
Telecytology: lntraobserver and 
Interobserver Reproducibility in the 
Diagnosis of Cervical-Vaginal Smears 

PATRICIA M. ALLI, MD, CURTIS W. OLLAYOS, MD, 
LESTER D. THOMPSON, MD, IQBAL KAPADIA, MD, 
DANIEL R, BUTLER, HT(ASCP), BRUCE H. WILLIAMS, DVM, 
DOROTHY L. ROSENTHAL, MD, AND TIMOTHY J. O'LEARY, MD, PHD 

Teleeytologic diagnosis of cervical-vaginal smears is potentially 
useful because it could allow more efficient use of cytopathologist 
resources and expertise. A pathologist in one location could, in 
principle, review cytotechnologists' findings using a video display 
hundreds or thousands of miles away. Currently, bandwidth restric- 
tions limit practical implementation of such a system to review of 
fields that bad been selected for review by the cytotecbnologist. The 
purpose of our investigation ww to evaluate how well this type of 
review correlates with a review in which the entire slide is available 
for examination by the pathologist We prospectively selected 100 
consecutive cemeal+a@d smears over an I lday  period in August 
1999. For each smear, 4 to 12 fields concnining abnormal cells from 
each slide were digitally imaged. Each of 3 pathologists reviewed all 
digitized images and all glrss slides. Diagnoses based on selected 
digitized images were compared with those b d  on conventional 
pathologist review. The K statistic, a meamre of chancecorrected 
agreement (reproducibility), was d o d a t e d  in each setting. Overall, 

Telepathology has been studied extensively as a 
means of diagnosis and consultation in surgical pathol- 
ogy.'-'' In the discipline of cytology, telecytology has 
been proposed as a means of initial off-site diagnosis or 
expert consultation. Additionally, use of telecytology 
could be considered for the administration of profi- 
ciency testing. Previous authors12 have studied the tele- 
cytologic diagnostic accuracy of cytotechnologists for 
cervical-vaginal smears and shown the accuracy of tele- 
cytology to be high (group crude agreement, 85.6%) 
but less than that of light microscopy (group crude 
agreement, 95.6%). However, before telecytology can 
be used confidently in the proposed scenarios, thor- 
ough evaluation of its true diagnostic reproducibility is 
needed. A recent study13 examining intraobserver vari- 
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intraobserver and interobserver reproduaiility of cemcal-vaginal 
smear diagnoses is fair to excellent. The use of remote digital images 
for pathologist review did not introduce large (2-step) diagnostic 
disagreements. The disagreement between a pathologist's gipsp slide 
and digital diagnoses is less &an that for different pathologists 
reviewing glass slides, although interobserver differences were even 
greater in the interpretation of digital images. H m  PATHOL 32: 
13181322. This is a U.S. government work. There are no reseidioos 
on its use. 

Key words: telecytology, diagnostic reproducibility, cervical-Mgi- 
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Abbreuiah: RCC, reactive c e h h r  chnnges; WNL, with nor- 
mal Limits; ASCUS, atypical squamous cells of undetermined signi6- 
cance; AGUS, atypical glandular cells of undetermined significance; 
LSIL, low-grade squamous intraepitJw1i.l lesion; HSIL, bighgade 
squamous inhaepithelial lesion. 

ability of 3 pathologists for the telecytologic diagnosis 
of breast fine-needle aspiration biopsy specimens found 
80% to 96% diagnostic concordance between telecyte 
logic diagnosis and glass slide diagnosis. The present 
study was undertaken to evaluate the diagnostic repre 
ducibility of cervical-vaginal smears among 3 pathole 
gists using digitally captured images and a light rnicre 
scope. 

MATERIALS AND MEMODS 

One hundred consecutive cervical-vaginal smears for 
which pathologist review was obtained were prospectively se- 
lected &om the Armed Forces lnstitute of Pathology cytology 
service over an l l d a y  period in August 1999. Each cervical- 
vaginal smear consisted of 1 Papanicolaoustained slide that 
had been screened by an experienced cytotechnologist. The 
cytotechnologist's diagnoses-of the a s &  included 61) benign 
(37 reactive cellular changes [RCX;] and 23 within nonnal 
limits WNL]), 28 atypical squamous cells of undetermined 
significance (ASCUS), 1 atypical glandular cells of undeter- 
mined significance (AGUS), 9 low-grade squamous intraepi- 
thelial lesions (LSIL$), and 2 high-grade squamous intraepi- 
thelial lesions (HSILs) . The diagnoses were rendered 
utilizing Bethesda System criteria.14 Because cases were chw 
sen prospectively, no histologic follow-up way available at the 
time of the slidd review. 

