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Abstract
Objectives (1) To compare the American College of Radiology (ACR) thyroid imaging reporting and data system (TIR-
ADS) and American Thyroid Association (ATA) guidelines for thyroid nodules with regard to diagnostic performance and
effectiveness at reducing the number of fine-needle aspiration (FNA) biopsies and to preliminarily discuss the reasons for the
differences and (2) to compare the diagnostic performance of the two guidelines in the subgroup of nodules <1 cm in
diameter.
Materials and methods In the present study, 1000 thyroid nodules in 894 consecutive patients with final diagnoses were
included; these thyroid nodules were investigated via FNA biopsies in our hospital. The ultrasound (US) features of the
thyroid nodules were reviewed and stratified according to the categories defined by the ACR TIRADS and ATA guidelines.
Results Compared with the ACR TIRADS guidelines, the ATA guidelines had a higher sensitivity (93.4% (P < 0.001)) and
a larger negative predictive value (NPV) (85.3% (P= 0.034)). Compared with the ATA guidelines, the ACR TIRADS
guidelines had a higher specificity (66.0% (P < 0.001)), a greater PPV (73.6% (P= 0.001)), and greater accuracy (75.5%
(P= 0.017)). Compared with the ATA guidelines, the ACR TIRADS guidelines resulted in significantly fewer unnecessary
FNA biopsies (P= 0.007).
Conclusions This study suggests that both the ACR TIRADS and ATA guidelines have unique strengths with regard to their
diagnostic performance. In terms of reducing the number of FNA biopsies, the ACR TIRADS guidelines were superior to the
ATA guidelines.
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Abbreviations
ACR American College of Radiology
ATA American Thyroid Association
FNA fine-needle aspiration
CNB core-needle biopsy
TIRADS thyroid imaging reporting and data system
US ultrasound

Introduction

The incidence of thyroid cancer has increased substantially
in the past few decades [1–3], although it has stabilized in
recent years [4]. The accurate diagnosis and management of
thyroid nodules are now considered to be of great impor-
tance [5]. Various guidelines have recommended that
ultrasound (US) be performed as the first-line examination
for the diagnosis of thyroid nodules [6–10].

According to the 2015 American Thyroid Association
(ATA) management guidelines for adult patients with
thyroid nodules and differentiated thyroid cancer, thyroid
nodules are stratified into five types based on their US
characteristics [10]. Each type has a different risk of
malignancy, and a fine-needle aspiration (FNA) biopsy may
be recommended due to a nodule’s size. Some studies have
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sought to compare the ATA guidelines with other guide-
lines [11–13].

In 2017, the thyroid imaging reporting and data system
(TIRADS) was described by the American College of
Radiology (ACR) to guide the differential diagnosis and
decisions regarding the need for FNA biopsies of thyroid
nodules [14]. In the ACR TIRADS, thyroid nodules are
stratified into five types according to their US scores. FNA
biopsies may then be recommended based on a nodule’s
ACR TIRADS type and its largest diameter. Some scholars
have published studies on the use of this classification
system [15–25]. A few of those studies make comparisons
between the ACR TIRADS and the ATA guidelines with
regard to the efficacy of the management of thyroid nodules
[17, 18, 21–23]. However, none of these studies discussed
the probable reasons for the difference in diagnostic per-
formance between the two sets of guidelines; such a dis-
cussion would be useful for clinicians, who seek to provide
optimal recommendations to patients with thyroid nodules
according to the actual condition of the patient. Moreover,
only Ha EJ’s study referred to the diagnostic performance of
the two sets of guidelines for nodules <1 cm in diameter,
and investigating that performance was not their main
research aim [18]. Though in most cases, the analysis of
thyroid nodules larger than 1 cm can be satisfactory, the
accurate qualitative analysis of nodules <1 cm is also nee-
ded for some patients with high-risk factors (such as
childhood exposure history, familial thyroid cancer, lym-
phadenopathy, rapid nodule growth, and hoarseness).

Accordingly, the aims of this study were as follows: (1)
to compare the ACR TIRADS and ATA guidelines for
thyroid nodules with regard to their diagnostic performance
and effectiveness at reducing the number of FNA biopsies
and to preliminarily discuss the reasons for the differences
and (2) to compare the diagnostic performance of the two
guidelines in the subgroup of nodules <1 cm in diameter.

