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A B S T R A C T

Objective: To determine the interobserver variability of the 2015 American Thyroid Association (ATA) thyroid
guidelines and to evaluate the diagnostic accuracy of the guidelines in detecting thyroid cancer.
Materials and methods: Sonographic patterns of 189 thyroid lesions were retrospectively analyzed by two radi-
ologists according to the 2015 guidelines. The risk of malignancy was calculated for each pattern and compared
with the published expected risk of malignancy.
Results: The observed risk of malignancy for very low suspicion, low suspicion, intermediate suspicion and high
suspicion patterns were 2%, 12.7%, 26.3% and 29.8% respectively. Interobserver agreement for final category
assignment was moderate (κ 0.518).
Conclusion: The estimated risk of malignancy in the high suspicion pattern of the 2015 ATA thyroid biopsy
guidelines appears to be less than stated. However, this needs further validation in a larger cohort study.

1. Introduction

Thyroid nodules are common. Studies have suggested a prevalence
of 2–6% with palpation, 19–35% on ultrasound, and 8–65% on autopsy
[1]. With increased use of ultrasound, improvement in detection tech-
niques and screening in asymptomatic population, the incidence of
thyroid cancer has increased by 4.5% per year over the last 10 years.
This is a faster increase than for any other cancer, while the corre-
sponding mortality rate from the disease has not changed [2,3]. This
implies that the widespread rise in thyroid nodule detection and cancer
incidence is from overdiagnosis of predominantly indolent subclinical
lesions [4,5].

Several ultrasound (US) features have been described as potential
predictors of thyroid malignancy, including presence of calcification,
hypoechogenicity, irregular margins, taller than wide shape mor-
phology, and a predominantly solid composition [6]. These features
have been used to identify nodules that should be subjected to fine
needle aspiration biopsy (FNAB). However, there is significant overlap
between US features of benign and malignant nodules, and no single US
feature has been shown to have a high sensitivity or a high positive
predictive value for thyroid cancer detection. For this reason, guidelines
with various combinations of US features using multivariate analysis
have been put forward in an attempt to provide better diagnostic

accuracy than to rely on a single sonographic feature [7–9]. In 2017,
the American College of Radiology – Thyroid Imaging, Reporting and
Data System (ACR-TIRADS) white paper for management of thyroid
nodules was published with the aim to increase specificity of thyroid
sampling in order to detect clinically significant malignancies [10].
However, debate continues as to which guidelines are the most accurate
and effective.

The revised American Thyroid Association (ATA) guidelines were
put forward in 2015 based on published evidence relating to the di-
agnosis and management of thyroid nodules and were implemented in
our department soon after. The ATA guidelines categorize the nodules
into 5 different categories – high risk, intermediate risk, low risk, very
low risk and benign, with recommendations for biopsy based on risk
category and size of the nodule [11]. In this study, we assess the ac-
curacy and diagnostic performance of the ATA guidelines to predict the
presence of histologically confirmed malignancy based on the Bethesda
System for Reporting Cytopathology [6]. At the same time, evaluating
inter-reader reproducibility of the ultrasound features of thyroid no-
dules is critical to confirm that any reporting guidelines are attaining
their primary aim of standardization. Variability in interpretation of
images can lead to a variable overall suspicion by readers, and therefore
of the lexicon that underlies the assignment of such sonographic pat-
terns. Thus, we included interobserver reproducibility of sonographic
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features of thyroid nodules in our assessment of the ATA thyroid biopsy
guidelines.

2. Subjects and methods

2.1. Patients

Institutional Review Board approval was granted, and informed
consent was waived for this retrospective study. Thyroid biopsy center
database was set up in 2011 at our tertiary referral center. In the first
year of inception, 897 nodules were entered into the IRB approved
registry. Of these, 249 nodules were excluded because of lack of follow-
up after results of initial nondiagnostic or benign results leaving 648
nodules with clinical or imaging follow up>1 year, repeat biopsy or
surgical pathology at our institute. The first 189 consecutive nodules
from this cohort were retrospectively evaluated for sonographic fea-
tures in a blinded manner by two staff radiologists and the results are
presented here.

