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Background: Thyroid nodules (TNs) are commonly and frequently encountered in the day-to-day clinical practice. Clinical suspicion of
malignancy as well as patient anxiety is the frequent reasons for fine-needle aspiration cytology or biopsy (FNAC/B) of TN. American College
of Radiology has developed a Thyroid Imaging Reporting and Data System (ACR TI-RADS) based on TN ultrasound features to suggest
malignancy to minimise the number of TN subjected to FNAC/B. Aim to assess the diagnostic accuracy of ACR TI-RADS in our Tertiary
Hospital Health Facility. Patients, Materials and Methods: Sixty-nine patients with TN included in our study following institutional ethics
committee approval and written informed consent underwent high-resolution ultrasonography followed by FNAC using a high-frequency
linear transducer on Siemen Acuson S3000 ultrasound scanner. The data were recorded in the predesigned proforma followed by statistical
analysis to assess the diagnostic accuracy of ACR TI-RADS. Results: Our study had female predominance (50/69) with the left side more
commonly affected (37/69). The mean age of the participants was 42.2 + 15.6 years with significantly higher age at presentation in those with
malignant TN. Mixed nodules were predominant (46/69) with nearly half of the malignant nodules being solid and only 8/61 benign nodules
being solid. Although the majority of the nodules were hyperechoic (50/69 including 2 malignant), a significant number of the hypoechoic/
very hypoechoic nodules (6/14) were malignant with only 8/61 benign nodules being hypoechoic. Half of the malignant nodules (4/8) had
lobulated or ill-defined margins, whereas only 2/61 benign nodules had similar margins. The majority (5/8) of the malignant TN had internal
punctate echogenic foci with only 1/61 benign TN showing similar appearance. Half of the malignant TN (4/8) had lymphadenopathy, whereas
it was noted in only 2/61 cases of benign TN. Conclusions: TNs though have a high prevalence, but malignant TNs are uncommon with
majority being solid, taller than wider, hypoechoic with microcalcifications. The presence of adenopathy is usually a feature of malignant
thyroid nodule rarely seen with benign nodules. Thus, to summarise all TNs should be thoroughly evaluated as per ACR TI-RADS for
stratification of risk of malignancy.
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INTRODUCTION detected nodules being benign and hence insignificant lesions
leaving a small percentage (approximately 4.0%-6.5%)

The American Thyroid Association defines the thyroid malignant lesions being the major cause of concern.23 Over

nodule as a “discrete lesion within the thyroid gland” and
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the past few years, the prevalence has shown a significant rise
probably related to increased imaging and awareness.

Ultrasonography (USG) plays a pivotal role in diagnosis,
confirmation, localization, and characterisation of TNs along
with the differentiation of benign and malignant nodules.
As no single USG finding has been described as a high
predictor of malignancy till date, hence several attempts of
devising imaging scores utilising multiple parameters have
been made for the assessment of the risk of malignancy
in a thyroid nodule. Thyroid Imaging Reporting and Data
System (TI-RADS) refers to such uniform standardised
USG-based classification developed considering the
prevalence, guidelines, and published research focused on
risk assessment and is nowadays used internationally by
clinicians.34

Although the vascularity as determined by color Doppler
imaging (CDI) of the thyroid nodule is considered important
determinant factor in tumor expansion, invasion, and
metastatic spread, its major limitation is scanner dependence.
Several studies have proved that real-time CDI improves the
risk stratification of any thyroid nodule scoring system.[®!

Although USG-guided, fine-needle aspiration cytology (FNAC)
is considered a best and most accurate tool to characterise
a thyroid nodule for planning surgery, USG screening
characterisation of thyroid nodule for distinct benignity or
suspicious malignancy can help in decreasing the number of
FNACS, an invasive investigation on benign nodules which
form major proportion of the TNs.

American College of Radiology (ACR) TI-RADS has been
shown to be one of the best performers in selecting TN for
FNAC.® Hence, our study aimed at evaluating ACR TI-RADS
with cytology in determining its optimal utility in day-to-day
clinical radiology as a robust tool for predicting the risk of
malignancy.

