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a b s t r a c t

Background: The management of large thyroid nodules remains unclear. Ultrasonography is a central tool
in the assessment of thyroid nodules, yet its role in risk stratification of large thyroid nodules has been
studied only seldomly.
Objective: The aim of this study was to determine the utility of ultrasonography in characterizing and
risk-stratifying thyroid nodules �3.0 cm.
Methods: We performed a retrospective, case-control study of all thyroid nodules aspirated between
January 2010 and May 2014. Sonographic features of nodules �3.0 cmwere compared with nodules <3.0
cm. All nodules were assessed by a single high-volume thyroid surgeon. Data collected included size
(cm), texture, echogenicity, shape, calcifications, border, spongiform appearance, and vascularity.
Results: A total of 537 nodules were included in the study, with 137 nodules (25.5%) �3.0 cm comprising
the study group, and 400 nodules (74.5%) as the control group. No differences were found between the 2
groups regarding age, sex, and risk factors. Nodules �3.0 cm were associated with an increased risk for
malignancy (odds ratio 2.41 [1.08e5.38]). Microcalcifications (26.3% vs 17.5%, P ¼ .039), hypoechogenicity
(40.8% vs 23.4%, P < .001), and irregular borders (14.3% vs 3.6%, P ¼ .001) were more prevalent in nodules
<3.0 cm. Among the large nodules, hypoechogenicity (50% vs 22.8%, P ¼ .043) and irregular margins
(28.6% vs 0%, P < .001) were associated with malignancy. The specificity of irregular borders was greater
in nodules �3.0 cm (100% vs 89.6%, P ¼ .011).
Conclusion: Sonographic appearances of large nodules differ from those of smaller nodules. Hypo-
echogenicity and irregular borders were associated with malignancy and should direct management
towards a more aggressive policy of fine needle aspiration and consideration of operative resections in
large thyroid nodules.

© 2019 Elsevier Inc. All rights reserved.
Introduction

The management of large thyroid nodules (�3.0 cm) has yet to
be determined. The literature is divided between those who
recommend resection regardless of preoperative workup (mostly
sonographic description and fine needle aspiration [FNA] results),1,2

and others who find preoperative assessment reliable and recom-
mend that management should not differ from smaller nodules.3,4
of Otolaryngology Head and
76100, Israel.
The controversy lies mostly in the reliability of benign aspirations
of these nodular subgroups. Numerous publications have found low
false-negative rates for benign aspirations ranging between 0.7%
and 7%,2e5 whereas others have found rates to be substantially
greater.6,7

Thyroid ultrasonography (US) has become a pivotal decision-
making tool in the workup and management of thyroid nodules,
and subsequently, US has been incorporated into different thyroid
guidelines.8,9 Recent meta-analyses on US performance found that
although no individual US feature is capable of predicting malig-
nancy with acceptable diagnostic accuracy, a combination of
known features on US can identify nodules with an increased risk
for malignancy.10,11 Yet, despite its important role and numerous
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Table I
ACR TI-RADS for US features of nodules22

Category Description Points

Composition Cystic/almost, completely cystic/spongiform 0
Mixed cystic þ solid 1
Solid or almost/completely solid 2

Echogenicity Anechoic 0
Hyperechoic or isoechoic 1
Hypoechoic 2
Very hypoechoic 3

Shape Wider than tall 0
Taller than wide 3

Margins Smooth/ill-defined 0
Lobulated or irregular 2
Extrathyroidal 3

Echogenic foci None or large comet-tail artifacts 0
Macrocalcifications 1
Peripheral (rim) calcifications 2
Punctate echogenic foci 3

TI-RADS level (sum of all total points above)

Total points TI-RADS level

0 TR1
2 TR2
3 TR3
4-6 TR4
7þ TR5
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publications, only a few studies have focused on the ability of
sonographic features to stratify the risk of malignancy specifically
in large thyroid nodules6,12,13 and in 2 of those studies, US had a
very limited role in differentiating malignancy versus no malig-
nancy in large thyroid nodules.6,13

