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Abstract
Introduction: The goal of this study was to compare the performance characteristics of the American
College of Radiology Thyroid Imaging Reporting and Data System (ACR-TIRADS) and the American
Thyroid Association (ATA) systems in identifying malignant thyroid nodules.
Methods: In a retrospective chart review, ultrasound images of all thyroid nodules biopsied in 20142015 at a Canadian academic centre were reviewed by two radiologists. The ultrasound characteristics of
thyroid nodules were compared with cytologic or pathologic results to determine the positive predictive
value (PPV), negative predictive value (NPV), sensitivity and specificity for TIRADS and ATA in
predicting cancer risk. Clinical course of nodules not requiring follow up or intervention according to
ACR-TIRADS was described. Vascularity was added to ACR-TIRADS to determine whether sensitivity
of TIRADS improves.
Results: A total of 417 thyroid nodules were reviewed, 82% were benign (Bethesda II). The sensitivity,
specificity, PPV, and NPV were 97%, 11%, 9%, 98%, and 70%, 29%, 18%, and 81% for ATA and
TIRADS, respectively. Of the 10 nodules that did not need ultrasound follow up based on TIRADS
criteria, 2 were malignant, the rest were FLUS. If vascularity was added to TIRADS (TIRADS-Vasc),
the number of malignant cases missed could have been reduced by 43% (from 7 to 4 cases).
Conclusions: TIRADS is more specific but less sensitive than ATA, and misses a small number of
malignant nodules. Clinicians need to use their judgement to decide which nodules require biopsy as
some malignant cases will be missed using TIRADS alone.

Introduction
Thyroid nodules are common in the
general population [1-4]. Most clinically
encountered nodules are discovered
incidentally on ultrasound [5,6]. Given that
the majority of these thyroid incidentalomas
are benign [7], it is important to avoid
unnecessary interventions that offer minimal
benefit and may cause potential harm.
In order to risk stratify thyroid nodules,
several tools have been developed. In
2015, the American Thyroid Association
(ATA) published guidelines outlining high
risk ultrasound features [8]. In 2017, the
American College of Radiology devised a
point based system (ACR-TIRADS) in which
higher scores are assigned for the presence of
high risk ultrasound features [9].
Previous studies have compared the
efficacy of the ATA and the ACR-TIRADS
systems in predicting thyroid nodule
malignancy risk, and have found that ACR-

TIRADS is more specific but may be less
sensitive than ATA [10-15]. This has raised the
concern that some thyroid cancer cases may be
missed by ACR-TIRADS. However, TIRADS
does recommend ongoing surveillance
ultrasound for nodules not meeting size
threshold for FNA, which may reduce the
number of malignant nodules lost to follow
up [9]. Vascularity on ultrasound is another
potential marker of malignancy. This has been
reported to correlate with malignancy risk by
some [16-18], but not all studies [19].
To our knowledge, the diagnostic accuracy
of the ATA and ACR-TIRADS system have
not been compared using real world data
in a Canadian context. Furthermore, the
outcomes of nodules not requiring follow up
or intervention as per ACR-TIRADS have not
been thoroughly elucidated in the literature.
We aimed to to compare the performance
characteristics of the ATA and the ACRTIRADS scoring systems and to determine
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if unnecessary FNAs could be minimized without missing
non-benign or malignant thyroid nodules. We describe the
the percentage of malignant nodules missed by TIRADS and
their clinical outcomes. We also explore the utility of adding
vascularity to TIRADS (TIRADS-Vasc) to determine if the
sensitivity of ACR-TIRADS could be improved.

