
ABSTRACT 

Objective: to identify cytological FNA of thyroid nodules that would be unnecessary to perform according to US 
classification systems applied in our environment (ATA and ACR TI-RADS). 
Method: n=346 thyroid nodules were US and cytological evaluated in 293 patients (238 women and 55 men). 
Mean age without statistical significance between sexes (48,4/47,6 years old for males/women).
Results: when the nodule characteristics are suspicious, both systems were similar in suggesting an FNA. But to 
discern which nodules not require FNA, ACR TI-RADS was significantly better than ATA classification, in terms 
of lower amount of Positive False and Specificity (P<0,05). Complications: 5/293 (1,7 %) superficial hematomas 
(early complications); no late complications were observed. Why were there FNA in nodules that had FNA even 
when both classifications suggested not to do so? doctor´s request (43,4 %) and/or patient preference (32,4 %), 
nodules in a context of a chronic thyroiditis parenchyma (12,4 %) and purely cystic nodules >35 mm, to evacuate 
the liquid content (11,8 %).
Conclusion: nodules cytologically identified as suspicious was low. 94 % of the FNA performed only required 
clinical follow-up. ACR TI-RADS classification induces fewer unnecessary FNA than ATA classification. Both 
classifications are wrong in equal proportion in suggesting no FNA suspicious nodules. 
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RESUMEN 

Objetivo: identificar las PAAF citológicas de nódulos tiroideos que sería innecesario realizar según los sistemas 
de clasificación US aplicados en nuestro medio (ATA y ACR TI-RADS). 
Método: n=346 nódulos tiroideos fueron evaluados US y citológicamente en 293 pacientes (238 mujeres y 55 
hombres). Edad media sin significación estadística entre sexos (48,4/47,6 años varones/mujeres).
Resultados: cuando las características del nódulo son sospechosas, ambos sistemas fueron similares en sugerir 
una PAAF. Pero para discernir qué nódulos no requieren FNA, ACR TI-RADS fue significativamente mejor que 
la clasificación ATA, en términos de menor cantidad de Falso Positivo y Especificidad (P<0,05). Complicaciones: 
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5/293 (1,7 %) hematomas superficiales (complicaciones precoces); no se observaron complicaciones tardías. 
¿Por qué se realizaron PAAF en nódulos en los que se practicó incluso cuando ambas clasificaciones sugerían 
no hacerlo? A petición del médico (43,4 %) y/o preferencia del paciente (32,4 %), nódulos en un contexto de 
parénquima de tiroiditis crónica (12,4 %) y nódulos puramente quísticos >35 mm, para evacuar el contenido 
líquido (11,8 %).
Conclusiones: los nódulos identificados citológicamente como sospechosos fueron escasos. El 94 % de las PAAF 
realizadas sólo requirieron seguimiento clínico. La clasificación ACR TI-RADS induce menos PAAF innecesarias 
que la clasificación ATA. Ambas clasificaciones se equivocan en igual proporción al sugerir la no realización de 
BAAF de nódulos sospechosos. 
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INTRODUCTION

Thyroid nodules are common; large-scale studies have reported a prevalence of palpable nodules of 5 % in women 
and 1 % in men in iodine-sufficient areas.(1) Ultrasound (US) findings raise this prevalence to 68 %.(2,3)

Although the prevalence of the thyroid nodule is high, the prevalence of cancer in them is about 5 % of the 
nodules. However, when patients are selected based on US characteristics, the prevalence of malignancy rises to 
close to 13 %.(1,2,3)

When a thyroid nodule shows US characteristics suspected of malignancy, guidelines agree that the diagnosis 
should be completed with a fine needle aspiration cytological biopsy (FNA) since the sum of both diagnostic 
methods (US + FNA) increases the certainty of the nature of nodule and the need for surgery. But when US 
shows features considered benign, the indication for FNA is questionable and should be justified. To identify 
suspected cases of malignancy based on US characteristics, risk stratifications have been proposed. The two 
most widely used are: the guidelines of the American Thyroid Association (ATA), in its version of the year 2015, 
which stratified the risks of malignancy of the nodules according to US patterns (figure 1)(7) and the classification 
proposed by the American College of Radiology (ACR TI-RADS) in 2017, based on a score achieved by the 
different US characteristics of nodule (figure 2).(8) Both classification systems suggest in which nodules a FNA is 
recommended.

