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Introduction
Thyroid tumours are more prevalent than tumours arising 
from other organs of the endocrine system. The incidence 
of thyroid carcinoma has tripled in the United States 
and other countries over the past three decades, and this 
trend shows no signs of abating.1 A global prevalence of 
24.83% has been reported for thyroid nodules from 2012 
to 2022, with women (36.51%) more affected than men 
(24.47%).2 In Sri Lanka, there is a 2.1-fold increase in 
the incidence of thyroid carcinoma from 2001 to 2010.3 
Recent cancer incidence data from Sri Lanka emphasize 

the gravity of the situation. According to the latest cancer 
incidence data (2021), thyroid cancer is reported as the 
second most common type of malignancy in females in 
Sri Lanka. However, despite a relatively high prevalence 
of thyroid tumors (7% of the population), only about 5% 
are malignant.4 

In lower-middle-income countries like Sri Lanka, limited 
healthcare resources make the rising burden of thyroid 
cancer particularly challenging. Furthermore, the costs 
associated with surgical management are notably high. 
The current lack of operating theater capacity also restricts 
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Abstract
Introduction: Although the prevalence of thyroid tumor is about 7% in the general population, 
the malignancy rate is approximately 5% among thyroid tumors. This emphasizes the need for 
effective preoperative diagnostic methods for proper patient management.
Methods: A descriptive cross-sectional study was conducted at Colombo South Teaching 
Hospital and the Department of Pathology, University of Sri Jayewardenepura, Sri Lanka. 
Patients with radiologically suspected malignant thyroid nodules (n = 107) were enrolled. fine 
needle aspiration cytology (FNAC) was performed under ultrasound scan (USS) guidance by an 
experienced consultant radiologist. Direct smears and cell block preparations were prepared 
from FNAC specimens. Smears were reviewed by two independent pathologists. USS and FNAC 
findings were reported according to Thyroid Imaging Reporting and Data System (TIRADS) system 
and Bethesda system, respectively. Descriptive statistics were expressed as frequencies and 
percentages. Diagnostic performance of USS and FNAC was assessed using receiver operating 
characteristic (ROC) curve. Sensitivity, specificity, negative predictive value (NPV), and positive 
predictive value (PPV) were calculated. 
Results: The Majority (79.4%) were females. Age ranged from 15 to 76 years (47.3 ± 12.89). 
Malignant risk prediction of 77% was observed in TIRADS system. Malignant risk of 17.9%, 
37.5%, and 87.5% were reported respectively for TIRADS 4a, 4b, 4c categories while TIRADS 5 
reports a risk of 60.0%. Sensitivity, specificity, NPV, and PPV of FNAC were 88.9%, 87.5%, 96%, 
and 70% respectively compared with the histology results.
Conclusion: Bethesda system cytology reporting and radiologic TIRADS classification are 
important preoperative diagnostic tools for identifying suspicious thyroid nodules in resource-
limited setting. FNAC was a better diagnostic test compared to USS for evaluating thyroid nodules.
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the surgical management of thyroid nodules. Therefore, 
the decision of surgical management is taken based on 
the clinical features and the diagnostic test results. Given 
the increasing incidence of thyroid carcinoma, effective 
methods are essential because prognosis and treatment 
depend on the type and stage of the nodule.5 However, 
there are reported cases of re-operations and unwanted 
surgeries due to mistakes in pre-operative diagnosis.

Ultrasound scan (USS) of the thyroid and the fine needle 
aspiration cytology (FNAC) are widely used preoperative 
diagnostic methods. Thyroid Imaging Reporting and 
Data System (TIRADS) which was proposed in 2015 
by the American College of Radiologists is currently in 
practice to standardize the interpretations of the thyroid 
ultrasound scan results. This system uses a standardized 
scoring system based on composition, echogenicity, 
shape, margin, and echogenic foci. The TIRADS system 
categorizes nodules into five groups from TIRADS 1 to 
TIRADS 5 based on a standardized score.6

