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Abstract

Purpose To compare the diagnostic accuracy of sonographic features with ultrasound-guided fine-needle aspiration (FNA)
cytology in the detection of malignant thyroid nodules.

Methods This analytical cross-sectional study was conducted on patients with the diagnosis of thyroid nodule, who under-
went ultrasound-guided FNA in Shahid Beheshti teaching hospital, Babol, northern Iran, between 2015 and 2017. The
characteristics of the nodules obtained from ultrasonography were recorded. Regression analysis was used to assess the
relation between sonographic findings and malignancy. We also used a receiver operator characteristics analysis to estimate
the ability of ultrasound to predict the characteristic features of malignancy, as estimated by the area under the curve.
Results In total, 898 thyroid nodules were included in the study, of which 55 (6.1%) were malignant and 843 (93.9%) were
benign. There were significant positive associations between malignancy and hypoechogenicity [odds ratio (OR) 3.577,95%
confidence interval (CI) 2.045-6.256], fine calcification (OR 5.849, 95% CI 2.642-12.949), irregular margin (OR 4.366, 95%
CI 2.284-8.345) and taller-than-wide shape (OR 5.199, 95% CI 2.125-12.721). The overall accuracies of hypoechogenicity,
irregular margin, taller-than-wide shape and fine calcification were 0.804, 0.729, 0.705 and 0.575, respectively.
Conclusion According to the present study, the use of ultrasonography (along with ultrasound-guided FNA) is very effective
in the diagnosis, follow-up, and indication for surgery of a thyroid nodule.
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Introduction

A thyroid nodule is an abnormal tissue growth that causes
the formation of a mass in the thyroid gland [1]. Thyroid
nodules are not rare. In non-endemic areas with adequate
B4 Zoleika Moazezi iodine intake levels, thyroid nodules are detected in 5% of

zmoazezi@yahoo.com women and 1% of men. However, thyroid nodules can be
identified by high-resolution ultrasonography in 19-67%
of individuals who have been randomly selected from the
population (especially in women and the elderly) [2]. Some
patients have multiple thyroid nodules, which may cause
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Over the past 2 decades, the method of managing a
thyroid nodule has changed due to the widespread use of
modern diagnostic methods such as ultrasonography and
fine-needle aspiration (FNA). Despite these advances, how-
ever, there is still no full agreement on the conventional and
practical strategy for investigating and diagnosing a thyroid
nodule [5, 6]. Several studies have reported the utility of
ultrasonography alone for distinguishing benign nodules
from malignant ones [7, 8]. Fine-needle aspiration is a
common method for the preoperative diagnosis of a thyroid
nodule [9]. The American Thyroid Association recommends
the performance of fine-needle aspiration as the preliminary
step in diagnosing every thyroid nodule larger than 1 cm in
diameter [10].

In most regions of Iran, due to dietary iodine deficiency,
in addition to endemic goiter, thyroid nodules are considered
arelatively common disease of the thyroid gland. Hence, to
understand the nature of a thyroid nodule, it is necessary to
make an accurate diagnostic approach, which must exclude
the possibility of malignancy. Considering that the literature
related to diagnostic accuracy of ultrasound in differentiating
benign from malignant nodules is not extensive, especially
not in our region, the aim of this study was to compare the
ultrasonographic characteristics of thyroid nodules with the
results of ultrasound-guided FNA.

Materials and methods
Locations and patients

This analytical cross-sectional study was conducted on
patients who were referred to the radiologist for ultrasound-
guided fine-needle aspiration (FNA). The study popula-
tion consisted of patients who visited the clinics of Shahid
Beheshti teaching hospital or private offices in the city of
Babol, northern Iran, from 2015 to 2017, and were then
diagnosed as having thyroid nodules in a thyroid examina-
tion by an endocrinologist or showed evidence of nodules
during thyroid ultrasonography by a radiologist. The sub-
jects were selected by census method. Patients with purely
cystic nodules without solid focus, patients unwilling to per-
form FNA, and those with suspected cytology results (atypi-
cal diagnosis) were excluded from the study.

Ultrasound imaging and FNA

A nodule was suspected to be malign if one or more of the
following sonographic features were found: hypoechogenic-
ity, fine calcification, irregular margins, or a taller-than-
wide shape. These categorizations were based on previous
studies [11-13] and our preliminary analyses in this study.
Ultrasound-guided FNA was performed on all of the nodules
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using a Samsung H60 ultrasound machine, with a 3-14 MHz
linear array transducer. The aspiration was performed with
the freehand technique using a 23-gauge needle attached to a
5-cc syringe, by a senior radiologist with more than 10 years
of experience in performing the procedure. In the case of
solid-cystic nodules, ultrasound-guided FNA was performed
from the solid area of the sample nodule.

