
Diagnostic Accuracy of Virtual Pathology vs Traditional
Microscopy in a Large Dermatopathology Study
Michael N. Kent, PhD; Thomas G. Olsen, MD; Theresa A. Feeser, MBA; Katherine C. Tesno, AAS; John C. Moad, MD;
Michael P. Conroy, MD; Mary Jo Kendrick, MD; Sean R. Stephenson, DO; Michael R. Murchland, MD;
Ayesha U. Khan, MBA; Elizabeth A. Peacock, MD; Alexa Brumfiel, BS; Michael A. Bottomley, MS

IMPORTANCE Digital pathology represents a transformative technology that impacts
dermatologists and dermatopathologists from residency to academic and private practice.
Two concerns are accuracy of interpretation from whole-slide images (WSI) and effect on
workflow. Studies of considerably large series involving single-organ systems are lacking.

OBJECTIVE To evaluate whether diagnosis from WSI on a digital microscope is inferior to
diagnosis of glass slides from traditional microscopy (TM) in a large cohort of
dermatopathology cases with attention on image resolution, specifically eosinophils in
inflammatory cases and mitotic figures in melanomas, and to measure the workflow
efficiency of WSI compared with TM.

DESIGN, SETTING, AND PARTICIPANTS Three dermatopathologists established interobserver
ground truth consensus (GTC) diagnosis for 499 previously diagnosed cases proportionally
representing the spectrum of diagnoses seen in the laboratory. Cases were distributed to 3
different dermatopathologists who diagnosed by WSI and TM with a minimum 30-day
washout between methodologies. Intraobserver WSI/TM diagnoses were compared,
followed by interobserver comparison with GTC. Concordance, major discrepancies, and
minor discrepancies were calculated and analyzed by paired noninferiority testing. We also
measured pathologists’ read rates to evaluate workflow efficiency between WSI and TM. This
retrospective study was caried out in an independent, national, university-affiliated
dermatopathology laboratory.

MAIN OUTCOMES AND MEASURES Intraobserver concordance of diagnoses between WSI and
TM methods and interobserver variance from GTC, following College of American Pathology
guidelines.

RESULTS Mean intraobserver concordance between WSI and TM was 94%. Mean
interobserver concordance was 94% for WSI and GTC and 94% for TM and GTC. Mean
interobserver concordance between WSI, TM, and GTC was 91%. Diagnoses from WSI were
noninferior to those from TM. Whole-slide image read rates were commensurate with WSI
experience, achieving parity with TM by the most experienced user.

CONCLUSIONS AND RELEVANCE Diagnosis from WSI was found equivalent to diagnosis from
glass slides using TM in this statistically powerful study of 499 dermatopathology cases. This
study supports the viability of WSI for primary diagnosis in the clinical setting.
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W hole-slide images (WSI) are virtual slides produced
by digitally scanning conventional glass slides. Ad-
vantages of WSI over traditional microscopy (TM)

are found in training and education, tumor boards, research,
frozen tissue diagnosis, permanent archiving, teleconsulta-
tion, collaboration, inclusion in patient electronic medical rec-
ords, and quality assurance testing.1-5 Whole-slide images per-
mit manual and computer-aided quantitative image analysis
of diagnostic and prognostic protein and genetic biomarkers,
with several algorithms having US Food and Drug Adminis-
tration (FDA) approval for clinical use.6 Whole-slide image bio-
repositories provide for the development of pattern recogni-
tion algorithms as a diagnostic tool.7-10 Digital WSI allow
annotation, insertion of comments, and enhanced accessibil-
ity to specialists, especially from geographically remote
locations.11

The ability to diagnose from WSI is uniquely pertinent to
dermatology, where residency curricula require training and
competence that qualifies dermatologists to interpret their own
dermatopathology specimens.12 Moreover, dermatopathol-
ogy is ideal for WSI diagnosis owing to the relatively small speci-
men size, low slide counts, and overall higher case volume
found in the specialty.13

Although WSI are accepted adjunctively in various clini-
cal applications and in several specific tests, lack of com-
monly accepted validation study standards has impeded the
acceptance of WSI for primary diagnosis in the United States.
However, after years of scrutiny, the FDA announced on April
12, 2017, approval of the first WSI system for primary
diagnosis.14 We interpret this decision as a major step to fa-
cilitate widespread adoption of digital pathology in many work-
flow settings and anticipate that additional WSI systems will
receive FDA approval in the near future.15 During the interim,
individual laboratories are not prohibited from validation of
WSI systems for their own use as laboratory developed tests.16

