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INTRODUCTION

Fine-needle aspiration (FNA) has been widely used as a diag-
nostic tool for thyroid nodules.1 However, one inherent limita-
tion of FNA is that it is not always possible to obtain sufficient 

materials for definitive characterization.1 Although ultrasono-
graphic (US) guidance can enable a physician to accurately and 
safely target a thyroid nodule during FNA, several factors affect 
sample adequacy, such as the technique of the performer, the 
number of nodules aspirated, and the size and type of nodules 
being biopsied.2-5 

For sample adequacy, the Bethesda System for Reporting 
Thyroid Cytopathology (TBSRTC) recommends a minimum of 
six groups of well-visualized follicular epithelial cells with at 
least 10 cells per group, based on criteria developed at the 
Mayo Clinic.6,7 Although the 2017 TBSRTC commented that it 
may be possible to reduce the number of follicular cells needed 
for sample adequacy without significantly increasing the false-
negative rate (FNR), the 2023 TBSRTC reaffirmed the original 
adequacy criteria.8 This decision reflects concerns about the 
importance of maintaining false-negative rates, the lack of con-
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sensus and no robust data validating lower cell counts, and in-
consistent follow-up across different studies and practice set-
tings.9 Still, considering that most nondiagnostic nodules 
ultimately prove to be benign, reducing the required quantity of 
follicular cells needed to define “nondiagnostic” cytology could 
potentially help safely reduce unnecessary procedures.1,10 Con-
sequently, it is imperative to thoroughly investigate the appro-
priateness of this standard.

The risk of malignancy was higher in thyroid nodules that 
had suspicious US features even with the same cytologic re-
sults.11-13 Several US risk stratification systems have been intro-
duced to evaluate thyroid nodules.2,14-16 When thyroid nodules 
with nondiagnostic cytology were evaluated using the Thyroid 
Imaging Reporting and Data System (TIRADS), their malig-
nancy risk varied according to their TIRADS categories.14,17 In 
this study, we investigated whether it was feasible to lower the 
thresholds of sample adequacy for nondiagnostic nodules with 
the current incorporation of the TBSRTC and evaluated the 
risk of malignancy for nondiagnostic nodules according to the 
American College of Radiology (ACR) TIRADS.16 

MATERIALS AND METHODS

Study design 
This study is of a retrospective design and was approved by our 
Institutional Review Board (IRB institution: Severance Hospi-
tal; No. 4-2024-1038). Neither patient approval nor informed 

consent was required to review medical records or US images.
The TBSRTC has been consistently utilized for thyroid cyto-

pathology reports in our institution (a referral center) since its 
implementation in December 2009.6 From March 2016 to Feb-
ruary 2019, 5898 focal thyroid nodules in 5741 consecutive pa-
tients aged 19 years or older underwent initial US-guided thy-
roid FNA. In 4035 patients, 4096 focal thyroid nodules were 
1 cm or greater along their maximum diameter on US. Nodules 
were included if they met one of the following criteria: 1) under-
went surgery (n=1048); 2) definitive benign (n=167) or malig-
nant cytology (n=1) on follow-up US-FNA (n=154) or US-guided 
core needle biopsy (n=14); 3) decreased (n=425) or no change 
in size on follow-up US performed at least 1 year after the ini-
tial FNA (n=763); or 4) malignant on the initial FNA (n=55). Fi-
nally, 2459 thyroid nodules in 2431 patients were included in 
this study. Fig. 1 shows the diagnostic flowchart of included 
nondiagnostic nodules. 

US examinations and image analysis
US examinations of both thyroid glands and neck areas were 
performed using a 5–12 MHz linear array transducer (iU22 or 
EPIQ5, Philips Healthcare, Amsterdam, Netherlands). Real-
time US and subsequent US-guided FNA were performed by 
one of 17 radiologists with 1–25 years of experience in thyroid 
imaging (5 faculties and 12 fellows). US-guided FNA was per-
formed on thyroid nodules showing suspicious US features or 
on the largest mass when none of the multiple thyroid nodules 
observed showed any US features suspicious for cancer.14 

5898 nodules 
that received initial FNA

2459 nodules

Nondiagnostic 
(n=257)

Surgery (n=40) Follow-up (n=217)

Benign 
(n=33)

Benign (n=60) Benign (n=114)

Benign 
(n=43)

Malignant 
(n=7)

