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Original Article

Background: Classifying thyroid lesions is challenging; nonetheless, using ultrasonography may allow for 
accurate diagnosis, differentiation and management of thyroid lesions and help avoid unnecessary biopsy.
Objectives: The main objective of the study is to determine the diagnostic accuracy of ultrasonography in 
classifying thyroid nodules compared with fine-needle aspiration.
Materials and Methods: This retrospective study included all 68 patients diagnosed with thyroid nodules 
at King Fahd Hospital of the University, Al Khobar, Saudi Arabia, between June 1, 2014, and November 30, 
2016. Parameters were selected based on the Society of Radiologists in Ultrasound criteria. Ultrasonographic 
features, namely, nodule margins, echotexture, vascularity and calcifications, and fine-needle aspiration 
cytology (FNAC) results were reviewed by two radiologists blinded to each other’s findings and validated 
by another experienced interventional radiologist. Ultrasonography results were compared against that 
of FNAC to calculate sensitivity and positive- and negative-likelihood ratios, and the nodule types were 
compared using Fisher’s exact test.
Results: Of the 68 nodules analyzed, 59 were reported as benign using FNAC (specificity = 95%; P < 0.001). 
Of these 59, 56 were also reported as benign using ultrasonography. The specificity of ultrasonography 
in determining benign nodules was 94.9%, and the positive- and negative-likelihood ratios were 13.0 and 
0.35, respectively. Six of the nine suspicious nodules were confirmed as malignant using FNAC, and the 
ultrasonography and FNAC findings were strongly associated (P = 0.001). According to the Society of 
Radiologists in Ultrasound criteria, FNAC and ultrasonography findings were significantly associated for 
nodule calcification (P = 0.001) and echogenicity (P = 0.001).
Conclusion: The diagnostic specificity of ultrasonography and FNAC in this study are consistent with those 
reported previously, indicating that ultrasonography reliably classifies thyroid nodules, and thus can assist 
in the decision-making regarding need for biopsy.

Keywords: Cytology, diagnostic accuracy, fine-needle aspiration, thyroid gland, thyroid nodule, 
ultrasonography

Abstract

Address for correspondence: Dr. Ibrahim Abobaker Al‑Ghanimi, Department of Radiology, King Fahd Hospital of the University, Imam Abdulrahman Bin 
Faisal University, Dammam, Saudi Arabia.  
E‑mail: ighanimi@iau.edu.sa
Received: 22‑08‑2018 Revised: 30‑09‑2018  
Accepted: 30‑12‑2018 Published: 23‑12‑2019

Access this article online
Quick Response Code:

Website:
www.sjmms.net

DOI:
10.4103/sjmms.sjmms_126_18

How to ci te this art icle:  A l -Ghanimi  IA,  Al -Sharydah AM, 
Al-Mulhim S, Faisal S, Al-Abdulwahab A, Al-Aftan M, et al. Diagnostic 
accuracy of ultrasonography in classifying thyroid nodules compared with 
fine-needle aspiration. Saudi J Med Med Sci 2019;8:25-31.

This is an open access journal, and articles are distributed under the terms of the Creative 
Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows others to 
remix, tweak, and build upon the work non‑commercially, as long as appropriate credit 
is given and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com



Al-Ghanimi, et al.: Classification of thyroid nodules

26  Saudi Journal of Medicine & Medical Sciences | Volume 8 | Issue 1 | January-April 2020

INTRODUCTION

The incidence of  thyroid nodules has been on the rise in 
the Saudi population, with women more likely to develop 
thyroid cancer than men. In fact, thyroid cancer is the 
second most common malignancy among Saudi women.[1] 
Similarly, in the Gulf  countries, thyroid cancer is the fifth 
most common cancer among women, and the rates of  
thyroid malignancies are significantly higher in women from 
these countries than in those from the United States.[2‑4] 
Therefore, it is crucial to differentiate between benign and 
malignant thyroid nodules in this population.

