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Telepathology is a maturing technology that, for a variety of
reasons, has not been widely deployed. In addition, clinical validation
is relatively modest compared with accepted telemedicine applica-
tions such as teleradiology. A prototype telepathology system (Tele-
Pathsm) featuring high-resolution images selected from a remote
microscope site has been developed at the University of Alabama at
Birmingham (UAB). To validate the diagnostic efficacy of the system,
a prospective study was undertaken of parallel diagnoses by conven-
tional microscopy and telepathology with a remotely operated micro-
scope. Slides from 99 intraoperative consultations from 29 tissue/
organ sites in the University of Alabama Hospitals by 9 academic
pathologists were used in the study. Each microscopic and telepathol-
ogy diagnosis was compared with the final diagnosis rendered by a
referee pathologist. Diagnoses were classified as correct, false posi-
tive, or false negative or classification error. Of the 99 frozen sections
evaluated, 3 cases were deferred. Of the remaining 96 cases, 2

received incorrect diagnoses in both the microscopic and telepathol-
ogy arms of the study. Three errors occurred only in the telepathology
arm. There was 1 false-positive diagnosis, 1 false-negative diagnosis,
and 1 classification error. Statistical analysis indicated no significant
difference between telepathology and conventional microscopy. Quali-
tative data indicated that the pathologists were generally satisfied with
the performance of the system. Telepathology using this system
paradigm is sufficiently accurate for real time utilization in a complex
surgical environment. Telepathology therefore may be an effective
model to support the surgical services of hospitals lacking full-time
pathology coverage, resulting in full-time access to anatomic pathol-
ogy services. HUM PATHOL 31:781-785. Copyright r 2000 by W.B.
Saunders Company
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Telemedicine is poised to benefit from a number of
maturing technologies, including powerful desktop com-
puters, sophisticated digital imaging, and high-band-
width telecommunications. Despite this convergence of
important telemedicine technologies, radiology re-
mains the only specialty with significant routine reli-
ance on digital imaging and telemedicine technology.
This is, in part, attributable to the large legacy of digital
images in radiology, but it is largely attributable to a

long commitment to careful validation of digital images
in radiology.1,2

Telepathology also has a history, which exceeds a
decade, and several studies have shown good diagnostic
accuracy.3 These studies, however, have tended to ad-
dress a limited spectrum of pathologic material. Some
of these studies have examined a single organ system,
and some have been performed in settings with limited
scope of pathologic specimens.4-9 Most studies avoid
examining frozen section material, probably because of
the inferior section quality of frozen sections. Studies
have suggested that, in telepathology trials based on
images selected by the referring pathologist, diagnostic
accuracy is inferior to those in which the remote
consultant is in control of the microscope.5,9-11

A few telepathology services are active in the
United States, including the Armed Forces Institute of
Pathology (AFIP), the University of Arizona,12 and the
Milwaukee Veterans Administration Medical Center.9
The AFIP and Arizona provide consultative services,
and the Milwaukee VA does routine surgical pathology
by telepathology. Trials of consultation services have
been performed in Europe, and in Norway a frozen
section service has been active for several years.4 Accep-
tance beyond these trial services has remained elusive.
Among the reasons for this are the expense of equip-
ment and telecommunications services, the lack of
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microscope control in many of the telepathology sys-
tems, and a somewhat expanded time to reach a
diagnosis.

The UAB Department of Pathology and the UAB
Center for Telecommunications Education and Re-
search have developed a prototype telepathology system
(TelePath).13-15 It features high-resolution images, a
tiled overview image for orientation and image selec-
tion, complete discrete control of the remote micro-
scope, and communications using Internet protocols.
An initial retrospective study using the TelePath system
showed excellent diagnostic accuracy but also showed a
higher than expected rate of deferral.16 The current
study was designed to confirm the diagnostic accuracy
of the system in a complex intraoperative environment.
The study was performed at the UAB Hospital and
included a broad selection of organ sites and diagnostic
entities.

METHODS
Equipment

The TelePath system has been previously described.16

The server or sending system consists of an Olympus Vanox
microscope with a Prior motorized x,y stage and a Sony DXC
950P video camera. These are connected to a Hewlett Packard
Vectra 90 Mhz Pentium computer running a Windows NT
operating system. Images are captured with a Flashpoint
frame grabber. The client or receiving station incorporates a
similar personal computer with a 17-inch monitor. The client
software developed by our group operates under either
Windows 95 or Windows NT. A private Asynchronous Transfer
Mode telecommunications network connected the server and
client in this study.