Follow-up US 
(n=174)

Repeat FNA or 
follow-up CNB (n=43)

No change on 
follow-up US (n=60)

Decreased size on 
follow-up US (n=114)

Benign 
(n=1327)

AUS 
(n=150)

FN/SFN 
(n=17)

Suspicious for 
malignancy (n=116)

Malignant 
(n=592)

  Excluded
   - Nodules smaller than 1 cm (n=1802)
   - Loss during follow-up (n=1637)

Fig. 1. Diagnostic flowchart of the included nondiagnostic thyroid nodules. FNA, fine-needle aspiration; AUS, atypia of undetermined significance; FN, fol-
licular neoplasm; SFN, suspicious for a follicular neoplasm; CNB, core-needle biopsy; US, ultrasonography.
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Transverse and longitudinal gray-scale US images were ob-
tained from nodules. The radiologist who conducted the US 
and US-FNA procedures reported the US features of each thy-
roid nodule and prospectively entered them into our institu-
tional database. The recorded US features were composition, 
echogenicity, margin, calcifications, and shape. From June 2012 
to the present, our database has been utilizing these descrip-
tors.14 Using the imaging features recorded in our institutional 
database, focal thyroid nodules on US were retrospectively cat-
egorized based on the ACR TIRADS,16 assigned by an experi-
enced radiologist (J.Y.K., with 22 years of experience in thyroid 
imaging) who was blinded to the final diagnoses of the nodules.

US-FNA and cytologic interpretation
US-guided FNA was performed on each thyroid nodule using 
a 23-gauge needle attached to a 2-mL disposable syringe with-
out an aspirator. Local anesthesia was not routinely adminis-
tered, and onsite evaluation was not routinely performed. The 
aspirated material was expelled on two glass slides and imme-
diately placed in 95% ethanol for Papanicolaou staining. The 
remaining material in the syringe was collected in a CytoLyt 
transport medium (Hologic Co., Marlborough, MA, USA) or 
CytoRichR Red preservative fluid (BD, Franklin Lakes, NJ, 
USA).18 A single Papanicolaou-stained liquid-based cytology 
slide was routinely prepared for each case. Cell counts and clus-
ter assessments were determined from the combined evalua-
tion of all prepared slides. All cytopathologic slides were re-
viewed by one of the 15 cytopathologists in our institution 
according to the pathology department’s internal review sched-
ule. Cytologic results were reported according to the TBSRTC.9

For this study, the cytologic slides of nodules with nondiag-
nostic results were reviewed. Six nondiagnostic nodules were 
excluded because their cytologic slides were not available. Sev-
en nondiagnostic nodules were reclassified as AUS after their 
cytologic slides were reviewed by an experienced cytopatholo-
gist (S.W.H.). The cytopathologist retrospectively reviewed the 
slides of 257 nodules that were diagnosed with nondiagnostic 
cytology according to the following characteristics: follicular 

cell count, number of clusters with at least 10 well-visualized 
follicular epithelial cells, presence of nuclear and cytoarchitec-
tural atypia, histiocytoid cells, giant cells, lymphocytes, colloid, 
hemosiderin-laden macrophages, cyst-lining cells, and arti-
facts. The cytopathologist did not know the demographic data, 
US findings, and final diagnoses of the patients. 

Statistical analysis
We evaluated the diagnostic performances of 12 different crite-
ria, including 11 criteria newly built for sample adequacy (Fig. 
2).9 Criterion 1 is the current criterion recommended by the 
TBSRTC, with a minimum of six groups of follicular epithelial 
cells needed with at least 10 cells per group for a sample to be 
considered adequate for a cytology examination.6 The newly 
added 11 criteria for sample adequacy were built by modifying 
criterion 1 to lower the thresholds for specimen adequacy. Cri-
teria 2 to 6 were defined by the number of groups of follicular 
epithelial cells with at least 10 cells per group. More specifically, 
criterion 2 was set as a minimum of five groups; criterion 3 as 
a minimum of four groups; criterion 4 as a minimum of three 
groups; criterion 5 as a minimum of two groups; and criterion 
6 as a minimum of one group. Criteria 7 to 12 were defined by 
the total follicular epithelial cell count, regardless of the num-
ber of cell clusters. More specifically, criterion 7 was set as hav-
ing at least 60 follicular epithelial cells total; criterion 8 as at least 
50 cells total; criterion 9 as at least 40 cells total; criterion 10 at 
least 30 cells total; criterion 11 as at least 20 cells total; and crite-
rion 12 as at least 10 cells total. Nodules were categorized as 
nondiagnostic regardless of follicular epithelial cell count when 
slides showed poor quality, such as dry artifacts, bloody ob-
scuring, or squeezed artifact. 

