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Objective: To evaluate the diagnostic accuracy of a new ultrasound (US) classification system for differentiating between
benign and malignant solid thyroid nodules.

Materials and Methods: In this study, we enrolled 191 consecutive patients who received real-time US and subsequent US
diagnoses for solid thyroid nodules, and underwent US-guided fine-needle aspiration. Each thyroid nodule was prospectively
classified into 1 of 5 diagnostic categories by real-time US: “malignant,” “suspicious for malignancy,” “borderline,”
“probably benign,” and “benign”. We evaluated the diagnostic accuracy of thyroid US and the cut-off US criteria by
comparing the US diagnoses of thyroid nodules with cytopathologic results.

Results: Of the 191 solid nodules, 103 were subjected to thyroid surgery. US categories for these 191 nodules were
malignant (n = 52), suspicious for malignancy (n = 16), borderline (n = 23), probably benign (n = 18), and benign (n =
82). A receiver-operating characteristic curve analysis revealed that the US diagnosis for solid thyroid nodules using the
5-category US classification system was very good. The sensitivity, specificity, positive and negative predictive values, and
accuracy of US diagnosis were 86%, 95%, 91%, 92%, and 92%, respectively, when benign, probably benign, and borderline
categories were collectively classified as benign (negative).

Conclusion: The diagnostic accuracy of thyroid US for solid thyroid nodules is high when the above-mentioned US

classification system is applied.
Index terms: Thyroid nodule; Solid, Ultrasound; Fine-needle aspiration; Classification; Malignancy
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a considerable overlap in the appearance for distinction
between benign and malignant thyroid nodules, regardless
of whether it has a solid or cystic US configuration (1-14).
This overlap of benign and malignant thyroid nodules in US
diagnosis may be related to the fact that previous studies
which used a simple US diagnostic category (1, 5, 7, 11,
13), did not differentiate between solid and cystic thyroid
nodules (2, 3, 5, 8-14), and further, employed retrospective
image analyses (6-12, 14). Recently, several investigators
have suggested that malignant US features of partially
cystic thyroid nodules (PCTNs) are considerably different
from those of solid nodules and include an eccentric
configuration with an acute angle, microcalcifications
within solid component, macrolobulated or irregular free-
margin of the solid component, perinodular infiltration, and
a centripetal vascularity in the pedicle (15, 16).

A few prospective studies report the diagnostic accuracy
of thyroid US for thyroid nodules (1-4). In particular,
Horvath et al. (4) proposed the Thyroid Imaging Reporting
and Data System (TIRADS) to develop a standardized US
characterization and data reporting system for thyroid
lesions. However, to the best of our knowledge, there are no
existing studies that simultaneously utilize the prospective
real-time US classification for solid thyroid nodules.

The aim of this study is to assess the accuracy of US
diagnosis for benign and malignant solid thyroid nodules
using a real-time US performance and classification system
with 5 categories.

MATERIALS AND METHODS

Study Population

From January 2008 to June 2008, one radiologist
performed thyroid US and made prospective US diagnoses
for solid thyroid nodules in 726 patients (M:F = 114:612;
mean age, 51.1 [14.3] years). Among them, 195 patients
with solid thyroid nodules with a maximum diameter > 5
mm and cytologically diagnosed by a consecutive US-guided
fine-needle aspiration (US-FNA) following the initial thyroid
US, were enrolled in this study. A solid thyroid nodule was
defined as purely solid or predominantly solid with a cystic
component comprising less than 10% of the total volume.
Of the 195 patients examined, four nodules were excluded
because their nodules were diagnosed as benign lesions
based on clinical and sonographic information such as a
history of previous ethanol injection, spontaneous collapse,
or FNA for benign cystic thyroid nodules. Five hundred
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thirty-one patients who only underwent real-time thyroid
US without subsequent US-FNA or thyroid surgery were
excluded from the study. The cytopathological results of
solid thyroid nodules in 191 patients were the diagnostic
reference standard for real-time US diagnosis. In the cases
of multiple thyroid nodules, only one nodule was selected
for each patient in US-FNA on the basis of the highest
likelihood of malignancy, solidity, and the largest diameter.
We obtained written informed consent from all patients
prior to each US-FNA. Our Institutional Review Board
approved this study.

