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Abstract

Background: US-based thyroid imaging |exicons have
been widely used in clinical practice for identification of
FNAC-dligible thyroid nodules. A “U”-classification (BTA)
was introduced in 2014 with intense researches conducted in
last five years trying to test its feasibility and reliability in
stratification of US thyroid nodules.

Material and Methods: Prospective single-center uni-
departmental study aimed at selection of only “solitary”
nodules with image-analysis of US features of suspicious and
non-suspicious nodules and ascribing each nodule a“ U”-class
in view of lexicon-provided user-friendly graphic references.

Results: A small cohort, of 37 solitary nodules, was
selected out of atotal of 150 with comparison to FNAC
aspiration cytology result according to pathology Bethesda
staging. The correlation of each “U” class was compared to
pathology (fine needle aspirates) and revealed very good
stetistical significance.

Conclusion: The study suggeststhat aBTA (The“U”-
classification) isasimplereliable test that can be feasibly
practiced to select FNAC-dligible nodule amongst multi-
nodular glands.

Key Words: Ultrasound characterization — British Thyroid
Association (BTA) — Solitary Thyroid.

Introduction

THYROID nodules are very common in adults,
especialy inwomen [1]. The clinical prevalence
is reaching about 4%-7%, but the widespread use
of ultrasound (US) has increased the overall prev-
alence to reach about 67% [1-5] . Ultrasonography
(US), theimaging modality of choice, isanon-
invasive, widely available and non-expensive tech-
nique that does not impose any hazardous ionizing
radiation [6-9] . Suspicious US features may be
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useful for choosing candidate patients for fine-
needle aspiration cytology (FNAC). A number of
different US classification systems evolved in a
trial to differentiate benign from malignant nodules
and to help to stratify the degree of suspicion. In
2009, Horvath was the first one to describe T1-
RADS as a stratification method for the risk of
cancer in thyroid nodules and thus nodule selection
[10-14] . This system isakind of “scoring” system
where malignancy risk rises with the increase of
the number of suspicious US features [15]. Another
version of TI-RADS was proposed by the ACR in
order to decrease the number of FNAs on non-
eligible nodules, thus decreasing patient's anxiety
and economic burden on health-care organizations
[16] . It isalso akind of scoring system encompass-
ing different “US” features and giving each nodule
a suitable numerical score (=0-3 points). Indications
for FNA aspiration are based on “ACR”-TI-RADS
level in addition to the maximal axial diameter of
the thyroid nodule. Highly suspicious nodules are
prepared to be biopsied only if they are >1cm,
while low-risk nodules should be further investi-
gated only when they are >_2.5cm. The main purpose
of “ACR”-TI-RADS is to make a balance between
the benefits of detecting clinically significant
malignancies against the cost of submitting benign
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nodules to invasive management. European (EU)-
TI-RADS is aso athyroid nodule classification
system, and has been subsequently modified into
an easier-to-use version, validated in alarge cross-

sectional prospective studiesin 2013, and finally
published as a European guideline in year 2017
[17] . It israther ascored class or grading system
that shows five categories, each of which is further

scored according to a number of US-features
[18,19,20] . The Korean version “K-TI-RADS’ sys-

tem classifies the thyroid nodules as high suspicion,

intermediate suspicion, low suspicion, and benign.
The decision to perform FNA is based on the
calculated malignancy risk according to the ultra-
sound features combined with nodular size, and
yet with the exclusion of poor prognostic factors,
such as lymph node metastasis, extra thyroidal

tumor extension, or distant metastasis from thyroid
cancer. Nodular vascul arization and elastography
features are considered useful in the differentiation
of benign from malignant nodules, but these are
not yet included in the classification and further
studies are needed to elucidate their complementary
function in the risk categories [20,21] .

Several other combined American lexicons have
been proposed by “AACE/ACE/ and AME”, which
were meant to stratify nodulesinto a 3-Class system
based on their risks of malignancy (low, interme-
diate, and high risk) according to US features
combined with nodule dimension and with the
addition of patient's clinical history [22].

The ATA classification is also a scoring system
made to calculate risk of malignancy. However, in
ATA, the color US-Doppler and el astosonography-
derived parameters are completely excluded [22,23].

Despite strenuous efforts made in investigating
different US features of thyroid and trials to com-
pare different proposed classification systems,
none of these classifications have been widely
adopted worldwide, and there are still conflicting
recommendations from several different societies.
However, in the last few years, several studies
have compared the different US risk stratifications
systemsin larger cohorts of patients with thyroid
nodules in order to evaluate the most accurate and
useful system [1,21,22,24] .

