Comparison of British Thyroid Association and TIRADS classifications and their impact on the radiological and surgical management of indeterminate thyroid nodules.
Jake Cowen1, Roma Dave1, Jeremy Neale1, Matthew Ward2, Costa Repanos2, Hani Nasef2, Ganesh Vigneswaran3,4, Peter A Brennan5, Jasper Bekker1
1. Department of Radiology, Queen Alexandra Hospital, Portsmouth, UK
2. Department of Ear, Nose & Throat Surgery, Queen Alexandra Hospital, Portsmouth, UK
3. Department of Radiology, Southampton General Hospital, Southampton, UK
4. Department of Cancer Sciences, University of Southampton, Southampton. UK
5. Department of Oral and Maxillofacial Surgery, Queen Alexandra Hospital, Portsmouth, UK

Introduction
The British Thyroid Association (BTA) Guidelines for the Management of Thyroid Cancer were most recently revised in 2014 and are widely adopted in the United Kingdom, and further afield, in the assessment and management of suspected thyroid malignancy [1]. BTA guidance recommends ultrasound (US) assessment for thyroid nodules and the use of a U1-U5 grading system in assessing the risk of malignancy and guiding the need for fine needle aspiration cytology (FNAC) [1] (Suppl 1). Nodules graded as U3 are considered equivocal or indeterminate and the guidelines recommend FNAC at the time of assessment [1]. Limited evidence of the radiological-histological correlation for the BTA guideline exists, but a UK validation study reported 7.8% of U3 nodules in their cohort to be malignant [2]. 
Alternatives to the BTA guidelines exist, including the Thyroid Imaging Reporting & Data System (TIRADS) guidelines released separately by the American College of Radiology (ACR) and European Thyroid Association in 2017 [3][4]. Nodules are graded TR1-TR5 or EUTI2-5 in a similar manner to BTA’s U1-U5 categorisation. However, there are a number of key differences between the grading systems, including the consideration of vascularity in BTA guidance, and a size cut off for FNAC factored into the TIRADS assessment [1][3][4] (Suppl 1). Moreover, if a nodule fails to meet size criteria for FNAC under TIRADS, but is considered suspicious or high-risk, it may meet criteria for US surveillance [3][4]. The ACR-TIRADS classification was revised in 2019 using an AI algorithm to optimise diagnostic performance and simplify characterisation. The domains for ultrasound scoring remained unchanged, but eight ACR-TIRADS features were assigned new point values, and it was renamed AI-TIRADS in order to differentiate it from the original guideline [5](Suppl 1). 

Which risk stratification system (RSS) is considered most appropriate in assessing and managing potential thyroid malignant nodules is an important consideration. Incidence rates of thyroid malignancy have increased by 175% in the UK since the early 1990’s and are continuing to rise, with a further rise of 74% increase expected between 2014-2035 [6]. Despite this significant rise in the incidence of thyroid malignancy, mortality rates have remained broadly stable. The increased incidence is largely due to an increase in demand for US assessment of the neck, and the subsequent diagnosis of small, often incidentally found, low-risk malignancies which may have remained undetected and non-troublesome previously [7][8][9].
This increased demand on US services have far reaching consequences. Upskilling of specialist head and neck sonographers have been required to help shorten waiting lists and improve service efficiency, and worldwide demand for thyroidectomy (diagnostic and therapeutic) services have reported a 3-4-fold increase, with little impact on stable mortality rates [10][11][12][13]. Over-diagnosis is therefore a tangible concern with impact on patients and NHS services alike.
As a result of concern regarding over-sampling and subsequent over-diagnosis of indolent thyroid cancers, particularly those deemed indeterminate at ultrasound evaluation, the impact of RSS choice in this nodule subset is of clinical interest. The aims of this paper are to:
i) Compare differences in FNAC rate between BTA guidance and a retrospectively applied ACR-TIRADS, EU-TIRADS and AI-TIRADS guidance for indeterminate (U3) thyroid nodules at our institution.
ii) Consider the potential significance of any downstream impact on frequency of surgical activity as a direct result of guideline choice.
iii) Compare the cancer detection rate of each retrospectively applied RSS for indeterminate (U3) thyroid nodules removed locally under BTA guidance within our cohort.
iv) Compare interobserver variability between radiologists/practitioners performing retrospective ACR TI-RADS, EU-TIRADS and AI-TIRADS application and comparison with published interobserver variability results. 

