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ABSTRACT

 

Background

 

The clinical history of a given pigmented lesion could influence the therapeutic decision.
Teledermatology and automated image analysis also hold great potential for revolutionizing dermatology
services.

 

Aim

 

The aim of this retrospective study was to evaluate the diagnostic accuracy of users with different
experiences in dermoscopy with and without information about patients and their history compared with
classification by an automated analysing system.

 

Setting

 

One hundred and fifty-seven dermoscopic images of pigmented lesions, taken and proved by his-
topathology at the Pigmented Lesions Clinic of the Department of Dermatology of the University Tuebingen,
Germany, were included.

 

Methods

 

All images were viewed by three investigators with different experience: excellent (A), average (B)
and beginner (C). In the first dermoscopic classification, no information was available. After 3 months the
same images were once more classified by the three investigators, now with the information about the patients
and their history. The melanocytic lesions were tested by the Tuebinger Mole Analyser.

 

Results

 

For user A the sensitivity, specificity and diagnostic accuracy revealed no improvement on includ-
ing the history (81.3% to 84.4%, 94.6% to 92.3% and 92.0% to 90.7%), whereas user B clearly improved his
results (75.0% to 87.5%, 76.9% to 88.5% and 76.5% to 88.3%). No change in the sensitivity was seen by
user C (84.4%), but there was a clear improvement in the specificity (69.2% to 87.7%) and diagnostic accu-
racy (72.2% to 87.0%). Using the computer algorithm, a sensitivity of 100%, a specificity of 76.9% and a
diagnostic accuracy of 81.9% were achieved.

 

Conclusions

 

The study revealed results relevant to the use of dermoscopy: (1) continuing dermoscopic
education influences the diagnostic accuracy; (2) the history is helpful for averaged users and beginners in
dermoscopy; (3) digital image analysis has the highest sensitivity, but a lower specificity compared to the
clinicians; and (4) digital dermoscopy could be used for store-and-forward systems in teledermoscopy.
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Introduction

 

Dermoscopy of skin lesions increases the diagnostic accuracy by

10–27%.

 

1,2

 

 However, dermatologists who had not been trained

in this method received no benefit by this diagnostic method.

 

3

 

The clinical history of a given pigmented lesion influences further

the therapeutic decision. In a multivariate model, morphological

changes reported by the patients were a significant independent

predictor of malignancy.

 

4

 

Digital dermoscopy and automated image analysis could

represent possible support for inexperienced clinicians.

 

5–7

 

 Dig-

ital dermoscopy also enables teledermatological consultation,

which was found to provide the same diagnostic accuracy as

face-to-face diagnosis.

 

8,9

 

 Both teledermatology and automated

image analysis hold great potential for revolutionizing the deliv-

ery of dermatology services.

 

5,10

 

 However, further evaluation of

the prerequisites and the reliability of these methods is recom-

mended before their routine application.
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In the present study we used a set of digital melanocytic

images to determine whether the diagnostic accuracy of an

inexperienced, an average experienced and a highly experienced

investigator can be significantly improved by incorporating

information about morphological changes, location of the

lesion, and the age and sex of the patients. An additional objective

of the study was to compare the diagnostic accuracy of the

different investigators to the classification carried out by a com-

mercially available automated analysing system.

 

11

 

Method and material

 

One hundred and sixty-two digital dermoscopic images of

histologically proven pigmented skin lesions were included in

the study. All lesions were excised due to suspicious clinical and/

or dermoscopic features. The lesions were consecutively collected

at the Pigmented Lesion Clinic of the Department of Dermato-

logy of the University of Tuebingen, Germany, from September

1998 to March 1999.

The dermoscopic images were documented by a computer

system with a colour video camera used at a magnification of

 

×

 

 20 (FotoFinder, TechScreen Software GmbH, Bad Birnbach,

Germany). The digital dermatoscopic microscope system had a

colour video camera with one charge-coupled device (CCD)

chip 1/4-inch with 47 000 pixels. The illumination was realized

with two light emitting diodes (LEDs) that were integrated at

the camera. The maximum field was 12 mm for dermatoscopic

images. The computer had a Pentium III processor (500 MHz,

64 MB ram). The graphic card had a true colour mode (32 bit)

with a resolution of 1.024 

 

×

 

 768 pixels. The 17-inch colour

monitor (Triniton, Multiscan 200ES, Sony, Japan) had a fixed

resolution of 768 

 

×

 

 576 pixels and 65 536 colours with a fre-

quency of 75 Hz. A frame-grabber was used for digitizing the

video signal. The system of Joint Photographic Expert Group

(JPEG) was used for storing the images with an image size of

768 

 

×

 

 576 pixels. The storage size ranged between 125 and

230 kB per image.

