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Abstract
Validation studies of whole slide imaging (WSI) systems produce evidence regarding digital microscopy (DM). This systematic
review aimed to provide information about the performance of WSI devices by evaluating intraobserver agreement reported in
previously published studies as the best evidence to elucidate whether DM is reliable for primary diagnostic purposes. In
addition, this review delineates the reasons for the occurrence of discordant diagnoses. Scopus, MEDLINE/PubMed, and
Embase were searched electronically. A total of 13 articles were included. The total sample of 2145 had a majority of 695
(32.4%) cases from dermatopathology, followed by 200 (9.3%) cases from gastrointestinal pathology. Intraobserver agreements
showed an excellent concordance, with values ranging from 87% to 98.3% (κ coefficient range 0.8–0.98). Ten studies (77%)
reported a total of 128 disagreements. The remaining three studies (23%) did not report the exact number and nature of
disagreements. Borderline/challenging cases were the most frequently reported reason for disagreements (53.8%). Six authors
reported limitations of the equipment and/or limited image resolution as reasons for the discordant diagnoses. Within these
articles, the reported pitfalls were as follows: difficulties in the identification of eosinophilic granular bodies in brain biopsies;
eosinophils and nucleated red blood cells; and mitotic figures, nuclear details, and chromatin patterns in neuropathology spec-
imens. The lack of image clarity was reported to be associated with difficulties in the identification of microorganisms (e.g.,
Candida albicans, Helicobacter pylori, and Giardia lamblia). However, authors stated that the intraobserver variances do not
derive from technical limitations of WSI. A lack of clinical information was reported by four authors as a source for disagree-
ments. Two studies (15.4%) reported poor quality of the biopsies, specifically small size of the biopsy material or inadequate
routine laboratory processes as reasons for disagreements. One author (7.7%) indicated the lack of immunohistochemistry and
special stains as a source for discordance. Furthermore, nine studies (69.2%) did not consider the performance of the digital
method—limitations of the equipment, insufficient magnification/limited image resolution—as reasons for disagreements. To
summarize the pitfalls of digital pathology practice and better address the root cause of the diagnostic discordance, we suggest a
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Categorization for Digital Pathology Discrepancies to be used in further validations studies. Among 99 discordances, only 37
(37.3%) had preferred diagnosis rendered by means of WSI. The risk of bias and applicability concerns were judged with the
QUADAS-2. Two studies (15.4%) presented an unclear risk of bias in the sample selection domain and 2 (15.4%) presented a
high risk of bias in the index test domain. Regarding applicability, all studies included were classified as a low concern in all
domains. The included studies were optimally designed to validate WSI for general clinical use, providing evidence with
confidence. In general, this systematic review showed a high concordance between diagnoses achieved by using WSI and
conventional light microscope (CLM), summarizes difficulties related to specific findings of certain areas of pathology—
including dermatopathology, pediatric pathology, neuropathology, and gastrointestinal pathology—and demonstrated that WSI
can be used to render primary diagnoses in several subspecialties of human pathology.

Keywords Whole slide imaging . Intraobserver agreement . Systematic review

Introduction

Validation studies regarding the feasibility of whole slide imag-
ing (WSI) systems have been conducted by pathology laborato-
ries in a wide range of subspecialties to produce solid evidence
and support the use of this technology for several applications,
including primary diagnosis. The guideline statement of the
College of American Pathologists Pathology and Laboratory
Quality Center (CAP-PLQC) for WSI systems validation sum-
marizes recommendations, suggestions, and expert consensus
opinion about the methodology of validation studies in an effort
to standardize the process. This guideline encompasses the need
to include a sample set of at least 60 cases for one application and
to establish a diagnostic concordance between digital and glass
slides for the same observer—intraobserver variability—with a
minimum washout period of 2 weeks between views [1].
Surprisingly, the recommendations do not suggest a consecutive
or random selection of the cases or a need to blind evaluators, but
they do highlight that the viewing can be randomor non-random.

Validation studies are cross-sectional studies by definition,
and their designs have many methodological variations, which
should be considered when evidence is assembled [2]. All these
variations lead to skewed estimates about the test accuracy. The
most important variation concerns how the sample was select-
ed, included, and analyzed [3]. Some aspects regarding config-
uration, the purpose of the test, and the risks that prevent the test
from serving its purposes may have been considered in valida-
tion studies, since performance may be influenced by analysis
bias; reproducibility; washout period; response time; and size,
scope, and suitability of certain types of specimens. Besides
that, the learning curve and performance problems may be
related to the method or to the pathologists [2]. Apparently,
the order of analyses—digital or conventional—does not affect
the interpretation in this context [3].

The most common biases in diagnostic studies are verifi-
cation bias/detection bias/work-up bias (when the reference
standard is not applied in all sample), incorporation bias
(when the index test and reference standard are not indepen-
dent, which leads to overestimation of the sensitivity and spec-
ificity of the test), and inspection bias (when the tests are not

blinded). The methodological characteristics should be indi-
vidually evaluated by domain, which represents the way that
the study was conducted [4].

The most common problems identified in the design of
previously published validation studies are the case
selection—samples selected have a narrow range of subspe-
cialty specimens or known malignant diagnoses—and the
comparisons of the study results with a “gold standard”/con-
sensus diagnosis/expert diagnosis instead of establishing the
concordance by assessing the intraobserver agreement [5].

The FDA recently approved a WSI system for primary
diagnosis purposes [6] and, even though this statement
highlighted some assurance about the safety and feasibility
of the digital system, only one device was tested and ap-
proved. Regardless of this achievement, individual validation
studies conducted by each laboratory and customized for each
service and WSI system used are still necessary and will pro-
vide the best evidence to attest the feasibility of digital pathol-
ogy, especially if based on CAP-PLQC guidelines.

Given the absence of a broader collective agreement on the
use of WSI in a human pathology context, it is necessary to
assemble evidence regarding the performance of digital mi-
croscopy in order to establish whether this technology can be
used to provide a primary diagnosis. Therefore, this system-
atic review tested the diagnostic performances of WSI in hu-
man pathology. In addition, this review provided access to the
main reasons for disagreement occurrences.

Materials and methods

The present systematic review was conducted following the
guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) [7] and was regis-
tered with the PROSPERO database under the protocol
CRD42018085593. The review question defined was: “Is dig-
ital microscopy performance as reliable for use in clinical
practice and routine surgical pathology for diagnostic pur-
poses as conventional microscopy?” The best evidence to an-
swer this question is from intraobserver agreement [1].
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Definition of eligibility criteria

The eligibility criteria (Table 1) were elaborated based on two
important recommendations and one suggestion established by
CAP-PLQC guideline [1]: the validation process should include
a sample set of at least 60 cases for one application, the valida-
tion study should establish diagnostic concordance between dig-
ital and glass slides for the same observer (i.e., intraobserver
variability), and a washout period of at least 2 weeks should
occur between viewing digital and glass slides.

