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Objectives: To evaluate the accuracy and efficacy
of fine-needle aspiration cytology (FNAC) in
diagnosing thyroid nodules, correlating it with the
histopathological findings.

Methods: A retrospective evaluation of 314 patients
was undertaken at a tertiary referral center of King
Abdullah Medical City (KAMC), Makkah, Kingdom
of Saudi Arabia, between 2010-2019. Patients
who presented with thyroid swellings underwent
ultrasonography and FNAC. If indicated, surgery was
performed. The FNAC findings were compared to the
final histopathological reports.

Results: The findings for FNAC from our data set
of 314 patients showed a sensitivity value of 79.8%,
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specificity of 82.1%, accuracy of 74.8%, positive
predictive value of 74.8%, and negative predictive
value of 85.9%.

Conclusion: Our study showed that FNAC has high
sensitivity and specificity in the initial evaluation
of patients with thyroid nodules. When guided
by ultrasonography, the accuracy can be markedly
improved. Molecular markers once widely available
can improve the diagnostic power of FNAC to be no
less than the histopathologic evaluation of thyroid
tissue.
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n recent times, the incidence of thyroid cancer

has risen, with 10-15% of thyroid nodules being
diagnosed with this pathology."? Fine-needle aspiration
cytology (FNAC) is currently employed in evaluating
thyroid nodules which harbor malignancy. Fine-needle
aspiration cytology is of pivotal diagnostic importance
for clinicians in evaluating thyroid nodules and aids
in preventing unindicated thyroid surgeries.>* Also,
when combined with the Bethesda system for reporting
thyroid cytopathology (TBSRTC), FNAC provides
a more robust, reliable, and cost-effective diagnostic
outcome.’”’

Therefore, it is the gold standard for diagnosing
thyroid nodules. The efficacy of FNAC is debated due
to its false-negative rates, which ranges from 1-15%.%’
Similarly, the role of FNAC in evaluating indeterminate
cytology thyroid nodules is still being evaluated."
Therefore, we conducted a retrospective cohort study
to evaluate the accuracy and efficacy of FNAC in
diagnosing thyroid nodules, correlating it with the
histopathological findings.

Methods. This study is a retrospective evaluation of
a prospectively maintained data set of outdoor patients
who was presented with thyroid-related diseases at
a tertiary care center of King Abdullah Medical City
(KAMC), Makkah, Kingdom of Saudi Arabia (KSA)
in the 10 years period of 2010-2019. The study was
approved by the Institutional Review Board of KAMC,
Makkah, KSA, and the National BioMedical Ethics
Committee, King Abdulaziz City for Science and
Technology (Protocol number 14-07-1433, registration
number H-02-K-001). For patients who underwent
FNAC in our institution, written informed consent
was obtained from each patient prior to the FNAC
procedure. A data collection form was used to collect the
following information: age, gender, FNAC results, and
histopathology results. The histopathology diagnosis
of each patient was also obtained. Patients with no
available records were excluded.

Ultrasonography (USG). 'Thyroid USG  was
performed by experienced board-certified radiologists
with more than 10 years of experience in reporting
thyroid ultrasounds. The USG was performed using a
Philips L12-3 Broadband Linear array transducer with a

Disclosure. This study was funded by the Institute of
Consulting Research & Studies, Umm Al-Qura University,
Makkah, Kingdom of Saudi Arabia.

frequency of 3-14Mhz (ACUSON Sequoia Ultrasound
Systems, ~ Germany).  Ultrasound-guided FNAC
was performed according to the American thyroid
association (ATA) guidelines 2009 & 2015 guidelines,
for the patients having the following features on USG:
i) nodules with >1 suspicious feature; microcalcifications
(stippled  rim  calcifications),  hypoechogenicity,
distorted nodular architecture, irregular margins and
extrathyroidal extension (ETE). ii) suspicious cervical
lymph nodes, iii) family history of thyroid malignancy,
iv) change in voice/dysphagia/compressive symptoms,
and v) past history of neck irradiation. For patients with
multinodular goiter or the presence of multiple nodules,
USG was used to detect the most concerning nodule
and FNAC was performed under USG guidance."

Fine-needle aspiration cytology. Under ultrasound
guidance; a 23-gauge needle was used with a 20 ml
disposable syringe, and a minimum of 3 tissue passes
was carried out to obtain satisfactory samples (each
sample had 6 groups of benign follicular cells with
10 cells per group). All thyroid FNA samples were
prepared by conventional methods using air-dried
smears stained by a Romanowsky-type stain/
diff-quick stain or 95% ethanol-fixed smears stained
by Papanicolaou stain. Thyroid cytology was reported
using the G6-tier diagnostic categories introduced by
the Bethesda system, which includes: non-diagnostic
or unsatisfactory (Bethesda I), benign (Bethesda II),
atypia of undetermined significance or follicular lesion
of undetermined significance (Bethesda III), follicular
neoplasm or suspicious for a follicular neoplasm
(Bethesda IV), suspicious for malignancy (Bethesda V),
and malignant (Bethesda VI) (Figure 1).°

Treatment. Patients were treated according to the
American thyroid association (ATA) 2009 guidelines
and surgery was considered for patients with i) Bethesda
II-1IT with suspicious USG features of malignancy, ii)
Bethesda IV-VI, iii) presence of stridor/dysphagia/
compressive symptoms, iv) presence of metastatic
neck nodes, and v) patient preference. During the
histopathological evaluation, multiple sections of the
specimen were stained with hematoxylin and eosin
(H&E).