A further concern for acceptance of WSI for primary diag-
nosis is the considerable variability between organ system sub-
disciplines that may require system by system validation.16

There have been a number of studies evaluating concordance
between WSI and TM; however, studies are often small, lack
specificity of specialties, and are dominated by interobserver
rather than intraobserver validation methodologies.17 More re-
cent investigations have included dermatopathology-
specific cases and emphasis on intraobserver observations.17-19

Similar studies have appeared outside the dermatologic
literature.20

Here, we investigate intraobserver concordance of diag-
nosis from WSI compared with TM in a large cohort of 499
cases proportionally representing the spectrum of diagnoses
encountered in our high-volume dermatopathology labora-
tory. We compare these diagnoses with interobserver ground
truth consensus (GTC) diagnosis. We tested the hypothesis
that interpretation from WSI was noninferior to that from
TM; and that the discordance observed is no greater than the
inherent variability in diagnosis among pathologists using
TM.19,21-23

An efficiency study of WSI vs TM read rates by pathologists
with different levels of experience using WSI is included.

Methods

Prior to the study, institutional review board (IRB) approval was
soughtandexemptedbytheIRBattheBoonshoftSchoolofMedi-
cine, Wright State University. Whole-slide images were viewed,
diagnosed and reported using a patented in-house–developed
Laboratory Information System (LIS) platform (Clearpath). The
WSI system was previously validated for primary diagnosis of
hematoxylin-eosin (H&E) stained slides per the College of Ameri-
can Pathologists (CAP) guidelines. Special stains and immuno-
histochemistries were not included in this study because they
require separate validation for each stain.16

Case Selection
A total of 505 cases, proportionally representing the 30 most
frequent diagnoses (approximately 95% of total diagnoses re-
ported in our laboratory), were sequentially pulled from cases
received in the 3 months prior to commencement of the study.
Eight melanomas (2 in situ and 6 invasive malignant melano-
mas) were added for a total of 15 melanomas. A total of 513 cases
were initially considered for the study, reflecting the spec-
trum and complexity of specimen types and diagnoses en-
countered during routine practice.

Ground Truth Consensus
Case materials were deidentified and entered into a database
that included reference number, patient demographics, avail-
able clinical information, and original diagnosis. Glass slides
and data, including the original diagnosis, were viewed simul-
taneously on a multi-headed microscope by 3 board-certified
dermatopathologists (T.O., S.S., and M.M.) and interobserver
GTC diagnosis established. If consensus could not be achieved,
the case was not included in the study. A total of 499 cases were
included and are listed in Table 1.

Intraobserver WSI and TM Diagnosis
Glass slides were digitized as WSI at ×20 magnification (Aperio
AT2 Image Scope, Leica Biosystems). Cases were divided into
3 groups of 166, 166, and 167 cases, each proportionally rep-
resenting the spectrum of cases seen in the laboratory.

Key Points
Question Is diagnosis from whole-slide images (WSI) noninferior
to diagnosis from glass slides for cutaneous specimens?

Findings This large retrospective study of 499 representative
dermatopathology cases found 94% intraobserver concordance
between WSI and traditional microscopy (TM). Diagnosis from WSI
was found statistically noninferior to diagnosis from glass slides
compared with ground truth consensus diagnosis.

Meaning In most cases, we found diagnosis from WSI noninferior
to TM. The WSI method approached, but did not achieve,
noninferiority for the subset of melanocytic lesions. Discordance in
TM diagnosis of this challenging group is broadly recognized and
further investigation of melanocytic neoplasms is recommended.
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Three board-certified dermatopathologists (intraob-
server group, J.M., M.C., and M.J.K.) diagnosed one half of their
cases by TM and the second half by WSI. Glass slides were read
on conventional microscopes, while WSI were read on an in-
house WSI system (Clearpath). Following a minimum 30-day
washout period, each dermatopathologist diagnosed the same
cases using the alternate method.

Intraobserver concordance between TM and WSI was deter-
mined as well as interobserver concordance between each inter-
pretation and GTC diagnosis. Assignment of major or minor dis-
crepancies between diagnoses were determined by effect on pa-
tient care and outcome, according to the criteria used by Bauer
et al.20 Major discrepancy represented a difference in diagnosis
associated with an alteration in patient care. Minor discrepancy
was defined as having no significant clinical impact.

