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Cytodiagnosis through use of a z-axis video by volunteer observers: a promising tool for external quality
assessment

Objective: This study examined whether cytological diagnosis through the use of a video, which shows

the changing depth of focus in the microscopic field, described as a z-axis video, is useful compared with a
still image.

Methods: From 17 cytology preparations of fine needle aspiration of the breast, we made six z-axis videos per
case. A frame exhibiting the characteristic features was then extracted from each video and saved as a
representative still image. One hundred and twenty-eight volunteer cytotechnologists were randomly divided
into two groups of video observers and still image observers. The participants were asked to make a diagnosis
of benign, indeterminate, suspicious or malignant without having any clinical information other than the age of
the patient. Diagnoses were categorized as ‘recommended’ or ‘unacceptable’ according to degree of correlation
with histology.

Results: The number of definitive diagnoses of ‘benign’ or ‘malignant’ were increased in video observers, and
indeterminate or suspicious categories were decreased (P = 0.013). The distribution of diagnostic categories in
three of the 17 cases was significantly different; the distribution in the remaining cases was similar between the two
groups. The z-axis video observers may have selected the definite diagnoses with confidence because they observed
valuable microscopic findings by focusing through observation’. The average number of ‘recommended’ diagnoses
by individual observers was significantly higher in the video observer group than in the still image observer group .
(P = 0.016). In contrast, the average number of ‘unacceptable’ diagnoses was significantly lower (P = 0.019).
Conclusions: A z-axis video is easy to obtain and is therefore expected 1o become a powerful diagnostic modality
for the external quality assessment of clinical cytology and even in the field of primary cytodiagnosis.

Keywords: cytology, fine needle aspiration, breast, external quality assessment, video, z-axis, microscopy,
telepathology, telecytology

images via the internet has established the practical
field of telepathology.'? Although the application of
Digital image technologies have been applied in this process to cytology has been put forward as
various medical situations, and sharing microscopic telecytology, its use is not yet widespread.>”!' Some
have noted that a still image hinders the growth of
telecytology'? as it merely provides an image of a

Introduction
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Katsushige Yamashiro, Division of Pathology, Hokkaido single foc-us plane, w{lereas‘ the cells and cell clusters
Cancer Center, Kikusui 4-2, Shiroishi-ku, Sapporo 003-0804, have obvious three-dimensional structures.

Japan However, new devices such as virtual micros-
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imaging along the z-axis,'” have been introduced and
may solve those problems. This study investigated
whether a video cell image with changing depth of
focus is useful for the external quality assessment of
the cytological diagnosis compared with a still image.

Methods

Observation objects

Seventeen cytology specimens from fine needle
aspirations of the breast, which had been stored in
the Division of Pathology in the Hokkaido Cancer
Center, were selected for this study. All glass slides
were stained with the Papanicolaou method. Many
specimens had been directly spread onto glass slides
and some had been prepared by the SurePath® liquid-
based cytology method. The diagnosis of each case has
been: confirmed by histological examination. Six
microscopic field images showing distinct cytological
features were obtained per case on video while
changing the depth of focus {described as a z-axis
video) with an objective lens of x10 and x40.

The microscopic video images were recorded with
an IIDC camera, Scorpion 20SOC (Point Grey
Research, Richmond, BC, Canada), which was con-
trolled by Astro IDC 4.0 (ASC Inc., Calgary, AB,
Canada). The depth of microscopic focus was changed
by hand with as constant a speed as possible. The
movie files were trimmed and encoded by QuickTime
Pro (Apple Inc., Cupertino, CA, USA). Finally, z-axis
videos were prepared as QuickTime movie files with
24-bit depth RGB colour, 1024 x 768 pixels, 15 fps
and H.264 video compression. The average size of the
z-axis videos was 5.7 MB, ranging from 1.3 to
11.3 MB. A frame expressing the most characteristic
feature was saved from each video file as a represen-
tative still image.

The recommended cytodiagnosis of each case was
determined prior to the study from four diagnostic
categories: benign, indeterminate, suspicious and
malignant. ‘Indeterminate’ approximately corresponds
to the term ‘atypical’ often adopted in other countries.
The details of correlation between diagnostic catego-
ries and histological diagnosis is shown in Table 2.

Observers

Two hundred and sixty-eight cytotechnologists living
in Hokkaido, Japan, were invited to participate
voluntarily in this study. There were 175 responses,

Cytopathology 2011, 22, 88-94 © 2010 Blackwell Publishing Ltd
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and 128 cytotechnologists agreed to be volunteer
observers. After preparing the distribution of partici-
pants’ characteristics, consisting of their career as a
cytotechnologist, experience in breast aspiration
cytology and familiarity with digital imaging technol-
ogy, they were randomly assigned to two observer
groups.

