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Abstract

Introduction. Fine needle aspiration biopsy (FNA) is widely recognized as a  simple, safe, cost-effective, 
and accurate diagnostic procedure for the evaluation of thyroid nodules (TN).
Aim. To determine the diagnostic efficacy of FNA, assess cytomorphological features that cause diagnostic 
errors, and suggest corrective actions.
Materials and methods. Our study included 446 FNA procedures, of which in 121 cases the results were 
compared with the final histopathological diagnosis. We retrospectively investigated contradictory (false-
negative and false-positive) cases and analyzed the causes of incorrect diagnoses.
Results. Under the condition that diagnostic categories (DC) V and VI were accepted as cytologically 
positive for malignancy, the sensitivity, specificity, positive predictive value (PPV), negative predictive 
value (NPV) and diagnostic efficiency were 92.2%, 66.7%, 85.0%, 80.8%, and 83.9%, respectively. The 
main reason for false-negative cytological findings is associated with the examination of low-informative 
preparations, while the majority of false-positive diagnoses are associated with the complexity of 
diagnostic interpretation. The association of cytological signs in adenomatous hyperplasia, thyroiditis and 
cystic lesions was the main reason for erroneous interpretation, while the size and number of nodes can 
be the cause of false-negative diagnoses due to the heterogeneity of biopsy sites.
Conclusions. The obtained indicators of the effectiveness of FNA correlate with the literature data. 
Performing FNA under ultrasound control and with rapid assessment of aspirates (ROSE) provides highly 
informative cytological preparations and also eliminates uninformative conclusions and the need for 
repeated biopsies. The development of an algorithm for selecting patients for surgical treatment based on 
international protocols is recommended.
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INTRODUCTION

Thyroid nodules are quite common and in most cases 
correspond to benign formations, and only approximately 
5% of the removed nodules are malignant  [1]. The main 
task of thyroid FNA is the selection of nodules that require 
surgical intervention, as well as the reduction of the 
number of inadequate interventions for benign formations. 
Currently, FNA of thyroid nodules with subsequent 
cytological evaluation is considered the gold standard in the 
preoperative diagnosis of thyroid nodules  [2‑4]. However, 
this method has certain limitations associated with possible 
false negative and false positive results [5, 6].

Our study is dedicated to assessing the diagnostic 
efficiency of FNA of thyroid nodules, conducted in the 
functional diagnostics department of the SIS «Center 

of innovative healthcare technologies» SAD by 
cytohistological correlation of results.

AIM

To retrospectively analyze the inappropriate 
(false-negative and false-positive) cases, as well as 
to conduct a  systematic review of previous studies to 
assess cytomorphological features that contributed to 
diagnostic errors, and to propose measures to improve the 
effectiveness of FNA.

MATERIALS AND METHODS

The material for the study consisted of cytological 
preparations of thyroid nodule aspirates from 460 patients 
who underwent FNA of thyroid nodules at the Department 
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of Functional Diagnostics of the SIS «Center of innovative 
healthcare technologies» SAD during the period 2019‑2023. 
In all cases, FNA was performed by functional diagnostic 

physicians under ultrasound guidance, using a 10 mL syringe 
gun (Belpro Medical) (Fig. 1), as well as with rapid on-site 
evaluation (ROSE) of aspirate adequacy during biopsy.

Figure 1. Standard set for FNA.

In 238 cases, the results of cytological 
examination of FNA aspirates of thyroid nodules were 
compared with the final histopathological diagnosis 
after surgical resection. Clinical data were obtained 

from the Center’s electronic database. FNA aspirates 
of thyroid nodules were prepared as direct smears on 
slides and stained using the May–Grünwald–Giemsa 
method (Fig. 2).

