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The Correlation of TIRADS Risk Stratification and Thyroid Nodular Size With Serum TSH Among Adults With Thyroid Incidentalomas in a Tertiary Health Institution

ABSTRACT
Background
[bookmark: _GoBack]A thyroid incidentaloma (TI) is an unexpected, asymptomatic thyroid lesion inadvertently discovered during an investigation of an unrelated condition. Although most TIs are benign, there is a significant potential for malignancy. The prevalence of TI is increasing due to the increased detection using increasingly available high resolution modern ultrasound machines. Most TI are benign, but between 10-15% are mostly malignant. This study aims to address the need for increased precision in separating benign from malignant lesions by using a combination of standardized ultrasound categorization of these lesions and serum TSH levels as an independent predictor of benignity or malignancy, or as an adjunct to reduce the frequency of invasive FNAC.
Material and method
This was a prospective cross-sectional study of 400 adult subjects, scanned using a Mindray ultrasound machine with a 5-12MHz linear array transducer in the department of Radiology, and afterwards a blood sample was taken from those with incidental thyroid nodules for serum thyroid-stimulating hormone. The data obtained from the study was analyzed using the Statistical Package for Social Sciences (SPSS), Version 25.0 (IBM Corp. Released 2017, IBM SPSS Statistics for Windows, Armonk, NY: IBM Corp.).
 Sociodemographic characteristics (e.g. gender) of patients were presented in frequency tables and charts where necessary and age was represented as mean ± SD and also displayed in charts. 
Both Chi-square analysis was used to determine the relationship between serum TSH levels and the TIRADS classification of the detected TIs. Pearson correlation analysis was used to determine the level of linear correlation between the size of the TIs and serum TSH levels. All P-values ≤ 0.05 were considered statistically significant.

Result
Serum thyroid-stimulating hormone (TSH) is higher in patients with malignant thyroid nodules than in those with benign disease, and TSH is proportionally increased in more aggressive tumors. Importantly, we have shown that the pre-operative serum TSH concentration independently predicts the presence of malignancy in subjects presenting with thyroid nodules. Establishing the use of TSH measurements in algorithms identifying high-risk thyroid nodules in routine clinical practice represents an exciting, cost-efficient and non-invasive approach to optimize thyroid cancer diagnosis. 
Conclusion
The use of high-frequency ultrasound has led to an increase in the detection of incidental thyroid nodules during imaging of the neck. The prevalence of incidentalomas in this study was higher than values from older studies. Raised TSH levels were noted in very few subjects and were seen with the higher TIRADS categories and nodule sizes above 1.5cm
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INTRODUCTION
Recently there has been an increase in the frequency of detection of incidental thyroid nodules also called thyroid incidentalomas1, 2. Though most of the nodules are benign about 10-15% of these incidental nodules are malignant3. The possibility of malignancy among these patients raise concern among clinicians and subjects that over time lead to overdiagnosis, unnecessary interventions and inappropriate application of scarce resources4
[bookmark: _Hlk192828858]Management of an incidental thyroid nodule remains controversial. There is a dilemma between the need to avoid burdening the health care system with over-investigation of benign nodules and the   need to avoid the adverse effects that follow a delayed cancer diagnosis5. 
Ultrasound (US) is the most sensitive imaging test for the thyroid gland6. High-frequency transducers provide both low ultrasound penetration and high-resolution images7. This high-resolution US with its improved sensitivity has led to an increase in the frequency of detection of incidental thyroid nodules8,9,10,11. Ultrasound (US) is also non-invasive, readily available and non-ionizing, making it an ideal screening tool for nodular and diffuse thyroid disease12,13, 14.
US-guided fine-needle aspiration cytology (FNAC) is often performed to determine the nature of suspicious nodules14,15. Where possible, it is imperative to reduce the number of unnecessary FNACs while identifying clinically significant malignant nodules.
This concern has been largely addressed by US. This is because US features of TI have been harnessed to create several risk stratification systems to identify nodules that warrant either biopsy or follow-up, thus reducing the number of unnecessary FNACs or surgical inteventions11,16. Many professional organizations have proposed ways to identify nodules that require active surveillance. For instance, in 2012, the American college of Radiology convened committees to investigate incidental thyroid nodules. By 2015, these committees published a white paper that presented an approach to TIs. Two years later (2017), the American College of Radiology (ACR) Thyroid Imaging Reporting and Data System (TIRADS) was created9.
The ACR TIRADS is an ultrasound-based risk stratification system (RSS) for classifying thyroid nodules9. Research has shown that it has a higher specificity than other RSSs and reduces unnecessary biopsies of benign nodules compared with other RSSs by 19.9-46.5%17.
Ultrasonography is affordable and the TIRADS classification, which is a reliable risk stratification tool is ultrasound-based, making it an ideal and cost-effective addition to risk stratification effort18,19. 
In the ACR TIRADS, there are 5 ultrasound features assessed: namely; composition, echogenicity, shape, margin and echogenic foci. Points are given for all the ultrasound features in a nodule, with the more suspicious features being awarded additional points. One feature is selected from each of the first four feature categories and all the features that apply from the final feature category; the accrued points are then summed up. The total points determine the TIRADS category (Table 1). 

