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Background: Fine needle aspiration (FNA) is a widely utilized technique for assessing thyroid nodules; however, its inherent non-diagnostic rate 
poses diagnostic challenges. The present study aimed to evaluate and compare the diagnostic efficacy of FNA, core needle biopsy (CNB), and 
their combined application in the assessment of thyroid nodules. Methods: A total of 56 nodules from 50 patients was analyzed using both FNA 
and simultaneous CNB. The ultrasound characteristics were categorized according to the American College of Radiology Thyroid Imaging Re-
porting and Data Systems classification system. The study compared the sensitivity, specificity, and accuracy of FNA, CNB, and the combination 
of the two techniques. Results: The concordance between FNA and CNB was notably high, with a kappa coefficient of 0.837. The sensitivity for 
detecting thyroid malignancy was found to be 25.0% for FNA, 66.7% for CNB, and 83.3% for the combined FNA/CNB approach, with correspond-
ing specificities of 84.6%, 97.4%, and 97.4%. The accuracy of the FNA/CNB combination was the highest at 94.1%. Conclusions: The findings of 
this study indicate that both CNB and the FNA/CNB combination offer greater diagnostic accuracy for thyroid malignancy compared to FNA 
alone, with no significant complications reported. Integrating CNB with FNA findings may enhance management strategies and treatment out-
comes for patients with thyroid nodules.
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INTRODUCTION

Thyroid nodules are a common condition, with up to 76% of 
the population having them, and around 7%–15% of those nod-
ules being malignant [1]. With advancements in manufacturing 
high-resolution ultrasound probes, more suspicious nodules 
are being diagnosed, which means there is an increasing need 
for accurate and efficient diagnostic methods [2-4].

Fine needle aspiration (FNA) is the most cost-effective, safest, 
and quickest diagnostic method used in the initial evaluation of 

thyroid nodules. However, the Bethesda System classification 
used to diagnose thyroid nodules using FNA results can be 
unreliable, with unclear results reported in 10%–47% of cases, 
either non-diagnostic (Bethesda I) or atypia of undetermined 
significance (Bethesda III) [1,5,6]. This leads to the need for 
repeat FNA or core needle biopsy (CNB) procedures to obtain 
more conclusive results [7-9].

CNB is a complementary diagnostic method that can over-
come the limitations of FNA, including non-diagnostic or un-
certain outcomes and the need for repeat procedures or unnec-
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essary surgeries [8-13]. CNB is more sensitive and reliable than 
FNA due to the availability of tissue samples, which can be used 
for immunohistochemistry and molecular studies [2,7]. As a 
result, CNB is becoming increasingly competitive with surgical 
gold standards in terms of diagnostic value [3].

Given the high prevalence of thyroid nodular diseases, it is 
crucial to select the most appropriate diagnostic method that 
provides optimal accuracy for assessing the nature of thyroid 
nodules. In particular, CNB may be a fruitful choice for di-
agnosing thyroid nodules, especially in cases with cytologic 
Bethesda I and III results. While many studies have reported 
that the FNA/CNB combination provides superior diagnostic 
accuracy [12-19], some suggest there is no significant difference 
between the two methods [20,21]. Therefore, this study aims to 
evaluate the diagnostic yield of FNA and CNB separately and in 
combination for the diagnosis of thyroid nodules.

MATERIALS AND METHODS

Participants
This study was conducted on 50 patients with a total of 56 nod-
ules. The inclusion criteria were based on the American Col-
lege of Radiology (ACR) Thyroid Imaging Reporting and Data 
System (TI-RADS) criteria [22,23], where patients had at least 
one TI-RADS 3 (TR3) thyroid nodule with a diameter of 25 
mm or more, a TI-RADS 4 (TR4) thyroid nodule with a diam-
eter of 15 mm or more, and a TI-RADS 5 (TR5) thyroid nodule 
with a diameter of 10 mm. Exclusion criteria included a history 
of thyroid cancer, coagulative disorders, recent antiplatelet or 
anticoagulant consumption, opioid use over the past 6 months, 
allergies to local anesthetics, and chronic pain syndrome.

