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Abstract

Background: The case triage practice workflow model was used to manage
incoming cases on a telepathology-enabled surgical pathology quality
assurance (QA) service. Maximizing efficiency of workflow and the use of
pathologist time requires detailed information on factors that influence
telepathologists’ decision-making on a surgical pathology QA service, which
was gathered and analyzed in this study. Materials and Methods: Surgical
pathology report reviews and telepathology service logs were audited, for
1862 consecutive telepathology QA cases accrued from a single Arizona
rural hospital over a 51 month period. Ten university faculty telepathologists
served as the case readers. Each telepathologist had an area of subspecialty
surgical pathology expertise (i.e. gastrointestinal pathology, dermatopathology,
etc.) but functioned largely as a general surgical pathologist while on this
telepathology-enabled QA service. They handled all incoming cases during
their individual |-h telepathology sessions, regardless of the nature of the
organ systems represented in the real-time incoming stream of outside
surgical pathology cases. Results: The [0 participating telepathologists’
postAmerican Board of pathology examination experience ranged from 3
to 36 years. This is a surrogate for age. About 91% of incoming cases were
immediately signed out regardless of the subspecialty surgical pathologists’
area of surgical pathology expertise. One hundred and seventy cases (9.13%)
were deferred. Case concurrence rates with the provisional surgical pathology
diagnosis of the referring pathologist, for incoming cases, averaged 94.3%, but
ranged from 88.46% to 100% for individual telepathologists.Telepathology case
deferral rates, for second opinions or immunohistochemistry, ranged from
4.79% to 21.26%. Differences in concordance rates and deferral rates among
telepathologists, for incoming cases, were significant but did not correlate
with years of experience as a practicing pathologist. Coincidental overlaps
of the area of subspecialty surgical pathology expertise with organ-related
incoming cases did not influence decisions by the telepathologists to either
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defer those cases or to agree or disagree with the referring pathologist’s
Subspecialty
effectively served as general surgical pathologists on a telepathology-based
surgical pathology QA service. Concurrence rates with incoming surgical
pathology report diagnoses, and case deferral rates, varied significantly among
the 10 on-service telepathologists. We found no evidence that the higher Ol
deferral rates correlated with improving the accuracy or quality of the surgical -'-'f-t.!: /

provisional diagnoses. Conclusions:

pathology reports.
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INTRODUCTION

Pathology  diagnostic  service workflow has  been
directly, or indirectly, studied from a number of
perspectives.*! These may be grouped as follows. The first
group of telepathology workflow studies has focused on
infrastructure issues including the evaluation and choices
of digital imaging technologies and telecommunications
modalities for specific clinical practice settings./'¢
A second group of studies has examined metrics that
characterize pathologists’ performances on a surgical
pathology or cytopathology service, such as diagnostic
accuracy, case through-put efficiency, and case deferral
rates in various surgical pathology and cytopathology
practice settings.2!l A third group of studies, which
fall under the umbrella of basic research in medical
imaging, has examined physiologic surrogates of
human performance such as eye movements during the
navigation of a digital slide using precise eye-tracking
equipment set-ups./??? Such futuristic research is aimed
at finding physiologic “biomarkers” of expertise that
could be potentially useful for the proficiency testing
of pathologists for their suitability for inclusion in
high-performance teams of diagnostic telepathologists to
staff the envisioned “virtual” telepathologist team “call
center-of-the-future”.[277:28)

Variability in human performance was identified as
a potential concern in the first scientific paper on
telepathology, published in 1987. In a study performed
under highly controlled conditions in a vision physiology
laboratory, it was shown that individual pathologists had a
range of personal thresholds for diagnosing breast discase
using cither video imaging or traditional light microscopy.
The use of the “equivocal for malignancy” diagnostic
category varied significantly among the six pathologists
enrolled in the study. However, individual pathologist’s
use of the “equivocal for malignancy” diagnostic category
for breast surgical pathology specimens was essentially
the same for both conventional light microscopy and
video microscopy for each individual pathologist.*?
Subsequently, in a large longitudinal study of an actual
pathology diagnostic service incorporating telepathology,
Dunn et al. at the US. Department of Veterans Affairs

Medical Center, in Milwaukee, Wisconsin, using a
static-image enhanced dynamic robotic telepathology
system, studied patterns of case deferrals over a 12 year
period of time.""1%2 Ten telepathologists rendered
preliminary primary surgical pathology diagnoses on
over 11,000 surgical pathology cases. Case deferral rates
varied from 4% to 21% among different pathologists
affecting workflow within their practice. Some of the
highest case deferral rates were generated by relatively

young pathologists.

In this study, we analyzed the influence of surgical
pathology subspecialty expertise on case deferral rates
when academic subspecialty surgical pathologists function
as a triage pathologist staffing a telepathology-cnabled
OA program on a daily rotation basis.

