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Background: In recent times, high-resolution ultrasound thyroid imaging has paved the way for significant transformation in clinical approach
to thyroid nodule. There are several risk stratification systems in thyroid imaging, developed with an aim, not only to reduce the inter-observer
variability but also to establish effective communication system. Thyroid image reporting and data system (TIRADS) classification system,
which is similar to breast imaging reporting and data system for breast lesion, is the most useful of all. To our knowledge, there is just a
handful published research articles available based on Indian population in this regard. In this article, we study the thyroid nodules using
high-resolution ultrasound in Indian population and we try to correlate the TIRADS and Bethesda system for reporting thyroid cytopathology.
Materials and Methods: This prospective study includes 184 patients studied over a period of 2 years (April 2015—April 2017). Patients
having thyroid nodule in B-mode ultrasound and are scheduled to get a fine-needle aspiration cytology (FNAC) done. Bethesda classification
of these nodules is tabulated in follow-up period simultaneously. By comparing these data, efficacy of TIRADS in differentiating benign from
malignant nodules are assessed finally using accuracy, positive predictive value (PPV), cross-tabulation, and Chi-square tests. Results: Out of
the 117 TIRADS 2 nodules, none turned out to be Bethesda IV or higher, which means none of these nodules turned out to be malignant. The
risk of malignancy for TIRADS 2, TIRADS 3, TIRADS 4, and TIRADS 5 was 0, 2.2, 38.5, and 77.8%, respectively. The risk of malignancy
percentage in our study is similar to those values obtained in other prominent studies. Conclusion: The probability of a particular nodule
being malignant can be effectively inferred from the ultrasound-based TIRADS system with a certain level of confidence. Considering our
results and other literature reviews, it be can be safely assumed that FNAC can be at least deferred in patients having TIRADS 2 nodules,
which contribute to majority of newly detected cases. In our experience, there is a remarkable correlation exists between TIRADS ultrasound
classification and Bethesda cytology, especially for benign nodules.
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INTRODUCTION the reported proportion of malignancy among the clinically
or radiologically detected thyroid nodules. The average
prevalence of malignancy rates across the world in thyroid
nodules, as evaluated by invasive procedure ranges from 4.0

Nodules in the thyroid are very common and their prevalence
rates are largely dependent on the identification method. By just
palpation, the prevalence rate ranges from 4 to 7%, whereas

. S o . ) t0 6.5%.54
by using the imaging modalities such as the high-resolution
ultrasonogram, it ranges from 20 to 76% in the adult population.
The nodules discovered with radiographic studies are called Address for correspondence: Dr. P R. Gokulakrishnan,
“thyroid incidentalomas.”?* The correlation between imaging Department of Radiology, Sri Ramachandra Medical College and Research
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methods and the prevalence reported at surgery and autopsy e @l

ranges between 50 and 65%.
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Due to the abundant use of ultrasound, the increased
access to cytology analysis through fine-needle aspiration
cytology (FNAC) guided by ultrasound and with the
recent advances in functional imaging modalities such as
18 FDG-PET imaging, the incidental diagnoses of thyroid
nodules are increasing every day. It is controversial whether
or not such a benefit exists because most of the nodules are
generally benign.#

Studies have proposed that, even though incidence of discovery
of thyroid nodules during 18 FDG-PET imaging is few (1-2%),
the malignant potential may be as high as 27%, these nodules
warrant immediate evaluation.”

Thyroid nodules

The American Thyroid Association defined thyroid nodules
as “discrete lesions within the thyroid gland, radiologically
distinct from surrounding thyroid parenchyma.”t'%

The literature indicates that the incidence of nodules is around
four times higher in women than men."”! The gender disparity
is perhaps explained by the hormonal influences of both
estrogen and progesterone, as increasing nodule size and new
nodule development have been demonstrated to be related to
pregnancy and multiparity.'!

The nodules may cause thyroid dysfunction and may rarely
cause compressive symptoms due to mass effect. The nodules
are critical because of the need to rule out thyroid malignancy.

Thyroid image reporting and data systems (TIRADS)
TIRADS, proposed by Horvath et al.,'* is a classification
system based on ultrasound features which was basically
introduced to allow for a better selection of thyroid nodules
undergoing FNAC, thus avoiding unnecessary procedures.
This system also unifies language between radiologists and
endocrinologists all over the world.