Aim and objective

The aim of the study was to evaluate and assess the diagnostic
accuracy of ACR TI-RADS scoring in clinically suspected TNs
with pathological correlation.

Parients, MareriaLs AND MEeTHODS

Study design
The study was observational and cross-sectional.

Source of data
The data were acquired from patients visiting our hospital.

Period of study

The study period was 18 months. This observational,
cross-sectional, hospital-based study was conducted on
69 patients referred to the department of radiodiagnosis of
our institution following approval from the institutional ethics
committee and written, informed consent from participants
using the following strict criteria:

Inclusion criteria
¢ All patients with TN >10 mm on high-resolution USG.7]

Exclusion criteria
»  Patients that did not have tissue diagnosis based on FNAC.

All patients included in the study underwent B-mode USG using a
high-frequency, linear transducer (9—-11 MHz) on Siemens Acuson
S3000 ultrasound scanner in supine position with dorsiflexed head
exposing the neck maximally using a pillow under the shoulder.
The ultrasound gel was applied on the transducer to reduce
interference of air with skin and probe during USG.[!

The detected TNs were characterised into benign or malignant
nodule using B-mode USG in both transverse and longitudinal
planes using the ACR TI-RADS as detailed in Annexure 1.
The nodule with malignant features or the largest nodule was
included in our study results in case of multiple TNS.

All the TNs evaluated by HRUS underwent FNAC for final
diagnosis as benign or malignant nodule.

The data were recorded in the predesigned pro forma following
by statistical analysis using appropriate tools and methods to
assess the diagnostic accuracy of ACR TI-RADS.

All the quantitative variables were described in number or
expressed as percentage. The differences within groups were
analysed using P value which was considered statistically
significant when <0.05.

OBseRvATIONS, RESuLTS AND ANALYSIS

Out of 69 study subjects, 19 were male and 50 were female.
Out of 69 study subjects, in 37 cases, left side was involved,
whereas in 23 cases, the right side was involved and 9 cases
had bilateral involvement [Table 1].

Out of 69 study subjects, 46 cases had mixed composition,
whereas 12 cases were solid, and 11 cases had cystic/
spongiform composition (P < 0.05). Based on echogenicity,
50 cases were hyperechoic, 12 were hypoechoic, 5 were anechoic,

Figure 1: American College of Radiology Thyroid Imaging Reporting and
Data System 2 thyroid nodule
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Figure 2: American College of Radiology Thyroid Imaging Reporting and
Data System 3 thyroid nodule

and 2 were very hypoechoic (P < 0.05). According to shape of
thyroid nodule, 66 cases were wider, whereas only three cases
were taller (P < 0.05) [Table 2].

Out of 69 study subjects, 63 cases had smooth/ill-defined margins,
whereas only six cases had lobulated or irregular margins. There
was a statistically significant difference between echogenicity of
benign and malignant nodules (P < 0.05). There was a statistically
significant difference between lymph node enlargement of benign
and malignant nodules (P < 0.05) [Table 2].

Table 3 shows the distribution of study participants according to
ACR TI-RADS and histopathology. Out of 62 cases diagnosed
as benign by ACR TI-RADS, 59 cases were confirmed as
benign by histopathology [Figures 1-3]. Whereas out of seven
cases diagnosed as malignant by ACR TI-RADS, five cases
were confirmed as malignant by histopathology.

Table 4 shows that the sensitivity and specificity of ACR
TI-RADS was 96.7% and 62.5%, respectively.

Discussion

Our, observational, hospital-based study on 69 patients
included 61 benign and 8 malignant TNs. The nodules were
characterised as benign or malignant using ACR TI-RADS
followed by comparison with FNAC.

In our study, we found that ACR TI-RADS had a high accuracy
of 92.8%. This finding was in contrast to a study by Borlea
et al.® on 133 TNs with poor performance of ACR TI-RADS.
These differences may be due to demography or quality of
histology.

Sex distribution in our study is similar to a study by Sachdev
et al.® on 100 patients but latter had a higher occurrence of
malignant nodules, i.e, 11.5% versus 22% (ours vs. Sachdev).