Thyroid US

Thyroid US was performed by a radiologist with a high-
resolution ultrasound instrument (iU 22; Phillips Medical
Systems, Bothell, WA) equipped with a 12-15 MHz linear
probe. As depicted in the thyroid US, each thyroid nodule
was classified into 1 of 5 categories immediately after real-
time US examination by the same radiologist. The categories
included “malignant,” “
" “probably benign,” and “benign” (Fig. 1).

The inclusion criteria for the sonographic features of solid
thyroid nodules were as follows: 1) US characteristics of
malignancy including marked hypoechogenicity, a margin
related to thyroid malignancy, microcalcifications, a taller-
than-wide shape, and associated lymphadenopathy with
intranodal cystic components or microcalcifications in the
perithyroidal area (Fig. 2). Marked hypoechogenicity was
defined as having the same or decreased echogenicity
compared with the strap muscle. A margin related to
thyroid malignancy included microlobulation, a spiculated
margin, and perithyroidal infiltration. Microlobulation was
defined as having the presence of many small lobules on
the surface of a nodule; a spiculated margin was defined
as having the presence of irregular spiculation on the
surface of a nodule; perithyroidal infiltration was defined
as having the extension of the lesion into an extracapsular
area. Microcalcifications were defined as tiny, hyperechoic
foci (< 1 mm in size) with no comet-tail artifacts or
posterior shadow. A taller-than-wide shape was defined as
a nodule having a greater anteroposterior diameter than its
transverse diameter. 2) The US characteristics of a benign
nodule included an ovoid or flat shape, isoechogenicity,

a smooth margin, and peripheral vascularity. Peripheral
vascularity was defined as vascular predominance in the
periphery of the nodule in a color Doppler US. Color Doppler
US with a low pulse repetition frequency (700 Hz) was

suspicious for malignancy,”
“borderline,
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Fig. 1. Five categories for US diagnosis of solid thyroid nodules.

A. Malignant. Longitudinal US image of papillary thyroid carcinoma in 42-year-old woman shows marked hypoechogenicity, spiculated margin,
microcalcifications, and taller-than-wide shape for nodule. B. Suspicious for malignancy. Longitudinal US image of papillary thyroid carcinoma in
42-year-old woman shows marked hypoechogenicity, smooth margin, and ovoid shape. C. Borderline. Transverse US image of nodular hyperplasia
in 60-year-old woman shows macrocalcification in peripheral portion of nodule. Patient underwent right lobectomy of thyroid, despite benign
cytology upon US-guided fine-needle aspiration, for pathologic confirmation. D. Probably benign. Longitudinal US image of benign nodule in
57-year-old woman shows isoechogenicity and smooth margin. E. Benign. Longitudinal US image of benign nodule in 46-year-old woman shows
ovoid shape, isoechogenicity, and smooth margin.

defined as increased and decreased echogenicity compared
with the strap muscle and the adjacent thyroid parenchyma,
respectively.

Nodule Classification

The criteria for the US diagnosis of a thyroid nodule
included the following: if a thyroid nodule exhibited two
or more US characteristics that suggested malignancy in
the thyroid US regardless of the existence of borderline
or benign US features, it was considered malignant; if
a thyroid nodule exhibited one US characteristic for
malignancy in the thyroid US regardless of the existence of