MaTeriALs AND METHODS

Ethical committee approval

This study has been approved by the Institutional Research
Ethics Committee, Sri Ramachandra University, Porur,
Chennai.

Study design

Prospective study design.
Duration of study: 2 years (April 2015-April 2017).

Inclusion criteria
Patients who have thyroid nodule in B-mode ultrasound and
are scheduled to get an FNAC done are included in this study.

Exclusion criteria
Normal thyroid scan (TIRADS 1) and proven case of thyroid
malignancy (TIRADS 6) were not included in this study.

Materials
High-resolution B-mode ultrasound done using Toshiba/Canon
Aplio™500 with high-frequency probe (12—6.2 MHz).

FNAC reports (follow-up).

Sample size
A total of 184 patients were included in the final study.

Sampling method
The study included all the study subjects, who satisfied the
inclusion and exclusion criteria, hence no sampling was done.

Procedure

The patient is made to lie supine. The ultrasound examination
starts with B-mode to image the thyroid and the neck. The
thyroid nodules, if present, are staged according to TIRADS.
The neck is assessed for suspicious lymph nodes. Then FNAC
results are followed up for the Bethesda staging.

Additional Software: MicroPure imaging (highly sensitive for
microcalcification detection)

Data collection methods

Data were collected for the study, using a structure case
report form. The data were gathered from the history, clinical
examination, and the investigation reports of the study
participants.

ResuLts

High-resolution ultrasound along with MicroPure imaging
has revolutionized the way thyroid nodules are assessed.
The MicroPure imaging is a novel method for detection
of microcalcifications. In order to improve the accuracy of
reporting and to avoid interpersonal variability, a dedicated
team of experienced radiologists and pathologists were
involved for this study.

A total of184 patients were included in this study, out of which
156 were females. These thyroid nodules are predominantly
found in and around third—sixth decade of life. The patients
in this age group amount to 137 patients, approximately 75%
of our study population.

Most of the thyroid nodules mostly come under TIRADS 2 and
TIRADS 3 classifications on ultrasound imaging, accounting
for around 92% of the nodules picked up on ultrasound.
Likewise, most of the nodules (approximately 93%) turn
out to be Bethesda I and II on invasive tests. Thirteen out of
184 nodules (7.1%) were detected and proven to be malignant
by postoperative studies.

In our study, 184 thyroid nodules which were scheduled to
get an FNAC done were initially assessed using ultrasound
and TIRADS scoring was given for each case. The cases
which were already a proven case of malignancy (TIRADS 6)
were not included in this study. Out of the 184 nodules, 117
were categorized under TIRADS 2, 45 were classified under
TIRADS 3, 13 were classified under TIRADS 4, and 9 were
classified under TIRADS 5. The nodules classified as Bethesda
I and II were considered benign, and those nodules classified
as Bethesda IV—VI were considered malignant. The results we
obtained have been tabulated below in Table 1.
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Table 1: Thyroid imaging reporting and data system [ti-rads] and bethesda correlation

Bethesda 1 Bethesda 2 Bethesda 3 Bethesda 4 Bethesda 5 Bethesda 6 Total
TIRADS 2 10 106 1 - - - 117
TIRADS 3 1 42 1 1 - - 45
TIRADS 4 4 4 2 2 1 13
TIRADS 5 1 1 - 2 4 1 9
Total 16 153 2 5 6 2 184

e Outofthe 117 TIRADS 2 nodules, none turned out to be
under Bethesda IV or higher, which means none of these
nodules turned out to be malignant

*  Among the 45 nodules labeled as TIRADS 3, 42 nodules
were in Bethesda II and 1 nodule each in Bethesda I, III,
and IV, respectively.

There were few nodules which appeared suspicious on
ultrasound to be classified under TIRADS 4 and TIRADS 5 but
turned out to be benign in Bethesda classification. Considering
all nodules, the proportion of malignant nodules classified as
TIRADS 2, TIRADS 3, TIRADS 4, and TIRADS 5 were 0.0,
7.7,38.4, and 53.9%, respectively.