In our study on nodules with unknown cytology, the accuracy

of differentiating malignant from benign nodules with B-mode
USG using ACR TI-RADS was much high than Stoian et al.[*

Figure 3: American College of Radiology Thyroid Imaging Reporting and
Data System 4 thyroid nodule

Table 1: Distribution of the study participants according
to the demographic characteristics

Characteristics Benign Malignant Total P
(n=61) (n=8) (n=69)

Gender
Female 44 6 50 0.616
Male 17 2 19

Side involved
Right 22 1 23 0.069
Left 33 4 37
Bilateral 6 3 9

being 92.8% versus 74.9%. These differences may be due to
the high-generation ultrasound scanners used in our study.

In our study, we achieved an accuracy of 92.8% in
differentiating benign from malignant nodules using ACR
TI-RADS. Our results were similar to the study by Jabar
et al.,™ who in their study concluded that both US RSSs can
be safely applied to a large proportion of benign appearing
TN for avoiding FNAC.

The sensitivity, specificity, and accuracy reported in our
study using ACR TI-RADS were 96.7%, 62.5%, and 92.8%,
respectively, which was significantly higher than that reported
by Hoang et al.[*¥ in their study on 100 cytologically and/or
pathologically proven TN including 15 malignant nodules
being 87%, 51%, and 56%, respectively. This higher accuracy
in our study may be due to the improved generation of
ultrasound scanners.

The sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) reported in our study
using ACR TI-RADS were 96.7%, 62.5%, 95.2%, and 71.4%,
respectively, which was similar to that reported by Horvath
et al.,™® who in their study achieved an overall sensitivity/
specificity 0f 99.6%/74.35% with PPV/NPV of 82.1%/99.4%
for TI-RADS 4 and 5.
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Table 2: Distribution of study participants according to the thyroid nodule characteristics on ultrasonography

Characteristics Benign (n=61) Malignant (n=8) Total (n=69) P
Composition
Cystic/Spongiform 11 0 11 0.025
Mixed (cystic and solid) 42 4 46
Solid 8 4 12
Echogenicity
Anechoic 5 0 5 <0.001
Hyperechoic 48 2 50
Hypoechoic 8 4 12
Very hypoechoic 0 2 2
Shape
Wider > taller 60 66 0.034
Taller > wider 1 2 3
Margin
Smooth/Ill defined 59 4 63 0.001
Lobulated or irregular 2 4 6
Extra-thyroidal extension 0 0 0
Echogenic foci
None/large comet tail artifacts 42 1 43 <0.001
Macrocalcifications 14 2 16
Peripheral (rim) calcifications 0 4
Punctate echogenic foci 1 5 6
Lymph nodes
Subcentimetric 59 4 63 0.001
Enlarged 2 4 6

Table 3: Distribution of study participants according to
American College of Radiology has developed a Thyroid
Imaging Reporting and Data System and histopathology

ACR Histopathology Total P

TI-RADS Benign (n=61) Malignant (n=8) (n=69)
Benign 59 3 62 <0.001
Malignant 2 5 7

ACR TI-RADS: American College of Radiology has developed a Thyroid
Imaging Reporting and Data System

Table 4: Statistical Parameter of American College of
Radiology has developed a Thyroid Imaging Reporting
and Data System versus fine needle aspiration cytology

Characteristics ACR TI-RADS
Sensitivity 96.7
Specificity 62.5
PPV 95.2
NPV 71.4
Accuracy 92.8

ACR TI-RADS: American College of Radiology has developed a Thyroid
Imaging Reporting and Data System, PPV: Positive predictive value,
NPV: Negative predictive value

The sensitivity, specificity, PPV, NPV, and accuracy reported
in our study using ACR TI-RADS were 96.7%, 62.5%, 95.2%,
71.4%, and 92.8%, respectively. Our results were superior
to the results of Dawoud and Dawoud™ who in their study

observed a sensitivity/specificity of 94.12%/76.74% for
81.67% accuracy when TIRAD 4/5 features were combined
with elastography (Asteria score 3/4).

