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Abstract Background Many different risk stratification systems have been formulated for
thyroid nodules, differing in their fine-needle aspiration cytology (FNAC) indication,
suggesting a lack of consensus around the world.

Keywords Purpose This prospective study was conducted to find the best guideline for risk

stratification, for a better malignancy yield, and with reduced rates of negative FNACs
among three Thyroid Imaging, Reporting, and Data System (TIRADS) guidelines.
Materials and Methods A total of 625 thyroid nodules with conclusive FNAC or
histopathological diagnosis were included in the study. Various sonographic param-
eters were recorded. They were classified into categories as per the three guidelines
and compared with FNAC diagnosis. The guidelines were evaluated in terms of
sensitivity, specificity, predictive values, and diagnostic accuracy. Sensitivity and
specificity were compared by McNemar’s test.

Results American College of Radiology (ACR) TIRADS had the highest diagnostic
accuracy (56.8%), specificity (50.75%), positive predictive value (23.92%), lowest rates
of negative FNACs (76.08%), and high negative predictive value (97.84 %). Korean (K)

= thyroid nodules

= Thyroid Imaging
Reporting and Data
System

= TIRADS

= thyroid ultrasound

= American College of
Radiology

= Korean Society of
Thyroid Radiology

= European Thyroid

Association TIRADS had the maximum sensitivity (97.75%), highest negative predictive value
= fine-needle aspiration (98.44%), and gross malignancy yield. European TIRADS was between the two other
cytology guidelines in most parameters with specificity like K TIRADS.
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Conclusion All the three guidelines are very good screening tools, with comparable
high sensitivity. ACR TIRADS is better in terms of specificity and reduced rates of
negative FNAGs. Including the presence of a suspicious cervical lymph node as a
criterion and more frequent follow-up might further improve the diagnostic perfor-

mance of the guideline.

Introduction

With the increasing use of high-resolution ultrasound (USG)
of the neck, the detection of nonpalpable thyroid nodules has
also increased.” Fine-needle aspiration cytology (FNAC) is
the commonly used modality for differentiating benign and
malignant thyroid nodules. However, more than half of such
nodules are benign, and one-third are inconclusive by FNAC.?
Though not as invasive as biopsy, FNAC can cause pain,
intrathyroidal hemorrhage, and very rarely local hematoma,
and can be a source of apprehension to patients. Ultrasono-
graphic features can help differentiate benign and malignant
lesions and can be used as a screening tool to decide which
patients need to undergo FNAC, to get the maximum yield
with reduced rates of negative FNAC.

Since 2009, various attempts have been made in develop-
ing a risk stratification system for thyroid nodules by differ-
ent radiology, endocrine, and oncologic societies. Currently,
there are up to around 14 different guidelines in stratifying
thyroid nodules, including the first ever Thyroid Imaging,
Reporting, and Data System (TIRADS) devised by Horvath
et al,? followed by Kwak TIRADS,* British Thyroid Association
guidelines,”> American Thyroid Association guidelines,®
American College of Radiology (ACR) guidelines,” European
Thyroid Association (EU) guidelines®, and Korean Society of
Thyroid Radiology (KSThR) (K) guidelines.® A recent modifi-
cation of K TIRADS was done in 2021.'°

These guidelines vary in the sonographic features and
patterns used to stratify nodules, and have different size
cutoffs for FNAC, with varying diagnostic accuracies. Guide-
lines with higher sensitivity are accompanied by higher rates
of negative FNACs. Guidelines with higher specificity for
malignant nodules are associated with lower rates of nega-
tive FNACs, but can potentially miss malignant nodules. This
study was undertaken to find out the better guideline among
the three different recently developed TIRADS systems—the
ACR, the EU, and the K (KSThR) guidelines.

