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A 3-year Comparative Audit of Thyroid Nodule Ultrasound
and Cytology Using TIRADS and Bethesda Scoring Systems
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A b s t r ac t
Introduction: Thyroid imaging reporting and data system (TIRADS) scoring is gaining popularity around the world among clinicians and
radiologists. With any new practice, it is important to audit the results among different specialists and check concordance with the gold standard.
We compared TIRADS scoring and thyroid nodule cytology data of two different surgeons to determine concordance and accuracy.
Materials and methods: A retrospective analysis of records of patients with thyroid nodules managed under two specialist surgeons
from 2016–2018 was performed comparing surgeon performed ultrasound (US) TIRADS grading with the Bethesda cytology classification. The
TIRADS 2 and 3 lesions were corelated to Bethesda II (benign) results and TIRADS 5 was corelated to Bethesda V and VI (malignant) category.
Data was also compared with our previously published audit in 2015.
Results: A total of 254 thyroid nodules over a 3-year period, 208 cases (82%) were reported as benign disease and correlated to the TIRADS
2 and 3 grade given by the surgeon. Five were reported malignant which matched the TIRADS 5 score. Overall concordance rate for surgeon
1 and 2 were 79.7% and 87.2%, respectively. For each separate category, TIRADS 5 had the highest concordance at 100%, followed by TIRADS
3 at 91.9% and TIRADS 2 at 91.7%. None of the TIRADS 2 lesions were malignant. Sensitivity rates were similar at 71.1% compared to 70.6% in
the previous audit.
Conclusion: With proper training in TIRADS, we can achieve fairly good correlation between benign and malignant thyroid nodules among
different surgeons and need for FNAC in TIRADS 2 lesions can be avoided.
Clinical significance: This study shows importance of surgical audit. Good concordance rates can be achieved among different specialists with
proper training.
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Introduction
The thyroid imaging reporting and data system (TIRADS)
classification1 and the Bethesda system2 for reporting thyroid
nodule cytology are risk stratification tools used by clinicians and
pathologists, respectively in the assessment and characterization
of thyroid nodules (Table 1). With the endorsement by the
American College of Radiology, 3,4 TIRADS is now being used
more frequently in radiological reporting. The easy availability
of ultrasound (US) machines has allowed more and more thyroid
specialists in getting trained and adept in using clinic based
thyroid US for diagnosis and guided needle biopsies. Thyroid
US has now become an integral part of the evaluation of any
patient presenting with a thyroid swelling along with history
and physical examination. It is therefore imperative to be
well versed and trained in interpreting TIRADS categories and
deciding the need for needle biopsies appropriately. The practice
of performing blind needle biopsies of palpable thyroid lumps
is now no longer recommended in most institutions. With any
new practice, it is important to audit the quality of US TIRADS
results and compare them with the gold standard–US-guided
fine needle aspiration cytology (FNAC). 5 The purpose of this audit
was to perform a 3-year clinicopathological correlation of data
from two different thyroid surgeons and also compare the results
with a previously published single surgeon audit performed in
the same department in 2015. 6
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Methods
A 3-year retrospective audit between Jan 2016 to Dec 2018 was
conducted for all first visit cases of nodular goiters seen in the
endocrine surgical outpatient clinic. Data was gathered from
patient records under two surgical consultants from an existing
database after Institution Review Board (IRB) permission for
the audit. All solid and complex thyroid nodules not previously
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Table 1a: TIRADS and Bethesda System for Reporting Thyroid Cytology – Table 1a: TIRADS classification4
Category

Description

1
2
3
4
4a
4b
4c

Normal thyroid gland
Benign
Probably benign
4 can be subclassified into 4a, 4b, 4c based on the number of suspicious features
Low suspicion for malignancy; one suspicious feature
Intermediate suspicion for malignancy; two suspicious features
Moderate concern but not classic for malignancy; three or four suspicious features

Risk of malignancy (%)

5

Highly suggestive of malignancy; five suspicious features

0.0
0.0
1.7
3.3–72.4
3.3
9.2
44.4–72.4
87.5

Suspicious features are: Solid component, hypoechogenicity (especially marked hypoechogenicity), microlobulated or irregular margins,
microcalcifications, taller than wide shape
Table 1b: The Bethesda System for Reporting Thyroid Cytology2
Bethesda category Diagnostic category

Risk of malignancy (%)

I
II
III
IV
V

Nondiagnostic or unsatisfactory
Benign
Atypia of undetermined significance / Follicular lesion of undetermined significance
Follicular neoplasm / Suspicious for follicular neoplasm
Suspicious for malignancy

5–10
0–3
10–30
25–40
50–75

VI

Malignant

97–99

Table 2: Correlation of TIRADS and Bethesda categories
TIRADS

Co-related to Bethesda

2 (Benign)
3 (Probably Benign)
4 (Indeterminate or
suspicious lesions)