The main pitfall of thyroid US and its ability to predict malig-
nancy is the interobserver variability, which is poor to moderate for
most features.14,15 This variability undermines the more general-
ized reproducibility across institutions. Surgeon-performed US has
been recognized in several publications as an important and reli-
able tool,16,17 which may be superior to community-based US18,19

and may change the course of management for patients.17,18,20

When conducted by a single high-volume surgeon, it can elimi-
nate the pitfalls of interobserver variability as well.

Therefore, the aim of this current study was to have the same
surgeon (M.Y.) evaluate via US a cohort of large nodules (�3.0 cm)
compared to nodules <3.0 cm. To the best of our knowledge, there
is no case-control study on thyroid US conducted by the same
operator, and this is the first study directly comparing the sono-
graphic differences between nodules �3.0 and <3.0 cm.

Patients and methods

The study was approved by our institutional review board. In-
clusion criteria for the study were adult patients who underwent a
surgeon-performed US and a surgeon-performed US-guided FNA of
thyroid nodules at our dedicated thyroid outpatient clinic between
January 2010 andMay 2014. All thyroid biopsies were performed by
the same high-volume head and neck surgeon (M.Y.) according to
the guidelines of the American Thyroid Association (ATA).21

Exclusion criteria were aspired nodules that did not comply with
ATA guidelines, therapeutic aspirations for cystic nodules (>95%
cystic component, and non-suspicious features of the solid
component), and nodules with missing data that prevented data
analysis.

In addition to medical histories and physical examinations, all
clinic visits included a surgeon-performed US and surgeon-
performed, US-guided FNA when indicated. Sonographic descrip-
tion of the nodule based on known features (detailed below) was
documented on a designated form. All medical records were
reviewed, and data on selected demographics (age, sex, history of
any other malignancy) and risk factors for thyroid cancer (previous
exposure to ionizing radiation during childhood or adolescence and
a family history of thyroid cancer) were extracted. The following
data of sonographic features were collected and recorded for each
lesion: size (mm), solid texture (defined as cystic component
<50%), echogenicity (defined by relation to the strap muscles:
hypo-, iso-, hyper-, or mixed), shape (taller than wide in shape
[anteroposterior dimension > transverse dimension on an axial
image]), calcifications (microcalcifications were defined as �2 mm
in diameter, tiny, punctuated hyperechoic foci; other calcifications
were defined asmacrocalcifications), margins (regular vs irregular),
and spongiform appearance (similarly sized microcystic spaces
separated by thin echogenic septa). Vascularity (intranodular vs
perinodular) was assessed using a Doppler US. Malignant associ-
ated features (MAFs) according to the 2015 ATA guidelines were
defined as a solid texture, marked hypoechogenicity, micro-
lobulated or irregular borders, and lesions that were taller than
wide in shape.8 The score of the thyroid imaging reporting and data
system (TI-RADS) was calculated based on the report from the
American College Radiology22 (Table I). As a rule, in patients with
multinodular thyroids, the most suspicious nodule in each lobewas
selected for FNA. For patients withmore than 1 nodule, each nodule
was analyzed separately. If such patients were operated on, the
correlation between the descriptions of the surgeon-performed US
and the final pathology was based on the side of the resection.
Cases were excludedwhen both nodules were on the same side and
a correlation with the final pathology was relevant yet impossible.