Compact disks containing z-axis videos were pro-
vided to one observer group, while the other observer
group received a CD containing the still images. A
z-axis video observer was provided with “ocusing
through observation’ using QuickTime Player, which
could be played forwards and backwards repeatedly.
QuickTime Player was a free download from the
website of Apple Inc., and was provided on the CD for
Windows users. Neither the computer or the monitor
was prepared for the observers and they observed
z-axis videos or still images on their own monitors.

The observers in each group were asked to select a
diagnosis for each case out of the four diagnostic
categories, without any other clinical information
except the age of the patient. The observers were
forbidden to consult with their colleagues or friends
about the cases. '

Evaluation methods

The distributions of the diagnostic categories selected
by observers were compared between the two
observer groups. In addition, the observer’s diagnostic
category was also compared with the recommended
diagnosis determined in advance. If the observer’s
diagnostic categories were consistent with the histo-
logical diagnosis of benign or malignant, they were
evaluated as ‘recommended’ (for some specific histo-
logical diagnoses ‘intermediate’ was included in this
category with ‘benign’), and if they disagreed by two
or more categories they were evaluated as ‘unaccept-
able’ (Table 2). The Intercooled Stata 8.2 software
package for Macintosh (StataCorp LP, College Station,
TX, USA) was used to compute the statistics.

Study management

The study plan was evaluated by the Ethics Review
Committee of the Hokkaido Cancer Center and
approved in June 2009. An administration group
independent of the researchers managed the study
data and none of the researchers could access the
personal data, including who participated in the
study.
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Results

One hundred and twenty-seven replies were obtained
from volunteer observers, and 125 answers without
any inadequate descriptions were selected for the
analysis. The details of the observers are shown in
Table 1. The characteristics of the observers, including
their time in cytopathology practice, were established
on the basis of information provided by themselves in
the application forms used for their participation in
the study. Table 2 shows the results of observers’
diagnoses. The upper row shows the number of still
image observers and the lower row shows the number
of z-axis video observers. The overall distribution of
diagnostic categories of the two observer groups was
significantly different (P = 0.013). The z-axis video
observers made many definitive diagnoses of ‘benign’
or ‘malignant’ and few indefinite diagnoses of ‘inde-
terminate’ or ‘suspicious’, in comparison with the still
image observers. The same tendency was observed in
three cases {(cases F, G and P), while the differences
between the two observer groups were not statistically
significant in the remaining 14 cases.

Both ‘recommended’ and ‘unacceptable’ diagnoses
were examined to evaluate diagnostic accuracy and
the same three cases (F, G and P) were found to be
different between the two observer groups. Table 3
shows the frequency of observers for the number of
recommended diagnoses. The mode of recommended
diagnoses of the z-axis video observers was 15, while
that of the still image observers was 13. The mean of
the video observers was 13.65 and that of the still
image observers was 12.63. The difference was statis-
tically significant (P = 0.016). The table also shows
the frequency of unacceptable diagnoses. The modes
of the z-axis video observers and still image observers
were 1 and 2, respectively. The mean of the video
observers was 1.21 and that of the still image observers

Table 1. Features of observers (based on sell-assessment)

was 1.65. The difference was statistically significant
(P=0.019).

The cytological characteristics of cases F, G and P
were reviewed (Figures 1--3). It was difficult to deter-
mine the cytodiagnosis depending only on the nuclear
atypia. Changing the depth of focus revealed the
bilayer structure containing myoepithelial cells in case
F, and confirmed the intracytoplasmic lumina in case
G. A cribriform pattern was easily detected by ‘focus-
ing through observation’ in case P.

The technical appraisals by observers were collected
as a questionnaire (Table 4). There were 96 answers
from the participants. The time required for deter-
mining diagnoses by a z-axis video observer was
significantly prolonged compared with a still image
observer (P = <0.001). Though there were quite a few
observers who found difficulty in working with a
z-axis video (P = 0.086), the operation of image files
was generally accepted favourably by each observer
group.

Discussion

The use of digital images has increased in the field of
clinical cytology and still image telecytology has been
introduced.?>™'? Virtual microscope scanners in clinical
cytology have also been developed and telecytology
using virtual microscopy will be available in the near
future.!> ! However, the applicability of this diag-
nostic modality remains unclear. On the other hand,
the use of video images with changing depth of focus
along the z-axis is an attractive modality. A previous
report suggested that z-axis video observation was
superior to still image observation for diagnostic
accuracy.'” However, that report might be regarded
as a technical introduction to this new device without
any definitive conclusions, because the results were
derived from a small number of participants who were