Category 2 (Benign thyroid nodule)

5 (highly suspicious
of malignancy)

Category 5 (suspicious for malignancy)
Category 6 (malignancy)

Category 3 (follicular lesion of indeterminate
significance)
Category 4 (follicular neoplasm)

evaluated and subjected to US-guided FNAC in our service with
an accompanying Bethesda score were included in the study. All
patients underwent surgeon-performed bedside thyroid US and
nodules were classified using TIRADS criteria. Both surgeons used
the same Ultrasound machine model (General Electric GE Logiq
version P5) in the outpatient clinic to record their TIRADS score.
Cases suitable for biopsy underwent US-guided FNAC. All cytology
request forms had ultrasound findings and surgeon’s TIRADS score
recorded so that an objective comparison of the pre-FNAC US
TIRADS score and the FNAC Bethesda Classification result could be
performed. Patients with symptomatic cystic nodules (TIRADS2) in
whom only US-guided needle decompression was performed with
no cytology sent were excluded from the study. Table 2 shows the
correlation of TIRADS score to Bethesda categories for the analysis
of results. TIRADS 1 cases (normal thyroid gland), previously
operated thyroid patients and patients referred to us with biopsy
proven thyroid cancer or benign pathology were excluded from
this audit.
The FNAC samples were prepared with ThinPrep Cytolyt
solution and transported immediately to the laboratory for
assessment. No on-site cytotechnician support was used in this
audit. All FNAC results were reviewed and confirmed by two
experienced pathologists trained in thyroid cytology who strictly
followed the Bethesda classification system in their reports.
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R e s u lts
In total, there were 254 thyroid nodules that were assessed from
239 patients. Of these, 208 cases were reported as benign disease
(Bethesda Class II). These comprised 36 cases with a TIRADS 2 scores
and 172 cases with a TIRADS 3 score. There were 41 cases reported
as TIRADS 4. Among the five cases which were classified as TIRADS 5
(highly suspicious of malignancy), all five were reported as cancers
(Bethesda VI). Figure 1 shows the detailed breakdown of cases and
concordance rates excluding final histology.
Overall concordance rate was 81.1%, with sensitivity and
specificity for predicting malignancy at 71.1% and 100.0%,
respectively. Positive predictive value and negative predictive
value were 100% and 99.0%, respectively. Overall concordance rate
for surgeon 1 and 2 were 79.7% and 87.2%, respectively. For each
separate category, TIRADS 5 had the highest concordance at 100%,
followed by TIRADS 3 at 91.9% and TIRADS 2 at 91.7%. TIRADS 4 had
the least amount of concordance at 24.4%.
The probability of a malignant FNAC (Bethesda category V or
VI) in TIRADS Class 2, 3, 4, 5 were 0, 1.2, 7.3, and 40%, respectively,
while the probability of a benign FNAC (Bethesda category II) in
TIRADS 2, 3, 4, and 5 were 91.7%, 91.9%, 61.0%, and 0%, respectively.
A large percentage of the thyroid nodules assessed (208 nodules;
81.9%) were reported as TIRADS 2 and 3, of which 191 cases were
confirmed by FNAC to be benign, showing 91.8% corelation. Of the
overall 36 cases classified as TIRADS 2, there were three cases reported
as Bethesda category III/IV in the cytology. Two of these patients
(Bethesda Class IV) underwent surgery for confirmation and the final
histology in both cases turned out to be benign nodular goiter with
hyperplastic change. This was consistent with the pre-FNAC TIRADS
2 score given by the surgeon. The remaining one case (Bethesda
Class III) underwent repeat US-guided FNAC in 3 months which was again
reported as Bethesda Category III. Subsequent diagnostic lobectomy
confirmed the lesion to be benign in this case too. Hence, if histology is
taken into consideration, all our TIRADS 2 reported cases were benign.
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Figs 1A to C: (A) Overall data for surgeon 1 and 2 excluding final histology. (B) Overall data for surgeon 1 excluding final histology. (C) Overall
data for Surgeon 2 excluding final histology

For TIRADS 3 lesions, there were a total of 172 cases of which
158 were Bethesda category II (benign), 12 cases were Bethesda
category III or IV, and two cases were reported as Bethesda category V.
Within the Bethesda II category, 35 cases underwent surgery (due
to nodule diameter of >4 cm) of which 33 cases had a benign