All USs were performed with a high-resolution, portable, 8- to
12-MHz system (SonoSite, M-Turbo), with 35-mm linear array
transducer (SonoSite Inc, Bothell WA). All US-guided FNA biopsies
were performed with an on-site evaluation of adequacy by a thy-
roid cytopathologist. Cytologic diagnostic criteria were based on
the Bethesda system for reporting thyroid cytopathology (BSRTC).23

Decisions to refer a nodule for operative resectionwere based on
the clinical judgment of the senior author (M.Y.) after considering
all aspects of the nodule, including risk factors, suspicious features
in the physical examination, its sonographic appearance, and most
importantly, its cytology. Final histopathologic results were ob-
tained after the operation. Non-benign cytology was defined as
atypia of undetermined significance or follicular lesion with un-
certain significance, follicular neoplasm, suspicious for malignancy,
and malignant. For subgroup statistical analysis, we defined a
“combined benign” group composed of patients with initial and
repeated benign cytology (who were followed up with but not
operated on) grouped together with patients operated on with
benign histology. This combined group was compared with pa-
tients withmalignant histologies. Incidental microcarcinomaswere
defined as nodules with a tumor <1.0 cmwithout histologic lymph
node metastasis or extrathyroidal extension and were excluded
from the statistical analysis for the purpose of malignancy.8

Categorical variables are reported as numbers (percentages),
and continuous variables as medians and interquartile ranges.
Continuous variables were tested for normal distribution using
histograms and Q-Q plots. Categorical variables were compared
using a chi-square test or Fisher exact test and continuous variables
by a Mann Whitney test. Univariate and multivariate Cox re-
gressions were performed to evaluate the crude and adjusted as-
sociations between various predictors and readmission. Age, sex,
and variables with P values < .2 on the univariate analysis were
included in the multivariate analysis. A 2-tailed P < .05 was
considered statistically significant. Analyses were performed with
SPSS version 22 (IBM Corp, Armonk, NY).



Table II
Multivariate analysis for factors associated with malignancy

Category P value OR (95% CI)

Sex .256 0.63 (0.28e1.41)
Age .218 0.99 (0.97e1.01)
Solid <.001 3.98 (1.91e8.28)
Hypoechogenicity .003 2.81 (1.41e5.61)
Irregular margins <.001 5.59 (2.58e12.11)
Intranodular vascularity .086 1.96 (0.91e4.24)
Macrocalcifications .221 1.87 (0.69e5.13)
Microcalcifications .034 2.17 (1.06e4.44)
Size �3.0 cm .032 2.41 (1.08e5.38)

OR, odds ratio.
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Results

A total of 537 nodules in 449 patients were included in the
study; 137 nodules (25.5%) �3.0 cm in 107 patients comprised the
study group, and 400 nodules (74.5%) in 342 patients comprised the
control group. No differences (P > .32 each) were found between
the study and control groups regarding age (57 [±18] vs 57 [±15]
years), sex (males 19.6% vs 19.8%), and risk factors (13 % vs 13.6%).

First, a univariate analysis (Supplemental Table I) followed by a
multivariate analysis (Table II) was conducted to evaluate the as-
sociation of size and other sonographic features with malignancy
within the study cohort (n ¼ 537). A size �3 cm was found to be
associated with malignancy independently of sonographic features
(odds ratio 2.41 [1.08e5.38]; P value ¼ .032). Except for taller than
wide shape, all other MAFs were found to be independently asso-
ciated with malignancy (Table II).

Comparisons of sonographic features between the groups are
presented in Table III. TheMAFswere statistically significantlymore
prevalent in nodules <3.0 cm. These sonographic features included
microcalcifications (26.3% vs 17.5%, P ¼ .039), hypoechogenicity
(40.8% vs 23.4%, P < .001), and irregular borders (14.3% vs 3.6%,
P ¼ .001). Large nodules presented with greater rates of benign
features, including cystic or mixed texture (P < .007), and greater
rates of isoechogenicity (P ¼ .029) and perinodular vascularity
(P ¼ .015). The distribution of the TI-RADS scores also differed be-
tween the groups (P ¼ .016) with a greater prevalence of a TI-RADS
score of �3 in the control group (14.8% vs 5.1%, respectively). Dis-
tribution of BSRTC after the initial FNA is presented in Figure 1. No
differences were found in the BSRTC distribution between the
Table III
Distribution of sonographic features between the groups

