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Using ultrasound-guided fine needle aspiration cytology with
ultrasound to diagnose benign and malignant thyroid nodules

J.F. Liu, J. Qian, J. Ma, H.X. Tang, J.X. Ding, Y.Y. Tong"
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ABSTRACT

» Original article , . .
Background: Thyroid nodules are common and can be benign or malignant.

Ultrasound-guided fine needle aspiration cytology (USG-guided FNAC) is a
new method for differentiating these nodules, but previous studies have yet
to provide consistent conclusions. The aim of the study was to explore the
effectiveness of USG-guided FNAC combined with ultrasonography in
diagnosing benign and malignant thyroid nodules. Materials and Methods: The
study involved 87 patients who underwent thyroid ultrasound and USG-
guided FNAC. The results were compared with surgical and pathological
findings, and the diagnostic efficiency was analyzed using ROC curves. Results:
Among the 87 thyroid nodules, 22 were malignant, and 53 were benign. USG-
guided FNAC alone diagnosed 34 malignant and 58 benign cases, while the
combined method diagnosed 25 malignant and 63 benign cases. The ROC
curve analysis showed that the combined method had a higher area under
the curve (AUC) compared to ultrasound or FNAC alone, indicating better
diagnostic accuracy. Conclusion: Combining USG-guided FNAC with ultrasound
improves the sensitivity of preoperative differential diagnosis of benign and
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malignant thyroid nodules.

INTRODUCTION

Thyroid nodules have been the most common
thyroid disease in clinics in recent years. TN is
primarily benign, such as thyroid tumors and thyroid
nodules, but it can also lead to some malignant
diseases, such as thyroid cancer and lymphoma (1-3),
According to pathological classification, thyroid
carcinoma can be divided into Papillary carcinoma
(PTC), Follicular carcinoma (FTC), medullary
carcinoma (MTC) and Undifferentiated carcinoma
(ATC) ®5. PTC is the most common clinical subtype,
but its prognosis is good 6. With the rapid
development of ultrasound imaging, the incidence of
thyroid cancer has risen significantly, by 200% to
300% in China, and is the highest of all types of
cancer. This is mainly because there are no obvious
clinical symptoms and signs in the early stage of
thyroid cancer, and it is easy to miss diagnosis (7-8),
which makes the treatment of thyroid cancer a
controversial issue. The diagnosis and treatment of
TN are essential.

The incidence of thyroid nodules is 4-8%, of which
the incidence of malignant lesions is less than 1%.
However, the diagnosis of thyroid nodules is not
satisfactory 9. The statistical results show that the
diagnosis rate of thyroid nodules before clinical
operation is less than 50%, and most of the patients

are in the middle and late stage of the disease after
diagnosis, which brings great difficulties to the
treatment and prognosis of patients (10, At present,
with the enhancement of people's awareness of self-
protection and safety, many people have regular
physical check-ups every year, and thyroid
examinations have been paid more and more
attention (11 12). There are many methods for the
diagnosis of thyroid nodules, including palpation,
ultrasound imaging, fine needle puncture (FNA) and
surgical thyroidectomy (13). The advantages and
disadvantages of palpation are apparent, and
palpation is convenient and straightforward, but the
diagnosis only depends on the subjective opinion of
clinicians. Palpation is only an auxiliary physical
examination in clinical work. FNA has a small scope
of trauma, high specificity, and sensitivity. It is used
to differentiate benign and malignant thyroid nodules
before the operation. However, the failure rate of FNA
puncture is high, with tiny thyroid nodules and
multiple thyroid nodules, making it difficult to obtain
biopsy tissue, thus affecting the diagnosis and later
treatment of clinicians (1415, In addition to the high
risk of thyroidectomy, the postoperative damage to
physical function can be accompanied by a variety of
complications that can seriously affect the patient's
quality of life and prognosis (16.17),

Thyroid ultrasound (US) has been used as the
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primary diagnostic technique to evaluate thyroid
nodules. A Thyroid nodule is very common, and most
of them are benign. A few are malignant, so we need a
rapid and straightforward method to distinguish and
evaluate benign and malignant thyroid nodules,
which is necessary to improve the utilization of
resources (18.19), Because of its excellent spatial and
temporal resolution, the US has become the first tool
for thyroid imaging examination, especially for
asymptomatic and palpable thyroid cancer (20.21), [n
fact, it is now recommended that all patients with
suspected thyroid nodules (with local symptoms,
thyroid palpation abnormalities, thyroid dysfunction,
etc.) be examined by ultrasound (22.23), The US is the
primary tool for initial cancer risk stratification of
thyroid nodules, which is used to determine the
characteristics of thyroid nodules further, provide a
malignant tumour risk assessment, and then decide
whether to arrange fine needle aspiration biopsy
based on the ultrasound results (24).