Materials and methods

This was a retrospective cohort study. We generated a
database of all biopsied and/or surgically resected thyroid
nodules between Janaury 2014 and December 2015 at a large
academic hospital in Toronto, Ontario, Canada. Nodules were
selected for biopsy based on physician discretion.
Patient and nodule characteristics are described. For the
continuous variables, we determined the mean and standard
deviations for each group and we compared between group
differences using independent sample t-tests. Univariable
logistic regression was used to determine the likelihood of
having a malignant nodule comparing men and women.
Two radiologists (CB and KB) blinded to the original
radiologic report and histologic/cytologic data independently
reviewed the ultrasonographic features of these thyroid
nodules in a retrospective fashion. The first 35 nodules
were reviewed in duplicate, and inter-rater agreement was
determined. Subsequent nodules were split between the two
radiologists. The sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of the ATA
system were determined. The radiologists recommended the
need for FNA based on the 2015 ATA guidelines. We used the
histology report instead of the cytologic result as the “gold
standard” diagnostic test when it was available. In cases where
there were multiple nodules in the same thyroid gland, each
nodule was examined independently.
Nodules were divided into three groups, which included
benign (Bethesda category II), malignant or suspicious for
malignancy (Bethesda V and VI), and non-benign (atypia
of undetermined significance (AUS)/follicular lesion of
undetermined significance (FLUS), Bethesda III, and follicular
neoplasm/suspicious for follicular neoplasm, Bethesda IV)
[20]. Nodules with a non-diagnostic or unsatisfactory cytology
(Bethesda category I) were excluded from our database.
Author JQ (final year Endocrinology resident physician)
assigned an ACR-TIRADS score and risk category to each
nodule based on the chracteristics reported by the radiologists
(Supplementary Table 1), and decided whether a nodule
required biopsy according to malignancy risk and size of
lesion. We then compared these decisions with the gold
standard tests (either cytologic or histologic data, where
available) to determine the sensitivity, specificity, PPV, and
NPV of ACR-TIRADS. The number of avoidable FNAs, as well
as the number of non-benign and malignant cases that were
missed by each system were reported in percentages.
We then explored the utility of adding vascularity to
determine if we could improve the diagnostic accuracy of the
ACR-TIRADS system (TIRADS-Vasc) as vascularity has been
reported to be possibly predictive of malignancy risk in some
studies. Vascularity was rated as a binary value of present or
absent based on retrospective review of still ultrasound images
using color Doppler flow and rarely with pulsed Doppler flow.
We assigned vascular nodules one TIRADS category higher
Arch Otolaryngol Head Neck Surg. 2022; 1(1):1-8

than their original risk category to assess the number of missed
non-benign and malignant cases that could be reduced, using
descriptive statistics.
We also calculated both inter and intra-rater reliability
for reporting vascularity. A third radiologist KH and author
CB, independently re-analyzed 25 randomly selected thyroid
nodules, including those where TIRADS-Vasc changed
initial management, with emphasis on nodular vascularity.
We compared the inter-rater agreement between KH and CB
as well as intra-rater agreement for author CB overtime by
calculating Cohen’s kappa.
Follow up data on the malignant or non-benign thyroid
nodules that were classified as not requiring FNA initially
using ACR-TIRADS criteria were obtained from the hospital
electronic medical records system to determine the proportion
of cases that had subsequent radiologic follow up. Ouctomes
of nodules not requiring follow up as per ACR-TIRADS are
determined by chart review.
Analyses were performed using Microsoft Excel version
15.38 and SAS University Edition. This study was approved
by the Sunnybrook Hospital research ethics board. All patient
data were de-identified and stored in an encrypted fashion.

Results
Performance characteristics of ATA and ACRTIRADS

A total of 438 thyroid nodules underwent biopsy and/or
surgical resection at our institution between January, 2014
and December, 2015. Approximately 5% of the nodules were
excluded due to one of the following reasons: 1. unsatisfactory/
non-diagnostic cytology and no surgical histology, 2.
incomplete ultrasound report precluding us from assigning
a ACR-TIRADS category for the nodule, or 3. nodule was a
lymphoma. All nodules could be classified under ATA. Eight
nodules were missing elements of ultrasound features to
determine an ACR-TIRADS score. Of the 417 thyroid nodules
included for analysis, most were benign (Figure 1).
Total number of thyroid nodules that
underwent FNA and/or surgery
(N =438)
• Total number of pa�ents with CRC
•

