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Abstract

Digital whole slide imaging (WSI) is a developing technique enabling digital pathology for research
applications. This investigation aimed to determine the accuracy, sensitivity, specificity, and concordance of non-
gynecological cytopathology specimen (pleural fluid) diagnoses made using WSI and glass slides. Sixty pleural
fluid cytology specimens were prepared in glass slides and scanned with a digital slide scanner for WSI. Two
pathologists interpreted both the glass and digital slides then the accuracy, sensitivity, specificity, and
concordance (Kappa coefficient) of their diagnoses were examined between the techniques. A three-week
interval separated the WSI and glass slide interpretations. The results found by pathologists 1 and 2 showed that
the WSI accuracy were 91% and 93%, sensitivity was 89.3% and 86.7%, specificity was 92.3% and 100%, and
concordance (Kappa coefficients) were 87% (0.74, p <0.001) and 95% (0.90, p< 0.001), respectively. Therefore,
WSI has the potential to be applied in the diagnosis of pleural fluid cytology with accuracy, sensitivity,
specificity, and concordances equal to standard diagnosis techniques. In the future, the flexibility, and utility,
and other potential aspects of WSI will be widely used in research and routine cytopathological diagnosis.
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1. Introduction

Optical microscopy is a conventional method that utilizes a light microscope to observe microscopic,
pathological morphology and perform diagnoses in medicine. Regularly used from the past through today, it is a
microscopy method employed in research, pathology, and laboratory medicine worldwide. Although optical
microscopy is widely available, in many situations, it is limited. For example, optical microscopy often requires
a workstation, and, in some problematic cases, expert pathologists are necessary for assessing certain features.
Some of these conventional method weak points can be solved by digital imaging [1-4].

Digital imaging is becoming widely used by pathologists. Histopathology slides are each captured as a
whole-slide image (WSD), also referred to as whole slide imaging, using a special whole-slide scanner. The
digitized WSI can be further analyzed using computational approaches [5,6]. Nowadays, the use of WSI is
widespread, with numerous applications in subspecialties of pathology [5-7]. Previous studies have shown that
WSI is applied in surgical pathology areas, such as studies on frozen sections, diagnosis, and, through
quantitative digital imaging analysis (DIA), on an interobserver agreement for categorical and quantitative liver
fibrosis scores [8,9]. Furthermore, the WSI technique has been applied in gynecologic cytopathology with high
accuracy. However, few studies have assessed the accuracy of WSI for non-gynecological cytopathology
specimens [8-11].

Therefore, this study aimed to compare the accuracy, sensitivity, specificity, and concordance of the
cytopathology of pleural fluid specimens from WSI with the conventional method of directly observing glass
slides under a light microscope.



2. Materials and methods
2.1 Sample preparation

Sixty pleural fluid cytology slides were supplied by the Department of Pathology of Mahasarakham
Hospital, Thailand. All samples were collected from the pleural fluid as a representative non-gynecological
specimen and subjected to standard cytocentrifugation techniques. The selected slides were grouped into two
categories: (1) negative for malignancy (30 slides) and (2) metastatic adenocarcinoma (30 slides). All slides
were reviewed by two pathologists to confirm the diagnosis. In non-concordance, the cases and previous reports
were reviewed, and a final diagnosis consensus was made.

2.2 Whole slide imaged scanning

All slides were scanned with an Aperio ScanScope slide scanner ( ScanScope® XT, Leica Biosystems, IL,
USA) at multiple focal planes, 40X optical magnification, and high resolution (54,000 pixels per inch). The
images were saved as a .svs file. Each WSI was displayed with Aperio Image Scope program version 12.1.5029
(Leica Biosystems, IL, USA) running on a desktop computer and displayed on an HP monitor ( resolution
1600x900) (Figure 1 (A)). The WSI quality was assessed into one of three categories: poor, fair, and good. Each
WSI was interpreted by two WSI-trained pathologists (NC, PI), and each standard optical microscopy glass slide
was interpreted by the same pathologists (Figure 1 (B)). All cases were assessed blindly, and the gap between
WSI and glass slide interpretation was three weeks.

