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ABSTRACT

Introduction: Slides without clinical history can influence diagnostic interpretation accuracy, contributing to mis-
diagnosis and impair consistency. The goal is to evaluate the new screeners’ performance through blinded cytology
screening of thyroid FNAC cases by demonstrating reliability and diagnostic accuracy between inter-and intra-ob-
servers. This study conducted a correlational research design at Cytology Laboratory, Faculty of Health Sciences,
Universiti Teknologi MARA (UiTM) Selangor, Malaysia. Methods: Five new screeners were chosen to blindly screen
slides without unprovided clinical history to measure competency. Diagnoses were obtained using a light micro-
scope from two screening sessions, with 40 cases, respectively. The inter-and intra-observer reliability testing was
measured using the kappa value of Fleiss’ and Cohen’s kappa value, respectively, while the diagnostic accuracy
without a clinical history was determined by the receiver operating characteristic (ROC) curve. Results: The in-
ter-reliability kappa value (multiple new screeners) unveiled as ‘Fair’ agreement (k) = 0.598, while intra-reliability
(single new screener) showed ‘Almost Perfect’ agreement with (k) = 0.856. The overall diagnostic accuracy was an
average of 83.50 %, and the area under the curve (AUC) of ROC was 0.837 (83.7%). Operating parameters show an
average value of 87.38% for sensitivity, 79.98% for specificity, 81.26% for positive predictive value (PPV), 86.62%
for negative predictive value (NPV), and 23.73 for likelihood ratio (LR). Conclusion: Most new screeners have ample
knowledge and skills in cytological screening. This blinded screening could be a practice to access a new screener’s
true ability in the future.
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INTRODUCTION

Most of the teaching laboratory in universities, including
the Centre of Medical Laboratory Studies, Faculty of
Health Sciences, Universiti Teknologi MARA (UiTM),
received donation slides from other institutions for
teaching purposes without complete documentation,
including demographic data and clinical history.
These procedures may result in a diagnostic missed
interpretation (1, 2). Evans et al., in 2011, discovered

an increase of 17% to 30% in false-negative error during
the screening session were due to the absence of clinical
history (3). Therefore, the screener’s ability to assess a
cytomorphology-based diagnosis alone is critical to
ensure the precise diagnosis to achieve a high level of
accuracy during the interpretation of the result (1).

The absence of clinical history can influence diagnostic
precision, contributing to misdiagnosis and impair
consistency. Diagnostic accuracy and clinical history
correlate with each other as the absence of clinical
history lead to lower diagnostic accuracy (1). Slide
screening based on morphological characteristics can
only impact the diagnostic interpretation, leading to
misdiagnosis (1). Raab et al., in 2000, carried out a study
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which revealed that 89.2% of accuracy in diagnosis
occurs when the slide observers are aware of clinical
history while only about 74.0% of diagnostic accuracy
when the slide observers are unaware of the patient’s
clinical history (1). The availability of these data will
help the slide observers learn through cases before
making a diagnosis.

Meanwhile, accuracy and reliability are checked
between inter- and intraobserver to determine the
efficacy of a diagnosis (4). The observation made by
the same observer is referred to as intra-observer.
Meanwhile, inter-observer is referred to the observation
made by different observers. In this research, reliability
among the new screener was evaluated to measure the
ability of new screeners to make an accurate diagnosis
through their expertise and skills. Unavoidable variations
resulting from inter-and intra-observer variations may
be considered an inherent part of the reporting system.
Failure to accurately measure the variation observed
in a study resulted in error interpretation and affected
by the reporting laboratory’s performance quality
and patient management (5). Thus, it is important to
assess the slide observer’s reliability to make the same
measurements under the same diagnosis consistently.
Hence, rescreening is a tool to reduce variations and
enhance screening quality. The aims are to evaluate a
new screener’s performance through blinded thyroid
FNAC screening cases by demonstrating reliability and
diagnostic accuracy between and intra-observers by
depending on their knowledge and skills.

MATERIALS AND METHODS

The correlational research design was performed in
this study as it tests the relationship between two or
more variables using statistical analysis. The link to be
tested was the association between the lack of clinical
history in interpreting FNAC thyroid cases between new
screeners by determining the reliability test’s agreement
and evaluating the overall diagnostic accuracy.

Forty FNAC thyroid cases were conveniently selected
from all the total slides available in the cytology
laboratory of Centre of Medical Laboratory Technology,
Faculty of Health Sciences, Universiti Teknologi MARA,
Malaysia, used as teaching slides during the practical
session.