Categorical variables were compared between benign and 
malignant nodules with the χ2 test. For patient based-analysis, 
patients with at least one malignant nodule were categorized as 
malignant. Continuous variables were tested for normality us-
ing the Kolmogorov–Smirnov test and Shapiro–Wilk test. Both 
patient age and nodule size were not normally distributed and 
were evaluated using the Mann–Whitney U test. Malignancy 

Fig. 2. Definition of the 12 criteria for sample adequacy. Current criteria for nondiagnostic cytology results, recommended by the Bethesda System for Re-
porting Thyroid Cytopathology.
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rates of nodules with nondiagnostic or benign cytology accord-
ing to each criterion were evaluated using the generalized es-
timating equation (GEE) to account for cases where multiple 
nodules were included from the same patient. 

The primary outcome of this study was diagnostic perfor-
mances according to each criterion. We defined “benign” cy-
tology as test-negative, and “suspicious for malignancy” and 
“malignant” cytology as test-positive. We evaluated diagnostic 
performances for the detection of thyroid cancer including sen-
sitivity, specificity, accuracy, positive predictive value, negative 
predictive value, and false negative rate (FNR) according to 
each criterion along with 95% confidence intervals. The diag-
nostic performances of criteria 2 to 12 were compared with 
those of the original criterion (criterion 1) using the GEEs. As 
repeat FNA is recommended for nodules with nondiagnostic 
cytology according to the TBSRTC management guidelines, we 
evaluated the decrease in repeat FNA after each criterion was 
applied. The secondary outcome was defined as the malignancy 
rates of each ACR TIRADS category in nondiagnostic nodules 
according to each criterion. Nondiagnostic nodules, according 
to each criterion, were categorized according to the ACR TI-
RADS. Malignancy rates of each ACR TIRADS category were 
compared using GEEs.

Differences with a p-value<0.05 were considered statistical-
ly significant. All statistical analyses were conducted with SAS 
version 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

Baseline characteristics of the patients and nodules are sum-
marized in Table 1. Of the 2459 nodules enrolled in this study, 
810 (32.9%) were malignant and 1649 (67.1%) were benign. 
Patients with benign nodules were significantly older than pa-
tients with malignant nodules. Malignant nodules were signifi-
cantly smaller than benign nodules. Gender distribution was 
significantly different between patients with malignant and 
benign nodules (p<0.001). There were also significantly differ-
ent malignancy rates according to the ACR TIRADS categories 
(p<0.001). 

The malignancy rates for nodules with nondiagnostic and 
benign cytology according to each criterion are summarized in 
Table 2. Criterion 1, the original criterion for sample adequacy 
according to the TBSRTC, showed malignancy rates of 2.7% for 
nondiagnostic nodules and 2.6% for nodules with benign cy-
tology. Malignancy rates of nondiagnostic nodules were under 
3.5% for all criteria, and there were no significant differences 
between the malignancy rates of criterion 1 and any of the other 
criteria. Malignancy rates of nodules with benign cytology were 
under 3% for all criteria, and there were no significant differ-
ences between the malignancy rates of criterion 1 and any of 
the other criteria.

The diagnostic performances of each criterion are listed in 
Supplementary Table 1 (only online). The diagnostic perfor-
mance of criterion 1 is as follows: FNR, 4.7%; sensitivity, 95.3%; 

Table 1. Baseline Characteristics of the Included Patients and Their Nodules 

All patients Total (n=2431) Malignant (n=802) Benign (n=1629) p
Age (yr) 50 (19–92) 44 (19–88) 52 (19–92) <0.001
Gender <0.001

Men   528 (21.7) 213 (26.6)   315 (19.3)
Women 1903 (78.3) 589 (73.4) 1314 (80.7)

All nodules Total (n=2459) Malignant (n=810) Benign (n=1649) p
Size (mm) 19 (10–100) 15 (10–80) 22 (10–100) <0.001
Cytology* <0.001