Another promising system, developed by the
British Thyroid Association (BTA), wasintroduced
to the 2014 guidelines on the management of thy-
roid cancer. The recommendation aims to stratify
thyroid nodules as benign, suspicious or malignant
based on ultrasound appearances termed U1-U5

[25]. It considers the following US features as pre-
dictors of malignancy: Eccentric location of the
solid portion in a partially cystic nodule, the non-
smooth margins, the hypo-echogenicity of the solid
portion, micro-calcifications, and “Taller-than-

wide” shape [24] . It provides simple graphic pictures
that show how different morphologies (listed as
“a’ through “f”), and how each of them can be
ascribed to certain U-class. These images are as-
sumed to make it easier for more recognition of
different morphological patterns and thus easier
imaging practice. The system presents the morpho-
logical classwith no numerical scoring system and
sizeisnot included in criteria [25]. These graphic
references are supposed to encourage the sonogra-

pher to trandlate his findings into a particular degree
of concern, thus allowing for acommon “ Thyroid
language” among health care professionals to
communicate ultrasound findings. However, there
are some clinical and economic concerns regarding
the guidelines, which may be controversial, and
others that have limited applicability in day-to-

day practice [26,27] . For example, mixed and internal
vascularity in anodule renders this nodule a class
of U3 and U5 respectively, according to the BTA

guidelines. Given that in real practice some degree
of internal vascularity is acommon finding while
its presence is considered a somewhat 'softer’

sonographic feature of malignancy according to
guideline. Therefore if these criteria are strictly
adhered to, that would likely lead to an increased
amount of nodules labeled as 'indeterminate’ (U3)

and 'likely malignant' (U5) with the inherent risk
of more unnecessary FNAs performed, more anx-

iety and potentially more unnecessary surgeries
carried out [28-32] .

Material and M ethods

A- Sudy design: The study was made prospec-
tively in adult patients referred to our university
department for US of the thyroid gland. Inclusion
criteriaincluded the: () Adult population (>18
years), (b) Solitary thyroid nodule (by US). A
solitary thyroid nodule is defined by Sonography
not clinically. Selection of solitary nodule was
made for a number of reasons: Firstly a non-biased
selection of the nodule most indicated for US-
guided FNAC, sincethisismadein clinical practice
in accordance with TIRADs, meanwhile selection
by the lexicon under study can be confusing and
biased. Secondly, easier methodology and easier,
though less accurate, statistics can be made on
smaller number of patients and nodules, as well
as evading the confusion between number of nod-
ules against the number of patients. Thirdly, in
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order to narrow the spectrum of indeterminate and
suspicious nodules, being more prevalent amongst
solitary nodules, with exclusion of the much more
common multiple benign nodules. Exclusion crite-
riainclude: (a) Prior history of thyroid malignancy
or history of radiation to the neck, (b) Children,

(c) Multi-nodular goiter (clinically or US proved),

and all other thyroid patients having more than
one nodule. Approval for this study was obtained
from the “ Research Ethics Committee” of our
general hospital. The study procedures are meant
to be carried-out in accordance with the
“Declaration of Helsinki” regarding research in-
volving human subjects. Each patient included in
the study was subjected to () Full history taking
and (b) Clinical examination by head and neck or
ENT surgeon.

B- Ultrasound examination, including: 2D
ultrasound scan was made. Ultrasound examination,
image acquisition and FNAC were performed at
the time of each patient visit by an experienced
head and neck radiologist (10 years experience),
using the 'Thyroid' presets and high-frequency
linear probe (6-15MHZz) on a General Electric (GE)
L OGIC-E9 ultrasound scanner (GE Healthcare,
Chicago, USA). All examinations were performed
at afrequency between 9 and 13MHz, with 1-2
focal zones centered on the region of interest and
with spatial compound (GE 'Cross-Beam'’) imaging
enabled. In addition to B-Mode (Brightness-Mode)
grey-scale images, color Doppler was used as a
problem-solving tool in selected examinations.
Where used, Doppler color-flow region of interest
was limited to the nodule under investigation and
the following parameters applied: Power (acoustic
output) 14 100.

C- Image Analysis (Nodule analysis): Thyroid
nodules are characterized according to the relevant
nodul e shape, margins, echo-texture, echogenicity,
composition, calcifications, vascularity, comet tail
artifact, echogenic foci, peripheral halo and lym-
phadenopathy: (a) The nodule shape is classified
as wider than taller and taller than wider, (b) He
nodule margins are classified as smooth/regular
and lobulated/irregular, (c) The echo-texture pat-
terns of the nodules were classified as homogenous
and heterogeneous, (d) For echogenicity, they are
classified as anechoic, markedly hypoechoic (com-
pared to strap muscles), hypoechoic (compared to
the thyroid gland), iso-echoic, mildly hyperechoic
or markedly hyperechoic, (€) The nodule compo-
sition was classified as either solid, cystic, mixed
solid and cystic or micro-cystic/spongiform, (f)
For thyroid nodule with cystic change, the presence