Materials and methods

This study was approved by the Ethics Committee of the
China-Japan Union Hospital of Jilin University, Chang-
chun, China.

Patients

From April 2016 to March 2017, FNA biopsies were per-
formed on 1315 consecutive nodules in our department.
Among these nodules, 315 nodules were excluded since a
final diagnosis was not obtained. Among those excluded
nodules, 98 had nondiagnostic or unsatisfactory FNA
biopsy results, and 217 nodules had indeterminate cytology
findings atypia of undetermined significance/follicular

lesion of undetermined significance (AUS/FLUS), follicular
neoplasm (FN), suspicious for malignancy (SUS). In total,
1000 thyroid nodules (the number was prespecified by a
power analysis) with final diagnoses in 894 consecutive
patients were included in this study (Fig. 1).

With regard to the malignant nodules (n= 530), 387
nodules removed during surgery were diagnosed based on
the histopathologic results after surgery, 163 nodules that
were not excised were diagnosed by FNA biopsy or core-
needle biopsy (CNB). With regard to the benign nodules
(n= 470), 10 nodules removed during surgery were diag-
nosed by the histopathologic results after surgery, 128
nodules were diagnosed by at least two FNA biopsies or
CNBs, and 332 nodules were diagnosed by FNA biopsy or
CNB with at least 12 months of follow-up during which the
size of the nodule decreased or remained stable.

US examination and image analysis

All US examinations were performed with a 4–9MHz or
9–14MHz linear probe (MINDRAY® DC-8Exp color
Doppler Ultrasound System, Shenzhen, China). The images
and videos of each nodule were recorded by a physician
with over 20 years of experience in US examinations. Most
nodules were detected by a 9–14MHz linear probe for
information acquisition. However, when a nodule is large,
and the position of the nodule is deep, the high-frequency
linear array probe sometimes cannot display the nodule very
well. In those instances, a 4–9MHz linear probe, which can
increase the penetration of the ultrasonic waves, should be
used to detect the deep portion of the nodule. All nodules
were jointly evaluated by three doctors with over 15 years
of experience in analyzing thyroid USs. Without any pre-
vious information about the pathologic results and basing
their analyses on the ACR and ATA guidelines, the doctors

Fig. 1 Flowchart shows the participants of our study
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evaluated the composition (cystic, solid, mixed cystic, and
solid), echogenicity (anechoic, hyperechoic, isoechoic,
hypoechoic, very hypoechoic), shape (taller-than-wide or
not), margins (smooth or ill-defined, lobulated or irregular,
extrathyroidal extension), and echogenic foci (macro-
calcifications, peripheral calcifications, and punctuate
echogenic foci). All the evaluated results were obtained by
consensus among the three doctors. Instead of first ana-
lyzing all the nodules and then discussing their results to
arrive at a consensus, the three doctors analyzed each
nodule and immediately discussed that nodule to reach a
consensus before moving on to analyzing the next nodule.
Disagreements among the doctors were resolved by
selecting the conclusion reached by the majority. After a
consensus was achieved for a nodule, the agreement was
used as a standard for the subsequent analyses. After
reviewing the nodules, the doctors scored and categorized
the nodules according to the ACR TIRADS guidelines, e.g.,
TR1 (0 point), TR2 (2 points), TR3 (3 points), TR4 (4–6
points), and TR5 (≥7 points), and according to the ATA
guidelines, e.g., benign, very low suspicion, low suspicion,
intermediate suspicion, and high suspicion.

Statistical analyses

SPSS 23.0 for Windows was employed for the statistical
analyses. The receiver operating characteristic (ROC) curve
was generated based on the pathological results of all 1000
thyroid nodules to determine the cutoff values for benign
and malignant thyroid nodules according to the ACR and
ATA guidelines. With regard to the diagnosis of the thyroid
nodules, we calculated the sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
and accuracy of the two sets of guidelines and compared
them with the McNemar test. Based on the pathological
results, we calculated the malignancy risk of the ACR
scores and categories and the ATA risk stratification grades.
A similar analysis was performed with the subgroup of
nodules ≤1 cm in diameter. Furthermore, for nodules larger
than 1 cm, the rate of unnecessary FNA biopsies was
compared following the criteria in both the ACR and ATA
guidelines. A significant difference was defined as P < 0.05.

