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Introduction

Fine needle aspirations and their derived cytological diagnostic evaluation occupy a place close
to clinical, especially radiological investigations [1-3]. In principle, it is a low risk and limited
invasive, tissue — based diagnostic tool [4, 5]. In combination with gene analysis techniques and
consecutive targeted therapy approaches it might probably replace more invasive methods such
as biopsies in the near future [6, 7].

The morphological tools to deriving a diagnosis from cytology specimens are limited when
compared to those of larger tissue specimens. Cytology structures are usually based upon intra-
cellular objects such as chromatin, nucleoli, mitoses, etc. or upon small cellular agglutinations,
in contrast to additional higher order structures such as glands, vessels, nerves, etc., which are
present in large tissue specimens [8-10].

In history, computational analysis of cytology images focussed on the detection of ‘abnormal
cells’, which would be suspicious for cancer [7, 11, 12]. Their automated detection is a problem
of sampling, and requires a strict standardization of the underlying images [11-14].
Consecutively, precise standards of image stains and tissue preservation have been developed
that focussed on Feulgen — stained smears and fine needle aspiration, in order to perform the
so — called static cytometry [10, 13, 15]. At that time, an innovative server (Euroquant) was
implemented [16-19]. It could be used for remote DNA cytometry, image quality evaluation, and
tests of commercially available cytometry measurement systems [16-19].

Although some cytology institutes still use static DNA cytometry, the technique of Feulgen stain
is widely out of use. HE, Papanicolaou and Giemsa stains are most frequently in use.
Immunocytochemistry is commonly added, if needed [20].

This study focuses on reliability and reproducibility of cytological diagnosis, which might direct
liquid biopsies, and assist a definitive in situ diagnosis of solid tumours. This retrospective study
of several experts addresses the question ‘Is the lesion benign or malignant?’ In addition, it
investigates in the analysis of the individual and objective image quality, automated detection
of regions of interest (ROI), diagnosis performance, and a potential implementation in an
electronic communication network.

Material and Methods

Cytology smears of forty and seven fine needle aspirations were uploaded to VIPI and
underwent the implemented usual consultation procedure. The stains included
Hematoxilin/Eosin (HE), Papanicolaou and Giemsa. Immunocytochemical investigations were
not included in this study. The images were acquired with objective magnifications *10, *40. At
average, 8.7 images / case have been uploaded together with the sex and age of the patients.
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Five experienced experts independently classified the cases into four categories (benign,
probably benign, probably malignant, malignant) as well as image quality features colour, focus,
and general impression into ten different categories (1 = very poor, 10 = excellent). The
percentage of agreed experts to the same diagnosis category was set (correct: >3/5; probably
correct: 3/5; not applicable <3/5).

All images underwent automated quality measurements, ROl classification and feature
extraction. The automated classification was added to the experts’ one, and the final diagnosis
category was calculated to (correct: >3/6; probably correct: 3/6; not applicable <3/6).

Image quality measurement, quantification and correction

The images were normalized for homogenous illumination (vignette), white balance (colour
correction) and grey value distribution (normalization of intensity) prior to the measurements.
The grey value normalization was done in the original and gradient (differentiated) image. The
procedure has been described in detail elsewhere [11, 12, 21, 22]. The obtained data were
statistically analyzed and correlated with the results of interactive classification.

Two different approaches were applied for ROI detection. Briefly, these included a shift array of
fixed frames in 5% sizes of the whole image. They were shifted pixel by pixel over the whole
image, and several features of each frame in relation to its neighbouring frames including
entropy and entropy current were computed. The second approach was based upon a pixel
based texture analysis. The image primitives of each grey value level were extracted, and the
corresponding minimum spanning trees as well as their entropies and entropy currents were
computed. The obtained maxima and minima defined the ROls. Exemplary results are depicted
in <figures 1- 3>. The whole procedure is described in detail elsewhere [14, 23, 24].



http://dx.doi.org/10.17629/www.diagnosticpathology.eu-2017-3:253
http://dx.doi.org/10.17629/www.diagnosticpathology.eu-2017-3:253

the diagnostic pathology journal  DIAGNOSTIC PATHOLOGY

Gian Kayser, Stephan Borkenfeld, Essam Ayad, Armina Djenouni, Armaz Mariamidze, Armen Mkhitaryan, Klaus Kayser;
diagnostic pathology 2017, 3:253

ISSN 2364-4893
DOI: http://dx.doi.org/10.17629/www.diagnosticpathology.eu-2017-3:253

Cells and Regions of Interest (ROI)

| Original tumor aspiration gray value distribution cellular density, ROIls |

Figure 1: Original image of a Papanicolaou stained fine needle aspiration, grey value
distribution, entropy calculations, ROI, and MST — Voronoi cells, *10.