Fine needle aspiration biopsy cytology of the
thyroid gland was first proposed and applied by
Hayes Martin and Edward Ellis in the 1930s. They
used needle 18 for the first time to perform a biopsy
and cytological evaluation of thyroid lesions (16). Until
the 1950s, thyroid ultrasound-guided fine needle
aspiration cytology was not proposed and applied in
China and Japan, but it was widely used in clinics in
the 1970s and 1980s. Thyroid fine needle aspiration
cytology has been recognized as a real-time, portable,
safe, cost-effective and effective diagnostic method
that is widely used in clinical diagnosis and
treatment, avoiding many unnecessary procedures
for benign thyroid nodules (25 26). Ultrasound-guided
fine needle puncture can observe the needle path and
needle position in real time, ensure the accuracy of
sampling, and avoid damage to the surrounding
important tissue structures, such as the carotid
artery, jugular vein, trachea and so on. Although
many studies on the value of USG-guided FNAC in the
diagnosis of benign and malignant thyroid nodules
have been carried out in the past, there are significant
differences in experimental design, sample selection
criteria and observation indexes so that convincing
and consistent conclusions cannot be obtained (27.28),
Further studies are necessary to fully demonstrate
the diagnostic value of USG-guided FNAC in benign
and malignant thyroid nodules. Based on this, the
purpose of this study is to explore the clinical value of
ultrasonography combined with fine needle
aspiration cytology in the diagnosis of benign and
malignant thyroid nodules (29.30),

The novelty of this article lies in its exploration of
the combined use of USG-guided FNAC and
ultrasonography for diagnosing thyroid nodules.
Unlike previous studies, this research provides a
comprehensive analysis of the diagnostic efficiency of
the combined method using ROC curves. The study
demonstrates that the combined approach

significantly improves diagnostic accuracy compared
to using ultrasound or FNAC alone, offering a more
reliable preoperative differential diagnosis of benign
and malignant thyroid nodules. This finding could
lead to better clinical outcomes and more effective
resource utilization in thyroid nodule management.

MATERIALS AND METHODS

Eighty-seven patients who underwent thyroid
ultrasound and ultrasound-guided fine needle
aspiration cytology in our hospital from September
2020 to April 2023 were selected as the study
subjects. The results of the operation and pathology
were taken as the gold standard for the diagnosis of
the nature of thyroid nodules. There were 27 males
and 60 females. The age ranged from 18 to 65 years
(mean=36.32+ 3.58) years. The maximum diameter
of nodules was from 0.3 to 5cm (mean=2.31+1.83).
The body mass index (BMI) ranged from 17.20 to
28.22kg/m?(mean=23.33 *2.47) kg/mz2 All nodules
were suspected to be malignant by ultrasound, and a
puncture biopsy was performed, which was
confirmed by operation and pathology. The
indications of USG-guided FNAC refer to the white
paper on classified diagnosis of thyroid nodules
published by the American Society of Radiology
(ACR) in 2017. This study obtained the consent of the
hospital ethics committee, and all the patients signed
the informed consent form for the trial.

Inclusion criteria:  Thyroid  nodules  were
pathologically examined and diagnosed. Routine
ultrasound and USG-guided FNAC examination were
performed before the operation. Newly treated
patients.

Exclusion criteria: Patients with thyroid diseases such
as hyperthyroidism or hypothyroidism. Patients with
incomplete clinical data. Patients during lactation or
pregnancy. Patients with unsatisfactory USG-guided
FNAC or USG-guided FNAC results of unknown
cellular atypical lesions or follicular lesions of
unknown meaning. Patients with mental diseases and
cognitive impairment. Patients participated in other
clinical research at the same time.

The formula for calculating the sample size was
based on equation (1):

_ [Zn,rz\l"lp('l —p)(L+c)/c+Zpp (1 —p) +p,(1 - Pz)/cjz (1

B (21 —p2)®

Bilateral « is 0.05, and B is 0.20. Moreover, the
accuracy of FNAB combined with ultrasound in the
diagnosis of benign and malignant thyroid nodules is
taken as the effect index, and relevant literature and
previous studies are consulted (1 32), P1=0.96, and
P2=0.77. After calculation, the sample size of each
group is 104 cases, and the shedding rate is 10%,
with a total of 115 patients.

All patients underwent routine ultrasound
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examinations using a Philips EPIQ7 with an L12-5
probe. Patients were positioned supine with their
necks fully exposed. The ultrasound assessed and
recorded the size, edge, shape, location, blood supply,
aspect ratio, internal echo, calcification, invasion of
the thyroid capsule, and the status of central and
bilateral cervical lymph nodes. Images were stored
dynamically in real-time once the thyroid nodule
imaging was stable and the quality control indicator
was steady green.