Methods
Patient selection
Patients who had undergone an ultrasound at [xxxxxxxxxxxxxx] coded on CRIS© as ‘UNECK’ or ‘UTHYD’ between 01/11/2021 and 31/10/2022 were identified retrospectively. All patients who were reported to have an indeterminate U3 thyroid nodule according to the British Thyroid Association guidelines were included  [1]. Exclusion criteria were – non-indeterminate (U3) nodules, U3 nodules which did not receive an FNA, repeat US or FNA of the same nodule and patients receiving post-op imaging. All patients were scanned by either a consultant head and neck radiologist, radiology registrar undergoing head and neck radiology sub-specialist training or a specialist head and neck sonographer. Registrar and sonographer scans were overseen by a head and neck radiology consultant and their input sought if deemed necessary at the time of scanning. 
Data collection and analysis
Basic demographics, histology and Multidisciplinary Team (MDT)/clinical outcomes were retrieved retrospectively via Minestrone©, the hospital record keeping software. BTA U3 nodules were retrospectively rescored using the ACR-TIRADS, EU-TIRADS and AI-TIRADS classifications with the Picture Archiving and Communication System (PACS©) and using a DICOM standard monitor [3][4][5]. Rescoring was completed independently by a radiology registrar, specialist head and neck sonographer and consultant head and neck radiologist. Observers were blinded to the histopathology and clinical course. The mode was taken as the average ACR-TIRADS, EU-TIRADS and AI-TIRADS score and where the mode was more than one value, a consensus meeting was undertaken to decide. 
Data were analysed using SPSS© (IBM Corp) version 28. Shapiro-Wilk test of normal distribution was applied to the continuous variables with averages expressed as mean ± standard deviation for normally distributed data and median ± interquartile range for non-normally distributed data. Mean ages were compared using a two-tailed independent t-test. Equal variances were assumed. Median nodule diameters were compared using a Mann-Whitney U test. P values were considered significant if <0.05. Cochran’s Q test was applied to the dichotomous paired data with post-hoc analysis with McNemar’s test provided. Bonferroni correction was applied, giving an alpha value of 0.0125 for the post-hoc analysis. Interobserver variability for each RSS was calculated using Fleiss’ kappa (overall) and weighted Cohen’s kappa (between 2 raters). Interpretation thresholds for Cohen’s kappa are provided in Supplementary 2. 
Ethical approval
The NHS HRA (Health and Research Authority Tool) was used to determine that no ethical approval was needed for this single-centre retrospective service analysis. 
Definitions
‘Benign FNAC’ refers to FNAC being recommended in an ultimately benign nodule. The benign FNAC rate was calculated as the number of histologically benign nodules undergoing FNAC divided by the total number of nodules.
‘Avoidable surgical cases’ are defined as histologically proven benign pathology which would not have been recommended for FNAC (and then undergone surgery) at time of ultrasound under an alternative RSS. Patients with malignant disease and lesions of malignant potential were considered unavoidable. Surgery with a documented influence outside of risk based on ultrasound and cytological findings were also considered unavoidable. These include positive family history, compressive symptoms or strong patient preference despite benign ultrasound appearance or cytology. 
Results
Cohort overview
96 indeterminate (U3) nodules were reported in 95 patients between 01/11/2021 and 31/10/2022. Two nodules were excluded as the patient did not consent to FNA. 80.0% (76) of patients were female. Mean age of the cohort was 55.3 (±16.3) years. 
Median nodule diameter was 26.0 mm (IQR, 18-37). Median nodule diameter was significantly larger in the male cohort, compared to female (31.5 v 26.0) (p=0.049). 53.1% (51/96) of the nodules were located in the right lobe of the thyroid with 40.6% (39/96) located in the left lobe, and 6.3% (6/96) found in the thyroid isthmus [Table 1].      
Table 1. Basic patient demographics and nodule characteristics. 
	