1065

of ring down sign is evaluated and documents
colloid, (g) Nodules with mixed components were
evaluated on the basis of its solid component, (h)
Calcifications, when present, their site categorized
as central or peripheral and their shape as egg-

shell, globular or micro-calcifications, (i) The
nodules are classified according to peripheral halo

present or not, (j) According to vascularity, the
nodules were classified as having central, periph-

eral, mixed or none vascularity, (k) Any suspicious-
ly looking lymphadenopathy in the context of
suspected malignancy shall be considered metas-
tases. Suspicious lymph nodesis defined as size
more than 10mm, loss of fatty hilum, rounded
bulging shape, irregular margins, heterogeneous
echo texture, calcifications, cystic areas or increased
vascularity throughout the lymph node.

D- Nodule“ U” Classification: These are made
with reference to list and graphic pictures proposed
by the“BTA”. Refer to Fig. (1) [33]. (1) U1 (nor-
mal): No nodules, (2) U2 (benign): (a) Hyperechoic
or iso-echoic with ahalo, (b) Cystic change with
ring down artifact (colloid), (c) Micro-cystic or
spongiform appearance, (d) Incompl ete peripheral
egg-shell calcification, Complete peripheral egg-
shell calcification, (€) Peripheral vascularity, (3)
U3 (indeterminate): (a) Solid homogenous mark-
edly hyperechoic nodule with halo (follicular le-
sions), (b) Hypoechoic with equivocal echogenic
foci or cystic change, (c) Mixed or central vascu-
larity, (4) U4 (suspicious): (8) Solid hypoechoic
(compared with thyroid), (b) Solid very hypoechoic
(compared with strap muscles), (c) Hypoechoic
with disrupted peripheral calcification, (d) Lobu-
lated outline, (5) U5 (malignant): (a) Solid hypoe-
choic with alobulated or irregular outline and
micro-calcification (Papillary carcinoma), (b) Solid
hypoechoic with alobulated or irregular outline
and globular calcification. (Medullary carcinoma),
(c) Intra-nodular vascularity, (d) Taller than wide
axially (AP>ML), (e) Characteristic associated
lymphadenopathy.

E- Pathological evaluation: US-guided FNAC
aspiration will be performed in the examined nod-
ules, and pathology will be reported according to
Bethesda system (2001).

F- Satistical analysis: Statistical analysis was
performed with the SPSS software package IBM
version 23. The main issue to be investigated is
statistical significance of each US featurein pre-
dicting malignancy and significance of each U as
compared to FNAC cytology result.
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Results

The study enrolled 150 patients suspected to
have thyroid nodules, either palpable or incidental
during neck examination, or coming for their rou-
tine follow-up visits for a solitary nodule. Only
thirty-seven patients were found to have a solitary
nodule for both lobes. Sex and age demographics
of patients revealed: 5 males 13.5%) and 32 females
(86.5%). Their ages ranged from 27 to 65 years.
Most patients ages (Twenty one) (56.8%) were
between >4 and <60 years old, then patients' ages
ranged between 20 and 40 years old were 13
(35.1%) and lastly patients ages more than 60
years old were only 3 (8.1%). Of the examined 37
patients, 14 patients (37.84%) had malignant nod-
ules and 23 patients (62.16%) had benign nodules.
Of patients with malignant nodules, two of five
mal e patients had malignant thyroid nodules (14.3%
of all patients with malignant thyroid nodules)
while 12 of 32 females had malignant thyroid
nodules (85.7% of all patients with malignant
thyroid nodules).

For nodule analysis, results revealed: (A) Size
(Only routine measurement): The mean size of
nodulesin al 37 patients was 2.57+ 1.42cm. (B)
Shape: 34 of the 37 patients (91.9%) had “wider
than taller” thyroid nodules; 11 patients of them
had malignant nodul es representing 78.6% of all
patients with malignant nodules. Three of the 37
patients (8.1%) had “taller than wide” thyroid
nodules; all of them were malignant nodules rep-
resenting 21.4% of the total malignant nodules.
Statistical analysis revealed that “taller than wider
shape” of nodulesto bear statistical significance
in determination of malignant nature of thyroid
nodules (p-value=0.047). (C) For the margins of
thyroidnodules: (a) 31 nodules (83.3%) had smooth
and regular margins, 8 of them proved malignant,
representing 57.1% of all malignant thyroid nod-
ules, (b) 6 nodules (16.2%) had irregular or lobu-
lated margins; al of them were malignant, repre-
senting 42.9% of all patients with malignant thyroid
nodules, (D) For the echo-texture of thyroid nod-
ules: 27 nodules (73%) revealed homogenous tex-
ture, 9 of them were malignant, representing 64.2%
of al malignant nodules. 10 nodules (27%) had
heterogeneous texture, 5 of them were malignant
nodules (representing 35.7% of all malignant thy-
roid nodules).