histology but in two of the cases, final histology turned out to
be papillary thyroid carcinoma and follicular variant of papillary
thyroid carcinoma, respectively. Within the Bethesda III category,
four of the six cases underwent repeat FNAC at 3 months which
was still reported as Bethesda class II and subsequent surgery
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confirmed benign thyroid nodules in all of them. The remain
two patients declined repeat FNAC. The six cases with Bethesda
IV classification all underwent diagnostic hemithyroidectomy of
which five had a benign final pathology and the last case was
found to be papillary thyroid carcinoma. Within the Bethesda V
category, one out of two cases decided to undergo surgery which
confirmed papillary thyroid carcinoma while the other patient
sought a second opinion elsewhere.
Under the TIRADS 4 category, there were a total of 41 cases of
which 25 patients classified as TIRADS 4A were Bethesda category II.
Of the 10 patients classified as TIRADS 4B, six patients were classified
as Bethesda category III from which four were lost to follow-up and
remaining two declined repeat FNAC and chose observation. The
remaining four patients classified as Bethesda IV underwent surgery
and the final histology comprised two follicular carcinomas and
two thyroid lymphomas. The final six patients classified as TIRADS
4C were all Bethesda category V and confirmed to have papillary
thyroid cancer at surgery.
Regarding TIRADS 5 category, only five cases out of 254 nodules
were reported as such. All five cases had a malignant FNAC
(Bethesda category VI) showing 100% corelation. Out of the five
cases, four had papillary thyroid carcinoma, and one had medullary
thyroid carcinoma in final histology.
Table 3 shows overall concordance rates among the two surgeons
and the yearly trend. Of note, surgeon 1 stopped performing FNAC
for TIRADS 2 lesions from 2017 onwards and hence there is no
concordance with cytology in 2017 and 2018. The current results were
compared to the previous audit in 2015 by Singaporewalla et al.6 and
achieved higher specificity (100% compared to 90.4%), positive
predictive value (100% compared to 60%), and negative predictive
value (99% compared to 93.8%) for predicting malignancy. Our
sensitivity rates were almost identical at 71.1% compared to 70.6%
after including the data of surgeon 2 who was newly trained.

Discussion
As the role of thyroid ultrasound in the clinical evaluation of nodular
goitres has become established and a routine practice among
all specialists, having an objective clinically relevant sonography
report becomes more relevant. Ambiguous radiological reporting
requesting for clinical correlation of the US findings is now being
slowly replaced by a more objective reporting using the TIRADS
classification to help clinicians in deciding which thyroid nodule
justifies a biopsy. The TIRADS system is this sense is somewhat similar
to the BIRADS reporting system that is well established in evaluating
breast lumps, although the latter is based on mammograms. As
more specialists are now beginning to use bedside US machines
in their clinics and performing their own guided needle biopsies,
it is therefore essential to have a proper audit of the clinical quality
of the US TIRADS reporting and benchmark it against the gold
standard (FNAC or Histology). This becomes a very useful learning
and training tool and helps maintaining clinical quality standards
especially across different disciplines and within a service. A
uniformly accepted or standardized radiological reporting format
based on TIRADS has yet to be implemented in many countries.
Even among different radiologists in our institution there is
significant variation in the way thyroid ultrasounds are reported.
Just as the Bethesda Classification system2 revolutionized the way
thyroid FNAC reporting was done worldwide, we have yet to see
radiologists implementing TIRADS universally in their ultrasound
reporting. A learning curve and retraining of radiologists to the
TIRADS system are possible hurdles to a wider implementation.
In this 3-year audit, there was also a yearly breakdown of the
concordance rates of both surgeons (Table 3) to look for trends
showing any significant deviation. The TIRADS 4 category had a
poor concordance rate when we attempted correlate it to Bethesda
class III and IV. Further subanalysis of the different TIRADS 4

Table 3a: Yearly concordance rates – Table 3a: Concordance for surgeon 1 and 2 excluding final histology
Year

Overall concordance
(%)

TIRADS 2 concordance
(%)

TIRADS 3 concordance TIRADS 4 concordance
(%)
(%)

2016
2017
2018

86.1
81.3
76.2

89.7
100
100

88.1
92.6
93.5

40.0
33.3
11.1

100
100
100

Overall

81.8

91.7

91.9

24.4

100

TIRADS 5 concordance (%)

Table 3b: Concordance for surgeon 1 excluding final histology
Year

Overall concordance
(%)

TIRADS 2 concordance
(%)

TIRADS 3 concordance
(%)

TIRADS 4 concordance
(%)

TIRADS 5 concordance (%)

2016
2017
2018

86.2
80.6
72.9

90.0
–
–

89.5
96.2
94.1

25.0
33.3
11.1

100
100
100

Overall

79.7

90.0

93.7

22.5

100

Table 3c: Concordance for surgeon 2 excluding final histology
Year

Overall concordance
(%)

TIRADS 2 concordance
(%)

TIRADS 3 concordance
(%)

TIRADS 4 concordance
(%)

TIRADS 5 concordance (%)