(N =Total number of patients with
CRC
Non-diagnostic
• (N = 56,389)
cytology/histology
• 56,389)
(N = 12, 3%)

Incomplete US report
(N = 8, 2%)

Lymphoma
(N = 1, <1%)

Benign
(N = 343/417, 82%)

Non-benign
(N = 47/417, 11%)

Malignant/suspicious for
malignancy
(N = 27/417, 6%)

FNA: fine needle aspiration; US: ultrasound

Figure 1. Inclusion, exclusion criteria, and number of benign, nonbenign, and malignant thyroid nodules
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Table 1. Diagnostic performance characteristics of the ATA and ACRTIRADS scoring systems for thyroid nodules
ATA

ACR-TIRADS

Sensitivity

97%

70%

Specificity

11%

29%

Positive predictive value

9%

18%

Negative predictive value

98%

81%

A total of 334 (80%) nodules occurred in females and 83
(20%) occurred in males. Males were not significantly more
likely to have a malignant or non-benign nodule as compared
to females in our cohort (odds ratio [OR] 1.41, 95% confidence
interval [CI] 0.78-2.57). The overall mean age of patients was
58.7 ± 14 years. Those with a malignant or non-benign nodule
were younger (mean age 55.6 ± 13.1 years) as compared to
those with a benign nodule (mean age 59.4 ± 14.1 years, p =
0.03). Mean size of the largest dimension of thyroid nodule was
2.2 ± 1.1 cm in benign nodules and 2.0 ± 1.2 cm in malignant
or non-benign nodules (p = 0.16).
The sensitivity, specificity, PPV, and NPV of the ATA and
ACR-TIRADS scoring systems are listed in Table 1. While
ATA had superior sensitivity and NPV, ACR-TIRADS had
better specificity and PPV.
Agreement between the two radiologists regarding the
need for FNA based on ATA criteria was moderate (kappa
0.66).

ACR-TIRADS reduced unnecessary investigations
as compared to ATA however TIRADS missed more
cancerous and non-benign nodules

Of the 343 benign FNAs, 98 (28%) could have been avoided
if TIRADS criteria were applied compared to 37 (11%) based on
ATA criteria. Of the 306 FNAs recommended based on ATA
criteria, 64 (21%) would have been omitted if applying TIRADS
criteria instead (Figure 2). Three cytologically/histologically
benign nodules (<1%) would have been biopsied if using
TIRADS that otherwise would not have been recommended
for biopsy if using ATA.
A total of 8/47 (17%) non-benign and 0/27 (0%)
cancerous thyroid nodules would have been missed if using
ATA whereas 15/47 (32%) non-benign and 7/27 (26%) of
malignant thyroid nodules would have been missed initially
if applying ACR-TIRADS. One case of FLUS would have been
captured by TIRADS but would not have been captured if
using ATA.
Of the 22 initially undetected malignant (n = 7) and
non-benign cases (n = 15) by ACR-TIRADS, 3 were TIRADS
risk category II, 6 were TIRADS III, and 13 were TIRADS
IV. About half of these nodules (12/22, 55%) qualified for
ultrasound surveillance according to TIRADS. Of the 10
nodules that did not need ultrasound follow up based on
TIRADS criteria, only 2 were malignant, the rest were FLUS.
Comparing these recommendations with our actual follow up
data, we found that the 2 cases of papillary thyroid carcinoma
(PTC) were clinically and radiologically monitored and
eventually resected. Radioactive iodine (RAI) was not required
in either case, indicating that these were low risk thyroid
Arch Otolaryngol Head Neck Surg. 2022; 1(1):1-8

cancer associated with a favourable prognosis. No thyroid
cancer specific death was observed among the 10 nodules not
requiring follow up as per ACR-TIRADS.