Another well-established pre-operative diagnostic 
approach is the FNAC. This technique can be performed 
with or without ultrasound guidance. This investigation 
plays a major role in the pre-operative diagnosis as it is 
used to stratify the patients with a risk of malignancy, 
therefore enabling the identification of patients requiring 
surgery thus preventing unnecessary surgeries for benign 
nodules. Thyroid nodules are classified into six categories 
according to the Bethesda system for reporting thyroid 
cytopathology. Overall, 20-30% of nodules fall into 
Bethesda categories III, IV, and V, which are considered 
indeterminate or suspicious. However, prior reports 
indicate that malignancy is confirmed histologically in 
only about one-third of these indeterminate nodules.6,7 

 Histopathological diagnosis is considered the gold 
standard in the diagnosis of thyroid malignancies. 
Although it is the gold standard, obtaining tissue requires 
hemithyroidectomy or total thyroidectomy. 

Although currently, in the Sri Lankan context, 
there is access to a variety of pre-operative diagnostic 
methodologies, it is crucial to evaluate the diagnostic 
accuracy of these methods due to their significant 
influence on the disease prognosis. This will help to 
prevent unwanted surgical procedures and subsequent 
re-operations on thyroid nodules. The purpose of the 
current study is to determine the diagnostic accuracy of 
the TIRADS system of USS and Bethesda system of FNAC 
in the preoperative diagnosis of thyroid tumors.

Methods
A descriptive cross-sectional study was conducted at 
the Department of Radiology, Colombo South Teaching 
Hospital, and the Department of Pathology, Faculty 
of Medical Sciences (FMS) of the University of Sri 
Jayewardenepura, Sri Lanka from June 2020 to June 2022 
enrolling 107 patients with radiologically suspicious 
thyroid nodules (TIRADS 3 or above). All procedures 

were approved by the Ethics Review Committee of the 
Faculty of Medical Sciences of the University of Sri 
Jayewardenepura (65/2019) and approval was granted to 
conduct the study. Written informed consent was obtained 
from each participant. Cases without radiological data 
and patients belonging to TIRADS 1 and 2 categories (as 
there were no indications for FNAC) were excluded from 
the study. 

All ultrasound scans were performed by the same 
consultant radiologist and reported using the five 
categories.3 Ultrasound-guided FNAC was performed by 
the same radiologist when nodules were suspicious for 
malignancy. Direct smears were prepared and fixed in 
95% ethanol for routine hematoxylin and eosin staining. 
Residual material in the needle was rinsed into an 
ethanol formalin solution. The needle wash sample was 
used for the cell block preparation. Both direct cytology 
smears and cell-block sections were reviewed by two 
independent pathologists and reported according to the 
Bethesda system. Inter-observer variation was minimized 
by having the same radiologist perform and report all 
USS examinations according to TIRADS. Further, the 
same radiologist collected the FNAC samples from the 
suspected nodule, and cytology smears were observed by 
two independent pathologists adhering to the Bethesda 
system. If discrepancies arose, both consultant pathologists 
discussed and decided on the final diagnosis. 

The patients were followed up for two years, and the 
histology reports were collected from the patients if they 
underwent surgery. Patients with benign nodules did not 
undergo surgery hence there were no histological reports. 
Patients who did not undergone surgery were followed by 
the research team for two years from the date of FNAC. 
If the nodules did not develop further or if they had been 
confirmed as benign nodules by a consultant surgeon or 
an endocrinologist, the nodule was considered benign at 
the end of the follow-up period. 

The results were analyzed using the SPSS statistical 
software version 23. Descriptive statistics were expressed 
in terms of frequencies and percentages. The receiver 
operator characteristic (ROC) curve was used to 
assess the diagnostic performance of USS and FNAC. 
Sensitivity, specificity, negative predictive value (NPV), 
and positive predictive value (PPV) were calculated. 
Kendall’s coefficient of concordance was used to compare 
the concordance rates of USS and FNAC with the final 
histology results. A P value of < 0.05 was considered 
statistically significant.

Results
From the total of one hundred and seven (n = 107) 
participants, the majority (n = 85, 79.4%) were female. 
The age of the study participants ranged from 15 to 76 
years of age with a mean and standard deviation (SD) of 
47.3 ± 12.89 years.