Cells and Regions of Interest (ROI) 1x2xp10b

Original tumor aspiration gray value distribution cellular density, ROls
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staining intensity

Figure 2: Original image of a Papanicolaou stained fine needle aspiration, grey value
distribution, entropy calculations, ROl and MST — Voronoi cells. *40.
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Example of ROI detection
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Figure 3: Example of ROl detection

The quality corrected images and their Hough, gradient and auto-regression transformations
served for object (structure) and pixel (texture) related automated measurements. All images
were transformed into the {hue, saturation, intensity} frame. A modified Otsu segmentation
algorithm was applied to detect objects (nuclei), which were identified by features of intra-
nuclear structures [25]. The entropy differences of image primitives between neighbouring grey
value layers served as texture related image features. Details of the applied algorithms and
results of tissue — based approaches have been described in [11, 15, 26].

The commercially available SPSS package served for statistical analysis.

Results

A total of 47 cases consisting of 20 women (mean age 65.3years) and 27 men (mean age 54.5
years) was included in the study. Five experienced experts scored 463 images, or 10 images /
case at average. All five experts agreed to the same diagnosis in 27 / 47 cases. A congruent
diagnosis (4/5, 5/5) was stated in 37 /47 cases, whereas a divergent diagnosis (average score <
3/5) was found in nine cases <table 1>.
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The evaluation of image properties (colour, focus, general impression) differed remarkably
between the experts in contrast to the results of diagnosis classification. The investigated image
quality features were concordantly scored 4 — 6 by two experts in contrast to scores 8 — 9 given
by two other experts, and scores 6 — 7 by one expert. All experts agreed in giving the image
qualities of malignant diseases higher scores than those of benign diseases. The cases that were
classified by all experts in complete agreement displayed with images of improved quality when
compared to those cases which showed intra-expert disagreement or those which could not be
definitely classified.

The results are presented in detail in <table 2>. Examples of original images with low and high
quality scores are depicted in <Figure 4>.

Image quality assessment

A: Good, average scores 7, 8, 6

C: poor, average scores 2.9, 2.8, 2.8

Figure 4: Example of a fine needle aspiration of good, moderate, poor quality (scores 8,
5, 2.8), poor = misdiagnosed case

The accuracy of the applied automated ROl definition algorithms and the automated
classification results are summarized in <table 3>. All applied algorithms are suitable to be
applied in cytology. They presented with slightly improved accuracy in images of high
maghnification (objective *40) compared to those of low magnification (*10). The differences
between the different algorithms are negligible.

B: Moderate, average scores 5.8, 5.6, 4.8
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The significant entropy features which might serve for diagnosis classification are presented in
<table 4>. The automated measurements could improve the stated virtual diagnoses in 38/47

cases (<table 3>). Examples of the obtained graphs and entropy curves are depicted in <figures
5, 6>.
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Entropy and segmented areas according to grey value thresholds

Entropy and segmented areas according to
gray value thresholds
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Figure 5: Example of a fine needle aspiration showing entropy graphs and entropy current
between neighbouring grey value levels of benign and malignant diseases

Grey value threshold graphs of benign and
malignant aspirations

Malignant 1x01x4*40 Benign 1x01x1*40

Figure 6: Grey value threshold graphs of benign and malignant aspirations
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Discussion

Telecytology or teleconsultation in cytology ranges back to the initiation of telepathology [27,
28]. For example, the first remote control server was implemented in 1995 [16-18]. It could be
used for remote static DNA measurements as well as for quality evaluation of proposed stand
alone measurement systems, such as MotiCyte [29]. Since that time a big step forward in
image acquisition, data storage and electronic communication took place [30].

Having the technological development in mind, this study was initiated in order to answer the
following questions:

Which concordance of experienced experts can be expected if a closed forum (VIPI) serves as
technical tool to evaluate electronically transmitted still images?

Would the experts’ diagnostic conformity be precise, and allow a potential replacement of
classic cytology performance?

