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Abstract: BACKGROUND: Telepathology is considered a good alternative for a second opinion consultation. Its implementation
is desirable, but studies to confirm its practical application are required.

OsJeCTIVES: To evaluate the reproducibility of histopathologic diagnoses of skin diseases obtained through digital photomicro-
graphs compared with conventional microscopy.

METHODS: We evaluated the surgical specimens of 135 patients using an optical microscope. After 4 weeks, the same consul-
tants independently evaluated a total of 1,738 digital photomicrographs obtained from the histopathological slides. We esti-
mated the overall rate of intra and interobserver agreement, and the Kappa coefficient was obtained with the categorization
of the skin diseases: neoplastic skin diseases, infectious-contagious skin diseases and non-infectious-contagious skin diseases.
Resurrs: Consultant 1 obtained an agreement of 88.1% (95% CI = 81.5% - 93.1%) between conventional microscopy and ima-
ges. Consultant 2 obtained an agreement of 80.7% (95% CI = 73.1% - 87%). The interobserver agreement for the microscopy
analysis was 81.5% (95% CI = 73.9% - 87.6%). The same analysis using microphotography showed an agreement of 85.9%
(95% CI = 78.9% - 91.3%). The Kappa coefficient, which evaluated the categorized skin diseases, was 98.6% for Consultant
1, 93.1% for Consultant 2, 95.8% for interconsultant analyses of images and 95.9% for interconsultant analyses using conven-
tional optical microscopy. All of these values are considered optimal.

CoNcLusioN: The evaluation of microphotographs shows a good level of reproducibility when compared to traditional micros-
copy and, therefore, is a viable option for a second opinion consultation in dermatopathology.
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Resumo: FUNDAMENTOS: A telepatologia é considerada boa alternativa para consultas de segunda opinido. Sua implementa¢ao
¢ desejavel, mas estudos que confirmem sua aplicagao pritica sao necessarios.
OBJETIVOS: Analisar a concordancia entre os diagnodsticos histopatologicos de dermatoses feitos com base em microfotografias
digitais em compara¢ao com a microscopia convencional.
METoDOS: As liminas de 135 pacientes foram avaliadas por dois consultores por meio de microscopio. Apos quatro semanas,
os mesmos consultores avaliaram 1.738 microfotografias digitais obtidas dessas liminas. Estimou-se a taxa geral de concor-
dancia intraobservadores e interobservadores e obteve-se o indice Kappa com a categoriza¢io das dermatoses: dermatoses
neoplisicas, dermatoses infectocontagiosas e nao infectocontagiosas.
ResuLtapos: A concordiancia do Consultor 1, que analisou ldminas a0 microscopio versus imagens, foi de 88,1% (IC 95% =
81,5% - 93,1%). O Consultor 2 obteve concordancia de 80,7% (IC 95% = 73,1% - 87%). A concordancia interconsultores ao
microscopio foi de 81,5% (IC 95% = 73,9% - 87,6%). A mesma analise por meio de microfotografias mostrou concordincia
de 85,9% (IC 95% = 78,9% - 91,3%). O indice Kappa, que avalia as dermatoses categorizadas, foi de 98,6% para o Consultor
1, de 93,1% para o Consultor 2, de 95,8% para interconsulta por imagens e de 95,9% para interconsultas a0 microscopio Opti-
co. Todos esses valores sio considerados 6timos.
CONCLUSAO: A avaliacao das microfotografias apresentou 6timo nivel de reprodutibilidade quando comparada a microscopia
tradicional, sendo uma opcao viavel para consultas de segunda opinido em dermatopatologia.
Palavras-chave: Dermatologia; Diagndstico por computador; Reprodutibilidade dos testes; Telepatologia
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INTRODUCTION

The continuing progress in the field of informa-
tion and communications technology has enabled the
emergence of telemedicine, which was initially con-
templated as a link between health care facilities locat-
ed in areas of difficult geographical access and those
located in more developed regions, with greater
power of resolving health issues. Telepathology is a
branch of telemedicine defined as the practice of
pathology at a distance through the visualization of
microscopic images sent for consultation on a com-
puter screen rather than direct analysis of the slides
under a microscope.' Telepathology, therefore, com-
bines knowledge of medical informatics and digital
images with telecommunication resources, with vari-
ous uses such as telediagnosis, teleconsultation and
tele-education.’

