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ABSTRACT

Introduction: Thyroid nodules, found in 3-7% of the global population, are mostly 
benign, with 4-6.5% potentially malignant. In Nepal, a hospital based study reported 
16.3% malignant and 50% benign cases. Ultrasound (US) is the first-line imaging tool 
for assessing thyroid nodules, while fine-needle aspiration cytology (FNAC) provides 
a definitive diagnosis.  The objective of this study was to  correlate US features with 
cytological findings in thyroid nodule evaluation.

Methods:  A prospective analytical cross-sectional study was conducted at Birat 
Medical College from 5th March to 28th May 2024. Data from 89 patients with 
thyroid nodules were collected, including baseline history, ultrasound, and FNAC 
results. Analysis was performed using IBM SPSS v23, with statistical significance set 
at p < 0.05.

Results: The participants had an average age of 49.45 years (±16.033)with a female 
predominance, though gender did not influence benign or malignant diagnoses(p 
= 1.000). Statistically significant associations were found between cytological 
diagnosis and ultrasound features, including larger nodules (>4 cm) (p = 0.038), 
solitary nodules (40%) (p = 0.000), microcalcifications (p = 0.003), irregular margins 
(40%) (p = 0.015), and abnormal lymph nodes (p = 0.015). Ultrasound's sensitivity, 
specificity, PPV, and NPV were 60%, 96.4%, 50%, and 97.6%, respectively.

Conclusion: The study demonstrates that ultrasound features such as nodule size, 
composition, microcalcifications, irregular margins, and lymph node abnormalities 
significantly correlate with cytological findings. Ultrasound, when combined with 
cytology, enhances diagnostic accuracy in distinguishing between benign and 
malignant thyroid nodules.
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unnecessary interventions, and refine management 
approaches. This study aimed to establish a correlation 
between ultrasound findings and cytological results in 
thyroid nodule evaluation.

METHODS

A hospital based prospective analytical cross sectional 
study was conducted in the department of radiodiagnosis 
and Imaging of  Birat Medical College Teaching Hospital 
(BMCTH)from 5th March to 28th May 2024. Ethical 
approval was obtained from the institutional review 
committee (IRC-PA-373/2024)prior to conducting the 
research. Voluntary informed written consent was 
obtained before collecting data from the patients.  

 
INTRODUCTION 

Thyroid nodules affect  3-7% of the global population.1 
While over 90% of thyroid nodules are benign, a small 
proportion (4-6.5%) may be malignant, highlighting 
the importance of accurate diagnosis for proper 
management.1,2 A study in Nepal by Chaudhary AK et al. 
(2022) found 16.3% of thyroid nodules to be malignant.3 
Ultrasound (US) is the preferred first-line imaging tool 
due to its non-invasive nature, cost-effectiveness and 
high sensitivity in detecting nodular characteristics 
like size, composition, echogenicity, margins as well as 
benign and malignant lesion.4 Cytological evaluation, 
performed via fine-needle aspiration cytology (FNAC), is 
a key tool for further evaluation to confirm malignancy, 
though invasive procedures aren't always necessary.5 
Aligning ultrasound characteristics with cytological 
results can improve diagnostic accuracy, minimize
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Patients presented to the  department of radiodiagnosis 
and imaging for ultrasonographic evaluation of thyroid 
glands and detected to have thyroid nodules were 
included in the study and those with prior history of 
thyroidectomy and undetected thyroid nodules by 
ultrasound were excluded from the study. We enrolled 
89 patients during our study period by total enumeration 
sampling technique. At first data was collected on the 
patient's age and sex. After obtaining informed written 
consent the Ultrasonography(USG) of the thyroid 
glands was performed using the Voluson S10 Expert 3D 
model and linear 5-12 megahertz of  frequency probe. 
Each patient was placed  in supine position with neck 
hyperextended for better visualization of thyroid gland. 
In USG  the composition, echogenicity, shape, margins, 
sizes, calcifications and internal vascularity of the thyroid 
nodules  were observed and recorded.  Then Fine Needle 
Aspiration Cytology(FNAC) was performed for further 
evaluation under aseptic procedure using a 22 gauge 
needle by in-plane technique.  The sample smear of 
thyroid nodules was obtained and sent for histopathology 
examination. The histopathologic findings of thyroid 
nodules were categorized and documented as benign 
and malignant. All the data was entered in Microsoft 
excel sheet and transferred to IBM SPSS version 23. The 
mean age was calculated. The USG findings of thyroid 
nodules were compared with the histopathology findings. 
Chi square test of goodness of fit(likelihood ratio) and  
Fishers’ exact test was calculated to find the association 
of the USG findings with histopathology findings. P value 
less than 0.05 was considered statistically significant. 