Figure 2. Preparation of cytological smears from FNA aspirates of thyroid nodules.
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Cytology findings were classified according to the 
recommended six diagnostic categories (DCs) of the 
Bethesda System for Reporting Thyroid Cytopathology 
(TBSRTC): non-diagnostic/unsatisfactory (ND/UNS; 
I); benign (B; II); atypia of undetermined significance 
or follicular lesion of undetermined significance (AUS/
FLUS; III); suspicious for a  follicular neoplasm/follicular 
neoplasm (SFN/FN; IV); suspicious for malignancy (SM; 
V); and malignant (M; VI). The adequacy of the aspirates 
was determined based on the standard Bethesda criteria [8].

Cases with cytological results from DC  V and 
DC  VI (both categories requiring surgical removal 
according to the guidelines of the American Thyroid 
Association) were considered cytologically positive  [7]. 
Cases with cytological results from DC II were considered 
cytologically negative. Cases with benign FNA results 
(DC  II TBSRTC) and malignant results on final 

histopathology were considered false-negative, whereas 
cases with malignant cytology (DC  V and DC  VI) and 
benign results on final histopathology were considered 
false-positive. In the absence of indeterminate and 
uninformative cytology results, DC  VI was considered 
cytologically positive, and DC II was considered 
cytologically negative, a  false-negative diagnosis was 
defined as a  nodule that was benign on FNA (TBSRTC 
category  II) and malignant on final histological 
examination, whereas a  false-positive diagnosis was 
defined as a case that was positive for DC VI by FNA and 
had postoperative histological findings of non-neoplastic 
lesion or benign neoplasm. Calculation of diagnostic 
quality indicators (sensitivity, specificity, diagnostic 
efficiency, positive predictive value, negative predictive 
value) was performed according to standard methodology 
(Fig. 3).

Figure 3. Scheme for calculating the effectiveness of FNA of thyroid nodules.

We divided false diagnoses into two categories: 
«sample problem», including sampling error (tumor cells 
were not aspirated) or suboptimal sample («insufficient 
but adequate sample» or «artifact preparation»), and 
«interpretation error», which means that cytologists 
overdiagnosed or underdiagnosed. All false-negative and 
false-positive FNA preparations were re-examined, and 
it was determined whether the misdiagnoses were due to 
a sample problem or an interpretation error.

Standard laboratory indicators were used to assess 
the effectiveness of FNA: sensitivity, specificity, positive 
predictive value (PPV), negative predictive value 

(NPV), and diagnostic efficiency. Statistical analysis was 
performed using IBM SPSS Statistics (version 20.0). 
Variables were mainly categorical, and the chi-square test 
was also used. P less than 0.05 was considered significant.

RESULTS

A  total of 460 FNAs of thyroid nodules were 
performed at our Center from September 2019 to 
September 2023. Of the 460 cases of FNA, 352 patients 
were female (76.5%) and 108 were male (23.5%). The age 
range was 10‑82 years (Fig. 4).

 

Figure 4. Distribution of patients by gender and age. 

According to the results of cytological examination, among the total number of cases of FNA 

(460), uninformative cases were 20 cases (0.04%), benign results were 107 cases (23%), malignant 

results were 131 cases (28.4%). In 202 cases of FNA (44%) out of 460, further surgical intervention 

was not performed (Fig. 5). 

 

Figure 5. Structure of cytological findings of fine-needle aspiration biopsy of thyroid nodules. 
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Figure 4. Distribution of patients by gender and age.
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According to the results of cytological examination, 
among the total number of cases of FNA (460), 
uninformative cases were 20 cases (0.04%), benign results 

were 107 cases (23%), malignant results were 131 cases 
(28.4%). In 202 cases of FNA (44%) out of 460, further 
surgical intervention was not performed (Fig. 5).

Figure 5. Structure of cytological findings of fine-needle aspiration biopsy of thyroid nodules.

The frequency of diagnostic categories (I‑VI) of 
cytological findings of FNA among female and male patients 

was as follows: women  – 0%, 6%, 4%, 33%, 34%, 23%; 
men – 0%, 3%, 4%, 36%, 39%, 18%, respectively (Fig. 6).