Ultrasonography (US) is considered as the primary 
method for evaluating thyroid nodules because of  its 
acceptability, cost‑effectiveness and safety.[5‑7] However, 
being an operator‑dependent method, its use is limited by 
the technical skill of  the operator. In contrast, fine‑needle 
aspiration cytology (FNAC) is considered the gold standard 
diagnostic test for evaluating thyroid nodules.[8,9]

The Society of  Radiologists in Ultrasound (SRU) 
recommends avoiding unnecessary tests and surgeries in 
patients with benign nodules.[10] Therefore, to diagnose 
clinically significant thyroid cancers, the SRU recommends 
the use of  FNAC only when the nodules are ≥10 mm in 
size and with microcalcifications; ≥15 mm and solid or 
with coarse calcifications; ≥20 mm and mixed solid and 
cystic or for nodules that significantly increase in size since 
the last US. However, despite these guidelines, the use of  
US‑guided FNAC is globally increasing to avoid missing 
cases of  malignancy.[10,11]

The current study was conducted to determine the 
diagnostic accuracy of  US in differentiating benign, 
suspicious and malignant thyroid nodules compared with 
fine‑needle aspiration (FNA), and thus, determine if  US 
can be used as a viable alternative to the more invasive, 
expensive and time‑consuming FNAC. Similar previous 
studies have been conducted but were inconclusive and 
were limited by small sample sizes.[12,13] This study will add 
to the existing literature and help substantiate the findings 
of  previous studies. In addition, to the best of  the authors’ 
knowledge, despite the high rates of  thyroid malignancies, 
no study has been conducted from the Gulf  region to 
analyze the diagnostic accuracy of  US in classifying benign 
and malignant thyroid nodules.

MATERIALS AND METHODS

Study design, setting and subjects
This retrospective cohort study analyzed the reports 
and images of  all patients who had been diagnosed with 

thyroid nodules at the Radiology Department of  King 
Fahd Hospital of  the University (KFHU), Al Khobar, 
Saudi Arabia, between June 1, 2014, and November 
30, 2016. KFHU is a tertiary, academic, governmental 
hospital with a capacity of  600 beds. KFHU is the 
largest government hospital in Al Khobar. In addition, its 
Radiology Department is considered one of  the largest 
in the area and serves as one of  the main referral centers. 
Therefore, the sample size would be representative of  
the area.

The keyword “thyroid nodule” of  the International 
Classification of  Diseases‑9 coding system, under codes 
241.0, 242.1, 226, 193, 258.03 and 258.02, was used to 
retrieve medical file reports from the hospital’s electronic 
medical filing system. Patients with solid or partly solid 
nodules were included in the study. Patients with only 
cystic nodules or with nodules of  complete watery content 
without evidence of  complex components on sonography 
were excluded, as these nodules were considered benign. 
Patients with any missing US or FNAC data were not 
included in this study.

Ethical approval for this study was obtained from the 
Institutional Review Board of  Imam Abdulrahman Bin 
Faisal University (approval number: IRB‑2016‑01‑148) 
on October 16, 2016. 

Imaging studies
Ultrasound image acquisition and analysis
US had been perfor med us ing an Esaote  US 
machine (MyLab™ ClassC, Esaote, Genoa, Italy) 
and electronically focused near‑field probes with 
a bandwidth of  7–12 MHz. Data collection was 
performed by two board‑certified radiologists who 
reviewed the stored US images and written reports. 
A radiology consultant with 10 years of  experience in 
diagnostic and interventional radiology reviewed this 
data by checking and validating the collected findings; 
these findings were found to be in agreement. For 
assessing the interrater reliability, the kappa test was 
conducted, and the kappa value was >80%, indicating 
adequate reliability.