Satistical analysis: Revealed that margins of
nodules (lobulated/irregular) had a statistical sig-
nificance in determination of malignant nature of
the thyroid nodules (p-value=0.001). In contrary,
echo-texture didn't show statistical significance in

determination of malignant or benign nature of
thyroid nodules. (Table 1), (E) For the echogenicity
of thyroid nodules (Table 2): Two nodules (5.4%)

were anechoic (cystic); none of them were malig-
nant. Three nodules (8.1%) were hypoechoic and
proved to be malignant, representing 21.4% of
malignant nodules. Nine nodules (24.3%) had iso-
echoic thyroid nodules; only one of them had
malignant nodule, representing 7.1 % of all malig-
nant nodules. One nodule (2.7%) was hyperechoic
and was found to be malignant, representing 7.1 %
of all malignant nodules. Thirteen (35.1%) nodules
were mildly hyperechoic; none of them were found
to be malignant. Finally 9 nodules (24.3%) were
very hypoechoic; all of them were found to be
malignant, representing 64.3% of malignant thyroid

nodules. Statisticalanalysis revealed that: (a) US
feature of being mildly hyperechoic had statistical
significance in determining benign nature of thyroid
nodules (p-value <0.001), (b) US feature of being
hypoechoic or very hypoechoic had statistical

significance in determining malignant nature of
thyroid nodules (Their p-values 0.047 and <0.001
respectively), (F) For the composition nature of
thyroid nodules, of the 37 nodules: Two nodules
(5.4%) were cystic; none of them was malignant.
One nodule (2.7%) had f spongiform/microcytic
appearance; aso not found to be malignant. Eleven
nodules (29.7%) showed mixed solid and cystic
nature; none of them were found to be malignant.
Finally 23 nodules (62.2%) had solid nature, 14
of them were found malignant. Statistical analysis
revealed that being a nodule with mixed solid and
cystic nature had statistical significance in deter-

mining benign nature of thyroid nodules (p-value=
0.002). Being a nodule with solid nature had sta-
tistical significance in determining malignant nature
of thyroid nodules (p-value <0.001). (Refer to
Table 3), (G) For the calcification site in the thyroid
nodules: Thirty nodules (81.1%) had no calcifica-

tions; 8 of them were malignant, representing
57.1% of all malignancies. Five nodules (13.5%)
had central calcifications; all of them were malig-

nant representing (35.7% of all malignant nodul es).
Two nodules (5.4%) had peripheral calcifications;

one of them proved malignant thyroid nodule (7.1 %
of al malignant nodules, for the calcification shape:

(8 Micro calcifications defined as small (<1mm)
echogenic foci without acoustic shadowing, while
(b) Coarse/globular calcifications are larger than
2mm and may or may not cause posterior acoustic
shadowing One nodule (2.7%) had egg-shell cal-
cification and benign. Two nodules (5.4%) with
globular calcifications; each nodule found to be
malignant, representing (14.3% of all malignant
nodules). Four nodules (10.8%) had micro-
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calcifications, and all these were found to be ma-
lignant, representing 28.6% of all malignant nod-

ules. Statistical analysis revealed that being a
nodule with no calcifications had statistical signif-

icance in determining benign nature of thyroid
nodules (p-value=0.007). Being a nodule with
central calcification had statistical significancein
determining malignant nature of thyroid nodules
(p-value=0.005). Being a nodule with micro-
calcification had statistical significance in deter-

mining malignant nature of thyroid nodules (p-
value=0.015), (H) For the vascularity in the thyroid
nodules: Five nodules (13.5%) had no vascularity;

none of them were malignant. Seventeen nodules
(45.9%) had mixed vascularity; seven of them were
malignant (50% of all malignant nodules). Four
nodules (10.8%) had intra-nodular vascularity; all

of them were malignant nodules (28.6% of all

malignant nodules). Eleven nodules (29.7%) had
peripheral vascularity; three of them were found
to be malignant (21.4% of al malignant nodules).