Literature review

Recognizing the need to check if there are similar systematic
reviews registered, executed, in progress or published with the
same theme, the primary researcher (ALA) conducted a previous
literature review. A systematic review with a similar proposal
registered with the PROSPERO in 2015 was in progress, enti-
tled: “The diagnostic accuracy of digital microscopy: a system-
atic review”; it was under the protocol CRD42015017859. Two
published systematic reviewswere found: “A systematic analysis
of discordant diagnoses in digital pathology compared with light
microscopy” [8] and “The Diagnostic Concordance of Whole
Slide Imaging and Light Microscopy: A Systematic Review”
[9]. Based on these findings, the research team decided to pro-
ceed with the present systematic review, since the methodology
of the present review focused on studies supported by the CAP-
PLQC guidelines [1]. These well-designed studies can provide
much more reliable evidence about the utilization of WSI sys-
tems performance to provide a primary diagnosis in human pa-
thology than the previously published systematic reviews.

Search strategy

An electronic search was carried out in these databases: Scopus
(Elsevier, Amsterdam, the Netherlands), MEDLINE (Medline
Industries, Mundelein, Illinois) by PubMed platform (National
Center for Biotechnology Information, US National Library of
Medicine, Bethesda, Maryland) and Embase (Elsevier,
Amsterdam, the Netherlands). Scopus was the first database
used (due to its interdisciplinary basis and article indexing ca-
pabilities) in order to align the keywords. The search strategy
used was the following: [ALL (validation) AND ALL (“whole
slide image”)]. In sequence, the search was reproduced in the
other databases. As result, 599 articles from Scopus, 132 from
Embase, and 115 from PubMed were retrieved. A manual
search was conducted in order to identify any eligible articles
that may not have been retrieved by the search strategy, but
none were compatible with the eligibility criteria.

Article screening and eligibility evaluation

Two reviewers (ALDA and ARSS) independently conducted
the screening of articles by reading the title and abstract and
excluding articles that clearly did not fulfill the eligibility criteria.
The assessment of eligibility was guided by a flow diagram
drawn on phase 2 of the quality assessment. The two reviewers
proceeded to read the full text of the articles, screened them to
identify the eligible articles; all primary reasons for exclusions
were registered for the composition of the article selection flow
chart. Rayyan QCRI was used as the reference manager to per-
form the screening of the articles, exclusion of duplicates, and
registration of a primary reason for exclusion [10].

Extraction of qualitative and quantitative data
and quality assessment

The data extraction was conducted by the primary researcher
(ALDA) and guided by a tailored extraction data form
(Appendix 1) originally suggested by The Cochrane
Collaboration [11]. The tailored tool has 5 sections: general in-
formation, eligibility, interventions participants and sample,
methods, the risk of bias assessment, applicability and outcomes.
The section of “risk of bias assessment” and “applicability” was
added based on the tailored QUADAS-2 (University of Bristol,
Bristol, England), a tool designed to assess the quality of primary
diagnostic accuracy studies. Specific guidance for each signaling
question was produced and some signaling questions—which
did not apply to the review—were removed (Appendix 2).
Qualitative and quantitative data were tabulated and processed
in Microsoft Excel®. The studies identified in this review were
highly heterogeneous with regard to equipment utilized, magni-
fication, the number of pathologists involved, specimen type
(subspecialty), washout time, and mainly how the sample was
analyzed. These variations in study design represent limitations

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Validation cross-
sectional study

Articles published in foreign language;

At least 60 casesa Articles about telepathology, cytopathology
or immunohistochemistry;

Intraobserver agreement Sample with a known malignant diagnose;b

The concordance
percentage

or kappa index should
be reporteda

Articles with lack of information about how
the sample was analyzed;

At least 2 weeksa

washout period
Studies which the primary goal was not to

examine diagnostic concordance between
WSI and CLM;

Studies which aimed to establish the
intraobserver agreement but instead:
used two different samples; in which each
pathologist only performed diagnosis by
one method; in which whole slide imaging
diagnosis was compared to a consensus
panel or original diagnosis (it is not
intraobserver agreement)b

aCAP-PLQCGuidelines forWSI systems validation (Pantanowitz et al., 2013)
b Cornish et al. (2012)
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and did not justify meta-analysis but only allowed a narrative
synthesis of the findings from the included studies.

Results

PRISMA flowchart

The search strategy identified a total of 846 records through
database searching. After duplicates were removed, 681 records
were screened; among these, 48 articles were selected to be
assessed for eligibility. A total of 13 articles [12–24] were includ-
ed and 35 articles were excluded based on eligibility criteria. The
composition of the article selection flow is shown in Fig. 1.

One article (2.1%) [25] was excluded for being published in
French, 1 (2.1%) [26] for having insufficient sample size, 1
(2.1%) [27] for having a sample with a known malignant diag-
nosis, and 11 studies (22.2%) [28–38] for presenting only ab-
stracts (gray literature). Two studies (4.1%) [39, 40] were exclud-
ed because the main objective was not to examine diagnostic
concordance between WSI and conventional light microscope
(CLM). Four studies (8.3%) [8, 41–43] were excluded because
they utilized insufficient washout time between the analyses.

The most important eligibility criteria establish that the
intraobserver agreement should be the preferred measure to as-
sess the performance of digital microscopy, according to CAP-
PLQC guidelines [1]. Thirteen studies (27.1%) did not fit that
criteria and were excluded for the following reasons: in six stud-
ies (12.5%) [44–49], the pathologists only assessed WSI and the
concordance was reached by comparing WSI diagnosis with the
original glass slide diagnosis; in four studies (8.3%) [50–53], the
WSI diagnosis was compared to a consensus panel diagnosis; in
one study (2.1%) [54], two groups of students only assessedWSI

and the other only assessed glass slides; in two studies (4.1%)
[55, 56], the sample analyzed was not the same in both methods.
Two studies (4.1%) [57, 58] did not report either intraobserver
concordance percentage or kappa value. Disagreements among
the reviewers at the screening and assessment of eligibility were
confronted and resolved by consensus.

Methodological characteristics of the studies

Publication dates ranged from 2010 to 2017. Only six articles
(46.1%) [18–21, 23, 24] mentioned the use of CAP-PLQC
guidelines, but methodologies of all the included studies were
according to these guidelines. The included studies used scanners
from eight different manufacturers. The most commonly used
scanner was Scan Scope (Aperio, Vista, CA), which was report-
ed in eight studies (61.5%) [13–16, 18, 19, 21, 23] (Table 2).

The aims of the studies were highly variable: five (38.4%)
[13–15, 17, 21] aimed to test the feasibility of digital methods,
two (15.4%) [21, 24] aimed to determine the utility of CAP-
PLQC guidelines [1], two (15.4%) [20, 23] intend to assess
primary digital pathology reporting, one (7.7%) [22] proposed
to determine the accuracy of WSI interpretation, one (7.7%)
[12] proposed to investigate whether conventional microscopy
of skin tumors can be replaced by virtual microscopy, one
(7.7%) [19] proposed to evaluate whether diagnosis from
WSI is inferior to diagnosis of glass slides, and one (7.7%)
[16] aimed to evaluate the use ofWSI for diagnosis of placental
tissue and pediatric biopsies.