Materials and Methods

This study was conducted in our tertiary care hospital from
December 2018 to February 2021, after approval by the
institute ethics committee. Written informed consent was
obtained from all patients. Details such as age, gender,
clinical features, and thyroid function (thyroid-stimulating
hormone, T4 and T3) were noted down in the pro forma.
Patient population: A total of 1,052 thyroid nodules, from
986 patients, over 18 years of age were evaluated during the
study period. B-mode USG and color Doppler were done in all
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these patients. FNAC was not recommended in patients if it
was not indicated by at least any one of the three guidelines.
Those without final cytological diagnosis or nondiagnostic
(Bethesda I) or with FNAC inconclusive nodules (Bethesda III
and IV) were excluded. Note that 625 nodules with definite
diagnosis were finally included in the study. A detailed
recruitment algorithm is depicted in ~Fig. 1.

Imaging technique: The conventional USG and color
Doppler were performed in either Siemens Acuson S3000
USG system (Erlangen, Germany) or EsaoteMyLab 60 ma-
chine (Esaote, Italy). A 6 to 18 MHz linear transducer was
used for most nodules and a 4- to 9-MHz transducer was
used for larger lesions. Patients were examined in supine
position with neck extended. The thyroid was examined in
transverse and longitudinal planes. Screening of the entire
neck was done to look for suspicious lymph nodes. Param-
eters like size, number, location, shape, margins, echoge-
nicity, composition, vascularity, and presence of suspicious
cervical lymphadenopathy (those with cystic change,
hyperechogenicity, calcifications, and abnormal vasculari-
ty) were studied. In patients with multiple nodules, up to
four nodules were evaluated, and a maximum of two
nodules with the highest TIRADS score were indicated for
FNAC. Each nodule was assigned TIRADS scores as per all
the three guidelines.

Comparison with the composite reference standard: FNAC
or histopathological examination (HPE) after excision was
taken as gold standard, of which the former was routinely
done for the diagnosis. Unguided FNAC was routinely done
for large palpable thyroid nodules. USG-guided FNAC was
done for smaller nodules that could not be palpated and in
the nodule with the highest TIRADS category among multiple
nodules. Nodules were categorized into six groups according
to the Bethesda classification.!’ The nodules in which FNAC
was not indicated by a particular guideline were considered
as test negative for that guideline. Bethesda category II in
FNAC or histopathologically benign lesions were considered
true negative. Nodules in which FNAC was indicated were
assumed to be test positive as per the guideline. Bethesda V
and VI or histopathologically proven malignant lesions were
considered true positive.

Statistical analysis: The data was entered in MS Excel
2019. The statistical analysis was carried out using the IBM
SPSS (version 27) software. Continuous variables were sum-
marized in terms of mean with standard deviation/median
with interquartile range. Categorical variables were summa-
rized in terms of frequency or percentages. Chi-square test
was used to compare categorical variables. The comparison
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Patients over 18 years with clinically detected or
ultrasound-detected thyroid nodules
n=1052

!

Patients who underwent USG
n=1052

Excluded: patients who did not undergo
FNAC

\:

1. FNAC not done due to no indication

Patients who underwent FNAC

by all three guidelines (231)

Excluded patients with FNAC reports n = 664 2. FNAC not done even through one or
. whlcb were: T more guidelines recommended it —
1. Non-diagnostic FNAC or Bethesda ! patient/clinician’s discretion (157)
1(21)
2. Inconclusive for the study or Nodules with diagnostic FNAC included in
Bethesda III/IV (18) our study
n =625

!

Benign nodules n =536 «

FNAC with or without Histopathological
diagnosis taken as the gold standard

> Malignant nodules n =89

'

ACR, EU and K TIRADS categories and indication for FNAC compared and analysed

Fig. 1 Recruitment algorithm.

of continuous variables between benign and malignant
lesions was carried out using the Mann-Whitney U test or
Fisher’s exact test. The diagnostic accuracy of each of the
three guidelines was explored using sensitivity, specificity,
predictive values, and likelihood ratios. The comparison of
sensitivity and specificity of the three guidelines was done by
McNemar’s test. All statistical analyses were carried out at a
5% level of significance, and a p-value of < 0.05 was consid-
ered significant.