All the nodules were TIRADS 3 or above, as only 
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radiologically suspicious thyroid nodules were included 
in the study. Radiology revealed that 20.6% (n = 22) were 
TIRADS 3 (mildly suspicious), 74.8% (n = 80) TIRADS 
4 (moderately suspicious), and 4.7% (n = 5) TIRADS 5 
(highly suspicious), respectively. Within TIRADS 4, 52.3% 
(n = 56) were 4a, 7.5% (n = 8) were 4b, and 15% (n = 16) 
were 4c, based on the level of suspiciousness (Table 1). 

Cytology results were reported according to the 
Bethesda system. Among the 107 participants, the 
majority (n = 43, 40.2%) were in the Bethesda 2 category 
followed by Bethesda 5, 3, 1, 6, and 4 as shown in Table 1. 

When the TIRADS system (radiological) results were 
compared with the cytology results of the study sample, of 
the 22 mildly suspicious (TIRADS 3) nodules, the majority 
were classified as benign according to cytological features 
(n = 20). Only 2 of these TIRADS 3 nodules were reported 
as Bethesda 5 (suspicious of malignancy) or Bethesda 6 
(malignant). In the TIRADS 4a category, the majority 
were benign (n = 48). Only 7 nodules in the TIRADS 4a 
category were Bethesda 5, and 1 was reported in Bethesda 
6 category. In TIRADS 4b, the majority (n = 6) were 
cytologically benign (Bethesda 1, 2, 3 and 4) while one 
nodule each was Bethesda 5 and Bethesda 6 (malignant). 
However, in the TIRADS 4c, the majority (n = 14) were 
reported as malignant and included 9 nodules in Bethesda 
5 and another 5 in Bethesda 6. In the TIRADS 5 category, 
3 nodules out of 5 were cytologically benign while the 
remaining 2 were malignant (n = 1 in Bethesda 5 and n = 1 
in Bethesda 6).

Of the 44 available histology reports, 29 were papillary 
thyroid carcinoma (Papillary thyroid carcinoma n = 24, 
Cystic papillary carcinoma n = 1, Papillary microcarcinoma 
n = 2, Follicular variant of papillary thyroid carcinoma 
n = 2), while 13 were benign thyroid nodules (TIRADS 
3 = 3, TIRADS 4a = 10). Further, all nodules in TIRADS 4b, 
4c and 5 were histologically papillary thyroid carcinomas. 

The malignancy risk of each TIRADS category was 
seen to significantly rise with the increase in the TIRADS 
categories except for category 5. With the follow-up of 
107 patients, the TIRADS 4a, 4b, and 4c categories had 
a malignant risk of 13.6%, 17.9%, 37.5%, and 87.5%, 
respectively, while TIRADS 5 reported a risk of 60.0% 
(Table 2). 

From the enrolled 107 radiologically malignancy-

suspicious thyroid nodules, only 28 (26.16%) were 
diagnosed as suspicious of malignancy (Bethesda 5) or 
malignant (Bethesda 6) according to the FNAC findings. 
The majority of the nodules (n = 43, 40.2%) belonged 
to Bethesda 2 category, which is considered benign. 
Total or hemi-thyroidectomies was performed in all 28 
cytologically malignancy-suspected patients. Of these, 
92.8%, (n = 26) were confirmed malignant following 
histological assessment. Two patients with cytologically 
malignant nodules were diagnosed with benign papillary 
hyperplasia and multinodular goiter with thyroiditis 
following histological follow-up.

The proportion of malignancy risk rose with increasing 
Bethesda category compared with the histopathological 
data. Malignancy risk of 95% and 100% were reported 
in Bethesda 5 and 6,which are considered suspicious for 
malignancy and malignant, respectively (Table 3)

Sensitivity, specificity, negative predictive value and 
the positive predictive value of the FNAC technique were 
found to be 88.9%, 87.5%, 96% and 70% respectively, while 
those of the TIRADS classification were 89.04%, 30.30%, 
55.56% and 73.86% respectively, when compared with e 
histology results.

Further, cell blocks were also prepared from the same 
cytology specimens and a highly statistically significant 
association was observed between the cell block cytology 
and direct FNAC according to Fisher’s exact test 
(P = 0.000).