FNA cytology

The specimen was then sent to the lab on smear glass slides
after being dried in the open air and after fixation with 95%
alcohol. Finally, the fixed slides were stained using the
Papanicolaou, Giemsa and hematoxylin and eosin methods.
To reduce interobserver error, the identical interpretation,
as well as the identical qualitative control of cases such as
slide preparation technique, their fixation and staining, and
cytohistological examination of all samples were performed
by a single pathologist with more than 15 years of experi-
ence in the procedure. To control bias, the pathologist was
also blinded to the ultrasound diagnosis of thyroid nodule.
Two pathologists examined some of the samples when the
decision-making was difficult.

Data collection

After the ultrasound-guided FNA was performed, the follow-
ing demographic information was collected for patients: age;
cytological results (the results of ultrasound-guided FNA);
and all of the characteristics of the nodules obtained from
ultrasonography, including the size of the nodule (<2 cm
or>2 cm), nodule echogenicity (hyper, hypo, iso), the pres-
ence of calcification (negative, fine + coarse, fine, coarse,
and rim), the margins of the nodule (regular, irregular, ill-
defined), taller-than-wide shape (yes/no), and lymph node
involvement (yes/no). These data were recorded in checklist
form. Patients with malignant cytology underwent surgery.

Statistical analysis

Data were analyzed using SPSS software. Descriptive sta-
tistics were used to analyze the data. If a thyroid nodule was
established as malignant in both ultrasound and cytology, it
was considered a true positive (TP), and if was determined
to be benign, it was considered as true negative (TN). A false
positive (FP) was considered when sonography was sugges-
tive of malignancy but histopathology was not consistent,
and a false negative (FN) was considered when ultrasound
did not show malignancy but cytology suggested it. Sensi-
tivity was calculated as the proportion of TP to TP +FN,
specificity as the proportion of TN to TN + FP, positive
predictive value (PPV) as the proportion of TP to TP+ FP,
negative predictive value (NPV) as the proportion of TN
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to TN+ FN, and accuracy as proportion of TP+ TN in all
patients. Regression analysis was used to assess the rela-
tion between sonographic findings and malignancy. The
data were presented as odds ratio (OR) and 95% confidence
interval (CI). We also used a receiver operator characteris-
tics (ROC) analysis to estimate the ability of ultrasound to
predict characteristic features of malignancy, as estimated by
the area under the curve (AUC). A p value of less than 0.05
was considered significant.

Ethical issues

Written informed consent was obtained from all subjects
after a full explanation of the study. The ethics committee of
Babol University of Medical Sciences (code: MUBABOL.
HRI.REC.1396.40) approved this protocol. The information
about each patient was kept confidential.

Results

In total, 718 patients with thyroid nodules underwent ultra-
sound-guided FNA. Of these, 566 had a single and others
had multiple thyroid nodules. Overall, 927 thyroid nodules
were initially assessed, of which 29 had atypical diagnosis
on cytology and were excluded from further investigation. A
total of 898 nodules were finally included in the study. The
number of female patients was 802 (89.3%), and the remain-
der was male. The mean age of the patients was reported
as 44.76 +13.55 years old, with a range of 14-83 years.
The mean nodule size was 2.17+1.30 cm, in the range of
0.5-9.5 cm. The frequency and percentage of the clinical
information concerning the patients’ nodules are presented
in Table 1. The results of cytology also demonstrated that
59.1% of the nodules were nodular goiter, 22.3% were col-
loid nodule plus cystic degeneration, 6.1% were papillary
thyroid carcinoma, 5.5% were hyperplastic nodular goiter,
6.3% were nodular goiter (in background lymphocytic thy-
roiditis), and 0.7% were Hashimoto’s thyroiditis.

Table 2 shows the association between the cytology
results (benign or malignant) and the sonographic features
of the thyroid nodules. There were significant positive asso-
ciations between malignancy and hypoechogenicity (OR
3.577, 95% CI 2.045-6.256), fine calcification (OR 5.849,
95% CI 2.642-12.949), irregular margin (OR 4.366, 95% CI
2.284-8.345), and taller-than-wide shape (OR 5.199, 95%
CI2.125-12.721).