Fig. 2. Metastatic lymphadenopathy of papillary thyroid i : . ) )
carcinoma in perithyroidal region. Transverse US image in 27-year-  borderline or benign US features, it was considered as being

old woman shows associated lymph nodes (arrows) with intranodal suspicious for malignancy; if a thyroid nodule exhibited one

cystic components (arrowheads) along both tracheoesophageal

grooves in level of upper trachea or more borderline US features without US characteristics

that suggest malignancy regardless of the existence of

used to evaluate the vascularity of a thyroid nodule. 3) benign US features, it was considered to be borderline; if a
Borderline US characteristics of a thyroid nodule included thyroid nodule exhibited one or two US characteristics that
hypoechogenicity, centrally predominant vascularity, and suggest a benign nodule with no malignancy or borderline

macrocalcifications, including egg shell calcification and US features, it was considered as being probably benign; if
intranodular macrocalcifications. Hypoechogenicity was a thyroid nodule exhibited three or more US characteristics
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of a benign nodule with no malignancy or borderline US
features, it was considered to be benign. All thyroid nodules
were assessed by a single radiologist using real-time thyroid
US (Fig. 3).

US-Guided Fine-Needle Aspiration and Reference
Standard

US-quided fine-needle aspiration was performed once
for each thyroid nodule without the administration of
local anesthesia. For each sample, a smear was made on
4-6 slides that were fixed in 95% ethanol and sent to the
department of pathology for Papanicolaou staining. All 191
patients (M:F = 28:163; mean age, 48.0 [12.4] years) with
nodules (n = 191; size range, 0.5-8.2 cm; mean, 1.53 [1.1]
cm) underwent US-FNA for the following reasons: suspicious
US diagnosis (n = 68), borderline US diagnosis (n = 23),
screening (n = 77), insufficient cytology after palpation-
guided fine-needle aspiration biopsy (n = 12), positive risk
factor for thyroid malignancy (n = 5), and patient request (n
=6).

We compared US diagnoses with cytopathologic results.
Thyroid nodules classified as suspicious for malignancy and
malignant were collectively classified as malignant, and
thyroid nodules classified as probably benign and benign
were collectively classified as benign.

| Solid Thyroid Nodule |

N

4] ]

Five Three Four
malignant borderline benign
US features US features US features
Y A
A>2 Bx>1
(regardless of A(-) 5\2 3
presence (regardless of B ()
of B or C) presence of () )
A A
A=1
(regardless of ! i((:j 2
presence B (-)
of B or C)
A4
"Borderline"
A A
"Malignant" "Suspicious for "Probably "Benign"
malignancy" benign"

Fig. 3. US classification system with 5 categories for diagnosis
of solid thyroid nodules.
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Statistical Analysis

The sensitivity, specificity, positive and negative
predictive values, and accuracy for the US diagnosis of
thyroid nodules were calculated. The highest diagnostic
accuracy of US diagnosis depending on classification
as either benign or malignant using 5 US categories,
was determined by the receiver-operating characteristic
(ROC) analysis. To evaluate cut-off US criteria for thyroid
malignancy and the ability of the 5-category system
to allow differentiation between malignant and benign
nodules, the areas under the ROC curve (Az) were
determined. Statistically significant differences between Az
values are reported as 95% confidence intervals. Statistical
analyses were performed with the SPSS software package for
Windows (SPSS, Inc., Chicago, IL). Two-tailed p values less
than 5% were considered to be statistically significant.

RESULTS

After the thyroid US examination of 191 patients, one
radiologist prospectively classified each thyroid nodule as
follows: malignant (n = 52), suspicious for malignancy (n
= 16), borderline (n = 23), probably benign (n = 18), and
benign (n = 82). The US classifications with cytopathologic
results in 191 thyroid nodules are summarized in Table 1.

Of these patients, 103 (M:F = 14:89; mean age, 48.0
years) underwent thyroid surgery due to malignant
cytologic results (n = 67), positive US diagnosis despite
benign cytologic results upon consecutive US-FNA (n =
6), indeterminate cytology (n = 8), presence of a large
palpable mass with a benign cytology (n = 14), and patient
request (n = 8). Repeated US-FNA was performed on thyroid
nodules when the cytological results of the first US-FNA
were indeterminate for malignancy (n = 10) or inadequate
(n =5). The nodules (n = 81) assigned to the benign US
category and benign cytology were followed up with US
examination after at least 12 months; a significant interval
change, such as new detection of suspicious US features or
significant increase in nodular size (50% or more increase
in nodular volume) was not found. Out of the 191 patients,
43 exhibited a solitary thyroid nodule and 148 had two or
more thyroid nodules.

