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Abstract

Background The American Thyroid Association (ATA) sonographic patterns stratify the risk of malignancy of cytologically
indeterminate thyroid nodules (ITNs). This study aimed to (1) assess inter-observer agreement for sonographic features and
patterns; (2) identify potential sources of disagreement; and (3) evaluate whether the number of suspicious features risk-
stratifies non-ATA and high-suspicion patterns.

Methods Three observers independently reviewed the ultrasound images of 463 ITNs with histological follow-up con-
secutively evaluated between October 2008 and June 2015 at an academic cancer center. Each observer evaluated individual
sonographic features. ATA sonographic patterns were derived from the interpretation of sonographic features. Nodules not
fitting into any of the proposed patterns were clustered into a non-ATA pattern.

Results The inter-observer agreement for ATA sonographic patterns and echogenicity was fair, moderate for margins, good
for composition and echogenic foci, and very good for extrathyroidal extension and lymph node metastasis. The inter-
pretation of each sonographic feature was significantly different between observers, and there was complete disagreement in
at least one of the features in 104 (22%) nodules. A total of 169 nodules (37%) were classified into the non-ATA pattern. The
number of suspicious features allowed risk stratifying nodules with non-ATA and high-suspicion sonographic patterns. Most
Non-invasive Follicular Thyroid Neoplasms with Papillary-like Nuclear Features had 0—1 suspicious features and none had >2.
Conclusions Echogenicity interpretation was the greatest source of disagreement. The number of suspicious features risk-
stratifies ITNs with non-ATA or high-suspicion patterns. Future studies attempting to objectivize the interpretation of
echogenicity and heterogeneity are needed.

Keywords Thyroid ultrasound * Thyroid cytology * Thyroid nodules * Thyroid cancer * Non-invasive follicular thyroid
neoplasm with papillary-like nuclear features (NIFTP)
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Introduction

The widespread use of diagnostic imaging tests in the last
decades has been recognized as the most significant factor
leading to the current thyroid cancer epidemic [1-5].
Diagnostic imaging, however, is not just uncovering thyroid
cancers but also a much larger reservoir of asymptomatic
benign thyroid nodules. Because most thyroid cancers
present as thyroid nodules, the identification of a thyroid
nodule often triggers a cascade of diagnostic tests, which
are also on the rise [5, 6].

The American Thyroid Association guidelines for the
management of patients with thyroid nodules and differ-
entiated thyroid cancer (ATA guidelines) recommend per-
forming a thyroid ultrasound in every patient with a known
or suspected thyroid nodule to characterize its sonographic
features [7]. Several sonographic features have been con-
sistently associated with an increased risk of malignancy,
including solid composition, hypoechogenicity, irregular or
infiltrative margins, microcalcifications, and a taller than
wide shape [8—10]. Unfortunately, due to subjective inter-
pretation of ultrasound images, the inter-observer agreement
for these features is moderate [11-13]. Furthermore, none of
these features are sensitive or specific enough to be used in
isolation [8—10]. For this reason, several classification sys-
tems have tried to integrate the sonographic features into
different groups or patterns that stratify the risk of cancer
and guide the need for biopsy. The 2015 ATA guidelines
proposed a new classification that is based on the recognition
of five different sonographic patterns: benign, very-low, low,
intermediate, and high suspicion. Each of these patterns is
associated with an estimated risk of malignancy (<1%, <3%,
5-10%, 10-20%, and >70-90%, respectively) and a
recommended size threshold for biopsy (no biopsy, 22 cm,
>1.5cm, 21 cm, and 21 cm, respectively), which is based on
two factors, the estimated probability of cancer and the
probability of that cancer to be clinically relevant [7].

