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Background: It is anticipated that many licensing examination centres for pathology will begin fully digitizing the certification exami-
nations. The objective of our study was to test the feasibility of a fully digital examination and to assess the needs, concerns and
expectations of pathology residents in moving from a glass slide—based examination to a fully digital examination.

Methods: We conducted a mixed methods study that compared, after randomization, the performance of senior residents (postgrad-
uate years 4 and 5) in 7 accredited anatomical pathology training programs across Canada on a pathology examination using either
glass slides or digital whole-slide scanned images of the slides. The pilot examination was followed by a post-test survey. In addition,
pathology residents from all levels of training were invited to participate in an online survey.

Results: A total of 100 residents participated in the pilot examination; 49 were given glass slides instead of digital images. We found
no significant difference in examination results between the 2 groups of residents (estimated marginal mean 8.23/12, 95% confidence
interval [Cl] 7.72-8.87, for glass slides; 7.84/12, 95% CI 7.28-8.41, for digital slides). In the post-test survey, most of the respondents
expressed concerns with the digital examination, including slowly functioning software, blurring and poor detail of images, particularly
nuclear features. All of the respondents of the general survey (n = 179) agreed that additional training was required if the examination
were to become fully digital.

Interpretation: Although the performance of residents completing pathology examinations with glass slides was comparable to that
of residents using digital images, our study showed that residents were not comfortable with the digital technology, especially given
their current level of exposure to it. Additional training may be needed before implementing a fully digital examination, with consider-
ation for a gradual transition.

he evolution of information technology has revolu-

tionized the practice of pathology. After years of tra-

ditional practice using glass slides, we are stepping
into a new era of digital images and telepathology.! Digital
pathology can be defined as an image-based information envi-
ronment enabled by computer technology that allows for the
management of information generated from a digital slide.
Digital pathology is enabled in part by virtual microscopy,
which involves the conversion of glass slides into digital slides
that can be viewed, managed and analyzed.>* The range of
applications of digital pathology is wide and includes pri-
mary diagnosis, intraoperative and remote consultation
through telepathology,** quality assurance, archiving, educa-
tion and conferences, examinations, automated image analysis,
research and publishing."’
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Traditionally, education and training in pathology have
been delivered using glass slides and conventional microscopy.
Recently, there has been a gradual switch to use of digital
images and Web-based pathology resources at the different
levels of medical education, from teaching medical students to
residents.® Whole-slide imaging technology allows glass slides
to be scanned and viewed on a computer screen at different
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magnifications as an exact replica of the glass slide. This tech-
nology has created enormous opportunities in pathology
training and education.” Several major initiatives are also
underway that introduce online competency and diagnostic
decision analysis using virtual microscopy, which have impor-
tant future roles in accreditation and recertification.'

For examination purposes, replacing glass slides with digi-
tal whole-slide scanned images offers a number of advantages,
including a wider range of case selection and the availability of
rare cases and small biopsy specimens, from which it is diffi-
cult to obtain multiple identical copies for a glass slide-based
examination. Use of digital slides also allows easier handling
and storage and ensures uniformity of the examination for all
candidates. Furthermore, it eliminates the need to carry a
microscope to the examination centre. There are, however,
challenges experienced with digital pathology in general,
including quality of images,'! ease of navigation and the unfa-
miliarity of many pathologists and pathology residents with
the technology."'> Another concern is the authenticity of digi-
tal images and the ability to alter their details.!’!314

Residency training in anatomical pathology in Canada is a
S-year program, with 4 years devoted to pathology. Training
is conducted mainly through the traditional approach of the
resident shadowing an attendant pathologist in evaluating
glass slides using conventional light microscopes. Exposure to
digital pathology varies among the different centres.

At the end of training, residents are required to pass the
Royal College of Physicians and Surgeons of Canada’s certifi-
cation examination to obtain a licence for independent prac-
tice as a specialist in pathology. In the past, the practical com-
ponent of the examination involved assessment of glass slides.
Currently, certain components of the examination, including
slides used for oral discussion, gross pathology and cytopa-
thology, have involved digital whole-slide scanned images.