Figure 1 WSI displayed on an HP monitor (A) and photographed glass slide (B) in the same area (Pap stain,
400X).

2.3 Statistical analysis

For each of the two pathologists, diagnosis accuracy, sensitivity, specificity, and concordance were analyzed.
Concordance was defined as the Kappa coefficient and categorized as identical, minor discordance, or major
discordance. Minor discordance was described as a diagnosis difference that would not affect treatment and
prognosis, while major discordance was described as a diagnosis difference that could affect treatment and
prognosis. All parameters were analyzed for statistical significance by SPSS Statistics® version 18.0.

3. Results

The selected pleural fluid slides included categories of (1) negative for malignancy (30 slides) and (2)
metastatic adenocarcinoma (30 slides). All samples were collected from pleural fluid, subjected to standard
cytocentrifugation techniques, and analyzed by two pathologists. Pathologist 1 presented accuracy for glass
slides (conventional microscopy) and WSI of 93% and 91%, respectively, while pathologist 2 found accuracy
for glass slides and WSI to be 95% and 93%, respectively (Table 1).



Table 1 The accuracy of glass slides and WSI by two pathologists.

Method Malignant Pathologist 1 Pathologist 2
Same Diagnosis Accuracy (%) Same Diagnosis Accuracy (%)
[95%CT] [95%CT]
No Yes n No Yes n
No 30 4 34 56/60, 93% 29 2 31 57/60, 95%
Glass slides Yes 0 26 26 [83.8-98.2] 1 8 29 [86.1-99.0]
n 30 30 30 30
No 24 3 27 49/54, 91% 30 4 34 56/60, 93%
WSI Yes 2 25 27 [79.7 - 96.9] 0 26 26 [83.8-98.2]
n 26 28 30 30

To compare the diagnosis performance of glass slides to WSI, sensitivity and specificity were calculated.
As shown in Table 2, pathologist 1 found sensitivity and specificity of 86.7% and 100%, respectively, for glass
slides and 89.3% and 92.3%, respectively, for WSI, while pathologist 2 found 93.3% and 96.7% for glass slides
and 86.7% and 100% for WSI. For each pathologist, the difference in performance between glass slides and
WSI was unremarkable.

Table 2 The sensitivity and specificity of glass slides and WSI by two pathologists.

Method Sensitivity Specificity
% 95% CI % 95% CI

Pathologist 1

Glass slides 86.7 [69.3-96.2] 100.0 [88.4-100.0]

WSI 89.3 [71.8-97.7] 92.3 [74.9 -99.1]
Pathologist 2

Glass slides 93.3 [77.9-99.2] 96.7 [82.8-99.9]

WSI 86.7 69.28-96.24 100.0 [88.4-100.0]

Kappa coefficients were established to determine the concordance. Pathologist 1 defined the concordance as
87% or 0.74 (p <0.001) while pathologist 2 defined it as 95% or 0.90 (p <0.001) (Table 3). In addition, the
major discordance of pathologists 1 and 2 were 13% and 3%, respectively (Table 4). The estimation summary of
the WSI-based diagnosis from the two pathologists is shown in Table 4.

Table 3 The concordance of glass slides and WSI diagnosis by two pathologists.

Method Malignant  Pathologist 1 Pathologist 2
Glass slides Concordance  Kappa Glass slides Concordance  Kappa
coefficient coefficient
(p-value) (p-value)
No Yes n No Yes n
WSI No 25 2 27  87% 0.74 31 3 34 95% 0.90
Yes 5 2 27 (p<0.001) 0 26 26 (p<0.001)

Table 4 The summary of accuracy and concordance in WSI by two pathologists.

Parameter Pathologist 1 Pathologist 2
Accuracy of WSI (%) 91 93

Kappa coefficient of WSI with glass slide (Concordance) 0.74 (p<0.001) 0.90 (p<0.001)
Major discordance of WSI with glass slide (%) 13 3

The average interpretation time for WSI was longer than for glass slides. The percentage of cases that took
less than one minute to interpret for glass slides and WSI were 80% and 50%, respectively. The percentage of
cases that took between one to two minutes to interpret for glass slides and WSI were 18% and 37%,
respectively, and the percentage of cases that took greater than two minutes to interpret for glass slides and WSI
were 2% and 13%, respectively (Figure 2 (A)).
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Figure 2 The comparison time of interpretation between the glass slide and WSI (A) and the comparison time of
satisfaction between glass slides and WSI (B).