If a thyroid nodule meets the size threshold for the spe-
cific sonographic pattern, a fine needle aspiration is usually
performed and the cytological interpretation is used to
decide the clinical management [7]. If it is benign, the
patient’s nodule is usually followed and if it is malignant, it
is often resected. Unfortunately, 25% of the biopsies render
an indeterminate cytologic diagnosis for a wide variety of
reasons, although they are usually clustered for manage-
ment recommendations. We have recently shown that the
rate of malignancy of these nodules can be stratified
according to the sonographic pattern [14]. Whereas the risk
stratification was very consistent, there was a poor corre-
lation for the distribution of the sonographic patterns
between three observers. Furthermore, over one third of the
nodules were found to have a sonographic pattern not
described in the ATA classification, which were grouped

-into a “non-ATA” pattern. Unlike nodules in the very-low,
low, or intermediate suspicion sonographic patterns;
nodules in the non-ATA or high-suspicion sonographic
pattern cluster a constellation of nodules that exhibit a
variable number of suspicious sonographic features. We
hypothesized that the number of suspicious features could
help risk-stratify these two categories further. In this study,
we aimed to (1) assess the inter-observer agreement for
individual sonographic features in the context of a large
cohort of thyroid nodules with indeterminate cytology; (2)
identify potential sources of disagreement; and (3) evaluate
the impact of applying a scoring system to risk-stratify non-
ATA and high-suspicion ATA sonographic patterns.

Methods

Three observers independently reviewed the presurgical
thyroid ultrasound images of all cytologically indeterminate
thyroid nodules (ITNs; atypia/follicular lesion of unde-
termined significance [AUS/FLUS] and follicular neoplasm
[FN]) consecutively evaluated at an academic cancer center
between October 2008 and April 2015, which had histolo-
gical follow-up before June 2015. Each observer (two
radiologists [with 12 and 5 years of ultrasound experience]
and one endocrinologist [with 8 years of ultrasound
experience]) was given the patient’s medical record number,
date of last presurgical ultrasound, nodule location within
the thyroid, and tridimensional size to facilitate the identi-
fication of the biopsied nodule. When available, a dedicated
presurgical lateral neck ultrasound was also reviewed by the
observers. All observers used the Centricity™ Universal
Viewer PACS system (GE Healthcare) to review still ima-
ges and CINE clips when available, mostly from studies
performed in recent years at our institution. This study was
approved by the Institutional Review Board and a waiver of
consent was granted.

Ultrasound evaluation

All observers were blinded to the histological outcomes and
independently assessed each of the following character-
istics: echogenicity of the solid portion of the nodule with
respect to the normal thyroid parenchyma (hypoechoic,
isoechoic, hyperechoic, or heterogeneous echogenicity
—heteroechoic—); composition (solid/predominantly solid —
<20% cystic component—, mixed —>20% cystic compo-
nent—, spongiform, or cystic); margins (regular or irregular/
microlobulated/infiltrative); echogenic foci (none/comet
tails, low-risk calcifications [macrocalcifications or rim
calcifications]), or high-risk calcifications (microcalcifica-
tions or interrupted rim calcifications); extrathyroidal
extension (defined as bulging, abutment or disruption of the
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thyroid capsule; present or absent); and suspicious lymph
nodes (present or absent). A taller than wide shape in the
transverse view (present or absent) was derived from the
tridimensional size given to locate the nodule, thus common
to all observers, and considered present when the difference
between the anterior-posterior measurement exceeded
(22 mm) the medial-lateral measurement to allow for small
artefactual differences.

Nodules were classified according to the 2015 ATA
guidelines and classified into one of five suspicion patterns:
benign (pure cysts); very-low (spongiform or mixed
nodules without eccentric solid components), low (iso-
echoic or hyperechoic nodules that were solid or partly
cystic with eccentric solid components), intermediate
(hypoechoic solid nodules), and high (hypoechoic, solid or
partly cystic nodules with at least one of the following
suspicious sonographic criteria: taller than wide shape;
microcalcifications or interrupted rim calcifications; irre-
gular, microlobulated or infiltrative margins; extrathyroidal
extension; and presence of suspicious lymph nodes).
Nodules not fitting in any of these categories were classified
into a sixth “non-ATA” sonographic pattern (i.e., hetero-
echoic nodules with or without other suspicious features;
and iso or hyperechoic nodules with at least one of the
suspicious features described in the high-suspicion sono-
graphic pattern). The final characterization of each sono-
graphic feature and pattern was determined by agreement of
at least two of the observers. In the absence of agreement,
the feature was characterized by consensus of at least two of
the observers during a joint review.