Sensitivity, specificity, negative predictive value (NPV),
positive predictive value (PPV), and accuracy were also
calculated based on histopathological results. TIRADS scores
4 and 5 were considered positive for malignancy, while scores
1-3 were considered negative for malignancy. Cross-tabulation
of TIRADS and Bethesda was prepared [Table 2]. Data were
analyzed by Chi-square test or Fisher’s exact test for categorical
variables of benign and malignant nodules (P < 0.001).

We derived at 92.3% sensitivity, 94.15% specificity, 54.54%
PPV, and 99.38% NPV for our study. Significant association
was noticed between TIRADS and Bethesda system of
classification (P <0.001). Area under the curve was0.932 in ROC
curve, which indicated that the results are very good [Figure 1].

On comparing TIRADS result with Bethesda system
of classification, the risk of malignancy for TIRADS 2,
TIRADS 3, TIRADS 4, and TIRADS 5 was 0, 2.2, 38.5, and
77.8%, respectively.

The risk of malignancy for patients classified TIRADS 4 was
estimated at 17.5 times the risk for those rated as 3. The risk
of malignancy for patients classified TIRADS 5 was estimated
at 35.4 times the risk for those rated as 3.

FNAC results

Adenomatoid nodule, colloid nodule, lymphocytic thyroiditis,
papillary, and follicular carcinoma of thyroid contributed 40,
34, 10, 7, and 1%, respectively. Eight percent of the nodules
were found to be unsatisfactory for evaluation even in repeated
FNACs mainly due to cystic nature of the nodules.

Discussion

Ultrasound of thyroid should be performed in the initial
assessment of the gland and the nodule. Since the prevalence

Table 2: TIRADS classification *FNAC results cross
tabulation

FNAC RESULTS Total
POSITIVE NEGATIVE
TIRADS CLASSIFICATION
POSITIVE
Count 12 10 22
% of Total 6.5% 5.4% 12.0%
NEGATIVE
Count 1 161 162
% of Total 0.5% 87.5% 88.0%
Total
Count 13 171 184
% of Total 7.1% 92.9% 100.0%
ROC Curve
1.0
0.8
2 0.6
3
.'*;;
& 0.4
0.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
Diagonal segments are produced by ties.

Figure 1: Accuracy is measured by the area under the ROC
curve. 0.90-1.00 = very good (A); 0.80-0.90 = good (B);
0.70-0.80 = fair (C); 0.60-0.70 = poor (D); 0.50-0.60 =
fail (F)

of thyroid nodule is very high, patients for whom FNAC should
be recommended is still controversial.

FNAC is auseful and inexpensive tool for detecting malignancy
of thyroid, but it is a minimally invasive procedure. Performing
such test in all thyroid nodules is neither cost effective nor
advisable, thus it is important to select the cases according to
their malignancy risk.

Several classifications based on sonographic features have been
proposed in the recent past, in an attempt to help this selection.
However, a general agreement has not been established, given
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the difficulty of reproducibility of different classifications
proposed or even due to the low correlation between the
ultrasound reports and FNAC results.!'*

The TIRADS system of classification desires to correlate
sonographic features to cytological classification. One of the
recent studies revealed the fact that 7.3% of malignant nodules
did not have suspicious malignant features on ultrasound.™*
Some of the sonographic features gradually increase the risk
of malignancy in a nodule. The sonological features included
in our study are echogenicity, microcalcifications, taller than
wider shape, presence of suspicious lymph node, irregular
margins, and peripheral halo. It should be understood that not
the presence or the absence of a single particular feature on
ultrasound was associated with the nodule’s malignancy. It
must always be remembered that an amalgam of at least two
of the sonological features are more accurate in differentiating
a benign nodule and a high-risk nodule for malignancy than
just one of these sonological feature alone.[!>16!

At the end of our study, we have derived the following results
after using several sonological factors to decide the TIRADS
scoring of the nodules. Our study has a 0% malignancy risk
for TIRADS 1 and TIRADS 2. The risk of malignancy in our
study for TIRADS 3, TIRADS 4, and TIRADS 5 were 2.2,
38.5, and 77.8%, respectively.