A statistically significant association was observed 
between the Bethesda system and final histology results 
(P < 0.05) according to the Fisher’s Exact test. Also, perfect 
agreement (84.0%) was observed between the Bethesda 
system of reporting FNAC and histology result according 
to the kappa statistics. 

Statistically significant positive correlation was observed 

Table 1. Baseline characteristics of radiological and cytological features

Radiology results – According to 
TIRADS classification (n = 107)

Cytological results – According to 
the Bethesda system (n = 107)

TIRADS category Frequency Bethesda category Frequency

TIRADS 3 22 Bethesda 1 14

TIRADS 4a 56 Bethesda 2 44

TIRADS 4b 08 Bethesda 3 15

TIRADS 4c 16 Bethesda 4 06

TIRADS 5 05 Bethesda 5 20

Bethesda 6 08

Table 2. Proportion of malignancy risk in each TIRADS category

TIRADS 
category

Follow up
Total

Proportion of 
malignant riskBenign Malignant

TIRADS 3 19 3 22 13.6%

TIRADS 4a 46 10 56 17.9%

TIRADS 4b 5 3 8 37.5%

TIRADS 4c 2 14 16 87.5%

TIRADS 5 2 3 5 60.0%

Table 3. Proportion of malignancy risk of each Bethesda category

Bethesda 
category

Follow-up
Total

Percentage 
riskBenign count Malignant count

Bethesda 1 13 1 14 7.1%

Bethesda 2 41 2 43 4.7%

Bethesda 3 15 1 16 6.3%

Bethesda 4 4 2 6 33.3%

Bethesda 5 1 19 20 95.0%

Bethesda 6 0 8 8 100%
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between the TIRADS system of USS and Bethesda system 
of reporting thyroid cytology results (r = 0.35, P < 0.05). 
Higher TIRADS and Bethesda categories were associated 
with malignancies according to histological results.

When USS TIRADS and FNAC were compared as 
tools of pre-operative diagnosis using the ROC curve, the 
Bethesda system had a larger area under the curve (0.73) 
than USS TIRADS (0.65). Hence, FNAC was a better 
diagnostic test than USS in the evaluation of thyroid 
nodules (Figure 1)

Overall concordance of 68.6% was reported among USS 
TIRADS, the Bethesda system of FNAC and final histology 
results according to Kendall’s coefficient of concordance. 

Discussion
According to the findings of the current study, thyroid 
tumors are common in females of middle age. This is in 
line with most of other published literature which reports 
thyroid tumors ranging from 61% to 93% with a female 
preponderance.7-9 Although a specific reason cannot 
be found for this preponderance, it may be due to the 
X-chromosome inactivation as seen in the etiology of 
autoimmune thyroiditis and hormonal effects.10 Though 
there is a female preponderance, according to a cancer 
incidence report from China, Korea and Japan, an upward 
trend in thyroid carcinoma incidence among males has 
been reported.11

Majority of radiologically suspicious nodules in TIRADS 
4c were histologically proven to be malignant. Further, 
those nodules in TIRADS 4c showed a positive correlation 
with Bethesda categories 5 and 6. This finding of TIRADS 
4c radiologically is an important factor to predict the risk 
of malignancy preoperatively and thus help in surgical 
management. In keeping with the findings of this study, 
George et al reported that there is a significantly high 
malignant risk in TIRADS 4 and 5 nodules compared 
to lower categories.12 The reported malignancy risk of 

87.5% in 4c category of the current study is comparable 
to the reported 85% as seen in the study by Fernández 
Sánchez and 83.33% in De et al.13,14 Further, Kwak et al 
also reported that there is a malignant probability of 50-
95% in the nodules of TIRADS 4c.15 Thus, the findings of 
the current study highlight the significance of TIRADS 4c 
category in pre-operative diagnosis of suspicious thyroid 
nodules in a resource-poor setting. 