Following the ultrasound examination, all patients
received ultrasound-guided fine-needle aspiration
cytology (FNAC). The thyroid nodules were located
via ultrasound, and samples were obtained using
seven disposable syringe needles, with three
punctures performed for each nodule. During the
procedure, the patient's body was pierced at a 30°-
60° angle along the scanning plane of the probe. Once
the needle reached the target position, it was quickly
inserted several times and then swiftly removed. The
samples were smeared and sent to the pathology
department for cytological examination.

Based on conventional ultrasound results, nodules
were classified as benign or malignant using a semi-
quantitative scoring method and a grade 5 method
(33). Nodules graded 0 - II were defined as benign,
while those graded III - IV were considered
malignant. The FNAC results were classified
according to the NCCN thyroid USG-guided FNAC
cytological classification Bethesda System: Bethesda I
indicated wunsatisfactory samples, Bethesda II
indicated benign lesions, Bethesda III indicated
atypical cytopathies, Bethesda IV indicated follicular
or suspected follicular cell tumours, Bethesda V
indicated suspected malignant lesions and Bethesda
VI indicated malignant lesions (34). The ultrasound
image for the sample of malignant and benign
nodules can be seen in figures 1 and 2.

Figure 1. A-C, sample
ultrasound image showing
benign nodules.

Statistical analysis

The data were analyzed using SPSS22.0 statistical
software, with group comparisons expressed as [n
(%)]. The x* test was employed to generate the
receiver operating curve (ROC) to assess the
diagnostic value of ultrasound, USG-guided FNAC

alone, and their combined detection for benign and
malignant thyroid nodules. A P-value of <0.05 was
considered statistically significant.

Figure 2. A-C, sample
ultrasound image showing
malignant nodules.

RESULTS

Postoperative pathological examination of 87
patients revealed 87 thyroid nodules, comprising 22
malignant and 53 benign cases. Among the malignant
cases, there were 17 papillary thyroid
adenocarcinomas, 3 follicular carcinomas, 1
medullary carcinoma, and 1 diffuse large B-cell
lymphoma. The benign nodules included 44 thyroid
nodules, 5 cases of Hashimoto's thyroiditis, and 4
adenomas. Thyroid ultrasound results indicated that
out of the 87 nodules, 53 were malignant and 22
were benign (table 1).

Table 1. Comparison of ultrasonic diagnosis and pathological
diagnosis.

Ul_trason_ic N Patl'lological diagn.osis Totall *? P
diagnosis Malignant Benign

Benign 34 22 0 22

Malignant | 53 0 65 65 |3.792|0.052
Total 87 22 65 87

The ultrasonographic diagnosis of thyroid nodules
revealed that most malignant nodules exhibited
hypoechoic characteristics, silent halos, solid lesions,
calcifications, and irregular edges. Detailed results
are presented in table 2.

The USG-guided FNAC results indicated that out of
87 patients with thyroid nodules, 58 (66.66%) were
diagnosed as benign, while 34 (33.34%) were
identified as malignant. Detailed results are
presented in table 3.

The combined results of USG-guided FNAC and
ultrasound for 87 patients with thyroid nodules
indicated that 63 (72.41%) were diagnosed as
benign, while 25 (28.74%) were identified as
malignant. Detailed results are presented in table 4.

The ROC curve analysis revealed that the AUC
values for ultrasound, USG-guided FNAC alone, and
combined detection were 0.7447 (95% CI: 0.6379-
0.8515), 0.8136 (95% CI: 0.7237-0.9035), and 0.8867
(95% CI: 0.8134-0.9599), respectively. The AUC for
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combined diagnosis was significantly higher than for
each method alone, with a statistically significant
difference (P<0.05, table 5). The predictive value
ranking was combined detection > FNAB >
ultrasound examination (figure 3).

Table 2. Ultrasonic diagnosis of thyroid nodules (n/%).

Ultrasonic |Malignant (n=22)| Benign (n=65)
manifestation| N [Proportion(%)| N | Proportion(%)

X | P

Echo 15.374/<0.01

High echo |8 36.36 6 9.23

Low echo |16 72.73 36 55.39

Mixed echo | - - 23 35.38
Sound halo 8.789 [<0.01
Yes - - 20 30.71
None 22 100.00 45 69.23
calcification 21.911[<0.01
MlcroFaIaﬁ— 6 2728 ) )
cation
Coarse 3636 17|  26.15
calcification
None 8 36.36 48 73.84
Composition 9.369 [<0.01]
Reality 22 100.00 44 67.69
Cystic solidity | - - 21 32.31
Edge 17.412|<0.01]

smooth 4 18.18 45 69.23

Irregularity |18 81.82 20 30.71

Table 3. Comparison between USG-guided FNAC and
pathological diagnosis.