MATERIALS AND METHODS

Telepathology-Based Quality Assurance Service
The Department of Pathology of the University
Medical Center (UMC) at the University of Arizona
(Tucson, Arizona) began a surgical pathology quality
assurance (QA) program for the Havasu Regional Medical
Center ([HRMC], Lake Havasu City, Arizona) 314 miles
away, in July 2005. The Arizona Telemedicine Rural
Network, a state-wide broadband telecommunications
network operated by the Arizona Telemedicine
Program (ATP), served as the telecommunications carrier.
This OA program remained in operation for 51 months,
terminating in October 2009, when a decision was
made by HRMC to outsource its pathology services
to a commercial laboratory. During the 51 months
of operation, a total of 354 OA transmission sessions
occurred.

Although this program was in operation, the HRMC
surgical pathology laboratory handled 3,000-4,000 surgical
pathology cases cach year. The laboratory was staffed by
a single surgical pathologist in full-time solo practice at
HRMC. Representative slides of all new cancer cases and
other challenging surgical pathology cases were selected by
the local HRMC pathologist and examined remotely by
telepathology as part of the OA program. The cases were
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representative of a typical community pathology practice
both in distribution (organ system and procedure type)
and complexity. Of note, the OA model utilized in this
study relied upon the clinical judgment of the HRMC
pathologist to sclect relevant slides for OA review. The
HRMC pathologist did not necessarily provide all of the
microscope slides in any given case for telepathology
review. This OA model is standard operating procedure at
the University of Arizona College of Medicine Department
of Pathology and from the authors’ past experiences,
is widely used in other academic medical centers.
A different QA model, that in which the whole case is
reviewed by one or more peers operating independently,
may be more familiar to some readers, particularly those
In a community practice setting.

During the period between July 2005 and October 2009,
1862 cases were transmitted from HRMC to UMC.
Forty-seven cases, which were viewed by more than one
telepathologist as incoming cases, were excluded from
analysis of the performance characteristics of individual
telepathologists  (but these cases were included for
consideration in other aspects of this study). The reason
for having two telepathologists view an incoming case
was that as new telepathologists joined the OA program,
they were trained by an experienced peer operator for
a period of one or more telepathology transmission
sessions. After this introductory period of shadowing,
the new telepathologist then operated independently.
Because more than one telepathologists was present
for these sessions, they were excluded from analysis of
individual telepathologist performance characteristics,
but were included in other areas of study. Therefore,
in some analyses in this paper, data from all 1862 cases
are included. For others, the analysis is based on
the 1815 cases which were handled by a single OA
telepathologist [i.e., distributions of cases by organ
system, as shown in Tables 1 and 2].

Telepathology Equipment

Telepathology equipment, as described by Dunn et al.,
and others, was used in this study!"™ A remotely
controlled  static-image  enhanced  robotic-dynamic
telepathology system (Apollo PACS®, Falls Church, VA)
was used to transmit a stream of images over the ATP’s
broadband telecommunications network, from Lake
Havasu City to Tucson. Real-time video conferencing, a
feature, which is built into the Apollo system, allowed
face-to-face collaboration between the HRMC and UMC
pathologists.

Staffing of the Surgical Pathology Quality
Assurance Program

A total of 10 UMC surgical pathologists participated
in the study. They had dual roles, functioning either as
a “general” telepathologist, when an incoming OA case
fell outside their area of subspecialty surgical pathology

http://www.jpathinformatics.org/content/5/1/18

Table I: Distribution of cases by organ system

Organ/system Frequency
Gastrointestinal 514
Genitourinary 478
Skin 280
Lung 249
Bone/soft tissue 97
Head/neck 64
Gynecological 57
Breast/axilla 39
Endocrine 27
Cardiovascular 12
Indeterminate* 3
Total 1815

*Surgical pathology material insufficient to determine organ of origin

Table 2:Telepathology case nondeferral rates and
deferral rates

Organ/system Number (percentage of total)

Nondeferred cases
Gastrointestinal 485 (29.39)
Genitourinary 432 (26.18)
Skin 237 (14.36)
Lungs 232 (14.06)
Bone/soft tissue 85 (5.15)
Head/neck 62 (3.76)
Gynecological 49 (2.97)
Breast/axilla 37 (2.24)
Endocrine 21 (1.27)
Cardiovascular 10 (0.60)
Indeterminate 0 (0.00)

Total 1650
Deferred cases

Genitourinary 46 (27.06)
Skin 43 (25.29)
Gastrointestinal 28 (16.47)
Lungs 17 (10.00)
Bone/soft tissue 12 (7.06)
Gynecological 9 (5.29)
Endocrine 6 (3.53)
Indeterminate 3 (1.76)
Head/neck 2 (1.18)
Breast/axilla 2(1.18)
Cardiovascular 2 (1.18)
Total 165

expertise and/or a subspecialty surgical pathologists
depending on the nature of the case. It is noted that
considerable

the participating telepathologists  had

general surgical pathology experience. This experience

types
coverage of the general surgical pathology service, the

came from multiple of exposures: Rotating

frozen section service and the on-call surgical pathology
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service. In each of these areas, the 10 pathologists wear
the hat of a generalist. It is reasonable to hypothesize
that a more subspecialized practice might have higher
deferral rates than those observed in this study. Nine

surgical  pathology subspecialties  were represented,
including  dermatopathology,  gastrointestinal/hepatic
pathology,  renal/genitourinary  pathology,  breast,

thoracic, gynecologic, and head/neck pathology. Two
renal/genitourinary pathologists were on the telepathology
OA service. In addition to their subspecialty expertise,
ecach of the 10 participating telepathologists had
extensive experience handling general surgical pathology
cases as cach took turns covering the general surgical
pathology service, signing out frozen sections and coving
surgical pathology night and weckend call. Thus, these
10 pathologists were well-suited for their dual role as
generalists/subspecialists.