The term telepathology was first used in the
editorial of the medical journal “Human Pathology” in
1986.° Initially, it was believed that images of anato-
mopathological examinations analyzed on the screen
of a monitor connected to a computer would have
low resolution quality and that its use would not be
effective as an object of study or a diagnostic tool.
However, the systematic use of personal computers in
health care facilities, the decreasing costs of equip-
ment, the advances in the technology of resolution of
digital photographic images and the demonstration of
the advantages of telepathology workstations in arti-
cles published in the specialized literature have
demonstrated the effectiveness of the method. *

Just as pathology, dermatology also uses the
method of image analysis for diagnosis of skin dis-
eases. As in other applications of telemedicine, the
goal is to provide high quality dermatological care
more efficiently by moving information about the
patient rather than moving the patient. ’

Using relatively simple equipment, dermatolo-
gists and pathologists can quickly transmit micro-
scopic images photographed in a certain location to
remote centers. Image transfer can occur in dynamic
systems (real-time systems) and in static image sys-
tems (images are stored and analyzed later). The first
method allows consultation via a robotic microscope,
which can be controlled by the pathologist consult-
ed. The equipment used in robotic systems is rela-
tively expensive and requires data transmission net-
works of high performance. The method of storing
and analyzing images at a later time allows us to
transmit images captured by a digital camera as an
electronic mail file and to analyze them at opportune
time. This system has lower cost and is easy to apply.
However, some studies addressing the validity of
both systems suggest that telepathology with static
image may be less accurate. °
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Review work such as that by MASSONE et al.
(2008)" has shown that the use of teledermatopathol-
ogy is already integrated into the routine of special-
ized centers in the forms of teleconsultation and
teleteaching, being an instrument that can be used to
integrate developed countries with developing coun-
tries, thus improving the quality of health services.
RAO & LOMBARDI (2009)" have demonstrated that
efforts dedicated to broadening the use of telemedi-
cine have already shown positive effects in developing
countries. These countries with inadequate health
care should incorporate telemedicine into their health
system. This way they can even have the aid of volun-
teer doctors from other countries.

In Brazil, there are few studies on telepatholo-
gy or digital pathology. In general, these studies most
often focus on the author’s personal experience or
on the institutional experience regarding the use of
telepathology workstations. The criteria used for eval-
uating the results are diagnostic accuracy, specificity
and sensitivity of digital samples, in addition to direct
observation of percentage rates of agreement or dis-
agreement between intraobserver (optical micro-
scope slides) and interobserver diagnoses (virtual
microscopy, remote). The results normally lead to the
conclusion that telepathology is an important diag-
nostic tool as well as it helps to connect the services
of surgery and anatomic pathology of a hospital in
real time. ’

In 2002, the Federal Council of Medicine of
Brazil (CFM) officially recognized the rendering of
services through Telemedicine, Resolution No.
1.643/2002, based on the declaration of Tel Aviv
(1999), which determined responsibility and ethical
rules necessary for the use of tele-assistance.

The state of Amazonas has a vast geographical
area, low population density, and access to munici-
palities occurs mainly by boat. This geographic iso-
lation, among other causes, complicates the settling
of professionals within the state; therefore, patients
who need tests that are a little more complex, such
as skin biopsies, need to go to the capital of the
state, which usually implies high financial and social
costs. Similarly, the isolation of the state capital in
relation to the main urban centers, which are gener-
ally located in the south and southeast of the coun-
try, hinders the exchange of experiences among pro-
fessionals working in this area, thus making second
opinion consultations almost laborious.
Telepathology seems to be a viable alternative to
overcome these limitations.

This study was conducted with the objective of
evaluating the reliability of a static method of
telepathology using low-cost resources that are basi-
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cally already available at health care units, contribut-
ing to the foundation and implementation of this
technology.