Results

General characteristics

In the present study, 1000 thyroid nodules with final diag-
noses in 894 consecutive patients were finally included. In
total, 794 patients had one nodule each, 95 patients had two
nodules, 4 patients had three nodules, and 1 patient had four

nodules. Of the 1000 thyroid nodules, 470 (47%) were
diagnosed as benign, and 530 (53%) were diagnosed as
malignant. There were 336 lesions <1 cm in diameter. The
numbers of nodules in each size category are listed in
Table 1.

Comparison of diagnostic performance between the
ATA and ACR guidelines

All 1000 thyroid nodules could be classified following the
ACR guidelines, and 940 could be classified according to
the ATA guidelines. In total, 6% (60 of 1000) of the
nodules did not meet the criteria for any pattern in the ATA
guidelines; 10 of the 60 nodules were malignant, yielding a
malignancy risk of 16.7% (10 of 60). As suggested by the
ROC curve (Fig. 2), the ACR guidelines could distinguish
between benign and malignant nodules with a cutoff value
of 4.5, meaning that when the TR (TIRADS) is 5, the
diagnosis is that the nodule is malignant, and when the TR

Table 1 Number of nodules in each size category in the group

Size (cm) No. of
nodules

Benign
nodules

Malignant
nodules

Mean ± SD

<1.0 336 (33.6) 165 (16.5) 171 (17.1) 0.81 ± 0.13

1.0–1.5 504 (50.4) 226 (22.6) 278 (27.8) 1.19 ± 0.14

1.5–2.0 77 (7.7) 43 (4.3) 34 (3.4) 1.68 ± 0.13

2.0-2.5 33 (3.3) 15 (1.5) 18 (1.8) 2.17 ± 0.15

≥2.5 50 (5.0) 21 (2.1) 29 (2.9) 3.89 ± 1.01

Data in parentheses are percentages

SD standard deviation

Fig. 2 The ROC curve of the ACR and ATA guideline
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is 4 or less, the diagnosis is that the nodule is benign; this
cutoff value yielded the most accurate diagnoses based on
the ACR guidelines. The ATA guidelines could differ-
entiate between benign and malignant nodules with a cutoff
value of 4.5. In other words, when the risk stratification is
high suspicion, the diagnosis is that the nodule is malig-
nant, and when the risk stratification is intermediate sus-
picion and below, the diagnosis is that the nodule is benign;
this cutoff value led to the best diagnostic accuracy for the
ATA guidelines.

The diagnostic performance of the ACR and ATA
guidelines were evaluated based on the above criteria.
Compared with the ACR guidelines, the ATA guidelines
were more sensitive (93.4% (P < 0.001)) and had a larger
NPV (85.3% (P= 0.034)). Compared with the ATA
guidelines, the ACR guidelines were more specific (66.0%
(P < 0.001)), had a larger PPV (73.6% (P= 0.001)), and
were more accurate (75.5% (P= 0.017)). The comparison
of the diagnostic performance between the two guidelines is
shown in Table 2.

The malignancy risk of different categories in the
ACR and ATA guidelines

In this study, the malignancy risk of the ATA high-risk
classification is 65.0%, which is close to the theoretical
value of 70–90%. The malignancy risk of the ACR TR5
category is 73.6%, which is much higher than the theore-
tical 20%. Table 3 shows the malignancy risk for each
category in the two guidelines. Moreover, as the ACR
score increases, so does the malignancy risk. In addition,
based on the pathological results, we analyzed the malig-
nancy risks of various malignant signs in line with the
malignant signs on US proposed in the ACR guidelines.
Among them, the malignancy risks of very hypoechoic,
taller-than-wide and punctuate echogenic nodules were all
above 70% (Table 4).

