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Comparison Between a Traditional
Single Still Image and a Multiframe
Video Image Along the z-Axis of
the Same Microscopic Field of

Interest in Cytology:

Which Does Contribute to Telecytology?
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Fhe limitation of evtologic still images is one of the reasons why
teleevtotogy has not met with widespread accepiaice by the eytol-
vy conummity. Cyvtologic sl image only displays a single depth
of field. and this is a particelarly aeute probiem in evtotogy where
the specimen is often much thicker than a single microscopic
depth of focus. In this article, we examine the validity of u
“reavis” videa of a microscopic field of interest.

After observing videos of fields of interest from 10 cases, five
cvtotechiologists reached suitable eytologic findings and diag-
aosed the fields correctly in great majority of cases. Five other
cviotechnologists, who looked only at a single representative
still image, condd not always make a corvect diagnosis. The dif-
ference bebween two observer groups was statistically significant
iy Wilcoxon's matched pairs signed-rank test.

Ihe results indicate that “z-axis™ video of microscopic field
of interest provides a similar experience to “focusing through™
ohyervation of the specimen under a microscope and  may
improve an accuracy of primary  telecyiodiagnosis. And wi
expect that video image telecxtology will strongly influence
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Although it has passed more than 10 years since the intro-
duction of still image telecytology for routine cases in
Japan.' this technology has not met with large scale accep-
tance.” ™ In each country or community, there might be
various factors influencing the penetration of telecyiology.
However. we have often heard that one of the reasons is
that a static image system only provides limited informa-
tion (o the consulting cytopathologist. In particular, a cyto-
pathologist worry that a still image can merely provide an
image of a single focus plane, whereas the cells and cell
clusters have obvious three-dimensional structure.

In this study, from the viewpoint of cytodiagnosis, we
have planned (o compare a multiframe video image along
the z-axis with a waditional single frame image of the
same microscopic field. We expect that the z-axis video
image would overcome some limitations of single frame
telecytology system, by a similar experience of “focusing
through™ microscopic observation.

Materials and Methods

Materials

From various specimens ol cytology cases in Hokkaido
Cancer Center, one of the authors, Yamashiro. selected
and picked up 10 cell clusters. They had distinet cellular

featwres and the cytologic findings were better appreci-

Diagnostic Cyvtopathology, Vol 37, No 10 o
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Summary of Cases

Case Specimen Nionher of franies Dagiosiy Cyiologic findings

1 thyroid aspirate 47 papilian carcmoma intranuclear extoplismic inclusion

B breast aspirate 52, ductal carcinomia mitracy toplasmic lomina

3 breast aspirate 81 ducial carcimoni cribriform pattern

- breast aspirae 28 fibroadenoma myocpithehum and bipoka stromal cells

X plevral effusion 39 mialienant mesothelionia cytoplasmie villous projection and nucleus
(8 asvites 38 adenocarcinomi, (clear cell type) clear evtoplism and nuclens

7 urine 20 BK virus infection nucleus with liguetied chromatin in miosaic
8 bronchial hrushing 25 adenocarcinonma intranuclear cytoplasmic inclusion

9 ulerine cervin 36 CIN. ) stratined clustered cells with high NC ratio
10 HICTING COrpus A2 adenocarcinoma. endometrium stratified clustered cells with high NC ratio

@ Awio DL Camens Pt ag  hrdam

Fig. 1. Deskop image for capturing microscopic video movie. Asto HDC 4.0 displavs 1.280 > 960 pixels size video preview window, which shows

real-time microscopic field mpuat through the 11
in the online ssue, which is available at www interscience.wiley.com, |

ated by “locusing through™ observation, which is chang-
ing the depth of focus. All glass slides were stained by
Papanicolaou stain. Each cell clusiers were exhibited on a
computer screen showing continuous transition of depth
of focus and were captured and saved as z-axis video
files. Table | shows the summary of the cases.

Svsten

The imaging sysiem for the study includes a Scorpion
20S0OC digital camera (Point Grey Rescarch Inc., Rich-
mond. BC. Canada) attached to an Nikon Eclipse micro-
scope (Nikon Corp.. Japan) and relies on Astro 1DC

728 Diggnostic Cytopathology, Vol 37, No 10

13944 cable connecting the digital camera attached with a microscope. |[Color figure can be viewed

(ASC Inc.. Calgary, AB. Canada) as an application soft-
ware for capturing a microscopic video image (Fig. 1).
The objective lens was a Nikon Plan Apo 40> and the
resulting  pixel  resolution  (sampling  period)  was
0.18 pm/pixel. The video [rume size was 1.280 X 960
pixels and the frame rate was 15 (ps. H.264 was used
for video compression. During video capture, microscope
stage wis moved in c-axis direction by hand  with as
constant speed as possible, not with a motorized stage.
The video files were repeatedly played forward and then
backward, with QuickTime Pro (Apple Inc.. Cupertino.
CA) (Figs. 2 and 3).