Figure 1 indicates the ROC curve for the ability of
hypoechogenicity, fine calcification, irregular margin and
taller-than-wide shape in predicting malignant thyroid nod-
ule. Hypoechogenicity had the greatest predictive ability
(AUC=0.804), followed by irregular margin (AUC=0.729),
taller-than-wide shape (AUC =0.705) and fine calcification
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Table 1 Characteristics of the thyroid nodules
Variables Frequency Percent
(total =898)
Nodule size (cm)
<2 514 572
>2 384 42.8
Echogenicity
Hyperechogenicity 617 68.7
Hypoechogenicity 221 24.6
Isoechogenicity 60 6.7
Calcification
Negative 634 70.6
Fine calcification 47 5.2
Coarse calcification 67 7.5
Fine + coarse calcification 138 154
Rim calcification 12 1.3
Margin of nodule
Regular 779 86.7
Irregular 82 9.1
111 defined 37 4.1
Taller-than-wide shape
Negative 868 96.7
Positive 30 33
Cytology
Benign 843 93.9
Malignant 55 6.1

(AUC=0.575). The computed sensitivity, specificity, PPV,
NPV and accuracy for each of these sonographic features are
also shown in Table 3. Figures 2 and 3 show the ultrasound-
guided FNA of a benign and a malignant nodule, respectiv
ely.

Discussion

In this study, we assessed the diagnostic accuracy of dif-
ferent sonographic characteristics in differentiating benign
and malignant thyroid nodules. Multiple studies in recent
years have shown the capability of ultrasonography as the
first useful tool in diagnosing and determining the nature
and location of thyroid nodules [14, 15]. Over the past three
decades, the prevalence of thyroid malignancy has increased
[16], but the use of FNA has led to a significant decrease
in the removal of the thyroid for benign lesions. Using its
results in the case of a malignancy has enabled the accurate
design of initial surgery [17].

According to the findings of this study, the size of the
thyroid nodules was not useful in distinguishing between
benign and malignant nodules. The impact of size on thyroid
cancer risk is unclear. Some researchers have suggested a
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Table 2 Association between
sonographic features and
cytology results of the nodules

Fig. 1 Receiver operating
characteristic (ROC) curve of
different sonographic features
for predicting thyroid nodule
malignancy

positive relation between size and risk of malignancy [13,
18], but others have reported that the size of the nodule was
not predictive of malignancy [19-21]. A study by Kamran
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Sonographic features Benign [1 (%)] Malignant [n (%)] p value QOdds ratio (95% con-
fidence interval)
Nodule size (cm)
<2 478 (93) 36 (7) 1
>2 365 (95.1) 19 (4.9) 0.206  0.691 (0.390-1.225)
Echogenicity
Hyperechogenicity 592 (95.9) 25 (4.1) 1
Hypoechogenicity 192 (86.9) 29 (13.1) <0.001 3.577 (2.045-6.256)
Isoechogenicity 59 (98.3) 1(1.7) 0.375 0.401 (0.053-3.015)
Calcification
Negative 606 (95.6) 28 (4.4) 1
Fine calcification 37 (78.7) 10 (21.3) <0.001 5.849 (2.642-12.949)
Coarse calcification 62 (92.5) 5(.5) 0.269 1.745 (0.651-4.682)
Fine + coarse calcification 127 (92) 11 (8) 0.089 1.875 (0.910-3.864)
Rim calcification 11 91.7) 1(8.3) 0.524 1.968 (0.245-15.779)
Margin of nodule
Regular 741 (95.1) 38 (4.9) 1
Irregular 67 (81.7) 15 (18.3) <0.001 4.366 (2.284-8.345)
111 defined 35 (94.6) 2(5.4) 0.885 1.114 (0.258-4.807)
Taller-than-wide shape
Negative 820 (94.5) 48 (5.5) 1
Positive 23 (93.9) 7(23.3) <0.001 5.199 (2.125-12.721)
ROC Curve
1.
y Source of the
Curve
~— Fine calcification
- Hypoechogenicity
- — Taller-than-wide shape
0.8 = Irregular margin
* ~—— Reference line
0.6
£
=
=
c
@
"
0.4 ‘
0.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

et al. [13] showed a direct relation between size and malig-
nancy, and a threshold was detected at 2 cm. Overall, thy-
roid nodules with size of >4 cm frequently undergo surgical
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Table 3 D?agnostic vglu.e of Characteristics of ultra- ~ Sensitivity (%) Specificity (%) Positive pre- Negative Accuracy
songgraphlc cha.racterlstlcs for sound features dictive value predictive value
malignant thyroid nodules (%) (%)
Hypoechogenicity 52.7 77.2 13.1 96.2 75.7
Fine calcification 18.2 95.6 21.3 94.7 90.9
Irregular margin 27.3 92.1 18.3 95.1 88.1
Taller-than-wide shape  12.7 97.3 23.3 94.5 92.1