Among the classifications proposed from all over the world,
Horvath et al. have offered ten sonological patterns to be
analyzed during the ultrasound examination and nodule
classification from TIRADS 2-6 (category 4 divided into 4A
and 4B).["¥ They estimated a risk of malignancy of 0% in
TIRADS 2, 3.4% in TIRADS 3, 10-80% in TIRADS 4, and
87% in TIRADS 5.

Kwak et al. proposed a TIRADS classification by retrospective
analysis of thyroid nodules in ultrasound and FNA, using
five sonological criteria that can be added during thyroid
evaluation.'”! This article describes that a malignancy risk of
0% is expected for TIRADS 2, 1.7% for TIRADS 3, a risk
of 3.3-72.4% for TIRADS 4, and of 87.5% for TIRADS 5.
The main limitation of this study was that each suspicious
sonographic feature was given the same importance, even
though in reality each ultrasound feature has a different
probability for malignancy. For example, a nodule with marked
hypoechogenicity/microcalcifications has a higher risk of
malignancy than other nodules with irregular margins.

Moifo et al. conducted a cross-sectional study carried out at the
Centre Hospitalier de Lagny, Marne La Vallée, France.!'® Their
objective was to determine the reliability of Russ’ modified
TIRADS classification in predicting thyroid malignancy. In their
study, 430 nodules were assessed. Twenty-three nodules out of
these 430 nodules (5.3%) were malignant. The malignancy risk
of the TIRADS categories were 0% for TIRADS2, 2.2% for
TIRADS3, 5.9-57.9% for TIRADS4, and 100% for TIRADSS.

Anuradha et al. assessed the practical aspects and accuracy
of TIRADS in daily clinical practice observed that PPV for

Table 3: Study comparison

Our study Horvathetal. Kwaketal. Moifo et al.
TIRADS 1 0.0% 0% 0% 0%
TIRADS 2 0.0% 0% 0% 0%
TIRADS 3 2.2% 14.1% 1.7% 22%
TIRADS 4 38.5% 45% 3.3%-72.4%  5.9%-57.9%
TIRADS 5 77.8% 89.6% 87.5% 100%

malignancy was 6.6, 32, 36, 64, 59, and 91% for TIRADS
2, 3, 4A, 4B, 4C, and 5 categories.!" According to another
similar study from Indian literature by Srinivas et al., it was
concluded that the risk of malignancy for TIRADS categories
1,2,3,4A, 4B, 4C, and 5 was 0, 0, 0.64, 4.76, 66.67, 83.33,
and100%, respectively.”

Our results are within the range suggested by Horvath et al.,
Kwak et al., Moifo et al., and two other studies based on Indian
population [Table 3].

ConcLusioN

In conclusion, if the nodules are properly classified on
ultrasound, the probability of a particular nodule being
malignant can be inferred from the ultrasound-based TIRADS
system with a certain level of confidence and appropriate
measures for management of the nodule can be initiated, thus
avoiding unnecessary FNA procedures.

At the end of our study, none of the nodules classified under
TIRADS 2 turned out to be malignant; therefore, it can be
safely assumed that FNA may be deferred at least in patients
having TIRADS 2 nodule, which contribute to majority of
newly detected cases and thereby avoiding unnecessary
surgeries.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Singer PA, Cooper DS, Daniels GH, Ladenson PW, Greenspan FS,
Levy EG, et al. Treatment guidelines for patients with thyroid nodules
and well-differentiated thyroid cancer. American Thyroid Association.
Arch Intern Med 1996;156:2165-72.

2. Mazzaferri EL. Management of a solitary thyroid nodule. N Engl J Med
1993;328:553-9.

3. Ezzat S, Sarti DA, Cain DR, Braunstein GD. Thyroid incidentalomas.
Prevalence by palpation and ultrasonography. Arch Intern
Med1994;154:1838-40.

4. Mortensen JD, Woolner LB, Bennett WA. Gross and microscopic
findings in clinically normal thyroid glands. J Clin Endocrinol Metab
1955;15:1270-80.

5. De Matos PS, Ferreira AP, Ward LS. Prevalence of papillary
microcarcinoma of the thyroid in Brazilian autopsy and surgical series.
Endocr Pathol 2006;17:165-73.

