risk patients during long-term follow-up. In
this specific context, in our practice we recommend the
excision of lesions if they exhibit significant dermoscopic
changes, as described previously (2). In order to improve
specificity and decrease the number of benign lesions
excised, examination with RCM was the most accurate
method to approach such patients. However, in circum-
stances in which RCM would not be feasible because

Acta Derm Venereol 2022
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Fig. 3. Reflectance confocal microscopy
(RCM) in 2 of the melanomas from Fig. 1.
(A) RCM at basal cell layer (case 3): atypical
cobblestone and roundish and dendritic
pagetoid infiltration of the epidermis. In the
lower right part, presence of non-edged papillae
(*). (B) RCM of a particular of A: disarranged
honeycomb and dendritic pagetoid cells. (C)
RCM VivaBlock® at the junctional layer (case
2): presence of edged and non-edged papillae.
Dense and dense/sparse nests with different
refractivity. (D) RCM of a particular of C: cellular
polymorphism inside the nests. Atypical hyper-
refractile nucleated cells are visible (arrows).

of the long learning curve or because of cost, EIS could
be used combined with dermoscopy and digital follow-
up. Based on the results of the current study, it could
be considered that if the EIS is >3 or the lesion shows
specific criteria of melanoma under dermoscopy (as in
cases 1 and 2 in our series) lesions should be excised
and for those lesions with non-suspicious dermoscopy
and EIS <4 additional short-term follow-up would be
recommended to rule out malignancy.

This study has some limitations. First, the number
of lesions included was low and the results may not be
representative in a larger cohort of patients. However,
the number of melanomas in this selected very high-risk
population was significant and, in our opinion, the results
are conclusive. Secondly, this is not a multicentre study
and, in different populations with different genetic back-
ground for melanoma risk, the results could be different.
Finally, the time of follow-up of slow-growing melanoma
could be longer than the time defined in the current study
of 18 months. Not all of the included lesions were excised
for histopathology since, when RCM indicated benignity,
the lesions were submitted to additional follow-up of
18 months, at intervals of 6 months, to detect additional
changes. After 18 months no changes were detected. The
risk of misdiagnosing a melanoma in stable lesions after
18 months of follow-up seems to be very low.
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In conclusion, in a very high-risk population of pa-
tients with atypical moles, early detection of melanoma
is challenging, and the addition of RCM to digital FU
improves accuracy. EIS can be useful in the detection
of melanoma, but showed lower accuracy than RCM.
Excision of lesions exhibiting malignant dermoscopic
features is suggested. Follow-up is recommended where
lesions are considered not suspicious after RCM evalua-
tion, EIS and dermoscopy, so as to rule out melanoma
in these patients.
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