Table 1: ACR TIRADS Categories, risk level and recommendations9

	ACR TIRADS CATEGORY (RISK OF CANCER IN PERCENTAGE) 
	TOTAL POINTS
	RECOMMENDATION

	TR1 – Benign (0.3%)
	0
	No FNAC

	TR2 – Not Suspicious (1.5%)
	2**
	No FNAC

	TR3 – Mildly Suspicious (4.8%)
	3
	FNAC if ≥2.5cm
Follow up if ≥1.5cm

	TR4 – Moderately Suspicious (9.1%)
	4-6
	FNAC if ≥1.5cm
Follow up if ≥1cm 

	TR5 – Highly Suspicious (35%)
	≥7
	FNAC if ≥1cm
Follow up if ≥0.5cm 


** Although a nodule can be assigned zero points and be categorized TR1, all other nodules merit at least two points because a nodule that has a mixed cystic and solid appearance (one point) will also gain at least one more point for the echogenicity of its solid component. When there are multiple nodules, there should be no more than four (4) nodules classified. FNA is not recommended of more than two (2) nodules.

Serum thyroid-stimulating hormone (TSH) levels can be measured to investigate the nodule. A hyperfunctioning nodule would produce high levels of thyroid hormones, resulting in low levels of TSH, while a hypo-functioning nodule would produce low levels of thyroid hormones, leading to high levels of TSH. Hyperfunctioning nodules are rarely malignant20. The 2009 revised American Thyroid Association Management Guidelines for Patients with Thyroid Nodules and Differentiated Thyroid Cancer states that “since hyperfunctioning nodules rarely harbor malignancy, if one is found that corresponds to the nodule in question, no cytologic evaluation is necessary”19,21.
The risk of malignancy tends to increase with serum TSH levels even within the normal range22. Serum TSH is an independent predictor of malignancy and can serve as an adjunct to FNAC in predicting the risk of malignancy20,12.
[bookmark: _Hlk192829123]Taking into cognizance the fact that there is a paucity of data on TI in developing nations like ours, and that patients with incidentally discovered thyroid nodules undergo or otherwise forgo FNAC without a standardized basis, this study in embarked upon to determine the Ultrasound characteristics of TIs in our environment, stratify them according to the ACR TIRADS standard and correlate the thyroid-stimulating hormone (TSH) levels with the size of TIs and their ACR TIRADS. This will offer patients with TIs in our environment and beyond, a standardized basis to undergo or forgo FNAC, thus paving way for the establishment of local protocols for approaching TIs, which can in turn aid early detection of cancer.
MATERIALS AND METHODS
This was a prospective cross-sectional study of 400 consenting adults and was conducted over a period of six (6) months (January 2023 - June 2023). The study was a hospital-based study carried out in Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi, Anambra State, Nigeria. The subjects were consenting adult subjects (18 years or above) who were either volunteers or patients referred for imaging to the Department of Radiology, NAUTH, for reasons other than thyroid disease. The following were excluded from the study: pregnant women, subjects who did not give consent for the study, those less than 18 years, those with evidence of current thyroid disease like a visible or palpable thyroid mass, those with previous history of thyroid disease, previous history of thyroid surgery or Radioiodine therapy or family history of thyroid disease in a first-degree relative.  
Approval for this study was obtained from the Ethical Committee of NAUTH. The data collected was treated with utmost confidentiality. 
The subjects were scanned using a Mindray ultrasound machine (model: DC-32 SN: 9Q-98000221; manufactured 18-08-2019) fitted with a 5-12MHz linear array transducer and Doppler capabilities. Both lobes and the isthmus of the thyroid gland were scanned in the axial and longitudinal planes. The number, size and other ultrasound characteristics of thyroid nodules were recorded in the study datasheet. 
The TIs were also classified according to their risk of malignancy using the ACR TIRADS. If a subject had multiple incidentalomas with different TIRADS classifications, the higher classification was assigned to the subject. 
Finally, a blood sample was obtained aseptically for serum Thyroid Stimulating Hormone (TSH) estimation.The cost of the study was borne by the researchers.
The data obtained from the study was analyzed using the Statistical Package for Social Sciences (SPSS), Version 25.0 (IBM Corp. Released 2017, IBM SPSS Statistics for Windows, Armonk, NY: IBM Corp.).
 Sociodemographic characteristics (e.g. gender) of patients were presented in frequency tables and charts where necessary and age was represented as mean ± SD and also displayed in charts. 
The frequency of altered serum TSH levels among subjects with TI was presented in simple  frequency and percentage tables. Chi-square analysis was used to determine the relationship between serum TSH levels and the TIRADS classification of the detected TIs. It was also used to determine the relationship between serum TSH levels and the sizes (grouped) of the TIs. Pearson correlation analysis was used to determine the level of linear correlation between the size of the TIs and serum TSH levels. All P-values ≤ 0.05 were considered statistically significant.