Study Design

Tissues were received and processed in the usual fashion
for intraoperative consultation in a frozen section room
within the University of Alabama Hospitals operating facility.
A traditional microscopic diagnosis was rendered and transmit-
ted to the surgeon. A technician then mounted the slide on
the TelePath stage, entered the slide coordinates of the
section, and transmitted the overview image with a brief
patient history identical to that available to the primary
pathologist before notifying the telepathologist who resided
in an separate building. The telepathologist evaluated the
section and entered his diagnosis on an electronic screen
form that required a benign or malignant diagnosis, a free
text diagnosis, a level of confidence, an evaluation of image
quality, and an evaluation of system speed. This information
was returned to the server, where it was stored in a database.
The diagnoses, along with the permanent sections from the
case, also were evaluated by a senior referee pathologist. The
referee did not participate in the telepathology arm of the
study, although he did provide several of the conventional
microscopic diagnoses. To avoid bias, all of these microscopic
diagnoses from the referee were reviewed by a third, indepen-
dent pathologist.

Before the study, several exclusion criteria were formu-
lated. Neuropathology cases were excluded because none of
the participating pathologists render neuropathologic consul-
tations. Diagnoses-deferred microscopy were excluded from
the experiment. The participating pathologists were informed
that all transmitted cases had received a definite diagnosis,

and deferrals were not allowed for the telepathology diagno-
sis. This rule was instituted to overcome the inherent lack of
pressure associated with diagnoses that are rendered without
any clinical consequences, a factor that may contribute to the
increased rate of deferral.

Statistics

All cases were classified as concordant or discordant
based predominantly on the discrimination between benign
and malignant. The text diagnosis was also evaluated to assure
that a major error did not occur in the classification of the
lesion. Errors also were classified as major and minor, but
these cases were treated equally in the statistical evaluation.

Frozen section slides were examined separately by a
pathologist using telepathology, a pathologist using frozen
microscopy, and a referee. The referee had available for
review the frozen section control and additional slides from
the case. The diagnosis of the referee was treated as the
correct diagnosis, against which the telepathology diagnosis
and microscopy diagnosis were compared. The primary objec-
tive of the study was to estimate and compare diagnostic
accuracy of telepathology and microscopy on frozen sections.
Because of the paired nature of the study (every slide received
a diagnosis from telepathology and frozen microscopy), McNe-
mar’s test for dependent proportions was used. Furthermore,
95% confidence intervals were calculated for the difference in
the dependent proportions.

RESULTS

Ninety-nine cases were accrued into the study. The
cases represented a broad spectrum of organs and
diagnostic difficulty (Table 1) and are generally repre-
sentative of the surgical pathology case mix at the
University of Alabama Hospitals. The conventional
microscopic diagnosis each of these cases was per-
formed by 1 of 9 pathologists (Table 2). There were 2
errors in the diagnosis by microscopy (Table 3). In each
case, the error was attributable to sampling/technical
error, and the consequence to the patient was minimal.
The errors were generated by 2 pathologists. In both of
these cases, the telepathology diagnosis was concordant
with the microscopic diagnosis, as would be expected in
the case of sampling error.

The telepathology diagnoses for this study were
rendered by 7 pathologists (Table 2). Although many of
the pathologists participated in both the microscopy
and telepathology arms of the study, no case was
evaluated by the same pathologist using both modali-
ties. The number of cases evaluated by each pathologist
ranged from 2 to 30. Three of the pathologists (C, E,

TABLE 1. Distribution of Frozen Sections by Body Site

Abdominal
wall—1

Artery—2
Bile duct—2
Bone—7
Breast—4
Bronchus—1
Chest wall—1
Diaphragm—1

Duodenum—1
Esophagus—2
Larynx—1
Liver—5
Lung—19
Lymph

node—10
Nose—1
Ovary—5

Pancreas—3
Parathyroid—1
Peritoneum—1
Sinus—1
Soft tissue—7
Stomach—1
Thyroid—7
Tongue—1

Tonsil—1
Ureter—4
Uterus—1
Urinary

bladder—4
Uvula—2

NOTE. Virtually all body sites are represented in this set.
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and G) had participated in the previous retrospective
trial. The remaining participants had not used the
system to render diagnoses before this trial, although
some had used the system informally. Three deferred
diagnoses were excluded from the trial because de-
ferred diagnoses were not allowed in the study design.
In 2 of the deferrals, a microscope malfunction pre-
vented successful autofocus at high magnification. Of
the 96 remaining diagnoses, there were 5 errors. Two
corresponded to the microscopic errors described above.
The additional errors are summarized in Table 3. One is
a false-negative diagnosis, 1 is a false-positive diagnosis,
and 1 is a classification error.