RESULTS

A total of 89 patients were enrolled for the study during 
our study period.  The average age of the participants was 
49.45 years, with a standard deviation of 16.033, and the 
ages ranged from 15 to 81 years.  Female predominance 
was higher  than male comprising 80 and 9 patients 
respectively out of 89. All 9 males (100%) had benign 
diagnoses, while 75 females (93.8%) had benign and 5 
females (6.2%) had malignant diagnoses, however 

there was no statistically significant relationship between 
gender and the likelihood of a benign or malignant 
diagnosis (p = 1.000), Table 1.
There were statistically significant associations between 
US features (size, composition, calcifications, margins,  
abnormal lymph nodes) and the diagnosis of benign 
or malignant nodules via cytology findings. Larger 
nodules (>4 cm) were  more likely to be malignant 
which was 9(25%) compared to smaller nodules (<2 
cm), 1(3.1%) (p = 0.038).  Solid nodules 4(40%) have a 
higher malignancy rate than cystic or mixed nodules(p= 
0.000). Microcalcifications were significantly associated 
with malignancy 4 (28.6%) compared to no or macro-
calcifications (p = 0.003). Irregular margins  4 (40%) were 
strongly linked to malignancy (p = 0.000). Abnormal lymph 
nodes were associated with a 50% malignancy rate (p = 
0.015). In US-identified malignant features three out of 
six patients were confirmed malignant cases by cytology 
findings (p = 0.002). 

Among 89 patients, there were 3 true positive (TP) 
cases where both ultrasonography and histopathology 
detected malignancy and 81 true negative (TN) cases 
where both ultrasonography and histopathology 
detect benign findings.  Out of the 6 patients where 
ultrasonography detected malignancy,  3 patients had 
false positive(FP) findings in ultrasonography where 
histopathology detected benign. Two patients had false 
negative (FN) results where  ultrasonography detected 
benign, but histopathology detected malignancy. The 
ultrasonography showed  high specificity (true negative) of 
96.4% and NPV of 97.6%, indicating it accurately identifies 
benign cases. However, its sensitivity (true positive) was 
60% and PPV  was 50% which  is lower, indicating it may 
miss some malignancies and produce a moderate rate 
of false positives. This suggests ultrasonography is more 
reliable for confirming benign conditions and can be 
used in conjunction with cytology and histopathology 
examination for diagnosing malignancies (table 3).

      
  
Table 1:  Prevalence of adverse impact among the  participants

Variables USG guided FNAC Total P value

Benign  n(%) Malignant n(%) 

Gender Male 9(100) 0(0) 1.000*

Female 75(93.8) 5(6.2)

Ultrasound Evaluation of Thyroid Nodules
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USG USG Guided FNAC P Value

Benign n(%) Malignant Total

Nodule Size in cm <2 31(96.9) 1(3.1) 32(100) 0.038

2-4 44(97.8) 1(2.2) 45(100)

>4 9(75) 3(25) 12(100) 0.000

Composition Cystic 31(100) 0(0) 31(100)

Solid 6(60) 4(40) 10(100)

Mixed 47(97.9) 1(2.1) 48(100)

Echogenicity Anechoic 6(100) 0(0) 6(100) 0.782

Hyperechoic 13(92.9) 1(7.1) 14(100)

Hypoechoic 56(94.9) 3(5.1) 59(100)