Procedures
An experienced radiologist performed all procedures using 
an ultrasound machine (model WS80A, Samsung, Seoul, Ko-
rea). Prior to the aspiration and biopsy, an ultrasonographic 
evaluation was conducted to assess the nodule size, distance 
from the skin surface, type of nodule calcification, and ACR 
TI-RADS score. Local anesthesia was administered, and FNA 
was performed twice with a G23 needle and a 10 mL syringe 
from different sites of the nodule. If sampling was improper or 
insufficient, it was repeated with a larger diameter needle. Two 
samples were collected from the solid and suspicious parts of 
the nodules using a CNB sampling needle with a length of 10 
cm and Gauge-18. FNA was always performed before CNB due 

to the destruction and disintegration of the nodule parenchyma 
after CNB. Patients were monitored for acute complications 
such as hematoma around the thyroid and voice changes or 
hoarseness. Follow-up was conducted for 18 months, and 
pathology reports of patients who underwent surgery were re-
corded as the gold standard.

Pathologic analysis
Samples obtained from FNA and CNB were classified into six 
categories based on the Bethesda 2023 system and the CNB 
sample reporting guideline [6,24]. The findings were consid-
ered equivalent one by one, and discrepancy between FNA and 
CNB results led to use of that with the higher probability of 
malignancy. The management approach for such cases involved 
either recommending surgery or a follow-up to assess any 
changes in their ultrasonographic features during 18 months.

Statistical analysis
The agreement between FNA and CNB methods in classifying 
nodules was assessed using the kappa coefficient, with values 
ranging from 0 to 1. Kappa values of 0–0.20, 0.21–0.40, 0.41–
0.60, 0.61–0.80, and 0.81–1.0 represent no agreement, slight 
agreement, fair agreement, moderate agreement, and substan-
tial agreement, respectively [25]. Sensitivity, specificity, positive 
predictive value, negative predictive value, and accuracy were 
calculated and reported for FNA, CNB, and FNA/CNB diag-
nostic parameters. Data were analyzed using SPSS software ver. 
22 (IBM Corp., Armonk, NY, USA), and statistical significance 
was set at p < .05.

RESULTS

Between October 2020 and April 2021, 56 thyroid nodule sam-
ples were obtained at Sina Hospital, Tehran, which is affiliated 
with Tehran University of Medical Sciences. A convenient 
sampling method was employed and 50 patients were included 
in the study, comprising 11 males and 39 females. All nod-
ules were sampled for the first time, and the participants were 
followed for 18 months to determine the outcome. The mean 
nodule diameter was 27 ± 12.3 mm, ranging from 12 to 67 mm. 
The nodules were classified according to the TI-RADS system, 
with 33.9% (n = 19) classified as TR3, 51.8% (n = 29) as TR4, 
and 14.3% (n = 8) as TR5. Calcification was observed in 46.4% 
(n = 26) of the nodules, with 21.4% (n = 12) showing punctate 
echogenic foci, 17.9% (n = 10) showing macrocalcification, 
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5.4% (n = 3) showing large comet-tail artifact, and 1.8% (n = 
1) showing peripheral/rim calcification. In three-fourths of the 
malignant findings mentioned in the preoperative FNA cyto-
logic reports, there was a suspicion of papillary thyroid carcino-
ma (PTC) (Tables 1 and 2).

Of the 56 thyroid nodules studied, 39 (76.5%) were benign 
and 12 (23.5%) were malignant. During the follow-up period, 
five patients with follicular neoplasm (FN) as the primary cyto-
logic and CNB-based pathologic results were not operated on 
and were excluded from the final analysis due to the unavail-
ability of postoperative pathologic tissue reports. Overall, the 
results indicate strong agreement between the FNA and CNB 
methods in the diagnosis of thyroid nodules, with a kappa coef-
ficient of 0.837 (Fig. 1)

Among the nodules diagnosed using the FNA method, 

66.7% (n = 34) were benign (Bethesda II), 5.4% (n = 3) were 
suspicious for malignancy (Bethesda V), and 5.4% (n = 3) were 
malignant (Bethesda VI). The CNB method revealed 76.5% (n 
= 39) benign and 15.7% (n = 8) malignant nodules (category 
VI), with all FNA Bethesda V nodules being confirmed by the 
CNB method. One of the two indeterminate nodules marked 
by the CNB method was found to be benign, while the other 
was diagnosed as PTC in the postoperative pathology reports. 
Additionally, two FN nodules (Bethesda IV) were identified as 
Follicular Thyroid Carcinoma and Oncocytic carcinoma of the 
thyroid. Furthermore, all six non-diagnostic nodules identified 
by FNA were diagnosed as benign by CNB (Fig. 2).