In addition to the statfing telepathologists, a case
manager was present at all telepathology transmission
sessions. The role of the case manager was to document
telepathology  session  details and to  troubleshoot
technical problems, should they occur.

Telepathology Quality Assurance Case Reviews

Cases reviewed through telepathology initially underwent
light microscopy review by the HRMC pathologist.
A preliminary diagnosis was rendered and a provisional
pathology report was generated. This report and relevant
patient medical history/clinical ~ characteristics  were
provided to the UMC telepathologist in Tucson at the time
of case review. The HRMC pathologist used their clinical
judgment in the selection of relevant slides for transmission
and OA review. The Apollo system (sce telepathology
equipment) was used to transmit, in real-time, the case
images from Iavasu City to Tucson, Arizona. These
images were remotely navigated by the on-service triage
telepathologists at UMC, in Tucson. Telepathologists
and the HRMC pathologist were able to simultancously
collaborate face-to-face via the real-time video conferencing
feature of the Apollo system. Representative static images
of diagnostic histopathology ficlds were archived. The case
manager was responsible for documenting details of the
session on a standard service log form. Variables that were
documented at the time of telepathology review included
patient name, HRMC case number, telepathology case
number, the name of the telepathologist(s) reviewing the
case, the time that the case was started and finished, the
number of static image captures per case and whether
the case was signed out or deferred. Unfortunately, the
reason(s) for individual case deferral were not recorded
and we were therefore unable to evaluate this variable in
this retrospective study. The session log form had a free
text comment section where the case manager was able to
record notes on any technical problems that arose during
the session. inally, a telepathology report was issued and
this report, together with the HRMC report and OA session

http://www.jpathinformatics.org/content/5/1/18

log form, were archived for future analysis.

The 10 telepathologists who participated in the study
were faculty pathologists in the University of Arizona
College of Medicine Department of Pathology, which
staffs the UMC laboratories. For the vast majority of
cases, a single telepathologist was present. However, as
new telepathologists joined the QA program over time,
they began by shadowing an experienced peer operator
for one or more sessions. Thus, for a small percentage
of cases (47 cases or 2.52%), two telepathologists were
present.

We assessed interpathologist variability with respect to
telepathology case turn-around times in handling OA
case (Le., telepathology case turn-around times), and
incoming telepathology-enabled OA case deferral rates.
Both of these parameters can affect workflow and case
throughput times in a surgical pathology OA program.

The CaseTriage Practice Workflow Model

Using the CPT workflow model [Figure 1], the referring
pathologist sends telepathology cases to the triage
pathologist at the telepathology hub. When triage
pathologists  consult with subspecialty pathologists,
they retain responsibility for generating the final OA
telepathology report. This minimizes the number of
consulting pathologists at the telepathology hub with
whom the referring pathologist interacts with in a given
week, and helps insure smooth handling of incoming
cases.

Surgical Pathology Case Material and Data
Analysis

The preliminary surgical pathology reports (IHHRMC),
UMC telepathology case reports and telepathology
session log sheets were compiled sequentially. All cases
transmitted between HRMC and UMC were included in
this evaluation. Data collected from cach case included
date of telepathology review, name of telepathologist(s)
present at review, specimen organ system, preliminary
(HRMC) diagnosis, telepathology diagnosis, time spent
per case and the number of static image captures archived
per case. These data were uploaded in a Microsoft Excel,

Referring
Pathologist

Triage
Pathologist

Triage
Pathologist

Subspecialty
Pathologist

\v4
Y

Case
Sign-Out

Figure |: Workflow chart for case triage practice model
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Bellevue, Washington] spreadsheet and examined for a
case load per telepathologist, number of cases per organ
system, and deferral rates. The HRMC diagnoses and
telepathology diagnoses were compared and classified
by an independent senior pathologist as being either
concordant or discordant. Discordant diagnoses were
further sub-classified by an independent pathologist
as a major discrepancy (one that would alter clinical
management) or minor discrepancy (one that would not
alter clinical management).

Telepathology cases were also classified according to the
telepathologists’ area of subspecialty surgical pathology
expertise. A t-test for paired observations was used to
determine if there was a statistically significant difference
in deferral rates among pathologists as a function of
incoming cases being within or outside their area of
expertise. A Chi-square test was done to determine if
the distributions of deferral rates differed across readers.
We also compared pathologists” performances regarding
their deferral rates for QA cases that fell either within or
outside of their individual area of subspecialty surgical
pathology expertise.