Sonographic features Control group
(size <3.0 cm)
n ¼ 400 (%)

2015
ATA
MAF

Solid texture 194 (48.7)
Microcalcifications 105 (26.3)
Hypoechogenicity 163 (40.8)
Irregular borders 57 (14.3)
Taller than wide 11 (2.8)

Other features Cystic texture 38 (9.5)
Mixed texture 124 (31.1)
Isoechogenicity 131 (32.8)
Hyperechogenicity 19 (4.8)
Intranodular vascularity 56 (14.0)
Perinodular vascularity 22 (5.5)
Macrocalcifications 46 (11.5)
Comet-tail sign 13 (3.3)
Spongiform appearance 20 (5.0)

TI-RADS
Score*

1 16 (5)
2 134 (41.6)
3 97 (30.1)
4 75 (23.3)

* Thyroid Imaging, Reporting and Data System.22
groups (P ¼ 0.681). The rate of malignancy within each BSRTC
category is presented in Supplemental Table II.

Sixty-one nodules (44.5% of the large nodule cohort) were
resected, of which 14 (22.9%) were found to be malignant. When
integrating nodules with consecutive benign aspirations (the
combined benign group), the rate of malignancy was 20% (14 of 69)
among the large nodule groups compared with 13.7% (44 of 322) in
the smaller nodules (P ¼ .223). The distribution of malignant pa-
thologies was as follows: papillary thyroid carcinoma (58%),
follicular carcinoma (14%), anaplastic carcinoma (14%), poorly
differentiated carcinoma (7%), and unknown (7%). A correlation of
sonographic features with a malignant pathology in nodules �3.0
cm is presented in Table IV. Hypoechogenicity (50% vs 22.8%),
irregular margins (28.6% vs 0%), and overall TI-RADS score were
associated with malignancy (P < .05 each). Irregular margins had a
100% specificity and positive predictive value, whereas hyper-
echogenicity had the greatest negative predictive value of 86.3%.
Intranodular vascularity was also associated with malignant nod-
ules (50% vs 17.9%, P ¼ .012). The odds ratio was 3.39 (CI 95% 1.01-
11.43) for hypoechogenicity and 4.60 (CI 95% 1.32-16.07) for
intranodular vascularity. Correlations of sonographic features with
malignant pathologies in nodules <3.0 cm is presented in
Supplemental Table III. Except for a taller thanwide shape, all MAFs
were associatedwithmalignancywith P< .001 for eachMAF and an
overall TI-RADS score. Intranodular vascularity was not found to be
associated with malignancy.

Next, we found that the sensitivity of surgeon-performed US
between malignant nodules �3.0 cm and nodules <3.0 cm was no
different in any of the MAFs in the 2015 ATA guidelines (Table V).
The parameter of intranodular vascularity was more sensitive for
detecting malignancy in nodules �3.0 cm (50% vs 20.5%, P ¼ .031),
whereas the specificity of irregular borders was greater in nodules
�3.0 cm (100% vs 89.6%, P ¼ .011).
Discussion

The aim of this current study was to compare a single operator’s
sonographic evaluation of large thyroid nodules (�3 cm) compared
with smaller nodules (<3 cm). To the best of our knowledge, we are
the first to conduct such a study that eliminates the main drawback
of US, that is, interobserver viability.14 We found that sonographic
features differ between the 2 groups. Large nodules had less
Study group
(size �3.0 cm)
n ¼137 (%)

Total
n ¼ 537 (%)