USG-guided Pathological diagnosis
FNAC N Benign Malignant Total| X P
Benign |58 65 0 65
Malignant |29 0 22 22 |1.359(0.244
Total 87 65 22 87

Table 4. comparison of FNAB+ ultrasonography and
pathological diagnosis.

ENAB N Path_ologicaldiajgnosis Totall X p
Benign Malignant
Benign |63 65 0 65
Malignant |25 0 22 22 |0.220(0.639
Total 87 65 22 87

Figure 3. ROC curve of
benign and malignant
thyroid nodules by
ultrasound, USG-guided

Sensitivity%

ENAC alone and Combined diagnosis
combined detection. 20 o R
- ’ — ultrasonic examination
0+- T T T v
0 20 40 60 80 100

100% - Specificity%

Table 5. The diagnostic efficacy of ultrasonography, USG-
guided FNAC alone and combined detection in benign and
malignant thyroid nodules.

. Sensitivity| Specificity

Variable AUC (%) |degree (%)

Ultrasonic | 51471 6732 | 59.49 [0.6379-0.8515
examination

FNAB 0.8136| 76.83 79.02 |0.7237-0.9035

FNAB+ Ultrasonic, o071 g4 75 | 8651 [0.8134-0.9599
examination

95%ClI

DISCUSSION

Thyroid disease is a common endocrine disorder,
with thyroid cancer rapidly increasing, especially
among women (34). Early screening and improved
detection have contributed to this rise 5 36), The
primary goal in clinical diagnosis is to distinguish
between benign and malignant thyroid nodules,
which guides treatment plans to enhance patient
outcomes and reduce unnecessary surgeries.

Thyroid carcinoma often presents subtly, with
overlapping imaging and cytological features between
benign and malignant nodules G7 38, Current
preoperative evaluation = methods, including
ultrasound, CT, MRI, radionuclide scanning, and fine
needle aspiration cytology (FNAC), have a specific
misdiagnosis rate 3940, Ultrasound is the preferred
diagnostic tool due to its non-invasive nature, cost-
effectiveness, and high detection rate (41). The TI-
RADS system standardizes diagnosis, with higher
classifications indicating increased malignancy risk.
Malignant nodules account for only 5% of clinical
thyroid nodules “2). For nodules larger than 5mm,
USG-guided FNAC is recommended to determine
malignancy (3,

Thyroid cancer is the most common endocrine
malignancy, accounting for about 1% of clinical
malignancies and 0.5% of all cancer deaths.
Ultrasound features of thyroid nodules suspected to
be malignant include a diameter larger than 5mm.
USG-guided FNAC is recommended for these nodules
“9. In a study of 87 patients, 22 nodules were
malignant, and 53 were benign. Most malignant
nodules showed hypoechoic, silent halo, solid lesions,
and irregular edges. USG-guided FNAC diagnosed
66.66% of nodules as benign and 33.34% as
malignant. Combined ultrasound and FNAC results
showed 72.41% benign and 28.74% malignant
nodules 5. ROC curve analysis indicated that
combined diagnosis had a higher predictive value
than individual methods. Both methods had missed
and misdiagnosed cases, likely due to their limitations
an,

Malignant thyroid nodules often blend with
normal thyroid tissues, making their ultrasound
features atypical and challenging to identify due to
the aggressive nature of tumor cells (46). Signs like
microcalcification, abnormal blood flow, aspect ratio
21, or irregular boundaries can lead to misdiagnosis,
especially in cases of Hashimoto's thyroiditis.
Incomplete or fused nodules result in unclear and
lumpy ultrasound images. USG-guided FNAC may
miss diagnoses due to small sample sizes, high
lymphocyte and blood content, or failure to puncture
the lesion accurately 7). Fibrosis and calcification in
nodules, along with enlarged and heteromorphic cells
in Hashimoto's thyroiditis, can mimic malignant
features, leading to misdiagnosis. Local adenomatous
and papillary hyperplasia can also show similar
cytological features, further complicating accurate
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diagnosis.

The value of ultrasonography and USG-guided
FNAC in diagnosing thyroid nodules was analyzed
using ROC curves. The AUC values were 0.7447 for
ultrasound, 0.8136 for USG-guided FNAC, and 0.8867
for combined detection. The combined diagnosis had
a significantly higher AUC, indicating better
predictive value than either method alone. Using both
methods together can reduce missed diagnoses and
improve accuracy by leveraging the strengths of each
technique.

In conclusion, colour Doppler ultrasound is a
susceptible and accurate method for detecting
thyroid nodules. Ultrasonic features can predict the
nature of the nodules. For those with high malignancy
suspicion or uncertain characteristics, combining
ultrasound-guided fine needle aspiration biopsy is
recommended when appropriate.
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