	Female
	Male
	Total
	P

	N
	76
	19
	95
	

	Mean Age (SD)
	54.1 (±16.4)
	60.4 (±15.7)
	55.3 (±16.3)
	0.132

	
	
	
	
	

	N
	76
	20
	96
	

	Median Diameter (mm)
	26.0
	31.5
	26.0
	0.049

	IQR
	18-33
	24-51
	18-37
	

	
	
	
	
	

	Nodule location (N) (%)
	RL: 38 (50.0)
LL: 32 (42.1)
TI: 6 (7.9)
	RL: 13 (65.0)
LL: 7 (35.0)
TI:  0 (0.0)
	RL: 51 (53.1)
LL: 39 (40.6)
TI: 6 (6.3)
	


All ages given in years (y).
All diameters given in millimetres (mm).
Nodule location: RL – Right lobe, LL – Left lobe or TI - Thyroid isthmus. 
SD - Standard Deviation
IQR – Interquartile Range

Fine Needle Aspiration Cytology (FNAC)
100% (n=96) of included U3 nodules received an FNA, in keeping with BTA guidance. Of the 96 nodules determined as indeterminate/U3 according to BTA guidelines, 57 (60%) nodules were rescored as TR3 and above according to ACR-TIRADS, 73 (76%) were rescored as EUTI3 and above according to the EU-TIRADS and 70 nodules (73%) were rescored as TR3 and above according to the AI-TIRADS. Nodules TR2 and below are considered ‘not suspicious’ and EUTI2 considered ‘benign’. These nodules would not have received an FNA according to their corresponding guideline [Table 2]. 
Of the nodules rescored as TR3/EUTI3 and above, 43 nodules, 53 nodules and 48 nodules would have received FNAC, giving total FNAC rates of 44.8%, 55.2% and 50.0 for ACR-TIRADS, EU-TIRADS and AI-TIRADS, respectively [Table 2]. Benign FNAC rates (as defined above) were 40.6% (BTA), 22.9% (ACR), 26.0% (EU) and 25.0% (AI), respectively. 
Table 2. Comparison of rate of fine-needle aspiration following application of the BTA, ACR-TI, EU-TI and AI-TI guidelines. 
	BTA
	N
	ACR-TI
	N
	EU-TI
	N
	AI-TI
	N

	

U3
	

96
	TR1
	25
	N/A
	N/A
	TR1
	26

	
	
	TR2
	14
	EUTI2
	23
	TR2
	0

	
	
	TR3
	32
	EUTI3
	45
	TR3
	38

	
	
	TR4
	21
	EUTI4
	24
	TR4
	30

	
	
	TR5
	4
	EUTI5
	4
	TR5
	2

	BTA 
	FNAC Rate (%)
	ACR-TI
	FNAC Rate (%)
	EU-TI
	N
	AI-TI
	N

	

U3
	

96/96 (100.0)
	TR1
	0/25 (0.0)
	N/A
	N/A
	TR1
	0/26 (0.0)

	
	
	TR2
	0/14 (0.0)
	EUTI2
	0/23 (0.0)
	TR2
	0/0 (0.0)

	
	
	TR3
	23/32 (71.9)
	EUTI3
	33/45 (73.3)
	TR3
	25/38 (65.8)

	
	
	TR4
	16/21 (76.2)
	EUTI4
	16/24 (66.7)
	TR4
	21/30 (70.0)

	
	
	TR5
	4/4 (100.0)
	EUTI5
	4/4 (100.0)
	TR5
	2/2 (100.0)

	Total FNAC Rate (%)
96/96 (100.0)
	Total FNAC Rate (%)
43/96 (44.8)
	Total FNAC Rate (%)
53/96 (55.2)
	Total FNAC Rate (%)
48/96 (50.0)

	Benign FNAC Rate (%)
39/96 (40.6)
	Benign FNAC Rate (%)
22/96 (22.9)
	Benign FNAC Rate (%)
25/96 (26.0)
	Benign FNAC Rate (%)
24/96 (25.0)


FNAC – Fine needle aspiration cytology
BTA – British Thyroid Association U Classification
ACR – American College of Radiology-TIRADS
EU – European Thyroid Association-TIRADS
AI – Artificial Intelligence-TIRADS
Cytologically, 43 (44.8%) nodules had an initial non-diagnostic or unsatisfactory result (Thy 1/Thy 1c). 24 (25%) were deemed benign (Thy 2). 10 (10.4%) showed atypia/possible neoplasm (Thy 3a) and 16 (16.7%) showed possible follicular neoplasm (Thy 3f). 2 nodules were graded as suspicious for malignancy (Thy 4) and 1 nodule as malignant (Thy 5) [Table 3]. Of those patients undergoing a repeat FNAC, 53.8% (n=22) were non-diagnostic (Thy 1).  