The combination of FNA and CNB methods resulted in 
74.5% (n = 38) benign and 19.6% (n = 10) malignant (Bethesda 
VI) nodules. Following the FNA/CNB application, the number 
of non-diagnostic reports decreased, leaving only three nodules 
(5.8%) in the indeterminate category (category III).

After an 18-month imaging follow-up, 38 nodules that were 
initially diagnosed as benign using the combined method re-
mained unchanged. On the contrary, 13 individuals underwent 
thyroidectomy, with 12 of these cases classified as malignant. 
The post-surgery pathological evaluation revealed the follow-

Table 1. Characteristics of thyroid nodules
Variable Value
Age (y/o) 54.23 ± 8.63
Size of nodule (mm) 27.0 ± 12.3
Distance from skin (mm) 12.2 ± 4.7
TI-RADS
  3 19 (33.9)
  4 29 (51.8)
  5 8 (14.3)
Calcification type
  None 30 (53.6)
  Large comet-tail artifact 3 (5.4)
  Macrocalcification 10 (17.9)
  Peripheral/rim calcification 1 (1.8)
  Punctate echogenic foci 12 (21.4)

Values are presented as mean ± SD or number (%).
SD, standard deviation; TI-RADS, Thyroid Imaging Reporting and Data 
System.

Table 2. Stratification regarding cytologic and CNB-based patho-
logic evaluation
Category FNA CNB FNA/CNB
I 6 (11.8) 0 0
II 34 (66.7) 39 (76.5) 38 (74.5)
III 4 (7.8) 2 (3.9) 3 (5.9)
IV 1 (1.9) 2 (3.9) 0
V 3 (5.9) 0 0
VI 3 (5.9) 8 (15.7) 10 (19.6)

Values are presented as number (%).
CNB, core needle biopsy; FNA, fine needle aspiration.

Fig. 1. In the histopathologic examination (A) of core needle biopsy 
and cytology examination (B) of fine needle aspiration, the arrows 
indicate similar bland-looking thyroid follicular cells suggestive of 
benign follicular nodules.

A B
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ing diagnoses: one case of oncocytic carcinoma of the thyroid, 
one case of follicular thyroid carcinoma, one case of metastatic 
lesion, and nine cases of PTC (Table 3).

The results of Table 4 suggest that the CNB and FNA/CNB 
methods improve sensitivity and specificity in the diagnosis of 
malignancy compared to the FNA or CNB method alone. The 
FNA/CNB method showed a sensitivity of 83.3%, specificity 
of 97.4%, positive predictive value of 100%, negative predic-

tive value of 100%, and a diagnostic accuracy of 94.1% for the 
malignancies. The CNB method had a sensitivity of 66.7%, 
specificity of 97.4%, positive predictive value of 100%, negative 
predictive value of 97.4%, and accuracy of 90.2% in diagnosis of 
malignant nodules. Overall, the combination of FNA and CNB 
methods resulted in a higher diagnostic accuracy in diagnosis 
of malignant thyroid lesions than either method alone. There 
were no cases of gross hematoma with compressive effect on 
the upper airways or changes in voice observed during the di-
agnostic procedures including FNA/CNB method (Table 4).

DISCUSSION

The study demonstrated a strong agreement between the 
FNA and CNB methods for diagnosing benign and malignant 
thyroid nodules. The frequency of non-diagnostic results in 
FNA was dependent on the radiologist's skill and experience, 
as well as nodule characteristics. In this study, an experienced 
radiologist performed the FNA procedure and made an effort 
to obtain sufficient tissue samples with each needle application. 
Nonetheless, a considerable portion of FNA reports (10.7%) 
were non-diagnostic, whereas all non-diagnostic nodules were 
reported as benign with CNB.