Source: Haugen BR, Alexander EK, Bible KC et al. Thyroid. 26(1):1-133, 2016
Figure 1. US characteristics of thyroid nodule and malignancy risk proposed by ATA (2015)
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Source: Tessler FN, Middleton WD, Grant EG. Et al. J Am Coll Radiol 2017; 14:587-595
Figure 2. Chart showing five categories on the basis of the ACR Thyroid Imaging, Reporting and Data System (TI-RADS) 
lexicon, TR levels, and criteria for fine-needle aspiration or follow-up ultrasound. Explanatory notes appear at the bottom

Worldwide, there are other US classifications like ATA and ACR TI-RADS, dedicated to establishing malignancy 
risk and suggestion of FNA(1,2,3,4,5,6,7,8) but in our environment, the most used are those included in this analysis. 
FNAs are interpreted and classified with the Bethesda system (figure 3).(9) In that classification, Bethesda II 
nodules are compatible with benignity (<3 % of malignancy risk) and clinical follow-up of them is suggested.

Source: Baloch ZW, Alexander EK, Gharib H y col. Chapter 1. En: SZ Ali y ES Cibas (eds) The Bethesda System for 
Reporting Thyroid Cytopathology. New York, NY: Springer, pp:1–4, 2010

Figure 3. Cytological classification of Bethesda System, malignancy risk and therapeutic management suggestions
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Nodules classified with Bethesda III have indeterminate behavior and, in all cases, repeat FNA is suggested because 
within Bethesda category two levels are distinguished: III-FLUS (indeterminate follicular lesion) -which have a 
malignancy risk similar to Bethesda II level- and III-AUS (atypia of indeterminate meaning) -which resemble 
the risk of malignancy of the Bethesda IV (suspicion of follicular neoplasia).Bethesda IV has a malignancy risk 
of 15-30 % and where it is suggested to perform lobectomy of the nodule. Bethesda V (suspected malignancy) 
and VI (malignant) levels cast no doubt on the nodule cytology; their malignancy risk exceeds 60 % and surgical 
resection is the indicated therapeutic option (lobectomy or thyroidectomy less than total and total thyroidectomy 
or less than total, respectively).
Which nodules are punctured unnecessarily, according to the guidelines? In theory, those whose US characteristics 
suggest benignity and, therefore, there would be no need to perform an FNA, since these nodules would not 
require surgery, but would only be subject to evolutionary control over time.
It is hypothesized that many professionals prescribe FNA in nodules despite not being indicated by the guidelines. 
If FNA were performed even without being indicated by the guidelines and were reported as benign, those 
indications are correct, they should not be performed and those are unnecessary FNA. If the guidelines indicated 
that they should not be performed a FNA and for some reason, were done and biopsied informed as malignant, 
then it could be the mistake of the guidelines.
The general objective of this study was to identify cytological FNA of thyroid nodules that would be unnecessary to 
perform according to US classification systems applied in our environment (ATA and ACR TI-RADS). As specific 
objectives, the motives of FNA indication contrarian to those and to determine which of the two classifications 
was more effective in their suggestions settled. 