Figure 6. Distribution of diagnostic categories (Bethesda) of cytological findings of FNA by gender.

In 238 cases of FNA, the results of cytological 
studies were compared with the histological diagnosis, 
among which, according to the histological examination, 
in 131 cases (49.6%) a  diagnosis of malignant process 
was established and in 107 cases (52.7%) a diagnosis of 
benign process was established. According to the analysis 
of the results of clinical and morphological studies, in 

97 cases (90.6%) of benign formations, thyroid nodules 
were detected in one lobe of the gland, and in malignant 
formations – in 105 cases (80.1%). In 10 cases (9.4%) of 
benign pathology, the nodes were determined against the 
background of multinodular goiter, in 26 cases of thyroid 
cancer (19.7%) a  contralateral lesion was determined 
(Table 1).
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Table 1
Clinical and Morphological Characteristics of FNA Cases

  Total (n=238), n (%) Benign (n=107), n (%) Malignant (n=131), n (%)
Age 51.0±12.3 52.7±11.0 49.6±13.1

Sex
Female 182 (76.5) 82 (77.4) 100 (75.8)
Male 56 (23.5) 24 (22.6) 32 (24.2)

Number of nodes
1 188 (78.0) 90 (84.9) 98 (74.2)

>1 50 (22.0) 16 (15.1) 34 (25.8)
Node diameter

<4 cm 216 (90.8) 95 (88.8) 121 (92.4)
≥4 cm 22 (9.2) 12 (11.3) 10 (7.6)

Node location
Unilateral 202 (84.9) 97 (90.6) 105 (80.1)
Bilateral 36 (15.1) 10 (9.4) 26 (19.7)

According to the results of the comparison of cytological 
findings and final histological diagnoses, all 52 cytological 
findings regarding malignancy were confirmed histologically. 
Of the 12 cases of benign cytological findings according 

to the final histological examination, the benign nature of 
the formation was confirmed in 11 cases, and in one case 
a papillary microcarcinoma (3 mm in diameter) was detected 
against a background of multinodular goiter (Table 2).

Table 2
Results of the Comparison of FNA with Histological Diagnosis according to the Bethesda Classification Categories

  Total (n=238), n (%) Histology
Benign Malignant

Bethesda category 
(2017)

I 0 0 0
II 12 (5) 11 1
III 10 (4.2) 10 0
IV 80 (33.6) 62 18
V 84 (35.3) 22 62
VI 52 (21.9) 0 52

When diagnostic categories (DC) V and VI were 
considered cytologically positive for malignancy, 
the sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), and 

diagnostic accuracy were 92.3%, 78.7%, 83.9%, 
89.5%, and 86.1%, respectively. The false-positive 
rate was 16.1%, and the false-negative rate was 10.5% 
(Table 3).

Table 3
Results of Diagnostic Efficacy of FNA of Thyroid Nodules

Sensitivity 92.3%
Specificity 78.7%
Positive Predictive Value (PPV) 83.9%
Negative Predictive Value (NPV) 89.5%
False Positive Rate (FPR) 16.1%
False Negative Rate (FNR) 10.5%
Total accuracy 86.1%

According to the results of comparative analysis 
of cytological and histological parameters using paired 
Student’s t-test and non-parametric Wilcoxon test, 

statistically significant differences between the studied 
methods were established (p < 0.001), which confirms the 
high reliability of the results (Table 4).

Table 4
Results of Comparative Analysis of Student’s T-Test and Wilcoxon Test
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According to the results of the correlation 
analysis between the indicators of cytological and 
histological examination by Pearson’s coefficient, 
a  statistically significant moderate positive correlation 

was established (r = 0.598; p < 0.001), which confirms 
the effect size according to Fisher (z  =  0.691) and 
shows the agreement between the research methods 
(Table 5).