Consecutive images of one lesion were not included. All

patients gave their written consent for the digital documenta-

tion and the following operation under local anaesthesia. The

final diagnosis was performed by histopathology.

All images were viewed by three investigators (R.H.-W., A.S.

and H.P.S.) with different experiences in dermoscopy: excellent

(A), average (B) and beginner (C). Pattern analysis was used by

the investigators. In the first dermoscopic classification, no

information about the clinical history, age, sex of the patients

and location of the tumour was given (t

 

1

 

). After 3 months the

same digital images were once more classified by the three

investigators, now with the information about the clinical his-

tory, age, sex of the patients and location of the tumour (t

 

2

 

). The

clinical history was scored as positive when any morphological

change was recognized by the patient in the past 3 months.

Morphological changes included change in size, colour or shape

or any sign of ulceration or spontaneous bleeding. Possible

dermoscopic classifications were benign nevi, atypical nevi,

cutaneous melanoma and other benign epithelial tumours (e.g.

seborrhoeic keratosis, angioma).

 

2

 

 Malignant epithelial tumours

(basal cell carcinoma, squamous cell carcinoma) were excluded.

Digital analysis was performed on the dermoscopic images of

the melanocytic lesions. With the established Tuebinger Mole

Analyser six variables (symmetry, border, different types of

colours and entropy) for lesions larger than 12 mm and three

variables (border, colour and entropy) for lesions smaller than

12 mm were used.

 

11

 

 If the lesions exceeded the maximum field,

one sector with border and normal skin was recorded. Relative

frequencies of the different features were analysed. Percentages

for sensitivity, specificity and diagnostic accuracy were calcu-

lated. Differences between changed and unchanged pigmented

lesions were tested by Fisher’s exact test and Pearson’s 

 

χ

 

2

 

-test

(level 0.05, two-tailed). A 

 

P

 

-value less than 0.05 was regarded as

statistically significant. Statistical examinations were performed

with SPSS 10.0 (SPSS Inc., Chicago, IL, USA) for Windows.

 

Results

 

One hundred and fifty-seven pigmented lesions in 86 (54.8%)

females and 71 (45.2%) males were analysed. No change in the

past 3 months was reported by 87 (55.4%) patients, followed by

an observed change in 39 (24.8%) patients and no clear clinical

history was given by 31 (19.7%) patients. The subgroup of 126

lesions with a clinical history of any or no change was composed

of 16 cutaneous melanomas and 111 benign lesions. In 87.5%

of these cutaneous melanomas (14/16) and in 22.5% of the

benign lesions (25/111) a change was reported (

 

P <

 

 0.001).

The median age of the patients was 38.9 years (standard devi-

ation 16.8 years; range 2–87 years). Out of 157 pigmented skin

lesions, 145 (79.6%) were benign and 32 (20.4%) malignant.

One hundred and two (65.0%) of the lesions were located

on the trunk, followed by the extremities (38; 24.2%), face (9;

5.7%), akral (6; 3.8%) and mucosal sites (2; 1.2%). The histo-

logical diagnoses were 59 (37.6%) cases of dysplastic nevus,

53 (33.8%) nevi without any dysplasia, 32 (20.4%) cutaneous

melanomas and 13 (8.3%) epithelial benign tumours. Of the 32

cutaneous melanomas, two were melanomas 

 

in situ

 

 and 29 were

invasive melanomas with the median tumour thickness accord-

ing to Breslow of 0.86 mm (standard deviation 0.54 mm; range

0.30–2.40 mm).

The pigmented lesions were classified into the four dermo-

scopic categories (benign, atypical nevi, cutaneous melanoma

and benign epithelial tumours) specified by the three investiga-

tors in Tables 1–4. For user A, a distinct improvement concern-

ing the history in the diagnosis of the cutaneous melanoma was

achieved, but in benign nevi without any dysplasia, atypical

nevi and epithelial benign tumours a distinct decrease in the

correct diagnosis was observed. In the group of benign nevi

without any dysplasia the correct classification was improved
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for user B from 77.4% to 86.8% and for user C from 66.0% to

88.7% by the clinical history (Table 1). For the atypical nevi the

improvement for user B was from 74.6% to 89.8% and for user C

from 71.2% to 84.7% (Table 2). For the cutaneous melanoma

the improvement for user B was from 75.0% to 87.5% and for

user C there was no change (Table 3). Finally, for the epithelial

benign tumours the improvement for user B was from 84.6% to

92.3% and for user C from 61.5% to 92.3% (Table 4).