Results

Demographic characteristics: Of the 625 thyroid nodules (97
from men and 528 from women), there were 89 malignant
and 536 benign nodules based on FNAC or HPE. The incidence
of thyroid malignancy in our study population was 14.24%.
The mean age of patients with benign nodules was
42.8+12.6 years and that with malignant nodules was
45.44+15.1 years. Most of the patients belonged to the 31
to 45 years age group. Among patients in whom the thyroid
function status was known, there was equal distribution of
benign and malignant nodules among euthyroid (13.1%
malignant, 86.9% benign), hypothyroid (15.5% malignant,
84.5% benign), and hyperthyroid (14.5% malignant, 85.5%
benign) states with no statistically significant difference
(p=0.496).

Sonographic features of benign and malignant thyroid
nodules: Statistically significant difference was noted in the
sonographic features between benign and malignant nod-
ules. Features such as very hypoechoic echogenicity (84.6%),
irregular shape (95%), taller than wide shape (76.9%), irreg-
ular margins (91.4%), microcalcifications (89.5%), suspicious
lymph nodes (90.7%), and extrathyroid extension/capsular
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bulge were common in malignant nodules. Whereas features
like anechoic cystic or spongiform composition, iso- or
hyperechogenicity, oval shape (88.6%), wider than tall shape
(89.1%), smooth margins (93.5%), no extrathyroid extension
(86.5%), and no associated suspicious lymph nodes (91.4%)
were commonly seen in benign nodules.

TIRADS category distribution: Most of the nodules includ-
ed in the study fell under category 3 in all the three guidelines
(=Fig. 2). There were fewer category 2 nodules (by all three
guidelines) and category 1 nodules (by ACR TIRADS) included
in the study, as most of them did not have an FNAC diagnosis,
nor was it required by any guideline. ACR TIRADS had more
proportion of nodules in category 4 (n=161) compared to
the other two guidelines. K TIRADS had maximum number of
category 5 nodules (n=72).

Diagnostic accuracy: The sensitivity (97.75%) and negative
predictive value (98.44%) were maximum with K TIRADS,
which had the best negative likelihood ratio (0.096). Speci-
ficity (50.75%) and positive predictive value (23.92%) were
maximum with ACR TIRADS (=Table 1). The percentage of
negative FNACs (proportion of benign nodules among those
indicated for FNAC) was maximum with K TIRADS (82.49%)
followed by EU TIRADS (82.21%) and least with ACR TIRADS
(76.08%). Gross malignancy yield (number of malignant
nodules that were indicated for FNAC) was maximum with
K TIRADS (n = 89). Relative malignancy yield (proportion of
malignant nodules among those indicated for FNAC) was
least with K TIRADS (17.5%) followed by EU TIRADS (17.78%)
due to higher number of negative FNACs. EU TIRADS scored
between the other two guidelines in most parameters
(=Table 1). There was a statistically significant difference
in the specificity between the guidelines, with the ACR being
the most specific guideline (McNemar’s test, p <0.001
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Fig. 2 Distribution of thyroid nodules as per the American College of Radiology (ACR) (A and B), European (EU) (C and D), and Korean (K)
(E and F) Thyroid Imaging, Reporting, and Data System (TIRADS) in our study.

Table 1 Diagnostic performances of ACR, EU, and K TIRADS in differentiating benign and malignant thyroid nodules

Parameters ACR TIRADS EU TIRADS K TIRADS
Sensitivity 93.26 95.51 97.75

% (95% Cl) (85.9-97.49) (88.89-98.76) (92.12-99.73)
Specificity 50.75 26.68 23.51

% (95% Cl) (46.43-55.06) (22.98-30.64) (19.98-27.33)
PPV 23.92 17.78 17.51

% (95% Cl) (19.53-28.76) (16.81-18.80) (14.27-21.14)
NPV 97.84 97.28 98.44

% (95% Cl) (95.36-99.20) (93.14-98.95) (94.47-98.81)
LR+ 1.893 1.303 1.278

(95% CI) (1.876-1.911) (1.295-1.311) (1.271-1.285)
LR- 0.133 0.168 0.096

(95% CI) (0.095-0.186) (0.099-0.286 (0.034-0.268)
Diagnostic accuracy 56.80 36.48 34.08