The most relevant methodological characteristics of the in-
cluded studies are shown in Table 3. Full information about the
methodological characteristics of the studies included in this
systematic review is available as supplementary material
(Supplementary Table 1). Included studies performed

Fig. 1 Flow diagram of literature search adapted from PRISMA (Moher et al. 2009)
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validations in the following areas: dermatopathology, neuropa-
thology, gastrointestinal, genitourinary, breast, liver, and pedi-
atric pathology. Surgical pathology specimens of pediatric pa-
thologywere gastrointestinal, heart, liver, lung, neuropathology,
placenta, rectal suction, skin, and tonsil. Subsets also included
endocrine, head and neck, hematopoietic organ, hepatobiliary-
pancreatic organ, soft tissue, bone, hematopathology, medical
kidney, and transplant biopsies.

These 13 papers included a total sample of 2145 glass
slides and corresponding digital slides, in which the majority
of 695 (32.4%) were from dermatopathology, followed by 200
(9.3%) from gastrointestinal pathology. The mean number of
samples within the included studies was 165. Four studies
included cases from various pathology subspecialties.

The samples were analyzed in two different ways: (1) pa-
thologists assessed the cases with one modality and—after a
washout period—they reassessed the cases with the other mo-
dality; (2) when WSI diagnoses were compared to original
glass slides diagnoses, the cases were addressed to the original
pathologist, providing a satisfactory washout period and
maintaining the intraobserver agreement as the preferred mea-
sure. In one study (7.7%) [24], the cases were first evaluated
half as glass slides and half as digital images and reviewed
with the other modality after washout. The washout period
between views within the included studies ranged from
2 weeks to 12 months.

Three studies (23%) [12, 23, 24] reported set training and
eight (61.5%) stated that the pathologists had previous

Table 2 Technical characteristics
of the equipment used in included
studies

Author/year WSI system specifications

Al-Janabi et al. (2012)a Scanner: ScanScope XT (Aperio Technologies Inc., Vista, CA, USA), 20x;

Monitor settings/resolution: Samsung 245B (Samsung, Seoul, South Korea)
displays of 24″ (resolution of 19,203 × 1200 pixels).

Al-Janabi et al. (2012)b Scanner: ScanScope XT (Aperio Technologies Inc., Vista, CA, USA), 20x;

Monitor settings/resolution: not mentioned.
Al-Janabi et al. (2012)c Scanner: ScanScope XT (Aperio Technologies Inc., Vista, CA, USA);

Monitor settings/resolution: 24-in displays (Samsung, Seoul, South Korea) with
1920 × 1200 pixels.

Al-Janabi et al. (2013) Scanner: ScanScope XT (Aperio Technologies Inc., Vista, CA, USA), 20x;

Monitor settings/resolution: not mentioned.
Al-Janabi et al. (2014) Scanner: not mentioned

Magnification: 20x

Monitor settings/resolution: not mentioned.
Arnold et al. (2015) Scanner: Aperio Model XT (Aperio Technologies Inc., Vista, CA, USA), 20x or 40x;

Monitor settings/resolution: Dell monitors (Dell Corporation, Austin, TX, USA)
with 1280–31,024-pixel.

Kent et al. (2017) Scanner: AT2 Image Scope (Aperio Technologies Inc., Vista, CA, USA), 20x;

Monitor settings/resolution: not mentioned
Loughrey et al. (2015) Scanner: Hamamatsu Nanozoomer (Hamamatsu, United Kingdom), 40x;

Monitor settings/resolution: not mentioned
Nielsen et al. (2010) Scanner: Mirax Scan (Carl Zeiss MicroImaging, Göttingen, Germany), 20x;

Monitor resolution: not mentioned
Pekmezci et al. (2016) Scanner: ScanScope XT (Aperio Technologies Inc., Vista, CA, USA), 40x;

Monitor resolution: not mentioned
Saco et al. (2017) Scanner: Ventana iScan HT (Ventana Medical Systems, Tucson, AZ, USA) 400x;

Monitor settings/resolution: 30 Coronis fusion MDC4130 monitor 4 Megapixels
(Barco Electronic Systems, Barcelona, Spain)

Tabata et al. (2017) Scanners, magnifications and monitor resolutions:

IntelliSite Ultra Fast Scanner (Phillips Health, Amsterdam, Netherlands), 40x,
0.25 mm/pixel;

Aperio AT2 Scanner (Leica Biosystems, San Diego, CA, USA), 20x, 0.5 mm/pixel;

NanoZoomer 2.0-HT C9600-13 (Hamamatsu photonics, Hamamatsu, Shizuoka,
Japan), 20x, 0.46 mm/pixel;

NanoZoomer 2.0-RS C10730-13 (Hamamatsu photonics), 20x, 0.46 mm/pixel;

NanoZoomer 2.0-RS C10730-13 (Hamamatsu photonics), 40 (0.23 mm/pixel)
VS800 (Olympus Corporation, Tokyo, Japan), 40x, 0.185 mm/pixel;

FINO (CLARO, Hirosaki, Aomori, Japan), 40x, 0.25 mm/pixel.
Thrall et al. (2015) Scanner: iScan Coreo Au, 20x.

Monitor resolution: 1280 3 1084 pixels
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experience with WSI systems. One study (7.7%) [20] did not
include a trained pathologist in the validation process but claimed
that the pathologist was familiar with the method. Set training or
previous experiencewas notmentioned in one study (7.7%) [18].

Only one study (7.7%) [13] measured the scan time of slides
(stating that they took on average of 2.5min) and only one (7.7%)
[24] measured the diagnosis time (median time for glass slides
was 132 s and 210 s for WSI). Two studies (15.4%) [16, 17]
considered WSI more time-consuming than CLM, although no
formal timings had been performed. A consensus diagnosis was
mentioned to be used in three included studies (23%) [19, 20, 23].

Intraobserver concordance

Within the included studies, one (7.7%) [12] did not report the
percentage of concordance but reported an almost perfect kappa
index of 0.93. Two other studies (15.4%) [21, 22] reported the
concordance percentage for each pathologist, instead of an over-
all concordance percentage. For these reasons, these three stud-
ies are not graphically represented on Fig. 2; however, they are
detailed in Table 3. Themajority of the intraobserver agreements
reported showed an excellent concordance, with values ranging
from 87% to 98.3% (κ coefficient range 0.8–0.98). Only one
study (7.7%) [24] showed a lower concordance of 79%. All
values of the intraobserver agreement are shown in Table 3.
Interobserver agreements were reported additionally to the
intraobserver agreement in four studies (30.7%) [12, 19, 20, 22].