Statistical analysis revealed that being a nodule
with intra-nodular vascularity had stetistical sig-

nificance in determining malignant nature of thyroid
nodules (p-value=0.015). (1) Relation between
other some US findings (comet tail/ring down
artifact, echogenic foci and peripheral halo) and
the pathological diagnosis: One nodule (2.7%) had
comet tail/ring down artifact and it proved as
benign. Two nodules (5.4%) had echogenic foci;
one of them were malignant (7.1 % of malignant
nodules). Twelve nodules (32.4%) had peripheral

halos; all of them proved to be benign. Statistical

analysisrevealed that peripheral halo sign shows
statistical significance in determination of benignity
of the nodules (p-value=0.001), while the other
two signs (comet tail/ring down artifact and echo-

1067

genic foci) unexpectedly revealed no statistical
significance in our study, (j) For the feature of
associated” Sonographically” suspicious cervical
lymph nodes: Thirty-fournodules (91.9%) had no
associated no suspect cervical lymph nodes. Three
(8.1%) had associated pathologically enlarged
nodes; al of them were malignant nodules. Statis-
tical analysis revealed that the ultrasound feature
of associated Sonographically suspicious cervical
lymph nodes had statistical significance in deter-
mining malignant nature of thyroid nodules (p-
value=0.047), (k) Relation between U-classification
system and the pathological diagnosis. Twelve out
0f 37 nodules (32.4%) had ultrasound criteria match-
ing with U2-group; all of them proved nodules.
Twelve other nodules of the total 37 (32.4%) had
ultrasound criteria matching with U3 group; only
one of them was malignant, representing 7.1 % of
al malignant nodules. Four of the total 37 nodules
(10.8%) had ultrasound criteria matching with U4
group; al of them were malignant, representing
28.6% of all malignant nodules. Nine out of the
37 nodules (24.3%) had US criteria matching with
U5 group; al of them were malignant nodules,
representing 64.3% of all malignant nodules. Sta-
tistical analysis revealed that being athyroid nodule
with U2 ultrasound criteria had statistical signifi-
cance in determining benign nature of thyroid
nodules (p-value=0.001). Being athyroid nodule
with U3-ultrasound criteria had stetistical signifi-
cance in determining benign nature of thyroid
nodules (p-value=0.013). Being a thyroid nodule
with U4-class had statistical significance in deter-
mining malignant nature of thyroid nodules (p-
value=0.15). Being a thyroid nodule with U5 had
a high stetistical significance in determining ma-
lignant nature of thyroid nodules (p-value <0.001).

Table (1): Comparison between the two studied groups (Benign and malignant) according to margins

and echo-texture.

Final diagnosis
Total
(n=37) Benign Malignant 2 FE,
(n=23) (n=14) X P

No. % No.

% No. %

Marging/outlines:
Smooth/regular 31 83.8 23
Lobulated/irregular 6 16.2 0

Homo/hetero:
Homogenous 27 73.0 18
Heterogeneous 10 270 5

100.0 8 57.1 11.765* 0.001*
0.0 6 429

78.3 9 64.3 0.862 0.454
217 5 35.7
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Table (2): Comparison between the two studied groups (Benign and malignant) according to

echogenicity.
Final diagnosis
Total - "
. (n=37) Benign Malignant 2 FE
Echogenicity (n=23) (n=14) X P
No. % No. % No. %
Anechoic 54 2 8.7 0 0.0 1.287 0.517
Hypoechoic 8.1 0 0.0 3 214 5363* 0.047*
(compared to thyroid gland)

Isoechoic 243 8 34.8 1 7.1 3.612 0.112
Markedly hyperechoic 2.7 0 0.0 1 71 1.688 0.378
Mildly hyperechoic 13 351 13 565 0 0.0 12.199*  <0.001*
Very hypoechoic 243 0 0.0 9 64.3 19538 <0.001*

(compared to strap ms)

Table (3): Comparison between the two studied groups (Benign and malignant) according to
composition nature.

Final diagnosis
Total
. , (n=37) Benign Malignant
Solid vs. cystic (=23) (n=14) X p
No. % No. % No. %
Cyst 2 5.4 2 8.7 0 0.0 1.287 FEp=0.517
Micro-cystic/spongiform | 2.7 | 43 0 0.0 0.626 FEp=1.000
Solid 23 622 9 391 14 1000 13.709* <0.001*
Solidwith cysticchanges 11 297 11 478 0 0.0 9.528* FEp=0.002*

Table (4): Comparison between the studied groups according (Benign and malignant) to calcification

site and shape.
Final diagnosis
Total
(n=37) Benign Malignant 2 FEp
(n=23) (n=14) X
No. % No. % No. %

Calcification site:

None 30 8L1 22 95.7 8 57.1 8.413* 0.007*

Centra 5 135 0 0.0 5 35.7 9.498* 0.005*

Peripheral 2 5.4 1 43 1 7.1 0.133 1.000
Calcification shape:

None 30 8L1 22 95.7 8 57.1 8.413* 0.007*

Egg-shell 1 2.7 1 43 0 0.0 0.626 1.000

Globular 2 54 0 0.0 2 14.3 3.473 0.137

Micro-calcification 4 10.8 0 0.0 4 28.6 7.368* 0.015*

Table (5): Comparison between the two studied groups (Benign and malignant) according to

vascularity.
Final diagnosis
Total
. (n=37) Benign Malignant 2
Vascularity (=23) (n=14) X p
No. % No. % No. %
None 5 135 5 21.7 0 0.0 3519 FEp=0.135
Mixed 17 45.9 10 435 7 500  0.149 0.699
Intra-nodular 4 10.8 0 0.0 4 28.6 7.368* FEp=0.015*
Peripheral 1 29.7 8 34.8 3 214 0743 FEp=0.477




Lamya A. Eissa, et al.