Adding vascularity to TIRADS (TIRADS-Vasc)
improved the sensitivity of TIRADS in predicting
malignancy risk

If vascularity was added to TIRADS (TIRADS-Vasc), the
number of malignant cases missed could have been reduced
by 43% (from 7 to 4 cases). In the cases where TIRADS-Vasc
made a difference in clinical management, the nodules were
all confirmed to be vascular in the second round of reporting.
However, ATA still demonstrated superior sensitivity in
cancer detection compared to both TIRADS and TIRADSVasc (Figure 3).
The inter-rater reliability in reporting vascularity
comparing CB to KH was fair (kappa 0.30). The intra-rater
reliability for author CB overtime was also fair (kappa 0.32).

ϯϳ
ϭϭй

64,
21%
242,
79%

ϯϬϲ
ϴϵй

The blue pie chart represents the total number of benign FNAs in the study. The light blue pie
represents the number of benign FNAs that could be avoided if using ATA only. The dark blue
pie shows the number of benign FNAs deemed necessary by ATA. The light green pie shows out
of the FNAs deemed necessary by ATA, the number of aspirations that could be omitted if
TIRADS criteria were applied instead. The dark green pie shows the number of
cytologically/histologically benign nodules that would have been recommended for FNA by both
TIRADS and ATA.

Figure 2. A total of 21% of FNAs recommended by ATA may be
avoided if using TIRADS criteria instead

Figure 3. TIRADS-Vasc reduced the number of malignant cases
missed by TIRADS alone but ATA still showed greater sensitivity in
cancer detection
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Discussion

In this study, we compared the diagnostic accuracy of the
ATA and ACR-TIRADS risk stratification systems for a cohort
of primarily benign thyroid nodules. We found that ATA had
superior sensitivity and negative predictive value but had a
lower specificity and positive predictive value as compared
to the ACR-TIRADS system. A total of 28% (98 of 343) of
the benign FNAs could have been avoided if applying ACRTIRADS criteria compared to 11% (11%) based on ATA criteria.
Of the nodules recommended for biopsy based on ATA, 21%
(64/306) FNAs could have been avoided if TIRADS instead
of ATA criteria were used to guide management. However, a
greater number of non-benign and malignant nodules would
have been undetected initially by ACR-TIRADS, although
about half of these would have qualified for ultrasound
surveillance. A total of 2/27 malignant cases were missed
entirely by ACR-TIRADS (no follow up indicated if applying
ACR-TIRADS criteria) whereas none of the malignant cases
were missed by ATA. If vascularity was added to TIRADS
as an additional prognostic marker, the number of initially
undetected malignant nodules could be reduced from 7 to 4
cases.
The sensitivity of ACR-TIRADS in our series is similar to
what has been published in the literature. A meta-analysis of
12 studies that examined the performance characteristics of
ACR-TIRADS showed a pooled sensitivity of 79% [21]. This was
similar to an updated meta-analysis [22], which showed a pooled
sensitivity of 74% (61-83%) for ACR-TIRADS and 87% (75%94%) for ATA. In contrast to previous studies, the specificity
of ACR-TIRADS in our study was lower at approximately 30%,
compared to 56-80% reported in the literature [10,14,19,20,22]
Variable PPV (12-88%) [10,14,19] and NPV (68-98%) [10,14,19]
for TIRADS have been found compared to a PPV of 18% and an
NPV of 81% in our study. These findings reflect differences in
study populations, baseline malignancy rates, and variability
in ultrasound operator techniques and image interpretation.
ACR-TIRADS has been shown by multiple groups to have
the greatest impact on reducing unnecessary investigations
when compared to other commonly used classification systems
[10,14,15,23]. We confirmed these previous findings and also
found that ACR-TIRADS missed more cases of malignant and
non-benign nodules. However, over 55% (12/22) of the cases
qualified for ultrasound surveillance and if the nodules grew
sufficiently, FNAs would have been performed during follow
up. Most papillary thyroid carcinomas are small (<2 cm in size)
without evidence of distant metastasis at the time of diagnosis
[24]. Given that these usually grow slowly and most will have
an indolent course [25], a slight delay in diagnosis is probably
unlikely to result in significant morbidity and mortality. In
fact, several prospective studies have shown that observation
of these small tumours may be safe, with low rates of tumour
growth, and no increased risk of distant metastases or death
over a period of several years [26-28].
Nonetheless, it is important to note that in our study, a
small number of nodules (2/10) that would not have qualified
for surveillance based on TIRADS were malignant (2/27
of the malignant tumours were entirely missed by ACRTIRADS). ATA did not miss any malignant tumours. Both
cases had ongoing follow up and were eventually surgically
removed without requiring RAI, indicating that these were
Arch Otolaryngol Head Neck Surg. 2022; 1(1):1-8