In the ROC analysis, the diagnostic accuracy of US
diagnosis was highest when malignant and suspicious
for malignancy were classified as malignant and other
US categories were classified as benign. The sensitivity,
specificity, positive and negative predictive values, and
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accuracy of thyroid US for differentiating a malignant lesion
from a benign one were 86%, 95%, 91%, 92%, and 92%,
respectively. Diagnostic indices for individual US categories
are shown in Table 2. The US categories for the diagnosis of
malignant and benign resulted in a high predictive value;
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100% positive predictive value for malignant, 86% negative

predictive value for malignant, and 96% positive predictive

value for benign. However, the suspicious for malignancy US

category yielded a relatively low diagnostic accuracy value.
The cut-off US criteria applied for thyroid malignancy

Table 1. Comparison of US Diagnoses and Cytopathological Results

US Classifications

Cytopathological Results

Malignant Benign Total
Malignant 52 0 52
Suspicious for malignancy 10 6 16
Borderline 19 23
Probably benign 15 18
Benign 3 79 82
Total 72 119 191
Table 2. Diagnostic Indices for Individual US Categories
Sensitivity (%)  Specificity (%) PPV (%) NPV (%) Accuracy (%)
Malignant 52/72 (72)  119/119 (100)  52/52 (100)  119/139 (86)  171/191 (90)
Suspicious for malignancy 10/72 (14) 113/119 (95) 10/16 (63) 113/175 (65) 123/191 (64)
Borderline* 19/119 (16) 68/72 (64) 19/23 (83) 68/168 (41) 87/191 (46)
Probably benign 15/119 (13) 69/72 (96) 15/18 (83) 69/173 (40) 84/191 (44)
Benign 79/119 (66) 69,/72 (96) 79/82 (96) 69/109 (63)  148/191 (78)

Note. — *Diagnostic index of borderline class when this was classified as benign. NPV = negative predictive value, PPV = positive

predictive value
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Fig. 4. Receiver-operating characteristic (ROC) analysis.

A. Receiver-operating characteristic curves for cut-off US criteria of malignancy. When nodules having 1, 2, or 3 or more malignant US features
were considered malignant, Az values were 0.940 (dotted line), 0.950 (dashed line), and 0.931 (dotted and dashed line), respectively. B.
Receiver-operating characteristic curve of US classification system when two or more malignant US features were considered as criteria of
malignant US diagnosis (Az value: 0.950, confidence interval: 0.914-0.986). Sensitivity, specificity, positive and negative predictive values, and
accuracy of US diagnosis were determined to be 86%, 95%, 91%, 92%, and 92%, respectively when malignant and suspicious for malignancy
cases were collectively classified as malignant and benign, while probably benign and borderline were collectively classified as benign.
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Table 3. Diagnostic Indices for Individual US Feature of Malignant and Benign Thyroid Nodules

Lee et al.

US Features Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Malignant Marked hypoechogenicity ~ 46/72 (64) 117/119 (98) 46/48 (96)  117/143 (82)  163/191 (85)
Marginal abnormality* 50/72 (69) 117/119 (98) 50/52 (96)  117/139 (84)  167/191 (87)
Microcalcifications 32/72 (44) 117/119 (98) 32/34 (94)  117/157 (75)  149/191 (78)
Taller-than-wide shape 46/72 (64) 119/119 (100)  46/46 (100) 119/143 (83)  165/191 (86)
Pfgﬁgfgé‘ii;pathy** 13/72 (18) 119/119 (100) 13/13 (100) 119/178 (67)  132/191 (69)

Borderline*** Hypoechogenicity
Centrally predominant
vascularity
Macrocalcifications
Benign Ovoid or flat shape
Isoechogenicity
Smooth margin

Peripheral vascularity

13/119 (11)
7/119 (6)

12/119 (10)
96/119 (81)
48/119 (40)
72/119 (61)
75/119 (63)