As data analysis progressed, it became apparent that there
was a higher rate of discrepant diagnoses in genitourinary
cases. To determine the etiology of the increased rate of
discrepancies in this organ system, additional analysis was
performed. Cases were subcategorized by organ/site and
the HRMC and UMC diagnoses were compared.

Designations as Subspecialty Surgical Pathology
Experts

For this study, arca of expertise for ecach participating
telepathologist was defined on the basis of consensus
among colleagues within the Department of Pathology
at the University of Arizona. The majority of the
telepathologists were board certified or fellowship-trained
in their particular area of subspecialty surgical pathology
expertise. Others were simply recognized within the
department as the “go-to” pathologists for a specific
organ system, having accrued experience in a specific area
of pathology through years of experience.

RESULTS AND DISCUSSION

Telepathology-Enabled Quality Assurance Service
Staffing

Figure 2 shows the time of participation for the 10 individual
pathologists (A-]) in the telepathology OA  program.
Pathologist A and pathologist B were telepathology service
providers throughout nearly all of the 51 months for which
the service was active. On the other hand, pathologist “I”
and pathologist “J” were recent hires and relative late comers
to the telepathology-enabled OA program. Their late entry
into the program may have contributed to the spike in
deferral rates near the end of the program, although the

http://www.jpathinformatics.org/content/5/1/18
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Figure 2: Staffing of the University of Arizona’s telepathology-enabled
quality assurance program

spike was not statistically significant

Distribution of HRMC Analytical Surgical
Pathology Cases

The distribution of 1815 HRMC cases reviewed initially
by one telepathologist is provided in Table 1 according to
organ system. Of these cases, 1650 cases (90.91%) were
signed out immediately by a triage telepathologist serving
as the “diagnostic telepathologist of-the-day.” Most of the
remaining 165 cases (9.09%) were deferred for glass slide
re-review by: A second pathologist without subspecialty
expertise related to the incoming case; a subspecialist
surgical pathologist; or for additional studies, most often
immunohistochemical staining. An additional 47 cases
handled by two telepathologists, working together,
brought the total number of cases to 1862. The 47 cases
handled by two telepathologists are not included in
Table 1.

Deferral Rates
Table 2 shows the telepathology non-deferral rates and
deferral rates according to organ.

Numbers of cases per telepathologist ranged from
51 to 501 (average 182) [Table 3]. Overall deferral
rates for individual telepathologists ranged from
479% to 21.26% (average 10.05%). Deferral rates,
excluding their own surgical subspecialty cases, ranged
from 4.94% to 21.81% (average 10.26%). Deferral
rates were not affected by exclusion of cases within
cach telepathologist’s subspecialty area. There was
no statistically significant difference in deferral rates
for case triage telepathologist for cases falling outside
their areas of subspecialty pathology expertise versus
triage cases falling within their area of subspecialty
surgical pathology expertise (t = 0.032, P = 0.9754).
A Chi-square test for distribution of deferral rates
across telepathologists was statistically significant for
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general rates (x* = 20.52, P < 0.05) and subspecialty
rates (x> = 20.23, P < 0.05). However, it may be
noteworthy that 8 out of 10 telepathologists deferred a
lower percent of telepathology cases that fell within their
area of subspecialty surgical pathology expertise.

The case deferral rates for the six telepathologists, including
two renal pathologists (Renal/GU 1 and Renal/GU 2),
who handled over 100 telepathology cases are shown in
Figure 3. The differences in deferral rates for incoming
cases within an individual’s area of subspecialty surgical
pathology expertise and general pathology cases that
fall outside of areas of an individual’s surgical pathology
expertise are not statistically significant.

Case Deferral Rates over Time

The aggregate number of case deferrals over time was
also assessed. Cases were summed according to calendar
months from July 2005 to October 2009. The average
aggregate case deferral rate per month was 3.314 with a
range of 0-10. The monthly case deferral rates fluctuated
as shown in Figure 4. The deferral rate/month over
the first 12 months of the program was on average
6.25 cases/month. This fell to 2.58 cases/month for the
second 12 month interval, 2.08 for the third, and then
rose to 3.33 cases in the fourth interval. There is a
significant (r = -0.4449, z = -3.387, P = 0.001) negative
correlation with deferrals decreasing significantly over
time, within this telepathology group practice.

Nondeferred and Deferred Case Viewing Times
for Quality Assurance Cases

The time spent generating a surgical pathology report for
each telepathology case was recorded at the end of each
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consultation by the case manager in the telepathology
room. Overall, the time spent on individual cases,
including nondeferred cases and deferred cases, was
3.99 min (range = 1-35 min). The average time for
nondeferred cases (i.e. those signed out directly by the
triage telepathologist) was 3.78 min (range = 1-35 min),
and for deferred cases (i.c., those for which the triage
telepathologist deferred rendering a  diagnosis) was
6.12 min (range = 1-18 min). Table 4 includes incoming
cases handled by a single telepathologist (1815 cases)
as well as 47 incoming cases handled with two
telepathologists present.

Differences in  average turn-around times for
nondeferred cases and deferred cases were statistically
significant (¢t = 9.472, P < 0.0001), with deferred cases
taking longer.