% (95% Cl) (52.81-60.72) (32.70-40.39) (30.37-37.94)
Gross malignancy yield (n) 83 85 87

Relative malignancy yield % 23.91 (83/347) 17.78 (85/478) 17.50 (87/497)
(95% ClI) (19.73-28.68) (14.62-21.46) (14.42-21.09)
Negative FNAC % 76.08 82.21 82.49

Abbreviations: ACR, American College of Radiology; Cl, confidence interval; EU, European; FNAC, fine-needle aspiration cytology; K, Korean; LR+,
likelihood ratio of a positive test; LR-, likelihood ratio of a negative test; NPV, negative predictive value; PPV, positive predictive value; TIRADS,
Thyroid Imaging, Reporting, and Data System.

between all the three guidelines). Comparison of sensitivity
between them showed no statistically significant difference
(p=0.1336 for ACR vs. K, p=0.4795 for EU vs. K TIRADS and
ACR vs. EU TIRADS).

Discussion

Out of the 625 nodules in our study, 536 were proven to be
benign and 89 were malignant. Malignant thyroid nodules
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Table 2 Distribution of sonographic features between benign and malignant thyroid nodules

Sonographic criteria Malignant Benign p-Value
89 536
Composition, N (%) 74 (22.4) 256 (77.6) < 0.0001
- Solid 3(3.5) 83 (96.5)
- Almost entirely solid 10 (8.1) 113 (91.9)
- Mixed solid cystic 1(2.3) 43 (97.7)
- Almost entirely cystic 0(0) 5(100)
- Cystic 1(2.7) 36 (97.3)
- Spongiform
Echogenicity, N (%) 17 (4.5) 364 (95.5) < 0.0001
- Isoechoic 6 (8.8) 62 (91.2)
- Hyperechoic 55 (35.7) 99 (64.3)
- Hypoechoic 11 (84.6) 2(15.4)
- Very hypoechoic 0(0) 9 (100)
- Anechoic
Shape, N (%) 67 (11.4) 523 (88.6) < 0.0001
- Oval 3 (20) 12(80)
- Round 19 (95) 1(5)
- Irregular
- Wider than tall 79 (12.9) 533 (87.1) < 0.0001
- Taller than wide 10 (76.9) 3(23.1)
Margins, N (%) 32 (6.5) 462 (93.5) < 0.0001
- Smooth 17 (21.2) 63 (78.8)
- Il defined 8 (50) 8 (50)
- Lobulated 32 (91.4) 3(8.6)
- Irreqular
Extrathyroid extension, N (%) 3 (75) 1(25) < 0.0001
- Capsular bulge 4 (100) 0 (0)
- Overt extra thyroid extension 83 (13.5) 534 (86.5)
- No extra thyroid extension
Calcifications, N (%) 19 (4.2) 436 (95.8) < 0.0001
- None 0 (0) 21 (100)
- Comet tail artifacts 18 (21.2) 67 (78.8)
- Macrocalcification 1(14.3) 6 (85.7)
- Rim calcification 51 (89.5) 6 (10.5)
- Microcalcification
Suspicious lymph nodes, N (%) 50 (8.6) 532 (91.4) < 0.0001
- Absent 39 (90.7) 4(9.3)
- Present

were usually hypoechoic or very hypoechoic, solid, associat-
ed with irregular shape or margins, wider than taller shape,
showed microcalcifications, and extrathyroidal extension,
with a statistically significant difference (=Table 2). These
correlated well with previous studies which also suggest that
not a single sonographic feature, but a combination of
features predict the risk of malignancy more accurately.'?~14
Smooth margins, anechoic/cystic or spongiform consistency,
and comet tail artifacts are predictors of benign nodules.'?
Size of the nodule, however, could not reliably differentiate
between benign and malignant pathologies. In our study, the
mean size of malignant lesions (3.3+2.14cm) was not
significantly higher than that for benign lesions
(3.1 £1.59cm). This was comparable to a previous study
by Kamran et al, in which a threshold effect was found and
the cancer risk was the same for all nodules more than
2cm.”?