MATERIALS AND METHODS

We developed a cross-sectional descriptive
study based on the analysis of photomicrographs of
inflammatory and neoplastic skin diseases and com-
pared the results obtained with the analysis of slides
under optical microscope. We got a sample from all
of the 3,110 histopathological examinations per-
formed on patients treated at Alfredo da Matta
Foundation in 2007 and which were processed in
the laboratory of dermatopathology of the
Foundation. When calculating the sample size, we
considered the population of patients who had been
biopsied, the expected sensitivity of 90% with a sam-
pling error of 5% and 95% reliability, totaling
histopathological examinations of 135 patients. The
sample was composed using a table of random num-
bers. We included only cases with definite diagnosis.
When a randomly selected number corresponded to
a biopsy without diagnostic definition (descriptive
reports), it was substituted for the next number in
the table. The slides for the selected patients were
removed from the file and evaluated by a doctor,
here called observer, specializing in dermatopathol-
ogy, who confirmed the previous diagnosis having
access to the slides and medical records. After that,
photomicrographs were taken of each slide, follow-
ing this scheme: each slide was divided by two verti-
cal and two horizontal imaginary axes. Photographs
were then obtained from each of the quadrants with
the objective lenses in the following magnification
powers: 4x, 10x and 40x. Two pathologists, called
consultants, received the photographed images,
stored on CD-ROM, and made the diagnosis. They
also had access to the clinical data available in the
original medical examination request, in case they
needed them. The consultants considered a primary
and a secondary diagnostic possibility, taking notes
of difficulties in analyzing the slides in relation to
poor quality of photos, necessity of pictures of other
fields, lack of magnification and blurring. Four
weeks later, the consultants received the slides cor-
responding to the images sent and provided a pri-
mary and a secondary diagnosis (differential).
Photomicrographs were obtained by the observer
using a Zeiss microscope and an Olympus digital
camera with 5.0 megapixel maximum resolution.
The images were compressed into JPEG (Joint
Photographic Expert Group) files and stored on a
CD-ROM for analysis by the two consultants.

We used the Kappa coefficient (k) to assess the
level of agreement between the consultants. This test

evaluates whether the agreement obtained is higher
than it would be expected by chance. The following
Kappa values will be considered: above 0.7 = excel-
lent agreement, values between 0.4 and 0.7 = moder-
ate agreement, and values under 0.4 = poor agree-
ment.

RESULTS

Out of the 135 patients participating in the
study, 73 were male (54.5%), while 61 were female
patients (45.5%). Only one patient could not have
his/her gender evaluated due to lack of information.
The patients’ mean age was 51 years, ranging from a
minimum of nine years old to a maximum of 100
years old.

Due to technical problems with the slides, 24 of
them had to be discarded and replaced by an equal
number, keeping the number of the original sample.
1,738 photomicrographs were obtained of the
histopathological slides of the patients needed for the
sample, the equivalent of an average of 12.87 pho-
tomicrographs per case. The number of photomicro-
graphs ranged from 5 to 29 per patient, according to
the need established by the observer based on the size
of the tissue sample on the slide being analyzed.

The skin diseases evaluated in the study group
are listed according to frequency in Table 1. It is
worth emphasizing that each consultant offered a pri-
mary diagnosis for the analysis of the slides and one
for the analysis of the photomicrographs.
Furthermore, they had the option of offering a sec-
ondary diagnosis for each situation, when they con-
sidered it necessary. Therefore, the total citations of
skin diseases were 612.

It was found that when comparing the diag-
noses obtained by examining slides under a micro-
scope and those obtained from images of these same
slides, an observer obtained a rate of 88.1% (95% CI =
81.5% - 93.1%) and the other obtained 80.7% (95% CI
= 73.1% - 87%).

An evaluation of the level of agreement
between the two consultants in relation to the diag-
noses established by analyzing the slides under an
optical microscope showed a value of 81.5% (95% CI
= 73.9% - 87.6%) (Table 2).

The agreement between the two consultants
when the diagnoses were established by analyzing
photomicrographs was 85.9% (95% CI = 78.9% -
91.3%), as shown in Table 3.