The US parameters evaluated were based on the consensus 
conference statement of  SRU, without delineating regions 
of  interest and with a focus on nodules requiring US‑guided 
FNAC and FNAC. The included parameters were nodule 
margins, echotexture, vascularity and calcifications.[10] 
Unfortunately, electrical impedance was excluded because 
it was not routinely performed in practice. Margins and 
echotexture were assessed using qualitative measures. In 
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patients with multiple nodules, only the most dominant 
nodule in terms of  size and suspicious sonographic features 
was included in the analysis, in line with the SRU consensus. 
The mean sonographic size criteria of  the study nodules 
were 3.14 ± 0.72 cm along the longest axis; as size is not 
a specific criterion of  malignancy according to the SRU 
consensus, this sensitive measure was not included for 
comparison in this study.[10,14] Nodules were defined under 
US as either benign, unlikely to be benign (i.e., suspicious 
with imaging features not pathognomonic to a certain 
category) or malignant.

Fine‑needle aspiration procedures
The purpose and procedure had been explained to 
the patients and informed consent was obtained. For 
US‑guided FNAC, patients were placed in a supine 
position with the neck slightly extended backward. Then, 
the lesion was identified and anatomically localized, the 
covering skin was cleansed and sanitized with a 10% 
povidone‑iodine solution, and the surgical site was draped. 
A high‑resolution (7.5–15‑MHz) linear‑array sonographic 
transducer with a sterile cover placed over its headpiece 
was used for US. US gel was not always necessary because 
the povidone‑iodine antiseptic solution used for skin 
sterilization could serve as a primary coupling agent. A local 
anesthetic agent is normally utilized during this process 
to reduce a patient’s discomfort. Approximately 1–2 ml 
of  1% lidocaine hydrochloride solution (a voltage‑gated 
Na+ channel blocker of  nerve conduction) was typically 
interjected into the skin and superficial subcutaneous tissue 
at the predetermined site. In terms of  needles, mostly 
20–27G needles (Echo‑Coat US needle; STS Biopolymers 
Inc., Henrietta, NY, USA) were used for FNA with an 
attached 2–20‑mL syringe.

For fine‑needle aspiration, the transducer was positioned 
immediately over the lesion, scanning was performed for 
lesion localization, followed by color Doppler imaging to 
detect blood vessels in and close to the nodule, to avoid 
vascular injury during the procedure. A freehand biopsy 
technique was used with careful monitoring of  the needle’s 
tip. When the needle hit the targeted lesion, the biopsy 
was completed. Four aspirations were performed on each 
nodule.

The SRU criteria for biopsy selection were followed, and 
tissues for biopsy were obtained from multiple sites of  a 
solid lesion, including the center and the peripheral aspects 
of  the lesion with existing microcalcification. If  there was 
a cystic component in the nodule, it was usually aspirated 
for cytology.

Classification
Cytological classifications were either positive, negative 
or indeterminate for malignancy, according to the 
histopathological analysis performed by the assessors 
blinded to the US results. For indeterminate nodules, a 
complementary diagnostic assessment using thyroid core 
needle biopsy was considered. The Bethesda System for 
Reporting Thyroid Cytopathology (TBSRTC) was not 
implemented because it correlates the estimated risk of  
malignancy with proper management, which was outside 
the scope of  this study and lacked uniformity in the 
reporting terminology. Moreover, the current study had a 
small sample size, and thus, a limited number of  diagnostic 
categories and subcategories of  thyroid FNAC specimens 
were encountered in this study, whereas the TBSRTC 
requires multiple diagnoses for implementation.[15]

Statistical analysis
Statistical analysis was performed using the SPSS Statistics 
for Windows version 21.0 (IBM Corp., Armonk, NY, USA) 
and Minitab 17 Statistical Software (Minitab Inc., State 
College, PA, USA). Results from US were compared 
against that from FNAC to calculate the sensitivity as well 
as positive‑ and negative‑likelihood ratios. Chi‑square test 
was used for categorical variables and t‑test for continuous 
variables. Comparisons between nodule types were 
performed using Fisher’s exact test. Statistical significance 
was set at P < 0.05.