ACR, EU, and K TIRADS differ in their size cutoff for FNAC
as well as category distribution of nodules (~Figs. 2 and 3).
K TIRADS has the lowest size cutoff among the three
guidelines. In our study, ACR TIRADS had the maximum
number of category 4 nodules (161 nodules) compared to
EU and K TIRADS. This was due to macrocalcifications and
rim calcifications (which are not considered as criteria by
EU or K TIRADS) upgrading a solid isoechoic nodule from
category 3 to category 4. K TIRADS and EU TIRADS had
maximum numbers of category 3 nodules and have a
separate category for no nodule (EU1 and K1), while purely
spongiform and cystic nodules are described as category 2
(=Fig. 4). However, these category differences did not
influence the number of FNACs performed or the final
outcomes, as the number of negative FNACs done were still
the lowest by ACR TIRADS due to its higher size cutoff
(~Figs. 4-12).
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TR1 TR2 | K2* TR3 [EU3 | K3 TR4 | K4 |— FNAC>1-15cm*
EUl| |EU2 EU4 TRS
K1 EU5 |— FNAC/
surveillance
FNAC if more than K5
<lcm
(respectively): l
FNAC>1cm
2.5cm | 2cm | 2 cm*
No FNAC FNAC>15cm
K TIRADS - In case of poor risk factors, including suspected cervical lymph node FNAC > 0.5 cm if suspected
metastasis, obvious extrathyroidal extension, confirmed distant metastasis, or attachment to trachea or posteromedial
suspected medullary thyroid cancer, FNAC is to be done regardless of capsule (or) nodules in children. May
size/category be considered in adults

Fig. 3 Differences in size criteria for fine-needle aspiration cytology (FNAC) indication among the American College of Radiology (ACR),
European (EU), and Korean (K) Thyroid Imaging, Reporting, and Data System (TIRADS). "Recent modifications in the 2021 version of K TIRADS.

C—
+ D=2.09 cm
3 D=1.18 cm

D1 1.14 cm

D2 1.34 cm

—_—

Fig.4 Concordant fine-needle aspiration cytology (FNAC) indication. (A and B) Spongiform nodules (American College of Radiology [ACR] TR1,
EU2, K2) with no indication for FNAC by any guideline (Bethesda Il, colloid goiter).

Fig. 5 Concordant fine-needle aspiration cytology (FNAC) indication. (A) Solid isoechoic nodule and (B) solid hyperechoic nodule (American
College of Radiology [ACR] TR3, EU3, K3), the former nodule (A) not meeting the size cutoff for FNAC by any guideline, the latter (B)
recommended for FNAC by all the three guidelines (Bethesda II, nodular goiter in both).
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2.16 cm
0.86 cm

Fig.6 Concordantfine-needle aspiration cytology (FNAC) indication. (A and B) Solid hypoechoic nodule > 1.5 cm with rich vascularity within the
nodule and surrounding heterogeneous thyroid parenchyma (American College of Radiology [ACR] TR4, EU4, K4), FNAC indicated by all the three
guidelines (Bethesda Il, nodular goiter with lymphocytic thyroiditis).

2.54 cm
1.40 cm

1.58 cm
1.82 cm

Fig.7 Concordant fine-needle aspiration cytology (FNAC) indication. (A and B) Solid iso- and hyperechoic nodule with microcalcifications > 1 cm
(American College of Radiology [ACR] TR5, EU5, K5), indicated for FNAC by all the three guidelines (Bethesda VI, papillary carcinoma).

Fig. 8 Discordant fine-needle aspiration cytology (FNAC) indication. (A and B) Solid cystic nodule > 2 cm (American College of Radiology [ACR]
TR2, EU3, K3) with FNAC indicated by European (EU) and Korean (K) Thyroid Imaging, Reporting, and Data System (TIRADS) (Bethesda Il, nodular
goiter).