2.2. Ultrasound and ultrasound guided FNA biopsy technique

Real-time US examinations of both thyroid glands and the cervical
regions were performed by either 6–13-MHz (Toshiba Aplio 500) or
5–12-MHz linear transducer (iU22; Philips Medical Systems). US ex-
aminations and subsequent US-guided FNAB were performed by one of
4 sonographers (thyroid biopsy specialists) trained to perform US
guided FNAB of thyroid nodules at our institute [12] each with> 5
years of experience in thyroid imaging at our institute.

The scanning protocol included both transverse and longitudinal
real-time multiplane imaging of each thyroid nodule. Static grey scale
as well as color doppler images were saved to PACS. For most thyroid
nodules, saved multi-frame cine loops were used in adjunction to static
images for sonographic feature characterization. 25 G needles were
routinely used for FNA biopsy and 3–4 needle passes were typically
made for each nodule. All FNAB were performed under ultrasound
guidance using the capillary technique in most instances.

2.3. Image analysis

US features of the thyroid nodules that underwent biopsy were
retrospectively recorded by two independent staff radiologists (SG,
MM), both with>15 year experience in thyroid ultrasound, and as-
signed a risk category as per the 2015 ATA guidelines. Initially, a
training session was held to establish a baseline consensus in the lexicon
for the US criteria. Both radiologists were blinded to cytopathology
results. Table 1 shows the data points collected by each reader. Fol-
lowing independent reads, the data was analyzed by an author not in-
volved in image reads (HM) and the discrepant assigned scores were
recorded. A final sonographic pattern for the discrepant reads was
decided based on a follow up convergent consensus decision by the two
readers.

The sonographic patterns defined in the 2015 ATA guidelines [11]
and the assigned patterns for each category are outlined below:

(1) Benign: Purely cystic nodules without solid component. (2) Very

Low Suspicion: Spongiform or partially cystic nodules without any of
the sonographic features described in low, intermediate or high suspi-
cion patterns. (3) Low Suspicion: Isoechoic or hyperechoic solid nodule,
or partially cystic nodule with eccentric solid areas, without micro-
calcification, irregular margin or extrathyroidal extension, or taller
than wide shape. (4) Intermediate Suspicion: Hypoechoic solid nodule
with smooth margins without microcalcifications, extrathyroidal ex-
tension, or taller than wide shape (Fig. 1). (5) High suspicion: solid
hypoechoic nodule or solid hypoechoic component of a partially cystic
nodule with one or more of the following features: irregular margins
(infiltrative, microlobulated), microcalcifications, taller than wide
shape, rim calcifications with small extrusive soft tissue component,
evidence of extrathyroidal extension (Fig. 1).

During the initial reads, it was noted that some isoechoic or hy-
perechoic nodules occasionally had microcalcification or were taller
than wide, a pattern not clearly defined in the 2015 ATA guidelines. We
classified this pattern into category 5X/3 (Fig. 1), which indicated that
it had both the high suspicion pattern (microcalcification) and the low
suspicion pattern (isoechoic or hyperechoic). However, for final as-
sessment we included these nodules into the higher risk category. The
revised 2015 ATA guidelines also do not differentiate between hy-
poechogenicity (in comparison to the adjacent normal thyroid par-
enchyma) and markedly hypoechoic nodules (darker than the strap
muscles), and thus for data collection we recorded these nodules as
either category 4a (markedly hypoechoic) or 4b (hypoechoic to ad-
jacent thyroid parenchyma) (Fig. 1). Nodules which were hetero-
geneous and had hypoechoic as well isoechoic areas were included in
the intermediate risk category 4, the higher risk category for such no-
dules. We did not sub classify these nodules into a new category since
one of the primary aims of the study was to look at the accuracy of the
2015 ATA guidelines, and also in a clinical setting one would have to
decide if the nodule meets criteria for biopsy or follow up. We do
however also present the results separately after excluding such nodules
from the respective ATA categories [Table 2, columns 5–8].

