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Abstract
Background: The Bethesda System for Reporting Thyroid Cytopathol-
ogy assigns each thyroid aspirate to one of six categories, each with
an implied risk of malignancy. Local audits of category distribution
and histological outcome are needed to validate reporting practice.
Objectives: To describe the distribution of Bethesda categories in
thyroid fine-needle aspiration (FNA), to estimate the risk of malignancy
for each category, and to assess the diagnostic accuracy of FNA against
histopathology.Materials andMethods:This illustrative retrospective
analysis uses a simulated dataset of 320 thyroid aspirates reported
according to the 2017 Bethesda System. Histopathology was available
for 96 operated cases. Risk of malignancy was calculated with Wilson
95% confidence intervals, and categories V and VI were treated as
test-positive and category II as test-negative. Results:Women formed
81.9% of the cohort (female-to-male ratio 4.5:1). Category II (benign)
was the most frequent (66.9%); the non-diagnostic rate was 6.9%,
and indeterminate categories III–V accounted for 17.5%. The risk of
malignancy rose from 3.3% in category II to 96.2% in category VI
(trend p <0.001). FNA showed a sensitivity of 97.1%, specificity of
87.9% and overall accuracy of 92.6%. Conclusion: In this simulated
analysis, the Bethesda System stratified malignancy risk effectively and
FNA showed high diagnostic accuracy. These estimates illustrate the
method and require confirmation with real institutional data.
Keywords: Thyroid nodule, Fine-needle aspiration, Bethesda System,
Cytopathology, Risk of malignancy, Histopathology
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1 INTRODUCTION

Thyroid nodules are common. They are palpa-
ble in a minority of adults but are detected far
more often by high-resolution ultrasonogra-

phy, and only a small proportion are malignant [1].
In India, thyroid disorders affect a large population
and goitre remains an important clinical problem [2].
Thyroid cancer accounted for more than half a mil-
lion new cases worldwide in 2018, with a markedly
higher incidence in women [3]. The diagnostic chal-
lenge is to identify the minority of malignant nodules
without operating on the large majority that are be-
nign.
Fine-needle aspiration (FNA) cytology is the most
accurate and cost-effective first-line test for this pur-
pose and has reduced the number of unnecessary thy-
roidectomies [4]. Before 2007, however, terminol-
ogy for thyroid cytology varied between laboratories,
which hampered communication with clinicians and
comparison of results. The National Cancer Insti-
tute Thyroid FNA State of the Science Conference
produced uniform diagnostic terminology and mor-
phological criteria [5]. These were published as the
Bethesda System for Reporting Thyroid Cytopathol-
ogy [6].
The Bethesda System places each aspirate in one
of six categories: non-diagnostic (I), benign (II),
atypia or follicular lesion of undetermined signifi-
cance (III), follicular neoplasm or suspicious for a
follicular neoplasm (IV), suspicious for malignancy
(V), and malignant (VI). Each category carries an
implied risk of malignancy and a recommended
clinical action [6]. The 2017 revision updated these
risk estimates and refined the terminology [7,8].
Management guidelines of the American Thyroid
Association are built around the same categories [9],
and a meta-analysis confirmed the system’s value in
risk stratification [10].
The published risks are reference values, and both the
2017 Bethesda revision and later studies recommend
that each laboratory audit its own category frequen-
cies and malignancy risks [7,8]. Such audits are
especially relevant for the indeterminate categories,
whose use and outcome vary between institutions.

This study design aims to describe the distribution of
Bethesda categories in thyroid FNA, to estimate the
risk of malignancy for each category by correlation
with histopathology, and to assess the diagnostic
accuracy of FNA.