METHOD

A prospective observational study was conducted. Between January 2020 and January 2022, US information of 
with one or more thyroid nodules was prospectively collected from patients who were referred to the US Service 
to perform a FNA under US guidance. The practice prescription was indicated by the patient’s endocrinologist/
clinician/primary care surgeon.
Patients of both sexes, older than 18 years, with FNA indication of one or more thyroid nodules were included. 
Patients with previous thyroid surgeries, a personal history of neck radiation and a family history of papillary 
thyroid carcinoma were excluded from the study.
All patients were evaluated with thyroid color-doppler US and the nodules were categorized with two classification 
systems used in our environment (ATA and ACR TI-RADS). All nodules were punctured and reported with the 
Bethesda classification system; the presence of the pathologist at the time of the FNA ensured the obtaining of 
sufficient material for cytological diagnosis and preservation of it until the definitive diagnosis.
To reduce the risk of loss information, the study was limited to US and FNA images under US guidance performed 
at the US and Cytological FNA Service of the Thyroid Unit at the Oroño Group, Rosario (Argentina). The two 
US classifications and the extraction of FNA material were performed by the same specialist operator (SMB 
in diagnostic by imaging and OB in pathology), thus avoiding the bias of inter-observer variability as in other 
published works. 
It was originally planned to collect approximately 400 nodules in the aforementioned period. The effects of 
mandatory emergence confinement due to a new strain of severe acute respiratory syndrome virus type-2 (SARS-
CoV-2) which caused COVID-19 infection, caused many patients delayed medical consultations and studies. The 
final sample included 346 nodules.
For each punctured nodule, information was recorded on the patient’s age and sex, the context (nodular/multinodular 
goiter), US evidence of chronic thyroiditis, the respective US variables included in the two classification systems 
(ATA and ACR TI-RADS) and the Bethesda cytological level. We considered an US pattern of chronic thyroiditis 
when a heterogeneous thyroid parenchyma accompanied or not by rounded or oval pseudonodular focal areas, 
with normal, increased or decreased intralobular vascularization were identified. In addition, in those patients 
classified as low or very low malignancy suspicion according ATA and ACR TI-RADS, the reasons that indicated 
the FNA were consigned.
For the purposes of this study, in accordance with ATA and ACR TI-RADS systems that recommend “FNA 
suggested” or “FNA not suggested” according to the different levels of malignancy, the nodules classified with 
Bethesda II and III-FLUS system were categorized together, in the recommendation “surgery not required” and 
Bethesda III-FLUS, IV, V and VI as “surgery required”.
The project obtained the approval of the Ethic Committee of the Universidad Abierta Interamericana (UAI), 
Argentina, for its implementation. All patients included signed an informed consent before performing the FNA.
At the end of the procedure, all patients assessed perceived pain by completing a Verbal Numerical Scale (VNS), 
choosing a number between 0 and 10 reflecting the level of pain perceived during the FNA, where 0 represented 
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“no pain” and 10 “excruciating pain”. A record of early and late complications of FNA was also kept.
The statistical analysis included the respective individual evaluation of the successes and errors of ATA and 
ACR TI-RADS US classifications with respect to the Bethesda system, analyzing them in terms of Sensitivity, 
Specificity, False (+) and (-) and concordance. Subsequently, those values were compared between both methods, 
evaluating the statistical significance with the chi-square or Fisher test, when appropriate; in all cases, a value 
of P<0,05 was considered statistically significant. All statistical analysis was performed with IBM-SPSS®V.21 
software.

RESULTS

Total patients
N=346 thyroid nodules were US and cytological evaluated in 293 patients (238 women and 55 men). The mean 
age of men (48,4 years) was slightly higher than that of women (47,6 years), without statistical significance 
(P=0,633 from t-Student test). The nodule diameters (axial, cephalocaudal and anteroposterior) were evaluated; 
the largest of them was used to determine the nodular size. Thus, 346 FNA in thyroid nodules ranged between 6 
and 60 mm, averaging 17,4 mm were performed (FNA was not performed in nodules ≤5 mm). US and cytological 
characteristics of nodules evaluated are shown in figure 4.

Figure 4. Characteristics of evaluated thyroid nodules

Relationship between ATA classification and Bethesda System
The relationship of the indication of FNA between ATA classification and Bethesda system is shown in figure 5.