It is anticipated that the Royal College certification exami-
nation for pathology will be fully digitized. Before imple-
menting this change, it is essential to test the feasibility of this
examination method and to understand fully the needs, con-
cerns and reaction of residents toward this emerging technol-
ogy. The aim of our study was to test the feasibility of a fully
digital examination by comparing the performance of senior
pathology residents in completing the examination using glass
slides versus digital images and to test whether more time is
needed to navigate through digital images. We also assessed
the needs, concerns and expectations of pathology residents in
moving to a fully digital examination.

Study design
The mixed methods study consisted of 2 parts. First, we com-
pared the diagnostic performance of senior residents (postgrad-
uate years 4 and 5) in anatomical pathology using glass slides
versus digital images through a pilot examination in 7 accred-
ited anatomical pathology training programs across Canada.
"The second portion of the study consisted of an online sur-
vey with 2 parts. The first part (general) was open to residents
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from all levels of training (postgraduate years 1to 5), and the
second part (post-test) was restricted to the residents who
participated in the pilot examination.

The study was approved by the Research Ethics Commit-
tee of St. Michael’s Hospital.

Participants

There are 9 accredited anatomical pathology training pro-
grams in Canada. We recruited residents at 7 of the programs
(University of British Columbia, University of Calgary, West-
ern University, McMaster University, University of Toronto,
University of Montréal and Dalhousie University). Two cen-
tres were excluded from the study because of an insufficient
number of participants for randomization purposes.

Participants in the pilot examination (residents in post-
graduate years 4 and 5) were recruited through a general
email sent by the director of each participating program. The
residents were asked to respond directly to the study coordi-
nator; their responses were not available to the program
directors, and the program directors did not influence the res-
idents to participate in the study.

Invitations to participate in the online survey were emailed
to residents in anatomical pathology in all years of training
(postgraduate years 1 to 5) at the 7 participating centres. A
separate section of the survey (post-test) was open only to res-
idents who had participated in the pilot examination.

Residents were not compensated for their participation.

Slide examination

In the pilot examination, we compared the diagnostic perfor-
mance of the senior residents using glass slides versus digital
images of the slides. The residents from each centre were ran-
domly assigned into 2 groups. Half of the residents from each
program were given glass slides to assess, and the other half
from the same program performed the test using a digital ver-
sion of the identical set of slides. The examination was admin-
istered under the supervision of a staff pathologist, and the
digital slides were accessible through a central server.

In an attempt to simulate the Royal College examination as
much as possible, 24 slides were carefully selected from a large
database of examination-style slides, provided by participating
examination committee members. Case variety included
resections, in addition to biopsy specimens. Slides represented
a variety of cases covering the range of subspecialties of ana-
tomical pathology, with different diagnostic entities (e.g.,
inflammation, cancer, normal).

Recuts were ordered to standardize the glass-slide portion
of the test for all centres. The glass-slide portion of the test
was divided into 2 groups (A and B), each consisting of a dif-
ferent set of slides. Each slide in both groups was allocated the
standard 2 minutes per slide for diagnosis. The total duration
of the glass-slide portion of the test was 48 minutes. Micro-
scopes used for the pilot examination were equipped with
4 diagnostic powers (magnification X 2.5, x 10, X 20 and X 40).

For the digital examination, the same 24 slides used for the
glass-slide portion were scanned at magnification x 40 for
high resolution using an Aperio slide scanner and were
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uploaded on a University of Calgary server, along with an
answer sheet.

"The participating residents were asked to provide the most
probable diagnosis for each slide. Only 1 answer was allowed
for each slide.

There were concerns about the time needed for diagnosis
using digital images. It was thought that more time might be
required to navigate through a digital image compared with a
traditional glass slide. Accordingly, the digital slides used in the
pilot examination were split into 2 groups (matching the same
glass slides in groups A and B in the glass-slide portion of the
examination) to test whether more time allocated to the digital
images would improve accuracy of the diagnosis. For group A,
each of the 12 digital slides was allocated the standard 2 min-
utes, for a total duration of 24 minutes. For group B, each slide
was allocated 3 minutes, for a total duration of 36 minutes.
"The total duration of the digital examination was 60 minutes.