Career as
cytotechnologist .
(years) Experience in breast FNA cylology Faniiliarity with digital images of cytology
> 1 case every Inter- Occasional cases > 1 case every Inter- Occasional cases
<3 3-10 >10 [ew weeks mediale per year few weeks mediale per year
Still image 9 14 39 32 17 13 8 11 43
observers
z-axis video 9 15 39 34 16 13 9 12 42
observers

Cytopathology 2011, 22, 88-94 © 2010 Blackwell Publishing Lid
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Table 2. Comparison of distribution of cytodiagnoses by two observer groups

Cytodiagnosis by observers

Case Histological diagnosis Benign Indeterminate Suspicious Malignant P-value
A Intracystic papilloma** 26 27 7 2" 0.306
33 26 2 2"
B Fibroadenoma 61 0 0 1° 0.135
60 3 [¢] 0
C Ductal carcinoma 0 1 6 55 0.401
0 4 6 53
D Malignant lymphoma 0 0 0 62 0.496
0 0 2 61
E Ductal carcinoma 2 14" 28 18 0.57
4 10° 26 23
F Fibroadenoma 27 19 10" 6" 0.02
40 19 3* 1"
G Lobular carcinoma 1 2 22 37 0.007
0 5" 7 51
H Phyllodes tumour** 49 6 5 b 0.907
51 7 4 17
1 Lobular carcinoma 0 0 8 54 0.352
0 2 9 52
J Ducial carcinoma 0 1 8 53 0.622
1 1 5 56
K Mucinous carcinoma 2 6 7 47 0.464
0 7 5 51
L Ductal carcinoma 1" 3’ 3 55 0.795
0 3" 3 57
M Intracystic papilloma** 17 34 6 5° 0.938
19 31 7 6
N Ductal carcinoma 0 * 13 46 0.849
0 2" 12 49
o Lactational change** 26 20 6 10" 0.96
29 20 5 9"
P Ductal carcinoma 6 28" 15 13 0.003
7" 14° 10 32
Q Ductal carcinoma 1" 3 8 50 0.171
0 1° 3 59
Total 219 167 152 516 0.013
244 155 109 563

Upper row: number of still image observers. Lower row: number of z-axis video observers.
“Unacceptable, deviation from ‘recommended cytodiagnosis’ by 2 + categories.
""Cases in which ‘recommended cytodiagnosis’ includes ‘benign’ and ‘indeterminate’.

P-value: according to Pearson’s chi-squared test

all quite familiar with digital cell images and the
images used were diverse. Therefore, the current
study was designed to address those issues.

The distributions of diagnostic categories between
z-axis video observers and still image observers were
significantly different in the current study and it was
suggested that the z-axis video observers tended to
select a more definitive diagnosis. Closer examinations

Cylopathology 2011, 22, 88-94 © 2010 Blackwell Publishing Lid

of individual cases revealed no difference in 14 of 17
cases. However, the diagnostic categories in three
cases were clearly different between two groups. Still
image observers’ diagnoses tended 10 remain indefi-
nite because the nuclear atypia of cells in these three
cases was obscure, whereas z-axis video observers
selected the definite diagnoses with confidence
because they easily obtained valuable microscopic
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Table 3. Number of recommended and unacceptable cytodiagnoses by each observer

Group Observers Mode Mean
Recommended cytodiagnosis*

Still image 62 13 12.63
z-axis video 63 15 13.65
Unacceptable cytodiagnosis**

Still image 62 2 1.65
z-axis video 63 1 1.21

Standard 95% confidence P-value
deviation interval (r-test)
2.39 12.02 13.24 0.016
2.27 13.08 14.22

1.12 1.36 1.93 0.019
0.94 0.97 0.80

*Recommended cytodiagnoses (includes some ‘indeterminate’ with ‘benign’, see Table 3).

**Unacceptable, deviation from recommended cytodiagnosis by two or more categories.

.. e

Figure 1. A z-axis video of case F, fibroadenoma. There is a
cell cluster containing piled large nuclei accompanied by
myoepithelia, showing so called ‘bilayer structure’.

“ o p o *

Figure 2. Az-axisvideo olcase G, lobular carcinoma. There are
cell clusters containing small but high N/C ratio hyperchro-
matic nuclei, also sometimes showing intracytoplasmic lumina.

e N S

Figure 3. A z-axis video of case P, ductal carcinoma. There is
a cell cluster containing many globular acellular spaces,
showing so called “cribriform pattern’. However, the nuclei
are relatively small and uniform.

findings such as bilayered structure, cribriform pattern
or intracytoplasmic lumina, by ‘focusing through
observation’. Similarly, the z-axis video observers
were more likely to make recommended diagnoses
than the still image observers, and less likely to make
unacceptable diagnoses with the same three cases
(cases F, G and P).