Case Viewing Times by Organ System

Data were also analyzed to determine the time spent
reviewing cases from different organ systems. Lowest
average time for nondeferred cases was 3.08 min for
breast/axilla cases (range = 5-9) and highest was
4.69 min for gynecological cases (range = 1-15). For
deferred cases lowest average time per case was 3.00 min
for cardiovascular cases (range = 2-4), and highest was
7.00 min for breast/axilla cases (range = 5-9).

Case Review Viewing Times for the Panel of
10 University Telepathologists

Case reviewing time was also examined for patterns
based upon individual = reviewing  telepathologist
[Figure 5]. Lowest average case time for individual
telepathologists was 2.91 min (range = 1-15), and highest

25%

20%

21.82%

15%

10%

5%

0%

Heart/lung Renal/GU 1 Soft Tissue yn

M Deferral Rate Excluding Pathologists Subspecialty

m Deferral Rate of Cases Within Pathologists Subspecialty

Renal/GU 2

Figure 3: Comparisons for telepathology quality assurance case deferral rates for incoming nonsubspecialty surgical pathology cases and

subspecialty surgical pathology cases
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Table 3: Case deferral rates for pathologists serving as either general or subspecialty surgical pathologists

while in their triage telepathologist role

Pathologist Total Deferred Deferral Total cases Deferred cases Total cases Deferred cases
cases cases rate excluding excluding pathologist within within pathologist
overall pathologist subspecialty pathologist subspecialty

% subspecialty n (%) subspecialty n (%)

A 501 24 4.79 344 17 (4.94) 157 7 (4.46)

B 369 30 8.13 321 25 (7.79) 48 5(10.42)

C 188 24 14.79 150 22 (14.67) 38 2 (5.26)

D 174 37 21.26 165 36 (21.82) 9 I

E 166 12 7.23 161 12 (7.45) 5 0(0)

F 139 12 8.63 109 10 (9.17) 30 2 (6.67)

G 85 9 10.59 83 9 (10.84) 2 0(0)

H 84 6 7.14 76 67 (89) 8 0(0)

| 58 7 12.07 50 5(10) 8 2 (25)

J 51 4 7.84 50 4 (8) | 0(0)

Table 4:Turn-around times for nondeferred and
deferred cases

Case read-outs No.of Percentage Average time

cases of cases and range (min)
Nondeferred cases 1692 90.87 3.78 (1-35)
Deferred for slide 170 9.13 6.12 (1-18)
review or further
studies
Total cases 1862

Differences in average turn-around times for nondeferred cases and deferred cases
were statistically significant (t = 9.472, P < 0.0001), with deferred cases taking longer

was 6.99 min (range = 1-12). Lowest average time for
nondeferred cases was 2.81 min (range = 1-15), and
high was 6.82 min (range = 1-21). The average time for
deferred cases was 4.17 min (range = 2-7), and highest

was 8.44 min (range = 4-14).

An  analysis  of  variance  revealed  significant
differences (F = 21369, P < 0.0001) with the
average deferred case times being  significantly
higher (5.712 min) than the nondeferred cases

turn-around times (4.249 min) and the overall average
case turn-around time (4.407 min). In Figure 5,
pathologist “A” and “E” are nearly twice as fast in signing
out cases as pathologist “G”.

For 9 of 10 telepathologists, times  for
nondeferred cases were shorter than the viewing times for
deferred cases. Although these differences in time may
scem relatively small, a cascade of incremental costs can
be initiated by deferring a case for glass slide review by
conventional light microscopy or by deferring a case for
special studies such as immunohistochemistry performed
at another institution.

viewing

Static Image Captures for Archiving
The average number of static image captures per

case for all case was 1.98 (range 0-15). The average
number of static image captures of deferred cases was
2.07/case (range 0-7). For nondeferred cases, the average
was 1.97/case (range 1-15). By organ system, the average
ranged from 1.65/case (bone and soft tissue, range 1-5) to
23/case (cardiovascular, range 1-3). The average number
of static image captures by individual telepathologists
ranged from 1.29/case (pathologist I) to 3.05/case
(pathologist G). Static image capture data is represented
in Table 5.

Overall concordance between IHRMC and UMC
pathologists for incoming cases was 94.27%. Concordance
by tissue site/organ system ranged from 90.09% to
100% [Table 6]. The greatest discordance rate was seen
with genitourinary cases with an overall discordance rate
of 991% (7.66% major discrepancies and 2.25% minor
discrepancies).  Following the genitourinary —system,
endocrine cases had an overall discordance rate of
9.52% (no major discrepancies and 9.52% minor
discrepancies) and gynecological cases an  overall
discordance rate of 8.16% (no major discrepancies and
8.16% minor discrepancies).