For the risk-stratification of non-ATA and high-suspicion
sonographic patterns, nodules were separated according to
the number of identified suspicious features, including
shape taller than wide, irregular/lobulated/infiltrative mar-
gins, microcalcifications or interrupted rim calcifications,
extrathyroidal extension, and suspicious lymph nodes.
Suspicious lymph nodes were considered absent (not pre-
sent) in cases without a dedicated lateral neck ultrasound
available for review. Nodules in the non-ATA pattern that
were iso or hyperechoic were risk-stratified separately from
those that were heteroechoic.

Pathology evaluation

Cytological diagnoses were rendered using the 2009
Bethesda System for Reporting Thyroid Cytopathology by
board certified cytologists and retrieved from the cytology
reports [15]. Most histological diagnoses (97%) were also
issued by board certified pathologists. The histology of
most malignancies (87%), were re-reviewed blinded to the
ultrasound characteristics. When appropriate, Follicular
Variant of Papillary Thyroid Carcinomas (FVPTC’s) were
reclassified as Non-Invasive Follicular Thyroid Neoplasms
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with Papillary-like Nuclear Features (NIFTP’s), or as
Conventional Variant of Papillary Thyroid Carcinomas
(CVPTC’s). Ultrasound images of the biopsied nodule were
matched to the histological diagnosis by size and location;
and cases with unclear correlation were excluded.

Statistical analysis

For each individual sonographic feature and for the sono-
graphic patterns the percent of overall agreement and
Randolph’s free-marginal multirater kappa for (m=3)
raters was calculated. We computed 95% confidence inter-
vals for Kappa by non-parametric bootstrap using a first
order normal approximation [16, 17]. The inter-observer
agreement is considered poor for Kappa values from 0.0 (no
agreement) to 0.2; fair from 0.2 to 0.4; moderate from 0.4 to
0.6; good from 0.6 to 0.8; and very good from 0.8 to 1.0
(full agreement).

Statistical Analysis was performed using SAS (version
9.4; SAS Institute, Cary, NC) and R (ver 3.4.3; R Foun-
dation for Statistics Computing). Fisher Exact Tests were
used for categorical variables, whereas Chi-square tests
evaluated comparisons. 95% Confidence Intervals (CI) were
used for odds ratios calculated from contingency tables. P-
values were two-sided and considered statistically sig-
nificant below 0.05.

Results
Study cohort

Out of 861 ITNs evaluated during the study period, 529 had
known histological correlation. Presurgical thyroid ultra-
sound images were available for review in 463 (88%)
nodules (176 AUS/FLUS, 38%; and 287 FN, 62%) in 415
patients (76% women, mean age 53 years), which were
included in the study. Out of the patients with known
thyroid function (n =375, 81%) at the time of the biopsy,
5% had hyperthyroidism (defined as TSH below the refer-
ence range or patient under antithyroid drugs), 18% hypo-
thyroidism (defined as TSH above the reference range or
patient on levothyroxine), and 77% had normal thyroid
function (TSH within reference range and patient not on
thyroid drugs).

Sonographic features, sonographic patterns, and
inter-observer agreement

Individual and consensus categorization of each sono-
graphic features are presented in Table 1. Most nodules
were isoechoic (42%), solid (89%), without echogenic foci
(87%), had well-defined margins (87%), were intrathyroidal
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Table 1 Frequency of

Observer #1 Observer #2 Observer #3 Overall P-value
sonographic features by
observer Echogenicity <.0001
Hypoechoic 112 (24) 80 (17) 204 (44) 117 (25)
Isoechoic 233 (50) 97 (21) 149 (32) 196 (42)
Hyperechoic 12 3) 20 (4) 15 (3) 13 (3)
Heteroechoic 106 (23) 266 (57) 95 (21) 137 (30)

Composition <.0001

Cystic 0 0 1 (0) 1 (0)
Solid (or mostly solid) 395 (85) 300 (65) 432 (93) 411 (89)
Mixed 47 (10) 157 (34) 12 (3) 40 (9)

Spongiform 21 (5) 6 (1) 18 (4) 11 2)