2.4. Cytology reporting system

Cytology was reported based on the Bethesda System for Reporting
Thyroid Cytology [13]. Basically, (I) nondiagnostic or unsatisfactory,
(II) benign, (III) atypia of undetermined significance or follicular lesion
of undetermined significance, (IV) follicular neoplasm or suspicious for
follicular neoplasm, (V) suspicious for malignancy, and (VI) malignant.
Categories III to V are considered cytologically indeterminate [14]. For
the purpose of estimating the risk of malignancy for each ATA sono-
graphic nodule sonographic pattern, we grouped diagnostic categories
V and VI in this study. Malignancy rates based on surgical pathology
follow-up at our institute are 99.3% for Category VI, 82% for category
V, 26% for category IV, 13.5% for category III, 1.41% for category II
and 3.6% for category I, estimated over a time period of 6 years
(2009–2015).

2.5. Statistical analysis

Once individual readings for the sonographic features and patterns

Table 1
Sonographic features evaluated in our study, based on the ATA 2015 guidelines.

Sonographic feature (Variable) Categories

Calcification Microcalcifications, interrupted rim calcification with soft tissue extrusion, any other forms of calcification
Echogenicity marked hypoechogenicity, hypoechogenicity, isoechogenicity, hyperechogenicity
Margin extra-thyroidal extrusion, extra-nodule soft tissue extrusion, irregular margin, regular margin, hypoechoic halo
Shape taller than wide
Composition complete solid, partial cystic with suspicious features, partially cystic with eccentric uniform solid area, partial cystic with no suspicious

features, spongiform, complete cystic
Lymphadenopathy Microcalcification, cystic appearance peripheral, vascularity, hyperechogenicity, round shape
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were completed, the discordance between the two readers was identi-
fied, and consensus reading for those nodules was obtained.
Interobserver agreement (kappa value) for each sonographic pattern, as
well as those sonographic features that were responsible for the dis-
cordance were calculated using Cohen statistic. The guidelines of
Landis and Koch were followed for the interpretation of values: 0.00 –
0.20 indicated slight agreement; 0.21– 0.40, fair agreement; 0.41– 0.60,
moderate agreement; 0.61– 0.80, substantial and 0.80–1.00, almost
perfect [15].

The consensus reports were then compared to surgical pathology
reports available from the database, and final analysis of the risk of
malignancy was calculated for each sonographic pattern.

3. Results

3.1. General demographic information

189 nodules from 152 patients were included in this study, mean
age 55.6 years (range 21.5–88.3), 118 (78.0%) females, 34 males. Of
the 189 nodules, 31 were malignant on final cytology or histology (25
documented on surgical pathology, remaining on FNAB) [Table 2]. Of
these 31, 10 nodules had diagnostic category VI on FNAB, 7 nodules
had category V, 2 had diagnostic category IV, 7 had a benign category II
on FNAB and a further 5 were classified into Bethesda category I (un-
satisfactory) initially. Papillary carcinoma was identified in 12 category
I and II nodules; the reason for thyroidectomy despite unsatisfactory or
benign category on FNAB was malignancy on subsequent repeat FNAB
(4 lesions), not clearly documented in chart review (3 lesions),

incidental finding in ipsilateral lobe on hemithyroidectomy for another
nodule (1 lesion), increase in size (1 lesion), microcalcification (1 le-
sion), high risk of occult malignancy not clearly explained in electronic
patient records (1 lesion), and invasive carcinoma identified in con-
tralateral lobe (1 lesion). All 31 malignant nodules in our study were
papillary carcinomas.