The experiment randomly assigned participants to
the two observer groups to avoid maldistribution of
observer characteristics. The study has proved the
expectations of quality assessment and education
suggested in the previous report, based on objective
data. Therefore, a z-axis video has an advantage over
still images as a tool for external quality assessment.

The major objectives of external quality assessment
of clinical cytology are to monitor and improve the
consistency of cytodiagnosis and to attain these goals

Cytopathology 2011, 22, 88-94 © 2010 Blackwell Publishing Ltd
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Table 4. Results ol questionnaire concerning technical appraisal ol image observation by participants

How did you feel about working with the

image files?

Some dilficult

Dilficult

How long did it take you to decide
the diagnoses?

P-value

Easy < 1 hour 1-2 hours > 2 hours P-value
Still image observers 46 3 0 0.0857 24 19 6 <0.001
z-axis video observers 37 9 1 6 24 17

P-value: according to Pearson’s chi-squared test.

it is necessary to observe cell images in various
situations.'® 2% Glass slides are the optimal tools for
this purpose, but there are considerable limitations to
their use. Printed images or digital files on the internet
have been used in some large-scale evaluations instead
of glass slides. However, many have objected to the
limitations posed by observation of a single focus plane
image of cells, which have a three-dimensional struc-
ture.'? Therefore, a video image with changing depth of
focus might be adopted to achieve that aim. Of course,
glass slides cannot be replaced by z-axis videos in all
situations of external quality assessment, but they
could frequently provide a viable alternative.

The current study provided CDs containing cell
images to observers. However, z-axis videos can be
downloaded via the internet easily because the aver-
age size of movie files was 5.7 MB. The equipment is
simple and consists of a personal computer, IIDC
camera, relay lens, microscope and some application
software. It costs less than $4 000 US dollars for all of
the components other than the microscope. Further-
more, it takes only 2 minutes to prepare a z-axis video
file including recording, trimming, resizing, encoding
and verifying. Therefore, the external quality assess-
ment of clinical cytology through the use of z-axis
videos can be carried out immediately and remotely.

As clinical cytology examines three-dimensional
structures, virtual microscope scanners have recently
made dramatic improvements. Z-stacked images can
be made quickly, and browsing devices can smoothly
handle the images. Though there are still many
hurdles to clear before virtual microscopy contents
can be freely disseminated via the internet, these
obstacles are all expected to be overcome in time.
However, z-axis video is a currently acceptable tool for
external quality assessment and education, and its
application should therefore be recommended.

This study does not question the validity of still
image telecytology. It only showed the experimental
results obtained from a study consisting of volunteer
observers and did not deny the significance of still

image observation itself. On the contrary, some still
image observers showed an excellent diagnostic accu-
racy. Still image telecytology continues to be based on
the expertise and ability of observers and technicians.
The use of z-axis videos in the future is therefore
expected 1o support their efforts, either directly or
indirectly, as the need arises.
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External quality assessment report of histopathological staining through
use of virtual slide in Hokkaido

Manabu AZUMA"”  Katsuji MARUKAWA?  Atsushi NAKAMURA”
Hiroki TANAKA®” Kyougo AZUMA® Katsushige YAMASHIRO®

1) Department of Clinical Labolatory, National Hospital Organization Hokkaido Cancer Center (4-2, Kikusui, Shiroishi-ku, Sapporo-shi, Hokkaido, ¥003-
0804, Japan) 2) Department of Pathology, Hokkaido University Hospital 3) Department of Pathology, Sapporo City General Hospital

4) Department of Clinical Labolatory, Municipal Otal Hospital 5) Department of Pathology, Sapporo Medical University Hospital

6) Department of Pathology, National Hospital Organization Hokkaido Cancer Center

Objective - We examined to display the microscopic images through use of virtual slides via Internet in order to deepen our
understandings of the report on external quality assessment of histopathological staining.

Methods - Hokkaido Association of Medical Technologists hold the 8 th Staining Competition on the theme of Giemsa staining
in December 2008 and 33 histopathological laboratories participated. We distributed the virtual slide images made from each glass
slide stained by individual participants via Internet and also mailed the printed assessment reports to them. Afterward, we send the
questionnaire about the reporting style of quality assessment.

Results - In 30 of 33 institutions the medical technologists were able to utilize the Internet from the work place. In 28 institutions
participants agreed that it is easier to appreciate the contents of assessment report by adopting the above reporting method. Thirty
participants hoped to'keep it on in future. From the results of questionnaire we thought that the participants favorably react to the new

reporting method.
Conclusions - Participants could compare the own staining and the others stained by anyone else through observing the virtual -

slides via Internet accompanied with printed assessment reports, and easily understood the assessment. Therefore, we conclude that
the external quality assessment of histopathological staining using virtual slide system should be recommended.
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