Margin <.0001
Regular 346 (75) 341 (74) 452 (98) 404 (87)
Irregular/microlobulated 117 (25) 112 (24) 11 (2) 59 (13)

Infiltrative 0 10 (2) 0 0

Echogenic foci <.0001
None 364 (79) 368 (79) 421 (91) 402 (87)
Microcalcifications 20 4) 52* (11) 11 (2) 17 (4)
Macrocalcifications 37 (8) 14 (3) 8(2) 17 (4)

Micro and macro 13 3) 15 (3) 12 (3) 16 (3)
Rim (interrupted or not) 6 (1) 4 (1) 8 (2) 5(1)
Comet tails 23 (5) 11* (2) 3(1) 6 (1)

ETE 6 (1) 56 (12) 1 (0) 2 (0) <.0001

Suspicious lymph nodes (n = 116) 12 (10) 21 (18) 16 (14) 12 (10) 0.23

ATA Sonographic pattern 0.32° (0.26,0.38)
Very-Low 41 (9) 8(2) 22 (5) 25 (5)

Low 171 (37) 89 (19) 135 (29) 159 (34)
Intermediate 52 (11) 50 (11) 159 (34) 74 (16)
High 57 (12) 28 (6) 37 (8) 36 (8)
Non-ATA pattern 142(31) 288 (62) 110 (24) 169 (37)

ATA American Thyroid Association, ETE extrathyroidal extension, Non-ATA see description in methods

section

%One nodule with microcalcifications and comet tails (counted twice in the table)

PIntraclass correlation coefficient with 95% confidence interval. There were no nodules classified as Benign

sonographic pattern

(>99%), and did not have suspicious lymph nodes in a
dedicated lateral neck ultrasound (90%).The inter-observer
agreement was fair for the echogenicity; moderate for
margins and composition; good for echogenic foci; and very
good for extrathyroidal extension and lymph node metas-
tasis (Table 2).

The sonographic pattern was characterized as very-low
suspicion in 5%, low suspicion in 34%, intermediate sus-
picion in 16%, high suspicion in 8%, and non-ATA in 37%
of the nodules (Table 1). The distribution of the categories
of each sonographic feature was significantly different
between the observers (P <0.0001 in all features). Sono-
graphic patterns between the observers had a poor intraclass
correlation coefficient for absolute agreement (r=0.32;
95% confidence interval 0.26-0.38). The “true” sono-
graphic patterns determined by consensus of at least 2 of the
observers; or derived from the consensus of each individual
feature had very high (r=0.91; P <0.0001) Spearman rank
correlation (Supplemental Table S1). The inter-observer
agreement was fair for the ATA sonographic patterns
(Table 2).

Table 2 Inter-observer agreement for sonographic features (Free-
marginal kappa)

Sonographic feature (n categories) % overall Free-marginal kappa
agreement

Echogenicity (4) 51% 0.35 (0.31-0.39)
Composition (4) 75% 0.66 (0.62-0.70)
Margins (2) 75% 0.50 (0.43-0.55)
Echogenic foci (3) 85% 0.77 (0.73-0.81)
ETE (2) 91% 0.82 (0.78-0.86)
Suspicious lymph nodes 90% 0.80 (0.72-0.89)
(n=116) (2)

Sonographic pattern (5) 49% 0.36 (0.32-0.41)

The following categories were used to calculate the inter-observer
agreement: Echogenicity: hypoecoic, isoechoic, hyperechoic, or
heteroechoic; Composition solid/predominantly solid, mixed, spongi-
form, or cystic; Margins: regular or irregular/microlobulated/infiltra-
tive; Echogenic foci: none/comet tails, low-risk calcifications
[macrocalcifications or rim calcifications], or high-risk calcifications
[microcalcifications or interrupted rim calcifications]; ETE: present or
absent; suspicious lymph nodes: present or absent; Sonographic
pattern: Very-Low, Low, Intermediate, High, and non-ATA (no
nodules were characterized as benign sonographic pattern, thus this
category was excluded from the assessment)

ETE extrathyroidal extension
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Table 3 Interpretation of
sonographic features with