Table 3. Royal College of Pathologists Thy classification for reporting thyroid cytology and corresponding number of patients by FNAC result [14]. 
	Diagnostic Category
	Interpretation
	N (%)
	N (%) Repeat

	Thy 1

Thy 1c
	Non-diagnostic for cytological diagnosis
Non-diagnostic for cytological diagnosis – cystic lesion
	43 (44.8)
	21 (53.8)

	Thy 2
Thy 2c
	Non-neoplastic
Non-neoplastic cystic lesion
	24 (25.0)
	6 (15.4)

	Thy 3a
	Neoplasm possible – atypia/non-diagnostic
	10 (10.4)
	7 (18.0)

	Thy 3f
	Neoplasm possible – suggesting follicular neoplasm
	16 (16.7)
	4 (10.3)

	Thy 4
	Suspicious of malignancy
	2 (2.1)
	1 (2.6)

	Thy 5
	Malignant
	1 (1.0)
	0 (0.0)

	
	
	N=96
	N=39


N – number of patients
Surgical implications
Following ultrasound and cytology results, patients are seen in the Ear, Nose and Throat surgical clinic. Management decision on discharge, surveillance or surgery are considered based on these results as well as important variables such as patient wishes, family history and surgical risk factors. 
Of the 96 indeterminate patients in this cohort, 65 (67.7%) underwent discussions regarding the pros and cons of a diagnostic hemithyroidectomy with an ENT surgeon. 45 (46.9%) proceeded to undergo diagnostic hemithyroidectomy for their U3 thyroid nodule. When retrospective application of TIRADS RSSs were applied, there was a net hypothetical reduction of up to 40% of surgical discussions required. Furthermore, when accounting for documented reasons for or against surgery, there was up to a 28.9% hypothetical reduction in diagnostic hemithyroidectomies performed under a TIRADS RSS [Table 4]. 
Cochran’s Q test demonstrated a statistically significant difference between increased rates of surgical discussion and surgery performed for indeterminate thyroid nodules between the BTA guidance and ACR-TIRADS (p<0.001), EU-TIRADS (p<0.001) and AI-TIRADS (p<0.001), respectively. There was no statistical difference between the TIRADS guidelines with regard to surgery discussed or performed [Table 5]. When looking specifically at the nodules which had been rescored with an equivalent level of suspicion – TR3 for ACR and AI-TIRADS and EUTI3 for EU-TIRADS, there remained a statistically significant association between increased surgical discussions (all TIRADS v BTA) and surgery performed (ACR v BTA) [Table 5]. 
Up to 9 (20%) surgical hemithyroidectomy cases for indeterminate nodules which ultimately provided benign may have been avoided under a TIRADS equivalent RSS [Table 4]. 
Table 4. Comparison of BTA, ACR-TIRADS, EU-TIRADS and AI-TIRADS on the impact on surgical discussion and rates of diagnostic hemithyroidectomy for U3 nodules. 
	
	BTA – N
	ACR-TIRADS – N (%)
	EU-TIRADS – N (%)
	AI-TIRADS – N (%)

	Surgery Discussed
	65
	39
	42
	40

	Net change
	N/A
	-26 (-40.0)
	-23 (-35.4)
	-25 (-38.5)

	Surgery Performed
	45
	32
	34
	33

	Net change
	N/A
	-13 (-28.9)
	-11 (-24.4)
	-12 (-26.7)

	
	
	
	
	

	Avoidable surgical cases (n=45)
	0 (0.0)
	9 (20.0)
	7 (15.6)
	8 (17.8)


 N – number of patients


Table 5. Cochran’s Q test and post hoc analysis comparing the impact of BTA, ACR-TIRADS, EU-TIRADS and AI-TIRADS guidelines on surgical discussion and surgical rates. 
	Surgery Discussed (All nodules) 
	Surgery Discussed (U3, TR3, EUTI3) (n=39)