Figure 5. Relationship between malignancy suspicion ATA classification and Bethesda system
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ATA classification indicated FNA in 214/346 nodules (61,8 %); 6/214 (2,8 %) were Bethesda III-AUS, 2/214 (0,9 
%) were Bethesda IV and 8/214 (3,7 %) were Bethesda V-VI, ratifying the suggestion of FNA in 7,4 % of these 
cases. However, among nodules that ATA indicated FNA, 168 were Bethesda II and another 30 were Bethesda 
III-FLUS, adding 198/214 (92,5 %) of diagnostic error suggesting FNA for those nodules. Moreover, according to 
ATA classification, only nodules ≥20 mm of very low risk should perform an FNA. According figure 5, only 1/33 
(3 %) was Bethesda IV; and those that should not perform FNA, 1/56 (1,7 %) was a carcinoma (V-VI). 
According to the grouping proposed in Material and Methods, figure 6 relates the suggestion of FNA according to 
ATA classification and the indication of thyroid surgery according to Bethesda system.

Figure 6. Diagnostic performance of ATA through FNA suggestion to identify nodules that surgery is required according to 
Bethesda system

Note: although predictive values were estimated, they were not considered due to the low prevalence of thyroid nodules 
that surgery required

Based on a low prevalence of nodules that would require surgery (6 %), ATA classification showed a good ability 
to detect nodules that require FNA (76 %), but a poor ability to identify those that do not (39 %), causing a high 
amount of Positive False.  
Responding to the objectives of this work, using the ATA classification to suggest FNA, the following were settled: 

•	 Unnecessary FNA: 61 % of nodules where surgery was not required.
•	 FNA performed despite not being indicated: 24 % of nodules that surgery was required.
•	 Concordance diagnostic between ATA and Bethesda: 41 % of nodules evaluated.

Relationship between ACR TI-RADS classification and Bethesda System
The relationship of the indication of FNA between ACR TI-RADS classification and Bethesda system is shown 
in figure 7.

Figure 7. Relationship between malignancy suspicion ACR TI-RADS classification and Bethesda system
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ACR TI-RADS classification suggested that FNA 245/346 nodules (70,8 %) should not performed, because 
218/245 (88,9 %) were Bethesda II and 17/245 (6,9 %) were III-FLUS, ratifying that FNA was not necessary in 
95,9 % of those nodules. However, among those that ACR TI-RADS indicated no FNA, 5 nodules with Bethesda 
III-AUS and another 5 nodules with Bethesda V-VI were found, adding up to a total of 10/245 (4 %) of diagnostic 
error suggesting not FNA for those nodules.
ACR TI-RADS classification indicated FNA in 101/346 nodules (29,2 %); 3/101 (2,9 %) were Bethesda III-AUS, 
2/101 (1,9 %) were Bethesda IV and 6/101 (5,9 %) were Bethesda V-VI, ratifying the suggestion of FNA in almost 
11 % of those cases. However, among nodules that ACR TI-RADS suggested FNA, 71 were Bethesda II and 19 
were III-FLUS, adding up 90/101 (89,1 %) of diagnostic error suggesting FNA for those nodules.
According to the grouping proposed in Material and Methods, figure 8 relates the suggestion of FNA according to 
ACR TI-RADS classification and the indication of thyroid surgery according to Bethesda system.

Figure 8. Diagnostic performance of ACR TI-RADS through FNA suggestion to identify nodules that surgery is required 
according to Bethesda system

Note: although predictive values were estimated, they were not considered due to the low prevalence of thyroid nodules 
that surgery required

Based on a low prevalence of nodules that would require surgery (6 %), ATA classification showed a regular 
ability to detect nodules that require FNA (52,3 %), but an appropriate ability to identify those that do not (72,3 
%), causing a low amount of Positive False but twice of Negative False.
Responding to the objectives of this work, using the ATA classification to suggest FNA, the following were settled: 

•	 Unnecessary FNA: 28 % of nodules where surgery was not required.
•	 FNA performed despite not being indicated: 48 % of nodules that surgery was required.
•	 Concordance diagnostic between ATA and Bethesda: 71 % of nodules evaluated.