3.2. Interobserver agreement of the 2015 ATA sonographic patterns

Of the 189 nodules included in the study, 123 nodules (65.1%) were
assigned the same final ATA sonographic pattern by both readers
[kappa 0.518, (95% confidence interval 0.427−0.610)]. The strength
of agreement was considered to be moderate. Microcalcification was
observed in 27 lesions, 8 of the them were malignant (7 category 5
lesions and one category 5x lesion).

Among the 66 lesions where there was disagreement in the assigned
ATA sonographic pattern between the readers, the sonographic features
for major discordant read was microcalcification (in 28 nodules, dis-
crepancy 42%), followed by eccentric solid component for partial cystic
lesion (17 nodules, 26%), spongiform (14 nodules, 21%), hypoecho-
genicity (10 nodules, 15.2%), and taller than wide (10 nodules, 15%).
Thirty two nodules had a discordant read for more than 2 grades of the
ATA sonographic patterns, for instance between high suspicion (5) and
low suspicion (3). The most common cause of disagreement in these
nodules was microcalcification (18 nodules, 56%), followed by taller
than wide (7, 21.9%).

The most common individual sonographic feature for inter-observer
discrepancy in our study irrespective of final ATA sonographic pattern,

Fig. 1. Sonographic patterns of 4, 4b, 5 and 5x in the study a. Sonographic pattern of Intermediate Suspicion (4): Hypoechoic solid nodule with smooth margins
without microcalcifications, extrathyroidal extension, or taller than wide shape. 40-year-old female with papillary thyroid carcinoma. b. Sonographic pattern 4b:
Hypoechoic and isoechoic areas to adjacent thyroid parenchyma, solid nodule with smooth margins without microcalcifications, extrathyroidal extension, or taller
than wide shape. 48-year-old female with benign thyroid nodule. c. Sonographic pattern of high suspicion (5): solid hypoechoic nodule with microcalcifications. 40-
year-old female with papillary thyroid carcinoma. d. Sonographic pattern of 5x: isoechoic nodule with taller-than-wide shape. 36-year-old female with benign thyroid
nodule.
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were nodule margin and partially cystic nodules with or without sus-
picious features (slight agreement) [Table 3].

3.3. Accuracy of the 2015 ATA sonographic patterns

Diagnostic performances of the sonographic patterns are shown in
Table 2. The observed risks of malignancy for the sonographic patterns
were calculated. There was no benign ATA sonographic pattern ob-
served in our biopsy cohort. The observed malignancy rate for the low
suspicion and intermediate suspicion patterns were consistent with the
expected risk of malignancy published in the 2015 ATA guidelines [11].
There were 57 high suspicion pattern lesions, of which 17 (29.8%) were
malignant or suspicious for malignancy. The accuracy for the two
readers independently was 27.1% and 21.3%, which increased to
29.8% following the consensus read.

There were 6 lesions associated with a 4b pattern (hypoechoic to
adjacent thyroid parenchyma but not to strap muscle). One of them was
a Hurthle cell lesion, no malignancy. Moving these 6 nodules to
Category 3 would change accuracy for pattern 4 from 26.3%–38.5%
and pattern 3 from 12.7%–11.6%. There were 6 lesions associated with
a 5X pattern (questionable high suspicion feature in a low suspicion
pattern), with one multifocal papillary carcinoma on surgery, observed
risk of malignancy 16.7% in this pattern. Moving these lesions to
Category 3, since they were not hypoechoic, would change accuracy of
Category 5–31.4% and Category 3–13.0%. The accuracy of category 5
for the 2 readers independently would change to 28.6% and 27.9%
respectively.