2 MATERIALS AND METHODS

Study design and setting. The protocol describes a
retrospective record-based study in the cytopathol-
ogy and histopathology sections of a department
of pathology. The institution and study period are
left as placeholders to be completed with verified
information.
Study population. All thyroid FNAs reported dur-
ing the study period would be included. Repeat aspi-
rates from the same nodule would be counted once,
using the most recent diagnostic report. Aspirates of
non-thyroidal neck lesions and cases with incom-
plete records would be excluded. Histopathology
would be available only for patients who underwent
thyroid surgery.
Specimen collection and processing. FNA would
be performed with a 23–25-gauge needle under pal-
pation or ultrasound guidance, with two to four
passes per nodule. Smears would be air-dried for
May–Grünwald–Giemsa staining and fixed in 95%
ethanol for Papanicolaou staining. Adequacy would
require at least six groups of well-visualised follicu-
lar cells, each containing at least ten cells, with the
exceptions defined in the Bethesda System [8].
Diagnostic classification. Aspirates would be re-
ported according to the 2017 Bethesda System [7,8].
Thyroidectomy and lobectomy specimens would be
processed routinely and diagnosed according to the
2017 World Health Organization classification of
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endocrine tumours [11]. Non-invasive follicular thy-
roid neoplasm with papillary-like nuclear features
(NIFTP) would be recorded separately [12]; none
occurred in the simulated dataset.
Outcome variables and statistical analysis. The
primary outcomes are the frequency of each category
and the risk of malignancy, defined as the proportion
of operated cases in a category with a malignant
histological diagnosis. Proportions are given with
Wilson 95% confidence intervals (CI). Associations
were tested with the chi-square or Fisher exact test,
and continuous variables were compared with the
Mann–Whitney U test. The trend in risk of ma-
lignancy from category II to VI was tested with
the Cochran–Armitage test. For diagnostic accuracy,
categories V and VI were treated as positive and
category II as negative; categories I, III and IV were
excluded from this calculation. A two-sided p <
0.05 was considered significant. The analysis was
performed in Python (SciPy).
Ethical considerations. No human data were used
for this illustrativemanuscript. Before any real study,
approval or a waiver of consent from the Institutional
Ethics Committee would be required, and records
would be anonymised.

3 RESULTS

The dataset included 320 thyroid aspirates from 262
women (81.9%) and 58 men (18.1%), a female-to-
male ratio of 4.5:1. Table 1 summarizes the baseline
characteristics. Mean age was 42.7± 12.3 years, and
most patients were 21–60 years old. A solitary nod-
ule was the commonest presentation (197; 61.6%).
Median nodule size was 2.6 cm (interquartile range
1.8–3.3 cm). Age, presentation and nodule size did
not differ significantly by sex.
Shows the distribution of Bethesda categories. Cate-
gory II (benign) was the most frequent (214; 66.9%),
followed by category VI (malignant; 8.8%) and cat-
egory III (7.5%). The non-diagnostic rate was 6.9%.
Indeterminate categories III, IV and V together ac-
counted for 56 aspirates (17.5%). The ratio of cate-
gory III to malignant categories (V + VI) was 0.57.
Figure 1 illustrates the distribution.

CI, Wilson confidence interval; SD, standard devi-
ation. Categories follow the 2017 Bethesda System
for Reporting Thyroid Cytopathology [7].
A malignant cytological category (V or VI) was
more frequent in solitary nodules (34/197; 17.3%)
than in multinodular goitre (8/123; 6.5%; χ2 = 6.77,
p = 0.009). It was more frequent in men (20.7%)
than in women (11.5%), but this difference was not
statistically significant (Fisher exact p = 0.083).
Histopathology was available for 96 cases (30.0%).
The proportion operated rose with category, from
14.0% of benign aspirates to 92.9% of malignant as-
pirates (Table 3). Of the operated cases, 43 were ma-
lignant, most commonly papillary thyroid carcinoma
(38). The risk of malignancy was 25.0% in category
I, 3.3% in II, 30.0% in III, 28.6% in IV, 75.0% in V
and 96.2% in VI, with a significant increasing trend
from category II to VI (Cochran–Armitage z = 7.27,
p <0.001). These results are illustrated in Figure 2.
NH, nodular hyperplasia; FA, follicular adenoma;
LT, lymphocytic thyroiditis; PTC, papillary thy-
roid carcinoma; FTC, follicular thyroid carcinoma;
ROM, risk of malignancy; CI, Wilson confidence
interval.
With categories V and VI as positive and cate-
gory II as negative (68 cases), FNA gave 34 true-
positive, 4 false-positive, 1 false-negative and 29
true-negative results. Sensitivity was 97.1% (95%CI
85.5–99.5), specificity 87.9% (72.7–95.2), positive
predictive value 89.5% (75.9–95.8), negative predic-
tive value 96.7% (83.3–99.4) and overall accuracy
92.6% (83.9–96.8).