Observer #1 Observer #2 Observer #3 Consensus

complete disagreement during

N . . Echogenicity (n =59)
individual image review

Hypoechoic 2(3) 35 48 (81) 12
Isoechoic 51 (86) 1) 7 (12) 43 (73)
Hyperechoic 2(3) 2(3) 2(3) 12
Heteroechoic 4 (7) 53 (90) 2(3) 14 (24)
Composition (n = 12)
Cystic 0 (0) 0 (0) 1(8) 1(®)
Solid/predominantly solid 1(8) 1(8) 10 (83) 8 (67)
Mixed 1(8) 10 (83) 0 (0) 2 (17)
Spongiform 10 (83) 1(8) 1(8) 1)
Echogenic foci (n =9)
None/comet tails 1(11) 2 (22) 6 (67) 3 (33)
Low-risk (macrocalcifications or rim 7 (78) 1(11) 0 (0) 1(11)
calcifications)
High-risk (microcalcifications or interrupted rim 1(11) 6 (67) 3 (33) 5 (56)
calcifications)
Sonographic pattern (n = 76)
Very-low 19 (25) 1(1) 2 (3) 6 (8)
Low 39 (51) 1(1) 16 (21) 39 (51)
Intermediate 1(1) 1(1) 54 (71) 5@
High 14 (18) 5(7) 34 9 (12)
Non-ATA 34 68 (89) 1(1) 17 (22)
Sonographic pattern only discordant feature (n = 28)
Very-low 8 (29) 0 (0) 14 4 (14)
Low 6 (21) 0 (0) 7 (25) 6 (21)
Intermediate 0 (0) 0 (0) 19 (68) 4 (14)
High 13 (46) 4 (14) 14 9 (32)
Non-ATA 1(4) 24 (86) 0 (0) 5 (18)

ATA American Thyroid Association, Non-ATA see description in methods section

Sources of discordance

A total of 104 thyroid nodules (22%) required joint image
review due to complete disagreement in at least one of the
features (Table 3, Fig. 1). The cytological diagnosis was
AUS/FLUS in 54 (52%); and FN in 50 (48%) nodules. The
sonographic pattern of these 104 nodules was finally clas-
sified as very-low suspicion in 13 (13%), low suspicion in
43 (41%), intermediate suspicion in 5 (5%), high suspicion
in 13 (13%), and non-ATA in 30 (29%). Echogenicity
interpretation was the major source of discordance. Of the
463 thyroid nodules evaluated in the study, there was
complete disagreement in echogenicity in 59 (13%); com-
position in 12 (3%); echogenic foci in 9 (2%); and sono-
graphic pattern in 76 (16%). Among those 76 nodules with
complete disagreement in the sonographic pattern, there
was agreement by at least two observers in all the other
sonographic features in 28 nodules; whereas in the other 48
there was disagreement in at least one other feature, which
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drove the disagreement in the sonographic pattern (echo-
genicity in 41; composition in 5; and composition and
echogenicity in 2).

Score-based risk stratification of non-ATA and high-
suspicion sonographic patterns

Based on consensus (agreement>2 observers) of the
sonographic pattern, 169 nodules (37%) were classified into
the non-ATA pattern (Table 4). The majority of these
nodules were heteroechoic (n = 136, 80%); and most het-
eroechoic nodules did not have other suspicious features.
Considering NIFTPs malignant, the overall prevalence of
malignancy in this cohort was 36%; 34% for nodules with
0-1 suspicious features and 53% for nodules with 2-4
features (OR 2.18 [0.75, 6.33]; P=0.17). If NIFTPs were
considered benign, the prevalence of malignancy would
drop to 18% in nodules with O-1 suspicious features but
would remain at 53% in nodules with >2 suspicious features
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a

Fig. 1 Examples of thyroid nodules with complete sonographic feature
disagreement. a Thyroid nodule with complete disagreement on
echogenicity: isoechoic by observer 1, heteroechoic by observer 2, and
hypoechoic by observer 3. b Thyroid nodule with complete dis-
agreement on composition: spongiform by observer 1, mixed by
observer 2, and predominantly solid by observer 3

(OR 5.14 [1.72, 15.4]; P=0.004). Considering NIFTPs
malignant, the risk of malignancy of heteroechoic nodules
was higher than for hypoechoic nodules in the absence of
other suspicious features (OR 2.47 [1.17, 5.20]; P =0.02).