Of the 96 slides examined by all 3 methods, the
referee diagnosed 58 tissue samples as benign and 38 as
malignant. Of the 58 samples specified as benign by the
referee, 55 (95%) were correctly diagnosed as benign
by telepathology. Of the 38 samples specified as malig-
nant by the referee, 36 (95%) were correctly identified

as malignant. McNemar’s test to compare the rates of
malignancy diagnoses between telepathology and the
referee failed to find evidence to reject the claim that
the error rates are equal (P 5 .655). The 95% confi-
dence interval for difference in malignancy diagnostic
rate of the referee and malignancy diagnostic rate of
telepathology is (20.06, 0.04).

Of the 58 samples specified as benign by the
referee, 57 (98%) were correctly diagnosed as benign
by frozen microscopy. Of the 38 samples specified as
malignant by the referee, 37 (97%) were correctly
identified as malignant. McNemar’s test to compare the
rates of malignancy diagnoses between frozen micros-
copy and the referee failed to find evidence to reject the
claim that the error rates are equal (P 5 1). The 95%
confidence interval for difference in malignancy diag-
nostic rate of the referee and malignancy diagnostic
rate of frozen microscopy is (20.03, 0.03).

Of the 57 samples correctly specified as benign by
the frozen microscopy, 55 (96%) were correctly diag-
nosed as benign by telepathology. Of the 38 samples
correctly identified as malignant by frozen microscopy,
36 (97%) were correctly identified as malignant by
telepathology. McNemar’s test to compare the rates of
malignancy diagnoses between frozen microscopy and
the telepathology failed to find evidence to reject the
claim that the error rates are equal (P 5 .564). The 95%
confidence interval for difference in malignancy diag-
nostic rate of the frozen microscopy and malignancy
diagnostic rate of telepathology is (20.05, 0.03).

Each of the confidence intervals indicates that the
malignancy diagnostics rates can be considered equal.
However, it should be noted that statistical tests of
equivalence have not been done because the required
number of cases for these tests are extremely large when
comparing comparable, highly accurate methodolo-
gies. Consequently, these results will require further
confirmation.

Each diagnostic episode also required that the
pathologist evaluate his level of confidence. This was
required only for the telepathology diagnosis. The
confidence levels were scored on a scale of 1 to 4, with 1
corresponding to ‘‘sure,’’ 2 corresponding to ‘‘confi-
dent,’’ 3 corresponding to ‘‘somewhat confident,’’ and
4 corresponding to ‘‘unsure.’’ The average confidence
score was 2.13. These were distributed as 20 sure, 44
confident, 26 somewhat confident, and 4 unsure. In 5
cases, no choice was made. The mean confidence score
for individual pathologist scores ranged from 1.75 to 3.
The high and low scores were from the 2 pathologists
who rendered the lowest number of diagnoses and may
reflect case selection or comfort with the telepathology
technology. In cases in which the confidence level was
not sure, the reasons for uncertainty were also specified.
In 48 cases, the reason given was the ‘‘nature of the
specimen.’’ In 26 cases, the ‘‘image quality’’ was cited.
Of these 26 cases, 16 were cases diagnosed by a single
pathologist. In 4 cases, the pathologist cited ‘‘insuffi-
cient expertise’’ as the reason for uncertainty.

Other qualitative data included the acceptability of
the image and the overall system performance. In all

TABLE 2. Results of Frozen Section Diagnoses
by Pathologist

Microscopic
dx/Correct

Telepath
dx/Correct

Discordant
MDx-TPDx

Pathologist A 10/10 8/8
Pathologist B 1/1 19/18 1
Pathologist C 0 2/2
Pathologist D 19/18 9/8
Pathologist E 8/8 13/12 1
Pathologist F 2020 0
Pathologist G 8/8 12/11 1
Pathologist H 18/18 0
Pathologist I 15/14 31/30
Unknown 0 2/2
Total 99/97 96/91

NOTE. The first column lists the results of the diagnoses by direct
microscopy and the number of correct diagnoses. The second column
lists the results of diagnoses by telepathology and the number of
correct diagnoses. The final column denotes cases in which the
telepathology diagnosis (TPDx) and the microscopic diagnosis (MDx)
are in disagreement.