Evaluating Genitourinary System Discrepancies
Discrepant  diagnosis levels were relatively high  for
genitourinary cases. To further eclucidate the nature
of these discrepancies, additional analysis of the
genitourinary cases was performed. The majority of
the discrepancies were scen in the urinary bladder
(8.41% discrepant, of which 6.85% were major
and 1.56% were minor discrepancies) and prostate
(29.17% discrepant, of which 18.75% were major and
10.42% were minor discrepancies). The discrepancy
rates for cach organ/site are shown in Table 7. The
discrepancies  were traced to disagreements in the
grading of urothelial carcinomas and in the Cleason
scores assigned in  prostatic

adenocarcinoma  cases.
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Figure 5: Time (min) per case by telepathology for nondeferred and deferred cases

No discernable pattern was seen in the discrepant grading
of urothelial carcinomas of the urinary bladder; there was
no consistent over- or under-grading on the part of cither
the IIRMC pathologist or the UMC telepathologists.
In contrast, a consistent pattern of under-grading was
seen on the part of the HRMC pathologist in prostatic
adenocarcinoma cases (there was not a single discrepant
casc of prostatic adenocarcinoma in which the UMC
pathologist assigned a grade lower than that of the
HRMC pathologist). Examples of discrepant urinary
bladder and prostate diagnoses are shown in Table 8. Of
note, several prostate diagnoses show nonadherence to
standard Gleason grading criteria on the part of UMC
pathologists.

Pathologist Deferral Patterns and Concordance
Rates by Years of Experience

For the 10 UMC staff pathologists, years of experience
as a practicing surgical pathologist did not correlate

with either case deferral rates (r = 0.146, z 0.389,
P 0.6969) or concordance rates (r —0.202,
z = 0.542, P = 0.5877). Years of experience, deferral
rates, and concordance rates for the individual UMC
telepathologists are shown in Table 9 and Figure 6.

Technical Problems in Quality Assurance
Transmission Sessions

The majority of QA sessions proceeded without
difficulty.  Occasionally, technical difficulties were
encountered during the QA transmission sessions. Of
the 354 transmission sessions that occurred during the
51 month period that this QA program was in operation,
technical difficulties were documented by the case
manager during 24 sessions (6.78%). These included:
Software glitches such as freezing or “hanging” occurred
in two sessions (0.56%); equipment malfunction (such
as failure of microphone and/or camera) occurred in
three sessions (0.85%); image and/or specimen quality
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Table 5: Static image capture data

Cases type Average Range of
static image static image
capture (per case) captures (per case)
All cases 1.98 0-15
Deferred 2.07 0-7
Nondeferred 1.97 I-15
Organ system
Gastrointestinal 2.09 I-15
Genitourinary 2.07 I-11
Skin 1.87 1-6
Lung 1.72 1-6
Bone/soft tissue 1.65 1-5
Head/neck 2.06 1-8
Gynecological 1.87 1-4
Breast/axilla 1.92 1-5
Endocrine 2 1-4
Cardiovascular 23 1-3
Telepathologist
A 1.49 1-7
B 2.15 1-7
C 2.66 0-15
D 1.98 0-6
E 1.77 0-5
F 2.49 0-9
G 3.05 1-8
H 1.45 0-5
| 1.29 0-3
J 2.33 0-3

Table 7: Genitourinary system discrepancies by
organ/site

Organ/ Cases n (%)
site

Agree Major Minor

discrepancies discrepancies

Kidney 51 50 (98.04) I (1.96) 0 (0)
Renal pelvis 7 6 (85.71) 1 (14.29) 0 (0)
Ureter 6 5(83.33) I (16.67) 0 (0)
Bladder 321 294 (91.59) 22 (6.85) 5 (1.56)
Urethra 6 6 (100) 0 (0) 0 (0)
Prostate 48 34 (70.83) 9 (19.75) 5(10.42)
Penis/testis/ 3 3 (100) 0 (0) 0 (0)
scrotum (I each)
Other 2 2 (100) 0 (0) 0 (0)
Total 444 400 (90.09) 34 (7.66) 10 (2.25)

issues occurred in five sessions (1.41%); connectivity
issues (including slow transmission speed and sudden
disconnection) occurred in seven sessions (1.98%); and
problems with control of/navigation with the robotic
microscope or problems with mapping occurred in ecight
sessions (2.26%). Other quality issues included problems
with pixilation of the transmitted image, crush artifact

http://www.jpathinformatics.org/content/5/1/18

Table 6: Concordance of HRMC and UMC
diagnoses

Organl/site Cases Agree Major Minor
(%) discrepancies discrepancies
(%) (%)
Gastrointestinal 494 474 8 12
(95.95) (1.62) (2.43)
Genitourinary 444 400 34 10
(90.09) (7.66) (2.25)
Skin 246 230 5 I
(93.50) (2.03) (4.47)
Lungs 240 235 | 4
(97.92) (0.42) (1.67)
Bone/soft 87 8l | 5
tissue (93.10) (1.15) (5.75)
Head/neck 63 63 0 0
(100) ©) ©)
Gynecological 49 45 0 4
(91.84) 0) (8.16)
Breast/axilla 38 38 0 0
(100) ©) ©)
Endocrine 21 19 0 2
(90.48) 0) (9.52)
Cardiovascular 10 10 0 0(0)
(100) 0)
Total 1692% 1595 49 48 (2.83)
(94.27) (2.90)