Table (6): Comparison between the two studied groups (Benign and malignant) according to U

classification.
Final diagnosis
Total . .
(n=37) Be_nlgn Mal |_ gnant X2 FEp
(n=23) (n=14)
No. % No. % No. %
U classification:
u2 12 324 12 52.2 0 0.0 10.810* 0.001*
U3 12 324 11 47.8 1 7.1 6.573* 0.013*
U4 4 10.8 0 0.0 4 28.6 7.368* 0.015*
U5 9 24.3 0 0.0 9 64.3 19.538* <0.001*

Fig. (1): U Classification for the ultrasound
assessment of thyroid nodules
[33].
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Fig. (2): (A) Transverse gray scale US shows right thyroid nodule of spongiform/micro-cystic nature. (B) Transverse gray scale US
shows the nodule measurements 6.9x 4mm. (C,D) Transverse Color Doppler US shows peripheral vascularity. According to

U classification system; it is a case of U2 type and the FNAC reveaed Bethesda ll.
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Fig. (3): (A) Transverse gray scale US shows a very hypoechoic solid thyroid nodule within the right thyroid lobe. (B) Transverse
gray scale US shows the nodule measurements 5x5 mm. (C,D) Transverse Color Doppler US shows marked intra-nodular
vascularity. According to U classification system; it is a case of U5 type and the FNAC revealed Bethesda | V.

Fig. (4): (A) Transverse gray scale US shows an iso-echoic thyroid nodule within the right thyroid lobe of purely solid nature. (B)
Transverse gray scale US shows nodule measurements 10.6 x 6.1 mm. (C,D) Transverse Color Doppler US shows peripheral
vascularity. According to U classification system; it is a case of U2 type and the FNAC revealed Bethesda ll.
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Fig. (5): (A) Transverse gray scale US shows homogenous very hypo-echoic thyroid nodule within the right thyroid lobe of purely solid nature.
(B) Transverse gray scale US shows nodule measurements 2.3x1.9 cm. (C,D) Transverse Color Doppler US shows marked internal
vascularity. According to U classification system; it is a case of U5 type and the FNAC revealed Bethesda V.

Fig. (6): (A) Longitudinal gray scale US shows a hypoechoic nodule within the left thyroid lobe of solid composition with taller than wider
shape and its measurements (7.6x4.4cm). (B) Transverse gray scale US through the nodule shows the intra nodular micro-calcifications.
(C) Transverse Color Doppler US shows intra-nodular vascularity. (D) Transverse gray scale US shows associated Sonographically
suspicious lymph node. According to U classification system; it is a case of U5 type and the FNAC revealed Bethesda V1.
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Fig. (7): (A) Transverse gray scale US shows homogenous mildly hyperechoic thyroid nodule within the right thyroid |obe of mixed solid/cystic
nature. (B) Transverse gray scale US shows the measurements of the nodule 1x1.6cm. (C,D) Transverse Color Doppler US shows mild
peripheral vascularity. According to U classification system; it is a case of U2 type and the FNAC revealed Bethesdalll.

Discussion

Inthe last few years, several studies have com-
pared the different US risk stratifications systems
in large cohorts of patients with thyroid nodules
in order to evaluate the most accurate and useful
image-classification system. The discussion is
aimed to include the following headlines: (a) The
discussion of distinctive US features of thyroid
nodules and comparison to other studies, discussing
them separately form an identified standard clas-
sification, (b) Review of literature regarding re-
search work on BTA guidelines (¢) Comparison of
our study to other studies adopting the BTA (€)
Mention of limitations of the study and possible
recommendations. Demographics in our study
revealed high female prevalence (86.5% females
compared to 13.5% males), agreeing with all re-
searches. The incidence of malignancy in this study
was high (37.84%) as compared to highly variable
researches (4%-32%) [34-37].