- 

Each of three pathologists (P.M.A., C.W.O., L.D.T.) re- 
viewed all 100 cervical-vaginal smears twice, once by computer 
monitor and once by light microscopy. The delay between 
viewing of the digitized images and of the glass slides wa 
appm&ately 2 weeks for each pathologist, anh the observers 
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did not consult each other regarding the study caws. lmages 
were captured using a SONY DKCrliOOO Digital Camera 
(SONY Medical Systems, Park Ridge, NJ) mounted on an 
Olympus BX40 microscope equipped with Olympus UplanFL 
objectives (Olympus America, Melville, M(). The camera wa. 
connected via SCSI lnterface to a Micron 200 MHz Pentiurn 
C2U running Windows 98. One pathologist (1.K) imaged the 
fields that had initially been "dotted" by the cytotechnologist 
screening the case. This pathologist did not participate in the 
subsequent dual review of the cases. The fields selected pro- 
vided information routinely used in cytologic diagnosis, such 
as cellularity and background; reference cells, such as normal 
epithelium, neutrophils, and red cells; and representative 
fields showing abnormal features. Each area of interest wa.. 
imaged at 200X and 400X. Images were captured at 1,544 X 
1,120 resolution at 24bit color depth and 300 dpi and im- 
ported directly into Adobe Photoshop 5.0 (Adobe System$, 
Inc, San Jose, CA). Within Adobe Photoshop, image resolu- 
tion wa.. reduced to 72 dpi, and JPG compression of 10:l wa.. 
applied. lmages from each slide were segregated into direc- 

tories and trancferred via file transfer protocol (ETP) to a 
Net.$cape Enterprise server (Netscape Ckmmunications Corp, 
Mountain View, CA). Images were viewed remotely over a . . u 

local area network on workstations using Microsoft's Internet 
Explorer web browser (Fig 1). Conventional light microscopy 
was performed individually on an Olympus BH-2 microscope. 
Objective lenses were identical for each method. 

Cmpies of the original cytology requisition and report 
forms were provided to each pathologist. The data supplied 
by the contributors m i e d  by case, but all included patient age 
and variably included menstrual history, obstetric history, 
exogenous hormone status, and previous history of relevant 
cervical-vaginal lesions. In addition, the initial diagnosis ren- 
dered by the screening cytotechnologist was included on this 
requisition and report form. The final "sign-out" diagnosis 
was not included. The pathologists rendered diagnoses on 
each case using the Bethesda System.14 

All pathologist.. were board certified in anatomic and 
clinical pathology by the American h a r d  of Pathology, and 2 
pathologists (observer 1 and observer 2) held additional qual- 

FIGURE 1. Typical lmages drawn from a single case In which 7 vldeo flelds were presented to the pathologlsts. Although eosin 
staining is slightly less apparent than In glass slides, cell borders remain apparent. Nuclear characterlstlcs, Including contours and 
chromatin structure, are readily appreciated. Thls cytotechnologlst belleved thls case to be most appropriately classified as 
ASCUS. When viewing the glass slides, each of the pathologists agreed wlth thls Interpretation 2 favorlng RCC, 1 favorlng (LSIL). Two 
of the pathologlsts favored a diagnosis of LSIL based on the vldeo lmages alone; the third preferred a diagnosis of ASCUS. (A) 
lmage acqulred with 20x objectlve lens. (B) lmage of cell clusters from above, acqulred wlth 40x objective lens. (C) lmage 
acquired with 40x objectlve lens. (D) lmage acqulred wRh 40x objective lens. Same field as A with 40x objective lens. 
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ification in cytopathology from the American Board of Pa- 
thology. Observer l had significant experience, observer 2 
moderate experience, and observer 3 little experience with 
telecytologic consultation. 

To evaluate the diagnostic reproducibility between the 
telecytologic diagnosis and the glass slide diagnosis, the diag- 
noses were divided into 3 groups-benign (WNL/RCC), 
ASCUS/ACUS, and SIL (LSL/HSLL)/carcinoma. These 3 
categories were chosen because they reflect thresholds at 
which patient management decisions typically change signif- 
icantly in the United States. Intraobserver and interobserver 
reproducibility were calculated using Cohen's K statistic.15 
lntraobserver reproducibility between glass slide and video 
image diagnoses was calculated for each pathologist. Inter- 
sobserver reproducibilities for both glass slide diagnoses and 
video image diagnoses were calculated among all patholo- 
gists. Finally, interobserver reproducibility for both glass slide 
diagnoses and digital image diagnoses was calculated between 
each pathologist and the cytotechnologist. The cytologic di- 
agnoses were considered semiquantitative'" and were aggre- 
gated into 3 categories, with each diagnosis corresponding to 
a step from benign to malignant. The ordering of these 3 
diagnostic categories was benign, ASCUS/AGUS, and SLL/ 
carcinoma. Any dXference in diagnostic category between 
glass slide and digitized images was considered a diagnostic 
disagreement. Therefore, telecytologic and light microscopic 
diagnoses that fell into the same category were considered 
concordant, and diagnoses that fell into different categories 
were considered discordant by 1 or 2 steps. Mean intraob- 
server reproducibility was calculated a5 the weighted avenge 
of the individual K values.17 To determine the significance of 
the interobserver K values, we used the formula h m  Svan- 
holm, et a].'" 

