Thyroid Imaging, Reporting and Data System
(TI-RADS) in differentiation between benign
and malignant thyroid nodules

A THESIS SUBMITTED FOR PARTIAL FULFILMENT
OF MASTER DEGREE IN RADIOLOGY

Presented by

Mikel Naguib Melad Abdo
M.B.B.CH. — Ain Shams University

Supervised by
Assistant Prof. Dr. Enas Ahmed Azab

Assistant Professor of Radiodiagnosis
Faculty of Medicine
Ain Shams University

Dr. Ahmed Samy Abdelrahman

Lecturer of Radiodiagnosis
Faculty of Medicine
Ain Shams University

Faculty of Medicine
Ain Shams University

2018



ACKNOWLEDGEMENT

First, I thank God for blessing me more than I deserve and

for his uncountable gifts which are exceeding abundantly above

all what we ask or think,

I would like to express my deepest appreciation and
gratitude to Assistant Prof. Dr. Enas Ahmed Azab for her
sincere encouragement, constant advice and valuable guidance

throughout the performance of this work,

I owe special thanks, gratitude and appreciation to
Lecturer. Dr. Ahmed Samy Abdelrahman for his close
supervision,continuous advice and support which gave me the best

guidance during different stages of this worR,

Finally, I cannot forget to thank my professors, my family,
and my colleagues, for their support and encouragement.



INDEX

LIST OF FIGURES

LIST OF TABLES

LIST OF ABBREVIATIONS
INTRODUCTION

AIM OF WORK

BASIC AND SONOGRAPHIC ANATOMY OF
THE THYROID GLAND

ULTRASOUND FEATURES OF
THYROID NODULES

ROLE OF THYROID IMAGING, REPORTING AND
DATA SYSTEM (TI-RADS) IN CLASSIFICATION
OF THYROID NODULES

PATIENTS AND METHODS
RESULTS

ILLUSTRATIVE CASES
DISCUSSION

SUMMARY AND CONCLUSION

REFERENCES

11
VII
VIII

21

53

72

79

96
106
116
118




List of figures

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6
Figure 7

Figure 8

Figure 9
Figure 10
Figure 11
Figure 12
Figure 13

Figure 14

Figure 15
Figure 16
Figure 17
Figure 18
Figure 19

Figure 20

Thyroid gland anatomy

Transverse section of the neck at the level of C6
showing relationships of the thyroid gland
Blood supply and venous drainage of the thyroid
gland

Nerve supply of the thyroid gland

Demonstrating various relations between external
branch of the superior laryngeal nerve and superior
thyroidal vessels

Classification of neck lymph nodes
Lymph nodes of importance in thyroid carcinoma

Normal thyroid ultrasound in transverse view

Normal sonographic appearance of thyroid gland
Pyramidal lobe of the thyroid gland
Demonstrating hypoechoic thyroid nodule
Demonstrating hyperechoic thyroid nodule

Demonstrating isoechoic thyroid nodule

Demonstrating a mixed cystic and solid nodule
with hypoechoic solid component

Demonstrating marked hypoechogenicity of a
pathologically proven papillary thyroid carcinoma

Demonstrating solid thyroid nodule

Demonstrating a predominantly solid nodule with
scattered cystic spaces

Demonstrating a predominantly cystic nodule

Demonstrating an entirely cystic nodule with
comet-tail artifact

Cystic papillary thyroid carcinoma

6

9

12

13

15

16
17

19

20
20
26
26
26

26

28
29
30
30
30

31




List of figures (cont.)

Figure 21 | Two benign hyperplastic thyroid nodules 32
Figure 22 | Spongiform appearance of thyroid nodule 33
) Demonstrating two types of echogenic foci seen in
Figure 23 ) 33
thyroid nodule
Figure 24 | Demonstrating microcalcifications within nodule 33
) Demonstrating an entirely cystic nodule with
Figure 25 ) o 34
multiple comet-tail artifacts
) Demonstrating a hypoechoic solid nodule with
Figure 26 ) o 36
both micro and macrocalcifications
) Demonstrating a nodule with central linear
Figure 27 L 36
macrocalcifications
) Demonstrating a nodule with a smooth peripheral
Figure 28 37
rim of “eggshell” calcification
Figure 29 | Hypoechoic solid nodule with a lobulated margin 39
Figure 30 | Isoechoic nodule with thin regular halo 39
) Thick, irregular, and incomplete halo surrounding
Figure 31 - ) 40
solid iso- to hyperechoic nodule
) Anaplastic carcinoma showing extrathyroidal
Figure 32 ) 41
extension
Figure 33 | Demonstrating a taller-than-wide nodule 42
) Demonstrating peripheral vascularity in a
Figure 34 ) 43
spongiform nodule
) Demonstrating peripheral and intranodular
Figure 35 44

vascularity in a hypoechoic nodule




List of figures (cont.)