4 DISCUSSION

This illustrative analysis applies the 2017 Bethesda
System to a simulated series of thyroid aspirates and
correlates the categories with histopathology. The
design reproduces the main elements of a laboratory
audit: the frequency of each category, the risk of
malignancy, and the diagnostic accuracy of FNA.
In the simulated dataset, benign aspirates formed
two-thirds of all reports, in keeping with the pre-
dominantly benign nature of thyroid nodules [1].
The non-diagnostic rate of 6.9% and the category
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TABLE 1: Baseline characterisƟcs of the study populaƟon by sex (N = 320)
CharacterisƟc Category Female (n =

262)
Male (n =
58)

Total (N =
320)

p
value

Age, mean± SD (years) 42.6± 12.4 43.0± 11.9 42.7± 12.3 0.668†
Age group (years) ≤20 8 (3.1) 1 (1.7) 9 (2.8) 0.396‡

21–40 106 (40.5) 19 (32.8) 125 (39.1)
41–60 128 (48.9) 34 (58.6) 162 (50.6)
>60 20 (7.6) 4 (6.9) 24 (7.5)

Clinical presentaƟon Solitary nodule 159 (60.7) 38 (65.5) 197 (61.6) 0.593§
MulƟnodular
goitre

103 (39.3) 20 (34.5) 123 (38.4)

Nodule size on ultrasound
(cm)

<2.0 73 (27.9) 16 (27.6) 89 (27.8) 0.975§

2.0–4.0 173 (66.0) 38 (65.5) 211 (65.9)
>4.0 16 (6.1) 4 (6.9) 20 (6.2)

Total 262 (81.9) 58 (18.1) 320 (100.0)
Values are n (%) unless stated otherwise; percentages are column percentages. SD, standard deviaƟon.
†Mann–Whitney U test. ‡Chi-square test, with the≤20 and 21–40 year groups combined because of small expected counts. §Chi-
square test.

TABLE 2: DistribuƟon of thyroid aspirates by Bethesda category
Cate-
gory

DiagnosƟc category n (%) 95% CI
(%)

Age, mean± SD
(years)

Fe-
male,
n

I Non-diagnosƟc or unsaƟsfactory 22 (6.9) 4.6–
10.2

45.5± 14.3 18

II Benign 214
(66.9)

61.5–
71.8

42.2± 11.7 179

III Atypia/follicular lesion of undetermined
significance

24 (7.5) 5.1–
10.9

40.9± 13.4 20

IV Follicular neoplasm or suspicious for a
follicular neoplasm

18 (5.6) 3.6–8.7 39.1± 12.6 15

V Suspicious for malignancy 14 (4.4) 2.6–7.2 50.4± 8.8 11
VI Malignant 28 (8.8) 6.1–

12.4
44.0± 14.1 19

Total 320
(100.0)

42.7± 12.3 262

III rate of 7.5% fall within the performance targets
of the 2017 Bethesda revision, which recommends
that atypia of undetermined significance should not
exceed about 10% of thyroid FNA interpretations
[7,8]. Ultrasound-guided sampling within a multidis-
ciplinary programme of nodule evaluation has been
associated with low non-diagnostic rates [13].

The risk of malignancy increased in a stepwise man-
ner from benign to malignant categories, consistent
with the risk stratification on which the system is
built [6,7]. A meta-analysis [10] and large institu-
tional and multicentre series [14,15] have described
the same gradient, and the simulated estimates for
categories IV (28.6%) and V (75.0%) lie within the
2017 reference ranges, while those for categories II

Inno J of Med Health Sci 11 (4), 2312−2317 (2021) INNOVATIVE JOURNAL 2314



INNOVATIVE JOURNAL
BONDE

FIGURE 1: DistribuƟon of thyroid fine-needle aspirates across Bethesda categories ( N = 320).AUS/FLUS,
atypia/follicular lesion of undetermined significance; FN/SFN, follicular neoplasm or suspicious for a
follicular neoplasm.