RESULTS 

The intraobserver K values between the digital im- 
ages and glass slides for each of the 3 observers are 
shown in Table 1. A K value of 1 reflects perfect agree- 
ment among d observers. When agreement is solely by 
chance, the K value is 0, and at K < 0 the observers 
generally disagree. Although there are no formal crite- 
ria by which to qualitatively describe K values, many 
observers consider a K > 0.75 to indicate excellent, K of 
0.58 to 0.74 good, K of 0.4 to 0.57 fair, and K of 0.2 to 
0.39 poor reproducibility.IR By these criteria, our results 
show fair to good intraobsewer diagnostic reproducibil- 
ity. The interobserver K value for the 3 observers for the 
glass slides was 0.56 (variance, 0.00635). The interob- 
server K value for the digital images was 0.45 (variance, 
0.00641). The interobserver K values between each of 
the 3 pathologists and the cytotechnologist's diagnosis 
are shown in Table 2. Although the diagnostic repre 
ducibility was higher for glass slides (with K values in 

TABLE 1. lntraobserver Reproducibility Between 
Digital Images and Glass Slides 

Observer Kappa (K) Value 

1 
2 
3 

Mean 

TABLE 2. Interobserver Reproduclblllty Between 
Observer and Cytotechnologist for Digital Images 

and Glass Slides 

Observer/CT Observer/CT 
Observer Glm Slide K Value Digid [miage K Value 

1 0.59 0.32 
2 0.77 0.46 
3 0.67 0.58 

Abbreviation: CT, cytotechnologist. 

the good to excellent range) than for digital images ( K  

values in the poor to good range), no 2step diagnostic 
disagreements were found in this study. 

The disagreement between a pathologist's glass 
slide and digital diagnoses (mean irltraobserver K = 
0.58) is less than that for different pathologists review- 
ing glass slides (slide interobserver K = 0.56). Patholo- 
gists are even more likely to disagree on the interpre- 
tation of digital images (digital image interobserver K = 
0.45). OveraJl, diagnostic reproducibility was slightly 
higher for glass slides than for digital images. 

DISCUSSION 

Two different methodologic approaches have 
been advocated for telepathologic diagnosis. In dy- 
namic systems, images are viewed Live and in real time 
as the receiving viewer directly controls specimen ori- 
entation, field selection, and fine focus of the micro- 
scope via robotic controls.lR In static systems, images 
areacaptured in a digital format on & image &e 
mabber board and then transmitted individuallv as still 
V 

images to the receiving viewer. The receiving viewer 
usually has little or no direct control over microscope 
Function.1° Although dynamic imaging is unquestion- 
ably the more powerful technologic approach, the sub  
stantially lower cost favors the use of static imaging 
methods for review of cervical-vaginal smears (Fig 1). 

When evaluating the reproducibility of diagnoses 
made via 2 or more different viewing modalities, the 
overall percentage or proportional agreement appears 
to be a simple and intuitively correct measure of repro- 
ducibility. Given the limited number of diagnostic pos 
sibilities, it is important to correct for chance agree- 
ment. Agreaent is the overall or proportional number 
of cases given the same diagnosis between or within 
observer< including that p a s  of the agreement, which 
may be attrjbutable to chance. Reproducibility, that part 
of the agreement that may not be explained purely by 
chance, is appropriately measured by the K statistic.1" 
Reproducibility may be evaluated at the level of 2 or 
more observers examining the same specimen (inter- 
observer reproducibility) or at the level of the same 
observer examining a specimen via 2 or more modali- - - 
ties or on 2 or more occasions (intraobserver reproduc- 
ibili ty ) . 

We found that the intraobserver and interobserver 
diagnostic reproducibility for both digital images and 
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the light microscope was fair to good, with K values 
ranging from 0.47 to 0.77 (mean, 0.58) for intraob 
server re~roducibilitv and from 0.45 to 0.56 for inter- 
observer reproducibility. The disagreement between a 
pathologist's glass slide and digital diagnoses (mean 
intraobserver K = 0.58) is less than that for different 
pathologists reviewing glass slides (slide interobsemer 
K = .56). Pathologists are more likely to disagree on the 
interpretation of digital images (digital image interob 
server K = 0.45) than on the interpretation of glass 
slides. Overall, diagnostic reproducibility was slightly 
higher for glass slides than for digital images. It seems 
likely that the major factor underlying the better repre 
ducibility of glass slide diagnoses among pathologists is 
the ability to review the entire pathologic specimen/ 
slide before a diagnosis is rendered. Other factors, such 
as initial selection of slide fields for imaging and trans- 
mission, technical factors (digitization, transmission, 
and display), and viewer expertise and comfort with 
viewing and interpreting computer images would seem 
to play a greater role in determining intrapathologist 
disagreements in interpretation of glass slides and 
video images. As instrumentation improves and pathol- 
ogists gain more experience in sendhg, receiving, and 
interpreting digital images, the diagnostic reproducibil- 
ity of digital images will likely improve. 