Figure 36 | Metastatic lymph nodes 47
Figure 37 | Deep located lesion in left thyroid lobe 48
Figure 38 | Artifact related with muscle interface 49
Figure 39 | Blind areas of thyroid gland on ultrasonography 50
e, Demc_mstrating a pseudo-lesion caused by posterior 51
thyroid septum
Figure 41 | Vascular structure mimicking thyroid nodule 52
Chart showing five categories on the basis of the
Figure 42 | ACR Thyroid Imaging, Reporting and Data 57
System (TI1-RADS) lexicon
Figure 43 | Demonstrating cystic nodule 61
Figure 44 | Demonstrating spongiform nodule 61
Figure 45 | Demonstrating mixed cystic and solid nodule 61
Figure 46 | Demonstrating solid nodule 61
Figure 47 | Demonstrating anechoic nodule 63
Figure 48 | Demonstrating hyperechoic nodule 63
Figure 49 | Demonstrating isoechoic nodule 63
Figure 50 | Demonstrating hypoechoic nodule 63
Figure 51 | Demonstrating very hypoechoic nodule 63
Figure 52 | Demonstrating taller-than-wider shape 64
Figure 53 | Demonstrating wider-than-taller shape 65
Figure 54 | Demonstrating smooth margins 67
Figure 55 | Demonstrating ill defined margins 67
Figure 56 | Demonstrating irregular margins 67
Figure 57 | Demonstrating lobulated margins 67
Figure 58 | Demonstrating extrathyroidal extension 67
Figure 59 | Demonstrating comet tail artifact 69
Figure 60 | Demonstrating macrocalcifications 69

\Y




List of figures (cont.)

Figure 61
Figure 62

Figure 63

Figure 64
Figure 65
Figure 66

Figure 67

Figure 68
Figure 69
Figure 70
Figure 71
Figure 72

Figure 73

Figure 74

Figure 75

Figure 76

Figure 77

Demonstrating peripheral calcifications

| Demonstrating punctuate echogenic foci

Pie chart demonstrating percentage of male and
female patients

Chart demonstrating percentage of patients with
solitary and multiple nodules

| Pie chart demonstrating the site of thyroid nodules
Pie chart demonstrating percentage of benign and
malignant nodules

Demonstrating diagnosis of thyroid nodules
included in the study

| Pie chart demonstrating composition of nodules

| Chart demonstrating echogenicity of nodules

| Pie chart demonstrating shape of nodules

| Chart demonstrating margins of nodules

| Chart demonstrating presence of echogenic foci
Chart demonstrating comparison between benign
group and malignant group regarding age of the
studied cases

Chart demonstrating comparison between benign
group and malignant group regarding patients
younger than and older than 60 years old

Chart demonstrating comparison between benign
group and malignant group regarding composition
of thyroid nodules

Chart demonstrating comparison between benign
group and malignant group regarding echogenicity
of thyroid nodules

Chart demonstrating comparison between benign
group and malignant group regarding shape of
thyroid nodules

69
69

79

79
80
81

82

83
83
83
84
84

86

86

89

89

92



List of figures (cont.)

Chart demonstrating comparison between benign
Figure 78 | group and malignant group regarding margins of 92
thyroid nodules
Chart demonstrating comparison between benign
Figure 79 | group and malignant group regarding presence of 93
echogenic foci
. ROC curve demonstrating the diagnostic
Figure 80 performance of TI-RADSg level ’ 9
Figure 81 | lllustrative case 1 96
Figure 82 | Illlustrative case 2 97
Figure 83 | lllustrative case 3 98
Figure 84 | lllustrative case 4 99
Figure 85 | Illlustrative case 5 100
Figure 86 | Illustrative case 6 101
Figure 87 | Illlustrative case 7 102
Figure 88 | Illustrative case 8 103
Figure 89 | Illustrative case 9 104
Figure 90 | lllustrative case 10 105

Vi



List of tables

Summarization of published median sensitivities
Table 1 | and specificities of sonographic features for 24
detection of malignancy

Thyroid Imaging, Reporting and Data System

Table 2 : I
able (TI-RADS): Scoring and classification >
Triage of nodules for FNA or observation
Uetalle according to TI-RADS level e
Demonstrating the frequency of ultrasound
Table 4 ng the Trequency o Uiirasou 83

features according to TI-RADS categories

Demonstrating comparison between benign group
Table 5 | and malignant group regarding age and sex of the 85
studied cases

Demonstrating comparison between benign group
Table 6 | and malignant group regarding composition and 87
echogenicity of nodules