Table 3. Thyroid nodules based on postoperative pathology, delineated by the diagnostic methods employed

Category
FNA CNB FNA/CNB

Benign (n = 39) Malignant (n = 12) Benign (n = 39) Malignant (n = 12) Benign (n = 39) Malignant (n = 12)
I 6 (15.4) 0 0 0 0 0
II 33 (84.6) 1 (8.3) 38 (97.4) 1 (8.3) 38 (97.4) 0
III 0 4 (33.3) 1 (2.6) 1 (8.3) 1 (2.6) 2 (16.7)
IV 0 1 (8.3) 0 2 (16.7) 0 0
V 0 3 (25) 0 0 0 0
VI 0 3 (25) 0 8 (66.7) 0 10 (83.3)

Values are presented as number (%).
FNA, fine needle aspiration; CNB, core needle biopsy.

Table 4. Diagnostic values of FNA, CNB, and FNA/CNB for malig-
nant thyroid nodules
Diagnostic values FNA CNB FNA/CNB
Sensitivity (%) 25 66.7 83.3
Specificity (%) 84.6 97.4 97.4
Positive predictive value (%) 100 100 100
Negative predictive value (%) 97.1 97.4 100
Accuracy 70.6 90.2 94.1

FNA, fine needle aspiration; CNB, core needle biopsy.

A B

Fig. 2. There was a discrepancy between core needle biopsy (CNB) 
and fine needle aspiration (FNA). While in histopathologic exam-
ination (A), the arrow points to bland-looking thyroid follicular cells 
suggestive of benign follicular nodule on CNB, in cytologic exam-
ination (B), the arrow indicates a cluster of thyroid follicular cells 
with anisonucleosis and overlapping nuclei suggestive of atypia of 
undetermined significance on FNA.
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As expected, CNB had an advantage over FNA in eliminating 
non-diagnostic nodules. With precise penetration of the CNB 
needle, the results are less dependent on the operator's skill, 
and the obtained tissues have more cells, which reduces the fre-
quency of non-diagnostic results. Consistent with our findings, 
previous studies have reported that CNB is more valuable than 
FNA for reducing the frequency of non-diagnostic results and 
providing more reliable diagnostic accuracy [7,26-28].

The CNB method had a higher frequency of atypia of un-
determined significance (AUS) and FN nodules compared 
to FNA, possibly due to larger tissue samples and additional 
pathologic findings. Sometimes, nodules with suspicious ultra-
sound features might have normal records in FNA, indicating 
the possibility of FN [29,30]. In Na et al. [7], the diagnostic rate 
of FN was higher with CNB than FNA.

It is well-known that the rate of suspicious nodules for malig-
nancy in FNA is higher than in CNB. Hahn et al. [26] reported 
that the definite diagnostic rate in CNB was significantly higher 
than in FNA, especially for nodules larger than 2 cm. Our re-
sults similarly showed that FNA had a lower diagnostic sensi-
tivity than CNB.

The diagnostic accuracy of FNA/CNB and CNB was signifi-
cantly higher than that of FNA alone, as expected. The com-
bination of CNB and FNA can reduce the need for repeated 
FNA and diagnostic surgeries in thyroid nodules, particularly 
by reducing non-diagnostic cases. Although some studies have 
reported a diagnostic advantage of CNB over FNA alone, other 
studies, including our own, have shown that the combination of 
CNB and FNA is more beneficial than CNB alone [12-15].

While low-risk neoplasms such as non-invasive follicular thy-
roid neoplasm with papillary-like nuclear features (NIFTP) are 
classified as a surgical disease and cannot be definitively diag-
nosed through FNA, the cytological characteristics of this indo-
lent tumor frequently result in its categorization as either AUS 
(Bethesda III), FN (Bethesda IV), or suspicious for malignancy 
(Bethesda V) on FNA [6]. In the cohort of 13 patients who 
underwent thyroidectomy in the present study, post-surgical 
histopathological examination revealed nine nodules diagnosed 
as PTC, one as follicular thyroid carcinoma, one as oncocytic 
carcinoma of the thyroid, and one as a metastatic lesion. Given 
our emphasis on diagnosing malignant lesions, we aimed to 
exclude any low-grade lesions (like NIFTP) from the malignant 
category; however, no low-grade lesions were identified in our 
study.

In this study, the high rate of non-diagnostic cases in nodules 

examined with FNA reduced its diagnostic value compared 
to CNB. Among the 80% of malignant nodules not reported 
by FNA, most were PTC. Previous studies have reported that 
papillary cancer may be mistakenly classified as benign due 
to macrofollicular manifestations in the absence of cytological 
changes and atypia. Most of the false negatives in FNA were 
attributed to the follicular adenoma with papillary architecture 
[31,32].