The sample size was determined using the Raosoft
software. Each case consisted of a pair of Papanicolaou
(PAP) and May Grunwald Giemsa (MGGQG) stained slides.
All 40 cases were blindly screened without regard to
clinical history by five new screeners among the students
in this study. All new screeners were chosen based on
these inclusion criteria. All participants could recognise
the cell morphology of thyroid cells, had at least one
year of experience in screening cytological slides, use
light microscopes, and practice daily maintenance.

Participants were primarily fourth-and fifth-year medical
laboratory technology students who had all the inclusion
requirements.

The screening session consisted of two parts, the first
screening session (A) and the second screening session
(B), where the same cases were observed on a different
interval. The time gap between the first and second
screening sessions was one month. The reason for
conducting the first screening session was to obtain an
agreement between new screeners for an inter-observer
reliability test, while the second screening session was
conducted to obtain the results from the same new
screeners but at different times for an intra-observer
reliability test. A sample of 40 FNAC thyroid cases was
split into four sets, each of which had 10 cases at a
time to be screened. Participants made a diagnosis for
each case they had screened. The diagnostic response
form was given, and participants were only allowed to
select the final diagnosis after screening and classified
based on the Bethesda System for Reporting Thyroid
Cytopathology (TBSRTC) classification.

The inter-observer and intra-observer reliability
agreement was calculated using the value of the kappa
coefficient. The Kappa value will reflect an agreement
between observers, either good or otherwise. For other
parameters, the data were tabulated into the contingency
table to measure the true positive (TP), the true negative
(TN), the false positive (FP), and the false negative (FN)
among the new screeners. Data were quantified using
operating parameters; sensitivity (%), specificity (%),
positive predictive value (PPV), negative predictive
value (NPV), and likelihood ratio (LR). The receiver
operating curve (ROC) was plotted using the sensitivity
and specificity value. Thus, the diagnostic accuracy is
determined by the area’s value under the ROC curve. All
the data collected were analysed using SPSS software
(Statistical Package for Social Science for Windows
version 25.0, IBM Corp, Armonk, New York, USA).

RESULT

Each new screener interpreted 40 FNAC thyroid cases
according to TBSRTC classification. The distribution
was divided into unsatisfactory (n=2), benign (n=19),
atypia of undetermined significance or follicular lesion
of undetermined significance (n=8), follicular neoplasm
or suspicious for a follicular neoplasm (n=5), suspicious
for malignancy (n=0), and malignant (n=6).

Fleiss’ Kappa was performed to determine the level
of agreement between the five new screeners in
diagnosis 40 cases of FNAC thyroid with no clinical
history in screening session A (Table 1). Each new
screener recognised and interpreted cases based on the
classification of TBSRTC. Fleiss’ Kappa’s value was (k)
= 0.541; this shows a moderate agreement between the
inter-observers. Besides, the individual kappa results
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for each TBSRTC classification were shown in Table |
for access to the degree of agreement between the new
screener during screening session A. Most new screeners
can differentiate unsatisfactory and malignant cases with
‘Very Good’ agreement with 0.904 and 0.863 kappa
values, respectively. Next, all cases in the category
Benign and Atypia of Undetermined Significance
or Follicular Lesion of Undetermined Significance
were reported with kappa values of 0.548 and 0.407,
respectively. Besides, follicular neoplasm or suspicious
for a follicular neoplasm with a ‘fair’ agreement of 0.360
kappa value. Meanwhile, for suspicious malignancy,
there was no agreement with a negative kappa value of
-0.036.

General Role

All five new screeners were reached in 14 out of 40
cases had no disagreement, which had been correctly
classified into unsatisfactory (n=2), benign (n=6), Atypia
of Undetermined Significance (n=2), and malignant

Table I: Overview of results reliability testing

Inter-observer reliability (Fleiss’ Intra-observer reliability

Kappa) (Cohen’s Kappa)
Overall IndiVidl.]al Kappa New Kappa
kappa value categories value screener value
(TBSRTC) (NS)
BCI 0.904 NS1 0.905
BC I 0.548 NS2 0.852
0.541 BC Il 0.407 NS3 0.927
BC IV 0.360 NS4 0.896
BCV -0.036 NS5 0.702
BC VI 0.863

Bethesda classification (BC); BC I: Unsatisfactory; BC II: Benign; BC IlI: Atypia of Undeter-
mined Significance or Follicular Lesion of Undetermined Significance; BC IV: Follicular neo-
plasm or suspicious for follicular neoplasia; BC V: suspicious for malignancy; BC VI: malig-
nant. *Kappa value is interpreted as follows:  value < 0: ‘No agreement’; 0.01 — 0.20: ‘None
to slight agreement’; 0.21 — 0.40: ‘Fair agreement’; 0.41 — 0.60: ‘Moderate agreement; 0.61
—0.80: ‘Substantial agreement’ and 0.81 — 1.00: ‘Almost perfect agreement’ .