On the surface, our results differ somewhat from 
those of Raab et all2 in their study examining the 
diagnostic accuracy of cytotechnologists.'2 These differ- 
ences appear largely to reflect differences in the objec- 
tives and designs of our studies. Raab et all2 reported K 

statistics for the light microscope and video monitor of 
0.34 and 0.20, respectively. However, their study com- 
pared the cytotechnologist's diagnosis on review of the 
video monitor or the light microscope with the original 
diagnosis rendered on each slide (interobserver vari- 
ability). All slides had histologic confirmation of the 
cytologic diagnoses. In our study, the cytotechnologist/ 
pathologist interobserver K value ranged from 0.59 to 
0.77 for slides and from 0.32 to 0.58 for digital images. 
In the study of Raab et al,I2 the diagnostic reproduc- 
ibility was higher overall for glass slides than for digital 
images. In our study, all cytotechnologist diagnoses 
were based on glass slides. This will tend to lower 
cytotechnologist/pathologist interobserver K values for 
the digital images. Additionally, the images in our study 
were digital, compared with the images viewed on the 
video monitor in the study of Raab et al. Finally, the 
groups of viewers being analyzed were different .(cyte 
technologists v pathologists). Thus, the apparent differ- 
ences between the Raab et al study12 and ours may 
reflect both differences in training and differences in 
diagnostic approaches to cervical-vaginal smears- 
screening versus rendering the final diagnosis. 

In a study examining the diagnostic accuracy of 
video microsco~v versus conventional examination of 

1 ,  

cervical-vaginal smears, Ziol et all9 found an intraob- 
server K of 0.47 to 0.81; these findings are similar to 
ours. However, in that study only 1 of the 6 participat- 
ing pathologists reviewed all 100 study cases;-the other 
5 pathologists each reviewed 20 different cases. Thus it 

is difficult to interpet the resulting intraobserver K val- 
ues because values for each pathologist were calculated 
using different study cases. Compared with the refer- 
ence diagnosis on each study case, Ziol et al report 
minimal difference in interobsexver K values for glass 
slides ( K  = 0.49) and for video microscopy ( K  = 0.6). 
However, in that study no interobsexver K value com- 
paring the reviewing pathologists' results was deter- 
mined. 

The diagnostic categories used in this study are 
semiquantitative in nature; there were a limited num- 
ber of categories, and they had an ordered nature to 
one another1% benign, ASCUS/AGUS, and SIL. For 
quality assurance pupose, a minor discrepancy is often 
delined as a I-step difference between the original and 
observer diagnoses and a major discrepancy as a 2-step 
difference between the original and 0b~elver diag- 
noses. In the present study, no 2-step diagnostic dis- 
agreements occurred in any of the glass slide and/or 
digital image comparisons examined (pathologist in- 
traobserver and interobserver K and cytotechnologist/ 
pathologist interobserver K). This is a particularly en- 
couraging finding because differences of more than 1 
step may be expected to result in significantly different 
follow-up/treatment approaches. Ziol et a119eport 4 
2-step disagreements, reflecting the interpretation of 
very small cells that were difficult to visualize adequately 
using their video microscopy equipment. 

A priori, there is reason to be reticent about ren- 
dering of diagnoses based on the review of only a few 
preselected fields as opposed to review and screening of 
the entire slide.20 However, as pointed out by Raab et 
d,l2 the practice of rendering a cytologic diagnosis 
after reviewing abnormal fields dotted by an experi- 
enced cytotechnologist is well established. Our findings 
generally support the viability of remote pathologist 
review of selected abnormal fields of cytologic speci- 
mens in the context of a welldesigned program in 
which women receive routine Pap smears. It seems 
likely to be less useful when women are screened infre- 
quently. Our results have little or no bearing on ques- 
tions relating to the use of video microscopy by cyte 
technologists and in no way address issues related to 
use of video microscopy for quality control or profi- 
ciency testing purposes. 

Ln summary, the intraobsexver and interobserver 
diagnostic reproducibility of cervical-vaginal smears us- 
ing digital images and the light microscope is fair to 
good. The use of remote digital images for pathologist 
review does not appear to pose a major risk of intre 
ducing large (f-step) diagnostic disagreements. These 
findings indicate that the use of telecytology for pathol- 
ogist review of Pap smears holds much promise as a 
useful and reliable diagnostic tool. 
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