Statistical Analysis
Statistical analysis was performed by the Statistical Consult-
ing Center at Wright State University. Discrepancies were ana-
lyzed by paired noninferiority tests with a 4% noninferiority
margin. Major and minor discrepancies were analyzed sepa-
rately with their own noninferiority tests of hypothesis. A Bon-
ferroni correction was applied to control for potentially in-
flated type I error from performing 2 tests, which resulted in
a level of significance of α = .025 that was used throughout.
Wald-type test statistics and confidence intervals were calcu-
lated using methods described by Liu et al.24

Efficiency Study
Separately, we compared read rates of 3 dermatopatholo-
gists (ratio of cases read/h by WSI vs cases read/h by TM)
using a proprietary in-house digital pathology system
(Clearpath) for WSI. Two dermatopathologists read WSI and
TM cases at 1 hour intervals, for a total of 2 hours of reading
by each methodology. A third pathologist read 1 hour by WSI
and 2 hours by TM. Cases were included regardless of num-
ber of slides and without concern for level of difficulty;
however, cases requiring additional stains or recuts were
not included. Timers were stopped for interruptions such as
phone calls or extraneous transactions to allow comparison
of actual reading times.25

Results
Intraobserver concordance between WSI and TM diagnosis was
94% (471 of 499). Twenty-eight (6%) cases were designated dis-
cordant diagnoses; 14 were minor and 14 were major. Of the
major discrepancies shown in Table 2, there were 6 melano-
cytic lesions, 2 inflammatory lesions and 6 cases involving epi-
thelial dysplasia/atypia vs epithelial hyperplasias/
hypertrophies. Major discrepancies among melanocytic lesions
included 2 cases of invasive melanoma vs in situ melanoma, 1
case of melanoma vs severely atypical nevus, and 3 cases where
the margins were involved and coinciding histologically with
a moderate or mild degree of atypism vs a benign nevus.26-30

Major discrepancies involving 2 inflammatory cases in-
cluded spongiotic dermatitis by WSI vs benign keratosis by TM

and another case of spongiotic dermatitis where TM interpre-
tation was granuloma annulare. The 6 major discrepancies of
nonmelanocytic lesions involved interpretation of disorgani-
zation and cytologic atypia of actinic keratosis vs various epi-
thelial hyperplasias and/or hypertrophies.

Interobserver concordance between WSI and GTC diag-
nosis was 94%, while interobserver concordance between TM
and GTC diagnosis was 94%. Concordance between all obser-
vations (GTC, WSI, and TM) was 91%.

Melanocytic lesions comprised 30% of total cases, to in-
clude 15 malignant melanomas, and inflammatory cases rep-
resented 7%. Mitotic figures within melanomas were not dif-
ficult to identify by WSI. Inflammatory cases, particularly
spongiotic dermatoses, yielded a mixed infiltrate with eosin-
ophils that were easily visualized by WSI (Figure).

Noninferiority was determined comparing discrepan-
cies of paired samples by each readout method to GTC,
allowing a 4% noninferiority margin between methods.
Rates of both major and minor discrepancies of WSI and TM
for all cases were not significantly different. When consider-
ing major discrepancies in 3 subgroups, we found no signifi-
cant difference between methodologies for nonmelanocytic
lesions and inflammatory lesions; however, major discrep-
ancies for melanocytic lesions fell outside the 4% noninferi-
ority margin (Table 3).

Table 1. Case Type and Frequency of Diagnoses in 499 Cases

Diagnosis Cases, No.
Benign melanocytic nevi (blue, dermal, compound,
junctional)

90

Basosquamous acanthomas/verrucoid keratoses (stages
of seborrheic keratosis and/or verrucae)

100

Basal cell carcinoma 80

Atypical nevi 44

Actinic keratosis 32

Squamous cell carcinoma in situ 31

Invasive squamous cell carcinoma 28

Spongiotic dermatitis 23

Epidermal cyst 16

Malignant melanoma 15

Dermatofibroma 6

Hemangioma 5

Sebaceous hyperplasia 4

Prurigo nodularis 4

Neurofibroma 4

Fibrous papule 4

Pilar cyst 3

Lipoma 2

Psoriasis 1

Bullous pemphigoid 1

Granuloma annulare 1

Lichen planus 1

Onychomycosis 1

Insect bite 1

Small vessel necrotizing vasculitis (leukocytoclastic vasc) 1

Chondrodermatitis nodularis helicis 1
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Efficiency Study
Pathologist’sefficiency,measuredbyratioofnumberofWSIcases
read per minute to TM cases read per minute, suggests that WSI
efficiency can achieve parity with TM, and efficiency correlated
with pathologist’s experience with WSI (Table 4).