Comparison of the rates of unnecessary FNA
biopsies

For 664 nodules larger than 1 cm (305 benign and 359
malignant), the rates of unnecessary FNA biopsies were
23.3% when following the ACR guidelines and 35.2%
when following the ATA guidelines. The difference is
significant (P= 0.011). Furthermore, 327 out of 359
malignant lesions (91.1%) were detected by following the
ACR FNA biopsy guidelines, and 348 out of 359 malignant
lesions (96.9%) were detected by following the ATA FNA
biopsy guidelines. Though the slightly more malignant
lesions were detected by following the ATA guidelines
compared with the ACR guidelines, the difference was not
significant (P= 0.180). The comparison of the rates ofTa
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unnecessary FNA biopsies between the two guidelines is
shown in Table 5.

Comparison of diagnostic performance between the
two guidelines for nodules <1 cm in diameter

In this study, there were 336 nodules <1 cm in diameter. In
addition, the diagnostic performance of the ATA and ACR
guidelines for those nodules was different (Table 2).
Compared with the ACR guidelines, the ATA guidelines
had a higher sensitivity (93.6% (P < 0.001)) and a larger
NPV (86.6% (P= 0.042)). Compared with the ATA
guidelines, the ACR guidelines had a higher specificity
(70.3% (P < 0.001)) and a larger PPV (73.1% (P= 0.027)).
The accuracy of the ACR guidelines was slightly higher
(74.1%) than that of the ATA guidelines, although the
difference was not significant (P= 0.220). As the risk
stratification level increases, the malignancy risk of nodules
<1 cm in diameter also increases. The malignancy risk of
the ATA high-risk classification is 63.0%, which is close to
the theoretical value of 70–90%. The malignancy risk of
ACR TR5 category is 73.1%, which is higher than the
theoretical 20% (Table 3). As the ACR score increases, the
malignancy risk of nodules <1 cm in diameter also increa-
ses. We also analyzed the malignancy risks of various
malignant signs in line with the US malignant signs pro-
posed in the ACR guidelines (Table 4). Among these signs,
the malignancy risks of very hypoechoic and punctuate
echogenic nodules are both above 70%.

Discussion

This study suggests that ACR and ATA guidelines had
different strengths with regard to diagnosing thyroid
nodules. Compared with the ACR guidelines, the ATA
guidelines had a higher diagnostic sensitivity and a larger
NPV. However, compared with the ATA guidelines, the
ACR guidelines yielded a higher specificity, larger PPV,
and greater accuracy. Compared with the ATA guidelines,
the ACR guidelines had a lower rate of unnecessary FNA
biopsies (P= 0.007). For the subgroup of nodules <1 cm in
diameter, compared with the ACR guidelines, the ATA
guidelines still had a higher sensitivity and a larger NPV,
while comparing with the ATA guidelines, the ACR
guidelines still had a higher specificity and larger PPV.
However, the diagnostic accuracies of the two guidelines
for nodules <1 cm were not significantly different.

Diagnostic performance

In previous studies [17, 18, 21, 23], the diagnostic perfor-
mance of the ATA and ACR guidelines have been com-
pared for thyroid nodules larger than 1 cm. However, only
Ha EJ’s study referred to the diagnostic performance for
nodules <1 cm in the ACR and ATA guidelines, and it was
not their main research aim [18]. Moreover, none of these
studies discussed the probable reasons for the difference in
performance of the two guidelines in diagnosing thyroid
nodules.

Table 3 Comparison of malignancy risk according to category in various guidelines

Guideline Benign nodules Malignant nodules Total Suggested risk of
malignancy (%)

Calculated risk of
malignancy (%)

All
(n= 470)

<1 cm
(n = 165)

All
(n= 530)

<1 cm
(n= 171)

All
(n= 1000)

<1 cm
(n= 336)