Nondiagnostic   257 (10.5)   7 (0.9)   250 (15.2)
Benign 1327 (54.0) 34 (4.2) 1293 (78.4)
AUS/FLUS 150 (6.1) 67 (8.3)   83 (5.0)
FN/SFN   17 (0.7)   6 (0.7)   11 (0.7)
Suspicious for malignancy 116 (4.7) 106 (13.1)   10 (0.6)
Malignant   592 (24.1) 590 (72.8)     2 (0.1)

ACR TIRADS <0.001
TR 1   27 (1.1)   0 (0.0)   27 (1.6)
TR 2   618 (25.1) 19 (2.4)   599 (36.3)
TR 3   593 (24.1) 24 (3.0)   569 (34.5)
TR 4   585 (23.8) 162 (20.0)   423 (25.7)
TR 5   636 (25.9) 605 (74.7)   31 (1.9)

AUS, atypia of undetermined significance; FLUS, follicular lesion of undetermined significance; FN, follicular neoplasm; SFN, suspicious for a follicular neoplasm; 
ACR TIRADS, American College of Radiology Thyroid Imaging Reporting and Data System; TR, TIRADS category.
Data are presented as median (range) or n (%).
*Categorized based on the Bethesda System for Reporting Thyroid Cytopathology.
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Fig. 3. Number of repeat FNA according to each criterion. Criterion 1 is the original criterion recommended by the TBSRTC. Criteria 2 to 6 were defined as 
a minimum of five, four, three, two, and one cell groups, respectively. Criteria 7 to 12 were defined as a minimum of 60, 50, 40, 30, 20, and 10 cells, regard-
less of cell groups, respectively. FNA, fine-needle aspiration; TBSRTC, the Bethesda System for Reporting Thyroid Cytopathology.

specificity, 99.1%; and accuracy, 97.7%. Compared with criteri-
on 1, criteria 2, 3, 4, 7, 8, and 9 did not show significantly dif-
ferent FNRs. There were no significant differences between the 
diagnostic accuracies of criterion 1 and the other criteria. Speci-
ficity was significantly higher with all other criteria compared to 
criterion 1 (p<0.05 for all) (Supplementary Table 2, only on-
line). When the original criterion recommended by the TB-
SRTC was applied, the number of repeat FNA performed on 
nodules with nondiagnostic cytology was 257, followed by 211 
for criterion 2; 201 for criterion 3; 189 for criterion 4; 166 for cri-
terion 5; 126 for criterion 6; 184 for criterion 7; 170 for criterion 
8; 160 for criterion 9; 143 for criterion 10; 124 for criterion 11; 
108 for criterion 12 (Fig. 3). The number of repeat FNA for nod-
ules with nondiagnostic cytology showed a decreasing trend 
from criterion 1 to criterion 6 (p<0.001), and from criterion 7 to 
criterion 12 (p<0.001). 

Of nondiagnostic nodules according to criterion 1, the ma-
lignancy rates of those categorized as ACR TIRADS 1 to 5 were 
0% (0 of 15), 1% (1 of 103), 3.2% (2 of 63), 2.9% (2 of 68), and 
28.6% (2 of 7), respectively. The malignancy rates of nondiag-
nostic nodules categorized as ACR TIRADS 5 were all above 
28.6%, and of those assessed as ACR TIRADS 1 to 4 were be-
low 5% for all adjusted criteria (Table 3). Most of the criteria 
did not show significantly different malignancy rates between 
the ACR TIRADS categories, except for criterion 6 (p=0.046), 

criterion 11 (p=0.046), and criterion 12 (p=0.046). 

DISCUSSION

In this era of widespread thyroid nodule detection on US, it is 
crucial to identify clinically significant thyroid cancers while 
minimizing the need for invasive procedures whenever possi-
ble. Although FNA is considered a reliable method for diag-
nosing thyroid nodules, nondiagnostic cytology may necessi-
tate additional invasive procedures.2,19 However, many nodules 
with nondiagnostic cytology are ultimately proven to be be-
nign.6,8,9,20 In light of the current situation, reducing the require-
ments for sample adequacy and thus reducing the number of 
FNAs performed on nodules with nondiagnostic results would 
benefit the clinical practice.1,8,10 However, errors associated with 
sampling and preparation techniques may result in inadequate 
samples that are categorized as nondiagnostic, leading to false-
negative diagnoses that could directly affect the actual outcome 
of patients.21,22 Therefore, we need to ensure a dependable diag-
nostic performance with FNA, especially regarding the FNR. In 
this study, among criteria with less stringent thresholds for sam-
ple adequacy, criteria 2, 3, 4, 7, 8, and 9 demonstrated FNRs 
ranging from 4.8% to 5.0% that did not significantly change from 
the FNR of the original criterion (criterion 1). All criteria showed 