Discussion

Acceptance of WSI for primary diagnosis requires rigorous dem-
onstration that patient care will not be adversely affected. The

Figure. Whole-Slide Images

Histopathologic imageA Histopathologic imageB

Hematoxylin-eosin stained biopsy samples (original magnification ×20). A, Arrowheads indicate mitotic figures in invasive melanoma. B, Arrowheads indicate
eosinophils in perivascular and interstitial zones of spongiotic dermatosis.

Table 3. Major Intraobserver Discrepancies by Lesion Group

Case Group Cases Read Cases With Agreement Concordance, % P Value (95% CI)
WSI vs TM

All cases 499 485 97 <.001 (−.01 to .01)

Nonmelanocytic lesions 271 265 98 <.001 (−.01 to .03)

Melanocytic lesions 149 143 96 .053 (−.05 to .02)

Inflammatory conditions 34 32 94 .007 (−.02 to .14) Abbreviations: TM, traditional
microscopy; WSI, whole-slide images.

Table 2. Major Intraobserver Discrepancies and Agreement With GTC

Case No./Group WSI Diagnosis TM Diagnosis GTC Diagnosis
1/Melanocytic In situ malignant melanoma Invasive malignant melanoma Invasive malignant melanoma

2/Melanocytic In situ malignant melanoma Invasive malignant melanoma In situ malignant melanoma

3/Melanocytic Invasive malignant melanoma Atypical lentiginous compound
nevus; severe atypia

Atypical lentiginous junctional
nevus; severe atypia

4/Melanocytic Lentiginous junctional nevus Atypical lentiginous junctional
nevus; moderate atypiaa

Atypical lentiginous junctional
nevus; moderate atypia

5/Melanocytic Lentigo/early junctional nevus Atypical lentiginous junctional
nevus; moderate atypiaa

Lentiginous junctional nevus

6/Melanocytic Lentiginous compound nevus Atypical lentiginous compound
nevus; mild atypiaa

Atypical lentiginous
compound nevus;
moderate atypia

7/Inflammatory Spongiotic dermatitis Solar lentigo-seborrheic
keratosis overlap

Spongiotic dermatitis

8/Inflammatory Spongiotic dermatitis Granuloma annulare Spongiotic dermatitis

9/Nonmelanocytic Verrucous keratosis Actinic keratosis; hypertrophic
variant

Verruca vulgaris

10/Nonmelanocytic Verrucous benign keratosis Bowenoid actinic keratosis Actinic keratosis

11/Nonmelanocytic Verruca vulgaris Actinic keratosis; hypertrophic
variant

Verruca vulgaris

12/Nonmelanocytic Verruca vulgaris Actinic keratosis; hypertrophic
variant

Verruca vulgaris

13/Nonmelanocytic Actinic keratosis Solar lentigo Actinic keratosis

14/Nonmelanocytic Actinic keratosis Spongiotic/Psoriasiform
dermatitis

Actinic keratosis

Abbreviations: GTC, ground truth
consensus; TM, traditional
microscopy; WSI, whole-slide images.
a Moderate/mild atypia with the

margins involved resulting in
probable reexcision.26-30
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accuracy of this methodology may well be dependent on indi-
vidual subspecialty validation. The primary outcome in this large
dermatopathology validation study is that diagnosis of derma-
tologic cases from WSI is not inferior to diagnosis by TM. Non-
inferiority tests are a standard intended to show that the effect
of a new method is not worse than that of an active control by
more than a specified margin. This testing methodology was the
foundation for FDA approval of the first WSI system approved
forprimarydiagnosis.14 Ourfindingssupport increasingevidence
that using WSI does not compromise patient care and allows pa-
thologists to gain confidence in WSI for primary diagnosis.

Unlike previous noninferiority testing of WSI,17,20 we used
paired testing, with the advantage of comparing results from
the same sample by the 2 different methods. Our study pro-
vides a statistically powerful and comprehensive addition to
previous validation studies.

A recent publication by Shah et al17 lends additional sup-
port to the dermatopathology subspecialty in their finding that
intraobserver and interobserver concordance rates between
WSI and TM were equivalent in 181 dermatopathology cases
when adhering to the 2013 CAP validation guidelines. In an ear-
lier, smaller study, Al-Janabi et al18 found WSI and TM intra-
observer concordance to be 94% in 100 dermatopathology
cases. The 6 discordant cases were graded as minor, having no
impact on patient care. In 2016, Goacher et al31 published a sys-
tematic review of 38 validation studies across all pathology sub-
specialties and found the mean diagnostic concordance of WSI
and TM, weighted by the number of cases per study, was 92.4%.
Our study would meet the criteria for inclusion in the Goacher
et al review and provides further support for confirmation of
the efficacy of WSI.