Survey

All of us met by teleconference to develop a preliminary list of
questions for the survey. A group of residents also met via
teleconference to identify an additional set of questions. The
final draft of the survey was designed with the help of a pro-
fessional biostatistician. The final proposed survey was pre-
sented and discussed at the academic half-day for anatomical
pathology residents at the University of Toronto and was fur-
ther refined during the Pathology Informatics Group annual
meeting of the Canadian Association of Pathologists, to
ensure optimum quality and clarity of the questions.

The survey was administered online and consisted of 18
questions (closed, multiple-choice and open-ended). A copy of
the questionnaire is included in Appendix 1 (available at www.
cmajopen.ca/content/4/1/E88/suppl/DC1). The first part
(general) consisted of 13 questions and was open to all resi-
dents (postgraduate years 1 to 5); the second part (post-test)
consisted of 5 questions and was restricted to the residents
who participated in the pilot examination.

Statistical analysis

Statistical analyses were conducted with SPSS for Windows,
version 20. We assessed differences between group A and
group B slides, and between glass and digital slides, using a
2-factor analysis of variance (factor 1 = glass v. digital; factor
2 = group A slides v. group B slides). Estimated marginal
means are presented to show the independent contributions
of these 2 factors.

Pilot examination

For the pilot examination, 105 senior residents were invited to
participate, of whom 100 agreed, for a participation rate of
95% (Figure 1).

For group A slides, 24 residents completed the examina-
tion using glass slides. The average score was 61%. The same
slides were interpreted in digital format by 26 different resi-
dents, with an average score of 57%. For group B slides, 25
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residents assessed glass slides, with an average score of 78%.
The same slides were interpreted in digital format by 25 dif-
ferent residents, with an average score of 74%. Performance
was comparable between the participating centres.

As shown in Table 1, there was a significant effect on individ-
ual scores associated with group A slides compared with group B
slides (F = 24.92, p = 0.001). Scores were lower with group A
slides (estimated marginal mean 7.06/12, 95% confidence inter-
val [CI] 6.49-7.63) than with group B slides (estimated marginal
mean 9.08/12, 95% CI 8.51-9.65). There was no significant
difference in scores between glass and digital slides (7 = 1.25,
p = 0.3). The estimated marginal mean was 8.23/12 (95% CI
7.72-8.87) for glass slides and 7.84/12 (95% CI 7.28-8.41) for
digital slides. There was no apparent advantage in allowing
candidates additional time with the digital images (p > 0.9).

Post-test survey

All 100 residents who participated in the pilot examination
completed the post-test survey. Eighty percent (z = 80) were
more comfortable with glass slides than with digital slides in

Assessed
for eligibility
n=179

Excluded n =79

¢ Not in postgraduate year
4or5 n=74

* Not enough residents for
randomization n=5

Y v

Digital slide Glass slide
examination examination
n=>51 n=49
Analyzed Analyzed
n =51 n =49

Figure 1: Selection of senior residents (postgraduate years 4 and 5)
for participation in the pilot examination. R = randomization.

Table 1: Performance of the senior residents in assessing
glass slides and digital whole-slide scanned images of slides

Estimated marginal

Slides assessed mean (95% Cl) p value

Group A slides* 7.06/12 (6.49-7.63) 0.001
9.08/12 (8.51-9.65)
8.23/12 (7.72-8.87) 0.3

7.84/12 (728-8.41)

Group B slides*
Glass slides

Digital slides

Note: Cl = confidence interval.
*Glass and digital slides.
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examination settings; 15% (n = 15) had no preference (Appen-
dix 2, available at www.cmajopen.ca/content/4/1/E88/suppl/
DC1). Half of the respondents (z = 50) thought that 3 min-
utes were necessary for diagnosis of biopsy specimens,
whereas 65% (n = 65) thought that 3 minutes were needed
only for large resection specimens. Most respondents (95%,
n = 95) reported encountering problems during the digital
portion of the test, specifically software functioning too
slowly, blurring and poor detail of images, and nuclear fea-
tures being unsatisfactory. Some participants had difficulty
navigating through the entire slides and thought that they
were missing important diagnostic features. One resident was
unable to take the examination because the system froze and

the digital slides did not upload.