Demonstrating comparison between benign group
Table 7 | and malignant group regarding shape, margins of 90
thyroid nodules and presence of echogenic foci

Demonstrating comparison between benign group

Table 8 | and malignant group regarding total points and 94
TI-RADS level
Demonstrating the diagnostic performance of

Table 9 | Thyroid Imaging, Reporting and Data System 95
(TI-RADS)

VI



List of abbreviations

ACR American College of Radiology

ATA American Thyroid Association

AUC Area under curve

BIRADS Breast Imaging, Reporting and Data System
CCA Common carotid artery

CFD Color Flow Doppler

FNA Fine-needle aspiration

(NAY/ Internal jugular vein

NPV Negative Predictive Value

PPV Positive Predictive Value

PD Power Doppler

ROC Receiver operating characteristic curve
RLN Recurrent Laryngeal Nerve

SCM Sternocleidomastoid muscle

SLN Superior Laryngeal Nerve

TI-RADS | Thyroid Imaging , Reporting and Data System
usS Ultrasonography

VIII



Introduction
INTRODUCTION

Thyroid nodules are exceedingly common, with a reported
prevalence of up to 68% in adults on high-resolution
ultrasound. (Guth et al., 2009).

Thyroid nodules have been defined by the American
Thyroid Association (ATA) as “discrete lesions within the
thyroid gland, radiologically distinct from surrounding thyroid

parenchyma”. (Cooper et al., 2009).

Thyroid nodules are clinically important for several reasons.
They may cause thyroid dysfunction and, rarely, compressive
symptoms, but they are primarily important because of the need

to exclude thyroid cancer. (Lin et al., 2005).

Thyroid ultrasound is an important technique widely used in
the detection and evaluation of thyroid nodules. It is a non-
invasive and inexpensive procedure that provides information
with regard to nodule dimensions, structure and thyroid
parenchymal changes. Nowadays, the use of brightness-mode
US and high-frequency transducers may detect lesions as small

as 2 to 3 mm. (Geanina and Jacqueline, 2012).
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Several authors have recently described a standardized risk

stratification system called the Thyroid Imaging, Reporting and
Data System (TI-RADS). (Grant et al., 2015).

Much of this shift toward data - driven and linked outcomes
based reporting templates comes from the success of the
BI-RADS system for standardizing mammography reports. Bl-
RADS improved interpretation of imaging findings, and
management recommendations guidance. Similar templates
have been developed for hepatocellular carcinoma, thyroid

nodules, and prostate cancer. (Dodd et al., 2015).

TI-RADS is a reporting system for thyroid nodules on
ultrasound proposed by the American College of Radiology
(ACR) .The ultrasound features in the ACR TI-RADS are
categorized as benign, minimally suspicious, moderately
suspicious, or highly suspicious for malignancy. Points are
given for all the ultrasound features in a nodule, with more
suspicious features being awarded additional points. (Tessler et
al., 2017).
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Introduction [EPIeNES

Scoring is determined from five categories of ultrasound

findings (composition, echogenicity, shape, margin and
presence of echogenic foci). The higher the cumulative score,
the higher the TI-RADS level and likelihood of malignancy.
(Grant et al., 2015).

The total point determines the nodule’s ACR TI-RADS
level, which ranges from TR1 (benign) to TR5 (high suspicion of
malignancy). (Park et al., 2016).
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AIM OF WORK

The objective of this study is evaluate the role of Thyroid

Imaging, Reporting and Data System (TI-RADS), recently
created by the American College of Radiology (ACR)
Committee in differentiation between benign and malignant

thyroid nodules.
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Anatomy and sonographic anatomy of the thyroid gland [lekk:]

ANATOMY AND SONOGRAPHIC
ANATOMY OF THE THYROID GLAND

NORMAL THYROID GLAND ANATOMY

The thyroid is a highly vascular, brownish-red gland
located anteriorly in the lower neck at the level of the thoracic
inlet, extending from the level of the fifth cervical vertebra down

to the first thoracic vertebra. (Dominique, 2017).

The gland varies from an H to a U shape and is formed by 2
elongated lateral lobes with superior and inferior poles connected
by a median isthmus, with an average height of 12-15 mm,
overlying the second to fourth tracheal rings. (Figure 1)
(Dominique, 2017).

Each lobe is approximately 4 cm in length, 2 cm in width,
and 2 to 3 cm in thickness. The isthmus measures about 2 cm in
width, 2 cm in height, and 2 to 6 mm in thickness. (Lai et al.,
2005).

Occasionally, the isthmus is absent, and the gland exists as

two distinct lobes. (Dominique, 2017).

Although thyroid weight varies, it averages 25-30 grams in
adults (it is slightly heavier in women). The gland enlarges during

menstruation and pregnancy. (Dominique, 2017).
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