/ k&

Fig. 2. The video files are repeatedly played forward and then backward.

with QuickTime Pio. Frame number 18 of video image of case 2 is pre-

wented. Arrow indicates frame number, [Color tignie can be viewed in
the online issue. which is available at www.interscience.wiley.con. |

Fvaluation Methods

Five eytotechnologists (A, B, C. D. E) observed the video
images one by one and were asked (o deseribe a eylologic
diagnosis. the cytologic findings contributing o the diag-
nosis. and the video frame number that was most useful
(containing the most useful findings) for arriving at their
diagnoses. Based on the above results Yamashiro chose a
representative stll image (a single video frame) for cach
licld (case). When two or more cytotechnologists selected
the same (rame number, that frame was chosen as repre-
sentative.  When the five observers selected  different
frame number, the median of frame number was chosen
as representative.

Then. independently, five other cytotechnologists (F. G,
H. 1. 1) observed the above representative still images one
by one and described a cytologic diagnosis and cylologic
findings related to the diagnosis. We made use of Inter-
cooled Stata 8.2 for Mucintosh. Stata Corporation. USA
1o compute the statistics.

Results

Table 1 showed the selected frame number as representa-
tive image by video observers. Underlined numbers were
decided as representative based on the above rule. In six
cases. more than two observers selected the same frame
exhibiting distinctive cellular features. In four cases, cach
observer chose a different frame.

Table U1 showed the comparison of accuracy in ¢yto-
dingnosis between video observers and still image obsery-
crs. Dingnoses by all video observers were equal to those
of the case presenter in seven cases. Cytodiagnoses by all
still image observers, however. agreed to those of case

Divgnostic Cytopaihology DOL 10.1002/de
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4 oee o>

Fig, 3. Irame number 42 of video image of case 2 shows clearly many

intracytoplasmic lumina in breast cancer cells, Arrow indicates frame
number. [Color ligure can be viewed in the onhine issue. which is avail-
able at www.interscience.wiley.con. |

presenter only in four cases. In hive cases. the number of
diagnosticians with correct diagnosis was equal in two
groups. In remaining five cases, the accuracy of video
observers was superior (o those of stll image observers,

Table 1V showed the comparison of accuracy in ¢yto-
logic findings between video observers and still image
observers. The results were wmuch the same shown in
Table . According 10 Wilcoson's matched pairs signed-
rank lest. in both cytodiagnosis and cytologic findings, the
differences between (two observer groups were statistically
signiicant, P = 0.0271 and 2 = 0.0165. respectively.

As a supplementary information. we showed the results
ol individual observers (Table V). Two video observers
and one still image observer agreed with the case pre-
senter on both eytodiagnosis and cytologic findings in all
cases. whereas (wo still image observers made correct
diagnoses in only five cases. There were no statistically
significant dilferences between the mean accuracies ol
cytodiagnosis and  cytologic  findings ol (two  aobserver
groups, £ = 0.1202 and P = 0.1292. respectively.

Discussion
In 1997, we started primary cytodiagnosis of routine cases
by (elepathology in Japan.' It was performed as follows;
alter microscopic observation of cytology glass slides by
a cytotechnologist, he or she took digital still images of
cells showing abnormal features and sent them to a cyto-
pathologist via the internet. The cytopathologist at the
remote site received them and made a diagnosis by look-
ing at digital still images.

To our regret. the similar practices have been scarcely
rclc;lxc{d and il was hard 1o say that telecytology had

Diagnostic Cytopathology, Vol 37, No 10 T2
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Tabie 11,
Observers

Selected Frame Number as Representative Image by Video
[ g¢ by

Fable IV, Comparison of Acumacy i Cytologic Findings between
Video Observers and Sull Image Observers

Case Sclected frame nunber
! (53 0 SISl IS
2 42,42.38,32. 39
3 30, 56. 56, 35. 39
4 8. 22,206, 24, 5
5 7
O
7
b
0 ‘ 18. 17. 20. 26, 18

10 23.21,24.22. 19

Selected frame number: Underlined numbers are decided as representi-
tve from the result

Fable 1. Comparison of Acuuracy in Cytodiagnosis between Video
Observers and SHll Image Observers

Numiber of abservers agreinge with case preseiicy

Carse Video observers Sutl {mage observers

ol O —
Ia g un

S 0~
noth

10

)
A "
N P La de e B b e

Table V.
Findings

Results of Individoal Accuraey in Cytodiagnosis and Cytologic

Nianher of observers agreinge with case presenter

Number of accurate diagnosis

Cuse \wdeo observers Still image ohservers Ohserver Cyiodiagnosis Findings
| ] ) A 10 10
2 3 5 3 8 9
3 5 5 C 10 10
4 4 4 D Y 9
5 3 1 12 Y 10
O ) 3 I 10 10
7 ) 3 G 5 5
8 4 3 H 0 9
) S 4 I 9 9

10 S R ] 5 5

smoothly developed,” © We sometimes laced the criticism
that eyiotechnologist might not always pick (sample) the
important
in teleeviology diagnosis. In addition, we have also heard
people say that it was impossible (o adequately express
three-dimensional structure ol cell cluster as a single still
image. Indeed. we have been concerned that those well-
known criticisms may prevent telecyiology from being
accepted by the cytology community. Although it is an
essential issue that it would be difficult 10 represent a
complex  three-dimensional - structure in- o single  still
image (of limited depth of field), this has not been defini-
tively recognized as a diagnostic weak point, for a long
tfime. Therefore. we decided 1o conduct the experiment
comparing the diagnostic utility of z-axis video and a rep-
resentative single frame, still image, and it showed some
interesting results as follows.