Reasons for disagreements

Within these 13 included studies, ten (77%) reported a total of
128 disagreements [13–21, 23]. The other three studies (23%)
[12, 22, 24] lacked the exact number and nature of the dis-
agreement. We provide an overview of the reasons for dis-
agreements—i.e., pitfalls—according to the subspecialties of
pathology (Fig. 3). Among all the reasons that might explain
the occurrence of disagreements, the most frequent were bor-
derline, difficult, or challenging cases, which were reported in
seven articles (53.8%) [12, 13, 15, 19, 20, 22, 24]. Along with
the subjective nuances of non-melanocytic lesions with dys-
plasia and melanocytic lesions (widely considered to be chal-
lenging cases), the study by Kent et al. also reported the lack of
clinical information in inflammatory lesions as reasons for dis-
agreements [19]. Nielsen reported the challenging diagnosis—
specifically referring to actinic keratosis—as reasons for dis-
cordances, as well as poor quality of the biopsies, the lack of
clinical information, and inexperience of the pathologists.

Six authors reported limitations of the equipment and/or lim-
ited image resolution as reasons for disagreements.Within these,
one study (7.7%) [18] indicated pitfalls regarding the identifica-
tion of eosinophilic granular bodies in brain biopsies, eosino-
phils, and nucleated red blood cells (which demonstrate refrac-
tile eosinophilic cytoplasm). Another study (7.7%) [21] reportedT

ab
le
3

(c
on
tin

ue
d)

A
ut
ho
r/

ye
ar

Su
bs
pe
ci
al
ty
/

sp
ec
im

en
s
(n
)

In
tr
ao
bs
er
ve
r

ag
re
em

en
t

D
is
ag
re
em

en
ts

an
d
P
D

D
is
ag
re
em

en
t

re
as
on

C
on
cl
us
io
n
of

th
e
st
ud
y

he
pa
to
bi
lia
ry
-

pa
nc
re
at
ic
or
ga
n,
(n
=
10
0)

W
SI
:1

7
C
L
M
:2

0
T
hr
al
le
t
al
.

(2
01
5)

Ph
as
e
1:

he
m
at
op
at
ho
lo
gy
,

ne
ur
op
at
ho
lo
gy
,m

ed
ic
al

ki
dn
ey
,a
nd

tr
an
sp
la
nt

bi
op
si
es
;

Ph
as
e
2:

ne
op
la
si
a
(l
ym

ph
om

as
,

ne
ur
op
at
ho
lo
gy

tu
m
or
s,

m
el
an
om

as
,a
nd

so
ft
tis
su
e

ne
op
la
sm

s)
,l
iv
er

an
d

ga
st
ro
es
op
ha
ge
al
.

(2
se
ts
of

10
0
ca
se
s)

79
%

–
D
if
fi
cu
lty

in
se
ei
ng

m
ic
ro
or
ga
ni
sm

sc
;

la
ck

of
im

ag
e
cl
ar
ity

at
m
ag
ni
fi
ca
tio

n
ab
ov
e
32
0;

ch
al
le
ng
in
g
ca
se
s;
in
di
vi
du
al
in
te
rp
re
ta
tio

n;
in
su
ff
ic
ie
nt

at
te
nt
io
n
to

th
e
cr
iti
ca
lf
oc
i;

un
ca
re
fu
lly

an
al
ys
is
by

pa
th
ol
og
is
ts
;l
im

ite
d

ex
pe
ri
en
ce

of
th
e
pa
th
ol
og
is
ts
;W

SI
is

di
so
ri
en
tin

g
an
d
di
ff
ic
ul
tt
o
co
m
pr
eh
en
si
ve
ly

an
al
yz
e.

T
he

re
su
lts

w
er
e
fe
lt
to

va
lid

at
e
th
e
us
e
of

W
SI

fo
r
th
e

in
te
nd
ed

ap
pl
ic
at
io
ns

in
ou
r
m
ul
tii
ns
tit
uc
io
na
l

la
bo
ra
to
ry

sy
st
em

.

a
In
te
ro
bs
er
ve
r
ag
re
em

en
tw

er
e
re
po
rt
ed

ad
di
tio

na
lt
o
in
tr
ao
bs
er
ve
r
ag
re
em

en
t

b
C
lin

ic
al
in
fo
rm

at
io
n
w
as

pr
ov
id
ed

c
C
an
di
da

al
bi
ca
ns
,H

el
ic
ob
ac
te
r
py
lo
ri
,a
nd

G
ia
rd
ia

la
m
bl
ia

G
Ig

as
tr
oi
nt
es
tin

al
,P

D
pr
ef
er
re
d
di
ag
no
si
s,
W
SI

w
ho
le
-s
lid

e
im

ag
in
g,
C
LM

co
nv
en
tio

na
ll
ig
ht
m
ic
ro
sc
op
e,
LC

Il
ac
k
of

cl
in
ic
al
in
fo
rm

at
io
n,
E
B
G
eo
si
no
ph
ili
c
gr
an
ul
ar
bo
di
es
,N

R
B
C
nu
cl
ea
te
d
re
d
bl
oo
d

ce
lls
,N

M
L
no
nm

el
an
oc
yt
ic
le
si
on
s,
M
L
m
el
an
oc
yt
ic
le
si
on
s,
IC

in
fl
am

m
at
or
y
co
nd
iti
on
s

Virchows Arch (2019) 474:269–287 275



Fig. 2 Graphic presentation of intraobserver agreement of included studies

Actinic keratosis

Subjective nuances of 
nonmelanocytic lesions with 

dysplasia and melanocytic lesions

Neuropathology (Pekmezci et al., 2016)

Borderline, difficult 
or challenging cases

Dermatopathology (Nielsen, 2010)

Dermatopathology (Al-Janabi et al., 2012a)

Breast pathology (Al-Janabi et al., 2012c)

Gastrointestinal pathology (Loughrey et al., 2015)

Several subspecialties (Thrall et al., 2015)

Dermatopathology (Kent et al., 2017)

Liver biopsies (Saco et al., 2017)

Lack of experience of the pathologists Dermatopathology (Nielsen, 2010)

Individual diagnostic interpretation

Neuropathology (Pekmezci et al., 2016)

Dermatopathology (Nielsen, 2010)

Several subspecialties (Thrall et al., 2015)

Non-utilization of special 
stains/immunohistochemistry

Neuropathology (Pekmezci et al., 2016)

Lack of clinical information

Dermatopathology (Nielsen, 2010)

Genitourinary (Al-Janabi et al., 2014)

Neuropathology (Pekmezci et al., 2016)

Dermatopathology (Kent et al., 2017) Inflammatory 
lesions

Poor quality of the biopsy or inadequate 
routine laboratory processes

Liver biopsies (Saco et al., 2017)

Dermatopathology (Nielsen, 2010)

Small size of 
the material

ro/dnatne
mpiuqe

eht
fo

snoitati
mi

L
)noitacifinga

m(
noituloser

ega
mi

deti
mil

Pitfalls regarding the identification of 
eosinophilic granular bodies, 

eosinophils and nucleated red blood cells

Difficulties in the identification of mitotic 
figures, nuclear details and chromatin patterns

Difficulties in the identification of 
microorganisms (C. albicans, H. pylori and G. 

lamblia, e.g.) 