RESULTS

A total of  68 patients were included in this study, of  which 
78% were female. The mean age of  the participants was 
39 ± 13 years (range: 8–82 years). As KFHU is a tertiary, 
government hospital that provides free health care, the 
referred patients were from diverse ethnicities: 82.35% 
patients were Arab, 5.88% were far‑East Asian, 5.88% were 
South Asian (Indian) and 5.89% were African.

In FNAC, 59 of  the 68 nodules analyzed were reported 
as benign; 56 of  these were also designated as benign 
with US. Therefore, the specificity of  US in determining 
benign nodules was 94.9% (95% confidence interval 
[CI] = 85.9%–98.9%), the positive‑likelihood ratio was 
13.0 (95% CI = 1.1%–7.2%), and the negative‑likelihood 
ratio was 0.35 (95% CI = 0.1%–0.9%). There was no 
inadequate sampling or indeterminate cytology of  the 
lesions. Of  the nine suspicious nodules, six were found 
to be malignant using FNAC, with histology revealing 
papillary adenocarcinoma. The US and FNAC findings 
were strongly associated (P = 0.001) [Table 1]. In addition, 
the diagnostic specificity of  FNAC was 95% (P < 0.001) 
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when benchmarked against the histological findings, 
indicating that it is a reliable diagnostic modality for thyroid 
nodules.

According to the SRU criteria,  FNAC and US 
findings were significantly associated for calcifications 
(P = 0.001), margins (P = 0.031) and echogenicity 
of  the nodules (P = 0.001), while the association for 
vascularity was nonsignificant (P = 0.058), indicating 
that US aids in identifying malignant thyroid nodules 
[Figures 1‑3 and Table 2].

DISCUSSION

The SRU consensus statement had been developed 
to provide physicians with specific recommendations 
for US‑detected nodules that should undergo FNAC. 
Adoption of  these recommendations would help in 
avoiding unnecessary biopsies. Despite these guidelines, 
US‑guided FNAC is increasingly being used to avoid 
missing cases of  malignancy.[11,16] In this study, US had a 
94.9% specificity in diagnosing benign thyroid nodules. 
Therefore, US may be useful for the assessment and 
classification of  thyroid nodules and may help avoid 
unnecessary FNAC. In addition, the use of  diagnostic 
US can be maximized by applying the prescreening risk 
stratification and using the SRU consensus criteria for 
nodule biopsy [Figures 1‑3]. It should be noted that 
no single sonographic feature can classify benign and 
malignant thyroid nodules. Further, with US being an 
operator‑dependent modality, it increases the importance 
of  the technical skills an operator develops after years of  
working with US.

Shape, orientation, size, margins, acoustic transmission, 
calcifications, echogenicity and vascularity are some of  the 
US parameters that were identified in previous studies as 
being useful for the classification of  thyroid nodules.[14,15,17,18] 
In a recent study that evaluated the diagnostic value of  
Thyroid Imaging Reporting and Data System classification 
in conjunction with ultrasonic elastography for assessing 
the risk of  malignancy in thyroid nodules, high accuracy 
was reported in evaluating the potential risk of  malignancy 
in thyroid nodules with a high elastography ratio, with a 

sensitivity of  88.9% and a specificity of  91.8%, that was 
confirmed by histological examination.[19]

In another recent study, Ní Mhuircheartaigh et al.[20] 
evaluated the use of  thyroid nodule size on US as a standard 
parameter for primary surveillance of  thyroid nodules and 
correlated its size with those on imaging modalities such 
as computed tomography, magnetic resonance imaging 
and positron emission tomography. The findings of  that 
study indicated that cross‑sectional imaging underestimates 

Table 1: Specificity of ultrasound in classifying benign and 
malignant tumor compared with fine‑needle aspiration
Type of tumor FNAC 

finding
US 

finding
Specificity of US 

(95% CI)

Benign 59 56 94.9 (85.9–98.9)
Malignant 6 9 100.00 (54.07–100.00)

FNAC – Fine‑needle aspiration cytology; US – Ultrasonography; 
CI – Confidence interval