We found total (major and minor) intraobserver concordance
between WSI and TM was unequivocal in 94% of all cases. Fur-
ther, intraobserver concordance between WSI and TM achieved
97% when minor discrepancies were included as agreement. Im-
portantly, our 94% interobserver concordance of WSI to GTC and
TM to GTC supports the position that diagnostic methodology
does not impact a pathologist’s interpretation.

Among the 499 cases reviewed, we evaluated 3 subgroup-
ings: nonmelanocytic lesions, melanocytic lesions, and in-
flammatory cases, similar to the selected clustering of cases
reported by other investigators.13,17,19 The 14 major intraob-
server discrepancies by case and subgroup provide a frame of
reference for discussion (Table 2).

Nonmelanocytic Lesions
The highest intraobserver concordance between WSI and TM
was the nonmelanocytic grouping, with 98% agreement. The
6 major discrepancies involved interpretation of an actinic
keratosis vs a variety of benign epithelial hyperplasias, to
include seborrheic keratoses, verrucoid keratoses, and ver-
ruca vulgaris. Cases involving discordance between actinic
keratoses, carcinoma in situ (Bowen disease) and invasive
squamous cell carcinoma were not observed. We interpret
the occurrence of major discrepancies, both intraobserver
and interobserver, not as a failure of WSI methodology but
rather the inherent subjectivity of pattern recognition and
integration of degrees of dysplasia when biopsies are taken

from chronically sun-damaged skin. While WSI yielded a less
malignant diagnosis vs TM in 4 of 6 cases, WSI was concor-
dant to GTC in 5 of 6 cases. Shah et al17 published similar
results in terms of the common occurrence of actinic kerato-
sis as a discordant diagnosis in the nonmelanocytic lesion
grouping, as well as 2 discordant cases of an actinic keratosis
vs invasive squamous cell carcinoma.

Melanocytic Lesions
In melanocytic lesions, although WSI vs TM concordance was
96% for major discrepancies, TM agreement with GTC was
greater than WSI agreement with GTC, and the 2.5% lower con-
fidence bound fell below the 4% noninferiority margin. This
is not unexpected because diagnostic discordance among pa-
thologists for this challenging group of lesions by TM alone has
long been documented in the literature.32-35 We believe the
method of readout (WSI or TM) is not a factor in the variabil-
ity inherent in diagnosing this subgroup. It should also be noted
that of the 15 melanomas in the study, WSI and TM each had 1
major disagreement with GTC.

As WSI emerges as a new methodology for diagnosing pa-
thology cases, the intraobservational and interobservational
discordance in the diagnosis of melanocytic lesions remains
evident. Okada et al36 found 100% concordance after review-
ing 23 benign melanocytic lesions and 12 malignant melano-
mas, both in situ and invasive malignant melanoma. Lienwe-
ber et al,37 in a larger series of 560 melanocytic neoplasms,
reported a concordance rate of 94.4% to 96.4%, but using a bi-
nary (benign or malignant) reporting system. Shah et al17 re-
corded an overall lower concordance rate of melanocytic le-
sions at 75.6%, yet the figure corrected to a 97.4% intraobserver
concordance using the binary system methodology. We ex-
pect that further, more statistically powerful WSI studies of me-
lanocytic lesions, considering the effect of scanning magnifi-
cation and including immunohistochemistry stains, will better
elucidate the noninferiority of WSI and TM vs GTC for this chal-
lenging group. Case 1 reflected the major discrepancy of in situ
melanoma vs invasive malignant melanoma with WSI favor-
ing an in situ process and an invasive melanoma diagnosis by
TM (Table 2). The GTC favored invasive malignant mela-
noma. On rereview of WSI, a section was identified with in-
vasive melanoma. Case 2 was again a situation of an in situ
melanoma diagnosed by WSI and GTC, as opposed to TM di-
agnosis of invasive melanoma. Further review was unable to
reproduce the TM diagnosis of invasive melanoma. In both
cases, one could reasonably attribute differences in interpre-
tation to variations in logistical habit sign-out patterns when
one is faced with multiple blocks that produce multiple fields
of view under the microscope or scanned by WSI.