Though not part of the scoring system, the size
was measured as part of routine clinical practice.
Thisis supported by Hoang et al., [38], Moon et
al, [39] and Anil et al., [40], all stated that nodule

size was not predictive of malignancy. Thetaller
than wider shape shows statistical significancein
our study for malignancy, matching with results
stated by Frateset a., [41] and Park IM et al., [42].
The highest proportion (=83.8%) had irregular/
lobulated margins, eight of them proved malignant
nodules, while 6 nodules (16.2%) had irregular/
lobulated margins, and all proved malignant. We
found statistical significance of irregular/lobul ated
margins for malignancy. Ali A et al., [43] and Anil
et al., [44] supported this sign asindicator of ma-
lignancy. However, Hoang et al., [38] and Moon et
al., [45] mentioned that unless frank invasion beyond
the thyroid capsule was demonstrated, the isolated
US finding of irregular margins was an unreliable
basis for depicting malignancy [38,43,44] .

Hyper-echogenicity was more suggestive of
benignity, while hypo-echogenicity is assumed to
be associated with more likelihood of a malignancy.
These results were similar to what was mentioned
by Brkljacic et a., [46] who stated that hypo-
echogenicity is associated with thyroid malignancy
[46] . Also, these results are found to be in agreement
with other literatures, that most of the malignant
nodules are hypoechoic whilst most hyperechoic
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nodules are benign [47]. Also, it was stated by Anil
et al., [44] who stated that decrease in echogenicity
increased the risk for malignancy and Moon et a.,
[45] who mentioned that marked hypo-echogenicity
is highly specific for malignant nodules by 92-
94%. On the other hand, lannuccilli et al., [4g]
reported no difference in hypo-echogenicity be-
tween benign and malignant nodul es, though agreed
on hyper-echogenicity as marker of benignity.

Results showed that all cystic nodules were
benign, whilst 39.13% of solid nodules and 100%
of mixed solid and cystic nodules were benign,
and 60.87% of solid nodules were malignant. Find-
ing of apurely solid nodule had statistical signif-
icance in our study for being malignant, yet this
didn't totally agree with all the prior researches.
Anil et al., [44], Phuttharak et al., [49] and Moon
et al., [39] stated that finding of a solid component
alone was not areliable sign in differentiating
malignant from benign nodules. In our study, al-
though the two cystic nodules were benign, there
was no statistical significance for benignity; this
maybe attributed to the small number. We found
all nodules with mixed solid/cystic composition
were benign, and there was statistical significance
for benignity. Frateset a., [41], Anil et a., [44] and
Unnikrishnan et a., [50] stated that cystic and
amost completely cystic nodules have avery low
likelihood of being malignant. However, our finding
regarding the mixed composition of a nodule was
contradictory to lannuccilli et a., [48] who stated
that 11.8% and 11.1% of malignant and benign
nodules respectively were mixed. Calcifications
were seen in 7 nodules (18.9%) and were according
to their sites and shapes. In the current study,
micro-cal cifications were seen in 4 nodules
(10.8%), and coarse/globular calcifications were
seen in 2 patients (5.4%). Both micro- and globular
calcifications had significance for malignancy.
These findings are similar to those mentioned by
Moon et al., [39] who reported that the presence of
coarse calcification increased the risk of malignan-
cy. Similarly, Hoang et a., [38] mentioned that
coarse calcifications might coexist with micro-
calcificationsin papillary cancers, and they were
the most common type of calcification in medullary
thyroid carcinomas. In contrast, Phuttharak et a .,
[48] and Anil et al., [44] stated that coarse calcifi-
cation was more specific for benign nodules. In
our study, a single benign nodule has * egg-shell”
calcification. Although formerly considered afea-
ture of benignity, Taki et a., [51] reported eggshell
calcifications in thyroid cancers, mostly in papillary
carcinoma and rarely in follicular carcinoma,
whereas, Hoang et al., [38] stated that peripheral
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calcification was one of the patterns most common-
ly seen in amultinodular goiter but also might be
seen in malignancy. Moon et al., [39] reported no
significant difference between benign and malig-
nant nodules having egg-shell calcification.

The vascularity of athyroid nodule is checked
up by color Doppler and categorized as absent,
peripheral, central or mixed. In the current study,
central/intra-nodular vascularity was deemed sta-
tistically as a significant indicator for malignancy.
This contrasts Hoang et al., [38] whole stated that
intra-nodal vascularity was nonspecific sign for
depicting thyroid malignancy. He mentioned that
more than 50% of hyper-vascular solid thyroid
lesions were benign and that a peri-nodular flow,
though commoner in benign nodules, was found
in 22% of malignant ones.

This constellation of US findings have been
grouped and categorized into multiple classification
and scoring systems aiming at proper identification
of most eligible nodule for FNAC, with avoidance
of multiple unnecessary biopsies and surgeries,
both imposing much economic burden. The TI-
RADS lesions has been intensively searched and
widely adopted in multiple diagnostic centers
worldwide, with emergences of multiple versions.
The research literature is very rich in works trying
to test reliability of each of them with comparison
of multiple versions on large cohorts and under
multi-disciplinary team-work. After the emergence
of BTA since 2014, researches also were made to
compare its diagnostic reliability with other lexi-
cons of TIRADs, with yet many controversies, far
beyond the scope of thislimited articles [52,53,54] .