Figure 1: (a) Grayscale ultrasound image of the right thyroid lobe 
showing a well‑defined, predominately iso‑ to low‑echogenic lesion with 
distal acoustic enhancement. (b) The contour of the lesion is regular 
and no vascularity is visible on color Doppler imaging. These features 
are consistent with a benign thyroid nodule. Fine‑needle aspiration 
interpretation revealed few polymorphs and occasional macrophages, 
negative for malignant cells

ba

Figure 2: (a) Grayscale ultrasound image of the right thyroid lobe 
showing a well‑defined, predominately low echogenic lesion with 
multiple minute cysts located peripherally. There are multiple echogenic 
foci with distal acoustic shadows representative of calcifications. (b) The 
contour of the lesion is regular and shows hypervascularity on color 
Doppler imaging. These features are consistent with a suspicious 
thyroid lesion. Fine‑needle aspiration interpretation revealed several 
papillary clusters of follicular cells that are suspicious for papillary 
thyroid carcinoma

ba

Figure 3: (a) Grayscale ultrasound image of the right thyroid 
lobe showing a well‑defined echogenic lesion with distal acoustic 
enhancement. (b) The contour of the lesion is regular with a peripheral 
anechoic halo and shows hypervascularity on Doppler imaging. These 
features are consistent with a malignant thyroid lesion. Fine‑needle 
aspiration interpretation revealed Bethesda category (6) consistent 
with papillary thyroid carcinoma

ba
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the size of  thyroid nodules and lacks valuable clinical 
significance.

In the current study, the SRU diagnostic criteria were 
used for classifying thyroid nodules based on calcification, 
margins, echogenicity and vascularity, as they have the 
strongest correlation with malignancy.[21] This is one of  the 
strengths of  our study, in that the analysis was not limited 
to only a single criterion, such as nodule size.

In this study cohort, the use of  US features for differentiating 
benign from suspicious lesions was found to be useful 
and efficient. These results showed that the presence of  
features such as regular margins, normal vascularity and 
homogeneity as well as the absence of  macrocalcifications 
on US [Figure 1] were strongly associated with benign thyroid 
lesions, which was a finding similar to the findings from 
various studies.[14,17,18,22] In fact, the FNAC and US findings 
were significantly associated, and thus presence/absence 
of  these features in US would indicate that no further 
evaluation might be necessary for benign nodules. Our 
findings are in agreement with those of  previous studies 
reporting that US performed in conjunction with FNAC can 

aid in accurate diagnosis.[12,13,23‑25] In addition, the diagnostic 
specificity of  FNAC (95%; P < 0.001) in our study reflects 
the validity of  FNA as an advanced modality for the surgical 
and pathological examination of  thyroid nodules.

Most previous studies have found that papillary thyroid 
carcinoma was the most common type of  thyroid tumor;[26] 
in the current study, all encountered malignant lesions were 
diagnosed as papillary thyroid carcinoma based on the 
histopathology. A small percentage (2%) of  the investigated 
benign nodules had features such as microcalcifications, 
irregular margins or internal vascularity on US, which were 
not sufficient for the exclusion of  malignancy, similar to 
the findings from other studies.[13,23,25]

Thyroid core‑needle biopsy exhibits higher diagnostic 
sensitivity and accuracy, especially with papillary and 
follicular thyroid carcinomas. Further, it also enables a 
better assessment of  the histological architecture and 
relation to the adjacent thyroid tissue and may lower the 
rate of  inconclusive FNA results. Therefore, core‑needle 
biopsy is considered in cases where FNA only obtained 
specimens of  grossly scant‑appearing cellularity after 