low risk tumours associated with a favourable prognosis. This
underscores the importance of using clinical judgment when
deciding whether a nodule requires biopsy and/or further
follow up as well as the frequency of radiologic monitoring as
relying on TIRADS alone may result in missed malignancy of
unclear significance. Our results indicate that TIRADS and
ATA each have their own advantages and disadvantages, and
that TIRADS does not entirely supplant the ATA.
There are four key areas of discrepancy between ATA and
TIRADS (Table 2). For clinicians, this means that for cases that
fall under one of these categories where there is disagreement
between TIRADS and ATA, clinical risk factors and patient
preferences should be considered in making a management
decision. It would be worthwhile to determine whether the
sensitivity of ACR-TIRADS could be improved if combined
with clinical risk factors in future studies.
We showed in our study that if vascularity was added
to TIRADS, the sensitivity of TIRADS could be improved.
However, the number of cases where TIRADS-Vasc changed
management was small. Furthermore, vascularity has not
been consistently found to be a reliable marker of malignancy
in previous studies [15-17], which may be attributable to the
fact that the presence of intra-nodular vascularity is highly
operator and observer-dependent [29]. This is supported by our
own data showing only modest inter and intra-rater agreement
for vascularity. Nonetheless, this intriguing finding raises
the possibility that vascularity could be used as a tie-breaker
in situations where TIRADS and ATA recommendations
disagree. Clearly, more prospective, long term studies with
larger sample sizes are needed before vascularity can be
recommended for use as a key prognostic feature.
A major strength of our study is that this is the first
study to characterize the diagnostic performance of the two
commonly used risk stratification systems for thyroid nodules
using real-world data in a Canadian context. Furthermore,
we describe the follow up course and outcomes of nodules
not deemed necessary for follow up as per ACR-TIRADS.
There are several limitations. First, this was a retrospective,
observational study in which we included a cohort of nodules
that were already felt to have required FNA and/or surgery
by a physician. PPV and NPV should be thus be interpreted
with caution in this regard, given selection bias. However, the
malignancy rate in our series is comparable to those reported
by other selected and unselected cohorts [14,30]. Second,
this was a single centre study conducted at a large, academic
teaching hospital so findings may not be generalizable to other
settings. Third, the ACR-TIRADS scores were converted from
the original descriptions of the lesions with respect to their
ATA classification, rather than re-scoring the nodules with
TIRADS through independent observation. However, many
aspects of ACR-TIRADS were captured in the first round of
reporting and only 8 nodules were excluded as they could not
be classified using ACR-TIRADS. Lastly, most of the nodules
were assessed by a single observer due to limited resources.
For the small number of nodules scored by two observers, the
inter-rater agreement was fair.
In conclusion, we compared the diagnostic efficacies of
ATA and ACR-TIRADS risk stratification systems for thyroid
nodules, and found that ATA was more sensitive in cancer
detection but TIRADS had better specificity. A greater number
of unnecessary FNAs could be reduced if applying TIRADS
Page 4 of 8

Judy K. Qiang, et al.: Archives of Otolaryngology-Head and Neck Surgery 2022; 1(1):1-8

Table 2. ACR TI-RADS vs ATA: Comparison of the Recommendations for Biopsy
ATA Pattern

High suspicion

ATA US features
Brackets = TI-RADS Score for
USS findings
Solid (2) hypoechoic (2-3) nodule
with one of the following highrisk features:
= microcalcification (3)
= taller than wide (3)
= irregular margins (2)
= ETE (3)
= rim calcification with small extrusive soft tissue component (2)
Note = TIRADS gives macrocalcification 1 point and ATA states
coarse calcification is a low risk
feature