ACR TIRADS had the highest overall diagnostic accuracy.
The most sensitive guideline was K TIRADS and the most
specific guideline was ACR TIRADS with high positive and
negative predictive values. There was a statistically signifi-
cant difference in specificity between all the three guide-
lines. Similar differences in sensitivity and specificity were

Indian Journal of Radiology and Imaging

seen by previous studies (~Table 3).%'9"22 The high sensi-
tivity of K TIRADS is due to the lower size cutoffs which leads
to lesser number of missed malignancies. Among the malig-
nant nodules that were missed in our study (false negatives),
six were missed by ACR TIRADS, four by EU TIRADS, and two
by K TIRADS (=Table 4). Three of the six nodules were

Vol. 34 No. 2/2024 © 2023. Indian Radiological Association. All rights reserved.
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¢
< D=0.73 cm

Fig.9 Discordant fine-needle aspiration cytology (FNAC) indication. (A and B) Solid isoechoic nodule < 2.5 cm, asterisk in B (American College of
Radiology [ACR] TR3, EU3, K3), FNAC indicated by Korean (K) and European (EU) Thyroid Imaging, Reporting, and Data System (TIRADS)

(Bethesda Il, nodular goiter).

-

D1 1.00 cm ‘
D2 1.35 cm

Fig. 10 Discordant fine-needle aspiration cytology (FNAC) indication. (A and B) Solid hypoechoic nodule < 1.5 cm (American College of
Radiology [ACR] TR4, EU4, K4), with FNAC indicated only by Korean (K) Thyroid Imaging, Reporting, and Data System (TIRADS) (Bethesda I,

colloid goiter).

TIRADS category 5 and three of them were category 4 by all
the three guidelines (=Figs. 11 and 12). Six nodules were
missed by ACR and four by EU TIRADS because they did not
meet the size cutoff for FNAC. Even though two of the
category 5 nodules and one category 4 nodule were sub-
centimetric, they were indicated for FNAC (the former by EU
and K TIRADS, latter by K TIRADS) as these nodules were
associated with suspicious lymph nodes (=Fig. 12). The K
TIRADS missed only two nodules because they were very
small and were also not associated with any suspicious
lymph node or any other high-risk features.

Cervical lymph nodes are considered as a criterion for
FNAC recommendation only by K and EU TIRADS. Suspicious
features include cystic change, calcifications, hyperechoge-
nicity, and abnormal peripheral or diffuse vascularity.’®
Among 43 nodules with associated suspicious lymph nodes,
39 were malignant nodules and 4 were benign. In three out of
the four such benign nodules, the associated suspicious
lymph nodes were proven to be metastatic carcinomas by
FNAC of the lymph nodes, and the primary lesion was
unknown by imaging in all three patients. The thyroid
nodules were incidentally picked up on USG which was

Indian Journal of Radiology and Imaging

done for cervical lymphadenopathy in these patients. In
the fourth benign thyroid nodule with associated suspicious
lymph node, FNAC of the suspicious lymph node revealed
metastatic papillary carcinoma, but repeated aspiration of
the thyroid nodule only proved to be a benign cystic colloid
goiter. There were no other focal lesions in the thyroid. About
50 out of the 89 malignant nodules were not associated with
suspicious lymph nodes. But when associated, the presence
of a suspicious lymph node increased the risk of malignancy
in the thyroid nodule. Inclusion of suspicious cervical lymph
nodes as a criterion for FNAC indication within ACR TIRADS
increased the gross malignancy yield (n=286) with slight
increase in sensitivity, diagnostic accuracy, positive and
negative predictive values, and improved the negative likeli-
hood ratio (~Table 5).

The malignant nodules that were missed by the ACR and
EU guidelines were, however, recommended to be followed
up and might have eventually been diagnosed, had there
been increase in size during follow-up. The follow-up rec-
ommendations by ACR TIRADS are every year up to 5 years
for TR 5 nodules, 1, 2, 3, and 5 years for TR4 nodules, and 1, 3,
and 5 years for TR3 nodules. If there is no increase in size, no
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+ D=1.17 cm - D=
+D= 4+ D=1.25 cm
>{D=0.98 cm X D=1.10 cm

Fig. 11 Discordant fine-needle aspiration cytology (FNAC) indication. (A and B) Solid hypoechoic with macrocalcification < 1.5 cm (American
College of Radiology [ACR] TR4, EU4, K4), FNAC indicated only by Korean (K) Thyroid Imaging, Reporting, and Data System (TIRADS) (Bethesda V,
suspicious for papillary carcinoma).