P value

68 (50.4) 262 (49.2) .744
24 (17.5) 129 (24.0) .039
32 (23.4) 195 (36.3) <.001
5 (3.6) 62 (11.6) .001
1 (0.7) 12 (2.2) .166
25 (18.2) 67 (11.8) .016
63 (46) 187 (34.9) .002
59 (43.1) 190 (35.4) .029
8 (5.8) 27 (5) .615
27 (19.9) 83 (15.5) .106
16 (11.8) 38 (7.1) .015
11 (8.1) 57 (10.6) .265
5 (3.6) 18 (3.4) .823
7 (5.1) 27 (5.0) .960
5 (7.2) 21 (5.4) <.128
25 (36.2) 159 (40.6)
30 (43.5) 127 (32.5)
9 (13) 84 (21.5)



Fig 1. BSRTC: Bethesda System for Reporting Thyroid Cytopathology.27 I, non-
diagnostic; II, benign; III, atypia of undetermined significance/follicular lesion with
uncertain significance; IV, follicular neoplasm; V, suspicious for malignancy; VI,
malignant.
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suspicious features compared with smaller nodules. Despite
having only a small cohort of malignant large nodules (n ¼ 14),
which limits the impact of this current study, some important
differences were found because some features were statistically
significantly associated with malignancy (hypoechogenicity and
irregular margins). The sonographic appearances of large nodule
MAFs was poorer compared with those of smaller nodules, yet a
direct comparison of sensitivity did not show any differences in
sensitivity of known MAFs. Finally, a multivariate analysis of the
cohort demonstrated that large thyroid nodules carry greater
risks for malignancy in contrast to their generally benign
appearance.

Ultrasonography is an important tool in the initial assessment
and follow-up of thyroid nodules.8 Ultrasonography together with
FNA comprise the cornerstone of risk stratification for thyroid
nodules. Although algorithms may change from guideline to
guideline, the basic principle remains that the indications for FNA
are based on the combination of the size of the nodule and the
number of its suspicious features.8,9,22 Yet, when the nodule is
considered large (defined as nodules �3.0 cm in most
studies2,3,12,24,25), the role of US and the reliability of a benign FNA
result have been questioned, and the management of large thyroid
nodules remains debated. This uncertainty is echoed in the recent
Table IV
Association of US features with malignancy in nodules �3.0 cm*

Benigny (n ¼ 65) Malignant
(n ¼ 14)

2015
ATA
MAF

Solid 29 (53) 9 (64)
Microcalcifications 8 (14) 4 (29)
Hypoechogenicity 13 (233) 7 (50)
Irregular margins 0 4 (29)
Taller > wide 1 0

Intranodular vascularity 10 (18) 7 (50)
TI-RAD scorez 1 5 (8.8) 100 0 (0)

2 19 (33.3) 80 7 (50)
3 26 (45.6) 82 5 (35.7)
4 7 (12.3) 72 2 (14.3)

Acc, accuracy; PPV, positive predictive value; Sen., sensitivity; Spe., specificity.
* Values are presented in N (%) unless written otherwise.
y The benign group is combined from benign pathology (n ¼ 47) and patients with 2
z Thyroid Imaging, Reporting and Data System22 (n ¼ 47).
guidelines of the ATA, which concluded that based on the evidence,
it is still unclear if patients with large thyroid nodules should be
managed differently than those with smaller nodules. Whether
large nodules carry a greater risk for malignancy compared with
smaller nodules has also been debated in the literature.4,26 The
results of our study support the finding of a recent systematic re-
view, which found a greater rate of malignancy in nodules >3.0
cm.26 Although there are many studies on the credibility of FNA
results in large thyroid nodules,2e5,25 only a few studies focused on
the credibility of sonographic characterizations of large
nodules.6,12,13

Wharry et al evaluated 382 nodules �4.0 cm.6 They found that
none of the MAFs were associated with malignancy, neither
differentiated or undifferentiated thyroid cancer. Yet, the authors
did not address the source of the US report (community/radiologist
or surgeon-performed), which exposes the data for potential
known biases because the quality of different US sources has been
shown to differ considerably.17,18,20 Conversely, Yoon et al reported
their group’s experience with 661 thyroid nodules �3.0 cm, all
evaluated retrospectively by a single blinded observer. They found
that all MAFs were associated with malignancy (all P values < .001),
and a benign appearance was associated with benign nodules.12