Comparison of diagnostic performance estimations

Figure 9. Comparison of diagnostic performance estimators between ATA and ACR TI-RADS classification to suggest 
which nodules requires an FNA

Note: Chi-squared test and NS: without statistical significance
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The ability of ATA and ACR TI-RADS classifications to determine which of the two systems was the best one to 
suggest which nodules required FNA and which should not be exposed in figure 9.
The diagnostic successes rate was significantly higher in ACR TI-RADS than in ATA classification. When the 
nodule characteristics are suspicious, both systems were similar in suggesting an FNA. But to discern which 
nodules not require FNA, ACR TI-RADS was significantly better than ATA classification, in terms of lower 
amount of Positive False and Specificity. 
Regarding the complications secondary to perform FNA, only 5/293 (1,7 %) patients presented superficial 
hematomas (early complications) that did not required special interventions, but they were treated with analgesics 
and anti-inflammatories, resolving completely between 3 to 5 days. No late complications were observed.
The results of the VNS evaluating the perceived pain kept infer that FNA was a well-tolerated procedure, since 
66,2 % of patients (n= 194) perceived the pain as “mild”, 32,4 % (n = 95) considered it “moderate” and only 1,4 
% (n = 4) qualified such pain as “intense”. 
Why were there FNA in nodules that were punctured even when the classifications suggested not to do so (low or 
very low suspicion according to ATA and level II according to ACR)? The choice had to do with the preference 
of the requesting physician (43,4 %), patient preference (insecurity/fear because the existence of the nodule) 
(32,4 %), nodules in a context of a chronic thyroiditis parenchyma (12,4 %) and purely cystic nodules >35 mm in 
diameter greater in which FNA was performed in order to evacuate the liquid content (11,8 %).

DISCUSSION

The technological advancement of recent years in diagnostic imaging is staggering. In thyroid pathology, the 
evolution in US scanners has made it possible to detect nodules with characteristics and/or size that before, with 
less powerful equipment, were not detected. Thyroid nodules are extremely common to diagnose; reports that up 
to 68 % of adults have nodules, leading to problems with overdiagnosis and overtreatment.(2,11)