6. Kovacs GL, Gonda G, Vadasz G, Ludmany E, Uhrin K, Gorombey Z,
et al. Epidemiology of thyroid microcarcinoma found in autopsy series
conducted in areas of different iodine intake. Thyroid 2005;15:152-7.

Indian Journal of Endocrinology and Metabolism | Volume 22 | Issue 5 | September-October 2018 -




Periakaruppan, et al.: Prospective analysis of TIRADS and bethesda correlation in Indian population

Pazaitou-Panayiotou K, Capezzone M, Pacini F. Clinical features and
therapeutic implication of papillary thyroid micro carcinoma. Thyroid
2007;17:1085-92.

Sugitani I, Toda K, Yamada K, Yamamoto N, Ikenaga M, Fujimoto Y.
Three distinctly different kinds of papillary thyroid micro carcinoma
should be recognized: Our treatment strategies and outcomes. World J
Surg 2010;34:1222-31.

Kang KW, Kim SK, Kang HS, Lee ES, Sim JS, Lee IG, et al. Prevalence
and risk of cancer of focal thyroid incidentaloma identified by
18F-fluorodeoxyglucose positron emission tomography for metastasis
evaluation and cancer screening in healthy subjects. J Clin Endocrinol
Metab 2003;88:4100-4.

. American Thyroid Association (ATA) Guidelines Taskforce on Thyroid

Nodules and Differentiated Thyroid Cancerl, Cooper DS, Doherty GM,
Haugen BR, Kloos RT, Lee SL, Mandel SJ, et al. Revised American
Thyroid Association management guidelines for patients with thyroid
nodules and differentiated thyroid cancer: The American Thyroid
Association (ATA) guidelines taskforce on thyroid nodules and
differentiated thyroid cancer. Thyroid 2009;19:1167-214.

. Kung AW, Chau MT, Lao TT, Tam SC, Low LC. The effect of pregnancy

on thyroid nodule formation. J Clin Endocrinol Metab 2002;87:1010-4.

. Horvath E, Majlis S, Rossi R, Franco C, Niedmann JP, Castro A, et al.

An ultrasonogram reporting system for thyroid nodules stratifying
cancer risk for clinical management. J Clin Endocrinol Metab
2009;94:1748-51.

. Paschke R, Hegediis L, Alexander E, Valcavi R, Papini E, Gharib H.

Thyroid nodule guidelines: Agreement, disagreement and need for

20.

future research. Nat Rev Endocrinol 2011;7:354-61.

. Kwak JY, Jung I, Back JH, Baek SM, Choi N, Choi YJ, ef al. Image

Reporting and Characterization System for Ultrasound Features of
Thyroid Nodules: Multicentric Korean Retrospective Study. Korean J
Radiol 2013;14:110-7.

. Papini E. The dilemma of non-palpable thyroid nodules.J Endocrinol

Invest 2003;26:3.

. Frasoldati A, Valcavi R. Challenges in neck ultrasonography:

Lymphadenopathy and parathyroid glands. Endocr Pract 2004;10:261-8.

. Kwak JY, Han KH, Yoon JH, Moon HJ, Son EJ, Park SH, ef al.

Thyroid Imaging Reporting and Data System for Ultrasound Features
of Nodules: A Step in Establishing Better Stratification of Cancer Risk.
Radiology2011;260:892-9.

. Moifo B, Takoeta EO, Tambe J, Blanc F, Fotsin JG. Reliability of

thyroid imaging reporting and data system (TIRADS) classification in
differentiating benign from malignant thyroid nodules. Open J Radiol
2013;3:103.

. Chandramohan A, Khurana A, Pushpa BT, Manipadam MT, Naik D,

Thomas N, et al. Is TIRADS a practical and accurate system for use in
daily clinical practice? The Indian Journal of Radiology and Imaging.
2016;26:145-152. doi:10.4103/0971-3026.178367.

Srinivas MN, Amogh VN, Gautam MS, Prathyusha IS, Vikram NR,
Retnam MK, et al. A Prospective Study to Evaluate the Reliability
of Thyroid Imaging Reporting and Data System in Differentiation
between Benign and Malignant Thyroid Lesions. J Clin Imaging Sci
2016;6:5.

- Indian Journal of Endocrinology and Metabolism | Volume 22 | Issue 5 | September-October 2018

655