56/72 (78)  13/29 (45)  56/162 (35)  69/191 (36)
64/72 (89) 7/15 (47)  64/176 (36)  71/191 (37)
62/72 (86)  12/22 (55)  62/169 (37)  74/191 (39)
66/72 (92)  96/102 (94) 66/89 (74)  162/191 (85)
66/72 (92)  48/54 (89)  66/137 (48)  114/191 (60)
53/72 (74)  72/91(79)  53/100 (53)  125/191 (65)
70/72 (97)  75/77(97)  70/114 (61)  145/191 (76)

Note. — *Marginal abnormality with microlobulation, spiculated margin, or perithyroidal infiltration, **Perithyroidal
lymphadenopathy with intranodal microcalcifications or cystic component, ***Diagnostic index of borderline US features when

these were classified as benign. NPV = negative predictive value, PPV = positive predictive value

Fig. 5. Benign nodule designated as suspicious for malignancy
as result of thyroid US in 52-year-old woman (false positive).
Longitudinal US image of thyroid nodule in left mid-lobe shows
hypoechogenicity, spiculated margin, and round shape (arrow);
however, lesion was confirmed as spontaneously collapsed nodule of
previous benign cystic thyroid nodule by consecutive US-fine needle
aspirations and follow-up US.

were significant for ROC analysis (Fig. 4A). When nodules
having two or more malignant US features were considered
malignant, the Az value was 0.950, which is the highest
among Az values. An ROC analysis revealed that the
diagnostic accuracy of thyroid US using the present US
classification system was very good (Az = 0.950) (Fig. 4B).
In addition, diagnostic indices for individual US features of
malignant and benign solid thyroid nodules are shown in
Table 3.

All of the nodules designated as malignant upon thyroid
US, were confirmed to be papillary thyroid carcinomas (PTCs)
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with the exception of one medullary thyroid carcinoma.
Sixteen nodules designated as suspicious for malignancy
included 10 PTCs, four pseudonodules related to thyroiditis,
one benign lesion confirmed as a spontaneous collapse

of a previously benign cystic nodule, and one nodular
hyperplasia (Fig. 5). Out of the 82 nodules designated as
benign, three PTCs and 79 benign nodules were identified,
including six cases of nodular hyperplasia and one case of
follicular adenoma, each confirmed by surgery (Fig. 6). Of
the 18 nodules designated as probably benign, three PTCs
were surgically confirmed. Pathological diagnoses in the
borderline US category included three PTCs, one follicular
thyroid carcinoma, five follicular adenomas, one Hurthle cell
adenoma, and six cases of nodular hyperplasia. However,
for the seven thyroid nodules designated as borderline, the
patients did not undergo thyroid surgery due to benign
cytological results after US-FNA.

DISCUSSION

High-resolution thyroid US is the most useful diagnostic
tool for evaluating thyroid nodules. Numerous published
studies report the diagnostic accuracy of thyroid US for
thyroid nodules, and several US characteristics have been
introduced as potential predictors of thyroid malignancy
(1-19). However, there is a considerable overlap of the
US characteristics between benign and malignant thyroid
nodules in many reports (1-17). In addition, these studies
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Fig. 6. Papillary thyroid carcinoma designated as benign from thyroid US in 18-year-old woman (false negative).
Longitudinal US image of right thyroid nodule shows ovoid shape, isoechogenicity, smooth margin, and peripheral vascularity (A, B).

are either retrospective or do not include a systemized
diagnostic classification for thyroid US. In particular,
retrospective evaluations of thyroid images are limited due
to being restricted to a pre-existing set of images.