Table 4 lists, in order of frequency, the skin dis-
eases that generated the highest number of discrepan-
cies between the consultants.

Table 5 shows the agreement and Kappa coeffi-
cient among the different types of analyses performed
when the skin diseases were categorized into three
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TABLE 1: Frequency of skin diseases evaluated in the

TABLE 3: Agreement between interconsultant analyses

study group of photomicrographs
Diseases Frequency % Agreement Frequency % 95%
Basal-cell Carcinoma 187 30.6 Agree 116 85,9 78.9% - 91.3%
Squamous-Cell Carcinoma 47 7.7 Disagree 19 14.1 8.7% - 21.1%
Lepromatous Leprosy 31 5.1 Total 135 100
Melanocytic Nevus 2 4.6%
Actinic Keratosis 21 3.4
Borderlme. Tuberculoid Leprosy 20 53 higher than that used by other similar studies. '
Tuberculoid Leprosy 19 3.1. Am he d I d. th
Allergic Contact Dermatitis 18 29 ong the dermatoses eva uat(? , t ere was a pre-
Blood Vessel Tumors 17 28 dominance of neoplasms and infectious-contagious
Lichen Planus 16 2.6 diseases, representing the profile of the skin diseases
Indeterminate Leprosy 16 2.6 diagnosed in the institution where the work was con-
Ashy Dermatosis 14 2.3 ducted. It was' observed that Consultant 1’s agree-
Psoriasis 13 21 ment rate in relation to analysis of the slides under an
SC}CYOdefma ) 13 2.1 optical microscope and image analysis was 88.1%
irichoepithelioma b p (95% ClI = 81.5% - 93.1%). Similarly, Consultant 2’s
utaneous vrug feactions ' agreement rate was 80.7% (95% CI = 73.1% - 87%)
Nevus Sebaceous 9 1.5 R . . .
Hidrocystoma 3 13 concerning the analysis of slides under an optical
Bowen's Disease 8 13 microscope and images. These results are considered
Fibroma 8 13 optimal, since the two consultants carried out an
Mycosis 8 1/3 independent evaluation and the readings of the slides
Lichen Simplex Chronicus 6 1 under a microscope and the images were done at dif-
Borderline Lepromatous Leprosy 6 1 ferent times so as not to influence, even if uninten-
Seborrheic Keratosis 5 0.8 tionally, the evaluation. These results provide consis-
Erythema Nodosum 4 0.7 tency to the study, since they show that the two con-
Dermatophytosis 4 0.7 .
. sultants demonstrate good performance on carrying
Pyogenic Granuloma 4 0.7 K R
Melanoma 4 0.7 out the diagnoses independently of one another.
Viral Wart 4 0.7 Agreement between Consultant 1 and
Amyloidosis 4 0.7 Consultant 2 when they analyzed the slides under an
Lichenoid Drug Eruption 4 0.7
Spiradenoma 4 0.7
Palmoplantar Keratoderma 4 0.7 TABLE 4: Frequency of skin diseases generating
Others 37 5.6 discordan
Total 612 100 scordance
Diseases Frequency %
groups: Neoplastic Skin Diseases, Infectious- Bordeﬂimf Tuberculoid Leprosy 16 11. 4.
. . . . Tuberculoid Leprosy 13 9.3
Contagious Skin Diseases, and Non-Infectious- .
! Kin di Indeterminate Leprosy 9 6,4
Contagious Skin diseases. Basal-Cell Carcinoma 9 6,4
Squamous-Cell Carcinoma 8 5,7
DISCUSSION Ashy Dermatosis 7 5
The present study used a sample of 135 Nevus Sebaceous 6 4.3
patients. The number of patients included was a little Cutaneous Drug Reactions 5 3.6%
Actinic Keratosis 5 3.6%
Keloid 4 2.9
Psoriasis 4 2.9
TABLE 2: Agreement between interconsultant analyses Trichoepithelioma 4 29
using optical microsco Lichen Planus 3 2.1
g op py Allergic Contact Dermatitis 3 2.1
Agreement Frequency % 95% Lupus Erythematosus 3 2.1
Fibroma 3 2.1
Agree 110 81,5 73.9% - 876% Lichenoid Drug Eruption 3 2.1
Disagree 25 18,5 13%-26.9% Other 35 22,1
Total 135 100 Total 140 100
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TABLE 5: Agreement and Kappa coefficient among the different types of analyses with the categorized diseases