All <1 cm

ACR 2017

Highly suspicious 160 49 445 133 605 182 >20 73.6 73.1

Moderately suspicious 261 100 83 38 344 138 5–20 24.1 27.5

Mildly suspicious 34 11 2 0 36 11 5 5.6 0

Not suspicious 15 5 0 0 15 5 <2 0 0

Benign 0 0 0 0 0 0 <2 0 0

ATA 2015

High suspicion 267 94 495 160 762 254 >70–90 65.0 63.0

Intermediate suspicion 94 48 23 11 117 59 10–20 19.7 18.6

Low suspicion 54 11 2 0 56 11 5–10 3.6 0

Very low suspicion 5 5 0 0 5 5 <3 0 0

Benign 0 0 0 0 0 0 <1 0 0

Not specifieda 50 7 10 0 60 7 … 16.7 0

All acronyms are as given in Table 2
aIsoechoic nodules with suspicious US features (irregular margins, microcalcifications, and taller-than-wide shape) could not be classified as any
specific pattern with the ATA criteria
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In this study, thyroid nodules including <1 cm were
analyzed, and the cutoff value of the optimal diagnostic
performance was obtained from the ROC curve. The high
suspicion nodules of the ATA guidelines and the TR5
nodules of the ACR guidelines served as criteria for the
definition of malignancy. Analysis suggested that compared
with the ATA guidelines, the ACR guidelines have a higher
specificity (66.0%, P < 0.001), have a larger PPV (73.6%,
P= 0.001), and are more accurate (75.5%, P= 0.017),
while comparing with the ACR guidelines, the ATA
guidelines have a higher sensitivity (93.4%, P < 0.001) and
a larger NPV (85.3%, P= 0.034). We thought this was
because the ATA guidelines use lobes or infiltration at the
edge of the nodule as a critical grading indicator. For
instance, when a solid hypoechoic thyroid nodule with edge
lobulation or marginal infiltration is stratified as a highly

suspicious nodule, this nodule will be defined as malignant.
The same nodule in the ACR guideline is classified as solid
(2 points), hypoechoic (2 points), and having edge irregu-
larity (2 points); this nodule receives a total score of 6
points and is classified as TR4, while it indicates that it is a
benign nodule. If the pathological diagnosis of this nodule
is benign (Fig. 3a), the ACR guidelines will have diagnosed
it correctly and will have a higher specificity. If the
pathological diagnosis of this nodule is malignant (Fig. 3b),
the ATA guidelines will have diagnosed it correctly and
will have a higher sensitivity.

However, the ACR guidelines could have a greater
accuracy because unlike the ATA guidelines, they take into
account macrocalcification. For instance, for a solid,
hypoechoic, marginal irregular nodule with a pathological
diagnosis of malignancy, the ATA guidelines rate the

Table 4 Frequency of US findings in all (1000 nodules) and <1 cm (336 nodules) thyroid nodules based on expert consensus

Findings Nodules Benign Malignant Malignant
rate (%)

All
(n= 1000)

<1 cm
(n= 336)

All
(n= 470)

<1 cm
(n= 165)

All
(n= 530)

<1 cm
(n= 171)

All <1 cm

Composition

Cystic or spongiform 1 (0.1) 0 1 (0.2) 0 0 0 0 0

Cystic and solid 52 (5.2) 13 (3.9) 38 (8.1) 11 (6.7) 14 (2.6) 2 (1.2) 26.9 26.9

Solid 947 (94.7) 323 (96.1) 431 (91.7) 154 (93.3) 516 (97.4) 169 (98.8) 54.5 52.3

Echogenicity

Anechoic 0 0 0 0 0 0 … …

Hyperechoic or isoechoic 117 (11.7) 21 (6.3) 97 (20.6) 18 (10.9) 20 (3.8) 3 (1.8) 17.1 14.3

Hypoechoic 778 (77.8) 272 (81.0) 343 (73.0) 136 (82.4) 435 (82.1) 136 (79.5) 55.9 50.0

Very hypoechoic 105 (10.5) 43 (12.8) 30 (6.4) 11 (6.7) 75 (14.2) 32 (18.7) 71.4 74.4

Shape

Taller-than-wide 374 (37.4) 158 (47.0) 109 (23.2) 54 (32.7) 265 (50.0) 104 (60.8) 70.9 65.8

Not taller-than-wide 626 (62.6) 178 (53.0) 361 (76.8) 111 (67.3) 265 (50.0) 67 (39.2) 42.3 42.3

Margi

Smooth or ill defined 358 (35.8) 155 (46.1) 244 (51.9) 92 (55.8) 114 (21.5) 63 (36.8) 31.8 40.6