Intermediate suspicion

Solid (2) Hypoechoic nodules (23) without any high-risk features

ATA size cut-off to recommend
FNA

TI-RAD Score & Recommendation for Biopsy

≥1cm

Range of score = 6 to ≥7
TI-RAD Score =
TR4 (bx at ≥ 1.5cm)
TR5 (bx at ≥1cm)

** Some nodules less than 1 cm
with ++ high risk features or have
a significant increase in size are
biopsied
Agreement between ATA & TIRADS:
TR4 and ATA are concordant
for nodules ≥1.5cm
TR4 and ATA are discordant
for nodules 1-1.4cm
TR5 and ATA concordant
≥1 cm

Range of score = 4-5
TIRAD Score = 4 (bx at ≥1.5cm)
Agreement between ATA & TIRADS:
TR4 and ATA are concordant
for nodules ≥1.5cm
TR4 and ATA are discordant
for nodules 1-1.4cm

Low suspicion

Solid (2) Isoechoic (1) or hyperechoic (1) nodule without any
high-risk features

≥1.5cm

TI-RAD Score =
TR2 (no bx)
TR3 (bx at ≥2.5cm)

OR
Partially cystic nodule (1) with
eccentric solid component (1 for
hyper/isoechoic of solid component)

Agreement between ATA & TIRADS:
TR2 and ATA are concordant
for nodules < 1.5cm
TR2 and ATA are discordant
for nodules >=1.5cm
TR3 and ATA are concordant
for nodules ≥2.5 cm
TR3 and ATA discordant for
nodules 1.5-2.4cm

Note = TI-RADS does not score
eccentric solid component higher
than if non-eccentric

Very low suspicion

Benign

Range of score = 2-3

Spongiform (0)
Can observe
Or Partially cystic (1) without
Vs
any high-risk features or eccentric FNA ≥2cm
solid area (1 for hyper/hypo of
solid component)

Range of score 0-2

Pure cyst (0)

Range of score = 0

No biopsy

TI-RAD Score = TR1/2 (no bx)
Agreement between ATA & TIRADS:
-          Concordant

TI-RAD Score = TR1 (no bx)

Bx: biopsy; US: ultrasound; ETE: extra-thyroidal extension

Arch Otolaryngol Head Neck Surg. 2022; 1(1):1-8
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instead of ATA criteria, but TIRADS also missed more cases of
malignant and non-benign nodules. However, the malignant
cases were low risk tumours associated with a favourable
prognosis. Nonetheless, clinical judgement is important
in deciding which nodules require further investigation,
especially in cases where management recommendations
differ between different radiologic classification systems.
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SUPPLEMENTARY DATA
Composition

Echogenicity

Shape

Margin

Echogenic Foci

Cystic or
almost
completely
cystic

0 point

Anachoic

0 point

Wider than
tall

0 point

Smooth

0 point

None or artifact

0 point

Spongiform

0 point

Hyperechoic
or isoechoic

1 point

Taller than
wide

3 points

Ill-defined

0 points

Macrocalcifications

1 point

Mixed cystic
and solid

1 point

Hypoechoic

2
points

Lobulated
or irregular

2 points

Peripheral
calcifications

2 points

Solid or almost
completely
solid

2 points

Very hypoechoic

3
points

Extrathyroidal
extension

3 points

Punctate foci

3 points

Total points:
•
0 = TIRADS 1, benign, no FNA
•
2 = TIRADS 2, not suspicious, no FNA
•
3 = TIRADS 3, mildly suspicious, FNA if ≥ 2.5 cm, follow if ≥ 1.5 cm
•
4-6 = TIRADS 4, moderately suspicious, FNA if ≥ 1.5 cm, follow if ≥ 1.0 cm
•
7 or more = TIRADS 5, highly suspicious, FNA ≥ 1.0 cm, follow if ≥ 0.5 cm