Another article by the same group assessed the ability of the
TI-RADS score to predict false-negative cytology for thyroid nod-
ules �3.0 cm (different cohorts)13 as evaluated by 10 radiologists.
Interestingly, in this cohort, only echogenicity and a solid compo-
sition were found to be different in benign and malignant large
nodules. This finding is consistent with our findings in which
echogenicity (together with irregular borders) were the only MAFs
associated with malignancy. In summary, the only report from a
surgical group before this publication that questioned the role of US
in large thyroid nodule assessments found US to be reliable in 2
large-scale studies. Nevertheless, although the group of Yoon et al is
world-renowned in the field of thyroid imaging with numerous
important publications including the TI-RADS score,27 the question
of reproducibility and generalization of their results is important
for everyday practice. In our opinion, the conflicting results of the
aforementioned studies may not necessarily reflect the credibility
of US as an imaging modality in evaluating large thyroid nodules
but rather stresses the importance of operator experience in such
evaluations.

Since the initial reports, many publications have reported
surgeon-performed US as a reliable tool for assessing thyroid
nodules,16,17,20 which may even change patient management
compared with community and radiologist-performed US.17,18,20

Surgeon-performed US can allow for a direct, single-operator
assessment of thyroid nodules, which in turn increases the
P value Sen. (%) Spe. (%) PPV (%) NPV (%)

.438 64 47.3 24 84

.193 29 86.0 33 83

.043 50 77.2 35 86
<.001 289 100 100 85
.618 N/A N/A N/A N/A
.012 50 82 41 87
.512 N/A

consecutive benign cytologies (n ¼ 18).



Table V
Comparison of the prevalence of US features between malignant nodules �3.0 cm and malignant nodules <3.0 cm*

Nodules �3.0 cm
(n ¼ 14)

Nodules <3.0 cm
(n ¼ 44)

P value

2015
ATA
MAF

Solid 9 (64) 36 (82) .171
Microcalcifications 4 (29) 21 (48) .207
Hypoechogenicity 7 (50) 32 (73) .115
Irregular margins 4 (29) 17 (40) .460
Taller > wide 0 2 .417

Intranodular vascularity 7 (50) 9 (21) .031
TI-RAD scorey 1 0(0) 1(2.3)

.2292 7 (50) 13(29.5)
3 5 (35.7) 9(20.5)
4 2(14.3) 21(47.7)

The benign group is combined from benign pathology (n ¼ 47) and patients with 2 consecutive benign cytologies (n ¼ 18).
Acc, accuracy; PPV, positive predictive value; Sen., sensitivity; Spe., specificity.

* Values are presented in N (%) unless written otherwise.
y Thyroid Imaging, Reporting and Data System.22
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consistency of the nodule description by eliminating interobserver
variability, which was reported even among experienced radiolo-
gists.14,15 Therefore, our group aimed at evaluating the ability of
single surgeon-performed US to evaluate large thyroid nodules. By
using a control group of smaller nodules (<3 cm) evaluated by the
same high-volume thyroid surgeon, we were able to have direct
comparisons between nodules, thereby eliminating many potential
biases.