General survey

The participation rate for the general part of the survey was
81% (179/220), with 59% of the respondents in postgraduate
years 4 and 5 (105/179). Half of the respondents (2 = 89) were
rarely or never exposed to digital slides during their training.
Most exposure to digital slides occurred during academic half-
days and in-house examinations (60%, 7 = 107). None of the
respondents were exposed to digital slides on a daily basis for
routine sign-out purposes (Figure 2).

Twenty percent (z = 36) of all respondents (at all levels of
training) stated that they were very uncomfortable using digital
slides, whereas 10% (z = 18) were very comfortable with using
digital slides. Most of the respondents were undecided
(Figure 3).

The main advantages and disadvantages of digital slides, as
perceived by the survey respondents, are summarized in
Box 1. When comparing the overall advantages and disadvan-
tages of digital versus glass slides, respondents thought that
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the use of glass slides for routine pathology practice was more
cost-effective than digital slides. Most residents agreed that it
was much faster (90%, n = 161) and easier (80%, 7 = 143) to
navigate through glass slides, as compared with digital slides.
Seventy percent (z = 125) of respondents thought that glass
slides were more practical to use during training and in prepa-
ration for real practice, whereas 80% (n = 143) stated that the
quality of images would be better using glass slides, especially
for cytology cases. Anticipated advantages of digital slides
included easier transfer between centres for consultation, con-
servation of storage space and, for examination purposes, no
need to carry a microscope to the examination (Table 2).

In questions about preparation for the Royal College exam-
ination, all of the respondents (# = 179) agreed that additional
training was necessary to become familiar with digital imaging;
90% (n = 161) suggested that in-house examinations should be
digitized starting in the first postgraduate year. Nearly half
(45%, n = 80) suggested that a 1-month rotation in digital
pathology could help in familiarization with digital slides.

When asked how they would feel if the Royal College fully
digitized the examination, 50% (n = 90) of the respondents
were not in favour, 25% (n = 45) were undecided, and 25% (n
= 45) were in favour. If the Royal College examination were
to be fully digitized, 85% (n = 152) of the respondents sug-
gested that the idea should be gradually implemented over a
period of at least 2 to 3 years.

The results of our pilot examination showed that the mean
score was 4% higher with glass slides than with digital images
of the slides; however, the difference was not statistically signifi-
cant. This finding is in keeping with recent literature, indicat-

100%

80% -
2
S 60% -
S
n
e
S 40% -
R

20% -

Academic half One-on-one Interdisciplinary Departmental In-house exams
days teaching with staff  tumour boards rounds
Exposure to digital pathology during training

Figure 2: Exposure of survey respondents (all levels of training, n = 179) to digital pathology during training.
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ing that digital whole-slide scanned images are of comparable
efficiency to glass slides for diagnostic purposes.>®!>1¢ There
were no apparent advantages in allowing candidates more time
with the digital images (3 min v. 2 min).

Interestingly, although the results of our pilot examination
showed that the residents’ performance was similar between
those given glass slides and those using digital images, many
residents who completed the general survey expressed con-
cerns about the Royal College examination being fully digi-
tized. This finding reflects the need for more communication
and evidence-based discussions about the digital examination
with residents. The lack of understanding of the nature and
limitations of digital pathology has been highlighted as an
important challenge in previous studies.®!?

The residents who underwent the digital portion of the
examination faced a number of challenges. They had issues with
uploading slides and changing resolutions. In some cases, the
images were blurry and nuclear features were not appreciated.
Some residents had difficulty navigating through the entire set
of slides. Overall, many of the issues raised were related to reso-
lution and are likely to decrease as the technology improves.'”"