Table 5
Results of the Correlation Analysis by Pearson’s Coefficient

Using a Sankey diagram, the f lows demonstrate 
the correspondence between the diagnostic categories 
of FNA (II‑VI) and the final histological findings. 
The visualization demonstrates a  predominant 

agreement of FNA categories V‑VI with malignant 
findings, while FNA diagnostic categories II‑III are 
more frequently associated with benign findings 
(Fig. 7).

Figure 7. Sankey diagram of fine needle aspiration biopsy (FNAB) results compared with histological findings.

DISCUSSION

Thyroid nodules are a  common clinical finding, 
and their prevalence is increasing with the introduction 
of highly sensitive radiological imaging techniques. 
Most cases of nodular goiter are benign, and only 5% 
of cases are found to be malignant  [1]. The primary 
goal of the endocrinologist in the evaluation of a patient 
with a  nodular goiter is to differentiate between benign 
and malignant lesions, and the primary goal of clinical 
practice is to ensure safe diagnosis and treatment 
of thyroid cancer (TC) in a  cost-effective manner. 

Ultrasound (US) is not a  screening method for thyroid 
nodules and is used when a  nodular goiter is suspected, 
but it is an accepted method for the initial evaluation of 
nodules. The primary goal of thyroid nodule biopsy is 
to identify nodules that require surgical intervention 
and to reduce the number of inappropriate interventions 
in patients with benign diseases. FNA is an effective 
and reliable method for evaluating thyroid nodules 
and is considered the gold standard for preoperative 
diagnosis  [2‑4]. However, FNA of thyroid nodules 
has certain limitations due to non-diagnostic, false-
negative, and false-positive results  [5,  6]. According 
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to the current guidelines of the American Thyroid 
Association, ultrasound-guided FNA is indicated 
for thyroid nodules ≥1 cm in size  [7]. The Bethesda 
System for Reporting Thyroid Cytopathology provides 
a  standardized terminology for thyroid cytopathology, 
which significantly improves communication between 
healthcare professionals and patients  [8]. Benign and 
malignant cytology findings are quite accurate, whereas 
indeterminate cytology may lead to inappropriate 
surgical interventions and therefore require further 
molecular testing. Low-risk thyroid nodules require safe 
monitoring in most patients with minimal diagnostic 
intervention. The aim of our study was to retrospectively 
determine the diagnostic efficiency of FNA of thyroid 
nodules at our institution, to assess the clinical and 
morphological features that contribute to diagnostic 
errors, and to suggest measures for improvement. 
Fine-needle aspiration biopsy is a  standard tool for 
preoperative assessment of the cytological status of 
thyroid nodules. However, according to the literature, 
a  significant number of FNA results are classified as 
inadequate for interpretation, requiring a  repeat FNA, 
which is potentially preventable, expensive, and delays 
treatment. To solve these problems and maximize 
the informativeness of primary FNA, our Center has 
introduced rapid on-site evaluation of FNA samples 
immediately upon receipt of the material (ROSE).

According to the results of our studies, the high 
diagnostic value of FNA was confirmed, as well as the 
effectiveness of the use of express assessment of the 
results of puncture aspirates during FNA. The number of 
non-diagnostic conclusions according to the results in our 
study compared to the literature data is minimal.

CONCLUSIONS

According to our study, the diagnostic efficiency of 
FNA exceeds 85%, which indicates the high efficiency of 
the method and confirms the literature data. The use of 
FNA under ultrasound guidance allows for the effective 
examination of even nodules less than 5 mm in diameter. 
The experience of the doctor performing the puncture 
under visual control minimizes the risk of obtaining 
uninformative material. According to the literature, in 
«doubtful» cases, the diagnosis of cancer is confirmed 
only in 10‑60% of patients after the final histological 
examination, whereas in our case, the diagnosis of 
cancer with indeterminate FNA findings was confirmed 
histologically in more than 80% of cases. The introduction 
of rapid on-site evaluation of puncture aspirates (ROSE) 
in our practice allowed us to minimize the number of 
non-diagnostic FNA cases, as well as to avoid the need 
for repeated punctures compared to the literature data, 
which describe about 15% of patients requiring repeated 
puncture due to an insufficient number of cells in the 
first sample [9]. The sensitivity and PPV of thyroid FNA 