In the subgroup of cutaneous melanomas with a reported

clinical history in the past 3 months, a distinct decrease for

user A but a clear increase for user B and a distinct increase for

user C were observed (Table 5). An improved diagnosis was also

realized for the three users in the group of benign melanocytic

and epithelial skin tumours (Table 6). In total, a change in the

diagnosis was observed in 17 cases (six of the malignant and 11

of the benign group of skin tumours).

For user A a distinct improvement in the sensitivity was

achieved by the history of the patients (from 81.3% to 84.4%),

but also a distinct reduction in the specificity (from 94.6% to

92.3%); the diagnostic accuracy changed from 92.0% to 90.7%.

The sensitivity of user B was clearly improved by the history

(from 75.0% to 87.5%) and also the specificity (from 76.9% to

88.5%); the diagnostic accuracy improved from 76.5% to

88.3%. No change in the sensitivity was seen by user C (84.4%),

but a clear improvement in the specificity by the history was

found (from 69.2% to 87.7%); the diagnostic accuracy improved

from 72.2% to 87.0%. No significant difference was seen

between the two groups of melanocytic and non-melanocytic

lesions in the analysis of sensitivity and specificity.

Using the computer algorithm,

 

11

 

 144 of 157 were included as

melanocytic lesions in the digital analysis. For all melanocytic

lesions, a sensitivity of 100%, a specificity of 76.8% and a diag-

nostic accuracy of 81.9% were achieved (Table 7). If the lesions

was smaller than 12 mm (

 

n

 

 = 102), all cutaneous melanomas

and 72.8% of the benign melanocytic lesions were correctly

classified. For the lesions larger than 12 mm (

 

n

 

 = 47), all

melanomas and 95% of the benign lesions were correctly

classified (Table 7).

Table 1 Dermoscopic classification of the benign nevi (n = 53) by the three 

investigators (A = excellent; B = average; C = beginner) at the two 

examinations (t1 and t2)
 

 

Classification A (t1) A (t2) B (t1) B (t2) C (t1) C (t2)

Correct 50 49 41 46 35 47

Not correct 3 4 12 7 18 6

Table 2 Dermoscopic classification of the atypical nevi (n = 59) by the three 

investigators (A = excellent; B = average; C = beginner) at the two 

examinations (t1 and t2)
 

 

Classification A (t1) A (t2) B (t1) B (t2) C (t1) C (t2)

Correct 56 54 44 53 42 50

Not correct 3 5 15 6 17 9

Table 3 Dermoscopic classification of the cutaneous melanomas (n = 32) by 

the three investigators (A = excellent; B = average; C = beginner) at the 

two examinations (t1 and t2)
 

 

Classification A (t1) A (t2) B (t1) B (t2) C (t1) C (t2)

Correct 26 27 24 28 27 27

Not correct 6 5 8 4 5 5

Table 4 Dermoscopic classification of the benign epithelial tumours (n = 13) 

by the three investigators (A = excellent; B = average; C = beginner) at the 

two examinations (t1 and t2)
 

Classification A (t1) A (t2) B (t1) B (t2) C (t1) C (t2)

Correct 13 12 11 12 8 12

Not correct 0 1 2 1 5 1

Table 5 Results of the three investigators (A = excellent; B = average; 

C = beginner) for the subgroup of cutaneous melanomas with a reported 

clinical history in the past 3 months at the two examinations (t1 and t2)
 

 

Classification A (t1) A (t2) B (t1) B (t2) C (t1) C (t2)

Correct 13 12 9 13 12 13

Not correct 1 2 5 1 2 1

Table 6 Results of the three investigators (A = excellent; B = average; 

C = beginner) for the subgroup of benign melanocytic and epithelial skin 

tumours with a reported clinical history in the past 3 months at the two 

examinations (t1 and t2)
 

 

Classification A (t1) A (t2) B (t1) B (t2) C (t1) C (t2)