Several US classification systems have been developed to help professionals to identify in which thyroid nodules 
a FNA should be suggested; those classifications are based on US characteristics to stratify the malignancy risk.
(7,9,12,11) Although there are many US guidelines to recommend FNA in a thyroid nodule, there is currently no 
single, collective classification system that applies worldwide.
Although the operator-dependent factor must be considered in those systems, in this study it was avoided, since 
all thyroid US were performed and classified with two systems (ATA and ACR TI-RADS) by the same specialist 
in diagnostic imaging (SMB); the same happened with the pathologist-cytologist who analyzed and reported the 
Bethesda system (OB).
To reach the objective, this study compared the ability of two US classification systems to appropriately select 
nodules that should require a FNA. A total of 346 nodules were evaluated by the two systems. Importantly, 94 
% (325 nodules) were classified with Bethesda II and III-FLUS, which was interpreted as benign cytology and, 
therefore, FNA in such nodules would be unnecessary. Only 6 % (21 nodules) required FNA because they were 
suspicious or malignant nodules (Bethesa III-AUS and IV-VI).
Many studies showed that ACR TI-RADS had better diagnosis compared to other guidelines and avoiding, with 
their suggestions, a higher number of unnecessary FNA.(9,11,12,13,14) In terms of unnecessary FNA -Positive False in 
technical terms-, in the study of Wu et al.(10) compared and discussed the reasons for the differences in diagnosis 
between ACR TI-RADS and ATA 2015. The rates of Positive False (34 %) and concordance with the FNA (75,5 
%) for ACR TI-RADS, leaded to conclusion that ACR TI-RADS suggested less unnecessary FNA than ATA 
classification (P = 0,007).
Yoon et al.(13) and Xu et al.(14) evaluated the similarities and differences between three TI-RADS systems: the 
Korean Society of Radiology, ACR and the European Thyroid Association, comparing the diagnostic performance 
of US with the results of cytology in the detection of malignant nodules. Both studies concluded that, although the 
three systems have similarities in US characteristics, they did find significant differences in diagnosing nodules 
suspected of malignancy: they demonstrated that ACR TI-RADS, compared to other TI-RADS systems of US 
classification, had the lowest rate of unnecessary FNA (28 % ACR vs 52,7 % -Korean- and 66,3 % -European-).
Middleton et al.(9) reported that Positive False rates were 78,1 % according to ATA classification and 47,1 % 
according to ACR TI-RADS. The authors concluded that those results significantly kept reduce the number 
of unnecessary FNA in benign nodules. In our study, considering ATA system, 198/325 (60,9 %) unnecessary 
FNA were performed reducing the rate to 90/325 (27,7 %) with ACR TI-RADS system. TIRADS ACR system 
significantly reduced more than twice as much unnecessary FNA as ATA would suggest (P~0).
Although the objective of this work was to identify unnecessary FNA, both US classification systems have also 
been wrong to suggest not FNA that were later suspicious or malignant -Negative False in technical terms-. In 
this study, 21 nodules were included in this group. The Negative False rate was 24 % for ATA and 48 % for ACR 
TI-RADS systems, without statistical significance (P=0,11).
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Other recent studies also evaluated the concordance of three TI-RADS systems: ACR, European Thyroid 
Association and that from of Siriraj Hospital (Bangkok)(15,16,17,18,19) highlighting both the optimal inter-observer 
agreement and the measures of sensitivity and negative predictive value for the diagnosis of malignant thyroid 
nodules. From our point of view, we do not consider predictive values to evaluate diagnostic capability because 
those are calculated on a total of FNA results (as has been demonstrated, many of them unnecessary) and not 
based on the result of cytology.(20,21,22)

A heterogeneous parenchyma (e.g., chronic thyroiditis) could be considered a “confounding variable”. Many 
times, a nodule is categorized as such when in fact it is a pseudonodule or focal area of chronic thyroiditis. Despite 
this, it is reported that some endocrinologists/surgeons/clinicians prefer to indicate FNA in nodules present in 
the context of chronic thyroiditis due to the probable increased malignancy risk of nodules associated with this 
condition(11) especially in areas with high prevalence of chronic thyroiditis.(12) It is also necessary to consider the 
patient’s preference (insecurity / fear of knowing the existence of the nodule) to indicate. In our studies, requesting 
physician and patient’s preference added the 75 % of motives of performed FNA.(23,24)

Why do ACR TI-RADS suggestions mean making fewer unnecessary FNA than ATA’s? From our point of view, 
ATA classification system is based on US patterns to determine the malignancy risk; instead ACR TI-RADS is 
based on quite similar US characteristics that are measured in ATA but quantified through a numerical score (and 
not all characteristics are weighted equally). Evidence showed that the quantified ACR TI-RADS score better 
identifies those FNA that will be unnecessary to perform.(25,26)

It could be thought as a potential limitation of this study to suppose that the specialist in charge of US classifying 
nodules (SMB) had a certain tendency to suggest FNA more nodules unnecessarily, in order not to leave without 
FNA those nodules that should do it so. It could also be thought of similarly with the cytology specialist (OB); 
after all, both ATA and Bethesda classifications are based on US and cytological patterns respectively, and they 
are interpretative, not quantifiable numerically.

CONCLUSIONS

•	 The rate of nodules cytologically identified as suspicious was low. The 94 % of the FNA performed 
only required clinical follow-up. 

•	 ACR TI-RADS classification induces fewer unnecessary FNA than ATA classification. 
•	 Both classifications are wrong in equal proportion in suggesting no FNA suspicious nodules. 
•	 Reasons of requesting physician and/or patient’s preference to perform a FNA should be respected.
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