RESULTS  
A total of 400 adults were recruited in this study and all were used in the analysis as there was no case of missing data or outlier. The age range of the subjects was 18-87 years and the mean age was 41.30±14.62 years. As can be seen from fig.1, subjects with the age range of 29-39 years were the highest in number, followed by the following age ranges in decreasing order; 40-50 years, 18-28 years, 51-61 years, 62-72 years, 73-83 years; and finally 84 and above (being the least in number). Male subjects were 151 (37.75%) in number while females were 249 (62.25%). See fig 2.
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                    Fig. 1: Bar chart showing the age distribution of the subjects
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Fig2. Pie chart showing sex distribution


                                                              	                                               
Incidental thyroid nodules (thyroid incidentalomas, TIs) were seen in 146 subject, which constituted 36.5% of the study population. Among the subpopulation with TIs, 8 subjects (5.48%) had high serum TSH while the vast majority of subjects 138 (94.52%) had normal TSH levels and none had low TSH levels. Subjects with TIs classified as TIRADS 1 and 2, all had normal TSH values.
 The ACR-TIRADS categories involved in the 8 subjects with high TSH levels were TIRADS categories 3-5. Two of these subjects were of TIRADS 3 while four of them were of TIRADS 4 and the remaining two were of TIRADS 5. See table 2

 Table 2: Frequency of TIRAD classes among the subjects with TI
	ACR-TIRADS
	   Total(%)
	          Serum TSH Level

	
	
	   High (%)
	Normal (%)

	Class 1                     74(50.7)                      0                         74(50.7)
Class 2                      14(9.6)                        0                         14(9.6) 
Class 3                      24(16.4)                      2(1.4)                  22(15.1)
Class 4                      26(17.8)                      4(2.7)                  22( 15.1)
Class 5                       8(5.48)                       2(1.4)                    6(4.1 )  
Total                         146(100.0)                  8(5.48)              138(94.52)





As seen in table 3, in the vast majority of the subjects with TIs (up to 80.8%), the size (maximum diameter) of the detected nodule was less than 1cm, and they were all noted to have normal TSH values. Subjects with nodule sizes ranging from 1-1.49cm were 16 in number and they all had normal TSH levels also. Total of 8 subjects had nodular size of 1.5-2.49cm and 4 of them (50%) had high TSH; while the other 4 subjects had nodular size of ≥2.5 cm and all had high TSH.                     

Table 3: Frequency of TI sizes (grouped) among the subjects
	Sizes in (grouped)
	   Total(%)
	          Serum TSH Level

	
	
	   High (%)
	Normal (%)

	˂1.0 cm                   118(80.8)                              0                   118(80.8)
1.0-4.9 cm                 16(11.0)                               0                   16(11.0) 
1.5-2.49cm                 8(5.5)                            4(2.7)                    4(2.7)
≥2.5 cm                      4(2.7)                            4(2.7)                           0
Total                         146(100.0)                      8(5.5)             138(94.5)





In the various tests carried out for the relevant statistical significance (see table 4), Chi Square showed statistically significant association between the TSH levels and ACR-TIRADS categories of the subjects (p-value = 0.003). Chi Square test also showed statistically significant relationship between the TSH levels and the sizes of the TIs (p-value ˂0.001). Pearson’s correlation test showed statistically significant linear correlation between serum TSH levels and the size of the TIs (p-value ˂0.001).