Correct 22 23 18 21 17 21

Not correct 3 2 7 4 8 4

Classification

All lesions Smaller than 12 mm Larger than 12 mm

Benign Malignant Benign Malignant Benign Malignant

Correct 86 32 67 5 19 27

Not correct 26 0 25 0 1 0

P < 0.005 NS NS

TTTTaaaabbbblllleeee    7777 Results of the digital analysis of all the 

malignant and benign: melanocytic lesions 

(n = 144), those smaller than 12 mm (n = 97) 

and those larger than 12 mm (n = 47) (NS = non-

significant)
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Discussion

 

The present study revealed the following results of relevance

to the use of dermoscopy in daily practice. (1) The level of

continuing dermoscopic education influences the diagnostic

accuracy. (2) The clinical history of the patients is helpful for

average users and beginners in dermoscopy for the benign and

malignant diagnoses. (3) Digital image analysis has the highest

sensitivity but, with a known history, a lower specificity compared

to the clinicians. (4) Digital dermoscopy is an excellent basis for

store-and-forward teledermoscopy.

The level of continuing dermoscopic education influences

the diagnostic accuracy. Between the three users clear differences

were revealed depending on their experience in dermoscopy.

User A (excellent) has the highest diagnostic accuracy with a

high specificity of more than 90%. The differences between

users A, B (average) and C (beginner) is clearer in the results of

the first analysis of images (92.0%, 76.5% and 72.7%, respec-

tively). These results were published recently by Kittler 

 

et al

 

.

based on a meta-analysis of 27 studies.

 

2

 

 The diagnostic accuracy

depends significantly on the degree of experience of the user of

dermoscopy. Therefore, continuing dermoscopic education for

average users and beginners is necessary.

 

3

 

The clinical history of the patients is helpful for average users

and beginners in dermoscopy for the benign and malignant

diagnoses. For user A the clinical history slightly improved the

sensitivity and slightly decreased the specificity. A clear impro-

vement was seen for user B in both sensitivity and specificity.

For user C, no improvement was seen in sensitivity, but there

was improvement in specificity. Less experienced users were

able to improve their diagnostic accuracy with the help of the

clinical history. Possible associated problems are the time to

take the history and its creditability. Kittler 

 

et al

 

. chose any

change in the past 12 months for the history.

 

4

 

 In our study we

asked for the history of the past 3 months in which the memory

of any change could be higher. If the history of the patient is

accurate, it could be helpful in the diagnosis of benign and

malignant skin tumours.

 

1,2

 

Digital image analysis has the highest sensitivity, but, by

knowing the history, a lower specificity compared to the clinicians.

The high sensitivity clearly led to a lower specificity. More benign

melanocytic lesions were omitted, but all included melanomas

 

in situ

 

 and melanomas were detected as malignant. Compared

to some other groups who are developing systems for image

analysis, in the present study only melanocytic lesions could be

included for the automated image analysis.

 

5,12

 

 Therefore, the

user of this system must be familiar with the differentiation

between these two groups. One advantage of the automated

image analysis is independence of time, concentration and

number of images. However, in the cases when lesions are not

easy to classify, an experienced clinician must check these der-

moscopic images again. This applies in particular to the small

melanocytic lesions. Particular hints could be also given to the

dermopathologist.

 

13

 

 The integration of clinical data, especially

of the history, could increase the diagnostic accuracy.

 

14

 

 in addi-

tion, the follow-up of pigmented and in particular of melano-

cytic lesions is easier and has benefits for both the patient and

the clinician.

 

15–17

 

 In the future, digital image analysis systems

should have the possibility of including the history of the patients,

for example any change in the past 3 months (yes, no, and no

available information), which could be a part of the diagnostic

algorithm.

Digital dermoscopy is an excellent basis for store-and-forward

teledermoscopy. Independent of time and location, and

when or where the images are recorded, they could be stored

and immediately analysed or sent by e-mail or the internet to a

centre in which an automated analysing system is available.

 

8,10

 

If the images are analysed in a centre with a time delay, patients

could have missed the immediate decision of the treating doctor.

 

18

 

Digital images could also be used for continuing dermoscopic

education in telemedicine.

 

19

 

 With teledermoscopy and good

evaluated analysing systems, a cost-minimization could be realized

in the care of patients, especially in areas with low frequency

of specialists.

 

20,21

 

 Guidelines and standards for recording the

digital images and telemedicine are therefore necessary.

 

5,22
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