(n=4). Besides, a one-category disagreement, which
means that there were two diagnoses for one case,
was noted with 21 out of 40 cases. The cases were
benign vs follicular neoplasm (n=5); benign vs atypia of
undetermined significance (n=8); benign vs suspicious
malignancy (n=2); atypia of undetermined significance
vs follicular neoplasm (n=2); atypia of undetermined
significance vs suspicious malignancy (n=1); follicular
neoplasm vs suspicious malignancy (n=1); suspicious
malignancy vs malignant (n=2). Whereas in 5 cases, the
disagreement overlapped more than one classification
among five new screeners. It was unsatisfactory vs benign
vs Atypia of Undetermined Significance (n=1); benign
vs Atypia of Undetermined Significance vs follicular
neoplasm (n=2); Atypia of Undetermined Significance
vs follicular neoplasm vs suspicious malignancy (n=1);
and Atypia of Undetermined Significance vs follicular
neoplasm vs malignant (n=1).

For intra-observer reliability tests, the data collected
during the first (A) and second (B) screening sessions
were analysed and shown as Cohen’s kappa value
(Table I). The new screener diagnosed the same FNAC
thyroid cases twice at different intervals within one
month. All new screeners that were NS1, NS2, NS3,
NS4 had an ‘almost perfect’ agreement after comparing
the diagnosis between the two screening sessions
as k =0.905, 0.852, 0.927, and 0.896, respectively.
Nonetheless, a substantial agreement was recorded for
NS5 (k = 0.702). The average value for each operating
parameter was obtained by cumulatively sum up each
measured value and calculating the average value among
the five new screeners (Table Il). It showed a significant
value of sensitivity (87.38%), specificity (79.98%), PPV
(81.26%), NPV (86.62%), LR (23.73) and diagnostic
accuracy (83.50%). This result indicated a significant
value in the diagnostic interpretation of thyroid FNAC
cases without clinical history.

DISCUSSION

Clinical history is one of the critical data in which
each cyto-screeners requires to produce precise
results (3, 4). Indeed, examining unknown slides or

Table 1I: Operating parameters to evaluate overall diagnostic
accuracy for each new screener without providing clinical
history

. P Diag-
Sensi- Sf!)e.a' PPV Likeli- | e Area
.. icity NPV hood under
NS tivity accu-
(%) (%) (%) rac curve
° (%) ° ratio Y (AuQ)
(%)
NS1 73.7 52.4 58.3 68.8 2.876 62.5 0.630
NS2  89.5 95.2 94.4 90.9 34.224 92.5 0.924
NS3  94.7 95.2 94.7 95.2 39.476 95.0 0.950
NS4 89.5 85.7 85.0 90.0 25.440 87.5 0.876
NS5  89.5 71.4 73.9 88.2 16.634 80.0 0.805
Av-
er- 87.38 7998 81.26 86.62 23.73 83.50 0.837
age

NS: New screener; PPV: Positive Predictive Value; NPV: Negative Predictive Value; LR: Like-
lihood Ratio.

cases is a valuable tool for evaluating and comparing
screening and diagnostic performance, although it does
not entirely mimic routine screening activity (5). A
significant discrepancy is characterised as a difference
in the evaluation series between participants. In 2000
previous research by Jones & Davey defined error as
any abnormality and used a second material evaluation
as a gold standard (5). Nonetheless, the monitoring
of individual responses is encouraged as part of the
competence assessment laboratories. Regarding the
previous report, error rates are 1-2% higher for new
participants, indicating their educational value (5).