	Cochran’s Q test
	Post hoc
	Cochran’s Q test
	Post hoc

	X2
	P
	BTA-ACR
	BTA-EU
	BTA-AI
	ACR-EU
	ACR-AI
	EU-AI
	X2
	P
	BTA-ACR
	BTA-EU
	BTA-AI
	ACR-EU
	ACR-AI
	EU-AI

	54.235
	<0.001
	<0.001
	<0.001
	<0.001
	0.549
	1.000
	0.727
	21.000
	<0.001
	<0.001
	0.008
	0.004
	0.375
	0.625
	1.000



	Surgery Performed (All nodules)
	Surgery Performed (U3, TR3, EUTI3) (n=39)

	Cochran’s Q test
	Post hoc
	Cochran’s Q test
	Post hoc

	X2
	P
	BTA-ACR
	BTA-EU
	BTA-AI
	ACR-EU
	ACR-AI
	EU-AI
	X2
	P
	BTA-ACR
	BTA-EU
	BTA-AI
	ACR-EU
	ACR-AI
	EU-AI

	25.385
	<0.001
	<0.001
	<0.001
	<0.001
	0.727
	1.000
	1.000
	15.429
	0.001
	0.008
	0.031
	0.031
	0.625
	0.500
	1.000


BTA – British Thyroid Association U Classification
ACR – American College of Radiology-TIRADS
EU – European Thyroid Association-TIRADS
AI – Artificial Intelligence-TIRADS
X2 – Cochran’s Q value
 = 0.0125 following the application of the Bonferonni correction
Cancer detection
Of the 45 patients who underwent surgery, 4 (8.9%) cancerous nodules were detected following histological analysis of the resected specimens – 3 papillary carcinomas and 1 follicular carcinoma. When retrospective application of TIRADS guidance was applied, ACR, EU and AI-TIRADS unanimously recommended FNAC in 3 (75%) of the cases. ACR-TIRADS and AI-TIRADS would have suggested active US surveillance in the 1 remaining case, with EU-TIRADS recommending no further action [Table 6]. 
Table 6. Management of histology proven malignant thyroid nodules according to each guideline.  
	
	Management

	Histopathology
	Size (mm)
	BTA
	ACR-TIRADS
	EU-TIRADS
	AI-TIRADS

	Papillary carcinoma
	17 x 11
	
	
	
	

	Papillary carcinoma
	27 x 17
	
	
	
	

	Papillary carcinoma
	10 x 9
	
	
	
	

	Follicular carcinoma
	44 x 31
	
	
	
	


Green – Fine needle aspiration
Yellow – Surveillance/follow up
Red – No action

Interobserver agreement
Interobserver variability for each TIRADS guideline was calculated and demonstrated overall fair agreement for EU-TIRADS, and moderate agreement for ACR-TIRADS and AI-TIRADS. Statistically, AI-TIRADS demonstrated highest overall interobserver agreement [Table 7]. 
Table 7. Interobserver agreement.
	
	Kappa

	Observers
	ACR-TIRADS
	EU-TIRADS
	AI-TIRADS

	SpR + SHNS
	0.753
	0.582
	0.693

	SpR + Cons
	0.496
	0.518
	0.787

	SHNS + Cons
	0.507
	0.308
	0.483

	Overall
	0.490
	0.373
	0.603

	Interpretation
	Moderate Agreement
	Fair Agreement
	Moderate Agreement


SpR – Clinical Radiology Specialist Registrar
SHNS – Specialist Head & Neck Sonographer
Cons – Consultant Head & Neck Radiologist