2016
2017
2018

85.7
84.2
92.9

88.9
100
100

75.0
80.0
90.9

100
–
–

–
–
–

Overall

87.2

93.75

83.3

100

–

A dash (-) indicates that the surgeon did not classify any nodules as that TIRADS category for that year
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classifications for Surgeon 1 further clarified the picture as 25 of the
41 cases which were reported as Bethesda Class II were classified
as TIRADS 4A which have only a 3.3% malignant risk. Another 10
of the 41 TIRADS, four patients were classified as TIRADS 4B (9.2%
malignant risk) and among these six were reported as Bethesda
III and four as Bethesda IV. These numbers were used to calculate
the concordance rate. For the remaining six of 41 cases who were
classified as TIRADS 4C (44–72%) indicating a higher suspicion of
malignancy on ultrasound, all were reported as Bethesda V and VI
and turned out to be cancers in the final histology. One limitation of
our study was that were we calculated the overall concordance rate
for all TIRADS 4 subcategories. The low numbers of thyroid cancers
in our study group was also a limitation but probably represents the
overall prevalence in our population where benign nodular goitres
are far more common. Additionally, number of cases between the
two surgeons were disproportional as surgeon 2 had just started his
practice. However overall, there was a good corelation for TIRADS
with the Bethesda system in our audit for the benign categories
and this has also been seen in other studies that have attempted
to corelate the TIRADS with cytology finding.7,8 Recently Mendes
et al.9 were successful in adopting the TIRADS criteria in more than
1000 nodules less 1 cm and compared it to the FNAC reports. In their
study risk of malignancy for TIRADS 2 was 0.91%, for TIRADS 3 was
2.87% and among those with TIRADS 5 classifications was 85.7%.
TIRADS and Bethesda had the highest concordance when both
scoring systems agreed on a malignant pathology (100%) (although
the numbers were small) and also showed very high concordance
when the scores agreed on a benign pathology (91.8%).
Comparing intersurgeon concordance rates, they were
more similar when assessing TIRADS 2 cases (3.8% difference)
as compared to assessing TIRADS 3 cases (10.4% difference). As
Surgeon 2 had only one TIRADS 4 case and zero TIRADS 5 case,
we were unable to compare the intersurgeon concordance rates
for these cases. Sahli et al.10 compared the TIRADS variability of
three blinded radiologists using intraclass correlation coefficients
and found that shape and margin criteria were the biggest sources
of disagreement.
When comparing year to year concordance for the respective
surgeons, there is consistency even though surgeon 2 had
considerably less experience than surgeon 1, he was able to achieve
comparable rates of concordance. This shows that with appropriate
training and understanding of TIRADS, it is possible for specialists
to achieve good accuracy in their US scans.
Among TIRADS 2 cases, 100% of these cases were shown to
have benign pathology, either based on cytology or histology
after surgical resection. Hence going forwards, we may avoid
unnecessary FNAC for TIRADS 2 cases, with the only indication
for surgery being the size criteria and symptoms. This view is
supported by Periakaruppan et al.8 who reported risk of malignancy
for TIRADS 2, TIRADS 3, TIRADS 4, and TIRADS 5 as 0, 2.2, 38.5,
and 77.8%, respectively and concluded that FNAC can at least be
safely deferred in TIRADS 2 lesions.
Interestingly, there were two cases classified under TIRADS 3
with a benign FNAC (Bethesda category II) report that underwent
surgery due to large nodule size ( >4 cm) and were found to be
malignant on final histology. Hence, we continue to advise patients
with cytologically benign nodules of more than 4 cm to consider
surgical removal.
Lastly, in our audit 100% patients had an adequate FNAC
report under surgeon-performed US-guidance with zero
inadequate or insufficient (Bethesda category 1) results. This

has remained consistent when compared to our earlier audit6 in
2015. Witt et al.11 also reported a 100% accuracy and adequacy
with surgeon-performed ultrasound-guided FNAC with on-site
cytopathology. Initially in our learning curve we had arranged
for on-site cytotechnician support but have since abandoned this
additional logistic requirement. It is our belief that majority of
inadequate or insufficient Bethesda I samples are due to absence
of US guidance during biopsy, poor technique and unnecessary
needling of cystic or complex TIRADS 2 lesions to send fluid for
cytology. In our unit, we have a standard policy to decompress
complex cystic thyroid nodules whenever possible and reassess
them in 4 weeks to assess suitability and need for guided FNAC
from the solid component only.

C o n c lu s i o n
Incorporation of TIRADS grading in surgeon-performed thyroid
ultrasound reporting gives good clinic-pathological concordance
with fine needle cytology based on the Bethesda Classification
system. A consistently high accuracy rate can be maintained even
among different specialists after adequate structured training and
need for FNAC in TIRADS 2 lesions can be avoided.

Clinical Significance
This study was an attempt to emphasize the importance of clinical
audit among surgeons to maintain high quality standards and
shows that with proper training in thyroid ultrasound and FNAC
these outcomes can be maintained among different specialists.
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