In this study, inter-observer reliability was performed
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to reveal the magnitude of individual variability in
diagnosis made between new screeners and their
consistency with the actual diagnosis. According to the
previous study, inter-observer interpretation variability
would affect the final diagnosis. If reliability is low,
accurate measurements will not be possible due to
significant variations during measures (6). The study
was done by Gupta, Komaromy-Hiller, Raab, & Nath
in 2001 had proved that a high incidence of error in
interpretation might occur when there is high inter-
observer variability (7). Therefore, consistency between
and within evaluators is essential to evaluate and
implement results (8). As a tool to assess competency
among cytotechnologists, Salmi, Toth, & Kong in 2015
had published a report on mock gynaecologic cytology
proficiency testing (9).

Consequently, in this study, Fleiss’ Kappa was carried
out to determine the degree of agreement between five
new screeners in the diagnosis of 40 thyroid FNAC
cases without the clinical history in screening session A.
Each new screener examined and interpreted the cases
based on the TBSRTC classification (10). Therefore, the
variables were measured in the categorical scale, and
there was no overlap (mutually exclusive) between the
six thyroid FNAC categories. Based on Table I, the kappa
value obtained was k= 0.541; this indicates that all
students had a moderate level of reliability agreement in
diagnosing thyroid FNAC cases without clinical history.
Generally, a kappa value greater than 0.750 indicates
an excellent deal, while a low of 0.40 suggests poor
agreement (11,12).

Meanwhile, low levels of inter-rater reliability in
healthcare are not acceptable, leading to poorer patient
outcomes. According to McHugh’s study in 2012,
it claimed that having 40% of disagreements for a
clinical laboratory would be a severe quality problem
(4). Therefore, it suggested that 80% agreement is the
minimum acceptable interrater agreement.

Furthermore, the kappa value for each category of thyroid
FNAC cases according to the TBSRTC classification in
screening session Aalso had been identified. The majority
of new screeners can classify with certainty a benign
(k=0.904) and malignant (k=0.863) diagnosis. However,
they had difficulties in categorising indeterminate
thyroid biopsy, which was three categories; atypical (x
= 0.407), follicular neoplasm (k= 0.360), and suspicious
thyroid biopsy (k = -0.036), thus misclassified them
into either benign or malignant. This condition arose
because the characteristics of abnormal/atypical cells
in the sample were insufficient to be diagnosed as
cancer. Nevertheless, due to abnormal cells’ presence,
the sample cannot be diagnosed as benign. According
to Alexander et al., in 2012, a definitive diagnosis of
malignancy or benign can only be made in 70-85% of the
nodules, with 15-30% falling into the “indeterminate”
category (13). These indeterminate nodules are usually
removed by surgery, and about 10-30% of those in the
atypical or follicular neoplasm group may be cancerous.

The negative Kappa (x = -0.036) was obtained in Table
| because there is less agreement than expected, despite
the marginal distribution of ratings. In this context,
malignancy suspects are not distributed. Therefore, if
the new screener identifies the case as suspicious for
malignancy, the particular category would have negative
Kappa. Observing relying only on morphological
characteristics can cause misdiagnosis. The slide
observer tends to either show in false-positive, which
shows the positive result when it is an actual negative,
or false-negative result, which shows the negative result
when it is positive when blindly screening without
the clinical history. Poor diagnosis is made due to
the absence of clinical information. Therefore, further
explained as a slide observer will process the sample
received and make the diagnosis based on their skills
and knowledge.

In some cases, a slide observer will screen clinical history
withholding to prevent bias in result interpretation.
Therefore, this screening technique indeed requires
high skills and lots of experience. Thus, a screener’s
ability to determine a diagnosis based on morphological
characteristics alone is crucial (1).

Intra-observer reliability was statistically defined as the
degree of agreement in the diagnostic test between a
single rater’s repetitive administration. This represents
whether the observers’ agreement or diagnosis is similar,
consistent, or otherwise. This variation will affect
the performance quality of reporting laboratory and
patient management (14). Therefore, it is essential to
evaluate slide observer reliability to produce the exact
measurements under the same diagnosis consistently.
Rescreening is a method to reduce variations and
enhance screening efficiency (14). The data obtained
from the first and second screening sessions were
evaluated and defined by Cohen’s kappa value (Table
I). All new screeners had also diagnosed the same FNAC
thyroid cases twice at various intervals within one month
to assess the agreement. The arrangement number of
cases was reshuffled. This was done to minimise the
chance of obtaining bias outcomes from each new
screener because they could remember the previous
session’s final diagnosis. The value of the reliability test
ranges between -1 and 1. The value close to 1 shows
perfect agreement, while the value closed to -1 shows
perfect disagreement (15).