Based on consensus (agreement 22 observers) of the
sonographic pattern, 36 nodules (8%) were classified into
the high-suspicion sonographic pattern (Table 5). All
nodules were hypoechoic and solid/predominantly solid.
The rate of malignancy increased with the number of sus-
picious features: considering NIFTPs malignant 0, 35, 91,
100, and 100%; and considering NIFTPs benign 0, 30, 73,
100, and 100%, for nodules with 0, 1, 2, 3, or 4 additional
suspicious features, respectively. Only three nodules met
NIFTP diagnostic criteria in this group. All three NIFTPs
had irregular/microlobulated margins; and two had micro-
calcifications as well.

Discussion

This study evaluated the inter-observer agreement for
sonographic features in a large cohort of ITNs. The inter-
observer agreement for echogenicity was fair and it was the
greatest source of disagreement. Heteroechogenicity was

associated with an increased rate of malignancy but its
interpretation seems equally subjective. Furthermore, we
found that the number of suspicious features in the non-
ATA and high-suspicion sonographic patterns was asso-
ciated with the rate of malignancy. Additionally, most
(93%) NIFTPs had <2 suspicious features, and none had 3
or more suspicious features.

The inter-observer agreement for all sonographic features
was moderate to good except for echogenicity, which was
fair. In previous publications, echogenicity has also been
among the features with lowest inter-observer agreement with
kappa values around 0.35-0.55 [11-13, 18-21]. In this study,
inter-observer agreement for echogenicity was 0.35 and it was
the main source of disagreement. Two factors seem to have
driven this low agreement: the addition of heteroechogenicity
to the characterization of echogenicity; and different thresh-
olds for the interpretation of echogenicity.

First, echogenicity has been typically characterized into
three different categories: iso, hyper, and hypoechogenicity.
In this study, however, a fourth category of hetero-
echogenicity was included. This extra category, often not
characterized or analyzed as a different variable (homo-
geneous or heterogeneous echotexture), overlaps with all
the other three categories and thus contributed significantly
to a decrease in the agreement. Some classifications such as
the EU-TIRADS suggest considering the most suspicious
echogenicity in heterogeneous nodules [22]. It seems,
however, that in the absence of other suspicious sono-
graphic features, there is no significant difference between
iso or hypoechoic cytologically indeterminate thyroid
nodules [14, 23, 24]. Conversely, heteroechoic nodules had
a significantly higher risk of malignancy than hypoechoic
nodules without other suspicious features in our series [14].
Supporting this finding, a previous study using computer
assisted diagnosis, found that a higher heterogeneity index
was associated with the rate of malignancy whereas there
was great overlap of mean echogenicity between iso-
hypoechoic nodules, isoechoic, hypoechoic, and hetero-
echoic nodules [25]. Thus heteroechogenicity arises as an
important sonographic feature, needing to be better defined,
characterized and reported. It remains to be determined
whether reporting heterogeneity as an independent variable
rather than as a category of echogenicity provides diag-
nostic advantage. In this study, all heteroechoic nodules
were classified into the non-ATA category, which drove a
significantly higher rate of non-ATA pattern nodules than in
previous publications [24, 26]. Interestingly, the rate of
malignancy in this category was stratified by the number of
additional suspicious features, which was also observed in a
recent publication [26]. All NIFTPs had <2 suspicious fea-
tures; whereas the prevalence of malignancy of non-ATA
pattern ITNs with >2 suspicious features was similar to that
of ITNs with high-suspicion sonographic pattern [14].
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Table 4 Risk of malignancy of