Isoechoic 9(90) 1(10) 10(100)

Calcification Macrocalcification 7(100) 0(0) 7(100) 0.003

Microcalcification 10(71.4) 4(28.6) 14(100)

No calcification 67(98.5) 1(1.5) 68(100)

Shape Taller than width 5(83.3) 1(16.7) 6(100) 0.301

Wider than tall 79(95.2) 4(4.8) 83(100)

Vascularity Increased 16(84.2) 3(15.8) 19(100) 0.072

No vascularity 9(90) 1(10) 10(100)

Normal 59(98.3) 1(1.7) 60(100)

Margin Extra-thyroidal 
extension

3(100) 0(0) 3(100) 0.000

Irregular 4(50) 4(50) 8(100)

Smooth 77(98.7) 1(1.3) 78(100)

Abnormal  Lymph 
nodes

No 82(96.5) 3(3.5) 85(100) 0.015

Yes 2(50) 2(50) 4(100)

Nature Benign 81(97.6) 2(2.4) 83(100) 0.002

Malignant 3(50)

      Table 3: Accuracy of thyroid sonography in predicting thyroid malignancy (n=89)

USG 
Findings

FNAC Findings Senstivity 
n (%)

Specificity 
n (%)

Malignant Benign 0.6 (60) 0.6 (60) 

Malignant 3 (50) 3 (50)

Benign 2 (2.4) FN 81(97.6)TN

      Table 2: Ultrasound Evaluation of Thyroid Nodules with its Cytological Correlation(n=89)

Note:P value <0.05 was considered statistically significant. *Chi Square test of Goodness of fit and ** Fishers’ exact test 
was employed.
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DISCUSSION

The objective of this study was  to evaluate the diagnostic 
accuracy of ultrasound (USG) in the characterization of 
thyroid nodules, correlating the findings with cytology 
results obtained via fine needle aspiration cytology 
(FNAC). The analysis demonstrated significant associations 
between various USG features—such as nodule size, 
composition, calcifications, margins, and abnormal lymph 
nodes—and the final cytological diagnosis (benign or 
malignant). Our findings align with prior studies in the field. 
A study by J F Katz et al mentioned that ultrasonography 
patterns of thyroid disease were correlated with 
histopathologic findings.6 Ultrasonography features, 
suggesting  solid composition, taller-than-wide shape, 
spiculated margin, ill-defined margin, hypoechogenicity 
and microcalcifications were predictors for malignant 
nodules.7 Among 89 (100%)  patients with thyroid nodules, 
half of the patients  45(50.56%) had a nodular size of  2-4 
cm and 12 patients had a nodular size  greater than 4 cm 
in  the USG  of our study. Our results indicated that larger 
nodules (>4 cm) were more likely to be malignant (25%) 
compared to smaller nodules (<2 cm), which had only a 
3.1% malignancy rate. This is consistent with studies by 
Choi and the team (2015), Chaoyang Meng et al(2021),  
which found that increasing nodule size correlates with 
a higher risk of malignancy.7,8 Min Ji Hong et al  (2018) 
also reported a similar trend, underscoring that nodules 
≥ 3 cm warrant closer clinical attention due to their 
higher malignancy potential.9 Contrary to our study, 
Uchechukwu C. Megwalu(2017) stated that Nodule size 
was not associated with risk of malignancy (odds ratio 
1.02) after adjusting for nodule consistency, age, and 
sex.10 Boonrod et al(2021)echoed a similar finding which 
reported  that  taller-than-wide shape was not a predictor 
of thyroid nodule  malignancy.11 

We found 31(34.8%) patients with cystic nodules, 
10(11.23%) with solid nodules and mixed solid cystic 
nodules in 48(53.9% ) patients in ultrasonography 
findings.  Solid nodules in our study showed a significantly 
higher malignancy rate (40%) compared to cystic or mixed 
nodules (p = 0.000).  This finding echoes the results of 
Frates et al. (2006), Islam Alatiar(2017) who identified solid 
composition as a significant predictor of malignancy.12 