Irregular or lobulated 611 (61.1) 181 (53.9) 216 (46.0) 73 (44.2) 395 (74.5) 108 (63.2) 64.6 59.7

Extrathyroidal extension 31 (3.1) 0 10 (2.1) 0 21 (4.0) 0 67.7 0

Echogenic focia

Macrocalcifications 55 (5.5) 13 (3.9) 35 (7.4) 10 (6.1) 20 (3.8) 3 (1.8) 36.4 23.1

Peripheral calcifications 32 (3.2) 11 (3.3) 21 (4.5) 6 (3.6) 11 (2.1) 5 (2.9) 34.4 45.5

Peripheral and
macrocalcifications

30 (3.0) 6 (1.2) 15 (3.2) 5 (3.0) 15 (2.8) 1 (0.6) 50.0 16.7

Punctate 264 (26.4) 35 (10.4) 75 (16.0) 6 (3.6) 189 (35.7) 29 (17.0) 71.6 82.9

Punctate and
macrocalcifications

34 (3.4) 2 (0.6) 10 (2.1) 0 24 (4.5) 2 (1.2) 70.6 100.0

Punctate and peripheral
calcifications

5 (0.5) 13 (3.9) 0 0 5 (0.9) 2 (1.2) 100.0 100.0

Unless otherwise indicated, data are number of nodules, and data in parentheses are percentages
aNodules could have more than one type of echogenic foci
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nodule as highly suspicious, which is a correct diagnosis,
whereas the ACR guidelines rate the nodule 6 points (TR4),
which is a misdiagnosis. However, when this nodule is
accompanied by macrocalcification, the ACR guidelines
would rate the nodule 7 points (TR5), which is a correct
diagnosis (Fig. 3c). Furthermore, the ACR guidelines divide
hypoechoic into hypoechoic and very hypoechoic. Very
hypoechoic is defined as decreased echogenicity relative to
that of the adjacent neck musculature [26], and ACR
guidelines increase the score for very hypoechoic to 3
points, which could also be a reason for their superior
diagnostic accuracy. For instance, the score of a malignant,
solid, very hypoechoic, irregular edged thyroid nodule
(Fig. 3d) would be 7 points (TR5) according to the ACR
guidelines, which would be the correct diagnosis. In the
present study, the malignancy rate of very hypoechoic
nodules was 71.4%, which was much higher than the 55.9%
of hypoechoic nodules (Table 4). This is evidence sup-
porting the supposition that very hypoechoic nodules are
more likely to be malignant. The diagnostic accuracy of the
ACR guidelines (75.5%) is higher than that of the ATA
guidelines (69.8%, P= 0.004), which is probably caused by
the scoring of macrocalcification and very hypoechoic
nodules in the ACR guidelines. At the same time, we should
highlight that the ROC-derived cutoff value is not recom-
mended as a diagnostic standard to be used in clinical
practice as it may underestimate the real accuracy.

In addition, in previous studies, it was found that nearly
3.4–13.9% of lesions could not be evaluated by the ATA
guidelines [22, 23, 27]. In this study, 60 of the 1000
lesions (6%) were not evaluated by the ATA guidelines
(Fig. 3e) since the stratification in the ATA guidelines did
not include the evaluation of hyperechoic nodules or
isoechoic nodules with malignant signs (taller-than-wide,
punctate, marginal irregularities, etc.). However, 10
(16.7%) of these nodules were malignant. This may be a
disadvantage of the ATA guidelines, which should be
investigated in the future.

FNA performance

Our study suggests that following the ACR guidelines
significantly reduce the number of unnecessary FNA biop-
sies compared with following the ATA guidelines. Some
previous studies suggested that the ACR guidelines were
more effective at guiding decisions regarding performing
FNA biopsies [16–18, 22, 23], whereas some researchers
believe that the FNA biopsy threshold of the ACR guide-
lines needs more consideration and prospective validation
[15]. In this study, the number of FNA biopsies performed
when following the ACR guidelines was 482, of which 327
were malignant and 155 were benign (23.3%); these num-
bers are significantly lower than the 582 FNA biopsiesTa
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performed when following the ATA guidelines, of which
348 were malignant and 234 were benign (35.2%). In the
subgroup analysis, in which the TR5 of the ACR guidelines
was compared with the highly suspicious group of the ATA
guidelines and the TR4 of the ACR guidelines was

compared with the intermediate suspicion group of the ATA
guidelines, the differences were significant (P < 0.05)
(Table 5). This is because the ATA guidelines have a higher
weight given to marginal lobulation or infiltration, leading
to more benign nodules being evaluated as highly