Further, present study also reported a large number 
of malignant thyroid nodules categorized as TIRADS 4c 
in this study setting. This may be due to the overlap of 
radiological findings between TIRADS 4c and TIRADS 5 
category. As documented by Fernández Sánchez in 2014, 
TIRADS 4c and 5 category have overlapping features thus 
making it difficult to separate the two categories.13

Malignancy risk of 13.6%, 17.9%, 37.5%, 87.5% and 
60% were reported respectively for the TIRADS 3, 4a, 4b, 
4c, and 5 categories in the current study. Keeping in line 
with the current study, Srinivas reports a malignant risk 
of 0.64%, 4.76%, 66.67%, 83.33% and 100% respectively 
for TIRADS 3, 4a, 4b, 4c and 5.16 Another Indian study 
reports a malignant risk of 2.2%, 38.5%, and 77.8%, 
respectively for the TIRADS 3, TIRADS 4 and TIRADS 
5 categories.17 A slight deviation in the malignant risk for 
TIRADS 5 category was observed in the current study, 
compared with other reported studies. Reduced number 
of specimens in TIRADS 5 category and overlapping of 
the features in 4c and 5 categories may be the main reason 
for this deviation.

Only 93% of the patients cytologically suspected of 
malignancy were histologically confirmed malignant, 
with a false-positive rate of 7%. False positive results 
were observed in two cases of multinodular goiter with 
thyroiditis in the current study. In keeping with this study, 
Krišto et al reported 3% false positive rate8 and 1.2% false 
positive rate of FNAC in Nandedkar et al.18 The main 
reasons for the cyto-histologic disagreement of some 
nodules are due to the overdiagnosis of thyroid nodules, 
due to autoimmune thyroiditis and papillary hyperplasia.19

A rise in the malignancy risk proportion was observed 
with the increase of the Bethesda system category 
(33.3%, 95.0% and 100% respectively, for Bethesda 4, 5, 
and 6 respectively) in the current study. Similar findings 
have been reported in Jo et al, giving malignancy risk 
proportions of 15-30% in Bethesda 4 and 97-99% in 
category 6.20 However, near 100% risks were observed 
in the Bethesda 5 category in many published reports, 
which are in line with the current study.9,21 These findings 
emphasize the diagnostic reliability of the Bethesda 
system of thyroid FNAC. In the current study, papillary 
thyroid carcinoma was diagnosed as the most common 
type of malignancy, accounting for 77.4% (24/31) of the 
available histology results. Papillary thyroid carcinoma 
incidence varied from 79.5% to 95%.22-24 However, the 
high prevalence of papillary thyroid carcinoma observed 
may be due to advancements in histological diagnostic 

Figure 1. ROC curve for the TIRADS classification and Bethesda 
Classification. AUC = 0.5: Model performs like random guessing., AUC = 1.0: 
Model perfectly separates positive and negative cases, AUC > 0.5: Model has 
some ability to predict correctly
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criteria and the increased diagnostic ability of tumors.
TIRADS system had higher sensitivity (89.4%) and 

lower specificity (30.30%) to detect malignancy in the 
present study population. These sensitivity and specificity 
results are in line with De et al,14 Chaigneau et al,25 and 
Horvath et al,6 who reported sensitivity values ranging 
from 80%-92% and specificity ranging from 15-49% 
respectively. The present study findings revealed a higher 
positive predictive value (73.86%) and a lower negative 
predictive value (55.56%). Although the findings of 
Chaigneau et al, 25 (PPV = 79.5%, and NPV = 58.8%) 
are comparable with the current study, De et al14 
(PPV = 51.28%, and NPV = 77.27%), and Horvath et al6 
(PPV = 49.0%, and NPV = 88.0%), reported controversial 
results of higher NPV and lower PPV. However, Horvath 
et al6 reported a comparatively higher accuracy (94%) 
than the reported accuracy of 70.75% of the present study 
while De et al14 and Chaigneau et al25 reported 61% and 
42.5% accuracy values respectively. Although a standard 
guideline is followed for reporting ultrasound scan 
findings, inter-observer variations may have been reasons 
for the observed variations. Similar to Dy et al, the current 
study findings also revealed that TIRADS classification 
is a sensitive classification system to identify malignant 
cases.26 Therefore, TIRADS classification can be utilized 
for the identification of malignant nodules during the pre-
operative period. 