TABLE 3. Tabulation of Incorrect Diagnoses
by Microscopy and Telepathology

Frozen Section/
Telepathology Diagnosis Final Diagnosis

Concordant errors
Squamous carcinoma Squamous carcinoma-in-situ

with possible microinvasion
Giant cell tumor of bone Aneurysmal bone cyst

Telepathology
Diagnosis

Frozen Section
Diagnosis

Final
Diagnosis

Discordant errors
Spindle cell tumor

consistent with
myxoma

Myxoid tumor favor
low-grade sarcoma

Recurrent myxoid
malignant fibrous
histiocytoma

Metastatic islet cell
carcinoma

Hamartoma Bile duct hamartoma

Follicular neo-
plasm

Lymphocytic thyroid-
itis v Hashimoto’s

Hashimoto’s thyroid-
itis

NOTE. Concordant errors are those in which both the micro-
scopic and telepathology diagnoses are incorrect. Discordant diag-
noses are those in which one diagnosis is incorrect.
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but 5 cases, the image was rated ‘‘acceptable,’’ ‘‘good,’’
or ‘‘excellent.’’ The same pathologist viewed 4 of the 5
cases that were rated ‘‘unacceptable.’’ Overall system
performance was rated ‘‘acceptable’’ or higher in 88 of
98 cases that were scored. The major complaint was the
time necessary to see all of the tissue at high magnifica-
tion.

DISCUSSION

The results of this study indicate the equivalence of
telepathology and conventional light microscopy for
the evaluation of frozen sections during intraoperative
consultation. The confidence levels of the pathologists
were high, although not perfect. The general percep-
tion of system performance was good, although there
was a range of satisfaction among the pathologists.
These results are similar to those achieved in frozen
section diagnosis and routine pathology using a video
image for the bulk of diagnostic images.4,9

For any telemedicine application to gain wide
acceptance, a number of requirements must be satis-
fied. There has to be a need for the application. The
telemedicine application must be validated and reason-
ably convenient to use. There must be an economic
justification or value added for using a telemedicine
solution as opposed to more conventional medical
practice. Finally, the customer, the surgeon, must accept
it as a diagnostically valid procedure that satisfies his or
her needs.

In pathology, there are several potential settings in
which service could be improved by telepathology.
These include routine surgical pathology diagnosis,
consultative diagnosis, intraoperative diagnosis, and
quality assurance reviews. Among the most important of
these is the provision of intraoperative diagnoses in
hospitals that do not have an on-site pathologist. These
hospitals typically have only sporadic coverage by so-
called circuit riding pathologists. Telepathology would
enable full-time coverage, and it would reduce the
travel time of the pathologist, which is expensive,
nonproductive professional time. A study of the use of
telepathology for frozen section coverage shows a strong
economic benefit for using telepathology (manuscript
in preparation). By eliminating pathologist travel time,
large cost savings and increases in pathologist efficiency
are achieved. This economic incentive combined with
the diagnostic efficacy seen in this study establishes a
strong case for increased use of telepathology to serve
smaller hospitals, both rural and urban. Other telepa-
thology projects have not included analysis of economic
benefit.

Despite the success of the current telepathology
trial, there are some additional features that likely will
enhance the acceptance of the technology by patholo-
gists. First, a capability to view the gross specimen is
necessary to assure the remote pathologist that proper
tissue selection has occurred. Second, the application is
very similar to a session on the World Wide Web, which
is rapidly becoming the standard client interface. The
current system has been redesigned to work inside a

web browser, eliminating the proprietary nature and
platform dependence of the system client. Unfortu-
nately, Internet traffic is so great that it will probably
prevent any system from using the commodity Internet
as a transmission medium. However, Internet 2 or a
similar broadband network with Quality of Service
(QoS) guarantees will facilitate adequate performance
over a shared public network. In the meantime, a
private connection such as ISDN or a leased line is
required for adequate QoS guarantees. Informal testing
of this system suggests that it functions adequately over
currently available networks as low as 336 kbps (3
bonded ISDN lines) with no image compression. Image
compression should allow the use of somewhat lower
bandwidth.

This study validates the use of telemicroscopy for
frozen section diagnosis but it does not address all of
the impediments to acceptance of telepathology. As
alluded to, the pathologist must have confidence that
the slide(s) viewed are representative of the lesion of
interest. This includes 2 issues. The person selecting the
tissue must be trained, and the pathologist must have
some ability to assure himself that the tissue is represen-
tative. The first issue has been addressed in Norway,
where limited training of ‘‘biotechnicians’’ has proved
adequate for tissue preparation. The surgeon aids in
tissue selection. In our experience, surgeons frequently
bisect the lesion of interest to evaluate gross margins.
This expertise should be sufficient for section selection.
The pathologist also should be able to evaluate tissue,
using images of the gross specimen with the ability to
annotate and return the images to his assistant for
guidance. We are testing a Web-based image capture
device with these capabilities to assure that this is
adequate control for evaluation of the gross specimen
and to evaluate tissue selection by less-trained individu-
als. Acceptance by surgeons is most likely to come by
successful evaluation and validation of the technology,
which is the goal of this and prior studies of telepathol-
ogy. Lastly, medicolegal issues may exist, especially when
transmitting patient records and diagnoses across state
line. The complexity associated with this issue is outside
the scope of this study.
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