Table 2: Cancer risk in thyroid nodules with regard to calcification, margins, vascularity and echogenicity, as per the Society of 
Radiologists in Ultrasound criteria
Parameter Type of tumor and 

method
Characteristics P

Macrocalcification Microcalcification

Calcification Benign 56 3 0.001
Cytology (%) 96.6 30.0
US (%) 94.9 5.1

Suspicious 2 7
Cytology (%) 3.4 70.0
US (%) 22.2 77.8

Parameter Type of tumor and 
method

Regular Irregular P

Margins Benign 55 4 0.031
Cytology (%) 93.2 44.4
US (%) 93.2 6.8

Suspicious 4 5
Cytology (%) 6.8 55.6
US (%) 44.4 55.6

Parameter Type of tumor and 
method

Normal Increased P

Vascularity Benign 41 18 0.058
Cytology (%) 93.2 75.0
US (%) 69.5 30.5

Suspicious 3 6
Cytology (%) 6.8 25.0
US (%) 33.3 66.7

Parameter Type of tumor and 
method

Regular Irregular P

Echogenicity Benign 55 4 0.001
Cytology (%) 93.2 44.4
US (%) 93.2 6.8

Suspicious 4 5
Cytology (%) 6.8 55.6
US (%) 44.4 55.6

The cytology percentages are calculated vertically. US – Ultrasonography



Al-Ghanimi, et al.: Classification of thyroid nodules

30  Saudi Journal of Medicine & Medical Sciences | Volume 8 | Issue 1 | January-April 2020

several passes or in patients who return for a repeat biopsy 
after a nondiagnostic initial FNA biopsy.[27,28]

It should be noted that core‑needle biopsy has several 
disadvantages compared to FNA; it can cause more patient 
discomfort, necessitates local anesthesia and needs more 
experience in image‑guided thyroid interventions, and 
thus, has a higher operator dependency. In addition, it 
is considered relatively more invasive, with larger tissue 
samples being obtained, and it may be technically unfeasible 
or difficult in some cases.[11,28] Therefore, in the current 
study, this technique was considered for use only in the 
complementary diagnosis of  indeterminate nodules.

Recent studies concluded that enlarged cervical lymph nodes 
in conjunction with thyroid nodules are highly suggestive of  
thyroid cancer. However, the precise estimation of  the risk of  
thyroid cancer when encountering cervical lymphadenopathy 
and presence of  suspicious thyroid lesions remains 
unknown.[29] Moreover, we believe that the presence of  
abnormal lymph nodes overrides the US features of  thyroid 
nodule(s) and is most suggestive of  metastasis and should 
prompt further diagnostic investigations.[10] Nonetheless, 
tissue elasticity (elastography) has recently been proposed 
to detect malignancy in thyroid nodules; unfortunately, the 
US machines in our institution do not support the feature 
of  strain‑ and shear‑wave elastography.[30,31]

There are several limitations to our study. First, its 
retrospective nature renders it at risk of  selection bias. 
Second, the study had a relatively small sample, which may 
have led to over‑ or under‑estimation of  the study findings. 
Third, most of  the lesions were found to be benign, and 
thus, the analysis of  the study was limited.

CONCLUSION

The findings of  this study indicate that thyroid nodules 
with the potential risk of  malignancy can be recognized 
by identifying several sonographic features including 
calcifications, margins, vascularity and echogenicity. This 
approach is imperative to anticipate the cancerous risk 
of  nodules, which can help avoid unnecessary FNA. The 
present study demonstrates that the US criteria provide 
substantial guidance pertaining to the requirement of  
biopsy, and thus, the authors recommend inclusion of  
these criteria in the reporting systems used by radiologists. 
Further prospective studies with larger cohorts are 
warranted to confirm the findings of  this study.

Ethical considerations
This study was approved by the Institutional Review 
Board of  Imam Abdulrahman Bin Faisal University 

(approval number: IRB‑2016‑01‑148) on October 16, 2016. 
As this study is a retrospective chart review, patients were 
deidentified and the need for informed consent was waived.

Peer review
This article was peer‑reviewed by three independent and 
anonymous reviewers.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

REFERENCES

1. Hussain F, Iqbal S, Mehmood A, Bazarbashi S, El Hassan T, 
Chaudhri N. Incidence of  thyroid cancer in the Kingdom of  Saudi 
Arabia, 2000‑2010. Hematol Oncol Stem Cell Ther 2013;6:58‑64.