Table 2. Malignancy Rates of Nondiagnostic and Benign Nodules according to Different Criteria for Sample Adequacy

Malignancy 
rates

Criteria
1 2 3 4 5 6 7 8 9 10 11 12

Nondiagnostic 2.7% 
(7/257)

2.8% 
(6/211)

3.0% 
(6/201)

2.7% 
(5/189)

1.8% 
(3/166)

1.6% 
(2/126)

3.3% 
(6/184)

2.9% 
(5/170)

2.5% 
(4/160)

2.1% 
(3/143)

1.6% 
(2/124)

1.9% 
(2/108)

Benign 2.56% 
(34/1327)

2.55% 
(35/1373)

2.53% 
(35/1383)

2.58% 
(36/1395)

2.68% 
(38/1418)

2.67% 
(39/1458)

2.50% 
(35/1400)

2.55% 
(36/1414)

2.60% 
(37/1424)

2.64% 
(38/1441)

2.67% 
(39/1460)

2.64% 
(39/1476)

There was no statistically significant difference in malignancy rates between criterion 1 and any of the other criteria (p>0.05 for all).

300

250

200

150

100

50

0
1

Criteria

257

2

211

3

201

4

189

5

166

6

126

7

184

8

170

9

160

10

143

11

124

12

108

Nu
m

be
r o

f r
ep

ea
te

d 
FN

A



319

Jin Young Kwak, et al.

https://doi.org/10.3349/ymj.2025.0257

diagnostic accuracy above 97% and were not significantly differ-
ent from criterion 1. To satisfy the current TBSRTC standards for 
sample adequacy, the biopsied sample must meet the mini-
mum requirements for both clusters and cells. From the first 
edition of the TBSRTC in 2009 to the recent third edition of the 
TBSRTC in 2023, the nondiagnostic category has not included 
atypical cells, suggesting that adequacy thresholds can be 
lowered without noticeably reducing sensitivity.6,8-10,23 

To the best of our knowledge, no research has used cluster 
numbers to determine sample adequacy; nevertheless, a few 
studies have used cell counts to decide whether a sample is suf-
ficient for diagnosis.1,10,23 When using a threshold of at least 10 
cells for sample adequacy in a previous study, specificity was 
significantly higher, while sensitivity and malignancy rate did 
not show significant difference compared to when a threshold 
of 60 cells was applied (specificity, sensitivity, and malignancy 
rate being 55%, 96%, and 17% for 10 follicular cells vs. 42%, 97%, 
and 13% for 60 follicular cells, respectively).10 However, the 
study did not compare the diagnostic performances of the oth-
er criteria to the original standard criteria. When 146 nondiag-
nostic nodules were reclassified based on criteria for sample 
adequacy using cell counts ranging from 0 to 60 cells in 10-cell 
increments, regardless of cell clusters, sensitivity, specificity, and 
FNR showed minimal changes in nondiagnostic nodules even 
without any benign follicular cells (sensitivity, specificity, speci-
ficity, and FNR being 93%, 58%, and 7.7% according to the orig-
inal criterion vs. 92%, 60%, and 7.7% with no follicular cells, re-
spectively),1 compared with the performances seen with the 
original criterion.7 Although these studies demonstrated the 
possibility of lowering the threshold for sample adequacy, only 
surgically resected nodules were included, which may have in-
troduced a selection bias.1,10 In our study, we defined new crite-
ria based on cell counts regardless of clusters and those based 
on the number of cell clusters with more than 10 cells to evalu-
ate potential alternate thresholds for sample adequacy. More 
than 40 cells, or a minimum of 3 cell groups encompassing more 
than 10 cells each, showed diagnostic accuracies of 97.7%–
97.8% and FNRs of 4.8%–5.0%, which were not significantly dif-

Table 3. Distribution and Malignancy Rates of Nondiagnostic Nodules 
Categorized by ACR TIRADS according to Different Criteria for Sample 
Adequacy

Criteria
ACR

category

Nondiagnostic nodules

Benign 
(%)