TN with'non- ATA | Iso/hyper (n =33) N (%) iz;rllicgt;rag:l)IFTPs E:rlllicgenr) (NIFTPs
sonographic pattern according to
number of suspicious features 0 features 32) 0 0
1 feature 25 (15) 9 (36) 5 (20)
Shape T>W 12 4 3
Margin 8 4 2
Microcalcifications 5 1 0
2 features 42 3(75) 3(75)
Shape T > W + margin 1 1 1
Shape T > W + microcalcifications 1 0 0
Margin + microcalcifications 2 2 2
3 features 1() 1 (100) 1 (100)
Shape T>W + margin + 1 1 1
microcalcifications
Heteroechoic (n = 136) N (%) Cancer (NIFTPs Cancer (NIFTPs
malignant) benign)
0 features 87 (51) 30 (34) 16 (18)
1 feature 39 (23) 14 (36) 7 (18)
Shape T>W 12 4 0
Margin 14 7 6
Microcalcifications 8 2 1
SLN 5 1 0
2 features 503) 1 (20) 1 (20)
Shape T > W + margin 1 0 0
Shape T > W + microcalcifications 1 0 0
Margin + microcalcifications 3 1 1
3 features 42 2 (50) 2 (50)
Shape T > W + margin + microcalcifications 2 0 0
Shape T > W + microcalcifications + SLN 2 2 2
4 features 1() 1 (100) 1 (100)

Shape T > W + margin + microcalcifications

1

1

+ETE

Features considered suspicious: shape taller than wide, irregular/lobulated/infiltrative margins, micro-
calcifications, extrathyroidal extension, and suspicious lymph nodes

SLN were considered absent (not present) in cases with no neck ultrasound available for review

Note that the number of heteroechoic nodules does not match Table 1. Three nodules were considered to be
heteroechoic (agreement by at least 2 observers) during initial independent review but considered very-low
suspicion pattern. Two due to spongiform composition, and one was considered to be a pseudonodule during
consensus review of the sonographic pattern. Conversely, three nodules were considered hypoechoic
(agreement by at least 2 observers) during initial independent review. However, there was disagreement on
sonographic pattern, so the images were reviewed jointly by all three observers, who agreed that two would
be better classified as heteroechoic (one of them with irregular margins), and the other one as isoechoic with
irregular margins, thus all three were classified as non-ATA pattern

ETE extrathyroidal extension, Shape T > W shape taller than wide, SLN suspicious lymph nodes

Second, observers seem to have a different threshold for
the interpretation of echogenicity. Most nodules were iso-
echoic for observer #1 (50%), heteroechoic for observer #2
(57%), and hypoechoic for observer #3 (44%). Interest-
ingly, we found that many of the 59 nodules with complete
disagreement in echogenicity characterization were
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borderline between iso- and slightly hypoechoic (Fig. 1) and
often had areas of different echogenicity, a pattern which
was characterized separately in a previous publication as
iso-hypoechoic [25]. More than 80% of these nodules were
characterized as isoechoic by observer #1, heteroechoic by
observer #2, and hypoechoic by observer #3; suggesting
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Table 5 Risk of malignancy of ITNs with high-suspicion sonographic pattern according to number of suspicious features
High-suspicion pattern (n = 36) N (%) Cancer (NIFTPs malignant) Cancer (NIFTPs benign)
0 features 2 (6) 0 (0) 0 (0)
1 feature 20 (56) 7 (35) 6 (30)
Shape T>W 5 0 0
Margin 10 4 3
Microcalcifications 5 3 3
2 features 11 31 10 91 8 (73)
Shape T > W + margin 2 2 2
Margin + microcalcifications 7 6 4
Margin + ETE 1 1 1
Microcalcifications + SLN 1 1 1
3 features 1) 1 (100) 1 (100)
Shape T > W 4 margin + microcalcifications 1 1 1
4 features 2 (6) 2 (100) 2 (100)
Shape T >W + margin + microcalcifications + ETE 1 1 1
Shape T >W + margin + microcalcifications + SLN 1 1 1

Features considered suspicious: shape taller than wide, irregular/lobulated/infiltrative margins, microcalcifications, extrathyroidal extension, and

suspicious lymph nodes

SLN were considered absent (not present) in cases with no neck ultrasound available for review

All nodules were hypoechoic and solid/predominantly solid. Two nodules had no additional suspicious features despite being considered high-
suspicion sonographic pattern by at least two observers because all other individual suspicious features were considered absent by at least two
observers (i.e., at least two observers identified additional suspicious features but did not agree in which of them was present)