Type of Analysis Agreement Kappa coefficient

Consultant 1 99.20% 98.60% (P <0.001 (z test)
Consultant 2 96.30% 93.10% (P <0.001 (z test)
Interconsultant - Images 97.80% 95.80% (P <0.001 (z test)
Interconsultant - Microscope 97.80% 95.90% (P <0.001 (z test)

optical microscope was 81.5% (CI = 73.9% - 87.6%).
This concordance rate is also considered optimal and
demonstrates that the selected slides presented good
reading quality, allowing the tissue characteristics of
each diagnosis to be observed. Studies evaluating
interconsultant diagnosis do not always show good
concordance, given the different professional experi-
ence of each consultant. In the current study, this lim-
itation may have been overcome by the fact that the
two consultants have extensive experience in der-
matopathology and follow schools with similar diag-
nostic parameters.

Interconsultant concordance for the analysis of
photomicrographs was high: 85.9% (CI = 78.9% -
91.3%), which demonstrates that the systematic col-
lection of photomicrographs, storage of images and
their subsequent analysis on computer screens make
the diagnosis via this method feasible. It was found
that among the dermatoses generating discordance,
27.1% of them consisted of the leprosy spectrum. The
criteria for the histopathological classification of lep-
rosy are not consensual yet, and this may have con-
tributed negatively to the occurrence of this discor-
dance.

The Kappa coefficient is used in most studies
that evaluate agreement between diagnoses, for it is
an adjusted indicator of agreement that takes into
account agreement due to a chance factor. The level of
reproducibility of the diagnoses obtained in this study
by optical microscopy analysis versus the analysis of
digital photomicrographs was assessed by the Kappa
coefficient. In order for this analysis to be performed,
it was necessary to categorize the diseases into three
groups: neoplastic skin diseases, infectious-conta-
gious skin diseases, non-infectious-contagious skin
diseases. The rates observed were 98.6% for
Consultant 1 (p <0.001 (z test), 93.1% for Consultant
2 (p <0.001 (z test), 95.8% for interconsultant analy-
sis of images, and 95.9% (p <0.001 (z test) for inter-
consultant analysis using optical microscopy.

In general, the concordance rates and Kappa
coefficient observed in this study are similar to those
observed by LEINWEBER et al. (2006)" (Kappa: 80%
to 93%), although these authors evaluated only lesions
of melanocytic neoplasia. WINOKUR et al. (2000)"
also concluded in their study that there was 90% accu-
racy in diagnoses. These authors used only 99 digital
images of 29 different organs in their study group.
BERMAN et al. (1997)" obtained 84% of agreement
comparing image analysis with conventional
microscopy; however, they used only one consultant
at different times.

The results of this study were above those
found by PICCOLO et al. (2002)" and MASSONE et al.
(2007).” However, different methodologies were
used, with the number of consultants going up to 12,
which prevents a comparative analysis.

CONCLUSION

A - Agreement between the two consultants
who analyzed skin diseases under an optical micro-
scope was 81.5% (95% CI = 73.9% - 87.6%); while it
was 85.9% (CI 95% = 78.9% - 91.3%) when using dig-
ital photomicrographs, with these values being inter-
preted as optimal.

B - The Kappa coefficient observed in the evalu-
ation of slides containing dermatoses categorized into
neoplastic skin diseases, infectious-contagious skin
diseases and non-infectious-contagious skin diseases
under an optical microscope between two consultants
was 95.9% (p <0.001 (z test). The same coefficient
obtained by image analysis was 95.8% (p <0.001 (z
test). These values are considered optimal.

C - The results obtained allow us to conclude
that the analysis of images of slides containing skin
diseases (tele-dermatopathology) is an effective
method which reliably reproduces the results
obtained by means of traditional analysis under an
optical microscope. Q
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