Statistical analysis. 'The Statistical Package for
Social Sciences, version 22 (IBM Corp, Armonk,
NY, USA) was used to analyze the data. The variables
of the participants were estimated using descriptive
statistics, including frequency counts and percentages
for categorical variables. The Chi-square test was
used to assess the significance of the relationship
between categorical variables. A p-value of <0.05 with
a 95% confidence interval was considered significant.
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Figure 1 - Papanicolaou stain of direct smear showing follicular cells in macrofollicular arrangement, A) 20X (Bethesda
1I). Papanicolaou stain showing follicular cells with mild overlapping and nuclear enlargement, B) 20X
(Bethesda ITI). Nuclear enlargement and occasional nuclear grooving, C) 40X (Bethesda ITI). Diff-quick
staining (DQ) showing follicular cells in microfollicular pattern, follicular neoplasm, D) 20X (Bethesda
IV). Follicular cells showing nuclear grooving, psammoma bodies and overlapping, E) 40X (Bethesda VI).
Tumor cells with positive staining for calcitonin, F) 20X (Medullary thyroid carcinoma).

Sensitivity, true positive rate (TPR), specificity, true
negative rate (TNR), and accuracy were calculated after
analyzing the final histopathology report.

Results. Three hundred fourteen thyroid patients
with thyroid nodules were initially evaluated by FNAC.
Subsequently, these underwenta post-surgical evaluation
using histopathological methods. Amongst our patient,
there were 258 (81%) females and 56 (19%) males,
with a male-to-female ratio of 1:4.6. The mean age
was 42.3 + 7.3 years. On the final histopathology, 150
nodules were found to be malignant. These included
papillary carcinoma, medullary carcinoma, poorly
differentiated carcinoma, Hurthle cell carcinoma, and
anaplastic carcinoma. We found 164 nodules to be of
benign pathology. These included colloid nodular goiter,
follicular lesion, Hurthle cell lesion, and Hashimoto’s
thyroiditis. (Figure 2).

The TBSRTC reporting of the thyroid nodules was
performed and is depicted in Figure 3. Fine-needle
aspiration cytology was repeated in 100 nodules for
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the following reasons: non-diagnostic/unsatisfactory
cytological findings (8/8 nodules), benign cytology
(28/152 nodules), atypia of undetermined significance
(51/51 nodules), and follicular neoplasm (13/13
nodules). The histopathological findings of the thyroid
nodules are shown in Table 1.

The sensitivity, specificity, positive likelihood ratio,
negative likelihood ratio, positive predictive value,
negative predictive value, and accuracy of FNAC
are shown in Table 2. There were no major or minor
complications such as hematoma, tumor seeding along
the needle track, or infection reported in our patient

data set during the FNAC procedure.

Discussion. Thyroid cancer incidence has been
increasing, mainly due to its rising awareness among the
population as well as improvements in the diagnostic
modalities."! Cancers of the thyroid have the best
prognosis as compared to cancers of the other sites of
the head and neck region." Additionally, with improved
overall survival, the need to provide the best outcomes
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Figure 2 - Schematic representation of the histopathology reporting of thyroid nodules in the patient population.
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Figure 3 - Fine-needle aspiration cytology reporting of the 314 thyroid
nodules according to the Bethesda System for reporting
thyroid cytopathology.

for these patients is of utmost importance. Hence, there
is a need for proper diagnostic workup of these tumors
to individualize the therapeutic modalities.

Currently, the majority of patients presenting with
thyroid nodules undergo USG examination. Based on
the USG findings, patients are subsequently subjected
to FNAC."? Ultrasonography guided FNAC is currently
the method of choice for evaluating thyroid nodules
because of its high sensitivity. Additionally, the TBSRTC
has greatly improved the uniformity in reporting
thyroid cytology.”” However, FNAC has several short

Table 1 - Diagnostic outcome of the thyroid nodule evaluation using fine-
needle aspiration cytology as compared to the histopathology
results (p<0.001).

FNAC (Bethesda classification) Histopathological examination

Benign Malignant
N n (%)

Bethesda I 8 6 (75.0) 2 (25.0)
Bethesda I1 152 131 (86.2) 21 (13.8)
Bethesda III 51 16 (31.4) 35 (68.6)
Bethesda IV 13 7 (53.9) 6 (46.2)
Bethesda V 73 4 (55) 69 (94.5)
Bethesda VI 17 0 0) 17 (100)
Total 314 164 (52.0) 150 (48.0)

FNAC: fine-needle aspiration cytology

comings; it can present false-negative cytology and
is operator dependent.”® Therefore, we planned this
study to understand whether FNAC results guide us in
managing patients with thyroid nodules.