2. Al‑Madouj A, Alrawaji A, Al‑Zahrani W, Al‑Shahrani Z, 
Al‑Omran F. The 2015 annual report of  cancer incidence in the 
Kingdom of  Saudi Arabia. National Health Information Center Saudi 
Cancer Registry, Gulf  Center for Cancer Control and Prevention; 2015. 
Available from: https://nhic.gov.sa/eServices/Documents/E%20
SCR%20final%206%20NOV.pdf. [Last accessed on 2019 Oct 11].

3. American Cancer Society [http://www.cancer.org]. Cancer Facts & 
Figures 2019. Atlanta: American Cancer Society: Thyroid Cancer; 
2019. Available from: https://www.cancer.org/content/dam/
cancer‑org/research/cancer‑facts‑and‑statistics/annual‑cancer‑facts‑
and‑figures/2019/cancer‑facts‑and‑figures‑2019.pdf. [Last cited on 
2019 Nov 09].

4. Tarver T. Cancer facts and figures, American Cancer Society (ACS). 
J Consult H Intern 2013:366‑7.

5. Bomeli SR, LeBeau SO, Ferris RL. Evaluation of  a thyroid nodule. 
Otolaryngol Clin North Am 2010;43:229‑38, vii.

6. Kang T, Kim DW, Shin GW, Park JY, Lee YJ, Choo HJ, et al. Utility of  
preoperative ultrasonography in transferred patients with suspicious 
malignancy on ultrasonography‑guided fine‑needle aspiration cytology 
of  thyroid nodules: A single‑center retrospective study. Med Sci Monit 
2019;25:6943‑9.

7. Wang J, Liu J, Liu Z. Impact of  ultrasound‑guided fine needle aspiration 
cytology for diagnosis of  thyroid nodules. Medicine (Baltimore) 
2019;98:e17192.

8. Siegel R, Naishadham D, Jemal A. Cancer statistics for hispanics/
Latinos, 2012. CA Cancer J Clin 2012;62:283‑98.

9. Wienke JR, Chong WK, Fielding JR, Zou KH, Mittelstaedt CA. 
Sonographic features of  benign thyroid nodules: Interobserver reliability 
and overlap with malignancy. J Ultrasound Med 2003;22:1027‑31.

10. Frates MC, Benson CB, Charboneau JW, Cibas ES, Clark OH, 
Coleman BG, et al. Management of  thyroid nodules detected at US: 
Society of  radiologists in ultrasound consensus conference statement. 
Radiology 2005;237:794‑800.

11. Titton RL, Gervais DA, Boland GW, Maher MM, Mueller PR. 
Sonography and sonographically guided fine‑needle aspiration biopsy 
of  the thyroid gland: Indications and techniques, pearls and pitfalls. 
AJR Am J Roentgenol 2003;181:267‑71.

12. Kovacevic DO, Skurla MS. Sonographic diagnosis of  thyroid nodules: 
Correlation with the results of  sonographically guided fine‑needle 
aspiration biopsy. J Clin Ultrasound 2007;35:63‑7.

13. Cordes M, Nagel H, Horstrup K, Sasiadek M, Kuwert T. Ultrasound 
characteristics of  thyroid nodules diagnosed as follicular neoplasms by 
fine‑needle aspiration cytology. A prospective study with histological 
correlation. Nuklearmedizin 2016;55:93‑8.



Al-Ghanimi, et al.: Classification of thyroid nodules

Saudi Journal of Medicine & Medical Sciences | Volume 8 | Issue 1 | January-April 2020 31

14. Park JY, Lee HJ, Jang HW, Kim HK, Yi JH, Lee W, et al. A proposal 
for a thyroid imaging reporting and data system for ultrasound features 
of  thyroid carcinoma. Thyroid 2009;19:1257‑64.

15. Cibas ES, Ali SZ. The 2017 bethesda system for reporting thyroid 
cytopathology. Thyroid 2017;27:1341‑6.

16. Yi KI, Ahn S, Park DY, Lee JC, Lee BJ, Wang SG, et al. False‑positive 
cytopathology results for papillary thyroid carcinoma: A trap for thyroid 
surgeons. Clin Otolaryngol 2017;42:1153‑60.