All new screeners had an ‘almost perfect’ agreement
after comparing the diagnosis of both screening sessions
as k=0.905 (NS1), 0.852 (NS2), 0.927 (NS3), and
0.896 (NS4). However, a substantial agreement had
been reported for NS5 (k=0.702). Overall, each of the
five raters demonstrated a good relationship between
screening session ratings. Hence, the high intra-rater
shows excellent consistency in providing a single
observer diagnosis. Low intra-rater suggests that the
rater had the inconsistency due to their failure to identify

165 Mal ] Med Health Sci 17(SUPP3): 162-167, Jun 2021



thyroid FNAC cells. Apart from that, the most crucial
factor is experience, which means recognising pitfalls
and appearances relevant to specific sites and clinical
presentations (2). According to Sharma in 2015, having
a better understanding of the pitfall by analysing the
false positive and false negative diagnoses would help
avoid pitfalls and improve patient care (16).

Table Il demonstrated the new screener’s overall
performance in the diagnostic interpretation of thyroid
FNAC cases without clinical history. According to the
study in 2004 done by Renshaw, Young, & Holladay,
the average sensitivity of the blinded screening cases
was reported to be approximately 70-80% (17). In this
study, most new screeners were able to classify atypical/
abnormal cells (TP) with an average sensitivity value
of 87.38%, whereas benign/normal cells (TN) with an
average specificity of 79.98%. High sensitivity leads to
a lower specificity as both are inversely proportional.
Sensitivity is specified to recognise and classify all
abnormal cases (18). Identifying and classifying mild
cases is known as specificity (18). Therefore, both
parameters were useful to assess the new screener’s
ability to correctly classify cases as either benign/normal
cells or atypical/abnormal cells. In this finding, the
sensitivity value (87.38%) is higher than the specificity
(79.98%), which indicates that few atypical/abnormal
cases have been misinterpreted as benign (false negative).
Many mild cases were misclassified as abnormal (false
positive). This phenomenon is known as a pitfall.

Nonetheless, new screeners had difficulty classifying
atypical cases as they misclassified them as either
atypical/abnormal or benign cases. Screening tasks
are challenging, with low target prevalence (3). Non-
expert searchers show decreased false-positive results
when targets are rare and increase false-positive results
compared to results when the target is common.

(3). Cytology audits indicate that low numbers of
abnormal cells in slides are associated with false-
negative reporting.

The value of sensitivity and specificity was significant as
the relationship can be expressed as a receiver operating
characteristic (ROC) curve by plotting sensitivity (TP)
versus 1-specificity (FP) (1). The area under the curve
(AUC), which generally ranges from 0.5 to 1.0, can be
measured to generate diagnostic accuracy for each slide
observer (1). The AUC corresponding to an area of 0.5
indicates that the diagnostic accuracy was less attainable,
while the area of 1.0 was a perfect diagnostic test (19,
20, 21). The further the curves from the 45-degree angle,
the higher the diagnostic accuracy (19). In this study,
the AUC value of the ROC curve showed a high value
of 0.837 (83.7%). In Table IlI, all new screeners had a
high overall diagnostic accuracy value except for NS1
(AUC = 0.630; 63%) as represented by the AUC value.
Although the diagnostic accuracy can be determined
from ROC, predictive value and likelihood ratio also can

be measured to support the diagnostic accuracy result
(22). In the previous study, the diagnostic accuracy is
lower in screening slides without clinical history (1).
However, a study done by Venrick & Sidawy, shows a
high percentage of up to 90% diagnostic accuracy had
been reported by certified cyto-screeners in screening
slides without clinical history compared to this study,
in which new screener exhibited an average diagnostic
accuracy of up to 83.50% (Table 1) (23). Nevertheless,
most of the previous research focused on certified
cyto-screeners with experiences working in cytology
laboratory only, and there is a limited study among
new screeners on the effect of diagnostic accuracy in
screening without clinical history.

CONCLUSIONS

In conclusion, all new screeners from the Centre of
Medical Laboratory Technology, Faculty of Health
Sciences, UiTM Malaysia were able to diagnose thyroid
cases accurately by 83.5% even without the presence
of clinical history. Thus, it reflects that the process,
technique, and skills introduced to each student are
equal and easily understood in our facility. The blinded
screening teaching method may continuously practice
in the future to polish a new screener’s true capabilities
or competency.
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