By looking at a z-axis video. the diagnosis and cytologic
findings by five cytotechnologist were much the same or
Jargely equivalent to those of a cytopathologist using a
microscope. They were much better than those of a group

cells  showing  the  most abnormal  feature

of five cytotechnologists viewing only a representative still
image of the same fields and the difference was statistically
significant (vide supra. results). Indeed. our results are

based on the small number of cases and clinical validity of

--axis video n eytology is not clear yer. However, we gol

730 Diagnoste Cvtopathology Vol 37, No 10

the positive prool of investigative promotion ol a new
diagnostic modality in telecytology.

It is very interesting that cytotechnologists tended 1o
select the same (or very close) video frame as the most
diagnostically useful or representative image (Table 11).
This is also interpreted as a proof that cytotechnologists
can pick up a cytologic still image containing suitable
features from three-dimensional cell cluster. However, if
you ask a question whether other cytotechnologists
can understand the findings on that representative still
image and make an accurate diagnosis. we cannot bul
say “No.™ In addition to that, there may be an interop-
server difference, thai is, the results of some observers
were not 5o good. but those ol others were satisfactory
(Table V).

We doubt that the difference may be caused by the indi-
vidual observers' expericnees in various specimens or in
observing the digital images. Concerning the cases result-
ing in lower percentage of correct diagnosis, for example,
cytoplasmic villous projections of pleural mesothelioma
and intranuclear cytoplasmic inclusion of lung adenocarci-
noma are well-known. but might not be familiar to cvery
C)'l(‘rlCChl\OlOgi.\‘l.ry'x So. some observers viewing only a still
image could not make a correct diagnosis in above cases.
Of course, this is a mere guess.



We should face up 1o the facts that z-axis video more
closely resembles the experience of microscopic observi-
tion and that the z-axis video contains a great deal of infor-
mation. We have realized that primary telecytodiagnosis of
routine cases should be performed in consideration of the
above results. Needless 1o say, still image telecytology
remains useful among experienced observers. We  also
expeet that z-axis video telecytology will bring about the
sood effects especially on both education and  training
processes. because the experiences in cytology and digital
images ol atiendees may be so various,

Virtwal microscopy or whole slide imaging, WSI using
stacked image files or local multiframe scanning may pro-
vide the similar enviconment for evtology.” " Some WSI
scanners are capable ol composing a three-dimension-like
image by using multifocus frame images, and others can
create a multitayer scanning image. which. for example.
are stacked 10 layers cach 2 pun apart along the z-axis.'”
Indeed, Dee et al.'™ have reported the three-dimensional
WST system was useful Tor the education and testing of
cervical cytology, However, will we use (he system for
the eyvtadiagnosis or consultation of routine cases?

We know well that there is a great variation i the
thickness of cell clusters. So, it is very difficult (o deter-
mine in advance the number of times a WSI robot should
scan the microscopic image layers. Furthermore. in our
expericnces. the current WSI z-stack  image  does not
always express the cellular details like a z-axis video file.
Finally. the multilayer image file creaied through 40X
objective lens is so large as 10 GB per a slide, for exam-
ple. and it takes several hours to scan a cytologic slide. "
When we think of various specimens including  liguid-
based cytology. we grieve over many technical problems
which should be solved before WSI automatically runs
[or scanning of routine cytology slide. ndeed.

We believe that a WSI system will be able to create high-
resolutional, well-focused. muliilayer images efficiently
cnough o allow routine clinical use in the future. At pres-
ent. however, il you hope to make a three-dimensional
image from a single cytologic field. we-recommend captur-
ing a z-axis video image. This seems 1o be simplest. cheap-
est. and most fexible method. It only takes 3 min to create
a video image fle, which include the time for capturing.
editing. compression, and checking. Final size of the video
file composed of 20 frames with 1.024 X 768 pixels is usu-
allv around 3 MB. or 7 MB at the maximum. for example.

We do not claim that telecytology aiming at the diag-
nosis of routines cases should be immediately performed
by c-axis videos instead of traditional still images. In
some situations, it may promise to serve the better diag-
nostic results than a single frame telecytology. of course.

Diagnostic Cytopathoiopy DOL 1010024de
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However. for the present. il z-axis videos are added to

stll images i the education and training  process  lor
students and specialists in cytology, we expect that the
educational outcome will be increased and that they wili
become well-disposed toward the digital cell images on «
computer monitor, We are going to implement the z-axis
video image in addition (o our current web-based still
image teleeytology system for education and training.
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