*HRMC final surgical pathology reports were unavailable for the deferred cases, due

to HIPAA issues and restrictions to access of patient information. Concordance of

the telepathology diagnosis with the final surgical pathology diagnosis could not be
determined for deferred cases. HRMC: Havasu Regional Medical Center, UMC: University
Medical Center, HIPAA: Health Insurance Portability and Accountability Act

on the glass slide itself, and difficulty interpreting an iron
stain through telepathology. Rarely, more than one type of
technical difficulty occurred during a single transmission
session. Of the 24 sessions during which technical
difficulties did occur, the problem was reported to have
been resolved during 11 of the sessions. Some of the
problems were resolved by exiting the software, rebooting
the computer(s) at ecither end of the transmission,
restarting the software and re-establishing the connection
between the two transmission sites.

DISCUSSION

Surgical pathologists in the UMC, Department of Pathology
at the University of Arizona provided telepathology
services for a network of four rural hospitals and one urban
hospital, in Arizona, for over a decade. These services
have included telepathology frozen section diagnoses and
pathology OA case evaluations, immediate second opinions
for an innovative integrated rapid breast care service.!!'#1
The University of Arizona surgical pathology staff is thus
experienced in using telepathology for routine clinical
operations. The UMC pathology staff has had extensive
clinical experience with telepathology and was comfortable
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Table 8: Examples of discrepant genitourinary

diagnoses
Diagnostic HRMC UMC n*
error (spoke) (hub)
Urinary bladder
Upgrade Noninvasive Noninvasive 6
low grade UCC high grade UCC
Urothelial Noninvasive 3
hyperplasia UccC
Noninvasive Invasive UCC 2
low grade UCC
Downgrade Noninvasive Noninvasive 6
high grade UCC low grade UCC
Noninvasive Urothelial 2
high grade UCC hyperplasia
Invasive high Noninvasive |
grade UCC high grade UCC
Grade/sum gleason scores
Prostate
Upgrade 1+3=4/10 Moderately |
differentiated
2+2=4/10 3+3=6/10 2
2+2=4/10 4+4=8/10 |
2+3=5/10 3+3=6/10 2
2+3=5/10 3+4=7/10 |
2+3=5/10 Moderate to |
high grade
- 2+3=5/10, 3+3=6/10, |
2+2=4/10, 3+4 =7/10,
2+2=4/10, 4+4=8/10,
2+2=4/10 4+3=7/10%%*
Total discrepant 29

cancer cases

*n denotes the number of discrepant cases as described in the accompanying
text (i.e. there were 6 cases where the HRMC diagnosis was noninvasive low grade

UCC and the UMC diagnosis was noninvasive high grade UCC), ***Four biopsies

were reviewed for a single patient. UCC: Urothelial cell carcinoma, HRMC: Havasu
Regional Medical Center, UMC: University Medical Center

Table 9:Years in surgical pathology practice

experience versus deferral and concordance rates

Pathologist Years since board Deferral Concordance
certification* rate % rate %**

I 36 8.13 98.53

Il 31 21.26 94.16
M 23 479 88.68
v 13 7.23 96.10
\% I 8.63 99.39
Vi 8 7.14 88.46
\l 6 10.59 100
Vil 5 12.07 96.08
IX 3 7.84 100

X 3 14.79 96.86

*Years since board certification as of 2009, **Overall rate of agreement of
telepathologist with the HRMC pathologist preliminary written diagnosis.
HRMC: Havasu Regional Medical Center

http://www.jpathinformatics.org/content/5/1/18

using both robotic-dynamic telepathology and whole-slide
imaging telepathology in everyday practice.

This study ecvaluated pathologists’
a real-time telepathology OA  program using the
well-established case triage practice case workflow
model.'""" The overall concordance rate between
primary (HRMC) and telepathology (UMC) diagnosis was
94.27%. Of the discordant diagnoses, 2.90% represented
major discrepancies and  2.83% represented minor
discrepancies. The highest discordancy rate was seen in
cases from the genitourinary system. Further analysis of
these cases revealed that the vast majority of discrepant
diagnoses stemmed from disagreement in bladder
urothelial carcinoma and prostatic carcinoma grading.
The high interobserver variability in the grading of these
tumors 1s extremely well-known.®*#1 We believe the
high discrepancy rate seen in the genitourinary cases in
this study reflects the inherent difficulty of this area of
pathology.