In our study, we achieved the sensitivity, specificity, PPV,
and NPV of 96.7%, 75%, 96.6%, and 71.4% with an overall
accuracy of 92.8% using ACR TI-RADS 4/5 as malignant.
However, Stoian et al.'®! in their study on 174 TNs including
29 malignant nodules using B-mode USG and USE evaluating
the performance of TI-RADS for the differentiation of benign
from malignant nodules reported the sensitivity/specificity
of 97.93/86.20% and PPV/NPV of 97.26%/89.28% with an
accuracy of 95.97% when TI-RADS-4B and 5 were considered
malignant. Thus, our study had a lower specificity and NPV
without major difference in sensitivity, PPV, and accuracy.
This difference may be due to age and gender along with
demographic and criteria differences in two studies.

Our study had a sensitivity similar to Russ et al.*s! (95.7%
vs. 96.7% our study), but NPV was much lower (70.4% vs.
99.7%) with higher accuracy in our study (92.8% vs. 62%).

Hong et al.l'! in their study had a predominance of
females (214 vs. 29) similar to our study (F: M = 50:19).
These authors concluded that predictive values of internal
microcalcifications, type of margins, A/T ratio, and significant
intranodular vascularity for detecting malignancy depend
significantly on size of thyroid nodule, but the predictive value
of'echogenicity and USE is independent of size. These findings
support high accuracy of ACR TI-RADS in our study.
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In our study, we achieved the sensitivity, specificity, PPV,
and NPV of 96.7%, 75%, 96.6%, and 71.4%, with an overall
accuracy of 92.8% using ACR TI-RADS 4/5 as malignant. Our
results were superior to the study by Horvath et al.,*8 who in
their prospective study on 1097 TNs reported the sensitivity/
specificity of 88%/49% and PPV/NPV of 49%/88% with
an accuracy of 94% using TI-RADS category which when
correlated with final diagnosis achieved on fine-needle aspiration
biopsy (FNAB). The authors finally concluded that TI-RADS
categorisation not only helps in improving patient management
but also made it cost-effective and FNAB needless.

Limitations of the study

Our study was a hospital-based study with small sample
volume and poor representation of malignant TN. Although
FNAC was included in our study, FNAB or postsurgical
histology was not a part of our study.

CoNCLUSIONS

e Age of presentation of malignant TN is more than a
decade higher than benign nodules. TNs whether benign
or malignant are more common in females and are usually
unilateral. The majority of benign TNs are solid, whereas
malignant nodules may be solid or complex. The majority
of the benign TNs are iso to hyperechoic with few slightly
hypoechoic to adjacent thyroid parenchyma. In contrast,
majority of the malignant TNs are slight to intensely
hypoechoic. TNs with ill-defined margins are usually
malignant. Echogenic foci representing microcalcifications
are seen mainly in the malignant TN and are usually not
a feature of benign nodule. Lymphadenopathy is usually
associated with malignant TN representing nodal metastases
with occasional reactive adenopathy accompanying benign
TN. ACR TI-RADS has higher sensitivity, NPV, and
accuracy than specificity and PPV. Hence, ACR TI-RADS
should be used for the routine evaluation of TN for their risk
stratification of risk for malignancy.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Zamora EA, Khare S, Cassaro S. Thyroid nodule. In: StatPearls.
Treasure Island (FL): StatPearls Publishing; 2022. Available from}:
https://www.ncbi.nlm.nih.gov/books/NBK535422/. [Last accessed on
2022 Jan 25].

2. Unnikrishnan AG, Kalra S, Baruah M, Nair G, Nair V, Bantwal G,

10.

11

12.

13.

14.

15.

16.

17.

et al. Endocrine society of India management guidelines for patients
with thyroid nodules: A position statement. Indian J Endocrinol Metab
2011;15:2-8.

Evaluation of Solitary Thyroid Nodule: Overview, Differential
Diagnosis, Benign Thyroid Nodules; 2021. Available from: https:/
emedicine.medscape.com/article/850823-overview. [Last accessed on
2022 Jan 25].

Dobruch-Sobczak KS, Krauze A, Migda B, Mlosek K, Stapa RZ,
Bakula-Zalewska E, et al. Integration of sonoelastography into the tirads
lexicon could influence the classification. Front Endocrinol (lausanne)
2019;10:127.