One nodule was reported as benign in FNA but as FN/sus-
picious for follicular neoplasm with CNB. Subsequently, it was 
diagnosed as oncocytic carcinoma of the thyroid during fol-
low-up and after surgery. Yeh et al. [33] also encountered sever-
al patients with thyroid cancer in postoperative tissue diagnosis 
despite having FNA reports without malignant or suspected 
cells. False-negative rates in FNA could be due to poor cell aspi-
ration or sampling error.

Thyroid nodules containing calcified foci can reduce the 
diagnostic sensitivity of FNA. While peripheral calcification is 
rare among suspicious nodules and more common in benign 
lesions, in some cases, it may be necessary to sample from a 
calcified nodule. Macrocalcifications are not significantly as-
sociated with an increased risk of malignancy, while punctate 
echogenic foci are often linked to psammomatous calcification 
in papillary thyroid cancer and carry a high risk of malignancy. 
Peripheral calcification presents challenges for nodule sam-
pling, including difficulties in penetrating the shell, visualizing 
the needle tip within the lesion, and unexpected complications 
[34-36].

The results of the current study indicate that all AUS nodules, 
except for one malignant case, had calcified foci in their post-
operative reports (five nodules with punctate echogenic foci 
and one nodule with macrocalcifications). In cases where there 
is clinical suspicion of malignancy in a lesion with macrocalci-
fication, it may be reasonable to use CNB as a complementary 
diagnostic method to FNA.

The current study encountered several limitations, particu-
larly a reduction in sample size. Due to the infrequent use of 
CNB for thyroid nodules in Iran, as well as many other regions, 
this study was designed as a pilot project to establish a founda-
tion for future research with larger cohorts. The coronavirus 
disease 2019 pandemic further exacerbated the situation, as 
many patients were hesitant to seek medical care, leading to the 
loss of numerous potentially eligible participants.

While the study's setting and regional relevance are signifi-
cant strengths, the limited follow-up period of 18 months and 
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the potential impact of operator expertise on FNA results are 
other important limitations. The literature establishes that the 
TI-RADS criteria recommend a five-year follow-up for nodules 
scoring 3 or higher, with TR3 and TR4 lesions monitored at 1, 
3, and 5 years, and TR5 lesions requiring annual assessments. 
This protocol is contingent upon the nodule size evaluated via 
FNA [23].

In contrast, there is a lack of consensus regarding follow-up 
protocols for nodules subjected to CNB. The combination of 
CNB with FNA offers a significant advantage by potentially 
reducing follow-up intervals and enhancing decision-making 
in thyroid nodule management. Given that all nodules were 
subjected to the CNB, it is logical to propose a reduction in the 
follow-up period for patients compared to the conventional 
post-FNA follow-up duration outlined in TI-RADS. Therefore, 
the researchers established a maximum follow-up duration 
of 18 months for the patients involved in the study. However, 
extending follow-up for CNB-subjected nodules to 3 to 5 years 
could markedly improve diagnostic accuracy.

Additionally, the diagnostic accuracy of FNA for thyroid 
nodules varies widely across studies, reported between 28% 
and 72% [8,16-18]. This variability arises from several factors, 
including lesion characteristics (solid and cystic components, 
calcifications), FNA technique, use of ultrasound guidance, 
quality of ultrasound equipment, experience of the technician, 
the pathologist expertise in cytological evaluation. Despite 
FNA’s affordability and accessibility, these limitations diminish 
its diagnostic accuracy [37-40]. Determining the specific con-
tribution of each factor to FNA outcomes is challenging and 
may not be particularly beneficial. Therefore, employing CNB, 
which provides tissue samples, appears to be a reasonable strat-
egy to overcome these limitations. Even with experienced tech-
nicians, optimal control over other influencing factors remains 
problematic [8,16,18,19,41].

In conclusion, our study findings suggest that FNA/CNB is 
more effective than either FNA or CNB alone in nodules with 
a TI-RADS score ≥3, particularly when the initial FNA report 
is non-diagnostic. Therefore, we recommend using CNB in 
conjunction with FNA for nodules with a TI-RADS score ≥3 to 
decrease the need for further evaluations. This combined ap-
proach could also minimize unnecessary surgeries and enhance 
diagnostic accuracy.
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