4. Discussion

Because of the high prevalence of thyroid nodules, it is essential to
establish a reliable and cost-effective guideline for managing thyroid
nodules based on their ultrasound features. In this retrospective study,
we assessed the accuracy of the 2015 ATA guidelines for detection of
malignancy. We found that the calculated risk of malignancy for each
sonographic pattern was consistent with the estimated risk published in
the 2015 ATA guidelines, except for the high suspicion pattern. Of the
57 lesions with high suspicion category ultrasound features, 17 (29.8%)
were malignant; while the 2015 ATA guidelines suggest an expected
malignancy rate of 70–90%. If we were to exclude nodules which were
not hypoechoic from within this group, the diagnostic performance
increases to 31.4%, but it is still lower than the expected risk ofTa
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Table 3
Interobserver Variability in Thyroid Nodule Descriptors.

% agreement
between raters

Kappa Interpretation

Microcalcifications 79% (151/190) 0.393 Fair
Interrupted rim calcification 98% (186/190) 0.327 Fair
Calcification (other types) 92% (174/189) 0.608 Substantial
Markedly hypoechoic 93% (175/189) 0.330 Fair
Hypoechoic nodule 78% (147/189) 0.529 Moderate
Isoechoic 60% (114/190) 0.242 Fair
Hyperechoic 80% (150/188) 0.307 Fair
Soft tissue extrusion beyond gland 97% (184/190) 0.243 Fair
Irregular nodule margin 78% (149/189) 0.072 Slight
Regular nodule margin 80% (152/190) 0.141 Slight
Hypoechoic halo around nodule 76% (145/190) 0.497 Moderate
Taller than wide 87% (165/189) 0.282 Fair
Complete solid 83% (158/190) 0.636 Substantial
Partially cystic with suspicious

features
85% (159/187) 0.105 Slight

Partially cystic with eccentric
uniform solid area

88% (168/190) 0.540 Moderate

Partially cystic no suspicious
features

85% (162/190) 0.168 Slight

Spongiform 86% (163/190) 0.617 Substantial
Final ATA score 0.518 Moderate
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malignancy. Similarly, a lower than expected risk of malignancy
(54.7%) for the high suspicion pattern was recently published by
Rosario et al. [16]. Ha et al. [17] recently reported a 76.6% calculated
risk of malignancy for high suspicion nodules, which is in the expected
range as per the 2015 ATA guidelines. A high percentage of un-
satisfactory FNA from the lesions of high suspicion pattern in our da-
tabase may have attributed to the finding. In our preliminary analysis of
the entire cohort of 648 lesions, 193 (29.9%) nodules had an un-
satisfactory FNA result. 26 of these lesions were proven malignant by
surgical pathology. The risk of malignancy in this unsatisfactory (Be-
thesda I) group was 13.5%, which is higher than the published risk of
1–4% [13]. This high rate of unsatisfactory biopsy may be related to the
experience of the FNA performer, absence of cytology technologist
during biopsy, and stringent satisfactory criteria applied by reporting
cytologists. Our general practice for such patients is to offer repeat FNA
biopsy in 3–6 months.

Ultrasound evaluation is subjective and therefore can lead to var-
iations in accuracy between examiners. There is limited data looking at
the effect of inter-observer variations in the ultrasound assessment of
thyroid nodules. In our study, the interobserver agreement for the 2015
ATA sonographic patterns between two experienced independent
readers was moderate (kappa 0.518). Though good interobserver
agreement (κ 0.72) for the 2015 ATA sonographic patterns for medul-
lary thyroid carcinoma was published in 2016 [18], there has been no
prior study looking at this only for papillary thyroid cancers which
constitute over 90% of thyroid cancers. Grani G et al reported a wide
variability between readers in description of individual sonographic
features, but substantial agreement for indication to biopsy based on 5
different classification systems for biopsy (AACE/ACE/AME, ACR, ATA,
EU-TIRADS and K-TIRADS [19]. Park et al [20] reported moderate in-
terobserver agreement (κ 0.55) for the Thyroid Study Group of the
Korean Society of Neuroradiology and Head and Neck Radiology
guidelines. Choi et al also showed a moderate degree of agreement (κ
0.54) between readers for one of the four final assessment categories
(benign, probably benign, low suspicious malignancy and suspicious
malignancy) [21]. More recently, Hoang et al also reported moderate
agreement among readers (κ 0.51) in final category assignment when
applying ACR-TIRADS guidelines [22]. This degree of reproducibility is
comparable to that reported for the Breast Imaging Reporting and Data
System (BI-RADS). Reported k values for overall BI-RADS categories
have included 0.45 for mammography [23,24], and 0.21–0.28 for
breast US [24]. In addition, one study reported a k value of 0.45
amongst expert readers for the Liver Imaging Reporting and Data
System (LI-RADS) [25], while for Thyroid Imaging Reporting and Data
System (TI-RADS), reported k values have been around 0.61 [26].
Therefore, while our study shows considerable inter-reader variation
using the ATA 2015 guidelines, it is consistent with the published data
for other cancer imaging reporting lexicons that are currently in place.