ETE extrathyroidal extension, Shape T > W shape taller than wide, SLN suspicious lymph nodes

that there was internal consistency in the interpretation.
During consensus review, most of these nodules (73%)
were reclassified as isoechoic. Although we cannot assess
intra-observer agreement in this study, previous publica-
tions have found a significantly higher intra-observer than
inter-observer agreement for echogenicity [12, 18, 27].
Echogenicity is the single most influential feature of the
2015 ATA sonographic pattern classification; as it determines
whether a solid nodule is classified in the low, intermediate, or
non-ATA sonographic patterns. Not surprisingly, the inter-
observer agreement for the ATA sonographic patterns
observed in this study was fair, driven by the poor agreement
for echogenicity. A recent study also analyzed the reprodu-
cibility of sonographic features and ATA sonographic pat-
terns for cytologically indeterminate thyroid nodules and
found similar results [28]. A previous study in this same
cohort did not find significant differences in the rate of
malignancy between low or intermediate suspicion sono-
graphic patterns, but it was significantly higher for nodules in
the non-ATA pattern [14]. Although the characterization of
echogenicity may not have an effect on patient management
following an indeterminate cytology result; different sono-
graphic patterns are associated with different size-thresholds
for biopsy [7]. Thus echogenicity interpretation may lead to

significant differences in the proportion of thyroid nodules
selected for biopsy, which is of significant concern given the
high prevalence of thyroid nodules in the general population
[29]. Objective echogenic nodule interpretation seems the
next necessary step to limit the number of thyroid nodules that
are unnecessarily biopsied, potentially triggering additional
expensive tests and diagnostic surgeries [25, 30].

Because of the retrospective nature of the study, some
information was missing, mostly from patients seeking
second opinion or surgical treatment at our academic cancer
center. In this regard, presurgical thyroid function tests
could not be found in 19% of the study cohort. Although we
cannot rule out autonomy in these nodules it is very unli-
kely because TSH measurement was the initial step in the
evaluation of thyroid nodules throughout the period of the
study, the sonographic pattern was no different from that of
patients in which thyroid function was known (data not
shown), and the malignancy rate was higher in this subset
than in the rest of the cohort either considering NIFTP
malignant (44% versus 25%) or benign (33% versus 15%),
a finding not expected if there were many autonomous
nodules which are associated with <5% of malignancy. This
study could suffer from selection bias because only nodules
with histological confirmation were included, and because
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lateral neck compartments were only evaluated in patients
with a dedicated lateral neck ultrasound thus potentially
enriching the rates of nodules with suspicious sonographic
pattern and suspicious lymph nodes. Also because of the
retrospective design, observers were able to review archived
static images only and in some, but not all, nodule CINE
images. The numbers of images available per case, and
system, settings, and operator during image acquisition,
were variable. As a result, image quality was variable as
well, limiting the comparability of sonographic features
between images. However, this is a real-world limitation as
ultrasound systems and operators are different in each
clinic, and settings need to be adjusted to the individual
acoustic window and nodule location. Even though each
observer had a different training and experience back-
ground, an interpretation consensus guide was not stan-
dardized prior to observer scoring in order to simulate a
real-world scenario. Ultrasound images were reviewed
independently by each of the three observers. It is possible
that different screen resolutions and light environments
could have had an impact on the characterization of sono-
graphic features, particularly echogenicity. It seems, how-
ever, that there was a true difference in the interpretation of
sonographic features between the three observers. The fre-
quency of the categories within each variable was sig-
nificantly different between observers.

Conclusion

This study shows that a scoring-based classification system
improves risk stratification of pattern-based classifications
at least for ITNs, as the number of suspicious features in
non-ATA and high-suspicion patterns are directly asso-
ciated with cancer risk and cancer aggressiveness. Fur-
thermore, heterogeneity arises as a suspicious sonographic
feature, at least for ITNs, thus worth reporting. The low
reproducibility of echogenicity and heterogeneity found in
the study, stresses the need for future studies focusing on
finding an objective way to measuring them due to the
significant impact these features have on the rate of
malignancy and clinical management of patients with
thyroid nodules.
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