The use of digital pathology for educational purposes is
not unprecedented. There are a growing number of digital
pathology initiatives that are being pursued. About a third of
American medical schools have incorporated digital whole-
slide images into their pathology training, with promising
results.?” Moreover, the American Board of Pathology exami-
nation is partially administered with the use of digital slides.!
Some pathology informatics rotations are now in place in sev-
eral countries, including the United States and Canada.”>=*

An important challenge highlighted in the survey was bal-
ancing the need to develop skills for real practice as indepen-
dent pathologists (mainly assessing glass slides) and the need to

deve lop skills to pass the certification examination (through
digital pathology training). Although digital whole-slide images
are currently emerging as a tool for consultation and education,
most reports suggest that these images are not yet ready for
routine use in Canada.” More studies are needed to investigate
whether a digital-based examination may compromise the diag-
nostic ability of residents as future pathologists. Alternative
approaches include a partially digital and partially glass slide—
based examination. Our results are in agreement with a recent
survey showing positive attitudes of pathologists and residents
toward digital pathology in Canada,!! especially for consulta-
tion-type applications (frozen section or second opinion).

Box 1: Advantages and disadvantages of digital whole-slide
scanned images reported by survey participants (n = 179)

Advantages
* Flexibility of exchange of material between centres (n = 107)
* Conservation of storage space (n = 161)

* Consistency of appearance of tissue (no fading slides)
(n=81)

* Availability of rare cases for examination purposes (n = 80)
* No need to carry a microscope to the examination (n = 161)

Disadvantages

* Additional training needed (n = 160)

* High cost of processing (n = 134)

* Inappropriate for cytology cases (n = 143)

* More time required to examine cases (n = 160)
e Poor nuclear details (n = 150)

e Technical difficulties (n = 160)

Very comfortable

100%
80% -
i
3 60% -
E (o]
(7]
(]
S 40% -
*
20% -
00/° . T T T .

Somewhat comfortable

Level of comfort with using digital slides

Somewhat
uncomfortable

Very uncomfortable

Figure 3: Comfort level of survey respondents (all levels of training, n = 179) with digital whole-slide scanned images.
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Table 2: Perceptions of survey respondents (n = 179) on the superiority of glass slides versus digital slides
Perception; % of respondents

Glass slides Digital slides Both types
Statement are superior are superior are similar
Availability of rare cases for examinations 30 40 30
Consistency of tissue appearance among examinations 30 40 30
Availability of small biopsy specimens in the examination 35 30 35
Need to carry a microscope to the examination 5 90 5
Need for additional training before the examination 70 5 25
Predictability of examination cases 30 10 60
Flexibility of exchange of cases between centres 10 60 30
Ease of identification of each slide 50 15 35
Conservation of storage space in pathology departments 5 90 5
Cost for use during general practice 50 25 25
Representation of the lesion 50 5 45
Overall subjective quality of images 90 5 5
Appropriateness for cytology cases 80 10 10
Time needed for diagnosis 90 5 5
Navigation through different magnifications 85 5 10
Preparation for real practice 90 0 10
Practicality for regular use during training 70 5 25
Ease of navigating across slides 85 5 10
Speed when examining cases 90 5 5

Limitations

Although our study provides strong evidence about the feasi-
bility of a fully digital Royal College examination, it has sev-
eral limitations. A wider variety of cases, including cytology
cases, would have added value to the pilot examination. There
was also no standardization of hardware or software specifica-
tions for computers used in the pilot exam.

Areas of future research include comparing different reso-
lutions when creating digital images and evaluating how they
affect diagnostic accuracy, as well as comparing the quality of
digital images from different scanning providers. If the Royal
College examination is fully digitized, a post-implementation
assessment would be important to identify new issues that
may arise. Finally, as we approach an era of digital pathology,
future research should be directed toward the feasibility of
digital pathology for other applications, for example, digital

consultations.

Conclusion

Our results showed comparable performance between resi-
dents using glass slides and those using digital images in the
pilot examination. However, our study highlights some con-
cerns that need to be addressed before a fully digital examina-
tion can be implemented. The need for more training was an
important issue raised by the participants. Additional training
through digitizing in-house examinations and a block rotation
in digital pathology were thought to be important preparatory

steps. A gradual transition to a fully digital examination
should be considered so that residents will become more com-
fortable with using the technology.?

Our study also highlights many of the advantages of a digi-
tal examination and shows that, with adequate training, the
idea of digitizing the Royal College examination for patholo-
gists may be possible.
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