The most common sonographic feature for inter-observer dis-
crepancy in our study was nodule margin and partially cystic nodules
with or without suspicious features (slight agreement) followed by
microcalcification and degree of hypoechogenicity (fair agreement).
Most other studies have also shown only slight to fair agreement on
nodule margin [20,22,27,28]. One of the reasons for the lack of
agreement in assessment of nodule margin may be inaccurate classifi-
cation of poorly defined or ill-defined margin as irregular. Differentia-
tion between microcalcifications and echogenic microcystic wall in-
terfaces may be difficult which can lead to misclassification of the grade
of sonographic pattern between Spongiform (very low risk pattern) and
High Suspicion (5 lesions in this study). Only few other studies have
separately analyzed inter-observer agreement on microcalcification /
echogenic punctate foci from other types of calcification in nodules.
Similar to our results, Hoang et al also showed fair interobserver
agreement for microcalcification [22]. For this reason, the ATA
guidelines have provisions to sample nodules interpreted as spongiform
when over 2 cm in size.

Unlike the 2015 ATA guidelines, the 2016 American College of
Endocrinology (ACE) guidelines divides hypoechogenicity into two
grades - mild hypoechogenicity relative to the surrounding thyroid
parenchyma, considered an intermediate risk feature, while marked
hypoechogenicity relative to strap muscles, a high-risk feature. Based
on previously published literature, we divided the intermediate suspi-
cion pattern within the 2015 ATA guidelines into two subcategories: 4a
with marked hypoechogenicity and 4b with mild hypoechogenicity.
There were six 4b lesions, none of which were malignant (Category VI)
or suspicious (Category V) for malignancy on cytology. However, the
low number of cases in this subgroup limited statistical analysis.

In the 2015 ATA guidelines, echogenicity was used as a major fea-
ture to classify nodules into different categories. Solid hypoechoic no-
dules with at least one associated malignant feature were classified as
high suspicion pattern; while hypoechoic nodules without malignant
feature(s) were classified as intermediate suspicion pattern.
Microcalcification was considered as a high suspicion pattern, and was
not included in any other patterns. However, we observed that micro-
calcification can occasionally co-exist with isoechoic or hyperechoic
nodules. In our review, we subclassified this pattern within the high risk
category as 5X (atypical for ATA pattern 5). One of the six nodules in
this subcategory was malignant (risk 16.7%), which is similar to the
expected risk of intermediate suspicion pattern (10–20%). Again, sta-
tistical analysis is limited by the small number of nodules in this review.