Finally, questionnaires were assigned to the two pathologists to evaluate the completed structure observed in
WSI compared to the glass slides. The quality satisfaction results were 3% and 16% poor, 37% and 42% fair,
and 60% and 42% good for glass slides and WSI, respectively (Figure 2 (B)).

The two pathologists voted that some advantages of WSI were: (1) convenient to view images in laptops and
mobile devices, (2) easy to capture images, (3) slide colors do not fade, (4) convenient to transfer files to other
pathologists and (5) easy to duplicate the WSI for sharing. The two pathologists complained that some
disadvantages of WSI were: (1) not easy to move and pan the image across the screen, (2) difficult to see
cytomorphologic details in a thick area and (3) the size of the file is too large.

4. Discussion

Our results were consistent with previous studies, which reported a 75-90% concordance and an accuracy of
77-90% [12-14]. The slide scanner has a multiple focal plane capture function, which can automatically focus
across multiple layers of interesting areas. This function produces a cytopathology multilayer and increases
accuracy and concordance. David M et al. reported that WSI could be used in non-gynecological cytopathology
[15]. In addition, [16] compared the potential of diagnostic concordance between WSI and conventional light
microscopy in cytopathology using a liquid-based cytology cervical specimen. The result revealed that
concordance between WSI and traditional light microscopy was 92%, with a Kappa coefficient of 0.66 and an
interobserver Kappa coefficient of 0.69. The time to reach a diagnosis was longer with WSI in all studies [16].
Similarly, our study showed that WSI provided high concordance (concordance = 87% and 95% and Kappa
coefficient = 0.74 and 0.90), accuracy (91% and 93%), sensitivity (89.3% and 86.7%), and specificity (92.3%
and 100%) for the two pathologists in the cytopathology of pleural fluid.

Advantages of WSI over glass slides are that the stained color does not fade over time, and the image file
can be duplicated easily for sharing. A disadvantage of WSI vs. conventional diagnosis is the longer
interpretation time mentioned, potentially because WSI requires a computer and mouse for image panning,
making the viewing physically uncomfortable. The major discordance observed in our study might be explained
by the familiarization of WSI and the experience of each pathologist.

Nowadays, WSI technology development supports increasingly high-performance image capture and quality,
storage, and vision software. WSI has a significant influence on cytopathology in many applications, such as
cytology quality assurance, education, and trainee efficacy assessment [3,6,17,18]. Innovation and technology
familiarization will promote performance and make digital whole-slide review feasible for larger telepathology
subspecialty consultation applications [19-21]. We suggest that pathologists should ensure they familiarize
themselves with the available WSI viewer tools, e.g., thumbnails, auto panning, keyboard navigation, and tracker
capabilities [22]. Further studies should incorporate a larger sample size, other non-gynecologic specimen types,
and multicenter research.

This study was limited in multiple aspects. First, the non-gynecologic specimens consisted only of pleural
fluid. Additional non-gynecological cytopathology, such as cerebrospinal, pericardial, synovial, and
gastrointestinal fluid, should also be examined to help further validate the accuracy, sensitivity, specificity, and
concordance in WSI performance. Second, this study was performed by only two investigators (referred to
throughout this study as pathologists 1 and 2). More than two pathologists are needed to compare the diagnostic
performance between the glass slide and WSI more accurately.



In a prospective study, WSI development will have continued and lead to even higher-resolution images for
poor-quality samples [6,18]. Moreover, we plan to develop WSI with machine learning by artificial intelligence
(AI) to assist pathological diagnosis. Therefore, this study is early in developing Al-supported disease diagnosis
in medicine [23-27].

5. Conclusion

WSI has a high accuracy and concordance in the diagnosis of cytopathology. In future research, WSI will be
applied in a significant role in the non-gynecological cytopathology field.
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