Discussion
This analysis evaluates the potential differences in radiological and surgical management of indeterminate U3 thyroid nodules when using ACR, EU and AI-TIRADS classifications as an alternative to BTA at our centre. Few papers looking specifically at this indeterminate group exist to date. 
Our principal findings are: 
· 45-55% of U3 nodules undergoing FNAC at the time of ultrasound would have been performed under a TIRADS RSS, as opposed to 100% under BTA guidance.
· High rates of non-diagnostic and equivocal FNAC led to significant increases in surgical discussions and ultimately increases in diagnostic surgery for indeterminate nodules under BTA compared to retrospective TIRADS application.
· Up to 20% of surgical cases for benign pathology in this challenging subgroup may have been averted using a TIRADS RSS. However, 1 of the 4 cancers removed following BTA guidance would have been subject to active surveillance or no further action. 
Indeterminate (U3) thyroid nodules comprise a small subset of total thyroid nodules imaged across a radiology service. However, these nodules produce a diagnostic dilemma in comparison to more convincingly benign (U1/U2) or malignant (U4/U5) imaging appearances. 
Risk stratification systems are designed to help clinicians with managing uncertainty in the face of equivocal ultrasound appearances, and which RSS is superior is both widely debated and by no means conclusive. With that said, the decision whether to undertake an FNAC is not without consequence and will trigger a diagnostic cascade which, as a result of often non-diagnostic or ambigious cytology, can lead to the patient discussing the pros and cons of a diagnostic hemithyroidectomy with our surgical colleagues - having sometimes provided them less-than-conclusive imaging and non-diagnostic cytology. In these instances, patient choice is key and patients at our centre frequently opted to have their nodule removed as opposed to ultrasound surveillance following informed discussions with the surgical team. 
Our results show that between 45-55% of the nodules classified as U3, and therefore requiring FNAC under BTA, would have met the criteria for FNAC under a TIRADS guideline, demonstrating a hypothetical decrease in time and workload for radiology and histopathology departments. Our centre found that the benign FNAC rate for BTA for indeterminate nodules was 40.6% compared with 26.0% (EU-TIRADS), 25.0% (AI-TIRADS) and 22.9% (ACR-TIRADS). These results echo the literature base to date with Watkins et al finding ‘unnecessary’ FNA rates for BTA, ACR-TIRADS and AI-TIRADS to be 46.3%, 30.7% and 29.8% respectively across all nodule subsets [15]. 
We report a high number of non-diagnostic FNAC samples with 44.8% of initial samples reported as Thy 1/Thy 1c, and a further half on repeat, leaving 21.9% of nodules with two non-diagnostic samples. A systematic review published by Poller et al, reported a non-diagnostic cytology rate ranging from 3.0 to 43.3% [16]. National figures report a Thy 1 rate of up to 29% [17]. Our high non-diagnostic rate is likely compounded by assessing indeterminate nodules specifically in this paper and this rate would likely drop in the context of nodules which are suspicious (U4) or malignant (U5) with a greater solid component. A core biopsy service has been established but was not commonly offered in this cohort. The use of rapid on-site evaluation (ROSE) has been successfully demonstrated to significantly reduce rates of non-diagnostic FNAC samples and may be of consideration in this indeterminate group, who appear at higher risk of an inappropriate diagnostic cascade than others [16]. Updated NICE guidance recommends ROSE where thy 1 rate exceeds 15%, although this excludes thy 1c patients [18]. 
Reported figures of PPV for malignancy for BTA range from 30-32% when U3 nodules are grouped with high-risk nodules, and 62% when U3 nodules are grouped with low-risk nodules [19][20]. Possible explanations for increased FNAC rates, and subsequent poorer PPV, may include the addition of ‘mixed/central vascularity’ to the U3 criteria, which is absent from TIRADS criteria altogether. The mention of increased vascularity can increase an otherwise innocuous U2 lesion to U3 and therefore requiring FNAC. Improved sensitivity of colour doppler tools on modern ultrasound machines may be compounding this problem by detecting doppler flow which would have been previously undetectable. Weller et al noted a number of nodules were graded U3 on the basis of vascularity alone, and when excluded, saw an increase in PPV and specificity albeit with a considerable reduction in sensitivity - highlighting the difficulty in creating an optimal RSS [20]. 