Investigating the BTA system enrolled variable
testing methods in different fields, including the
diagnostic yield and issues regarding the imple-
mentation during clinical practices. These included
study of the lexicon as being incorporated into
diagnostic algorithm of US nodules. Pantano et
al., [55] studied the process of introduction and
implementation of BTA guidelines into the report-
ing practice for Thyroid US at alarge UK MDT
center with abig group of sonographers performing
thyroid US across multiple sites. There has been
agradual and steady increase in adaptive use of
BTA guideline in reporting thyroid nodules, sup-
posed to unify a more simplified “thyroid language”
attributable to the easier user friendly. Another
similar MDT-based single-center study by Grecian
et a., [56] reported the early adoption of the of the
guidelines through graded ultrasound reportsin 57
patients with rich inter-departmental discussion,
supporting safe discharge for U2 nodules, while
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U3 grading was common. Regional MDT discus-
sion avoided 5 hemi-thyroidectomies.

Since US is operator-dependent, and thusis
liable to many variances. Therefore, researches
worked on inter-observer agreement. A study by
Couzinset al., [57] found no statistically significant
inter- or intra-observer variability in the U-scoring
of thyroid nodules between 14 recruited participant
US operators, thus reinforcing the validity of this
scoring method in clinical practice and allaying
concerns regarding potential subjective biasesin
reporting. A study by Weller et a., [58] revealed
very good inter-observer agreement in using the
BTA-U score amongst different observers at dif-
fering levels of expertise. They conducted work
on a 73-patients sample examined by 5 observers
and conducted that adherence to BTA-U scoring
can potentially achieve 100% sensitivity in selecting
malignant nodules for sampling.

Farihaet a., [59) revealed high very good reli-
ability of BTA in predicting malignancy. Their
retrospective cross-sectional study on 91 patients
revealed that sensitivity, specificity, positive like-
lihood ratio, negative likelihood ratio, positive
predictive value, negative predictive value and
accuracy were 100%, 91.3%, 11.5, 0.0, 60%, 100%
and 92.3%, and 100%, 91.4%, 11.7%, 0.0, 78.6%,
100% and 93.5%, for the non-conservative and
conservative method of calculations respectively.
Another parallel study conducted by Akhter et al.,
[60] on 100 patients revealed high sensitivity of
the ultrasonography was 80% and specificity was
34%. Moreover, positive predictive value was
100% and negative predictive value was found to
be 90%. Al-Chalabi et al., [61] conducted alarge
study on a huge patients cohort that enrolled 1,225
graded nodulesin 964 patients, in trial to validate
the usefulness of BTA throughout whole UK health
system. Their results achieved high radiology-
pathology correlation with achieved 96.5% sensi-
tivity, 93.7% specificity, and 93.9% accuracy. They
used a pathology grading.

Rajan et al, [62] revealed that identification of
thyroid nodules eligible for needle sampling was
easier with the BTA classification, owing to user-
friendly graphic references, used in clinical practice.
They revealed good radiology-pathology in FNAC
aspirates. Our study used a small cohort and showed
limited statistics correlating radiology to limited
FNAC aspirates similar to thus deduced by Rajan
et a., [62] The U-classes showed very good to
excellent significance when they were correlated
to the pathology aspirates. Diagnostic accuracy
couldn't be measured due to absence of a definite

unified standard, particularly in absence of pathol-
ogy grading and absence of thyroidectomies results.

The limitations of our study are multiple: Firstly,
the small cohort of patients. Secondly, the study
was uni-departmental and single center so feedback
of thyroidectomies couldn't be obtained. Thirdly,
the proposed BTA was not compared to other
lexicons. Fourth, the usual limitations of US as
being a* operator dependent” technique and we
recruited a single observer. Fifth, exclusion of
multi-nodular pathologies which show high prev-
alence, and yet thisis explained in methodol ogy
section. Recommendations are directed for further
researches to be made on larger series with multiple
comparisons of multiple variants of TIRADS with
BTAs. This needs sophisticated statistics and pro-
longed efforts that may enroll alarge multi-
disciplinary working team. BTA is suggested and
recommended to be tried in more national imaging
centers and that graphics of the lexicon shall pref-
erably be put in each US unit and that reporting
would use the BTA in combination with TIRADSs.
Nation-wise, feedbacks from pathology shall en-
hance the experience of the radiologist in US-
characterization of nodules, thus evading unneces-
sary FNA biopsies. World-wise, global efforts
should be exerted to unify these different risk
stratification systems practiced throughout the
whole imaging world.
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