Lack of image clarity at magnification above 
320, which is an inherent limitation of the 

technology (becomes pixelated and unclear)

Paediatric Pathology (Arnold et al., 2015) Refractile eosinophilic cytoplasm 
(in brain biopsies)

Gastrointestinal (Al-Janabi et al., 2012b)

Paediatric pathology (Al-Janabi et al., 2013)

Several subspecialties (Thrall et al., 2015)

Several subspecialties (Thrall et al., 2015)

Discordances are not associated with 
the application/interpretation of WSI.
The need of higher magnifications 
appeared not to be very relevant.
Intraobserver variances do not derive 
from technical limitations of WSI.

Fig. 3 Overview of the reasons for disagreements (pitfall) according to subspecialties of pathology

276 Virchows Arch (2019) 474:269–287



difficulties in the identification of mitotic figures, nuclear details,
and chromatin patterns in neuropathology specimens. Three ar-
ticles (23%) [14, 16, 24] reported difficulties in the identification
of microorganisms (e.g.,Candida albicans,Helicobacter pylori,
and Giardia lamblia). Thrall et al. also reported a limitation of
the technology related to lack of image clarity at a magnification
above 320×: the image becomes pixelated and unclear [24].
However, authors stated that the intraobserver variances do not
derive from technical limitations of WSI.

The lack of clinical information was reported by four au-
thors [12, 17, 19, 21] as a source for disagreements.

Two studies (15.4%) reported poor quality of the biopsy,
specifically the small size of the material [22] or inadequate
routine laboratory processes [12] as reasons for disagreements.

Another reason cited was the utilization of suboptimal nav-
igation tools reported by two authors (15.4%) [16, 17]. One
author (7.7%) [23] remarked upon the difficulty to determine
whether the discordance depends on disagreement between
the methods or intraobserver disagreement of pathological
diagnosis; it is possible the author intended to refer to the
variations on the interpretations of pathological diagnosis, so
intraobserver disagreement should not be used in this context.
One author (7.7%) indicated the lack of immunohistochemis-
try special stains as a source for discordance [21].

Furthermore, nine studies (69.2%) [12–16, 19, 21, 22, 24]
did not consider the performance of the digital method—i.e.,
limitations of the equipment, insufficient magnification/
limited image resolution—as reasons for disagreements.

Eight studies (61.5%) [13–18, 20, 23] provided a preferred
diagnosis when disagreements occurred. These preferred diagno-
ses were reached upon reviewing the discordant cases and choos-
ing the most correct diagnosis. Among 99 disagreements, only
37 (37.3%) had preferred diagnoses rendered by means of WSI.

Categorization for digital pathology discrepancies

To summarize pitfalls of digital pathology practice and better
address the root cause of the discordances, we developed a
Categorization for digital Pathology Discrepancies, which can
be used to report reasons for disagreements in further valida-
tion studies. This categorization can help to establish if there
are valid concerns about the performance of the digital method
(Table 4). We based this categorization on data retrieved from
this systematic review and from the previously published sys-
tematic reviews [9, 59].

Quality assessment (risk of bias)

The results of the quality assessment are shown in Table 5 and
Fig. 4. In 13 included articles, two (15.4%) [13, 14] presented an
unclear risk of bias in the sample selection domain due to selec-
tion criteria of the sample remained unclarified (e.g., if it was
randomized or consecutive). One study [21] excluded several

lesions (pituitary adenomas, degenerated diseases or other reac-
tive lesions, metastatic carcinomas and melanomas, vascular
malformations, and other benign or descriptive diagnoses such
as meningoceles, dermoid cysts, or focal cortical dysplasia) not
relevant to the study and also excluded cases for which the slides
were not available for WSI scanning. These exclusions were
acceptable and do not indicate bias. Two studies (15.4%) [21,
24] presented a high risk of bias in the index test due to the
absence of specification of a threshold. The term “threshold” is
related to the parameters used to classify the diagnoses—e.g., if
they were concordant, slightly discordant, or discordant. The risk
of bias was considered low in 100% of the other domains in the
remaining included studies. Regarding applicability, all studies
included were classified as a low concern in all domains.

Discussion

Validation studies have been improved over time and the rec-
ommendations of CAP-PLQC guidelines are particularly im-
portant in this aspect, since the standardization of study designs
provides validations with homogeneous methodology [1]. The
main purpose of systematic reviews is to minimize the chance
of type I (systematic) error, by eliminating studies with high risk
of bias. Therefore, exclusion of studies with highly discrepant
methodologies allowed the comparison of only well-designed
studies and the reaching of solid, reliable conclusions. The way
the sample is analyzed should encompass the index test and the
reference standard with timing between analyses of paired sam-
ples (glass slide and correspondent digital slides). The analyses
must be blinded, and the sample flow should encompass the
analysis of all glass slides by CLM and, after the washout, the
analysis of all correspondent digital slides.

Table 4 Categorization for digital pathology discrepancies

Category Description

A Borderline, difficult or challenging cases/Individual
diagnostic interpretation

1. Subjective nuances as lesions with dysplasia
2. Invasion areas missed
3. Inflammatory reaction patterns/architecture

B Limitations of the equipment and/or limited image
resolution (magnification)

1. Difficult in the identification of specific cells
(inflammatory cell, e.g.) or nuclear details/features

2. Difficult in the identification of mucin or amyloid
3. Difficulties in the identification of microorganisms
4. Pixelated image/lack of image clarity

C Lack of clinical information
D Absent of special stains/immunohistochemistry
E Poor quality of the biopsy or inadequate routine

laboratory processes
1. Badly positioned sections, chatter artifact, tissue
folds and bubbles formed during coverslipping

2. Small size of the material

Virchows Arch (2019) 474:269–287 277



Studies with a known malignant diagnosis, which may lead
to a false high performance, and studies that compared WSI
diagnosis with original or consensus diagnosis were excluded.
These issues represent themost common problems in validation
studies [60] and generate selection bias [4]. The use of the index
test alone and the comparison with a consensus panel refers to a
concept of accuracy, which is not a recommended design for
this particular purpose. Three articles included in this systematic
review mentioned a consensus diagnosis in two different, yet
justifiable situations: to include in the sample only cases appro-
priate for the intended purpose [19] and to reach a preferred
diagnosis in discordant cases [20, 23]. The importance of
reaching a preferred diagnosis lies in the possibility of identify-
ing the pitfalls and missing details of the pathology, which are
determinants in some cases [1].