In our study, the mean population age was 42.3
years, with a range from 23-78 years, which was in
accordance with previous studies reported in the
literature.’*"> Female patients predominated our data
set as compared to males (81% vs. 19%), whereas in the
literature, the prevalence in females is reported in the
range of 71-86%.'%"
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Table 2 - Diagnostic accuracy of FNAC in evaluating the thyroid nodules.

FNAC Value 95% CI
Sensitivity 79.8% 70.8-87
Specificity 82.1% 75-87.7
Positive likelihood ratio 4.45 3.14-6.30
Negative likelihood ratio 0.25 0.17-0.36
Positive predictive value 74.8% 67.6-80.8
Negative predictive value 85.9% 80.5-90
Accuracy 81.2% 75.9-85.7

FNAC: fine-needle aspiration cytology, Cl: confidence interval

The rate of non-diagnostic test namely, Bethesda I
in our series was 2.5% which is in concordance with
the reported literature (1.6-20%).'®'? Although, it has
been recommended to keep the non-diagnostic rate to
be less than 10%." We had to repeat FNAC in 100/314
nodules to decrease the chances of false-negative
findings. It has been shown in the published literature
that factors such as small nodule size, mixed solid
cystic nodules, deep-seated nodules, and inexperienced
technicians lead to poor sampling of the FNAC.?
Similarly, thyroid nodules which are sclerotic and
show extensive calcification along with cystic changes,
it is better to repeat the FNAC to avoid false-negative
findings.”**" The practice of repeated FNAC can
sometimes also lead to undue stress to patients and may
not be cost-effective.” In our data set, repeated FNAC
led to improved diagnosis and better decision making
in the Bethesda III category, wherein we were able to
upstage 10/51 nodules into the Bethesda V category.
Ultrasonography guided FNAC was used in all patients
as it led to better diagnostic yield."” Although we did
not find any change after repeating FNAC for Bethesda
I and II, this is in accordance with the published
literature.”

Our FNAC data set comprised 48.4% benign
cytology and 5.4% malignant cytology. We did not
include AUS/FLUS category (16.2%) as well as
suspicious for malignancy (23%) into the malignant
category. The literature had reported these categories
into intermediate category but we have considered
them as separate categories for better understanding of
the results.”” Furthermore, histopathological evaluation
revealed a slight increase in the diagnosis of benign
pathology (52.2%), whereas there was a significant
increase in malignant pathology (47.7%). This
significant increase is mostly due to the upstaging seen

1102 Saudi Med J 2020; Vol. 41 (10)

in Bethesda IV and V to malignant pathology on the
final histopathological diagnosis. Papillary carcinoma
(93.3%) was the most common tumor, followed by
Hurthle cell carcinoma (2.6%), poorly differentiated
carcinoma (2%), medullary carcinoma (1.3%), and
anaplastic carcinoma (0.6%). This is in accordance with
the study by Afroze et al,'”” wherein papillary carcinoma
was the most common thyroid tumor reported on final
histopathology.”"**

A study by Roy et al* showed that the sensitivity of
FNAC was 81.5% and specificity of FNAC was 95.3%
in their evaluation of thyroid nodules.” Sengupta et
al,* had a sensitivity of 90% and specificity of 100%.
Gupta et al,” in their evaluation of thyroid nodules
by FNAC, had a sensitivity of 80% and specificity of
86.6%. In our data set, we had a sensitivity of 79.8%
and specificity of 82.5%. Furthermore, correlating
the FNAC and histopathological findings in our data
set, the diagnostic accuracy was 81.15%. Roy et al*
reported 91.96% accuracy, Sengupta et al** was 98.3%,
and Gupta et al®® was 83% accuracy in their respective
studies (Table 3).26

Study limirations. Our study has several limitations
such as, the retrospective setting in a single-center can
lead to selection bias. Some patients did not opt for
surgery. Hence, although FNAC was performed for
those patients, we did not include them in our study.
To counter these

Our study has a large sample size and is a single-
center study. Uniform standard protocols were carried
out in evaluating the thyroid nodules.

Table 3 - Comparison between the present study and the reported
literature.

Study Number Sensitivity Specificity PPV NPV  Accuracy
(year) of

patients (%) (%) %) (%) (%)
Roy et al 4.6 4 6
(2019) 112 81.5 95.3 84. 94.2 91.9
if?zg(‘)‘fngt 178 90.0 100 100 988 983
Gupta et al 6.6 6.6 4
(2010)> 75 80.0 86. 80 86 840
Kessler et
aoosys 170 790 985 766 987 920
zfjs‘;“‘ 314 79.8 8205 7477 8491 812

PPV: positive predictive values, NPV: negative predictive values
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In conclusion, FNAC is considered the gold
standard with high yield and cost-effective tool in
the preoperative evaluation of thyroid nodules and,
when combined with USG, has high sensitivity and
specificity in providing useful information in guiding
the management of thyroid nodules. Although it is a
safe, reproducible, and cost-effective method, it can
result in false-negative reports. In the future, FNAC will
be further improved through the use of molecular tests.
This should enhance its diagnostic yield and guide us
further in the management of thyroid lesions.
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