Our study shows some novel information regarding the utility of
US in characterizing large nodules (�3 cm) when compared with
smaller nodules. Generally, large nodules seem to have a more
benign appearance when compared to smaller nodules. In addition,
similar to Wharry et al,6 our study showed that known suspicious
features are better used in smaller nodules when compared to large
nodules, even if no difference was found in the sensitivity of each
feature when comparing the 2 groups. Conversely, similar to the
report by Nam et al,13 we have shown that some but not all known
sonographic features are associated with malignancy. As
mentioned, hypoechogenicity was found to be associated with
malignancy in both studies, suggesting that hypoechoic large
nodules should be suspected to harbor malignancy regardless of
the existence of other features. This finding is supported further by
the fact that large nodules had greater rates of benign echogenicity
(iso/hyper), which in turn make large, hypoechoic nodules suspi-
cious. Each of the ATA MAFs is scored differently in the ACR
TI-RADS.22 Certain features, such as taller than wide and very
hypoechoic nodules (Table I), which were prevalent at very low
rates in our large nodule cohort, are given higher points. Other
features, like hypoechogenicity and irregular borders, which were
significantly more prevalent in our malignant large nodules, are
given lower scores. Our results show that large thyroid nodules
may present with more benign features (Table III). It is possible that
the prediction scores of the ACR TI-RADSmay not be as accurate for
large thyroid nodules. This possibility is supported by the lack of
differences in overall ACR TI-RADS scores between benign and
malignant large nodules (Table IV), although this suggestion should
be regarded with caution given our small sample size of large
malignant nodules. Therefore, US can serve as more of a “rule in” to
categorize suspicious large thyroid nodules, basing decisions pri-
marily on hypoechogenicity and irregular margins. Yet, when
considering their increased risk of malignancy, unlike nodules <3.0
cm, we suggest that benign-appearing large nodules must still be
regarded with caution.

Finally, intranodular vascularity has been found to be associated
with malignancy and has greater rates of sensitivity compared with
nodules <3.0 cm. The predictive value of intranodular vascularity
has shown conflicting results in previous studies16,28,29 and was
omitted as an MAF in current guidelines of both the ATA8 and the
American College of Radiologists.22 Nevertheless, our results sug-
gest that intranodular vascularity has a greater value in assessing
malignancy in the subgroup of large nodules �3 cm. Future pro-
spective large-scale studies may help in establishing its role in this
specific subgroup of nodules. Several important limitations of our
study should be discussed. In addition to its retrospective nature,
the major limitation of the study is its small sample of malignant
thyroid nodules (n ¼ 14). Such a small group exposes the results of
the study to underpowered conclusions and questions its gener-
alizability. This, in turn, should drive future larger-scale studies to
confront some of the findings of the current study. This same
consideration was also reflected in the prevalence of the feature of
irregular margins, which was present in 4 of the 14 malignant
nodules, thus limiting the clinical impact of the result interpreta-
tion. In addition, our study included various types of malignancies,
including anaplastic and poorly differentiated carcinomas, which,
in turn, influence the sonographic appearance of the nodule. Data
on previous FNAs before the visit to our clinic were not collected,
which may have influenced the surgeon’s decision to refer a nodule
for operative excision or follow-up. Finally, the study is exposed to a
potential selection bias because our institution is a referral center
for thyroid surgery. Some of the nodules may have had previous
community-based US, which may have influenced the decision of
whether and when to refer these nodules for our evaluation.
Another selection bias that can be applied for studies on malig-
nancy rates is the result of risk stratification and selection of sus-
picious nodules for operative resection. The authors have tried to
overcome this limitation by defining a “combined benign” category
including nodules with 2 benign aspirations indicating their benign
nature with high probability.

We hope that this study leads to larger studies with the constant
increase of newly diagnosed thyroid nodules and cancer30 and the
shift toward conservative management. All of this hasmade US into
a crucial tool for decision-making in the management of thyroid
nodules. Expanding our knowledge on the utility of US for the
various nodule subgroups, such as large nodules and functional
nodules, may contribute to better patient care.

In conclusion, large thyroid nodules �3 cm differ in their
sonographic appearances when compared with nodules <3.0 cm
and may carry an increased risk for malignancy. Sonographic
evaluation of large nodules should emphasize the hypo-
echogenicity and irregular shape over other known MAFs.
Finally, intranodular vascularity may have a role in risk stratifi-
cation for large thyroid nodules and should be integrated into
the holistic assessment of the malignant potential for these large
nodules.
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