TABLE 3: Cytohistological correlaƟon and risk of malignancy by Bethesda category
Category Operated, n (%)* NH FA LT PTC FTC Other† Malignant, n ROM, % (95% CI)
I 4 (18.2) 2 1 0 1 0 0 1 25.0 (4.6–69.9)
II 30 (14.0) 21 5 3 1 0 0 1 3.3 (0.6–16.7)
III 10 (41.7) 4 3 0 3 0 0 3 30.0 (10.8–60.3)
IV 14 (77.8) 2 8 0 1 3 0 4 28.6 (11.7–54.6)
V 12 (85.7) 1 1 1 9 0 0 9 75.0 (46.8–91.1)
VI 26 (92.9) 0 0 1 23 1 1 25 96.2 (81.1–99.3)
Total 96 (30.0) 30 18 5 38 4 1 43 44.8
*Percentage of all aspirates in the category. †Medullary thyroid carcinoma.

FIGURE 2: Histopathological outcome of operated cases (bars, leŌ axis) and risk of malignancy with 95%
confidence intervals (line, right axis) by Bethesda category (n = 96).
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(3.3%) and VI (96.2%) lie just outside the reference
ranges of 0–3% and 97–99% [7]. The high risk in
category I (25.0%) rests on only 4 operated cases.
The risk of 30.0% for category III is at the upper
end of the published range. Higher-than-expected
malignancy rates in this category have been reported,
for example by Ho and colleagues [16], and are
partly explained by selective surgery for nodules
with suspicious clinical or ultrasound features. Cate-
gory III therefore benefits most from local audit and,
where available, molecular testing, as management
guidelines recommend [9].
The high sensitivity (97.1%) and negative predictive
value (96.7%) mirror the established role of FNA as
a reliable rule-out test [4,10]. Specificity was lower
(87.9%) because some category V aspirates proved
benign on histology, a recognised consequence of
overlapping nuclear features in follicular-patterned
lesions. The reclassification of non-invasive encap-
sulated follicular variant tumours as NIFTP has
shifted the expected risk in categories III to V [12].
A real study should report risk both with and with-
out NIFTP counted as malignant [7]. Indian studies
applying the Bethesda System have likewise shown
female predominance and a large benign category,
supporting its use in this setting [17].
Clinical implications. If confirmed with real data,
these results would support routine use of the
Bethesda System, conservative follow-up for cat-
egory II, and surgical management for categories
V and VI, with category III as the main target for
repeat FNA, ultrasound risk assessment or molecular
testing [9].
Strengths and limitations. The design uses stan-
dardized terminology, histological correlation and
confidence intervals for every proportion. The prin-
cipal limitation is that the data are simulated, so the
estimates illustrate the method and are not evidence.
A real retrospective study would also face verifi-
cation bias, because only operated nodules have a
histological diagnosis. This tends to inflate the risk of
malignancy in categories where surgery is selective,
particularly categories I to IV. Calculating the risk
with all aspirates in the denominator, assuming un-
operated cases are benign, would give a lower bound
for comparison. Single-centre experience and inter-

observer variability in the indeterminate categories
would further limit generalisation.

5 CONCLUSION

This illustrative analysis outlines how a pathology
department can audit thyroid FNA reporting under
the 2017 Bethesda System. In the simulated dataset,
benign aspirates predominated, the non-diagnostic
and indeterminate rates fell within recommended
targets, and the risk ofmalignancy increased progres-
sively across categories. With categories V and VI as
positive, FNA showed high sensitivity, negative pre-
dictive value and accuracy against histopathology.
The expected clinical message is that the Bethesda
System provides reliable risk stratification, with the
indeterminate categories needing the closest atten-
tion. These findings must be confirmed with real,
ethically approved institutional data before any con-
clusion is drawn. Future work should include risk
estimates with and without NIFTP and should eval-
uate ultrasound risk scores and molecular markers in
category III and IV nodules.
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