Fig. 12 Discordant fine-needle aspiration cytology (FNAC) indication. (A and B) Solid hypoechoic nodule with microcalcification <1cm
(American College of Radiology [ACR] TR5, EU5, K5), FNAC indicated only by European (EU) and Korean (K) Thyroid Imaging, Reporting, and Data
System (TIRADS) due to associated suspicious cervical lymph nodes (histopathological examination [HPE]; papillary microcarcinoma).

Table 3 Sensitivity and specificity of ACR, EU, and K TIRADS in differentiating thyroid nodules as benign and malignant by previous

studies
Name of the study | ACR TIRADS EU TIRADS K TIRADS
Sensitivity % Specificity % Sensitivity % Specificity % Sensitivity % Specificity %

Ha et al'’ 74.7 67.3 Not included 94.5 26.4
Grani et al? 83.3 56.2 86.1 32 91.7 17.8
Yoon et al'® 77.3 67.7 87.4 38.9 95.7 23.6
Tan et al'® 85.7 51.1 57.1 83.2 100 40.2
Huh et al?® 80.4 62.2 95.2 28.1 Not included

Gao et al'® 81.6 79.7 Not included Not included

Na et al?’ 79.6 65.2 88.3 33.4 96.9 | 18.6
Kovatcheva et al?? Not included 69.9 56.3 Not included

Ha et al?* 76.1 61.8 84.6 39.3 91 | 30.7°

Abbreviations: ACR, American College of Radiology; EU, European; K, Korean; TIRADS, Thyroid Imaging, Reporting, and Data System.
?As per the 2021 modification of K TIRADS.
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Table 4 Imaging characteristics of the six malignant thyroid nodules missed by the guidelines
Serial no. | Maximum | Composition | Echoes Shape | Margin Calcification | Lymph TIRADS
size (cm) nodes category
ACR | EU | K
1 0.80 Solid Hypoechoic | Oval Il defined | Micro Suspicious 5 57 | 5°
W>T
2 1.25 Solid Hypoechoic | Oval Il defined | Macro Not suspicious | 4 4 | 4°
W>T
3 0.65 Solid Hypoechoic | Oval Smooth Micro Suspicious 5 57 | 5°
W>T
4 0.91 Solid Hypoechoic | Oval Smooth Rim Suspicious 4 4 |47
W>T
5 0.51 Solid Hypoechoic | Oval Irregular | Micro Not suspicious | 5 5 5
W>T
6 0.98 Solid Hypoechoic | Oval Il defined | Nil Not suspicious | 4 4 |4
W>T

Abbreviations: ACR, American College of Radiology; EU, European; FNAC, fine-needle aspiration cytology; K, Korean; TIRADS, Thyroid Imaging,

Reporting, and Data System.
Note: W > T =wider than tall, T > W =taller than wide.
?FNAC was recommended only by these guidelines.

Table 5 Diagnostic performances of ACR TIRADS and ACR TIRADS including suspicious lymph nodes as criterion

Parameters ACR TIRADS ACR TIRADS + lymph node criterion®
Sensitivity 93.26 96.63

% (95% Cl) (85.9-97.49) (90.46-99.3)
Specificity 50.75 50.75

% (95% Cl) (46.43-55.06) (46.43-55.06)
PPV 23.92 24.57

% (95% Cl) (19.53-28.76) (22.87-26.36)
NPV 97.84 98.91

% (95% Cl) (95.36-99.20) (96.74-99.64)
LR+ 1.89 1.96

(95% Cl) (1.87-1.91) (1.79-2.16)
LR- 0.13 0.07

(95% Cl) (0.095-0.186) (0.02-0.20)
Diagnostic accuracy 56.80 57.28

% (95% Cl) (52.81-60.72) (53.3-61.20)
Negative FNAC % 76.08 75.42

Gross malignancy yield (n) 83 86

Relative malignancy yield % 23.91 24.57

Abbreviations: ACR, American College of Radiology; Cl, confidence interval; FNAC, fine-needle aspiration cytology; LR +, likelihood ratio of a positive
test; LR-, likelihood ratio of a negative test; NPV, negative predictive value; PPV, positive predictive value; TIRADS, Thyroid Imaging, Reporting, and

Data System.