The current study showed a sensitivity of 81.8% and 
specificity of 98.6% for detection of thyroid malignancy 
by the Bethesda system in FNAC. Similarly, George et al12 
found a 78.72% sensitivity, 100% specificity in a study done 
in Kerala, India which included a study population of 150. 
Many other studies have reported comparable sensitivities 
(81.5% in Al-Dabbagh A, Ibraheem,7 95% in Weller et al,27 
85.7% in Nandedkar et al18 and specificity values (77% in 
Al-Dabbagh A, Ibraheem7 and 78% in Weller et al,27 98.6% 
in Nandedkar et al18). 

Overall accuracy of the FNAC system was 92% in the 
current study. Similar results were reported for the FNAC 
accuracy by George et al and Periakaruppan et al giving 
91% and 93.2% respectively.12,17 These results demonstrate 
the reliability of the FNAC technique as a predictor of 
malignancy and assist in clinical decision making. 

Statistically significant associations were observed 
between the Bethesda system of FNAC and TIRADS 
system of USS, Bethesda system of FNAC and the final 
histology results. Further, a significant positive correlation 
was observed between TIRADS system and Bethesda 
sytem. In keeping with the findings of this study, George 
et al,12 Vargas-Uricoechea et al28 and have reported similar 
findings. 

Both TIRADS and Bethesda classification systems 
provide a uniform framework for evaluating thyroid 
nodules and they facilitate communication among health 
care professionals. Unless the results are reported by 
well-trained professionals adhering to the guidelines, 

interobserver variation can affect the results, leading 
to limitations in accuracy. Overuse of indeterminate 
categories has been observed widely in both TIRADS 
and Bethesda classifications which complicate the 
interpretation and management of thyroid nodules. 
Accurate classification of thyroid nodules using TIRADS 
classification can minimize use of unnecessary invasive 
procedures like FNAC.28-31

Eventhough, both TIRADS classification and the 
Bethesda classification system present several limitations 
that affect the accurate pre-operative diagnosis, findings 
of the study conclude that cytology reporting by 

What is current knowledge? 
•	 Thyroid Imaging Reporting and Data System 

(TIRADS) and Fine Needle Aspiration Cytology 
(FNAC) reported according to the Bethesda 
system are internationally accepted preoperative 
diagnostic tools for thyroid nodules.

•	 TIRADS provides a standardized radiological 
scoring system to estimate malignancy risk, while 
the Bethesda system offers a cytological framework 
for risk stratification.

•	 Previous studies from high-resource settings 
have demonstrated variable sensitivity and 
specificity depending on operator experience and 
interpretation.

•	 Data from low- and middle-income countries 
(LMICs), particularly on the combined diagnostic 
performance of TIRADS and FNAC, are scarce.

What is new here?
•	 This study is among the first in Sri Lanka to assess 

the diagnostic performance and concordance 
of TIRADS and Bethesda systems against 
histopathology in a resource-limited clinical 
setting.

•	 FNAC (Bethesda system) demonstrated higher 
specificity (87.5%) and diagnostic accuracy (92%) 
compared to ultrasound TIRADS (specificity 
30.3%, accuracy 70.75%) in predicting thyroid 
malignancy.

•	 A significant positive correlation was observed 
between higher TIRADS and Bethesda categories 
and histologically confirmed malignancy.

•	 The TIRADS 4c category showed a particularly 
high malignant risk (87.5%), consistent with 
international data.

•	 Findings highlight that even in resource-limited 
settings, standardized application of TIRADS 
and Bethesda systems can improve diagnostic 
precision, reduce unnecessary surgeries, and 
optimize preoperative management of thyroid 
nodules.

Study Highlights
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Bethesda system and TIRADS classification of radiology 
are important preoperative diagnosic tools to identify 
suspicious thyroid nodules in a setting with limited 
resources

Recruitment of only patients with radiologically 
suspected malignancy in the current study was identified 
as the main limitation that skewed the malignancy 
rates. Further, not subjecting all the patients to surgeries 
according to the patient management guidelines was 
another limitation encountered in the current study that 
underestimated or overestimated the malignancy rates in 
certain TIRADS and Bethesda categories. 

Conclusion
FNAC is a robust preoperative diagnostic modality 
enhances the efficacy when integrated with clinical history 
and radiological findings. This collaborative improves 
the determination of thyroid malignancy and optimizes 
patient care. 
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