Fig.2 The ultrasound-guided
fine-needle aspiration from an
isoechoic nodule with regular
margin and hypoechoic rim
with 8 mm diameter in the right
thyroid lobe, which was proved
by cytology to be a colloid
nodule

Fig.3 The ultrasound-guided
fine-needle aspiration from a
hypoechoic solid nodule with-
out evidence of calcification,
which was proved by cytology
to be a papillary carcinoma

removal because of concern about cancer, even those with
non-malignant features [22, 23]. Accordingly, it can be
argued that larger nodules are not necessarily worrying, but
there is a need for additional evidence to confirm the pres-
ence of malignancy in these nodules.

In our study, hypoechogenicity was the most valuable
predictive measure for malignancy, with 53% sensitivity,

77% specificity and 76% accuracy. In another study by Iran
by Alam et al. [12], these rates were reported as 42, 86 and
75%, respectively, which were close to our results. Malig-
nancy was observed in only 4% of the solid hyperechoic
nodules [24]. Despite some conflicting results, most stud-
ies, similar to ours, state that a decrease in echogenicity
increases the risk for thyroid nodule malignancy [24, 25].
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According to our results, fine calcification was associ-
ated with high specificity but low sensitivity, which was
in agreement with the previously published data [12, 26,
27]. Calcifications have been related to both benign and
malignant thyroid nodules. Fine calcification or microcal-
cification (< 1 mm diameter) were associated with malig-
nancy, but there were conflicting data about coarse calci-
fication or macrocalcification (> 1 mm diameter) [28-31].
Microcalcification has been stated to be highly specific
(89-97%) but not sensitive (about 20-33%) for papillary
thyroid carcinoma [12, 32], which is in agreement with
our results. However, some other results showed a higher
rate of sensitivity [33].

Microcalcifcations correspond pathologically to papil-
lary cancer with calcified psammoma bodies [34, 35]. On
the other hand, peripheral rim or eggshell calcification and
macrocalcified thyroid nodules are considered indicators
of a benign nodule [36, 37]. Altogether, the studies mostly
consider fine calcification a predictor for malignancy, but
additional studies are needed to confirm the relationship
between coarse calcification and malignancy.

Analyses also showed that irregular margin and taller-
than-wide shape were other ultrasonographic features that
predicted thyroid malignancy with high specificity but low
sensitivity. These findings were inconsistent with other
studies [8, 25, 38]. Irregular spiculated or microlobulated
margins are stated to be predictors of malignancy, but an
ill-defined margin can be associated with both benign and
malignant nodules [24, 39]. Nodules with a taller-than-wide
shape have also been shown to be highly associated with
malignancy, as in our study. The specificity of this asso-
ciation was 97% in our study and around 90% in previous
studies [39, 40]. When the anteroposterior diameter is more
than the transverse diameter, the nodule is described as
“taller-than-wide” in shape. Ren et al. [41] reported that a
taller-than-wide shape is a very useful predictor of papillary
thyroid carcinoma in small nodules.

A limitation of our study was the lack of access to the
results of repeat FNA in some patients with the atypical
diagnosis. Further, the pathological results of malignant thy-
roids of patients who underwent surgery were not collected.
Therefore, we suggest designing new studies to compare the
sonographic and FNA results with pathological findings. In
addition, we propose considering elastosonography results
and other characteristics of malignancy, such as growth of
the nodule with capsule overcoming, lymph nodes with
altered structure (e.g., rounded, without hilum, with multi-
ple vascular poles and with suspect secondary microcalcifi-
cations) in further surveys. Multicenter studies are recom-
mended to enable more generalizable results. Further studies
also need to be done to assess the association between the
number of microcalcifications found in a thyroid nodule and
the malignancy.
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Conclusion

The results of this study showed that ultrasound features
such as hypoechogenicity, fine calcification, irregular mar-
gin and taller-than-wide shape are the potential indicators
of malignant thyroid nodules and useful in their diagnosis.
It can be stated that the use of ultrasonography, along with
ultrasound-guided FNA, is very effective in the diagnosis
of, follow-up regarding, and planning of surgery for thyroid
nodules.
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