We attempted to determine the diagnostic accuracy of a
US classification system using 5 categories for solid thyroid
nodules and real-time US. To our knowledge, no studies use
different US diagnosis systems according to solid or cystic
thyroid nodules. Recently, one of the authors reported the
high accuracy of real-time US diagnosis for partially cystic
thyroid nodules using a US classification system with 4
categories (15). Kim et al. (1) reported that the sensitivity
of thyroid US is high for non-palpable thyroid nodules;
they also reported that US findings for non-palpable
thyroid nodules are different for benign and malignant
lesions and can be helpful for differentiating between the
abovementioned lesions. Compared with the study by Kim et
al. (1), the diagnostic accuracy of thyroid US is greater in
the present study. We believe that there are several reasons
behind the high diagnostic accuracy of thyroid US in the
present study. First, we used a US classification system with
5 categories. Second, we used real-time US and a relatively
higher resolution US modality compared with the previous
study (1). Finally, the present study describes the existence
of lymphadenopathy with intranodal microcalcifications
or cystic components, which are sonographic features of
associated lymph nodes in favor of malignancy, as described
in previous studies (17-19). Recently, Horvath et al. (4)
have reported that an ultrasonography-based reporting
system improved patient management and cost-effectiveness
by helping avoid unnecessary FNA. However, the diagnostic
indices in their study were similar to or lower than those
of our study, though they used the clinical information
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of patients in the determination of US classification. In
addition, we considered lymph nodes associated with
intranodal microcalcifications or cystic components in the
perithyroidal region to be malignant criteria when there
was no mass within the visceral space, with the exception
of the thyroid upon US examination. However, further study
is required to evaluate the significance of the lymph nodes
associated with intranodal microcalcifications or cystic
components in diagnosis of thyroid nodules.

We classified US diagnoses of solid thyroid nodules into 5
categories. Because all nodules assigned to the malignant
US category upon thyroid US were confirmed as PTCs, we
presume that the possibility of a benign lesion could be
excluded if a thyroid nodule had two or more US features
suggestive of malignancy as observed in the thyroid US.

In the case of the suspicious for malignancy category, the
incidence of malignancy is obviously high; however, the
possibility of a benign lesion should be considered. The
borderline US category includes a considerable number of
benign and malignant nodules, although benign nodules
were predominant among them. If a thyroid nodule is
classified into the borderline category in the thyroid US, we
recommend one or more trials of consecutive US-FNAs.

Three borderline US features were included in the present
study. The specificity of hypoechogenicity for the diagnosis
of malignant thyroid nodules remains uncertain, whereas
marked hypoechogenicity is regarded as a significantly
specific criterion (1-3, 5-8, 11). The diagnostic accuracy of
color Doppler US remains controversial with respect to the
differentiation of benign and malignant thyroid nodules
(5-7). Frates et al. (7) observed centrally predominant
vascularity in a higher percentage of malignant nodules
than benign nodules (42% and 14% respectively). In
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addition, controversy remains over the likelihood of
malignancy according to the presence, pattern, or shape
of macrocalcifications in thyroid nodules (9, 20-22),

as some investigators report that interrupted eggshell
calcifications on thyroid nodules suggest malignancy (23-
26). In this study, the incidence of hypoechogenicity,
centrally predominant vascularity, and macrocalcifications
were 28% (20 of 72), 11% (8 of 72), and 15% (11 of 72)
for malignant nodules, and 9% (11 of 119), 6% (7 of 119),
and 9% (11 of 119) for benign nodules, respectively. This
result is consistent with our assumption that borderline US
features are indeterminate for malignancy. However, further
study is required to evaluate the significance of these
borderline US features.

There are several limitations to this study. First, only
one dominant thyroid nodule for each patient was
selected. This, in addition to the high incidence of thyroid
malignancy, might have resulted in a bias. Second, 81
nodules assigned to benign US categories and benign
cytology after US-FNA only underwent a follow-up thyroid
US after at least 12 months without additional US-FNA or
thyroid surgery. However, they showed no suspicious US
features or significant increase in nodular size on follow-
up US. However, US follow-up intervals after 12 months
might to be too short to confirm the benignity of the
thyroid nodules. Third, the incidence rate of PTCs for thyroid
malignancy was 97% (70 of 72). Finally, all US diagnoses
were determined by a single radiologist. As a result, a
multicenter study is required.

In summary, the diagnostic accuracy of thyroid US for
solid thyroid nodules is good when the 5-category US
classification system is applied.
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