In the recently published 2016 AACE (American Association of
Clinical Endocrinologists) guidelines, increased stiffness at elasto-
graphy is included as an intermediate risk feature of malignancy (ex-
pected risk of malignancy 5–15%) [8]. However, elastography was not
included for assessment of thyroid nodules in the ATA guidelines be-
cause of various reasons. While the technique holds promise to non-
invasively assess cancer risk, it is variable and operator dependent, and
requires an elastography module which often must be purchased se-
parately. At the same time it can be effectively applied only to solid
nodules, thus excluding its assessment for cystic or partially cystic no-
dules. The nodule must not overlap with other nodules in the ante-
rioposterior plane for proper evaluation with elastography. In-
tranodular vascularity was also not assessed in this study. A recent
study did not show intranodular vascularity to have an independent
predictive value in detecting malignancy in thyroid nodules, while a
meta-analysis has shown higher proportions of follicular thyroid cancer
with intranodular vascularity [29,30]. Intranodular vascularity was
considered a suspicious sonographic feature in the 2009 ATA guide-
lines, but excluded from the 2015 ATA guidelines [29,30]. We did not
evaluate these two features in our study.

Macrocalcification is not included in the 2015 ATA guidelines as a
risk of malignancy. Some publications have shown that macro-
calcifications within a nodule, if combined with microcalcifications,
confer the same malignancy risk as microcalcifications alone [31–33],
and that macrocalcification alone is not consistently associated with
thyroid cancer. On the other hand, macrocalcifications are commonly
present in multinodular goiters; however, studies have shown that
when found in solitary nodules, they may be associated with a malig-
nancy rate of nearly 75% [34]. They are the most common type of
calcification in medullary thyroid carcinomas [35]. In our study, mac-
rocalcification was observed in 14 nodules, 4 of them were associated
with microcalcification, and one with interrupted rim calcification. Of
the remaining 9 nodules with macro-calcification, 3 were malignant or
suspicious for malignancy on FNAB (33.3%), though none were me-
dullary cancers.

Though not included in the 2015 ATA sonographic patterns, we
collected data on presence or absence of hypoechoic halo at the margin
of the nodule. The halo is produced by a pseudocapsule of fibrous
connective tissue, compressed thyroid parenchyma, or chronic in-
flammatory infiltrates [36]. Studies have shown that a completely
uniform halo around a nodule is suggestive of benignity. But it has a
low specificity and may be absent in more than half of all benign
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thyroid nodules [37]. In the 2016 AACE guidelines, a halo was con-
sidered as an indeterminate feature that was associated with isoechoic
or hyperechoic nodules, a pattern that can be seen in low risk lesions
[8]. Similarly, a halo with an isoechoic or mildly hyperechoic nodule
was considered a benign pattern in the 2015 BTA guidelines [38]. The
halo sign was present in 54 nodules in our study, of which 3 (5.5%) had
malignant cytology.

The present study has several limitations. The main limitation of our
study is its retrospective design and small cohort of patients from a
single center. Thyroid biopsy registry was started immediately after the
sonographers were trained to perform biopsy independently under su-
pervision. This may have contributed to the relatively large number of
unsatisfactory cytology results in the study. The unsatisfactory rates
have significantly improved over the last few years, and have con-
sistently been< 10% since 2014. In addition, not all malignant nodules
in our study were surgically proven. This may have further lead to
underestimation of malignant nodules.

All malignancies in our study were papillary carcinoma, without
any follicular carcinoma. This can be secondary to the patient popula-
tion and selection criteria for biopsy and thyroidectomy in our institute,
or as a result of the small cohort of patients. A significant number of
lesions with a single unsatisfactory or benign biopsy result did not have
follow-up> 1 year and therefore were excluded from our study. Not all
of these nodules may truly be benign.

In conclusion, when applied in a clinical setting, our current data
suggests that the risk of malignancy in the high suspicion sonographic
pattern of the 2015 ATA guidelines may have been over estimated,
though the risk of malignancy in the other categories appears to be
accurate. The new guideline shows moderate inter-observer agreement,
which is an important factor for diagnostic performance. This study
provides important complementary data in assessing thyroid ultrasound
features according to the ATA guidelines and may aid in revision of the
ATA guidelines in the future.
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