Fig. 3 a This is a solid, hypoechoic, edge-leaved nodule. The pathological diagnosis is a benign nodule. The ACR guideline is classified as TR4
and is a benign nodule. The ATA guideline is classified as highly suspicious and is a malignant nodule. The ACR guidelines are diagnosed
correctly, indicating that the ACR guidelines have a higher specificity. b This is a solid, hypoechoic, edge irregularly nodule. The pathological
diagnosis is a malignant nodule. The ACR guideline is classified as TR4 and is a benign nodule. The ATA guideline is classified as highly
suspicious and is a malignant nodule. The ATA guidelines are diagnosed correctly, indicating that the ATA guidelines have a higher sensitivity.
c This is a solid, hypoechoic, macrocalcification, irregularly shaped nodule. The pathological diagnosis is a malignant nodule. The ATA guideline
is classified as highly suspicious and is a malignant nodule. The ACR guidelines are classified as solid (2 points), hypoechoic (2 points), edge
irregularity (2 points), macrocalcification (1 point), a total of 7 points, rated TR5, is a malignant nodule. Because of 1 point of macrocalcification,
the ACR guidelines get the correct diagnosis. d This is a solid, very hypoechoic, irregularly shaped nodule. The pathological diagnosis is a
malignant nodule. The ATA guideline is classified as highly suspicious and is a malignant nodule. The ACR guidelines are classified as solid
(2 points), very hypoechoic (3 points), edge irregularity (2 points), a total of 7 points, rated TR5, is a malignant nodule. Because of 1 added point of
very hypoechoic, the ACR guidelines get the correct diagnosis. e This is a solid, isoechoic, punctate calcification, irregular edge nodules. The
pathological diagnosis is a malignant nodule. The ACR guideline is classified as TR5 and is a malignant nodule. The ATA guidelines cannot be
classified. This is because the stratification of the ATA guidelines does not include the evaluation of hyperechoic nodules or isoechoic nodules with
malignant signs (taller-than-wide, punctate, marginal irregularities, etc.)
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suspicious nodules, which in turn leads to more unnecessary
FNA biopsies being performed. Moreover, the ACR
guidelines increase the threshold for FNA biopsies in
moderately suspicious nodules, from 1.0 cm (ATA guide-
lines) to 1.5 cm, which also reduces the number of unne-
cessary FNA biopsies performed. However, we also
recognize that reducing the number of unnecessary FNA
biopsies may reduce the detection of malignant nodules. In
the 359 malignant nodules larger than 1 cm, 327 (91.1%)
malignant nodules were detected according to the FNA
biopsy standard of the ACR guidelines, and 348 (96.9%)
malignant nodules were detected according to the FNA
biopsy standard of the ATA guidelines. However, the
difference between the two guidelines is not significant
(P= 0.180).

Nodules <1 cm in diameter

Our study included nodules <1 cm in diameter, which is
necessary to manage some patients with high-risk factors,
such as childhood exposure history, familial thyroid cancer,
lymphadenopathy, rapid nodule growth, and hoarseness.
Although most current guidelines recommend active sur-
veillance of nodules <1 cm exhibiting highly suspicious US
features, we chose to perform biopsies to obtain a confirmed
diagnosis. First, a confirmed diagnosis of benign nodules
can reduce unnecessary active surveillance. Second, a
confirmed diagnosis can help to alleviate the psychological
burden on the patients. Finally, a confirmed diagnosis is
required for some patients with high-risk factors even when
the nodules are <1 cm in diameter. In addition, when a
nodule <1 cm in diameter is diagnosed as a malignant
nodule, we recommend that patients with high-risk factors
undergo surgery, whereas those without high-risk factors
were recommended to receive active surveillance. In this
study, among 171 malignant nodules <1 cm, 163 nodules
were actively surveilled, and the 8 nodules with high-risk
factors were surgically excised. Thus, we also avoided
overtreatment. For the subgroup of nodules <1 cm in dia-
meter, compared with the ACR guidelines, the ATA
guidelines still had a higher sensitivity and a larger NPV,
while comparing with the ATA guidelines, the ACR
guidelines had a higher specificity and a larger PPV; the
diagnostic accuracies of the two guidelines were not sig-
nificantly different. Previous studies have used the ACR
guidelines to analyze nodules <1 cm [18, 19, 22], but
Weiss’s research did not compare the ACR and ATA
guidelines. Though it compared the ACR and ATA guide-
lines, Middleton’s study did not separately analyze nodules
<1 cm in diameter. Only Ha EJ’s study referred to the
diagnostic performance of the sets of guidelines for nodules
<1 cm in diameter, but this was not their main research aim.
Our study analyzed 336 nodules <1 cm in diameter and