Borlea A, Borcan F, Sporea I, Dehelean CA, Negrea R, Cotoi L, et al.
TI-RADS diagnostic performance: Which algorithm is superior and
how elastography and 4D vascularity improve the malignancy risk
assessment. Diagnostics (Basel) 2020;10:180.

Castellana M, Castellana C, Treglia G, Giorgino F, Giovanella L,
Russ G, et al. Performance of five ultrasound risk stratification
systems in selecting thyroid nodules for FNA. J Clin Endocrinol Metab
2020;105:Dgz170.

Welker MJ, Orlov D. Thyroid nodules. Am Fam Phys 2003;67:559-66.
Grant EG, Tessler FN, Hoang JK, Langer JE, Beland MD, Berland LL,
et al. Thyroid ultrasound reporting lexicon: White paper of the ACR
thyroid imaging, reporting and data system (tirads) committee. J Am
Coll Radiol 2015;12:1272-9.

Sachdev N, Sana, Gupta S, Prasad A. Clinical utility of TIRADS and
ultrasound elastography in characterization of thyroid nodules. Int J Res
Med Sci 2019;7:328.

Stoian D, Borcan F, Petre |, Mozos I, Varcus F, Ivan V, et al.
Strain elastography as a valuable diagnosis tool in intermediate
cytology (Bethesda Il1l) thyroid nodules. Diagnostics (Basel)
2019;9:119.

Jabar AS, Koteshwara P, Andrade J. Diagnostic reliability of the thyroid
imaging reporting and data system (TI-RADS) in routine practice. Pol J
Radiol 2019;84:e274-80.

Hoang JK, Middleton WD, Farjat AE, Langer JE, Reading CC,
Teefey SA, et al. reduction in thyroid nodule biopsies and improved
accuracy with American college of radiology thyroid imaging reporting
and data system. Radiology 2018;287:185-93.

Horvath E, Silva CF, Majlis S, Rodriguez I, Skoknic V, Castro A, et al.
Prospective validation of the ultrasound based tirads (thyroid imaging
reporting and data system) classification: Results in surgically resected
thyroid nodules. Eur Radiol 2017;27:2619-28.

Dawoud MM, Dawoud RM. Added value of strain elastosonography in
prediction of malignancy in solitary thyroid nodule. Egypt J Radiol Nucl
Med 2017;48:905-12.

Stoian D, Timar B, Derban M, Pantea S, Varcus F, Craina M, et al.
Thyroid imaging reporting and data system (TI-RADS): The impact of
quantitative strain elastography for better stratification of cancer risks.
Med Ultrason 2015;17:327-32.

Russ G, Royer B, Bigorgne C, Rouxel A, Bienvenu-Perrard M,
Leenhardt L. Prospective evaluation of thyroid imaging reporting and
data system on 4550 nodules with and without elastography. Eur J
Endocrinol 2013;168:649-55.

Hong YR, Wu YL, Luo ZY, Wu NB, Liu XM. Impact of nodular size
on the predictive values of gray-scale, color-doppler ultrasound, and
sonoelastography for assessment of thyroid nodules. J zhejiang Univ
Sci B 2012;13:707-16.

. 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.

[ Nigerian Journal of Medicine | Volume 32 | Issue 4 | July-August 2023

401



https://www.ncbi.nlm.nih.gov/books/NBK535422/
https://emedicine.medscape.com/article/850823-overview
https://emedicine.medscape.com/article/850823-overview

Fatima, et al.: Accuracy of ACR-TIRADS in India

ANNEXURE
Annexure 1: ACR TI-RADS®!
Category USG findings ACR TI-RADS
1 No nodules Score=0
2 Cyst/spongiform Score=2
3 Oval, smooth margins, iso-/ Score=3
hyperechoic, no suspicious feature
4 Oval, smooth margins, mild Score=4-6
hypoechoic, no suspicious feature
5 Suspicious features (min 1) Score >7

Irregular shape
Irregular margins
Microcalcifications
Marked hypoechoic

USG: Ultrasonography, ACR TI-RADS: American College of Radiology
has developed a Thyroid Imaging Reporting and Data System
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