Malignant 
(%)

Estimated 
malignancy 

rate (SE)
p

Criterion 1 2 102 (40.8) 1 (14.3) 1.0 (1.0) 0.094
3 61 (24.4) 2 (28.6) 3.2 (2.2)
4 67 (26.8) 2 (28.6) 2.9 (2.0)
5 5 (2.0) 2 (28.6) 28.6 (17.1)

Criterion 2 2 86 (42.0) 1 (16.7) 1.2 (1.1) 0.140
3 46 (22.4) 2 (33.3) 4.2 (2.9)
4 53 (25.9) 1 (16.7) 1.9 (1.8)
5 5 (2.4) 2 (33.3) 28.6 (17.1)

Criterion 3 2 81 (41.5) 1 (16.7) 1.2 (1.2) 0.130
3 46 (23.6) 2 (33.3) 4.2 (2.9)
4 49 (25.1) 1 (16.7) 2.0 (2.0)
5 4 (2.1) 2 (33.3) 33.3 (19.3)

Criterion 4 2 75 (40.8) 1 (20.0) 1.3 (1.3) 0.172
3 43 (23.4) 1 (20.0) 2.3 (2.3)
4 48 (26.1) 1 (20.0) 2.0 (2.0)
5 3 (1.6) 2 (40.0) 40.0 (21.9)

Criterion 5 2 65 (39.9) 1 (33.3) 1.5 (1.5) 0.082
3 39 (23.9) 0 (0.0) 0.0 (0.0)
4 45 (27.6) 0 (0.0) 0.0 (0.0)
5 2 (1.2) 2 (66.7) 50.0 (25.0)

Criterion 6 2 51 (41.1) 0 (0.0) 0.0 (0.0) 0.046
3 30 (24.2) 0 (0.0) 0.0 (0.0)
4 30 (24.2) 0 (0.0) 0.0 (0.0)
5 2 (1.6) 2 (100.0) 50.0 (25.0)

Criterion 7 2 70 (39.3) 1 (16.7) 1.4 (1.4) 0.114
3 43 (24.2) 2 (33.3) 4.4 (3.1)
4 49 (27.5) 1 (16.7) 2.0 (2.0)
5 3 (1.7) 2 (33.3) 40.0 (21.9)

Criterion 8 2 66 (40.0) 1 (20.0) 1.5 (1.5) 0.133
3 40 (24.2) 1 (20.0) 2.4 (2.4)
4 45 (27.3) 1 (20.0) 2.2 (2.2)
5 2 (1.2) 2 (40.0) 50.0 (25.0)

Criterion 9 2 61 (39.1) 1 (25.0) 1.6 (1.6) 0.110
3 38 (24.4) 0 (0.0) 0.0 (0.0)
4 44 (28.2) 1 (25.0) 2.2 (2.2)
5 2 (1.3) 2 (50.0) 50.0 (25.0)

Criterion 10 2 55 (39.3) 0 (0.0) 0.0 (0.0) 0.081
3 35 (25.0) 0 (0.0) 0.0 (0.0)
4 37 (26.4) 1 (33.3) 2.6 (2.6)
5 2 (1.4) 2 (66.7) 50.0 (25.0)

Criterion 11 2 52 (42.6) 0 (0.0) 0.0 (0.0) 0.046
3 29 (23.8) 0 (0.0) 0.0 (0.0)
4 29 (23.8) 0 (0.0) 0.0 (0.0)
5 2 (1.6) 2 (100.0) 50.0 (25.0)

Table 3. Distribution and Malignancy Rates of Nondiagnostic Nodules 
Categorized by ACR TIRADS according to Different Criteria for Sample 
Adequacy (continued)

Criteria
ACR

category

Nondiagnostic nodules

Benign 
(%)

Malignant 
(%)

Estimated 
malignancy 

rate (SE)
p

Criterion 12 2 45 (42.5) 0 (0.0) 0.0 (0.0) 0.046
3 27 (25.5) 0 (0.0) 0.0 (0.0)
4 22 (20.8) 0 (0.0) 0.0 (0.0)
5 2 (1.9) 2 (100.0) 50.0 (25.0)

ACR TIRADS, American College of Radiology Thyroid Imaging Reporting and 
Data System; SE, standard error.
In all criteria, the estimated malignancy rate for ACR TIRADS category 1 was 
0.0% and therefore was excluded from the table.
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ferent from those seen with the original criterion. When apply-
ing a lower threshold for sample adequacy, repeat FNA could 
be reduced from 257 to 189 (26.5%) when using criterion 4, 
which was defined with a minimum of three cell groups of 
more than 10 cells each, and could be reduced from 257 to 160 
(37.7%) when using criterion 9, which requires a minimum of 
40 cells regardless of cell cluster.