Among included studies, one (7.7%) [22] proposed to deter-
mine the accuracy of WSI interpretation but presented
intraobserver agreement instead. The accuracy is defined as con-
cordance between the result of the method tested and the

diagnosis established by a consensus or gold standard, while the
intraobserver agreement is basically the percentage of concor-
dance between diagnoses reached by an observer when assessing
two diagnostic modalities [1]. The outcome of this study was not
aligned with the aim but was found to provide appropriate data,
which allowed the correct interpretation of the results. Another
study [12] proposed to evaluate if the diagnosis can be replaced
by virtual microscopy and, for this purpose, the accuracy, sensi-
tivity, specificity, and positive/negative predictive values were
measured. The accuracy, in this context, was defined as the addi-
tion of the percentage level of concordance and minor discor-
dance, which is not the best concept definition. The diagnostic
performancewas intended to be calculated bymeans of sensitivity
and specificity. However, sensitivity and specificity are used to
calculate the reliability of the method and indicate the consistency
of the results as the test is repeated, not the performance of the test.
Fortunately, this study also provided the percentage of concor-
dance (intraobserver agreement) betweenWSI and CLM diagno-
sis. It is very important to correctly delineate the study design

Table 5 QUADAS-2

No. Author

RISK OF BIAS APPLICABILITY CONCERNS

Sample 

selection

Index 

test

Reference 

standard

Flow and 

timing

Sample 

selection

Index 

test

Reference 

standard

1 Al-Janabi et al (2012)a

2 Al-Janabi et al (2012)b

3 Al-Janabi et al (2012)c

4 Al-Janabi et al (2013)

5 Al-Janabi et al (2014)

6 Arnold et al (2015)

7 Kent et al (2017)

8 Loughrey et al (2015)

9 Nielsen et al (2010)

10 Pekmezci et al (2016)

11 Saco et al (2017)

12 Tabata et al (2017)

13 Thrall et al (2015)

Fig. 4 Graphic presentation for
QUADAS-2 results for included
studies
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according to the aim. These sources of inconsistency generate
divergent measures and provide conflicting and unreliable data.

Validated pathology areas included dermatopathology, neuro-
pathology, gastrointestinal, genitourinary, breast, liver, and pedi-
atric pathology. Surgical pathology specimens of pediatric pa-
thology were gastrointestinal, heart, liver, lung, neuropathology,
placenta, rectal suction, skin, and tonsil. Subsets also included
endocrine, head and neck, hematopoietic organ, hepatobiliary-
pancreatic organ, soft tissue, bone, hematopathology, medical
kidney, and transplant biopsies. However, Saco et al. considered,
in 2016, that the areas of hematopathology, endocrine pathology,
soft tissue, and bone had not been fully studied [61]. Tabata et al.,
in 2017 [23], included soft tissue specimens and bone pathology
in the sample, but it is not possible to know how representative
these specimens were, and a more targeted and specific valida-
tion is recommended. Saco et al. had also pointed out the need
for validations in the head and neck area because there was only
one study in this subspecialty. Fortuitously, our research group
recently published a validation in oral pathology [62], adding
original evidence of high performance ofWSI in this unexplored
area. This study was not added to this systematic review because
it was published after the search.

The washout time is highly variable in the literature, and there
is no consensus of what period is most appropriated to avoid
recall bias; either an inferior or an overextended washout may
produce bias due to the sample flow. A small period of washout
may causememorization bias in the test, and a longwashoutmay
allow diagnostic criteria to change over time [12]. Surprisingly,
this systematic review found that the study with the lowest
intraobserver agreement has been conducted with one of the
shortest washout periods: 3 weeks [24]. This study also stated
that intraobserver variations do not derive from the technical
limitations of WSI.

The inclusion of trained pathologists encompasses one of the
recommendations of CAP-PLQC and appears to provide better
concordance rates and minor diagnosis time [1]. One included
study reported the lack of experience of the pathologists as a
reason for disagreement [12]. However, the study methodology
reported the inclusion of four trained pathologists. In addition to
increasing the intraobserver disagreement, an inexperienced pa-
thologist also increases the time needed for diagnosis. Most pa-
thologists are convinced that the digital method is more time-
consuming. However, the learning curve [39, 43] and the utiliza-
tion of suboptimal tools for navigation [16, 17] are likely expla-
nations for this increasing time andmay also be related to the lack
of confidence of the pathologist in the WSI manipulation [63].

Although no formal assessment of timing has been conducted,
two included studies [16, 17] stated that the utilization of subop-
timal navigation tools, such as a computer mouse, is not adequate
to explore the glass slide and may increase digital diagnosis time.

The scan timemay also be influenced by the file size, which is
dependent on the magnification of scanning [64] and represents
an extra step in the diagnostic process. This is one of the chief

barriers to digital pathology acceptance, even greater than the time
required to render a diagnosis [8]. However, scan time is also
highly variable and depends on the type of scanner used and its
throughput capacity. It is therefore very difficult to include scan
time as a part of the validation studies since it does not provide a
reproducible parameter. Thismay explain the absence of timing in
most validation studies. These issues should be considered an
integral part of the digital methodology and not a disadvantage.

A higher intraobserver agreement is related to the high quality
of digital slides and a better workflow provided byWSI systems
[65], which appears to be easier to navigate compared to han-
dling glass slides [66]. Some studies stated that digital microsco-
py provides the best definition of histologic images and confers
the best method for the identification of microscopic structures
[67]. Intraobserver agreement values of the included studies sup-
port the high performance of the digital method, and even the
study with a lower intraobserver agreement [24] dismissed the
technical limitations of WSI as a reason for the occurrence of
discordances. However, it is important to be able to recognize
when an overestimation of the test’s performance occurs.
Validation studies have incorporation bias since index tests and
reference standards are not independent. In addition,
intraobserver variability also increases when comparing the same
glass slide over time. Interobserver variability can also be in-
creased in difficult cases. This fact supports the cross-analysis
of intraobserver and interobserver variability [24]. However,
CAP-PLQCadvocated that it is important for validation purposes
to have one pathologist reproducing the same diagnosis with
both modalities—i.e., intraobserver agreement—and the main
objective is to accomplish a higher concordance rate [1]. The
interobserver agreement should not be used to evaluate the per-
formance of the test because this introduces bias due to the indi-
vidual diagnostic interpretations of each pathologist [68].

The secondary objective of this review was to identify the
reported reasons for disagreements and to determine the cause
of these occurrences, which is also stated by CAP-PLQC as an
important outcome [1]. In this systematic review, the most com-
monly reported reason for diagnostic discordance were border-
line cases. The difficulty caused by borderline cases is inherent
in the diagnostic process and can occur in CLM as well [20].
Sometimes, there is a need for higher magnifications to visual-
ize subtle details, which could be present in difficult cases [64].
The subjectivity of some diagnoses, such as the interpretation of
dysplasia [19], often indicates a greater complexity and also
correlates directly to the individual interpretation and experi-
ence of the pathologists. This systematic review identified a
higher frequency of borderline and challenging cases in
dermatopathology validation studies.