Similarly, the study by Dong Gyu Na etal(2016) found 
that frequency of solid nodules was greater 730(73%), 
compared to minimally 6.1% and partially cystic nodules 
209(20.9%),and solid nodules were more frequently 
associated with increased risk of malignancy thyroid 
cancer (P=0.013). 13

The USG findings showed two third 59(66.3%) patients 
with hypoechoic, 14(15.7%) patients with hyperechoic, 

10 patients with isoechoic and 6 patients with anechoic 
in our study. Contrary to  our study, The frequency of 
mixed echo- texture was higher 100 (93.5%), compared to 
hyperechoic 3(2.8%), hypoechoic 2 (1.9%), and anechoic 
2 (1.9%).14 However the echogenicity patterns had no 
significant association with thyroid nodules malignancy 
in our study.This finding is contrast from the study done 
by Mondal, et al where hypoechoic nodules 13(86.7%)
had the most common malignancy features.15 Among 89 
patients with thyroid nodules, 68(76.4%) patients had no 
calcification, 14(15.7%) patients had microcalcification 
and seven(7.86%) patients had macrocalcification in 
USG findings. Similarly, the majority  101(94.4%) had 
no  calcification in the thyroid nodules.14 We observed 
that microcalcifications were strongly associated with 
malignancy (28.6%) compared to no or microcalcifications 
(p = 0.003) in our study. Microcalcifications was a strong 
predictor for malignancy in other literatures.6,7,15,14,16 
Microcalcifications reflect psammoma bodies, which are 
commonly associated with papillary thyroid carcinoma, 
as highlighted by other studies.17,18 More than two third 
60(67.4%) patients had normal vascularity and 10(11.2%) 
had no vascularity on ultrasonographic evaluation in 
our study. However, there was no significant difference 
between vascular flow rate and occurrence of thyroid 
malignancy. This finding is similar to the study done by 
Helmi Khadra et al(2016).19

The majority 78(87.6%) patients had a smooth/regular  
margin of thyroid nodules in our study which is similar to 
another study that represent regular  margin 98(91.6%) 
the most common.14  Irregular margins were significantly 
linked to malignancy (40%) in our study (p = 0.000), which 
aligns with findings from studies, who emphasized the 
diagnostic importance of irregular or lobulated margins 
in differentiating malignant from benign thyroid nodules. 
This feature has been consistently highlighted across 
multiple studies as a key sonographic indicator of thyroid 
malignancy.7,16

Four out of 89 patients had abnormal lymph nodes 
seen in ultrasonographic features.  Abnormal lymph 
nodes were associated with a 50% malignancy rate in 
our study (p = 0.015), supporting the notion that lymph 
node involvement is a critical factor in diagnosing 
thyroid cancer. Study  by Jiachen Du et al (2023) similarly 
found that the presence of abnormal lymph nodes as 
a significant risk factor for malignancy, particularly in 
papillary thyroid carcinoma.20 Among 89 patients in our 
study, the sensitivity,specificity, NPV and PPV  of USG for 
malignancy as compared to FNAC  was 60%, 96.4%, 97.6% 
and 50% respectively.  Conversely a study reported higher 
sensitivity and PPV  80% and 63.2% respectively with the
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relatively similar  specificity: 86% and NPV  93.4%.15 

A  study done in Nigeria found sensitivity, specificity, 
PPV and NPV of 100% each in diagnosing benign and 
malignant thyroid nodules by USG as compared to 
FNAC.14  Malik et al. reported a  sensitivity of 70.59%, 
specificity of 96.39%, positive predictive value of 80%, 
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when comparing sonographic findings with FNAC for 
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average age of the participants was 49.45 years, with a 
standard deviation of 16.033, and the ages ranged from 
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9 were males, showing the female predominance for 
thyroid disease in our study. Our finding is supported by 
other studies where females were higher than males. 14,15  
Our study has some limitations too. The small sample 
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is an important limitation. In patients with multiple 
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further large-scale, multicenter studies may provide 
additional validation for these findings.Emphasizing 
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CONCLUSION

This study reinforces the role of USG as a highly 
valuable tool for evaluating thyroid nodules and 
predicting malignancy, with strong correlations to 
cytological findings. By identifying key USG features, 
such as nodule size, composition, calcifications, margins, 
and lymph node involvement, clinicians can better 
stratify patients for appropriate diagnostic follow-up.