US features can influence the probability of malignancy, even 
in cases where nodules have the same cytology.24 In nondiag-
nostic nodules, malignancy rates were 5.1% for those with high 
suspicion US features, in contrast to less than 3% for nodules 
without high suspicion US features based on the 2015 American 
Thyroid Association Management Guidelines.2,24 When apply-
ing the Kwak TIRADS, nondiagnostic nodules with more than 
two suspicious US features (marked hypoechogenicity, noncir-
cumscribed margins, microcalcifications or mixed calcifica-
tions, and nonparallel shape) showed malignancy rates higher 
than 7%, compared to nodules with no more than one suspi-
cious US feature, showing a malignancy rate of 3% or less.11,14 In 
our study, malignancy rates of nondiagnostic nodules catego-
rized as ACR TIRADS 5 were all above 28.6% and those catego-
rized as ACR TIRADS 1 to 4 were below 5% for all criteria. This 
suggests that US stratification systems may serve as comple-
mentary tools to aid in the risk stratification of nodules with 
nondiagnostic cytology, potentially assisting decisions regard-
ing follow-up US or repeat FNA.11,17,24 Given their markedly 
higher malignancy rates, nondiagnostic nodules classified as 
ACR TIRADS 5 may warrant closer surveillance or more proac-
tive diagnostic and therapeutic intervention compared to those 
in lower TIRADS categories. Importantly, a nondiagnostic cytol-
ogy result alone should not be regarded as an automatic indica-
tion for repeat FNA in all cases. Management ought to be indi-
vidualized, ideally within a multidisciplinary framework that 
integrates pathology, imaging, and patient risk factors. In this 
context, US classification could provide significant guidance.

There are some limitations to our study. First, this study was of 
retrospective design, which may have caused a selection bias. 
Second, we included nodules with nondiagnostic cytology that 
did not undergo follow-up US-guided FNA or surgery. While 
only nodules that remained stable or decreased in size 1 year or 
more following the initial FNA were classified as benign, vari-
ability in follow-up duration and methods may still pose a 
limitation. A subsequent FNA or surgery, along with longer or 
more consistent observation, could have revealed changes lead-
ing to a different histopathologic outcome. Third, nondiagnos-
tic cytologic slides were reevaluated by a single experienced cy-
tologist. Although the implementation of TBSRTC has shown a 
moderate-to-good level of interobserver concordance among 
pathologists of various levels of experience, the lack of interob-
server assessment in our study could have introduced variabil-
ity in diagnostic accuracy, especially for nodules with AUS cytol-
ogy.25,26 Fourth, ACR TIRADS categorization was retrospectively 
evaluated based on prospectively recorded US features by 17 ra-

diologists with varying levels of experience, suggesting that in-
terobserver variability does need to be considered.27,28 Fifth, all 
criteria showed significantly higher specificity compared with 
criterion 1, although the actual differences in values were in the 
decimals. This is due to limitations in statistical testing with ex-
treme values, and these differences may not have clinical sig-
nificance in real patient care. Sixth, five cases of noninvasive 
follicular thyroid neoplasm with papillary-like nuclear features 
were classified into the benign group for analysis, which may 
not fully reflect the intermediate nature of these neoplasms in 
the WHO classification. Finally, the single-institution setting, 
along with variability in operator technique, experience, and ul-
trasound guidance, may limit the generalizability of these find-
ings to wider, real-world clinical practice.3,29 Further multicenter 
studies are needed to validate whether less stringent thresholds 
can be safely applied across diverse practice environments, 
alongside efforts to standardize procedures and explore addi-
tional strategies—such as on-site adequacy assessment—to im-
prove overall specimen quality.30

In conclusion, less stringent thresholds for sample adequacy 
can show comparable diagnostic performances to the original 
criterion of the TBSRTC. Moreover, US stratification systems 
may still help guide management of nondiagnostic nodules, 
even with lower thresholds determining sample adequacy.
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