17. Kim EK, Park CS, Chung WY, Oh KK, Kim DI, Lee JT, et al. New 
sonographic criteria for recommending fine‑needle aspiration biopsy 
of  nonpalpable solid nodules of  the thyroid. AJR Am J Roentgenol 
2002;178:687‑91.

18. Hoang JK, Lee WK, Lee M, Johnson D, Farrell S. US features of  
thyroid malignancy: Pearls and pitfalls. Radiographics 2007;27:847‑60.

19. Xue J, Cao XL, Shi L, Lin CH, Wang J, Wang L. The diagnostic value of  
combination of  TI‑RADS and ultrasound elastography in the differentiation 
of  benign and malignant thyroid nodules. Clin Imaging 2016;40:913‑6.

20. Ní Mhuircheartaigh JM, Siewert B, Sun MR. Correlation between the 
size of  incidental thyroid nodules detected on CT, MRI or PET‑CT 
and subsequent ultrasound. Clin Imaging 2016;40:1162‑6.

21. Stojadinovic A, Peoples GE, Libutti SK, Henry LR, Eberhardt J, 
Howard RS, et al. Development of  a clinical decision model for thyroid 
nodules. BMC Surg 2009;9:12.

22. Vinayak S, Sande JA. Avoiding unnecessary fine‑needle aspiration 
cytology by accuractely predicting the benign nature of  thyroid nodules 
using ultrasound. J Clin Imaging Sci 2012;2:23.

23. Morris LF, Ragavendra N, Yeh MW. Evidence‑based assessment of  
the role of  ultrasonography in the management of  benign thyroid 
nodules. World J Surg 2008;32:1253‑63.

24. Koike E, Yamashita H, Noguchi S, Murakami T, Ohshima A, Maruta J, 
et al. Effect of  combining ultrasonography and ultrasound‑guided 
fine‑needle aspiration biopsy findings for the diagnosis of  thyroid 
nodules. Eur J Surg 2001;167:656‑61.

25. Frates MC, Benson CB, Doubilet PM, Cibas ES, Marqusee E. Can color 
doppler sonography aid in the prediction of  malignancy of  thyroid 
nodules? J Ultrasound Med 2003;22:127‑31.

26. Rios A, Torregrosa B, Rodríguez JM, Rodríguez D, Cepero A, 
Abellán MD, et al. Ultrasonographic risk factors of  malignancy in 
thyroid nodules. Langenbecks Arch Surg 2016;401:839‑49.

27. Sung JY, Na DG, Kim KS, Yoo H, Lee H, Kim JH, et al. Diagnostic 
accuracy of  fine‑needle aspiration versus core‑needle biopsy for 
the diagnosis of  thyroid malignancy in a clinical cohort. Eur Radiol 
2012;22:1564‑72.

28. Lee HY, Baek JH, Ha EJ, Park JW, Lee JH, Song DE, et al. 
Malignant‑looking thyroid nodules with size reduction: Core needle 
biopsy results. Ultrasonography 2016;35:327‑34.

29. Al‑Hilli Z, Strajina V, McKenzie TJ, Thompson GB, Farley DR, 
Richards ML. The role of  lateral neck ultrasound in detecting single 
or multiple lymph nodes in papillary thyroid cancer. Am J Surg 
2016;212:1147‑53.

30. Carneiro‑Pla D. Ultrasound elastography in the evaluation of  thyroid 
nodules for thyroid cancer. Curr Opin Oncol 2013;25:1‑5.

31. Nell S, Kist JW, Debray TP, de Keizer B, van Oostenbrugge TJ, 
Borel Rinkes IH, et al. Qualitative elastography can replace 
thyroid nodule fine‑needle aspiration in patients with soft thyroid 
nodules. A systematic review and meta‑analysis. Eur J Radiol 
2015;84:652‑61.