How diverse is an individual evaluation of image quality? Does image quality influence the
diagnostic accuracy (if yes, to which degree)?

Does the individual evaluation of image quality correlate with objective image quality?
How accurate is an automated ROI positioning in cytology specimens?
Is texture analysis inferior, equal, or superior to analysis of structures and objects?

Do automated diagnostic algorithms support virtual expert consultations?

Basically, algorithms of cytology diagnostics can be separated in at least two procedures,
sampling and the diagnosis itself, which includes feature extraction and classification [7, 11,
30].

The included five experts have been asked to independently state a diagnosis and to judge the
quality of the uploaded images.

The interactive image interpretation and classification resulted in a high agreement of the five
experts. At average, 4.2 experts agreed in their final diagnosis, and 30/47 cases were classified
according to the predefined thresholds (4/5 or 5/5). This is in agreement with the reported
accuracy of virtually stated cytological diagnoses in relation to conventional diagnoses [18, 20,
31, 32].

Both methods imply certain error rates, which depend upon various individual and laboratory
factors. These include image quality, experts’ knowledge, frequency of submitted material, etc.

10
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The performance of solely virtual or classic diagnosis procedure is acceptable if both methods
exhibit similar error rates. Therefore, our study indicates that distributed virtual diagnosis
performance is an option for laboratories which do not posses qualified personal or which are
in need of supportive actions.

Interestingly, the experts of this study have been trained and work in different countries;
namely in Africa (Algeria, Egypt), Asia (Armenia, Georgia), and Europe (Germany).

The experts explored the image qualities differently, in contrast to the high diagnostic
conformity. These differences apply to the average quality scores of all images, and not to
those of an individual image. Images of poor quality were graded low, and those of excellent
quality high by all experts; however with different absolute values. Therefore, the absolute
values of image quality scores are probably induced by the experts’ environment. The
individual scores are probably related to the image appearance of their routine.

The average image quality scores display with a high association to the automatic
measurement of colour intensity and grey value distribution of both the original and gradient
images.

Thus, objective image quality measurements are a useful tool to define individual impression
and quality judgement. Images of poor quality may induce wrong diagnosis statements. Image
quality measurements and potential correction might serve to improving the diagnostic
performance, for example, when viewing virtual slides.

Our results indicate in addition, that training can successfully replace aberrant colour and
focus display. As a result, an electronically display of colours might not necessarily be adjusted
to the slide colours, which are seen under the microscope [24, 33-36], because individual and
objective image qualities are related to each other in diagnostic cytology approaches [24, 33-
371.

Sampling applied in tissue — based diagnosis has to reliably separate objects from the
background. Cytology requires in addition the detection of rare events and their separate
inspection; for example tumour cells have to be distinguished from benign epithelial or
inflammatory cells.

Basically, sampling procedures in cytology are time consuming. The mandatory sampling time
can be successfully reduced if ROl detection algorithms are applied prior to interactive or
automated diagnostic procedures [13].

Only diagnosis relevant image areas were uploaded to the VIPI forum in this study. The basic
selection of adequate diagnosis relevant ROl was done interactively prior to the consultation.

11
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The uploaded images underwent a more refined automated ROI selection after consultation.
An automated determination of ROl is a prerequisite to automated diagnostic support or
performance, independently from the applied algorithm [30, 38].

Even deep learning systems which might vary in their implemented algorithms commonly
require standardized input images, or are seriously handicapped by numerous, often not to
fulfil input events [39]. Images with small deviations from their average quality parameters
such as vignette, focus, grey value distribution can be ‘corrected’ and standardized in
relationship to the mean of all admitted images [24]. Running curves similar to those shown in
<Figure 7> can visualize extremes or images that have to be excluded from measurements
[30].

Image quality control running curves

Figure 7: Running curve of image quality measurements

Image measurements and interpretation should distinguish between extern information and
image content information. Extern information defines the objects of interest, for example
nuclei, cells, vessels, glands, etc. Image content information extracts the information without
interpretation, for example image primitives, pixel based entropies, or grey value related
features [11, 12, 15].

Having defined the nature of the objects, most algorithms measure features of the objects, for
example area, circumference, grey values, moments, entropies, etc., which group them to
specific object classes., The position of each object to another one, for example the nearest
neighbour, most similar neighbour, etc. is an additional discrimination tool which synthesizes so
— called structures.