in our institution were higher compared to the literature, 
whereas the specificity and NPV were lower. For category 
V FNA, rapid histological examination during diagnostic 
lobectomy is necessary. To reduce the risk of false-
negative results, multiple punctures should be performed 
in different areas of a  large nodule or from several 
nodules. It is necessary to strengthen our criteria for 
detecting adenomatous hyperplasia, thyroiditis and cystic 
formations to avoid false-positive diagnoses.

Perspectives for further research. Further research 
should focus on molecular tests, such as BRAFV600E 
mutation detection. It is recommended to develop a clear 
algorithm for selecting patients for surgical treatment 
based on international protocols.
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Резюме

ДІАГНОСТИЧНА ЕФЕКТИВНІСТЬ ТОНКОГОЛКОВОЇ БІОПСІЇ ВУЗЛІВ ЩИТОПОДІБНОЇ ЗАЛОЗИ
Наталя І. Зінченко1, Валерія І. Колотуша2, Вікторія Г. Хоперія1

1Державна наукова установа «Центр інноваційних технологій охорони здоров’я» Державного управління справами, 
м. Київ, Україна
2Навчально-науковий центр «Інститут біології та медицини» Київського національного університету імені Тараса 
Шевченка, м. Київ, Україна

Вступ. Тонкоголкова аспіраційна пункційна біопсія (ТАПБ) широко визнана як проста, безпечна, економічно 
ефективна та точна діагностична процедура для оцінки вузлів щитоподібної залози (ЩЗ).
Мета. Визначити діагностичну ефективність ТАПБ, оцінити цитоморфологічні особливості, що спричиняють 
діагностичні помилки, та запропонувати коригувальні дії.
Матеріали та методи. Наше дослідження включало 446 ТАПБ, з  яких у  121 випадку результати 
порівнювалися з  остаточним гістопатологічним діагнозом. Ми ретроспективно дослідили суперечливі 
(хибнонегативні та хибнопозитивні) випадки та проаналізували причини неправильних діагнозів.
Результати. За умови, що діагностичні категорії (ДК) V та VI були прийняті як цитологічно позитивні для 
злоякісності, чутливість, специфічність, позитивна прогностична цінність (ППЦ), негативна прогностична 
цінність (НПЦ) та діагностична ефективність становили 92,2 %, 66,7 %, 85,0 %, 80,8 % та 83,9 % відповідно. 
Основна причина хибнонегативних цитологічних результатів пов’язана з дослідженням малоінформативних 
препаратів, тоді як більшість хибнопозитивних діагнозів пов’язані зі складністю діагностичної інтерпретації. 
Асоціація цитологічних ознак при аденоматозній гіперплазії, тиреоїдиті та кістозних ураженнях була 
основною причиною помилкової інтерпретації, тоді як розмір та кількість вузлів можуть бути причиною 
хибнонегативних діагнозів через гетерогенність місць біопсії.
Висновки. Отримані показники ефективності тонкоголкової аспіраційної біопсії корелюють з  даними 
літератури. Виконання тонкоголкової аспіраційної біопсії під контролем ультразвуку та зі швидкою 
оцінкою аспіратів (ROSE) забезпечує високу інформативність цитологічних препаратів, а  також виключає 
неінформативність висновків та необхідність повторних біопсій. Рекомендовано розробити алгоритм відбору 
пацієнтів для хірургічного лікування на основі міжнародних протоколів.

Ключові слова: тонкоголкова аспіраційна біопсія, вузловий зоб, хибнопозитивні результати, хибнонегативні 
результати
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