Seven authors reported the limitations of the equipment and/or
the limited image resolution as pitfalls. Among these, one study
[18] indicated pitfalls regarding the identification of eosinophilic
granular bodies, eosinophils, and nucleated red blood cells in a
neuropathology specimen of a pediatric validation study, but the
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authors did not consider this fact as a failure of the WSI method.
Pekmezci et al. reported difficulties in the identification of mitotic
figures, nuclear details, and chromatin patterns in a neuropathol-
ogy validation study [21]. Also, difficulties in the identification of
microorganisms were reported in three studies [14, 16, 24], but
the need for higher magnifications appeared to be of little rele-
vance in these studies. Thrall et al. stated that the lack of image
claritywas a limitation of the technology but dismissed this fact as
a reason for the intraobserver variances [24]. The impairment in
recognizing eosinophilic granular bodies, eosinophils, mitotic fig-
ures or nuclear details and chromatin pattern, as well as some
microorganisms—such asCandida albicans,Helicobacter pylori,
and Giardia lamblia—points to a limitation of the scanner and
occur more frequently in some subspecialties of pathology (neu-
ropathology, gastrointestinal pathology, and pediatric pathology
within a neuropathology specimen). These pitfalls highlight the
need for more advanced scanners, which should certainly be im-
proved with the advent of technological improvement. Therein
lies the need for regulation of these devices, which should be
standardized and improved. It is important to emphasize that dif-
ficulties in the identification ofmicroorganismswere pointed to as
reasons for disagreements, but higher magnifications were not
considered to be very relevant by the authors [14, 16].

The lack of clinical information supplied with cases in both
analyses represents an absence of reproducibility [1], in-
creases the difficulty in the diagnostic process, and may lead
to wrong diagnoses. Four included studies [12, 17, 19, 21] did
not provide clinical data for the analyses. Nielsen reported that
this absence could make it more difficult to render the diag-
noses, which may add an element of error [12], while Al-
Janabi et al. indicated that the provision of clinical data may
decrease these errors [17]. According to Kent et al., the lack of
clinical information leads to disagreement in a sample of in-
flammatory lesions. However, this author also reported a high
level of concordance with inflammatory lesions that had a
mixed infiltrate with eosinophils [19]. One included study
[23] did not mention if clinical data was provided and did
not correlate the absence of this information with the occur-
rence of discordant diagnoses. Fortunately, the majority of
validation studies recognized the need to correlate the histo-
pathological and the clinical information to provide a correct
diagnosis, either through glass or digital slides.

The selection and inclusion of the cases should, ideally, be
consecutive or random. However, this selection strategy may not
provide a sample with the most relevant diagnosis and a broad
range of tissue sources. A stratified uniform sampling is more
appropriate to select the cases; it gives smaller error estimation
andmay be useful to domeasurements and estimates using cases
grouped into strata [69]. Unfortunately, none of the included
studies followed this methodology. Additionally, two studies in-
cluded in this systematic review [13, 14] did not clarify how the
samples were retrieved. An inappropriate exclusion of cases may
result in overly optimistic estimates of diagnostic accuracy [4].

One included study reported exclusions [21], but it was accept-
able and coherent with the proposal of the study. The pre-
specification of the test threshold is important so there is no bias
in interpreting the results; this could otherwise lead to an over-
optimistic estimate of the test performance [70]. Two included
studies [21, 24] did not mention the threshold previously, but one
[24] mentioned a deliberately low threshold setting to maximize
the identification of discordances.

In general, this systematic review showed a high concor-
dance between diagnoses achieved by using WSI and CLM.
The included studies were optimally designed to validateWSI
for general clinical use, providing evidence with confidence
and—most importantly—it is possible to confirm that this
technology can be used to render primary diagnoses in several
subspecialties of human pathology. The reported difficulties
related to specific findings of certain areas of pathology rein-
force the need for validation studies in some areas not fully
studied, such as hematopathology, endocrine, and bone and
soft-tissue pathology.
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Appendix 1

DATA COLLECTION FORM

Review title or ID

Study ID (surname of first author and year first full report of study was published e.g. Smith 2001)

Report IDs of other reports of this study (e.g. duplicate publications, follow-up studies)

1 GENERAL INFORMATION
Date form completed

Name of person extracting data
Report title

Reference details (author, year)
DOI/PUI/another ID of the 

publication
Publication type (full report, abstract, 

letter)
2 ELIGIBILITY

Study 
Characteristics Review Inclusion Criteria Yes/ No / 

Unclear Values Location in text

Type of study Cross sectional -

Sample set At least 60 cases
Types of 

intervention
Reference standards - conventional light microscopy (CLM)

Index test– whole slide imaging system (WSI)
-

Washout time > 2 weeks

Types of outcome 
measures

Was the intraobserver agreement the preferred measurement? (each 
observer assessing all sample by both methods – digital and 

conventional – with an appropriated wash out period between the 
analyses).

The percentage of concordance was reported?
Kappa index was reported?

Decision:

Reason for 
exclusion

Articles published in foreign languages but English. 
Insufficient sample set number.
Sample with a known malignant diagnosis
Studies with lack of information (mainly about how the sample was analyzed);
Studies which the primary goal was not to examine diagnostic concordance between WSI and CLM;
The intraobserver agreement of the methods is the preferred measure to assess the performance of digital microscopy.
Intraobserver concordance percentage or kappa value is not mentioned.

Notes:
DO NOT PROCEED IF STUDY EXCLUDED FROM REVIEW

3 INTERVENTIONS, PARTICIPANTS AND SAMPLE
Description Location in text

WSI system utilized and magnification of scanner:
Computer settings/
monitor resolution:
Pathologist number:
Sample set quantity (n):

4 METHODS
Descriptions as stated in report/paper Location in text

Type of study:
The study was based on some stated Guideline?
Aim of study:
Pathologists were previous trained?
How sample was analyzed?
Was there any information available along with the cases?
Scan time or diagnosis time were measured?
Washout time:
Notes:
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5 RISK OF BIAS ASSESSMENT
Domain Location in text

1. Sample selection
Describe methods of sample selection:

Was the sample selection consecutive or random? Yes/No/Unclear

A known malignant sample was avoided?
Yes/No/Unclear

Did the study avoid inappropriate exclusions?
Yes/No/Unclear

Could the selection of patients have introduced bias? 
RISK: LOW/HIGH/UNCLEAR

Risk of bias
High (if at least one was 

reached as ‘no’ or ‘unclear’)
Low (all reached as “yes”

Notes: 
2. Index test
Describe the index test and how is conducted and interpreted:

Were the index test results interpreted without knowledge of the results of 
the reference standard? Yes/No/Unclear

If a threshold (classification of the agreement) was used, was it pre-
specified? Yes/No/Unclear

Could the conduct or interpretation of the index test have introduced bias?  
RISK: LOW/HIGH/UNCLEAR

Risk of bias
High (if at least one was 

reached as ‘no’ or ‘unclear’)
Low (all reached as “yes”

Notes: 
3. Reference Standard
Describe the reference standard and how it was conducted and interpreted: 

Is the reference standard likely to correctly classify the target conditions 
(diagnosis)? Yes/No/Unclear

Was the reference standard results interpreted without knowledge of the 
results of the index test? Yes/No/Unclear

Could the reference standard, its conduct, or its interpretation have introduced 
bias? 
RISK: LOW/HIGH/UNCLEAR

Risk of bias
High (if at least one was 

reached as ‘no’ or ‘unclear’)
Low (all reached as “yes”

Notes: 
4. Flow and timing
Describe the time interval and any interventions between index test(s) and 
reference standard:

Could the patient flow have introduced bias?
RISK: LOW/HIGH/UNCLEAR 
Notes: 

6 APPLICABILITY
Domain Location in text
1. Sample selection
Describe included cases (specimen type, subspecialty, biopsy location)?