Image content information is extracted by algorithms which do not require external information
and investigate in pixel derived features [11, 12, 15]. Such an algorithm is called texture analysis.

12
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It can be extended to detect and synthesize image primitives which can be agglutinated to intra-
image ‘information clusters’. These clusters can undergo similar investigations and might create
several ‘information layers’ [7, 14].

These algorithms have been reported to reliably define ROl with high accuracy and velocity. Our
results are in agreement with the results applied to tissue based measurements [22]. The
accuracy is close to 100 %.

Another approach is based upon image content information too. It calculates the primitives and
their entropy at each grey value level and, in addition, the entropy differences (including the
entropy current between the entropies of neighbouring grey value levels).

The underlying theory proposes that in linear time relationship entropy differences are related
to the velocity or strength of molecule binding of the underlying structures, [7]. The algorithm
measures the functional activity instead of the structure itself, and has been successfully tested
on developmental stages of chicken embryos and EGFR in breast carcinomas.

Our results indicate that image analysis of cellular functional activity might become an
appropriate tool for automated detection and classification in tissue — based diagnosis including
cytology.

In aggregate, several image analysis tools are ready to be applied in routine cytology diagnostics.
They consist of a chain of algorithms, which start with image quality evaluation and
standardization, followed by ROI detection, and finally analyze either detected objects and
structures, or image primitives which are derived from textures or from functional activity.

13
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Table 1: Survey of cases and consultation results

Total Cases Images Men Women Mean age Mean Age
47 463 27 20 54.5 65.4
Diagnoses correct probably undefined

4/5; 5/5 3/5 <3/5 (agreed experts)

30 14 3
Benign total definite probably

26 17 9
Malignant total definite probably

18 13 5

Undefined 3

Agreement of the five experts (maximum of agreed classifications)

Conformity 5/5 4/5 3/5 2/5
Cases 27 3 14 3
/

Agreement of experts and measurement classification

Conformity complete probably no support
Cases 25 13 9

14
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Table 2: Survey of image quality evaluation

Expert 1 2 3 4 5
Color

Diagnosis 1 4.58 7.75 7.5 4.82 7.0
Diagnosis 2 4.43 7.43 6.67 5.29 7.0
Diagnosis 3 5.64 7.33 5.73 5.58 7.56
Diagnosis 4 5.56 9.0 8.64 5.33 8.67
Mean 5.05 7.88 7.14 5.26 7.557
Focus

Diagnosis 1 5.0 7.15 7.06 4.47 6.82
Diagnosis 2 5.29 6.47 6.0 4.43 7.0
Diagnosis 3 5.18 6.67 5.0 4.83 7.44
Diagnosis 4 5.67 8.30 7.91 5.33 8.0
Mean 5.285 7.15 6.49 4.765 7.32

General Quality

Diagnosis 1 4.47 7.5 7.17 4.76 6.12
Diagnosis 2 4.0 6.14 6.60 4.86 6.44
Diagnosis 3 5.18 7.33 5.0 5.0 7.56
Diagnosis 4 5.78 8.90 8.36 5.22 7.73
Mean 4.86 7.47 6.78 4.96 6.96

15
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Table 3: Entropy diagnosis classification and accuracy of automated ROI

47 cases, 463 images (x10, x40, objective); diagnosis classification according to the relative
number of identical classified images per cases

Classified cases (only entropy curves, images / case)

— Allimages identical: 23 cases definite support
— >50% images identical: 18 cases probable support
— <50 % images identical: 6 cases no support (non defined)

Experts’ statement and measurement support:

Experts Increased probability by measurements

Probably benign 9 3 (indicating benign)
Probably malignant 5 1 (indicating malignant)
Undefined 3 1 (indicating benign)

16
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Table 4: Significant entropy features (useful in deep learning / multivariate statistical

discrimination analysis)

Algorithms
Entropies
*  MST (image primitives):
* Shannon (image primitives):

e MST (object related):
* Shannon (object related):

Entropy flows

* Recursive (image primitives):

* Shannon (image primitives):
¢ Shannon recursive maximum:
¢ Shannon recursive minimum:

Benign

0.350
6.050
3.179
6.317

0.259
0.108
1.249
0.169

Significance levels: *) p<0.05; **) p<0.01

Malignant

0.424 **)
5.421 *)
3.855 *¥)
6.060 *)

0.247

0.144 **)
1.610 **)
0.208 **)

17
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