Table 4. TM vs WSI Read Rates

Pathologist
TM/WSI (Specimens
Read per Hour)

Experience
(Total WSI Reads)

1 0.9 1843

2 1.9 686

3 1.7 640

Abbreviations: TM, traditional microscopy; WSI, whole-slide images.
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The remaining 4 intraobserver major discrepancies in-
cluded a severely atypical nevus by TM vs melanoma by WSI
and 3 cases where WSI diagnosis of nevus was less severe than
dysplastic diagnoses by TM, with 2 of the 3 cases being mod-
erate atypia and the third mild. These results might suggest a
lower degree of image resolution by WSI vs TM, particularly
because our scanning magnification was ×20 vs the ×40 mag-
nification used by Shah et al17 and Al Habeeb and colleagues.13

Indeed, Al Habeeb et al noted that among their surveyed staff
pathologists, participating majority opinion indicated ×40 mag-
nification by WSI produced a superior image to the micro-
scope. Nonetheless, with the more severe diagnosis of inva-
sive melanoma by WSI vs severely atypical nevus by TM, in
addition to the lack of disparities between WSI vs GTC and TM
vs GTC, respectively, we attribute the differences to subjec-
tive nuances observed in melanocytic neoplasms.17,32-35

Inflammatory Lesions
Our data reflected a high level of concordance with inflamma-
tory lesions, with 32 of 34 cases, representing a wide range of
dermatoses, being concordant. In fact, even though the con-
cordance rate for this subgroup was not as high as for mela-
nocytic lesions, noninferiority was achieved, as WSI achieved
greater concordance with GTC than did TM (Table 3). One ma-
jor discrepancy yielded a diagnosis of spongiotic dermatitis vs
verrucoid keratosis. This variance, namely inflammation vs
neoplasm, has been observed by others and attributed to the
lack of a complete data set, such as clinical photographs. The
second major discrepancy, spongiotic dermatitis vs granu-
loma annulare, was rereviewed with the diagnosis of granu-
loma annulare being an interpretative error, with the vari-
ance attributed to ropelike basophilic collagen bundles
interpreted as mucin. Although Massone et al38 have re-
ported a low 75% concordance among inflammatory lesions,
the authors acknowledge limitations of their study to include
incomplete clinical data, unfamiliarity with the virtual micro-
scope, and intrinsic difficulties that accompany inflamma-
tory skin pathologic analyses. Because of the high level of con-
cordance of inflammatory lesions in our series, we believe
inflammatory skin pathologic abnormalities can be readily in-
terpreted using WSI for primary diagnosis, assuming an aware-
ness and focus on clinicopathological correlations and clini-
cal photographs available for review.

Efficiency Study
There has been little agreement regarding effect of WSI on pa-
thologist workflow efficiency.39-44 This is not unexpected as
the nascent technology is developing, innovative approaches
to workflow design and implementation are being tested, and
a new generation of pathologists, many used to digital life-
styles, come of age. It may also be that, as with implementa-
tion of electronic medical records, efficiencies in one area may
compromise those in another, even as the total system pro-
vides gains for patient care.44-46 Our preliminary findings sug-
gest that experience is a key factor and that parity can be
achieved.

Although our efficiency data are small and relatively un-
controlled, after having the opportunity to work with WSI for
5 years it is our assessment that if the workflow involves 100
cases or less, WSI efficiencies can equal the microscope with
training and practice. This is particularly relevant if there is an
integrative laboratory information management system (LIS)
and order and result interfaces.

Limitations
We did not evaluate intraobserver TM to TM or WSI to WSI con-
cordance in this study; however, data from the literature and in-
terobserver observations of WSI to GTC and TM to GTC are in
agreement with our intraobserver WSI vs TM results. The study
did not include rare dermatologic diagnoses or cases referred to
other specialists (ie, lymphoreticular processes and cytopatho-
logic diseases). We did not include granulomatous pathologic ab-
normalities or foreign bodies because, to our knowledge, WSI
does not currently include polarizing capabilities.

Conclusions
Diagnosis from WSI was found to be noninferior compared with
diagnosis from TM in this validation study of 499 cases re-
flecting the spectrum and complexity of specimen types and
diagnoses encountered in a dermatopathology practice. Our
substudy regarding reading efficiency suggests that patholo-
gists experienced with WSI can achieve parity with TM. As WSI
systems improve and pathologists gain experience in this trans-
formative technology, diagnostic time should not be a barrier
in adoption of WSI for primary diagnosis.
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