Table 4: Tests for statistical significance
	Variables
	Name of test
	Test statistic /
Coefficient
	p-value

	ACR-TIRADS TIRAD 
VS Serum TSH
	Chi Square test for association
	X2 = 16.290
	0.003*

	TI size (grouped) vs Serum TSH 
	Chi Square test for association
	X2 = 107.384
	˂0.001*

	TI size vs Serum TSH
	Pearson’s correlation test
	r  = 0.681
	˂0.001*


X2 = x2 statistic,  ‘r’ = the correlation coefficient   *(significant p-value<0.05)
In determining the TIRADS categories and the size of the TIs in patient with multiple nodules, the nodule with the highest TIRADS category and the nodule with the largest diameter was used respectively.

DISCUSSION
In this study, since the only serum TSH derangement seen was high value, and constituted 5.48% of all the subjects with TIs, the frequency of altered serum TSH among subjects with TIs was 5.48%. The frequency obtained in our study varied with that in other studies, where the frequency was as high as 9.5%23-25. The explanation for this may most likely be in the differences in the population studied.  For instance, the population studied by Canaris et al23.was higher than ours and was from the western world.
All the subjects with altered serum TSH in our study all had high TSH values, and considering the fact that a hypo-functioning nodule would produce low levels of thyroid hormones, leading to high levels of TSH and that hyperfunctioning nodules are rarely malignant and would require no cytologic evaluation8,21,22 ; and that increased serum TSH levels are statistically associated with an increased risk of cancer in thyroid nodular disease9,26-28, all the subjects with altered serum TSH in our study can be said to have increased risk of cancer and will therefore require cytologic evaluation.
Again, the high serum TSH levels were detected only with subjects of TIRADS 3-5 (those of TIRADS 1-2 had normal serum TSH), corresponding to risk levels of mildly suspicious lesions to highly suspicious lesions; and these are indications for FNAC. This shows that using ultrasound characteristics, namely TIRADS classification as used in our study is of much diagnostic value and useful in sorting out patients that would need FNAC and those that would not.    
Significant statistical relationship between the TIRADS classification and TSH levels (0.003),  shown by Chi-square analysis in the study further buttresses the fact that TIRADS classification can be reliably used to predict TIs with malignant potentials warranting FNAC.
Furthermore, with regards to the sizes of the TI nodules, the subjects with high TSH had TIs with sizes > 1.5cm. At this size, the chance of malignancy TI is increased (table 1). Chi-square analysis also showed a significant relationship between TI size and serum TSH levels (˂0.001) and Pearson’s correlation showed a strong positive linear correlation between serum TSH levels and the sizes of the TIs (˂0.001). All these show that the size of a TI as measured by ultrasound, ca n be a good pointer to TIs requiring FNAC even in the absence of serum TSH.
As a corollary, the results show that the serum TSH can be used to predict TIs with likelihood for malignancy. This is in agreement with the observation by other authors putting serum TSH as an independent predictor of malignancy that can serve as an adjunct to FNAC in predicting the risk of malignancy20,22.
Nevertheless, since available studies on these are very scanty especiall0y in our environment, and our study did not include the FNAC findings for correlations, more studies are required to better understand the relationship between the ultrasonic sizes and the ultrasound characteristics of incidental thyroid nodules with serum TSH levels and FNAC findings.

[bookmark: _Hlk192830887]CONCLUSION   
[bookmark: _Hlk192835035]The advent and widespread use of high-frequency and high-sensitivity ultrasound has led to an increase in the detection of incidental thyroid nodules during imaging of the neck. Since most of them are small, non-palpable and clinically innocuous, they pose a clinical problem, especially when malignant. In this study, raised TSH levels when present are seen with the higher TIRADS categories and increased nodule sizes above 1.5cm, and these two parameters are considered as contributing to the likelihood of increased malignancy. However, more studies are required to better understand the relationship between FNAC findings, serum TSH levels and the ultrasound characteristics of incidental thyroid nodules. 
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