Ultrasound Evaluation of Thyroid Nodules



AJHS Vol.5 /No.1 /Issue.9 /Feb 2025-July 2025

12

            7

        
12. Frates MC, Benson CB, Doubilet PM, Kunreuther E, 

Contreras M, Cibas ES, et al. Prevalence and distribution 
of carcinoma in patients with solitary and multiple thyroid 
nodules on sonography. J Clin Endocrinol Metab. 2006 
Sep;91(9). PMID: 16835280, DOI: 10.1210/jc.2006-0690

13. Na DG, Kim JH, Kim DS, Kim SJ. Thyroid nodules with 
minimal cystic changes have a low risk of malignancy. 
Ultrasonography. 2016 Apr;35(2):153. DOI: 10.14366/
usg.15070  PMCID: PMC4825208

14. Jinadu FO, Odunaiya Z, Uvie-Emegbo YOK, Ottun AT, 
Olumodeji AM. Correlation of sonographic and cytologic 
patterns of thyroid nodules. Pan Afr Med J. 2021;39.
doi: 10.11604/pamj.2021.39.220.28505, PMCID: 
PMC8486945, PMID: 34630832

15. Mandal A, Sundara RPR, Nandi D. Evaluation of thyroid 
nodules by ultrasonography with cytological and 
histopathological correlation. Asian J Med Sci. 2023 
Apr 1;14(4):178–84. DOI: https://doi.org/10.3126/ajms.
v14i4.44747

16. Liu X, Wang J, Du W, Dai L, Fang Q. Predictors of 
Malignancy in Thyroid Nodules Classified as Bethesda 
Category III. Front Endocrinol. 2022;13. Available from: 
DOI: 10.3389/fendo.2022.806028, PMCID: PMC8888873, 
PMID: 35250863

17. Ferreira LB, Gimba E, Vinagre J, Sobrinho-Simões M, 
Soares P. Molecular Aspects of Thyroid Calcification. Int 
J Mol Sci. 2020 Oct ;21(20). DOI: 10.3390/ijms21207718

18. The relationship between ultrasound microcalcifications and 
psammoma bodies in thyroid tumours: a single-institution 
retrospective study. Clin Radiol. 2022 Jan 1;77(1):e48–54. 
DOI: 10.1016/j.crad.2021.09.014

19. Khadra H, Bakeer M, Hauch A, Hu T, Kandil E. Is 
vascular flow a predictor of malignant thyroid nodules? 
A meta-analysis. Gland Surgery. 2016 Dec [cited 2024 
Sep 9];5(6):576. doi: 10.21037/gs.2016.12.14, PMCID: 
PMC5233835, PMID: 28149803

20. Du J, Yang Q, Sun Y, Shi P, Xu H, Chen X, et al. Risk 
factors for central lymph node metastasis in patients with 
papillary thyroid carcinoma: a retrospective study. Front 
Endocrinol. 2023;14. doi: 10.3389/fendo.2023.1288527, 
PMCID:PMC10690810

21. 	Rajesh M, Lovely K. High Resolution Sonographic 
Evaluation of Palpable Thyroid Lesions with 
Histopathological Correlation- a Prospective Study. Journal 
of Evolution of Medical and Dental Sciences. 2013 Jan 
1;2(20):3420–7. DOI:10.14260/jemds/711

22.	  Popli MB, Rastogi A, Bhalla P, Solanki Y. Utility of gray-
scale ultrasound to differentiate benign from malignant 
thyroid nodules. Indian J Radiol Imaging. 2012 

	 Jan;22(1):63–8. Available from: https://www.thieme-
connect.de/products/ejournals/pdf/10.4103/0971-
3026.95407.pdf

Ultrasound Evaluation of Thyroid Nodules