performance in

This study reproduced findings originally reported in
the pioneering work on telepathology surgical pathology
workflow, by Dunn et al. at the US Department of Veterans
Affairs Medical Center in Milwaukee, Wisconsin.?"! In
our Arizona experience, surgical pathology case deferral
rates by a panel of 10 telepathologists ranged from 4%
to 21% essentially duplicating the range of deferral rates
for incoming cases experienced by a similar number
of surgical pathologists working in the Department
of Veterans Affairs Medical Center in Milwaukee.?"
Interestingly, although the broad ranges of deferral rates
for individual pathologists overlapped, the patient cohorts
and case materials for the two studies were quite
different. Dunn’s group rendering  preliminary
primary diagnoses on nearly all new surgical pathology
cases at a small, 35 bed rural hospital.® The case
material utilized in the Arizona telepathology study was
restricted to newly diagnosed cancer cases intermixed
with difficult or problematic surgical pathology cases
selected by the on-site rural pathologist. It is reasonable
to suggest that the Arizona case material would be
more challenging. This suggests that the relatively high
deferral rates experienced by individual pathologists in
each group practice are multi-factorial and not directly
related to case difficulty, to a special requirement for
access to subspecialty surgical pathology expertise, or to
years of experience as a practicing pathologist. It is also
noteworthy that both telepathology group practices, in
Wisconsin and Arizona, included service pathologists
who deferred <5% of incoming cases, setting a shared
benchmark for low deferral rates.

was

Another difference was that Dunn et al. examined all of
the glass slides for each case by telepathology since there
was no on-site pathologist. In our Arizona study, there was
an on-site pathologist at IRMC who actively participated
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Figure 6: Telepathologist practice experience: Deferral and concordance patterns versus years since initial American board of pathology

primary certification

in the OA telepathology review sessions and personally
sclected a sub-set of glass slides for telepathology
review. Telepathologists at UMC were made aware of
the full range of slides that had been pre-examined by
the IIRMC on-site pathologist and formed the basis
for the provisional surgical pathology report generated
in writing by the on-site rural pathologist prior to the
telepathology OA session. UMC telepathologists rarely
requested additional glass slides for telepathology case
review. However, we acknowledge that limitations of
this study included the fact that the IIRMC pathologist
was expected to use their clinical judgment and select
representative slides to be transmitted for OA. It is
possible that discrepancy and deferral rates may be
impacted when a whole-case OA model is used.

In this study, we also examined another potential factor
that could have an impact on workflow in a surgical
pathology OA program, namely subspecialty surgical
pathology expertise. This is important since the triage
pathologists had dual roles within the UMC practice,
functioning as both general pathologists and subspecialty
surgical pathologists. This is a common arrangement in
the United States, especially at small to mid-sized UMC
hospitals that support a dozen or fewer subspecialty
surgical pathologists on staff. Covering the full range
of subspecialty surgical pathology cases with bona fide
experts takes two dozen, or more, subspecialty surgical
pathologists.

At least with respect to the question of possible effects of
participation in subspecialty surgical pathology activities
on performance as triage telepathologists, analysis of our
data showed that discordance rates or case deferral rates
were minimally changed with exclusion of cases within
cach telepathologist’s subspecialty area. The subspecialty

surgical pathologists performed well in their role as triage
pathologist and could handle the large majority of the
incoming cases without help by another pathologist.
This supports the deployment of subspecialty surgical
pathologists on general pathology rotations as triage
pathologists in a telepathology-enabled surgical pathology
OA program.

Our analysis indicates that triage pathologist performance
Is, in large measure, unrelated to the telepathologists’
other roles in the department as a subspecialty surgical
pathologist. For example, the gastrointestinal pathologist
was as likely to defer a colon case as a lung case. This
observation may be partially explained by the fact that
University of Arizona surgical pathologists are encouraged
to retain their general surgical pathology sign-out skills
by taking regular rotations on the general surgical
pathology diagnostic service. The staffing of the UMC
OA service proved to be robust with surgical pathologists
remaining on the telepathology service as long as needed
(Weinstein, unpublished observation, 2014).

Several limitations of this study are related to the fact
that it’s a retrospective study of a surgical pathology OA
program in which the referring hospital and the hub
hospital are in different, unrelated health care systems.
There are privacy and sccurity restrictions imposed on
the exchange of patient information among healthcare
organizations. Furthermore, there was no routine method
for reconciliation of discrepancies, as is often encountered
for this type of surgical pathology OA program. To the
best of our knowledge, the HRMC pathologist received
the discrepant telepathology diagnosis, but whether the
surgical pathology report was modified is unknown to
us. After the telepathology case was deferred, it became
a consult case like any other and was essentially lost to
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follow-up. We acknowledge that this is a limitation of
this retrospective study. Future studies would benefit
from having a built in mechanism for tracking deferred
cascs.

CONCLUSION

Using the case triage practice telepathology staffing
model, blending the services of university-based surgical
pathologists and a community-based general pathologist
at a rural hospital, provided a means for improving the
quality of community-based laboratory services. This
presented opportunities for university faculty pathologists
to actively participate in their UMC-based community
outreach program and increased the efficiency of their
second opinion QA program. Our findings showed that
the likelihood of a reviewing telepathologist agreeing or
disagreeing with a diagnosis rendered at an unatfiliated
hospital is not a function of the reviewers’ subspecialty
surgical pathology expertise but, rather, is more likely
to be related to human factors. As demonstrated
previously under highly controlled laboratory conditions,
pathologists with a tendency to “equivocate” on rendering
diagnoses will do so at comparable levels for both digital
pathology (e.g., telepathology) and for traditional light
microscopy.”! Deferral rates are not related to years of
experience as a surgical pathologist.
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