found that the ATA guidelines still had a higher sensitivity
and a larger NPV, while the ACR guidelines had a higher
specificity and a larger PPV. However, the diagnostic
accuracies of the two guidelines were not significantly
different. This is slightly different from the results of the
analysis of all 1000 nodules. We believe that the difference
in accuracy for the two guidelines was not significant due to
the small sample size.

Interobserver variability

Different from other studies on interobserver variability
[28, 29], we take a completely different approach to inter-
observer variability. In our study, the three experts analyzed
each nodule and then immediately discussed their findings
to achieve a consensus before moving on to analyzing the
next nodule. If the three experts disagreed, the opinion of
the majority was followed. After the consensus was reached
for a previous nodule, the agreement was used as a standard
for subsequent analyses. With the help of this method, we
have resolved the disagreements between the observers and
the solutions to these disagreements based on expert dis-
cussions. For example, (1) it was unclear in distinguishing
between the peripheral calcification and macrocalcification
at the edge in the ACR guidelines. (2) When the echo-
genicity of nodule was hypoechoic but very close to the
adjacent thyroid parenchyma, should this nodule be defined
as isoechoic or hypoechoic? (3) In evaluating the margins,
sometimes it is difficult to distinguish ill-defined margins
from irregular margins. Experts achieved consensuses on
how to solve all of these problems. However, the con-
sensuses were only based on the understanding of the
guidelines and the discussion of the three experts in our
institution. It may not reflect the actual intentions of the
guideline creators. Therefore, it is necessary to collect and
explain these disagreements in future research.

Limits of this study

Our study had several limitations. First, the sample selection
was biased. Before biopsy, all patients underwent US
examination by an experienced sonographer. Only a nodule
with highly suspicious US features was selected for biopsy.
In addition, our institution is a tertiary referral center that
treats patients with more severe disease. Thus, sample
selection bias may have occurred, causing the higher
malignancy rate of 53%, which is a rate much higher than
those of unselected series of thyroid nodules. It also
explains why 60.5 and 76.2% of the nodules were classified
as high-risk according to the ACR and ATA guidelines,
respectively, which were also much higher than expected.
Second, the number of nodule samples <1 cm in diameter
was small, and a larger sample size is needed in future

Endocrine (2019) 65:121–131 129



analyses. Third, for nodules <1 cm in diameter, a 12-month
follow-up with decreased or stable size may not be suffi-
cient to confirm the nodule as begin. Fourth, the clinical risk
factors indicating the need for FNA biopsy are unknown
and may need further research in the future. Fifth, since our
study is based on cytology reports for a large number of
nodules, both false negatives and false positives are
possible.

Conclusion

This study suggested that the ACR and ATA guidelines had
different strengths with regard to their diagnostic perfor-
mance. The ATA guidelines are more sensitive than the
ACR guidelines due to including the nodule margins as a
critical grading indicator. The ACR guidelines are more
accurate than the ATA guidelines because they include
macrocalcification and very hypoechoic nodules. In terms
of avoiding unnecessary FNA biopsies, the ACR guidelines
significantly reduce the number due to an increased FNA
threshold. The clinician can give optimal recommendations
to patients with thyroid nodules based on the actual con-
dition of the patient and the characteristics of the two
guidelines.
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