Is there a concern that the included cases do not match the review question? 
CONCERN: LOW/HIGH/UNCLEAR
Notes: 
2. Index test
Is there concern that the index tests, its conduct, or interpretation differs from 
the review question? 
CONCERN: LOW/HIGH/UNCLEAR
Notes: 
3. Reference Standard
Is there concern that the reference standard, its conduct, or interpretation does 
not match with the review question? 
CONCERN: LOW/HIGH/UNCLEAR
Notes: 

7 OUTCOMES
Description as stated in report/paper Location in text

Intraobserver agreement Concordance (%)
Discordance (%)
Kappa index
Main reason for disagreement:
In disagreement, what diagnosis was
preferred?
Discordant cases were reviewed?
Conclusion of the study:
Notes:
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Appendix 2
TAILORED QUADAS-2

Phase 1. State the review question: The review question we intend to elucidate is: “Is digital microscopy performance reliable 
for use in clinical practice and routine surgical pathology for diagnostic purposes as conventional microscopy?”. For this purpose, 
we evaluate previous studies, which compared digital microscopy (index test) with conventional microscopy (reference standard), 
in several pathology areas (target conditions) for diagnostic purposes (intended use). To assess the performance of whole-slide 
imaging systems, we focus on intra-observer agreement (preferred measurement stated by CAP-PLQC guidelines). The sample set 
should include at least 60 cases and the pathologists involved on validation studies should perform an evaluation of all cases by 
two methods (conventional and digital) with a wash out period superior of 2 weeks. All these parameters obey the CAP-PLQC 
guidelines. Because the performance of the index test may depend on where it will be used in the diagnostic pathway, we should 
reinforce the need of a blind and independent analyses by both methods. Pathologists must assess either glass slides or
correspondent whole slide images with a proper washout period (> 2 weeks). If WSI diagnosis were compared with original 
diagnosis (by glass slide), it is important that the digital slide be assessed by the same pathologist who made the original report 
(ensuring that the measure is intra-observer agreement).

Phase 2. Draw a flow diagram for the primary study:

Phase 3. Risk of bias and applicability judgments

Instructions:
Risk of bias (could be answered as: yes, no or unclear) - If all signaling questions for a domain are answered "yes" then the risk of 
bias can be judged "low." If any signaling issue is answered "no," this signals the potential for bias. The "unclear" category should 
only be used when insufficient data is reported to allow for judgment.

Applicability (could be answered as: low, high or unclear) - The applicability sections are structured similarly to the polarization 
sections, but do not include signaling issues. The review authors should record the information on which the applicability 
judgment is made and then assess their concerns that the study does not match the review question. The "unclear" category should 
be used only when insufficient data are reported to allow judgment.

DOMAIN 1:  PATIENT SELECTION   
A. Risk of Bias 
Describe methods of sample selection: 

Was a consecutive or random sample enrolled? Yes/No/Unclear 
A study should, ideally, include selected samples consecutively or randomly - otherwise, it has the potential to bias. If the sample 
includes both (consecutively/randomly and non-consecutively/non-randomly), the risk of bias may be considered "low" if the 
percentage of non-consecutively/non-randomly cases was less than 10% of the total number of cases. If the selection of the 
samples was not clear, this signaling question must be rated as “unclear”

A known malignant sample was avoided? Yes/No/Unclear
A known malignant sample may lead to a super estimation of diagnostic accuracy (Cornish et al, 2012).
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Did the study avoid inappropriate exclusions? Yes/No/Unclear 
Inappropriate exclusion may result in over-optimistic estimates of diagnostic accuracy. If the study excluded > 10% the sample 
with or without specific motives, exclusions must be considered inadequate. This limit was determined pragmatically.

Could the selection of patients have introduced bias? RISK: LOW/HIGH/UNCLEAR 

B. Concerns regarding applicability 
Describe included cases (specimen type, subspecialty, biopsy location)?

Is there a concern that the included cases do not match the review question? 
CONCERN: LOW/HIGH/UNCLEAR 

DOMAIN 2:  INDEX TEST(S)  
A. Risk of Bias
Describe the index test and how it was conducted and interpreted: 

Were the index test results interpreted without knowledge of the results of the reference standard? Yes/No/Unclear 
Interpretation of the results of the index tests can be influenced by the knowledge of the standard reference results (Whiting et al, 
2004). The bias potential is related to the subjectivity of the test and the order of the test. Studies needs do clearly report blindness 
to answer this question with 'yes'.

If a threshold (classification of the agreement) was used, was it pre-specified? Yes/No/Unclear 
For this question to be answered with 'yes', the study needs to mention which type of threshold was used and clearly indicate that 
it was specified prior to the start of the study. Selecting the test threshold to optimize sensitivity and/or specificity may lead to 
over-optimistic estimates of test performance, which is likely to be poorer in an independent sample of patients in whom the same 
threshold is used (Leeflang et al, 2008).
Could the conduct or interpretation of the index test have introduced bias? RISK: LOW/HIGH/UNCLEAR 

B. Concerns regarding applicability 
Is there a concern that the index tests, its conduct, or interpretation differs from the review question? 
Variations in test technology, execution, or interpretation may affect estimates of its diagnostic accuracy.  If index tests methods 
vary from those specified in the review question there may be concerns regarding applicability.
CONCERN: LOW/HIGH/UNCLEAR 

DOMAIN 3: REFERENCE STANDARD 
A. Risk of Bias 
Describe the reference standard and how it was conducted and interpreted: 

Is the reference standard likely to correctly classify the target condition (diagnosis)? Yes/No/Unclear 
Estimates of test accuracy are based on the assumption that the reference standard is 100% sensitive and specific disagreements 
between the reference standard and index test are assumed to result from incorrect classification by the index test (Biesheuvel, 
Irwig and Bossuyt, 2007; van Rijkom and Verdonschot, 1995). 

Where the reference standard results interpreted without knowledge of the results of the index test? Yes/No/Unclear 

Could the reference standard, its conduct, or its interpretation have introduced bias?   
Potential for bias is related to the potential influence of prior knowledge on the interpretation of the reference standard (Whiting 
et al, 2004).
RISK: LOW/HIGH/UNCLEAR 

B. Concerns regarding applicability 
Is there concern that the reference standard, its conduct, or interpretation does not match with the review question? 
CONCERN: LOW/HIGH/UNCLEAR 

DOMAIN 4: FLOW AND TIMING 
A. Risk of Bias 
Describe the time interval and any interventions between index test(s) and reference standard: 

Could the sample flow have introduced bias? RISK: LOW /HIGH/UNCLEAR
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