High rates of non-diagnostic and non-conclusive cytology, in combination with equivocal ultrasound findings, are likely responsible for the downstream effect on rates of surgical discussions and diagnostic surgical procedures noted in our cohort. Our results demonstrate a significant difference between BTA and retrospective application of all TIRADS guidance in terms of increased surgical discussions (p<0.001) and surgery performed (p<0.001). When looking specifically at nodules rescored with an equivalent degree of suspicion (TR3, EUTI3), the significant association persisted for surgical discussions (p<0.001 ACR, p=0.008 EU, p=0.004 AI) and for surgery performed compared to ACR-TIRADS (p=0.008) but was non-significant with EU and AI-TIRADS following Bonferroni correction (p=0.031). These results suggest that it is less the nature of being ‘indeterminate’ which is responsible for increased surgical activity in our cohort but rather the willingness of the guideline to trigger the diagnostic cascade with a FNAC to begin with. We found that up to 20% (n=9) of the indeterminate nodules which underwent surgery in this cohort had benign pathology which would not have received FNAC under a TIRADS RSS. Although this represents a small number of patients in the context of an entire service (9 patients in our 12-month period) and is exaggerated in this subset of diagnostically challenging nodules, it does demonstrate the impact that guideline choice has on exposing patients to avoidable risks of surgery, which in the case of a diagnostic hemithyroidectomy includes bleeding, infection, recurrent laryngeal nerve injury and post-op hypothyroidism [21][22]. There is increased time and cost to surgical services to consider also. 
While an ideal RSS would recommend fewer FNAC in benign disease, with subsequent lower rates of avoidable surgery, it would also have a high detection rate for malignancy. When retrospective application of TIRADS guidance was applied to this indeterminate nodule cohort, 25% (n=1) of the malignant nodules were subject to no further action at the time of ultrasound under EU-TIRADS [Table 6]. However, ACR-TIRADS and AI-TIRADS were able to recommend FNAC for 75% (n=3) of the cancerous nodules and active surveillance for 25% (n=1). Overall, a TIRADS RSS recommended removal or safe follow up on 11/12 occasions for the 4 detected cancers in our patient group. 
How significant undetected cancerous nodules are to patient outcome vs the need to avoid over-diagnosing indolent lesions is an important and long-standing debate and sub-1 cm cancers can behave non-aggressively with no perceived impact on mortality [23][24][25]. Nevertheless, patients' views on the potential for a cancer to go undetected may vary significantly from those of healthcare professionals and hospital managers, despite assurances from empirical evidence. Moreover, the financial implications between opting for a service which promotes active surveillance for a greater number of indeterminate nodules vs FNAC and then subsequent discharge or surgery is unclear. 
We demonstrated moderate agreement between observers according to Fleiss’ kappa coefficient for ACR and AI-TIRADS with fair agreement for EU-TIRADS. AI-TIRADS had the highest rate of agreement. These findings are at the lower end of reported interobserver agreement for ACR-TIRADS and EU-TIRADS, likely due to exclusively grading indeterminate nodules [26][27]. Published data on interobserver variability for application of BTA guidance is wide ranging with reports from fair to substantial agreement [20][28]. This suggests that interobserver variability alone should not influence choice of RSS but is an important consideration when selecting and auditing a nodule assessment tool.
We are aware of several limitations with our findings. Our results capture the clinical practice and outcomes at a single centre and may not be generalisable to other centres where clinical practice can vary in the work up of thyroid nodules – these include different interpretations of cytology, a more established core biopsy service or institutions with lower non-diagnostic FNAC rates. 
Moreover, observers were blinded to the histology and clinical course when retrospectively applying the TIRADS scoring but were aware that all nodules had been classified as indeterminate (U3) according to BTA. As a result, a degree of bias when scoring the nodules may have occurred. Images were scanned in retrospect from saved ultrasound images. Although these images remain diagnostic, prospective analysis of real-time images would heed greater accuracy. No cases were deemed to have poor image quality or quantity. 
Given that these nodules were indeterminate in nature, interobserver variability for each guideline is likely to decrease (and agreement increase) when nodules which are clearly benign or malignant in appearance are included.
Information regarding surgical discussion were gleaned from clinic letter documentation. We note that some of the nuances of these discussions may not have been recorded. 
Conclusion
Indeterminate thyroid nodules provide a diagnostic dilemma, with the classification by which they are risk stratified at ultrasound proving the catalyst for any downstream diagnostic cascade that may follow. In the context of high non-diagnostic sampling rates for indeterminate nodules at our centre, large increases in the volume of FNAC performed under BTA guidance when compared to retrospective TIRADS application had the impact of significant increases in surgical activity. 
While the lower threshold approach to performing FNAC risks over-diagnosis and avoidable surgery, a higher threshold for FNAC may infrequently risk missing or delaying the removal of small thyroid cancers of which the long-term implications for patient outcomes are largely unknown. This highlights the need for ongoing discussion about the most ethical and pragmatic approach to risk stratifying equivocal thyroid nodules and managing both the increasing demand on radiology and thyroid surgery services as well as best clinical practice for patients. 
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