?Including FNAC for any nodule with suspicious lymph node regardless of size or category.

further follow-up is needed after 5 years.’> As per EU
TIRADS, active surveillance is recommended for category 5
lesions that are less than 10 mm in size and if there is proven
growth or suspicious lymph nodes are picked up during
follow-up, FNAC is recommended.® With regards to K
TIRADS, 6-monthly follow-ups are recommended in K
TIRADS 5 nodules, for 1 to 2 years followed by once a year;
at 1, 3, and 5 years for K TIRADS 3 or 4, followed by once in 3
to 5 years and once in 5 years for category 3 and 4,

Indian Journal of Radiology and Imaging

respectively; and at 2 to 5 years for K TIRADS 2 nodules. If
there is no growth at 5 years, no further follow-up is needed
for K TIRADS 2 or 3 nodules.'®

Among benign nodules, 264, 393, and 410 nodules were
wrongly presumed as test positive by ACR, EU, and K TIRADS,
respectively, the differences attributed mainly to the size
cutoffs. Previously, purely spongiform nodules >2 cm were
indicated for FNAC by the K TIRADS.® This was removed in the
2021 modification along with other changes like increase in
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size cutoffs for K TIRADS 3 and 4 nodules. This has led to
increase in the specificity of K TIRADS.>* One spongiform
nodule was found to be malignant in our study and the same
nodule also had microcalcifications and was category 4 by
ACR and category 5 by EU and K TIRADS, and was hence
indicated for FNAC by all three guidelines. This is also in
agreement with previous studies,>® in which almost all the
spongiform nodules were benign. The modified K TIRADS
suggests 1 to 1.5 cm size cutoff for category 4 nodules which
is to be decided depending on the age, nodule location,
clinical risk factor, preference, etc. All such patients in our
study underwent FNAC by clinician’s discretion and patient
preference. We also observed that a specific subset of solid
homogeneously hypoechoic nodules without any other sus-
picious feature, with features of thyroiditis in the back-
ground parenchyma (22 nodules), were all benign
(=Fig. 6). But due to the solid and hypoechoic nature, they
were given a higher category of 4. A subcategorization with
higher size criteria for FNAC may be useful in such nodules.

One of the limitations of our study was nonavailability of
histopathological diagnosis in all patients (available in 77
nodules), as FNAC is the diagnostic modality of choice and
only a few symptomatic patients with benign thyroid nod-
ules undergo surgery. Also, there was no indication for FNAC
by any guideline in 231 patients, who subsequently did not
undergo FNAC and had to be excluded from the study. Almost
all such nodules would have been benign (true negatives),
which suggests that the actual specificity of the guidelines
would have been much higher. Possible selection bias due to
the study being conducted in a tertiary referral institute
could be another limitation. Also, the objectivity of the
guidelines was not evaluated as we did not study interob-
server variation.

Comparison of the three guidelines in our study showed
all of them to be very good screening tools to identify
malignant thyroid nodules, with very high sensitivity and
negative predictive value and low negative likelihood ratio.
However, ACR TIRADS seemed to perform better in terms of
specificity and positive predictive value and thereby reduc-
ing the number of negative FNACs, which could also result in
a socioeconomic advantage on a larger scale. The statistically
insignificant slightly lower sensitivity of ACR TIRADS would
have eventually been overcome by its follow-up recommen-
dations. Nevertheless, including the presence of suspicious
cervical lymph nodes as a risk factor to determine the cutoff
criteria for FNAC, as in EU and K TIRADS, and more frequent
follow-up might improve the diagnostic performance of the
guideline.
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